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Cancer care delivery refers to the multiple layers of the health care system that interact to
affect outcomes for patients with cancer and the quality of that care. The factors included
in the care delivery system that potentially alter outcomes include social dynamics, financing
systems, organizational structures and processes, health technologies, provider and individual
behaviors. Because women’s health care has its own unique challenges, the intersection between
cancer care delivery and women’s health is to be examined in this Frontiers in Oncology issue.
The unique opportunities and challenges of improving the health care system for women with
breast and gynecologic cancers are to be explored in depth. We will visit many topics of cancer
care delivery with the unique perspective geared towards the care of women’s malignancies.
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Editorial on the Research Topic

Cancer Care Delivery and Women’s Health: Beyond the Patient and Provider Relationship

The number of cancer patients and survivors worldwide continues to grow as a result of our grow-
ing and aging population. In 2013, an Institute of Medicine report detailed a crisis of the cancer
care delivery system resulting in larger numbers of cancer patients combined with increasingly
complex treatments and rising costs associated with health care (1). Since that time advances in
genomics and a call for precision medicine have augmented these concerns and our expenditures
on cancer care have continued to rise.

Multiple factors within the health-care system impact the experience of the cancer patient
and oncology provider. Women with cancer are often the primary social support of their family
creating unique social impediments for the families of patients. Additionally, part of a diagnosis
of breast or gynecologic malignancy may include a perceived loss of “womanhood” and related
body image concerns (2). Historical inequality, cultural perceptions, and attitudes and implicit bias
impact the way that female cancer patients interact with the health-care system and may complicate
shared decision-making and generate psychosocial barriers to quality care delivery. The multilevel
interventions needed to advance the care and experience of the breast and gynecologic cancer
patient are, therefore, distinct. In this issue of Frontiers in Oncology, Women’s Health, we explore
the specific challenges of the cancer care delivery system as it relates to the care of women with
breast and gynecologic cancer.

Cancer care delivery refers to the multiple layers of the health-care system that interact to
affect outcomes for patients diagnosed with malignancies and the quality of that care. These lay-
ers include but are not exclusive to the patient, her caregiver, the health-care team, the clinic or
hospital, the health insurance system, pharmaceutical companies, and the government. Whereas
cancer care of the 20th century primarily revolved around the oncologist-patient relationship,
the scope of care for the cancer patient and survivor has grown significantly. Oncologic outcomes
can be negatively impacted by the stress of navigating the complex structures of the health-care
system (3, 4). The network of cancer care now includes multiple additional practitioners that
the patient is in direct contact with (physical therapists, nutritionist, wound care nurse, etc.);
practitioners that patient will never see (radiologists, pathologists, etc.); and countless ancillary
staff members (tumor registrar, health insurance specialists, electronic medical records informa-
tion technologist, etc). New subfields related to oncology (supportive care, onco-dermatology, etc.)
have flourished. This intricate web of consultants has expanded to the point that patient naviga-
tors are now routinely employed within large cancer centers to ensure that the patient is able
to find her way through the cancer care experience. Special populations such as the poor, the
elderly, and minority women are at particular risk of getting lost within the system. Despite all
this complexity, simple, inexpensive therapies such as collecting patient-reported outcomes or
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Gynecologic and Breast Cancer Care

integrating palliative care into standard oncology practice that
have demonstrated, statistically significant, clinical benefits are
underutilized in clinical practice (5, 6).

Interdisciplinary teamwork is essential for all of these mov-
ing parts to function seamlessly, but teamwork and inter-team
cooperation is not always incentivized by the health-care system
(7). Shared decision-making becomes challenging when overlap-
ping teams participate in the care of an individual patient without
coordination and clear lines of communication. Novel oncology
payment models, including accountable care organizations and
pay for performance are being studied to improve a more col-
laborative approach to cancer care. The goal of innovative reim-
bursement strategies is to encourage all parts of this multifaceted
system to work together while controlling cost (8).

Working toward a goal of a seamless patient experience within
a system where all the moving parts work toward a common goal
of best cancer care has spurred a new field of research—Cancer
Care Delivery Research—which is defined by the National
Cancer Institute as “how social factors, financing systems,
organizational structures and processes, health technologies,
and health-care provider, and individual behaviors affect cancer
outcomes, access to and quality of care, cancer care costs, and
the health and well-being of cancer patients and survivors.” This
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With the signing of the Medicare Access and CHIP Reauthorization Act in April 2015,
the Centers for Medicare and Medicaid Services (CMS) is now positioned to drive
the development and implementation of sweeping changes to how physicians and
hospitals are paid for the provision of oncology-related services. These changes will
have a long-lasting impact on the sub-specialty of gynecologic oncology, regardless of
practice structure, physician employment and compensation model, or local insurance
market. Recently, commercial payers have piloted various models of payment reform
via oncology-specific clinical pathways, oncology medical homes, episode payment
arrangements, and accountable care organizations. Despite the positive results of some
pilot programs, adoption remains limited. The goals are to eliminate unnecessary variation
in cancer treatment, provide coordinated patient-centered care, while controlling costs.
Yet, meaningful payment reform in oncology remains elusive. As the largest payer for
oncology services in the United States, CMS has the leverage to make cancer services
more value based. Thus far, the focus has been around pricing of physician-administered
drugs with recent work in the area of the Oncology Medical Home. Gynecologic oncol-
ogy is a unique sub-specialty that blends surgical and medical oncology, with treatment
that often involves radiation therapy. This forward-thinking, multidisciplinary model works
to keep the patient at the center of the care continuum and emphasizes care coordi-
nation. Because of the breadth and depth of gynecologic oncology, this sub-specialty
has both the potential to be disrupted by payment reform as well as potentially benefit
from the aspects of reform that can align incentives appropriately to improve coordina-
tion. Although the precise future payment models are unknown at this time, focused
engagement of gynecologic oncologists and the full care team is imperative to assure
that the practice remains patient centered, embodies the highest quality in research
and education, yet transforms into a sustainable and agile sub-specialty to pro-actively
and effectively manage the immense and relentless financial pressures and regulatory
expectations that will be faced over the next decade.

Keywords: physician payment reform, gynecologic oncology, MACRA, MIPS, alternative payment models

INTRODUCTION

On April 16, 2015, President Barack Obama signed the Medicare Access and CHIP (Children’s
Health Insurance Program) Reauthorization Act (MACRA). This new legislation repealed the inef-
fective and maligned sustainable growth rate (SGR) mechanism of updating fees to the physician
fee schedule (1, 2). As the policies within MACRA are implemented, they will significantly impact
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reimbursement and care delivery for oncology services. Many
payment reform models piloted thus far have primarily focused
on primary care and hospital-based episodes of care with recent
pilots in medical oncology. These models vary in the extent to
which physician services are aggregated across providers and the
degree towhich paymentsare distributed across different settings.
Examples include the use of a modified pay-for-performance or
a fee for the use of disease specific oncology pathways, bundled
payments, oncology patient-centered medical homes (PCMHs),
episode payment for services, and accountable care organiza-
tions (ACOs). The sub-specialty of gynecologic oncology is
unique; physicians frequently function as both the surgeon as
well as the medical oncologist. They often coordinate other
modalities of therapy, such as radiation, and frequently remain
the primary coordinator of their patients’ cancer care team
throughout the trajectory of their disease. This includes those
patients who transition to hospice. The nature of the training of
gynecologic oncologists yields important efficiencies in terms
of care coordination and potential reduction in unnecessary
treatments or duplicative testing. Due to the breadth and depth
of the subspecialty, physician payment reform will significantly
impact the practice of gynecologic oncology. In this paper, we
will first review some historic and current methods to achieve
payment reform. Then we will review the preliminary details and
implications of MACRA and discuss the possible profound and
long-lasting effects on gynecologic oncology.

Historic and Current Components of

Payment Reform
Currently, fee-for-service (FFS) is the most common reimburse-
ment methodology in oncology despite efforts to implement
alternative approaches. This form of payment can inadvertently
incent high-volume, high-cost procedural services. FFS often
undervalues or fails to reimburse evidence-based, cost efficient,
effective services such as patient education, prevention, care
coordination, or end-of-life discussions. As an unintended conse-
quence, these perverse incentives can lead to fragmentation, inef-
ficiency, and waste. Payment reform in the FFS system previously
has consisted of pay-for-performance (P4P) programs that have
usually been a variation of FFS payments with a bonus element
added for achieving certain quality milestones. Historic quality
contracts have generally been a P4P model with limited success.
The care of women with gynecologic malignancies in the United
States has greatly improved over the last several decades. A recent
study demonstrated an improvement in relative survival for all
stages of ovarian cancer from 1975 to 2011 (3). Possible reasons
for this beneficial trend include the recognition of the importance
of surgical staging and cytoreductive procedures; platinum and
taxane-based therapy; intra-peritoneal chemotherapy; and the
development of other effective chemotherapeutic and biologic
agents. A population-level analysis from 1983 to 2009 showed an
improvement in relative survival for women with stages I-III cervi-
cal cancer (4). A recent study demonstrated an improvement in
overall survival in patients with recurrent, persistent, or metastatic
cervical cancer with the addition of bevacizumab to combina-
tion chemotherapy (5). There was no significant deterioration in

health-related quality of life in patients receiving anti-angiogenic
therapy (6). Such advancements in cancer survival and maintenance
of quality oflife are predicated on scientific research. Efforts in both
academia and industry have yielded progress in the understanding
of the mechanisms of cancer prevention and treatment, paving the
way to novel therapies that translate into improved outcomes. Due
in part to the success in cancer therapy, increasing demand, and
the demographics of an aging population, cancer care will remain
a major driver of escalating healthcare spending in the United
States. In the United States, approximately 1.6 million people are
diagnosed with cancer annually. A 2011 study projected total
cancer spending to be approximately $157 billion in 2020 - a 27%
increase from 2010 (7). “The distribution of total cancer care costs
is 32% for chemotherapy drugs, administration, and radiation;
33% for inpatient and physician surgical claims; and 12% for other
physician services. The remaining 22% is composed of evaluation
and management, hospice, laboratory tests, imaging services, and
inpatient stays without surgery” (8). Due to the broad range of ser-
vices provided by many gynecologic oncologists, the sub-specialty
contributes to numerous different categories contributing to the
total cost of cancer care. Therefore, the impact of payment reform
on gynecologic oncology could be significant.

Sustainable Growth Rate

The SGR was a method previously used by the Centers for
Medicare and Medicaid Services (CMS) that was designed to
control spending on physician services. Enacted by the Balanced
Budget Act of 1997, the SGR was designed to ensure that the
annual increase in the expense per Medicare beneficiary did
not exceed the growth in the Gross Domestic Product. The SGR
formula was responsible for determining the annual increases or
decreases to the Medicare physician fee schedule. Under the SGR
mechanism, if the growth in the volume of services exceeded the
target growth rate, the yearly update to fees was to be reduced
with a “conversion factor” to bring spending in line with the
target. The short-term fixes imposed administrative burdens on
CMS and clinicians and they created uncertainty for health care
professionals and beneficiaries about uninterrupted access to care
(9). The resulting instability and uncertainty led to 17 overrides
of scheduled fee cuts. The repeal of the SGR now means that the
temporary measures to override the growth rate formula will no
longer dominate Medicare policy discussions, as they have for
the last decade. The replacement of the SGR should also acceler-
ate the movement away from unconstrained FFS payments and
toward continued payment reforms.

Physician Quality Reporting System

The Physician Quality Reporting System (PQRS) is a voluntary
quality reporting program established by CMS in 2007, which
follows a P4P model - namely that physicians are paid a fraction
of their FFS payments initially as a positive bonus on their overall
reimbursable claims. The program was designed to encourage both
individual providers as well as group practices to report quality of
care data to Medicare (10). PQRS provides the opportunity to assess
the quality of care provided by a physician or practice and quantify
their performance on a particular metric. Beginning in 2015, if an
eligible professional or group practice did not satisfactorily report
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PQRS measures in 2013, they would receive a 1.5% payment
penalty on their 2015 Medicare reimbursements. Providers and
practices who report in a compliant manner for the 2015 program
year will not receive the 2017 PQRS negative payment adjustment.
The Society of Gynecologic Oncology (SGO) has published PQRS
measures relevant to gynecologic oncology (11).

Electronic Health Records Incentive Programs
(“Meaningful Use”)

The electronic health record (EHR) incentive program was
established as part of the American Recovery and Reinvestment
Act of 2009 (ARRA). ARRA amended the Social Security Act
by creating incentive payments to providers and hospitals “to
promote the adoption and meaningful use (MU) of interoper-
able health information technology (HIT) and qualified EHRs.
These incentive payments are part of a broader effort under the
HITECH (Health Information Technology for Economic and
Clinical Health) Act to accelerate the adoption of HIT and utiliza-
tion of qualified EHRs” (12). “MU” has three stages that began in
2011. The objective of Stage 1 (2011-2012) was to promote basic
EHR adoption, data capture, and sharing. For Stage 2 (2014), the
objectives were to advance clinical processes and emphasize care
coordination and the exchange of patient information. Stage 3 is
expected to be implemented in 2016 with a goal to show that the
quality of health care has been improved.

Physician Value-Based Payment Modifier

The Affordable Care Act (ACA) directs the Secretary of Health
and Human Services (HHS) to develop and implement a budget-
neutral process to financially reward physicians who provide
health care that is high in quality and low in cost (13). This system,
the physician value-based payment modifier (PVBM), will adjust
the fee schedule payments based on the quality and cost of care
delivered to Medicare beneficiaries. “The PVBM reward formula
is a system in which performance is assessed in two dimen-
sions (quality and cost), with payments accruing to physicians
who have above-average performance along both dimensions.
Physicians who perform worse than average or choose not to be
involved will be paid less, while those with average performance
will experience no change” (14). The maximum bonus is ~2% of
Medicare fees and the maximum penalty is ~1%, based on the
2013 program year (13). Thus, the model is similar to a P4P-
type program with the majority of payments in a traditional FFS
setting and a smaller bonus or penalty based on performance.
When defining PVBM, “CMS will use the PQRS quality meas-
ures reported by individual physicians and by groups under
that program’s reporting mechanism of which there are several
options. Total per capita costs for Medicare beneficiaries will
be used to calculate a cost composite score for the value-based
payment modifier” (14).

MEDICARE ACCESS AND CHIP
REAUTHORIZATION ACT OF 2015 ERA

When Congress passed the MACRA, it gave HHS the authority to
move ahead with alternative payment models (APMs). MACRA

introduced comprehensive changes to how Medicare pays physi-
cians and hospitals for among many areas, oncology-related ser-
vices. MACRA makes three important changes to how Medicare
pays healthcare providers who care for Medicare beneficiaries.
First, the new law repeals the SGR formula as a mechanism
for determining Medicare payments for physicians services
and puts into place a predictable annual increase through 2019
before a complete transition to the new system described below.
Second, MACRA establishes two payment options beginning in
2019, which create a new framework for rewarding providers for
giving better care and not simply more care. One option is the
merit-based incentive payment system (MIPS) that consolidates
current programs and retains many elements of the current FES
structure with a new system for positive or negative adjustments
to the fee schedule payments. Critics have argued that in many
ways, it is largely a P4P-type model and many physicians who are
either confused or intimidated by APMs will chose MIPS and
potentially tolerate penalties and flat/negative payment adjust-
ments in medicare. The second option, participation in an APM,
is different from the current FFS system. Both choices move
toward a valued-based system, with an overarching emphasis on
quality, not volume, of healthcare services provided. Regardless
of the pathway within MACRA, the new reimbursement system
will likely require transformative changes to the structure of a
medical practice. Both paths require practices to (1) report
quality metrics, (2) demonstrate MU of EHRs and use resources
responsibly, and/or (3) take on financial risk. Third, MACRA
incentivizes practice transformation by combining the existing
quality reporting programs into one new system. While many
have hailed the repeal of the SGR mechanism, the passage of
MACRA now raises new questions about where the United States
health care system is headed in the post-SGR world of payment
and delivery reform.

Merit-Based Incentive Payment System

The MIPS is a new payment system that consolidates existing
P4P programs and accounts for quality, resource use, EHR
utilization, and clinical practice improvement. MIPS combines
parts of the PQRS, the PVBM, and the MU program - and adds
a new category of clinical practice improvement activities - into
a single program that will assess physicians on these categories.
The MIPS Composite Score will include components for quality
(approx. 30% based on PQRS by 2021), MU (initially 25%, then
reduced to 15%), resource use (30% based on PVBM by 2021),
and clinical practice improvement (25%). Clinical practice
improvement activities are those that contribute to advancing
care coordination, safety, and care. Examples include expanding
access, care coordination, safety, and participation in registries.
Although details on MIPS will be the subject of policymaking
for several years, it is important to understand that some of the
assessments made at the effective date of 2019 will be based
upon 2017 data. For the 2015 and 2016 performance years,
the PQRS, PVBM, and MU programs will continue as separate
payment adjustment programs. MACRA provides physicians
and other health care professionals with stable fee updates for
5 years (an update of 0.5% for the last 6 months of 2015 and an
increase of 0.5% per year for 2016 through 2019). For 2015 to
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2018, the current payment system remains unchanged. Under
MIPS, the payment rates in 2019 will be maintained through
2025 but with positive and negative adjustments based on the
composite performance score of each eligible physician or other
health professional on a 0- to 100-point scale. The scores will
be publicly reported on the CMS Physician - Compare website.
The composite score will be reported for all providers, compared
to peers, and will be available to consumers. The adjustments,
however, are designed to be budget neutral so that there would
be no effect on overall payments beyond an additional $500
million that would be made available each year from 2019 to
2024 to reward excellent performance (15). The MIPS payment
adjustments can be significant (9% adjustments) with top
performers earning +27%.

Alternative Payment Models

The leadership at the Department of HHS aims “to have 30% of
Medicare payments tied to quality or value through alternative
payment models by the end of 2016 and 50% of payments by
20187 (16). Under the new legislation, clinicians who receive a
substantial portion of their revenues from approved APMs will
not be subject to MIPS. Instead, they will receive a 5% bonus
each year from 2019 to 2024. To qualify, the APM must comprise
25% of provider revenue or patients between 2019 and 2020.
By 2023, this increases to 75% of provider revenue or patients.
In 2026, the payment rules for all clinicians change again, with
payment rates under the APM increasing by 0.75% per year and
rates for others increasing by 0.25% per year. MACRA incentiv-
izes participation in APMs by establishing a system in which,
beginning in 2019, qualifying healthcare providers may receive
a lump sum for participation in a certified APM at a certain
level. That incentive payment will be equal to 5% of the prior
year’s estimated aggregated expenditures under the fee schedule.
Beginning in 2026, when the lump sum payment goes away, the
baseline fee schedule payments will still be higher for qualifying
APM participants than for other providers in the MIPS system.
APMs must involve a downside risk and quality measurement.
While, currently, there are not many APMs for oncology, the
legislation encourages development and recognition of models
available to medical specialists, such as oncologists. How an APM
will be recognized for purposes of the program is still evolving,
but may include existing models, such as ACOs, PCMHs, and
bundled payment models. MACRA also introduces a new path-
way to qualify APMs, called physician-focused payment models
(PFPMs). While CMS will determine which PFPMs qualify as an
APM under MACRA, the law mandates that qualifying PFPMs
require the reporting of quality measures, the use of certified
EHRs, and that the physician has “more than nominal financial
risk” (with the exception of a PCMH, for which the risk require-
ment is waived). Stakeholders can submit proposals. A newly
established Technical Advisory Committee will assess PFPM
proposals from stakeholders and make recommendations to
the HHS Secretary about which models to adopt as a qualifying
APM and the Secretary will consider and release a list of available
APMs. The Secretary must release criteria for a qualifying APM
by November 1, 2016.

Approaches to the Design of
Oncology-Focused APMs

Potential designs for APMs may be viewed along a continuum
through greater bundling across either providers or payments.
“APMs transition from volume- to case-based payments, reduce
or limit the FFS component, and use performance measures
to hold providers accountable. Providers gain flexibility by
decoupling provider payments from the volume and intensity
of specific services, but they also face greater accountability for
lowering costs, and depending on the performance measures that
affect payment, for better quality care and better results” (8). The
ability of an APM to improve outcomes also depends on invest-
ments and support, such as the timely collection and analysis of
validated data, systematic processes for data-driven learning, and
deployment of user-friendly HIT systems. The success of more
transformative APMs - including oncology PCMHs and oncology
ACOs - will require greater investments in human resources, work
flow changes, provider engagement, and other aspects of practice
change, such as strategies to increase scale and deployment of
sophisticated cost accounting tools. Successful implementation of
aPCMH or an ACO will also impose a heavier administrative bur-
den compared to clinical pathways or bundled payment models.

The specific type of APM implemented will also depend on
the physician employment structure. The spectrum of an oncol-
ogy provider’s employment model spans from single-specialty
private practice, multi-specialty independent group practice, to
hospital-based employment in a comprehensive cancer center or
large regional multi-hospital system. In each scenario, there will
be variation in the extent of physician alignment and the ability
to bundle professional and technical charges. Although smaller
practices may be more agile to respond to change, large-scale
operations can reduce costs via efficiency, controls, standardiza-
tion, and supply chain management. A large-scale health care sys-
tem, offering a broad range of services across the care continuum,
may also be more adept at retaining a patient throughout their
oncology journey. In addition to medical, surgical, and radiation
oncology-related services, this could include emergency room
visits, home health, palliative care, and other medical specialty
services across a large geographic area. Therefore, factors, such as
physician integration, scope of services offered, and the scale of
the health care enterprise, will significantly impact the decision of
which APM is most appropriate in any local market.

A recent paper provides an outline of four different
APMs - clinical pathways, oncology PCMHs, bundled payments,
and oncology ACOs - to show a continuum of payment incentives
that can influence the extent to which care delivery changes limit
or reduce costs (8). These APMs were selected “because they can
support incremental to comprehensive clinical transformations,
thereby accounting for the breadth and size of oncology practices,
populations served, and payer types.” These reforms, summarized
in Table 1, can be viewed as building blocks along the spectrum
of payment reforms.

Clinical Pathways
Oncology-specific clinical pathways are standardized, evidence-
based, dynamic, cost-effective protocols for the treatment of
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cancer patients. Although development, implementation, and
assessment of compliance are challenges, pathways require
comparatively limited structural changes to a practice or pro-
vider risk (30). This model is designed to encourage providers
to adhere to disease-specific oncology pathways while reaching
or exceeding quality benchmarks. An additional case manage-
ment fee may be necessary to off-set the administrative burden of
assessing pathway compliance and pathway maintenance. Early
results show that pathway programs can decrease cost growth
through diminished use of aggressive treatments that are not
supported by clinical guidelines (31). Two papers demonstrate
that pathways can reduce variation in chemotherapy use, while
maintaining overall survival rates (32, 33). Reducing unnecessary
clinical variation and providing more predictable costs is another
goal of these reforms. Pathways alone, however, may not have
a significant impact on care coordination or other aspects of
personalized care. For some oncologists, pathways may represent
an initial foray into practice standardization and assessment of
compliance with evidence-based practice. Depending on the
extent of physician integration and practice structure, proactive
change management and a realistic assessment of local culture
will be imperative to set the pace for pathway implementation
and ultimately impact the likelihood of sustainable compliance.

Oncology Patient-Centered Medical Home

“The oncology PCMH is a practice-level approach that promotes
care coordination and improvement through payments that
are more extensively aligned with practice features expected to
improve patient outcomes and patient-level performance meas-
ures” (8). Providers can use a per beneficiary per month fee in
an oncology PCMH to support services that have traditionally
not been reimbursed (i.e., access through expanded office hours,
team-based care models, and advanced HIT) to encourage better
patient education and care coordination and management (34).
A successful implementation of an oncology PCMH would likely
require an engaged and well-integrated group of oncology teams
spanning a variety of sub-specialties beyond oncology. Improved
care coordination combined with robust support for cost-effective
services in the oncology PCMH model potentially reduces hos-
pitalizations and emergency department (ED) visits, prevents
overutilization of unnecessary high-cost drugs and services, and
improves symptom management beyond the hospital setting (34,
35). Preliminary results from one oncology PCMH showed reduc-
tions in ED visits (68%), hospital admissions per patient treated
with chemotherapy (51%), length of stay for admitted patients
(21%), overall outpatient visits (22%), and outpatient visits in the
chemotherapy population (12%) (34, 36). Although the increased
administrative burden may erode margins, successful oncology
PCMH models have reported significant net cost reductions via
reduced ED visits and hospitalizations. One oncology PCMH
reported aggregated savings of approximately $1 million per
physician per year (37). Another program also saw substantial
cost reductions from lower utilization of hospital admissions
(34%), hospital days (44%), and ED visits (48%) (35). However,
these savings have not been reproduced in all cases. The physician
compensation model, practice structure, healthcare market, and
local payer strategy may influence the level of adoption of an

oncology PCMH. More evidence is required relevant to oncology
PCMHs to determine specific factors of the payment and delivery
reforms that may improve the likelihood of success.

Bundled Payment

A more comprehensive bundled payment methodology is pos-
sible, either within or outside an oncology PCMH. Providers are
generally compensated with a one-time payment for a specific
set of cancer services over a pre-determined treatment period or
episode of care (32). “To the extent a broader range of services
are bundled, providers can gain even more flexibility to redirect
resources to cost-effective patient-centered activities that FFS
does not reimburse” (8). The provider subsequently incurs greater
accountability and more pressure to reduce the cost of care
(38, 39). Recent results from one bundled payment pilot show a
34% reduction in total cost of care (40).

The extent of coverage of a bundled payment in oncology
can vary based on how the bundle is designed. A bundle could
be based on a timeframe; or within a pre-specified boundary
on a pathway; or include technical and/or professional charges.
Many other factors will need to be pre-determined. For exam-
ple, how are costs allocated when care is delivered outside the
scope of the agreement or in non-contracted facilities and
labs? Most early pilots are limited bundles that included the
administration of chemotherapy and supportive-care drugs
(32, 39, 41, 42). More comprehensive bundles may include
the drug acquisition costs, imaging and lab services, surgery,
or radiation therapy. Bundled payments must be linked to
performance benchmarks. To date, there are few prospective
total cost bundles; there is a ground-breaking pilot program
in head and neck cancer that bundles the total cost of care
for 1 year in a prospective payment (24). The increased prob-
ability for cost variation per patient that accompanies more
comprehensive bundles would imply that providers face more
uncertainty about their net revenues. This likely explains why
more comprehensive bundles have not been widely adopted
to date. Another barrier to adoption is the challenge of cost
accounting in a complex health care system. Factors such as
physician integration and the ability of a hospital to fully cost
expenses (i.e., labor, overhead, pharmacy, supplies, etc.) may
vary widely. Therefore, there will likely be significant variation
in the level readiness of oncologists and hospitals to move
forward with bundled payments. At least initially, there may
be significant variation in the scope and cost of a bundle based
on local and regional factors. In the future, as more meaningful
quality metrics become publically available, bundle payments
may drive consumerism and competition.

Oncology-Specific Accountable Care
Organization

The oncology ACO model partially links reimbursement to
overall costs and quality of care for patients with cancer. In
comparison, a “shared savings” oncology ACO would provide
an incentive beyond the usual FFS payments, based on whether
total spending for the relevant patients is below a benchmark and
whether quality measures meet the pre-determined threshold.
In an ACO environment, providers are accountable for the cost,
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TABLE 1 | Comparison of oncology payment models by delivery, physician employment, and payment structure, and quality measurement.

Payment Clinical Oncology Bundled payment Oncology- Global
model pathways PCMH specific ACO  payment
Delivery Use of evidence-based Yes Yes Yes Yes Yes
structure pathways or guidelines
Care coordination focus No Yes Yes Yes Yes
Requires major practice No Yes No (for the types of bundles  Yes Yes
transformation currently in market)
Probability of  Single-specialty group, private  Medium Low Low Low Low
implementation practice
base.d on Multi-specialty group, private  Medium Medium Low Low Low
physician practice
employment ) . . , . )
structure Hospital employed, single High Medium Medium Low Medium
general hospital
Hospital employed, High High Medium Medium Medium
comprehensive cancer center
Hospital employed, multi- High High High High High
hospital system
Payment Case-based payment Revenue neutral PMPM management fee Episode-based prospective Partial capitation Total
structure component supplemental or retrospective payment for capitation
payment for pathways pre-determined defined
adherence bundle of service
Transition from P4P to P4P P4P Value driven Value driven Value
value-driven care driven
Potential for global or No No Partially based on boundary  Yes Yes
capitated payment of bundle (i.e., inpatient,
imaging, ancillary service, etc.)
Payment majority linked No No Yes Yes Yes
to quality and financial
performance outcomes
Quality Incentives for continuous No Yes Yes Yes Yes
measurement quality improvement activities
Pilot Alabama Health New Mexico Cancer Center MD Anderson and Florida Blue and  All-Payer
programs Improvement Initiative, (19) and Wilshire Oncology UnitedHealthcare pilot in Moffitt Cancer Innovation
Oncology Clinical Medical Group (20), Cancer Head & Neck Cancer (24), Center (27)and  Model in
Pathways Pilot (17) & Hematology Centers of Mobile Surgery International ~ Baptist Health State of
and The WellPoint Western Michigan (21), and BCBS of Florida (25), and South Florida, Maryland
Cancer Care Quality ~ Consultants in Medical Humana and 21st Century Florida Blue and  (29)

Program (18)

Oncology and Hematology

(22), and COME HOME, Moffitt

Cancer Center and Aetna
Oncology Medical Home

Oncology (26)

Advance Medical
Specialities (28)

Collaboration (23)

Adapted from KP’s original work (8).

Patient-centered medical home (PCMH), accountable care organization (ACO), pay for performance (P4P), per member per month (PMPM).

quality, and overall care for a population in exchange for the
opportunity to share savings with the payer. Therefore, the ACO
construct encourages proactive management to deliver efficient,
coordinated, and cost-effective cancer care. The increased
accountability places critical importance on the administrative
component of the ACO to manage and coordinate care thought-
fully. For this reason, some practices will require a significant
transformation of practice and additional resources to participate
as an oncology ACO.

Given the increasingly personalized, costly, and highly
variable nature of oncology care, traditional ACOs have taken

a measured approach toward oncology-specific reforms. Despite
these challenges, there are several pilots of oncology-specific
ACO arrangements and oncology-focused arrangements within
population wide ACOs. These models link payment to perfor-
mance metrics (Table 1). “Such oncology ACOs may also be
partially or fully capitated, with some or all of the FFS payments
related to oncology shifted into a fixed, risk-adjusted payment per
patient that is contingent on meeting performance benchmarks.
The extent to which an oncology ACO model resembles a global
payment depends on the size and scope of the shift from FFS to
a fully bundled capitation payment and whether other specialties
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are included” (8). The oncology ACOs remain in the early phase
of development, but they are on a path of increasing clinical and
financial risk (27, 43). To date, there is one global payment pilot
(29) in which the case-based payment is totally capitated. In this
innovative model, Maryland and CMS will evaluate an all-payer
system for hospital payment. Payment will be based on Medicare
per capita total hospital cost growth. In exchange, Maryland will
be accountable to generate a pre-determined cost savings while
achieving quality targets in the domains of readmission, hospital
acquired conditions, and population health. Oncology services
would be included in this pilot.

MEDICARE ONCOLOGY CARE MODEL

Centers for Medicare and Medicaid Services is developing
novel payment and care models with the goal of improving the
effectiveness and efficiency of specialty care. In February 2015,
CMS’s Center for Medicare and Medicaid Innovation (CMMI)
introduced a new payment and practice reform model, the
oncology care model (OCM). The OCM is an innovative model
for physician practices administering chemotherapy. Under
the OCM, practices will enter into payment arrangements that
include financial and performance accountability for episodes
of care surrounding chemotherapy administration to cancer
patients.

The goal of the OCM is to utilize appropriately aligned
financial incentives to improve care coordination, appropriate-
ness of care, and access to care for beneficiaries undergoing
chemotherapy. The OCM encourages participating practices to
improve care and lower costs through an episode-based payment
model that financially incentivizes high-quality, coordinated
care. Practitioners in an OCM are expected to rely on the most
current medical evidence and shared decision-making. The OCM
encourages commercial payers to participate in alignment with
Medicare to create broader incentives for care transformation at
the physician practice level. Other payers would also benefit from
savings, better outcomes for their beneficiaries, and information
gathered about care quality.

IMPACT ON GYNECOLOGIC ONCOLOGY

Much is still unknown in terms of the details of the MIPS and
APMs and the subsequent impact on gynecologic oncology. The
majority of current efforts to address new payment models focus
heavily on medical oncology. In medical oncology, examples of
pilot programs include CMMTI’s Oncology Care Model (44) and
Regional Cancer Care Associates and Horizon BCBS (45). The
latter pilot focuses on bundled payments for breast cancer patients
treated with chemotherapy. There are a limited number of APMs
for surgical oncologic procedures. Mobile Surgery International
and BCBS of Florida have designed a bundled payment for radical
prostatectomy for early-stage patients (25). In radiation oncology,
21% Century Oncology and Humana have developed a bundled
payment for radiation therapy for 13 prevalent diagnoses,
including breast, lung, and prostate cancers (26). On January 1,
2015, MD Anderson partnered with UnitedHealthcare in a pilot

bundle in the treatment of head and neck cancers (24). This pilot
program prospectively covers the total cost of care for head and
neck cancer for 1 year. The sub-specialty of gynecologic oncol-
ogy is unique, in that many gynecologic oncologists practice
both surgical and medical oncology. In addition, the diseases
managed by gynecologic oncologists frequently use radiation
therapy, either in the primary, adjuvant, or palliative settings.
For these reasons, the sub-specialty of gynecologic oncology is
especially exposed to the unprecedented and evolving changes
in physician payment reform. Due to the breadth of practice for
many gynecologic oncologists, coupled with the heterogeneity
of employment structure, APMs must be designed thoughtfully
while embedding flexibility and equity. Due to the multitude of
variables that require careful consideration and the variability in
stakeholders, the optimal APMs will likely be designed locally.

In November 2015, the SGO submitted a request for informa-
tion regarding the implementation of MIPS and the eligible APMs
program as authorized under MACRA. The letter addressed
numerous aspects of the MACRA law, and how the implemen-
tation should be done to positively impact the subspecialty of
gynecologic oncology and those Medicare patients for whom
SGO members provide care (46). SGO specifically commented
on the following challenges to the implementation of MIPS:
reporting mechanisms for quality performance; data stratifica-
tion; barriers to successful quality performance; data accuracy;
resource use performance; Clinical Performance Improvement
Activities (CPIA); development of performance standards; and
defining and incorporating improvement and public reporting.

“The forthcoming regulations should establish an easy path-
way for PFPM [Physician-Focused Payment Models] proposals
to be adopted as qualified APMs. CMS should clearly outline
the criteria that will be used to evaluate PEPM proposals. CMS
and the [Physician Focused Payment Model Technical Advisory
Committee] PTAC should work collaboratively with medical
societies and other organizations developing proposals, provide
feedback on drafts, and provide data up-front to help in modeling
impacts. These regulations should also make it clear that PFPMs
recommended by the PTAC will be accepted by CMS. SGO is
working very hard on its endometrial cancer APM with the intent
of having it accepted as a PFPM” (46).

The SGO has endorsed disease site-specific quality indicators
for ovarian, endometrial, and cervical cancers (47). In December
2015, CMS selected for consideration nine of the 15 process
measures specific for gynecologic oncology (48). These quality
measures were submitted for possible inclusion in the PQRS for
2017, which will be the first reporting year for MIPS. Should
SGO’s measures be accepted, they will be published in the CY
2017 Proposed Medicare Physician Fee Schedule Rule and will
again be open for comment.

DISCUSSION

The payment reforms underway are intended to drive the
improvement of patient-centered, high-quality, and efficient care
that is consistent with the Institute of Medicine’s six aims (49).
The future of payment reform centers on legislation that incen-
tives participation in an APM, while creating an environment
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where FFS is less tenable. However, a successful transition from
the current state to an APM assumes that the new paradigm will
be clearly defined, equitable, and flexible enough to accommo-
date the necessary variation and heterogeneous environments in
which oncology is practiced today. Medical societies and engaged
physicians will certainly be critical in creating meaningful,
actionable, and measurable quality metrics that will be important
components of MIPS. The SGO has taken critical steps to develop
and implement a Clinical Outcomes Registry (50). This sub-
specialty-specific registry was designed to be a tool to measure
quality, compare outcomes, and could function as a platform for
quality improvement and outcomes research.

Depending on a particular current state, moving into an APM
will require a variable level of practice and culture transformation.
For example, although dynamic gynecologic oncology-specific
pathways have been developed, assessment of compliance is cur-
rently a resource intense process. Technology solutions, such as
clinical decision support, may improve pathway monitoring but
must also allow for necessary variation unique to cancer patients.
Transforming practices into APMs beyond pathways will require
local solutions that demand insight of the practice environment
and strategic decisions that must account for many factors. Such
critical factors include degree of physician integration; scope of
oncology services provided; scale of health care system; financial
health of the involved practice(s), hospital(s), and payer(s);
competitive landscape of local market; and risk tolerance of
the enterprise(s). Each practice environment will face unique
challenges to adaptation. For example, smaller single-specialty
practices may need to vie for scale or develop strategic partner-
ships to optimize care coordination. Larger academic practices
with research and education components to their mission may be
stressed as margins tighten. It will be incumbent on gynecologic
oncologists and academic institutions to structure APMs such
that gynecologic cancer research and education can be sustain-
able and continue to advance the field into the future.

Gynecologic oncologists function in a very wide array of
practice settings. Therefore, the design of APMs will require
flexibility. APMs impose both an administrative burden and
financial risk that is likely to accelerate the existing trend toward
practice consolidation. Independent, physician-owned practices
may lack the resources, scope, and scale required to achieve
and sustain compliance with the added administrative burdens
involved in APM participation. Smaller practices are also less
likely to be able to absorb the potential losses in a model that
involves downside financial risk. Even gynecologic oncologists
who are already employed or part of a large physician group will
be affected. The hospitals or practices that employ gynecologic
oncologists may further consolidate to achieve scale, which may
further affect the employed physicians. No doubt, multi-specialty
oncology practices and hospitals will be developing APMs for a
wide range of disease sites, which may make cross-comparisons
of gynecologic cancer APMs difficult between different geo-
graphic regions. The transformation of current models into a
value-driven framework may require solutions devised at the
local level. That is, how the new APM is developed and deployed
may vary widely depending on the specific practice environment
of a gynecologic oncologist. As these changes unfold, it will be

critical that gynecologic cancer care remains patient-centered
and of the highest quality.

The upside to the provision of high-quality, accountable,
patient-centered care is clear. However, there are increasing
resource-intensive administrative components to practice which
must be considered as innovative payment models are designed.
Some of these requirements divert time and resources away from
direct patient care. According to a recent commentary (51), “the
quality-measurement enterprise in U.S. health care is troubled.”
Some physicians, hospitals, and health plans view measure-
ment as burdensome, expensive, inaccurate, and indifferent to
the complexity of care delivery. Although P4P programs are
among the oldest APMs, the success of these models is impeded
by serious gaps in the current quality measurement system.
According to a 2014 RAND report (52) that looked at 49 stud-
ies examining the effect of P4P on process and intermediate
outcome measures, the overall results of the studies were mixed,
and any identified effects were relatively small. A basic flaw in
the design of existing P4P models is the reality that meaningful
oncology-specific patient-centered outcome measures remain
elusive. Although the pursuit of better value in cancer care is
a necessary goal, simply establishing timelines is inadequate.
Even with the repeal of the SGR, there are major challenges
to achieving value-driven cancer care, including the lack of
an agreed-upon, patient-centered definition of value; a short-
age of meaningful and actionable performance metrics; and a
deficiency of accounting systems capable of reflecting the true
total cost of delivering cancer care.

CONCLUSION

Substantive payment reform in oncology is timely because there
is great opportunity to align payments with the triple aim of bet-
ter health and better care at a lower cost. The models described
represent potential ways to address deficiencies in the current
system, such as high and variable spending, fragmented and
uncoordinated care, and insufficient reimbursement for services
that often make a difference for patients and their families. APMs
vary in the size, scope, and degree to which they shift away from
FES, but they increase provider accountability and support for
innovative care delivery components.

While unprecedented payment reform activity is taking place in
oncology, results are limited, and more evidence is needed to fully
understand the implications of MACRA, MIPS, and APMs. To date,
there are anecdotal examples of APM pilots around the country, but
widespread adoption of new APMs by multiple payers is essential
to build the evidence in support of a model. Although surgical
oncology and radiation oncology pilots exist, most APMs to date
have focused predominantly on medical oncology. Cancer care is
far more interdisciplinary, and the most forward-thinking APMs
must aim to incorporate the totality of care for the cancer patient.
Given the range of services provided by gynecologic oncologists,
payment reform has the potential to disrupt this sub-specialty
disproportionately. Analysis and reporting of the initial experi-
ences will be important to learn and make iterative improvements.
While striving for breakthrough innovation, the path forward may
require some degree of experimentation and tolerance for failure by
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all parties involved. Preliminary experience indicates that savings
can be achieved by payment reforms that support increased care
coordination and the greater use of physician-led care teams. For
example, such initiatives can reduce hospital readmissions, compli-
cations, and unnecessary imaging. Therefore, a critical priority is to
develop further evidence of how new payment systems in oncology
can better align physician reimbursement with care transformations
to improve care coordination, quality of care, population health, and
the patient experience. Engagement in payment reform is a unique
opportunity to positively impact the future state of gynecologic
oncology. In addition to fiscally responsible high-quality patient
care, efforts in reform must protect research and education as
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Despite many perceived advances in treatment over the past few decades, cancer
continues to present a significant health burden, particularly to the aging US population.
Forces including shrinking funding mechanisms, cost and quality concerns, as well as
disappointing clinical outcomes have driven a surge of recent efforts into utilizing the
technological innovation that has permeated other industries by leveraging large and
complex data sets, so called “big data.” In this review, we will review some of the history
of oncology data collection, including the earliest data registries, as well as explore
the future directions of this new brand of research while highlighting some of the more
recent and promising efforts to harness the power of the electronic health record and the
multitude of data co-located there, in an effort to improve individualized cancer-related
outcomes in rapid real time.

Keywords: big data, cancer registry, crowd-sourcing, registries, quality measures

Both the Institute of Medicine and the American Society of Clinical Oncology (ASCO) have called
for a “national quality reporting program for cancer care as part of a learning health care system” (1).
Furthermore, the current Presidential administration has made cancer one of its priorities, announc-
ing its intentions to allocate additional funds for a “moonshot” to a cure. Cancer is a major public
health issue, as it is the second leading cause of death in the US and is projected to surpass/exceed
heart disease in the upcoming years. The lifetime risk of developing some form of cancer for men
is 42% (1 in 2) and for women 38% (1 in 3). By 2030, the incidence of cancer will rise to 2.3 million
cases per year as a result of the aging US population (2).

Recent cancer research budgets have been declining; however, the current climate is much
more favorable. We find ourselves at crossroads of information technology, increased funding, and
increased pressure for both quality care and cures.

In pursuit of these goals, and with the atmosphere of information technology, “big data” is an
unchartered area in cancer. “Big data” is the term used for data sets that are so large or complex that
traditional data sets processing applications are inadequate. The formation and management of these
datasets can be exploited for real-time answers both in the efficacy of treatments in the real world
as well as quality of care. As payers for health care in the United States and worldwide grapple with
the movement away from fee for service-based reimbursement and toward payments for quality,
information gleaned from large dataset may provide feedback that is crucial for improvements in
the system. Additionally, “big data” compiled for research purposes provides a real-world laboratory
for innovative treatments and interventions that may, in some places, fill in gaps where randomized
prospective trials are impractical or cost prohibitive.
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Population-based, cancer incidence data in the United States
have been collected by the National Cancer Institute’s (NCI’s)
Surveillance, Epidemiology, and End Results (SEER) Program
since 1973 and by the Centers for Disease Control and Prevention’s
National Program of Cancer Registries (NPCR) since 1995 (2).
The North American Association of Central Cancer Registries
compiles and reports incidence data from 1995 onward for cancer
registries that participate in the SEER program and/or the NPCR.
These data approach 100% coverage of the US population in the
most recent time period and were the source for the projected
new cancer cases in 2016 (2). These databases have provided an
invaluable resource in tracking, categorizing, and noting trends
of cancer as a public health issue. However, these existing systems
fail to track the quality of the care for cancer patients.

We are currently in the midst of an explosion of the informa-
tion industry. However, the information technology revolution
has yet to mature in the medical field, despite near-universal
penetrance of the electronic medical record. Many cancer
patients experience highly fragmented care, with a combination
of their records on paper, different electronic health record
(EHR) systems, and physical disks for imaging, each housed
in multiple locations. These uncoordinated and unconnected
pieces of information impair the ability of oncologists to make
an impact on the population scan and more difficult for the
individual patient. Research based on an EHR is limited by
the complexity of data collected and the context under which
the data were collected. However, the EHR has unlocked the
potential to turn individual level data into datasets that can
provide information about the population and the efficacy of
our interventions.

To repurpose the individual electronic pieces of a patient’s
electronic chart into “big data,” data models must be created
using clinical, administrative, and claims data. One such data-
set is the HMO Research Network Virtual Data Warehouse
(VDW)—a public, non-proprietary, research-focused data model
that currently consists of 17 sites that together cover 13 million
individuals; in total, the VDW has over 185 million person-years
of data (3). Using this VDW, Kaiser Permanente has developed
clinical research networks that include a colorectal cancer cohort,
a severe congenital heart disease cohort and an obesity cohort
(4). It is important to establish that “big data” is different than
conventional large databases, one is a system that purely collects
data, whereas “big data” is harvesting the data and analyzing in a
fashion that gives us real-time feedback that could help providers
make decisions in patient care. This could be a turning point in
our care of oncology patients if this were to be successful. The goal
of “big data” is the capability to extract value from large amounts
of data, not just collect it.

Over the past two decades, additional organizations have
attempted to fill that quality void and establish guidelines
for evidence-based cancer care. For example, the National
Comprehensive Cancer Network was started in 1995 to establish
practice guidelines for clinicians taking care of cancer patients.
This has become an invaluable resource for clinicians. In addi-
tion, the American College of Surgeons and the American Cancer
Society jointly sponsor the National Cancer Database (NCDB),

which is a database that covers approximately 1,500 facilities and
approximately 70% of new cancer diagnosis in the US. They have
over 30 million records to date (5). In addition to the NCDB, the
Commission on Cancer, which is part of the American College
of Surgeons, started to use the NCDB data to establish whether
institutions were meeting certain quality measures. This started
with a few disease sites and now covers nine, with continued plans
to broaden.

Once established, registries such as those as listed above
provide insight to the epidemiology of cancer, but now with
improved informational technology, we have the potential to
harvest more complex and important data points. We are start-
ing to establish quality measures and analyze them compared
to recognized national benchmarks that were not available or
present before. Rapid advances in health information technol-
ogy have created unprecedented opportunities to learn from
real-world data.

Many cancer organizations are making this a priority, includ-
ing ASCO, which has included “Big Data” as one of three major
visions for cancer care (6). ASCO’s CancerLinQ initiative, aims to
collate data from every cancer patient in the US and make it avail-
able for analysis in the hope that it will lead to new insights. Their
goals not only want to impact on a population basis but for the
individual patient and provider. They propose real-time feedback
to the oncologist to help them choose certain therapies and make
clinical decisions. They are using a global software company, to
create a big data platform. Many such software vendors are now
commercially available. In the private sector, Flatiron Health has
created the OncologyCloud-a big data program that aims to
collect data from the medical records, doctors’ notes, and bill-
ing information, to give real-time feedback to providers about
treatments and outcomes. For example, part of their analytics can
analyze cost of individual patient care, identify potential clinical
trial candidates, which all streamlines with their specific EMR.
Another example of “big data” harvesting is the Genomic Data
Commons, this was developed and is housed at the University of
Chicago, and here, they are using a “big data” approach to analyze
cancer genomics. They are creating a cancer research community
through a unified data repository promoting precision medicine,
which is sponsored by the NCI.

We are in a transition time, as technology continues to expo-
nentially improve, soon we will be able to extract all the data and
quality measures that we need directly from the EHR. The goal
of big data would be to not only link current registry databases
but gather all data on all cancer patients and then use to analyze
outcomes, which has never been done before. But ultimately the
goal of “big data” is bigger and aspirational, it not only improved
quality of care but also actual answers to cancer, and improved
outcomes. For example, many of the chemotherapy regimens we
use today have been adopted because they demonstrated a benefit
of survival in a clinical trial. Over decades, pharmaceutical tri-
als and cooperative groups have labored through the model of
expensive, lengthy trials to get answers on which chemotherapy
to use in which setting. This has been the standard of how we
prove drug A is better than drug B. However, this paradigm
represents only a small fraction of the total number of patients
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with cancer (<5%). The advent of precision medicine has subdi-
vided even common malignancies into increasing small subtypes
making large prospective trials increasingly burdensome. “Big
data” offers the potential to harness all of the data from all of our
cancer patients. We could collect, harness, and analyze patients’
clinical information and link it to molecular data and treatment
outcomes to find answers to many of cancer’s most elusive ques-
tions in real time.

The importance of health information technology in our
pursuit of quality and cure cannot be underestimated. New,
innovative, and affordable approaches to quality assessment and
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The 2013 Institute of Medicine report investigating cancer care concluded that the
cancer care delivery system is in crisis due to an increased demand for care, increasing
complexity of treatment, decreasing work force, and rising costs. Engaging patients and
incorporating evidence-based care into routine clinical practice are essential compo-
nents of a high-quality cancer delivery system. However, a gap currently exists between
the identification of beneficial research findings and the application in clinical practice.
Implementation research strives to address this gap. In this review, we discuss key com-
ponents of high-quality implementation research. We then apply these concepts to a
current cancer care delivery challenge in women'’s health, specifically the implementation
of a surgery decision aid for women newly diagnosed with breast cancer.

Keywords: implementation science, dissemination and implementation research, cancer care delivery,
breast cancer, knowledge-to-action, decision aid

INTRODUCTION

The 2013 Institute of Medicine report investigating cancer care concluded that the cancer care
delivery system is in crisis due to an increased demand for care, increasing complexity of treatment,
decreasing work force, and rising costs (1). The proposed conceptual framework for a high-quality
cancer delivery system highlights the importance of engaging patients and their families, providing
evidence-based care, and translating the evidence into routine clinical care. In the current system,
translating beneficial research findings to the real world health-care setting is often slow and hap-
hazard despite the proven benefits (2, 3). It has been suggested that an average of 17 years elapses
before 14% of original research is integrated into routine physician practice (Figure 1) (4). This gap
between the identification of beneficial research findings and the application in clinical practice has
led to an increased focus on the processes for implementing new knowledge and the rapidly grow-
ing field of dissemination and implementation (D&I) science (5-9). Eccles and Mittman defined
implementation research as “the scientific study of methods to promote the systematic uptake of
research findings and other evidence-based practices into routine practice” (10). Implementation
research spans implementation (“the use of strategies to adopt and integrate evidence-based health
interventions and change practice patterns within specific settings”) and dissemination (“the targeted
distribution of information and intervention materials to a specific public health or clinical practice
audience”) (11). From past experiences, it is clear that those traditional, passive modes of implement-
ing and disseminating evidence-based practices, such as publication in journals and development
of consensus statements, are generally ineffective in sustainably integrating research findings into
routine practice (5, 12). Therefore, systematic efforts to identify active, theory-driven implementa-
tion strategies are essential (4, 13-17).
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FIGURE 1 | The pipeline of production and translation of knowledge generated from research into routine clinical practice includes a series of
successive screens designed to assure that high-quality research products are delivered to end users. However, this process results in only 14% of
original research being integrated into routine clinical practice and does little to assure that the research products are relevant and/or useful to end users. From

Green (5) with permission.

THEORETICAL FRAMEWORKS

Early implementation research was largely “trial and error” with
only a minority (10%) of studies providing a theoretical rationale
for their approach (18). The absence of a theoretical framework
supporting early implementation efforts combined with lack of
common terminology to describe processes made it difficult to
predict the success of an implementation approach or for others
to reproduce the process in other settings (19). A theory-driven
approach to implementation that explores explicitly the link
between an intervention and an outcome, and systematically
strives to explain why the intervention worked or failed in a
particular setting is critical to understand and operationalize
the key implementation steps (7, 18, 19). In addition to facilitat-
ing the implementation for a specific intervention, this type of
systematic approach will lead to the creation of generalizable
knowledge surrounding methods for the sustainable implemen-
tation of an intervention across studies and settings. Theoretical
models that broadly inform implementation research are multi-
disciplinary, pulling from the fields of medicine, public health,
psychology, marketing, political science, and even agriculture.
In 2011, more than 60 models to support D&I research had been
utilized in the literature (20). Considerable effort has been made
to consolidate these theories and models to provide researchers
with a guide in identifying conceptual models that would best
support their work. For example, Tabak et al categorized the
theories and models relevant to D&I research according to their
focus on dissemination and/or implementation activities and
the socio-ecological level to which they are applicable (20). They
also rated the flexibility of the model constructs, ranging from a
score of 1 (very loose construct definition allowing researchers

maximal flexibility in applying the model) to 5 (more defined
constructs providing researchers with a more operational, step-
by-step approach to D&I research activities). Examples of these
categorizations for some commonly used models are presented
in Table 1.

Two often used frameworks to guide implementation
efforts include the consolidated framework for implementation
research (CFIR) (21) and the RE-AIM framework (8). The CFIR
focuses primarily on implementation. It synthesizes existing
constructs from multiple published implementation theories
into an overarching typology that can be used to conduct a
diagnostic assessment of the implementation and context, track
the progress of implementation, and explain the success (or lack
of success) of an implementation strategy (21). Included con-
structs focus on the characteristics of the intervention, such as
its source, complexity, or cost; the outer setting, such as relevant
governmental policies and regulations or external pressure from
competing organizations; the inner setting, such as structural
characteristics of an organization, organizational culture, and
organization readiness for implementation; the characteristics of
involved individuals, such as their knowledge and beliefs about
an intervention and their belief in their ability to implement
the intervention; and the process of implementation, including
planning the implementation, engaging key individuals, and
evaluating the implementation efforts. Researchers can select
relevant constructs from this framework to guide assessment
of their intervention and monitor implementation progress. By
contrast, the RE-AIM framework is an evaluation framework
with an equal focus on implementation and dissemination
(8). It guides evaluation of the Reach of an intervention (is the
intervention getting to the target population), Effectiveness (is
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TABLE 1 | Categorization of commonly used dissemination and implementation models [adapted from Tabak et al. (20)].

Dissemination and/
or implementation

Construct flexibility: loosely
defined to highly structured

Socio-ecological level

constructs (scale 1-5) System Community Organization Individual Policy
RE-AIM (8) D=1 X X X
Consolidated framework for |-only 4
implementation research (21)
Framework for knowledge D-only 5 X X X
translation (22)
Normalization process theory (23) |-only X X X
Health promotion research center D>1 X X X
framework (24)
The precede—-proceed model (25) D= X X X
Replicating effective programs plus [-only X X
framework (26)
D, dissemination; |, implementation.
the intervention effective in the real world setting), Adoption ~ TABLE 2| Implementation strategies organized by cluster by Waltz et al.
(are target groups adopting the intervention) lmplementation showing mean importance and feasibility ratings provided by a panel of
X K R o . . implementation science and clinical experts.
[what is the fidelity, i.e., the degree to which the intervention
is implemented as originally intended (9)], and Maintenance or Implementation Importance Feasibility Example of a strategy
sustainability (are the effects of the intervention maintained over ~ Strategy cluster ratedasboth
time) (8). This type of evaluation framework can then facilitate important and feasible
comparisons between different interventions and methods of  Use evaluative and 4.19 401 Provide audit and
implementation and can inform both the choice of intervention iterative strategies feedback
and the needed implementation strategies. Provide interactive 3.67 329  Faciitation
assistance
SELECT'ON OF IMPLEM ENTAT'ON Adapt and tailor to 3.59 3.30 Tailor implementation
STR ATE GIE S context strategies
Develop stakeholder 3.47 3.64 Inform local opinion
Dissemination and implementation theoretical models provide interrelationships leadiers
a systematic approach to developing and evaluating the imple- ~ Train and educate 343 393 Conduct educational
mentation of interventions. Within these frameworks, specific stakeholders meetings
implementation strategies can be selected that match the needs ~ Support clinicians 3.28 3.06  Facilitate relay of clinical
of a clinical program or practice (16, 17). These strategies vary data to providers
in nature and complexity from a single component (such as ~ Engage consumers 325 295 Involve patients/
reminders, educational meetings) to multifaceted designs, which rcnoen;;z;rs and family
include multiple discrete or interwoven strategies (5, 16, 17). o
Compilations of strategies and specific definitions of each strat- ;t:::g;g:nmal 286 209
egy have been created to provide researchers with a mechanism o .
for the identification of important and feasible options to meet hange infrastructure 240 201
the needs of their study. Using concept mapping in a multi-stage The importance rating scale ranged from 1 (relatively unimportant) to 5 (extremely
project known as the expert recommendations for implementing important), and the feasibility scale ranged from 1 (not at all feasible) to 5 (extremely
. . feasible).

change (ERIC)’ Waltz et al. grouped 73 1mplementat10n strate- aNo implementation strategies in these clusters were rated to be both important and
gies into 9 main clusters with similar conceptual backgrounds  feasible.
(Table 2) (17). The importance and feasibility of each strategy
were then rated by experts in the field of implementation sci-
ence. This type of compilation allows researchers to compare  The real world clinical environment is subjected to contextual
and prioritize different strategies most likely to be successful ~ factors, unlike the controlled research settings in which evidence-
in their clinical context. Although further work must be done  based interventions are often designed and tested (27-30).
to examine the validity of these groupings, this represents an ~ Contextual factors influence the success of implementation and
important resource for researchers developing and implementing  strategies may need to be modified or additional strategies added
interventions. to address the unique needs of local sites. These factors are recog-

When considering implementation strategies, it is critical to  nized at different levels of the implementation process, such as the
consider the context in which an intervention will be implemented.  individual level, including team interactions and individual skill
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sets, and the organizational level, where available resources and
degree of managerial support for a particular intervention may
vary between sites (29). Utilizing active, multifaceted implementa-
tion strategies in a manner that considers the local context and
aligns with organizational priorities increases the potential of
efforts being successful.

REPORTING INTERVENTION
IMPLEMENTATION

To ensure adequate description of intervention implementation, a
number of guidelines for specifying and reporting details of inter-
ventions and the implementation processes used have been created
(Table 3) (19, 31-38). The goal of these initiatives was to increase
the ability of others to deliver an intervention as originally intended,
resulting in better fidelity and potentially leading to improved out-
comes. Included as a requirement in many of these guidelines are
details of not only the intervention itself but also the implementation
process such as descriptions of who administered the intervention,
the mode of intervention delivery, how the intervention’s implemen-
tation may have been adapted to the local context, and how fidelity
to the original intervention was maintained (31-33, 36-38). It is
important to also describe the context in which an intervention was
implemented. While utilizing this type of systematic approach to
intervention development is necessary, extending its use in reporting
both successful and unsuccessful interventions is critical to creating
generalizable knowledge which will lead to improved care delivery.

Using theoretical models to guide intervention development,
identifying active implementation strategies perceived to be fea-
sible and important, and considering the local context in which
an intervention will be implemented increase the likelihood that
an intervention will be successfully implemented and sustained.
To highlight further how these concepts can be applied to a
contemporary clinical problem relevant to women’s health, we
discuss challenges and potential solutions to the implementation

and dissemination of patient decision aids, focusing specifically
on a breast cancer surgery decision aid.

BREAST CANCER SURGERY DECISION
AIDS

Decision aids are a form of decisional support designed for use
as an adjunct to clinical consultation and can facilitate patient-
driven decision-making by clarifying and contextualizing the
medical and psychological issues associated with the decision
(39, 40). The Affordable Care Act promotes the routine use of
decision aids to improve shared decision-making and decrease
unwarranted variation in care and cost (41). Many decisions for
cancer treatment require patients to consider the risks and ben-
efits of various treatments in the context of their personal values,
making them especially appropriate for application of a decision
aid. Consider breast cancer surgery: as survival is equivalent for
both breast conservation and mastectomy, women must weigh
the increased risk of recurrence associated with breast conserva-
tion against the greater impact on body image associated with
mastectomy in order to make a decision that matches their
personal values. Active patient participation in this decision
is essential, as it is associated with less decisional regret, more
satisfaction with care, improved post-operative body image, and
greater long-term quality of life (42-44). Breast cancer surgery
decision aids effectively support this decision-making process by
improving knowledge, decreasing decisional conflict, and facili-
tating communication between patients and surgeons (44-47).
Unfortunately, despite their proven effectiveness and perceived
ease of use, only a minority of women diagnosed annually with
breast cancer receive one during the course of their care (48, 49).
The current limited reach of evidence-based decision aids into
the everyday care of cancer patients represents an ideal example
where the application of implementation science can lead to
improved delivery of cancer care.

TABLE 3 | Overview of available reporting guidelines for the implementation of interventions.

Reporting guideline Method of development

Goal of guideline

Workgroup for intervention development
and evaluation research (WIDER) group
recommendations (31)

Expert recommendations to journal editors

Describes extensions to the CONSORT guidelines that
will facilitate better communication of behavioral change
interventions

Template for intervention description and replication
(TIDieR) checklist (32)

Criteria for reporting the development and
evaluation of complex interventions in health care
(CReDECI2) (33)

Intervention taxonomy (ITAX) (34)

Strengthening the reporting g of observation
studies in epidemiology (STROBE) statement (35)

Standards for quality improvement reporting
excellence (SQUIRE 2.0) (36, 37)

Standards for reporting implementation studies of
complex interventions (StaRl) (38)

Created through expansion of CONSORT criteria
using a modified Delphi consensus approach

Created through a systematic literature review and
expert review

Researcher review of intervention study protocols
to capture key elements of the interventions
important to subsequent replication

Created during a 2-day workshop with
methodologists, researchers, and journal editors
Created with input from an expert panel with
public feedback

Created by multidisciplinary panel using an
e-Delphi approach

Describes a 12 item checklist to improve the completeness
of reporting of interventions to improve replicability
Describes a criteria list of 16 items pertaining to the
reporting of the (1) development, (2) feasibility and

pilot testing, and (3) introduction of an intervention and
evaluation

Describes a taxonomy/catalog of key features of an
intervention to consider in design, execution, and reporting

Describes a checklist of 22 items to guide reporting of
observational research

Outlines a checklist of items to consider when reporting
quality improvement studies

Describes standards for reporting of implementation studies
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A number of theoretical models could be appropriate to guide
an assessment of the challenges associated with decision aid
implementation and to identify a strategy for implementation
that is likely to be successful. Given the wide number of available
in the literature, it is more important to apply an appropriate
model well, than to identify the “perfect” model. The model we
will use as the example to guide our discussion surrounding the
implementation of breast cancer surgery decision aids is the
knowledge to action cycle (Figure 2) (50). In our example, the
fundamental knowledge-to-action gap being addressed is the idea
that “decision aids work, but are rarely used” The knowledge-to-
action cycle then outlines key steps to address this gap, including
considering and/or adapting the intervention to the local context,
assessing barriers to routine use, and selecting implementation
strategies to address specific barriers.

Adapt Knowledge to Local Context

The local context in which an intervention will be implemented
has a significant influence on the success of implementation and
should be considered early in the planning process (27-30).
In some clinical settings, it may be advantageous to tailor the
intervention or the implementation to make it more suitable for
a particular population or improve the fit within an organization’s
capacity. In other settings, additional implementation strategies

may need to be incorporated. Adapting the implementation of
an intervention to fit the local context can be an important step
toward improving the success and sustainability of implementa-
tion. However, while adaptation may be desirable to maximize
reach of the intervention, it is important to ensure that fidelity to
the original intervention is maintained. A key step to accomplish-
ing this is the identification of the core elements of an intervention
and/or its implementation that is responsible for its effectiveness
in achieving the intended outcome (9, 26, 51). The core elements
can be specific components of the intervention or the specific
implementation strategies essential for successful delivery of the
intervention. These core elements should remain unchanged dur-
ing adaptation, with tailoring focusing instead on those elements
thought to be modifiable (9, 26, 51).

In our case of decision aid implementation, relevant aspects of
the local context could include factors, such as financial resources
of the institution, level of staffing within the specific clinic, and
patient mix. These factors must be considered when developing
an implementation process to ensure that implementation will
be successful and sustainable. After considering these factors,
examples of aspects of implementation that we would consider to
be core elements critical for success would include the systematic
identification of eligible patients prior to the clinical encounter (as
opposed to rely on clinician identification of appropriate patients)
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and administration of the decision aid outside of the surgery
clinical setting (as opposed to ask the clinician to administer the
decision aid themselves).

Select, Tailor, and Implement Interventions
Once the local context and barriers to use have been considered,
implementation strategies must be selected to specifically address
the known barriers. A useful tool for researchers in developing the
package of implementation strategies needed is the compilation
and categorization of strategies by Waltz et al. (17). In the case of
decision aid implementation, we believe that “seamless” incorpo-
ration of the decision aid into routine clinical flow is critical for
success. Specific challenges identified in our barrier assessment
include limited clinic resources to administer decision aids, dif-
ficulty identifying appropriate patients in a timely manner, lack of
surgeon buy-in, and patient preference to hear information from
their surgeon (Figure 3). Although some clinics may be able to
adjust their work flow to allow for decision aid administration, for
many others, this is an insurmountable challenge and tailoring
the logistics surrounding implementation will be necessary. One
option to minimize the impact on the clinical workflow would be
to utilize a decision aid administered directly to patients outside
of the clinical encounter. Alternative decision aid formats, such
as web-based decision aids, would be needed to accomplish this
method of delivery efficiently and flexibility in method of deliver
has been identified as a potential facilitator in one study (52-54).
Challenges to identifying patients in a timely manner could be
addressed by linking the identification of appropriate patients
to scheduling of clinic visits or clinic intake calls; associating
decision aid administration with a routine aspect of care already
occurring will efficiently facilitate the systematic implementa-
tion of a decision aid (54). Utilization of a surgeon champion to
engender support for the decision aid by other surgeons is critical
for this type of intervention (54, 55). This individual can also be
critical in preparing patients to be active participants in a deci-
sion aid intervention by endorsing the value of the decision aid
as a way to enhance (and not subtract) from the future clinical
encounter between patient and surgeon.

Monitor Knowledge Use and Evaluate
Outcomes

As identified in the knowledge-to-action cycle, monitoring use
and success of an intervention over time is an important step
toward sustained use (50). Evaluation models, such as RE-AIM
(8) and PRECEDE-PROCEEDE (25), provide a framework
for identifying relevant constructs to judge success of an
implementation process. In our case example of decision aid
implementation, RE-AIM would be an appropriate evaluative
model, focusing on constructs, such as the ability of the imple-
mentation to Reach all appropriate patients without introducing
a systematic bias through the exclusion of certain patient popu-
lations, the Effectiveness of this method of decision aid delivery
as a way to improve decision quality, and the acceptability of
the intervention to patients and providers as a surrogate for
future Adoption. Additional evaluative endpoints could include
implementation fidelity. CFIR could also be used to evaluate
implementation and explain success or lack of success (21).
The various CFIR constructs can help to categorize areas where
interventions fail or where specific challenges exist, and help to
then identify additional potential implementation strategies. For
example, in the case of decision aid implementation, if limited
commitment by surgeons is identified as a barrier (character-
istics of individuals construct), strategies that more strongly
incorporate opinion leaders and champions could be included.
If the process to implement the decision aid is perceived to be
too complex for the local setting (intervention characteristics
construct), adapting the implementation process to the needs
of the local setting (while keeping the core elements consistent)
could be explored.

A critical component of the knowledge-to-action cycle is
feeding back the outcomes of these evaluations to guide itera-
tive improvements to the implementation process. Regardless
of the method utilized in monitoring the performance of the
intervention, it is necessary to solicit feedback from stakehold-
ers and actively seek out opportunities for improvement. Early
identification of lapses in the implementation process can allow
a timely response and create generalizable knowledge, which
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can inform the expansion of the intervention to other sites and
clinical practices.

CONCLUSION

Decreasing the gap between the identification of beneficial
interventions and the incorporation of these interventions into
routine clinical care is an important step toward improving the
quality of cancer care delivered. Successfully addressing this
gap requires a systematic and theory-driven approach to the
development and subsequent implementation of interventions.
The growing field of implementation science has generated, and
continues to generate, a broad base of generalizable knowledge
surrounding how to successfully implement and sustain inter-
ventions. As we present in our clinical example, applying the
concepts of implementation science to the unique challenges
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Access to expert gynecologic oncology care is hampered by geographic (1), racial (2), and socio-
economic disparities (3). As cancer care grows in complexity and expense (4) with an aging and
increasingly diverse population, the Institute of Medicine and others have called for improvements
in cancer care delivery and research (5, 6). The growing workforce gap in supply of gynecologic
oncologists — where demand is increasing, but number of providers remains stagnant (2) - highlights
the need for fully utilizing the skills of all clinicians working across the cancer control continuum
(prevention, screening, treatment, survivorship, and end of life). To that end, nurses can have an
enormous impact on improving and expanding access to oncology care as clinicians, designers, and
leaders of initiatives to improve care. Nurses comprise the largest group of health-care providers in
the U.S. (7). In its 2010 report on the future of nursing, the Institute of Medicine called for all nurses
to practice to the full extent of their nursing “education, training, and competencies” (5). We argue
that promoting and expanding nurses’ roles within innovative, multidisciplinary models of care in
womens health is essential in order to improve growing gaps in cancer care.

PREVENTION

Primary Prevention

Prevention of common women’s cancers includes promotion of healthy lifestyles and vaccination,
though the potential for widespread dissemination is hampered by ineffective implementation. For
example, the prophylactic human papillomavirus (HPV) vaccine is a groundbreaking prevention
tool which is now available to prevent cervical cancer. Uptake of the vaccine among youth in the U.S.
is inadequate despite widespread insurance coverage and availability. In 2014, <40% of U.S. teenagers
completed the three dose series before 18 years of age (8). Although physician recommendation
has been shown to improve uptake of HPV vaccines (9), the recommendations of nurses could be
equally or more effective in increasing HPV vaccine uptake in primary care, especially in rural and
underserved areas (10). Gallagher et al’s systematic review demonstrated that, despite challenges,
school-based HPV vaccination programs in the U.S. and other countries have achieved higher levels
of vaccine uptake when compared with those conducted at health-care facilities (11). School nurses
are integral to such programs, where qualitative research by Boyce and Holmes demonstrated that
they have the potential to promote vaccination of medically underserved children (12). In particular,
school nurses often serve as opinion leaders in middle schools — where the target population for HPV
vaccination is found - and can intervene with targeted education, follow-up, and tool kits to promote
vaccination among students and parents (13, 14).

Health Education

Advanced practice nurses, such as nurse practitioners (NPs) and certified nurse midwives (CNMs),
are often the only source of primary health care for women, especially in medically underserved areas
(15). A major focus of NP and CNM practice is health education and promotion of healthy behaviors
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(16, 17). NPs have led successful cardiovascular disease interven-
tions in smoking cessation (18, 19) and obesity prevention (20)
which would have crossover benefits for cancer prevention in the
long term, and their contributions should be utilized to maximize
prevention efforts for women.

SCREENING

Early Detection

Nurses have many opportunities to reduce the substantial gaps
in access to gynecologic and breast cancer screening in the U.S,,
particularly for minority and underserved women (21). NPs
and CNMs play important roles in providing primary care by
performing cervical cancer screening, referring women for mam-
mography and colon cancer screening, and then collaborating
with or transferring care to specialist physicians as necessary (22).
Despite their education, training, and evidence that their quality
and patient satisfaction outcomes are equal or superior to that
of physicians (7, 16, 23), NPs and CNMs are still underutilized
in extending the reach of cervical and breast cancer screening in
underserved communities (24, 25).

Navigation

Nurses may also work in a navigation role in primary care
practice, helping patients understand the importance of cancer
screening and follow-up after abnormal results. As an example,
nurse navigation demonstrated an increase in women’s follow-up
colposcopy attendance after abnormal cytology screening (26).
Utilizing all available nursing professionals in ambulatory settings
would provide the comprehensive approach needed to improve
cancer prevention care for women on a broad population level.

DIAGNOSIS AND TREATMENT

As integral members of the cancer care team during treatment,
nurses involvement in multidisciplinary cancer care treatment
models can improve care post-diagnosis through management of
treatment-related symptom toxicities, and improving adherence
to treatment.

Symptom and Toxicities Management
Treatment-related symptom toxicities, particularly in novel
therapies such as targeted agents and immune therapies, are often
serious but difficult to recognize, and thus likely under reported
(27). Nurses can play an integral role in the integration of
patient-reported outcomes related to such therapies, particularly
during assessment, patient education, and through communica-
tion via patient portals. The Oncology Nursing Society outlines
competencies for certification of oncology nurses and NPs (28).
Oncology Certified Nurses (OCN) are trained to provide special-
ized patient care that is validated by certification of knowledge in
oncology nursing focusing on adults with cancer (29). Oncology
NPs are specialists in symptom management (30) and discharge
planning to improve quality of life long term.

In addition, nurses and NPs can offer support and educa-
tion around discussions about sexual health (31) and fertility

preservation (32). Nurses at the bedside or on research teams are
essential for effective recruitment of women with gynecologic
cancer to the clinical trials needed to improve cancer-related care
(33) and have held leadership positions on gynecologic cancer
treatment trials (34). Utilization of specially qualified nurses in
many roles can enhance both the reporting and subsequent treat-
ment of treatment-related symptoms and complications.

Adherence

Cancer centers increasingly utilize nurse navigators to assist
women through complicated care regimens (35-37), resulting
in increased adherence to treatment (38) and improved patient
satisfaction with care (39). In addition, geographic differences
can play a role in cancer treatment outcome disparities (1, 40).
Oncology NPs can increase access to care for underserved areas
through telemedicine and satellite clinics, addressing issues with
access and facilitating appointment adherence (28). Innovative
multiprovider visits, including medical and nursing staff, have
been designed for women who are initiating ovarian cancer
chemotherapy. Prescott et al. (41) described a shared medical
visit model in which a multidisciplinary team, including the
oncologist, NPs, nurses, and social workers, provided standard-
ized education visits for gynecologic oncology patients planning
to begin their series of platinum-based chemotherapy sessions.
Nurses were integral in educating patients on expected side
effects, coping tools, and the importance of shared decision-
making throughout treatment. Nurse-led support groups can
be important outlets for patients to support adherence through
difficult treatment regimens.

Adjuvant hormone therapy, including tamoxifen and aro-
matase inhibitors, is a widely recognized and important compo-
nent of breast cancer treatment for hormone receptor positive
women. Despite the documented benefits, up to 50% of women
who are recommended therapy do not initiate therapy or do not
adhere to the regimen for the recommended 5-10 years, due in
part to the myriad of side effects of hormonal treatment (42). In
addition, as many cancer therapies move from intravenous to oral
medications with complex home regimens, adherence becomes an
increasingly important area where nurses can improve outcomes.
Schneider et al. (43) described a small clinical trial (N = 45) of
tailored nursing education intervention which improved both
self- and pharmacy-reported adherence to oral chemotherapy
(93% in intervention vs. 80% in controls at 2 months, no CI given).
Nurses should play a key role in increasing patient knowledge of
side effects and remedies, communicating benefits of treatment
to prevent recurrence, and identifying coping strategies to resolve
barriers to adherence.

SURVIVORSHIP

There is a growing need to address the many late and long-term
effects that plague the growing number of gynecologic cancer
survivors (44), and nurses at all levels are integral in this care.

Navigation Posttreatment
While appropriate utilization and implementation of survivor-
ship care plans are still being explored (45, 46), nurse navigators
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coordinate care as the cancer patient transitions back to primary
care after active treatment. In addition, primary care, oncology,
and advanced practice nurses educate the patient throughout
treatment and into survivorship on managing the transition after
a cancer diagnosis, including late and long-term effects, as well
as the on importance of follow-up care after treatment to detect
recurrence or secondary malignancies (47).

Clinical Care of Survivors

Models of care delivery for survivorship care include primary
care, gynecologic oncologist-led, and survivorship clinics,
offering multidisciplinary services. While there are differing
opinions on the best setting for long-term follow-up and care
of survivors, and this may differ based on cancer type and
individual provider or institutions, there is emerging research
that nurse-led survivorship clinics hold potential for this
important care (48, 49). A technical report on models of survi-
vorship care indicated that cancer survivors preferred follow-up
from those with specialized training (50), and pointed to the
need for more specialized survivorship training for oncology
nurses and advanced practitioners. In addition, a systematic
review comparing models of survivorship care for posttreat-
ment follow-up of adult cancer survivors found no significant
differences in quality of life or disease recurrence outcomes
for nurse-led follow-up when compared with oncologist-led
follow-up care. In fact, patient satisfaction was higher for nurse-
led care in one study included in the review (51). Rosenberg and
colleagues (52) explored the use of survivorship risk-adapted
follow-up visits facilitated by an oncology nurse and involving
discussion of survivorship care plans. The authors found that
of the 1615 breast cancer survivors who participated in the
intervention, most reported more confidence in understanding
their diagnosis, treatment summary, and recommendations for
posttreatment support. Overall, as nurse-led clinics are typi-
cally less costly to an organization, specialized nurses working
in consultation with physicians could increase availability of
oncology survivorship services.

END-OF-LIFE CARE

When a patient’s prognosis changes and goals of curative treat-
ment transition into advanced care planning, nurses can uniquely
contribute in many areas. Advanced practice nurses in both
oncology and primary care settings should be trained to effec-
tively communicate conversations about worsening prognosis
(53); however, application of this role is unclear in the literature;
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Alternate Service Delivery Models
in Cancer Genetic Counseling:
A Mini-Review

Adam Hudson Buchanan?*, Alanna Kulchak Rahm and Janet L. Williams

Geisinger Health System, Genomic Medicine Institute, Danville, PA, USA

Demand for cancer genetic counseling has grown rapidly in recent years as germline
genomic information has become increasingly incorporated into cancer care, and the
field has entered the public consciousness through high-profile celebrity publications.
Increased demand and existing variability in the availability of trained cancer genetics
clinicians place a priority on developing and evaluating alternate service delivery models
for genetic counseling. This mini-review summarizes the state of science regarding
service delivery models, such as telephone counseling, telegenetics, and group coun-
seling. Research on comparative effectiveness of these models in traditional individual,
in-person genetic counseling has been promising for improving access to care in a
manner acceptable to patients. Yet, it has not fully evaluated the short- and long-term
patient- and system-level outcomes that will help answer the question of whether these
models achieve the same beneficial psychosocial and behavioral outcomes as traditional
cancer genetic counseling. We propose a research agenda focused on comparative
effectiveness of available service delivery models and how to match models to patients
and practice settings. Only through this rigorous research can clinicians and systems
find the optimal balance of clinical quality, ready and secure access to care, and financial
sustainability. Such research will be integral to achieving the promise of genomic medi-
cine in oncology.

Keywords: genetic counseling, telemedicine, access, cancer, comparative effectiveness

INTRODUCTION

The world of cancer genetics has experienced exponential growth in diagnostic and treatment oppor-
tunities that use genomic sequencing information, as was most recently acknowledged by the national
Precision Medicine Initiative (1). Even before the Precision Medicine Initiative, however, demand for
cancer genetic counseling grew as germline genetic testing became increasingly incorporated into
breast and ovarian cancer treatment decisions (2, 3), public coverage of celebrity BRCA mutation
status (4) reached a wide segment of the U.S. population (5), and multi-gene panels for hereditary
cancer susceptibility were introduced (6, 7). Due to these factors, cancer genetics clinicians across
the U.S. noted an increase in referrals for hereditary cancer risk assessment (8).

Cancer genetic counseling has traditionally been practiced in person, with patients traveling
to a health-care facility to meet with a genetics clinician (9). The counseling process has typically
involved at least two in-person visits — an initial visit to perform risk assessment and, if appli-
cable, informed consent for genetic testing (“pretest counseling”) and for those who underwent
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genetic testing, a posttest visit to disclose test results and discuss
results’ implications for cancer risk management in patient and
family (10).

Pre- and posttest cancer genetic counseling is recognized to
benefit individuals with cancer and their relatives. Counseling by
clinicians trained in genetics has been associated with improved
adherence to cancer risk management (11-14), better informed
surgical decision making (2, 15), increased cancer genetics
knowledge (16-19), high patient satisfaction (17, 20), and cost
savings (21, 22). And, individuals who have undergone cancer
genetic counseling, even those found to have a hereditary cancer
syndrome, typically do not report long-term increased distress
(18, 19, 23-30). Further, negative outcomes such as misinter-
pretation of test results, inappropriate medical management,
and adverse psychosocial outcomes have been reported when
genetic testing is performed without adequate genetic counseling
(13, 21, 22, 31-34). In recognition of these benefits, pre- and
posttest genetic counseling by qualified health professionals
is recommended as standard-of-care by several professional
organizations (35-39).

Yet, the confluence of new genomic sequencing techniques
and greater public acceptance of cancer genetic counseling
render the traditional in-person, multi-visit approach to genetic
counseling insufficient to meet the demands of cancer genetics
practice in the age of genomic medicine. Further, access to cancer
genetics professionals varies widely across the U.S. (40-44). Rapid
access to cancer genetic counselors is readily available in certain
urban academic centers (45), but several groups, including rural
residents, are underserved (9, 43, 44).

Alternate service delivery models for cancer genetic services
have been proposed to improve access to care for individuals in
underserved areas who are unable to travel to genetic counseling.
The majority of genetic counselors report having used at least
one alternate service delivery model (46). Here, we summarize
the state of the science on alternate service delivery models for
cancer genetic counseling and recommend future research on the
effectiveness of these models. First, we present models in which
genetics clinicians use alternate communication technologies to
reach patients, followed by alternate visit models (group coun-
seling and non-genetics clinician counseling) and direct-access
testing models.

ALTERNATE TECHNOLOGY MODELS

Pretest Telephone Counseling

Telephone counseling refers to pretest genetic counseling that is
provided remotely by telephone (47). It has been used by a sub-
stantial minority of cancer genetic counselors (9). Randomized
trials comparing telephone with in-person cancer genetic coun-
seling have shown that telephone counseling achieves short-term
outcomes as well as in-person counseling. These trials have
shown no difference by group on patients’ knowledge (48, 49),
psychosocial outcomes (e.g., distress, decisional conflict, and
cancer worry) (48-50), satisfaction (50, 51), or patient-centered
communication (49, 50). One study has shown cost savings to
patients and institutions in telephone vs. in-person cancer genetic

counseling (48). Among the outstanding research questions in
telephone genetic counseling is whether telephone counseling
facilitates psychosocial assessment and counseling to the same
degree as in-person counseling, a concern raised in two studies
(51, 52).

Pretest Telephone Counseling and
Educational Materials, Posttest In-Person

Counseling

A Dutch group has tested a model, termed “DNA-Direct,” that
uses a telephone consult plus mailed educational information
for pretest counseling for hereditary breast and ovarian cancer
syndrome, followed by in-person disclosure of genetic test results
(53). In a non-randomized comparison of this model with tradi-
tional in-person pre- and posttest genetic counseling, the authors
found favorable psychosocial outcomes in the DNA-Direct
model, including lower distress and decisional conflict than in
the traditional genetic counseling group (53, 54). Time to results
disclosure was also lower in the DNA-Direct group.

Posttest Telephone Counseling

By far, the most commonly used alternate service delivery model
in the U.S. is telephone disclosure of genetic test results (i.e., a
posttest phone visit), which typically follows an in-person pretest
visit (46). Although disclosure of test results via phone is widely
used by cancer genetic counselors, a minority of cancer genetic
counselors report using the phone as the primary model for
results disclosure (46, 55, 56). Genetic counselors who disclose
results by phone appreciate the convenience it provides to patients
(56) and the medical benefits of disclosing results to patients
more quickly than in-person disclosure, facilitating more timely
cancer risk management (55, 56). Still, some genetic counselors
have reported being uncomfortable returning certain genetic test
results by phone (e.g., mutation positive results) (56).

Telephone disclosure of genetic testing results has been shown
to be acceptable to patients. A randomized comparison of phone
vs. in-person disclosure of results showed no difference by
group in anxiety, distress, cancer genetics knowledge, or patient
satisfaction (57). Further, this study found that a significantly
higher proportion of participants in the in-person group would
have preferred phone disclosure, compared with the proportion
of phone disclosure participants who would have preferred in-
person disclosure (57). Retrospective, non-randomized studies
of method of results disclosure have found no difference by
group (phone vs. in-person) on patient outcomes such as cancer
worry, cancer risk perception, patient satisfaction, or cancer risk
management behaviors (e.g., surveillance, prophylactic surgery)
(55, 58). Of note, patient satisfaction with the model of results
disclosure was significantly higher when patients were allowed to
choose the model (55).

Telegenetics

Telegenetics is genetic counseling provided remotely by live
videoconferencing, with visual and audio access (47). It has been
most studied in the context of pretest cancer genetic counseling,
but has been used for posttest counseling, too. Typically, the
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approach consists of a genetics clinician at an urban health-care
facility seeing a patient who has come to a different, often rural,
healthcare facility. It has been used by a substantial minority of
cancer genetic counselors (9, 46, 59), but is rarely the sole service
delivery model used by a counselor (9). Patients have reported
high satisfaction with telegenetics (60-65) due to convenience
(63) and savings in cost and time (62).

However, comparative effectiveness research on telegenetics is
limited. Our randomized trial of telegenetics vs. in-person cancer
genetic counseling found that telegenetics is substantially cheaper
for institutions than in-person counseling, with no difference in
patient satisfaction by group (65). But, while early reports show
that telegenetics may facilitate psychosocial assessment and
counseling (64), neither behavioral outcomes (e.g., adherence to
recommended cancer risk management) nor psychosocial out-
comes of cancer telegenetics have been assessed in randomized
trials (60). Further, data are mixed on whether telegenetics
actually improves access to care (60). Cohen et al. found that
telegenetics was used most for patients who lived more than 2 h
away from the genetics center, but did not find that telegenetics
was associated with shorter wait times to an appointment than
in-person counseling (9). Finally, attendance of cancer genetic
counseling was lower in the telegenetics than in-person group
in our randomized trial, indicating that telegenetics may not be
acceptable to all patients (65).

ALTERNATE VISIT MODELS

Group Counseling

Group counseling occurs when multiple individuals have pretest
genetic counseling together, typically for the same indication (e.g.,
all have a family history of breast cancer) (47). Group counseling
can be performed via multiple communication technologies,
though it is typically performed in person. Depending on the
study, patients may have the opportunity for individual discus-
sions of personal issues with a genetics clinician immediately
after the group session (16, 66) or via a subsequent telephone
consult (67). Group genetic counseling has been used by up to
10% of cancer genetic counselors, but is rarely the sole service
delivery model used by a counselor (9, 46).

Group genetic counseling has shown promise for increasing
efficiency by decreasing per-patient time for genetics clinicians
(16, 67). And, a randomized comparison of group vs. individual
cancer genetic counseling showed no difference by group in can-
cer-specific distress or knowledge of breast cancer genetics (16).
Similarly, a non-randomized comparison of group vs. individual
cancer genetic counseling showed no difference in perceived
personal control, cancer-specific distress, or patient satisfaction
(66). However, questions remain about whether group counseling
would be widely accepted by cancer genetic counseling patients.
One study showed a high rate of declining group counseling, con-
cerns about the effects of group dynamics on patients privacy and
decision making, and a preference for individual counseling over
group counseling (67). A later, non-randomized study echoed this
preference for individual counseling when patients were given
the choice of service delivery model (66). This study also showed

a lower rate of genetic testing uptake in the group counseling
cohort than in the individual counseling cohort, though it is
unclear whether this was due to a difference by cohort in the
proportion of individuals for whom genetic testing was indicated
or to a difference by cohort in the informed consent process (66).
Further, it is not clear whether group genetic counseling improves
access to care in underserved areas (9). And, as with other service
delivery models, reimbursement for group counseling remains a
challenge (9).

Non-Genetics Clinician Counseling

Several additional models in which a non-genetics clinician is
the primary provider of genetic counseling have been described.
These include models in which non-genetics clinicians provide
pretest counseling and refer either all patients to a genetics
clinician posttest or just patients considered complex; genetic
counselors assist non-genetics clinicians in risk assessment and
pre- and posttest counseling, and may see some complex cases
themselves; and a genetic counselor educates a community of cli-
nicians on pre- and posttest counseling and trains them to man-
age routine cases and refer complex cases (46). Although these
models appear to be fairly widely used, with up to 36% of genetic
counselors having been involved in one of these models (46), data
on the comparative effectiveness of these models for improving
access to care or facilitating the same beneficial behavioral and
psychosocial outcomes as two-visit, in-person genetic counseling
by trained genetics clinicians is lacking.

DIRECT-ACCESS GENETIC TESTING

Also known as direct-to-consumer testing, direct-access testing
occurs when individuals order their own genetic testing from a
commercial laboratory outside the context of a typical medical
encounter and receive results and associated educational materi-
als directly. Although much of the available direct-access testing
focuses on genomic variants with a modest impact on cancer
risk, some tests do report mutations in genes associated with
hereditary cancer syndromes (e.g., BRCA1/2). It is also possible
for patients to initiate testing for hereditary cancer syndromes
through companies that coordinate with their physicians and
provide access to genetic counseling. Data on patient outcomes of
direct-access testing for hereditary cancer syndromes are limited,
with case reports showing both benefits of this approach as a way
to be tested without concern for genetic discrimination (68) and
concerns about increased psychological stress when a BRCA
mutation is detected incidentally via direct-access testing (69).
Preliminary qualitative research suggests that initial negative psy-
chological outcomes of direct-access identification of hereditary
cancer risk may be temporary (70). As direct-access models grow
in prevalence, comparative effectiveness studies with traditional
genetic counseling models will become necessary.

DISCUSSION

Alternate service delivery models have the potential for improv-
ing access to cancer genetic counseling, which is of growing
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importance as germline genomic information is increasingly
incorporated into the care of individuals with cancer and their at-
risk relatives. Such improved access may mitigate health dispari-
ties and help achieve the significant promise of genomic medicine
(71). Telephone counseling, group counseling, and telegenetics
have been well accepted by patients and may facilitate the patient-
centered communication and psychosocial assessment that are
the hallmark of cancer genetic counseling (16, 48, 51, 64, 65).
Yet, considerable comparative effectiveness research is necessary
to determine whether alternate service delivery models are as
beneficial as in-person cancer genetic counseling. This holds true
for alternate service delivery models provided by genetics and
non-genetics clinicians. The latter is particularly important, given
reports of negative outcomes of non-genetics clinicians providing
cancer genetic counseling (13, 21, 22, 32-34).

Further studies are needed on the degree to which alternate
service delivery models improve access to cancer genetic coun-
seling. And here, we mean access broadly defined, not simply a
patient’s ability to be seen with limited disruption of their daily
responsibilities, though this is important. Ideally, access would
mean that patients can have cancer genetic counseling thatis read-
ily available, affordable, and comparable to in-person counseling
on outcomes of import to patients, genetics clinicians, and refer-
ring clinicians. Determining whether an alternate service model
(or suite of models) is comparable to in-person counseling will
require rigorous methodology and a focus on patient-centered
outcomes such as longer-term psychosocial outcomes and
adherence to recommended cancer risk management (60, 65).
Studies conducted with a cost analysis that includes real-world
reimbursement of genetic counseling - a significant challenge
to broad implementation of all alternate service delivery models
(9, 72, 73) — will also be critical.

One additional lesson of comparisons of alternate service
delivery models with traditional in-person cancer genetic
counseling is that one size will not fit all. Uptake of cancer
genetic counseling has differed by service delivery model (48,
53, 65-67), and patients may be most satisfied when they are
allowed to choose the method in which they have genetic
counseling (55). This suggests a pragmatic research agenda that
helps match service delivery models to patients and practice
settings. Such research should investigate the wide variety of
patient characteristics that could impact their preference for a
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Background: Patient navigation (PN) is a patient-centered health-care service delivery
model that assists individuals, particularly the medically underserved, in overcoming
barriers (e.g., personal, logistical, and system) to care across the cancer care continuum.
In 2012, the American College of Surgeons Commission on Cancer (CoC) announced
that health-care facilities seeking CoC-accreditation must have PN processes in place
starting January 1, 2015. The CoC mandate, in light of the recent findings from centers
within the Patient Navigation Research Program and the influx of PN interventions, war-
rants the present literature review.

Methods: PubMed and Medline were searched for studies published from January 2010
to October 2015, particularly those recent articles within the past 2 years, addressing
PN for breast and gynecological cancers, and written in English. Search terms included
patient navigation, navigation, navigator, cancer screening, clinical trials, cancer patient,
cancer survivor, breast cancer, gynecological cancer, ovarian cancer, uterine cancer,
vaginal cancer, and vulvar cancer.

Results: Consistent with prior reviews, PN was shown to be effective in helping women
who receive cancer screenings, receive more timely diagnostic resolution after a breast
and cervical cancer screening abnormality, initiate treatment sooner, receive proper
treatment, and improve quality of life after cancer diagnosis. However, several limitations
were observed. The majority of PN interventions focused on cancer screening and diag-
nostic resolution for breast cancer. As observed in prior reviews, methodological rigor
(e.g., randomized controlled trial design) was lacking.

Conclusion: Future research opportunities include testing PN interventions in the
post-treatment settings and among gynecological cancer patient populations, age-
related barriers to effective PN, and collaborative efforts between community health
workers and patient navigators as care goes across segments of the cancer control
continuum. As PN programs continue to develop and become a standard of care, further
research will be required to determine the effectiveness of cancer PN across the cancer
care continuum, and in different patient populations.

Keywords: patient navigation, breast cancer, cervical cancer, gynecological cancers, women’s health, cancer
disparities
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INTRODUCTION

Profound advances in cancer screening, reductions in the
prevalence of risk factors, and development of more effective
treatments have positively contributed to increased longevity and
quality of life among cancer survivors. Despite these improve-
ments, disparities by race/ethnicity and socioeconomic status
remain in cancer prevention, incidence, treatment, and mortality
(1, 2). One approach to reduce cancer disparities is through
patient navigation (PN). PN is a patient-centered, health-care
service delivery model that assists individuals, particularly the
medically underserved, in overcoming barriers to care (e.g.,
personal, logistical, system) across the cancer care continuum.
PN is “navigation” in the health-care system compared to out-
reach, which is in the community and can use lay health advisors,
community health workers (CHWs), etc. Typically, CHWs are
trusted community members who provide information, sup-
port, and encouragement to receive screening tests (3). Previous
intervention studies using CHWs to promote cancer screening
have reported significantly increased screening rates for breast
and cervical cancer (3, 4). CHWs and patient navigators differ
in that CHWs work in the community, and their role ends when
the patient enters the health-care facility. Patient navigators are
typically housed in clinics; however, both the CHW and patient
navigator complement each other in that they serve as a bridge
between the health-care system and members of underserved
communities.

Patient navigation began in 1990 by Harold Freeman who
developed a PN program within a public hospital in Harlem,
NY, USA to provide assistance to low-income women in need of
breast cancer screening and timely follow-up to reduce diagno-
ses of late-stage breast cancer (5). Due to the promising results
from Freemanss initial PN program and continued evidence of
effectiveness, PN has grown nationally as a standard of care (6,
7). PN studies have demonstrated that PN can improve rates of
cancer screening (8, 9), ensure follow-up rates after an abnormal
screening test (10, 11), and improve cancer care outcomes (i.e.,
time to treatment, quality of life) (12, 13).

Several recent literature reviews including Robinson-White
et al. (14), Paskett et al. (15), and Wells et al. (16) have described
the evolution of PN as a model to address cancer disparities. In
2011, a literature review by Paskett et al. (15) provided an update
to the 2008 review by Wells et al. (16) on the efficacy of PN
for cancer care. Paskett et al. (15) found that within the 3-year
window since Wells’ review, the quantity of work in cancer PN
literature was comparable to that of the previous years combined.
In both reviews, most studies provided evidence for the effective-
ness of increasing cancer screening rates including breast and
gynecological cancers (15, 16). However, a paucity of research
focusing on PN among cancer survivors during and after primary
treatment and methodological limitations (i.e., lack of rigorous
study design) of PN interventions were noted.

Since the 2011 literature review, many additional PN programs
have been implemented especially those within the Patient
Navigation Research Program (PNRP), funded by the National
Cancer Institute (17) with support from the American Cancer
Society (ACS). Active from 2005 to 2010, the PNRP provided

funding to 10 institutions nationwide to develop and test interven-
tions for follow-up and the initiation of treatment for four cancers
for approved, validated screening tests: breast, cervical, prostate,
and colorectal (18). Although any individual could benefit from
PN, the PNRP focused efforts to identify and address barriers to
care among populations experiencing cancer health disparities.

Breast and gynecological cancers are an optimal arena to
use PN because of the known survival benefit of early detection
through mammography and Pap tests with prompt follow-up of
detected abnormalities. PN is particularly important in women’s
cancers because of documented racial and ethnic disparities in
cancer care across disease trajectories. In 2015, cervical cancer
incidence rates among Hispanic women were the highest of any
racial/ethnic group, 50% higher than those among non-Hispanic
whites (19). In addition, the death rate for cervical cancer in black
women was double than that in non-Hispanic white women (2.0
vs. 4.2 per 100,000, respectively) (19). It is notable that although
white women had the highest breast cancer incidence rate, black
women had the highest breast cancer mortality rate (19, 20).
Thus, PN may be a strategy to help reduce these documented
disparities.

The purpose of this review is to: (a) provide a summary of the
recent literature (2010-2015) on PN and breast and gynecologic
cancers from screening through treatment along the cancer care
continuum; and (b) highlight research challenges and opportuni-
ties of PN that impact women’s health.

METHODS

PubMed and Medline were searched for studies published from
January 2010 to October 2015, particularly those recent articles
within the past 2 years, addressing PN for breast and gynecologi-
cal cancers and written in English. Only original studies reporting
quantitative, qualitative, or mixed methods results regarding PN
that dealt with cancer screening, diagnosis, treatment, clinical
trials, or survivorship were included in this review. Editorials,
abstracts, anecdotal reports, literature reviews, and articles lack-
ing data from original research were excluded, as were articles
that included non-breast/non-gynecological cancers and/or men
in the analyses. Search terms included patient navigation, naviga-
tion, navigator, cancer screening, clinical trials, cancer patient,
cancer survivor, breast cancer, gynecological cancer, ovarian
cancer, uterine cancer, vaginal cancer, and vulvar cancer.

A total of 209 articles referencing PN in women’s cancers
were found, of which 180 did not meet the inclusion criteria,
resulting in 29 articles that met the criteria for inclusion in this
review. Several notable PNRP articles were excluded because they
included non-breast/non-gynecological cancer and men in their
analyses (21-25). The 29 articles were then divided into categories
along the cancer care continuum (screening, diagnostic resolu-
tion, and after primary diagnosis). The articles were reviewed
and summarized by one study author (Jessica L. Krok-Schoen).
Questions regarding inclusion were resolved by consensus among
the other two authors (Jill M. Oliveri and Electra D. Paskett). Each
article was reviewed, and the results presented are organized by
placement along the cancer care continuum described above.
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Table 1 comprises a summary of published cancer PN studies
(N =29).

RESULTS

PN for Cancer Screening

The literature on PN interventions to increase breast cancer
screening included five studies (26-30), with two randomized
controlled trials (RCTs) (27, 30). In a large RCT with 3,895 inner
city women, Phillips et al. (30) found no statistical difference
in mammography adherence between the control (usual care)
and PN intervention groups at baseline. After the 9-month
intervention, mammogram adherence was significantly higher
in the PN intervention group compared to the control group
(87 vs. 76%, respectively, p < 0.001). Marshall et al. (27) imple-
mented a RCT to increase breast cancer screening among 1,905
older African American Medicare beneficiaries. Women in the
intervention group who received educational materials and PN
services had significantly higher odds of being within guidelines

for mammography screening at the end of the 2-year follow-up
period compared to women in the control group who received
only educational material [odds ratio (OR) = 2.26, 95% confi-
dence interval (CI) = 1.59-3.22].

The other three studies (26, 28, 29) examined the effective-
ness of PN interventions to increase breast cancer screening
among diverse populations, including African American,
Latina, Native American (26), immigrant (28, 29), and refugee
(28, 29) women. Burhansstipanov et al. (26) implemented an
education-based PN intervention to facilitate mammography
screening for African American, Latina, Native American, and
poor white women in the Greater Denver Metropolitan area.
Statistically significant associations were found between having
received the PN intervention and reporting a mammogram
screening for all racial/ethnic groups (p < 0.05). A study by
Percac-Lima et al. (28) implemented an educational, language
concordant PN program for Serbo-Croatian refugees and
immigrants to overcome barriers to breast cancer screening
and support them in scheduling a mammogram. They found
that, at baseline, 44% of women had a mammogram within

TABLE 1 | Summary of published cancer patient navigation studies: 2010-2015.

Reference Cancer Design

Participants

Results

PATIENT NAVIGATION FOR CANCER SCREENINGS

Navigation improved mammography among women for all racial/

and poor White women who had not received a  ethnic groups who received the navigation intervention compared
mammography in more than 18 months enrolled to those women in the non-navigated group

Women in the intervention group had significantly higher odds
of being up to date on mammography screening compared
to women in the education only group (OR = 2.26, 95%

Cl =1.59-3.22)

At baseline, 44.0% of women had a mammogram within the
previous year, with the proportion significantly increasing to 67.0%
after 1 year (p < 0.001)

Patient navigation increased screening rates in both younger and

older refugee women (64.1% before intervention, 81.2% after
intervention) and were similar to the English (80.0%) and Spanish-

At baseline, there was no difference in mammography adherence

phone-based navigation intervention (n = 1,817) between the usual care and intervention groups. After the

9-month intervention, mammogram adherence was significantly
higher in the intervention group (87.0%) compared with the usual
care group (76.0%) (p < 0.001)

Burhansstipanov Breast Natural 313 African American, Latina, Native American,
et al. (26) experiment then
a quasi-control
study in a navigation intervention
Marshall et al. (27)  Breast Randomized 1,358 African American female Medicare
controlled trial beneficiaries who were >65 years of age
randomized to receive either patient navigation
and educational materials (n = 638) or
educational materials only (n = 720)
Percac-Lima etal.  Breast Quasi- 91 Serbo-Croatian speaking women overdue
(28) experimental or never had a mammogram who received
intervention individually tailored interventions to encourage
breast cancer screenings
Percac-Limaetal. Breast Quasi- 188 refugee women eligible for breast cancer
(29) experimental screening at an urban community health center.
intervention The comparison group was English (n = 2,072)
or Spanish-speaking (n = 2,014) women eligible  speaking women (87.6%)
for breast cancer screening
Phillips et al. (30) Breast Controlled 3,895 inner city women were randomized to a
cluster
randomized trial  and usual care (n = 2,078) groups
Wang et al. (31) Cervical  Two-arm, quasi- Chinese women (n = 134) who has not had

experimental
pilot study

a Pap test within the previous 12 months
assigned to either patient navigation (education

In the 12 months following the program, Pap screening rates were
significantly higher in the intervention group (70.0%) compared to
the control group (11.1%) (o < 0.001)

and navigation services) (n = 80) and control

(education only) (n = 54) groups

PATIENT NAVIGATION FOR DIAGNOSTIC RESOLUTION

Basu et al. (32) Breast Pre-post 176 women diagnosed with breast cancer
design, quasi- enrolled in a nurse navigation program to
experimental increase timeliness to diagnostic resolution and
intervention consultation

Navigation was found to significantly shorten time to consultation
for women older than 60 years but not for women 31-60 years
of age

(Continued)
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TABLE 1 | Continued

Reference Cancer Design Participants Results
Battaglia et al. (33) Breast, Quasi- Women with abnormal breast and cervical There was a significant decrease in time to diagnostic resolution
cervical  experimental cancer screenings who were enrolled in the for navigated group compared with usual care group among
intervention navigator intervention (n = 1,497) or usual care  those with a cervical screening abnormality (aHR = 1.46; 95%
(n = 1,544) arm in the Boston Patient Navigation Cl = 1.1-1.9); and among those with a breast cancer screening
Research Program abnormality that resolved after 60 days (aHR = 1.40; 95%
Cl = 1.1-1.9). There was no difference before 60 days
Charlot et al. (34) Breast,  Quasi- Women with a breast (n = 655) or cervical Language concordance was associated with timelier diagnostic
cervical  experimental (n = 602) cancer screening abnormality enrolled  resolution for all women of the cervical cancer screening
intervention in the Boston Patient Navigation Research abnormality group during the first 90 days (@HR = 1.46; 95%
Program Cl =1.18-1.80), but not after 90 days. Race concordance
was associated with significant decreases in time to diagnostic
resolution for minority women with breast and cervical cancer
abnormalities
Donelan et al. (35)  Breast Group 72 women with abnormal mammography There was no difference in timeliness of care, preparation for the
comparison enrolled in a navigator program. 181 women visit to the breast center, ease of access, quality of care, provider
study with abnormal mammography were in the non-  communication, unmet needs, and patient satisfaction between
navigated group groups
Dudley et al. (36) Breast Quasi- 460 low-income Hispanic women (260 The average days from definitive diagnosis to initiation of therapy
experimental navigated, 200 usual care) with an abnormal was significantly reduced overall with navigation (navigation vs.
intervention breast cancer screening result or untreated usual care, 57 vs. 74 days, p < 0.05)

Freund et al. (37) Breast

Hoffman et al. (38)  Breast

Lee et al. (39) Breast

Luckett et al. (40) Cervical,

vulvar
Markossian et al. Breast,
(41) cervical

Paskett et al. (42) Cervical

Percac-Limaetal.  Cervical
43)

Raich et al. (44) Breast

Meta analyses

Prospective,
pre-post study

Controlled
cluster
randomized trial
design

Descriptive
study

Quasi-
experimental
intervention

Meta-analysis

Quasi-
experimental
intervention

Randomized
clinical trial

biopsy in the University of Texas Patient
Navigation Research Program

3,083 women with abnormal breast cancer
screening tests and 1,455 women with
abnormal cervical cancer screening tests who
participated in the Patient Navigation Research
Program

2,601 women (1,047 navigated, 1,554 usual
care) with abnormal breast cancer screening
result/clinical abnormality enrolled in the DC
City-wide Patient Navigation Research Program
1,039 (494 navigated, 545 usual care) women
with abnormal breast cancer screening result/
clinical abnormality enrolled in the Moffitt Patient
Navigation Research Program

4,199 women at a tertiary care referral
colposcopy center implementing a patient
navigator program to reduce non-show rates
Underserved women with abnormal breast or
cervical screening test results were assigned to
either patient navigation intervention (n = 355)
(the Chicago Cancer Navigation Project) or
usual care groups (n = 413)

2,317 women with low and high-risk cervical
abnormalities from four Patient Navigation
Program centers who received patient
navigation (n = 1332) or usual care (n = 985)

533 Latina women with an abnormal Pap
smear requiring colposcopy received patient
navigation. The comparison group was 253
non-navigated Latinas with an abnormal Pap
smear requiring colposcopy

628 patients with abnormal breast screenings
tests randomized to either intervention (n = 308)
or usual care (n = 320) arms in the Denver
Patient Navigation Research Program

One out of seven sites focused on abnormal breast cancer
screening and two out of four sites focused on abnormal

cervical cancer screening reported a significant benefit of PN on
diagnostic resolution after cancer screening abnormality from O
to 90 days

Three out of seven sites focused on abnormal breast cancer
screening and 2 out of four sites focused on abnormal cervical
cancer screening reported a significant benefit of PN during
91-365 days

The average number of days to diagnostic resolution was
significantly shorter for navigated women than non-navigated
women (25.1 vs. 42.1 days, respectively, p < 0.001), particularly
among women who had a biopsy (p < 0.001)

Patient navigation did not increase the timeliness of diagnostic
resolution during the initial 3 months of follow-up but started to
reduce time to diagnostic resolution after 3 months (aHR = 2.8,
95% Cl = 1.30-6.13) and had a significant effect after 4.7 months
(p < 0.05)

No-show rates declined from 49.7 to 29.5% after implementation
of the patient navigator program

Compared with the usual care group, the breast navigation group
had shorter time to diagnostic resolution (aHR = 1.65, 95%

Cl =1.20-2.28) and the cervical navigation group had shorter
time to diagnostic resolution for those who resolved after 30 days
(aHR = 2.31, 95% CI = 1.75-3.06), with no difference before

30 days

Low-risk women in the navigated group showed improvement

in timely diagnostic follow-up in all racial groups, but significant
effects were only observed in non-English speaking Hispanic
women (OR = 5.88, 95% Cl = 2.81-12.29). No effect was
observed in high-risk women

Navigated women had significantly fewer missed colposcopy
appointments over time, with the average falling from 19.8 to
15.7% (p < 0.05), compared with an insignificant increase in the
no-show rates from 18.6 to 20.6% in the comparison group

For the abnormal breast screening group, 92% of the navigated
patients reached diagnostic resolution of the initial abnormal test,
as compared with 77% for the usual care patients (p < 0.001)

(Continued)
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TABLE 1 | Continued

Reference Cancer Design

Participants

Results

Ramirez et al. (45)  Breast Prospective,

pre-post study

425 Latina women with abnormal breast cancer
screening results enrolled in either a patient
navigator program (Six Cities Patient Navigation
Study) (n = 217) or usual care (n = 208)

PATIENT NAVIGATION AFTER PRIMARY DIAGNOSIS

Chen et al. (46) Breast Pre-post
design, quasi-
experimental
intervention
Haideri and Breast

Moormeier (47)

Retrospective
case series
analysis
Hendren et al. (48) Randomized
controlled trial

Breast

Ko et al. (49) Breast Multisite, quasi-
experimental

intervention

Quasi-
experimental
pilot study

Madore et al. (50) Breast

Raj et al. (51) Breast Retrospective,

pre-post study

Quasi-
experimental
intervention

Ramirez et al. (52)  Breast

Ulloa et al. (53) Breast Prospective,

pre-post study

100 newly diagnosed women with breast
cancer who were enrolled in a navigator
program (n = 51) and non-navigated (n = 49)

157 women who received navigation services
and 103 women who received usual care after
being diagnosed with breast cancer

319 newly diagnosed breast cancer patients
were randomized to receive a patient navigation
intervention for improved quality of life (n = 141)
or usual care (n = 129) in the University of
Rochester Patient Navigation Project

1,004 (navigated = 498, usual care = 506)
women newly diagnosed with breast cancer
enrolled in the Patient Navigation Research
Program to improve receipt of recommended
care

20 medically underserved women recently
diagnosed with breast cancer who were
enrolled in the Breast CARES intervention to
overcome treatment barriers

186 women with breast cancer from a
disadvantaged minority community who
participated in a patient navigator program to
improve quality measures

480 Latinas with breast cancer enrolled in
either a patient navigation program for timely
diagnostic resolution (n = 251) or usual care
(n = 229) in the Six Cities Study

130 low-income women from California enrolled
in a patient navigation intervention to improve
communication about survivorship care

The time to diagnosis was shorter in the navigated group
(mean, 32.5 vs. 44.6 days in the usual care group; HR = 1.32).
Navigation significantly shortened the time to diagnosis among
women who had BI-RADS-3 radiologic abnormalities (mean,
21.3 vs. 63.0 days; HR = 2.42); but not among those who had
BI-RADS-4 or 5 (mean, 37.6 vs. 36.9 days; HR = 0.98)

Overall adherence to the quality indicators significantly improved
from 69 to 86% (p < 0.01) with the use of patient navigators.
Only one individual indicator, use of surveillance mammography,
significantly improved (52-76%, p < 0.05) for the navigated
women, not for the non-navigated women

There was no difference in the stage of presentation or the overall
survival between the intervention and usual care groups. For the
navigated women, there was a modest decrease (9 days) in the
time between initial presentation and definitive therapy

There was no significant effect of patient navigation on disease-
specific quality of life scores between navigated and usual care
breast cancer patients undergoing primary cancer treatment

Among women eligible for antiestrogen therapy, navigated women
had a significant higher likelihood of receiving antiestrogen therapy
compared with non-navigated controls (OR = 1.73, p < 0.01).
Among the women eligible for radiation therapy after lumpectomy,
navigated women were no more likely to receive radiation than
women in the usual care group (OR = 1.42, p = 0.22)

There was a decrease in depression and cancer-related distress
and an increase in social support. Participation in the intervention
helped the women overcome financial barriers (73.0%),
transportation problems (60.0%), and communication barriers
with medical staff (73.0%)

Women who received navigation services received high-quality
cancer care, as defined by concordance with ASCO/NCCN
quality measures. These navigated women also had a favorable
breast cancer stage distribution with >50% having in situ or stage
1 disease

A significantly higher percentage of navigated women initiated
treatment within 30 days (69.0 vs. 46.3%, p < 0.05) and 60 days
(97.6 vs. 73.1%, p < 0.001) compared to women in the usual
care group. Time from cancer diagnosis to first treatment was
significantly lower in the navigated group (22.22 days) than usual
care group (48.30 days)

The intervention significantly improved short-term recall of
patient-specific breast cancer knowledge (p = 0.05) and reduced
communication barriers (15.0% at week 1 to 6% at 3 months, p < 0.05)

the previous year, with the proportion increasing to 67% after
1-year (p = 0.001) of receiving the education-based PN inter-
vention. Lastly, another study by Percac-Lima et al. (29) found
that an education-based PN intervention to overcome barriers
to breast cancer screening and information on how to obtain
mammogram screening when needed among Somali, Arabic,
or Serbo-Croatian refugee women improved mammography
rates and significantly decreased disparities in screening rates
between refugee and English- and Spanish-speaking women
receiving care at the same health center.

One study in our review examined the impact of PN on
screening rates for gynecological cancers. Wang et al. (31) found
Chinese women in need of a Pap test reported significantly
higher Pap test screening rates for those who received the PN

intervention (education and PN services) compared to the
control group (education only) (70 vs. 11.1%, respectively,
p<0.001).

PN for Diagnostic Resolution

Six studies (32, 35, 36, 38, 39, 45) were identified that focused on
PN interventions to reduce time from abnormal breast cancer
screening to diagnostic resolution. Of the six studies, one RCT
by Lee et al. (39) examined the efficacy of PN among medically
underserved populations in Tampa, FL, USA. Results showed
a lagged effect of PN; PN did not increase the timeliness of
diagnostic resolution during the initial 3 months of follow-up
[adjusted hazard ratio (aHR) = 0.85, 95% CI = 0.64-1.13],
but reduced the time to diagnostic resolution after 3 months
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(aHR = 2.8395% CI = 1.30-6.13) and had a significant effect
(p < 0.05) after 4.7 months. Several quasi-experimental studies
(32, 36, 38, 45) on PN and diagnostic resolution for abnormal
breast cancer screening reported that PN significantly shortened
time to diagnostic resolution compared to women who did not
receive PN. One cohort study (35) exploring patient perspectives
of clinical care and PN in follow-up of abnormal mammography
reported no differences in the timeliness of care, preparation
for the visit to the breast center, ease of access, quality of care,
provider communication, unmet needs, and patient satisfaction
between navigated and non-navigated groups.

Three studies, a meta-analysis (42), descriptive study (40),
and quasi-experimental study (43), were published during the
time period reviewed that examined PN for diagnostic resolu-
tion of an abnormal cervical cancer screening result. A recent
meta-analysis by Paskett et al. (42) examined the effectiveness
of PN for diagnostic resolution of an abnormal cervical cancer
screening among four PNRP centers. Within these centers,
low-risk women in the navigated group showed improvement in
timely diagnostic follow-up in all racial groups, but statistically
significant effects were only observed in non-English speaking
Hispanic women (OR = 5.88, 95% CI = 2.81-12.29). No effect
was observed in high-risk women. A pre-post study (40) imple-
mented a PN program to reduce no-show rates at a colposcopy
center. After implementation, no-show rates for abnormal Pap
test follow-up declined from 49.7 to 29.5% (p < 0.0001). In
another quasi-experimental study (43) focused on Latinas in
need of abnormal Pap test follow-up, navigated women had
significantly fewer missed colposcopy appointments over time
(i.e., reduction from 19.8 to 15.7%; p = 0.02) compared with an
insignificant increase in no-show rates from 18.6 to 20.6% in the
comparison group.

Three studies (33, 34, 41) explored PN interventions with
regard to diagnostic resolution after an abnormal breast or
cervical cancer screening test. A study by Markossian et al. (41)
reported PN for abnormal breast cancer screening was associ-
ated with shorter time to diagnostic resolution (aHR = 1.65,
95% CI = 1.20-2.28, p = 0.002). However, there was a lag in the
effectiveness of PN regarding diagnostic resolution for abnormal
cervical cancer screening. In the first 30 days, the difference
between those in the PN arm vs. those in the comparison group
was not significant. But, from days 31 to 365, women in the PN
group experienced a shorter time to diagnostic resolution com-
pared with those women who received usual care (aHR = 2.31,
95% CI = 1.75-3.06, p < 0.001). A similar trend was noted by
Battaglia et al. (33) among participants with an abnormal breast
and cervical cancer screening test. Conversely, Charlot et al.
(34) found a language concordance PN intervention was associ-
ated with timelier resolution for the cervical cancer screening
abnormalities group during the first 90 days (aHR = 1.46, 95%
CI = 1.18-1.80), but not after 90 days. No significant difference
was found between the navigated and non-navigated breast
cancer screening abnormality groups throughout the course of
the study.

The PNRP studies included other cancers (colorectal and
prostate), but the majority of the cancers were breast and cervical.
A meta-analysis by Freund et al. (37) assessed the timeliness of

diagnostic resolution for an abnormal breast and cervical cancer
screening result across the PNRP. The results of the meta-analysis
found little benefit during the first 90 days of care as only one of
the seven sites focusing on breast cancer screening and two of
the four sites focusing on cervical cancer screening observed a
positive effect of PN on time to diagnostic resolution (p < 0.05).
Greater benefit from navigation was seen from 91 to 365 days
for diagnostic resolution among three of the seven sites focused
on breast cancer screening and two of the four sites focused on
cervical cancer screening (p < 0.05). Meta-regression revealed
that navigation had its greatest benefits within centers with the
greatest delays in follow-up under usual care.

One study (44) reported on the difference in time to diagnos-
tic resolution between those in the PN intervention vs. control
groups. A RCT from the Denver PNRP center evaluated the
effectiveness of PN programs for increasing rates of diagnostic
resolution for abnormal breast cancer screening. Raich et al. (44)
found PN shortened time to resolution in the navigated group
(p < 0.001) compared to the usual care group. Specifically, PN
improved diagnostic resolution for patients presenting with
mammographic BIRADS 0 and 3, but not BIRADS 4/5 or abnor-
mal breast examinations.

PN after Diagnosis

The results of the literature review for PN after cancer diagnosis
resulted in eight studies (46-53), including one RCT (48), report-
ing effects on various outcomes among cancer patients including
start of treatment, receipt of recommended care, completion of
treatment, quality of life and depressive symptoms, communica-
tion with physicians, and quality measures. Hendren et al. (48)
found no significant effect of PN on disease-specific quality of life
scores between navigated and usual care breast cancer patients
from baseline to 3 months. Other studies suggest that PN had no
effect on time to completion of primary cancer treatment, sat-
isfaction with cancer-related care, or psychological distress, and
they attributed the non-significant findings to the open eligibility
criteria (all patients) instead of targeting those with shown need,
as seen in other effective interventions (49, 51, 52).

A study by Ramirez et al. (52) sought to examine the effective-
ness of PN in reducing time from breast cancer diagnosis to ini-
tiation of treatment among Hispanic/Latino women. Compared
to control patients, there was a significantly higher percentage
of navigated women who initiated treatment within 30 days
(69.0 vs. 46.3%, p < 0.05, intervention vs. control, respectively)
and 60 days (97.6 vs. 73.1%, p < 0.001, intervention vs. control,
respectively) from diagnosis. Also, time from breast cancer diag-
nosis to first treatment was significantly lower in the navigated
group (22.22 days) than among women in the control group
(48.30 days).

In a large, multisite study, Ko et al. (49) sought to improve
the receipt of recommended care for newly diagnosed breast
cancer patients, and the findings varied based on the type of
treatment received by the patients. Among women eligible for
antiestrogen therapy, navigated participants were more likely
to receive antiestrogen therapy compared with usual care par-
ticipants (OR = 1.73, p = 0.004). Among women eligible for
radiation therapy after lumpectomy, navigated participants were
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no more likely to receive radiation than usual care participants
(OR = 1.42, p = 0.22).

Barriers to Care and PN

Several studies have conducted secondary analyses to understand
the association between barriers to care and clinical outcomes,
particularly within the PNRP. A 2015 study by Ramachandranetal.
(54) explored the association among number of barriers to care,
type of barriers, and timeliness of diagnostic resolution among
women with abnormal cancer screening results. They found that
74% of breast cancer screening participants and 55% of cervical
cancer screening participants reported atleast one barrier to diag-
nostic resolution. Navigated women with barriers resolved cancer
screening abnormalities at a slower rate compared with navigated
women with no barriers. Another study by Ramachandran et al.
(55) using Boston PNRP data, found the odds of timely diagnos-
tic resolution reduced as the number of barriers increased (one
barrier, aHR = 0.81, 95% CI = 0.56-1.17, p = 0.26; two barriers,
aHR = 0.55, 95% CI = 0.37-0.81, p = 0.0025; three or more bar-
riers, aHR = 0.31, 95% CI = 0.21-0.46, p < 0.0001). Lastly, Katz
et al. (56) examined the effect of having barriers to diagnostic
resolution and time to resolution among participants in the PN
intervention arm with a breast or cervical cancer abnormal-
ity in the PNRP. They found that 63.7% of breast abnormality
and 46.6% of cervical abnormality participants had at least one
barrier resulting in longer time to diagnostic resolution among
breast (aHR = 0.74, 95% CI = 0.67-0.83, p < 0.01) and cervical
(aHR =0.79, 95% CI = 0.70-0.90, p < 0.01) participants vs. those
with no reported barriers.

Specific types of barriers patients report were described
by several studies (57-59). Korber et al. (57) found the most
common barriers to cancer treatment were patient-provider
communication and knowledge of patient resources. Other
studies found location of health-care facility (59), transportation
problems (58), not speaking English (55), no insurance (56),
financial concerns (58, 60), lack of social/practical support (58,
59), and lack of information about the abnormality (57) as the
most prevalent barriers to cancer care among patients enrolled
in PN interventions.

Some studies have attempted to determine which variables
are associated with having a barrier to cancer care to identify
women most in need of PN. Several studies (55, 60-62) found
that women with barriers to cancer care were more likely to be
racial and ethnic minorities (55, 60), unmarried (62), part-time
employed/unemployed (60, 62), non-English language speakers
(55, 61), and have public/no health insurance (55, 60) compared
to women without any barriers to care.

DISCUSSION

As evidenced in this literature review, PN has been shown to
help women receive cancer screenings, receive more timely
diagnostic resolution after a breast and cervical cancer screening
abnormality, initiate treatment sooner, receive proper treatment,
and improve quality of life among cancer patients. Also, it was
shown that PN eliminates barriers to care. PNRP demonstrated:
(1) who has barriers; (2) that barriers delay the receipt of care;

and (3) types of numbers of barriers that impact time to treatment
(54-56).

Several trends emerged from this review. PN programs
have been implemented among diverse populations specifically
focused on reducing health disparities in racial and ethnic
minorities and/or underserved populations. It is important to
note that each study population and setting was unique, thus
generalizability of these findings may be limited. Another trend
noted was the limited effectiveness for certain groups receiving
PN, alluding to the possibility that PN is not equally effective for
all groups. Results found significant differences in PN effective-
ness with regard to age (32), ethnicity (42), location of care (37),
type of screening test (38), and type of treatment (49). Although
relevant for all populations, use of a “one-size-fits all” approach to
PN may not be the best approach. The original intent of PN is to
improve the experience of care among patients with the greatest
needs by tailoring actions to an individuals barriers to care (63).
If implementation across the patient population is too demanding
on resources, especially due to the fact that the American College
of Surgeons Commission on Cancer (CoC)’s accreditation man-
dates are currently unfunded, targeting PN implementation may
be a possible solution. By identifying those most likely to need
PN, scarce resources can be diverted to women in most need and
most likely to delay or not receive prompt, appropriate care (64).

Finally, although there is evidence of the potential of PN to
improve outcomes related to cancer screening and diagnostic
resolution, many studies have utilized less robust designs (i.e.,
quasi-experimental and descriptive studies), as mentioned by
previous reviews (14-16). A notable difference between this
review and the prior reviews is an increase in the number of stud-
ies evaluating PN on cancer screening and treatment outcomes.
Another difference between this and previous reviews was inclu-
sion of studies that evaluated the association of PN with reported
outcomes during cancer treatment and post-treatment. Yet, there
was great heterogeneity among the studied outcomes (e.g., qual-
ity of life, proper treatment), and therefore, cumulative evidence,
as seen in PN interventions on cancer screening and diagnostic
resolution, is lacking.

Research Opportunities in PN and

Women'’s Health
Due to the increased prevalence of PN in health-care systems,
there are growing research opportunities in PN and women’s
health. One area that is ripe for researchers is PN in cancer sur-
vivorship, particularly among post-treatment cancer survivors.
Increases in the number of individuals diagnosed with cancer
each year, as well as improving survival rates, have led to an
ever-increasing number of cancer survivors (20). As evidenced
by this review, implementation of PN interventions among post-
treatment cancer survivors is lacking. Future research should not
only explore adherence to post-treatment surveillance behaviors
but also treatment outcomes that can affect the physical and
psychological well-being of women.

The PN literature on women’s cancers is growing; however,
it is limited in that researchers have primarily focused on breast
cancer (as seen in the literature on PN after diagnosis). Although
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cervical cancer incidence and mortality rates have steadily
decreased, it is estimated that in 2015, 12,900 new cases of inva-
sive cervical cancer occurred and 4,100 died from this disease
(19). There is a wide racial and socioeconomic disparity in the
incidence and mortality rates from cervical cancer. Underlying
these disparities are often education, language, geographic, and
trust factors (65). As evidenced by this review, the few studies
that have explored PN in gynecological cancers showed promis-
ing results. Thus, researchers should make gynecological cancers
a focus for their PN interventions to maximize the positive
impact on this survivor population. Important yet understudied
subpopulations, such as women with increased genetic risk,
should be considered. PN can provide education, support, and
guidance within the clinical setting for these women to receive
appropriate screenings, genetic testing and counseling, prompt
diagnosis, and proper treatment.

Women may also benefit from PN during cancer care that
is tailored to specific family-related barriers, such as child care
and transportation. Women often assume the role of caregivers
and income-earners and may need more assistance in caregiv-
ing for others while receiving cancer care for themselves. PN
can link them to resources that offer emotional (i.e., support
groups) and tangible support (i.e., house cleaning, child care)
and has the potential to improve quality of life and psychosocial
outcomes for both women with cancer and women who are
caregivers.

Navigators should consider the age of the female patient and
their stage in life during PN interventions. For example, younger
women often face very different challenges and complications
than older women, including concerns about becoming a
mother; caring for children when faced with a life-threatening
illness; premature menopause leading to loss of fertility; sudden
onset of vasomotor symptoms; long-term consequences of early
ovarian decline; body image and sexuality; and career and work
concerns related to productivity and job security (66). For older
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Less than 2% of patients diagnosed with cancer participate in a clinical trial in the United States (1).
Gynecologic oncology patients do not appear to participate in trials with any more frequently than
other cancer types. While gains in progression free survival have continued to improve overall life
span for women with advanced gynecologic cancers, more cures have not been realized. Clinical
trials, defined by the National Institute of Health as “a research study in which one or more human
subjects are prospectively assigned to one or more interventions to evaluate the effects of those
interventions on health-related biomedical or behavioral outcomes” (2), are the primary focus for
enrollment of most patients with an active malignancy. Clinical research studies such as tissue banks
and longitudinal cohort studies provide invaluable data for researchers but require a consenting
population and may be overlooked when the focus is on therapeutic intent. Lack of accrual to clinical
trials leads to early closure of studies and a waste of critical resources as well as extended periods of
enrollment, which can hinder the ability to interpret the results. Stensland et al. reported that 1 in 4
cancer clinical trials were stopped early with 1 in 10 being stopped for poor accrual (3). A panel of
experts convened by the NCI and ASCO to discuss barriers to clinical trial enrollment in 2013 (4)
cited barriers in three areas as most significant: (1) patient/community, (2) physician/provider level,
and (3) site/organizational. Physician/provider level barriers include willingness to refer a patient
for study, lack of knowledge about available clinical trials, and concern regarding a patient’s ability
to participate (4-6). Patient/community barriers have been noted to include being unaware of trial
opportunities and complexity and stringency of the protocol (7).

But really, in this time of internet and social media, of immediate and total access to seemingly
endless information, why are adult patients not enrolling on clinical trials? A large single institution
review of clinical trial enrollment noted a dramatic difference in the proportion of pediatric cancer
patients enrolled in clinical trials compared to adult (22 vs. 6%) (8). Is this because parents of children
with cancer and young adults with cancer are so much better at searching the internet for clinical
trial opportunities? Unlikely, this high rate of participation in the pediatric population preceded the
internet age. I believe there are two vital differences between the adult and pediatric cancer com-
munities. First, centralization of treatment in pediatric cancer results in high volume centers. The
rarity of pediatric cancer forced pediatric oncologists to band together in universities and research
centers. The vast majority of children and young adults are treated in these centers today. Data from
several areas suggest that treatment in high volume centers results in improved pediatric oncology
outcomes (8, 9). Still, most pediatric cancers are exceptionally rare. Even at high volume centers,
collaboration with other sites must be done to gather enough similar cases for research.

Second, and perhaps most importantly, there is a pervasive culture in pediatric oncology that
“clinical trials are standard practice in cancer treatment for children, adolescents, and young adults”
(https://www.childrensoncologygroup.org/index.php/what-is-a-clinical-trial). The pediatric oncol-
ogy community has remained faithful to the charge that cure is the goal (10). In addition, the research
structure embraces that the cancers in this space are inherently rare and as such designed studies that
use the available patient volume. These elements seem to combine to provide a complete package
of physician motivation, patient engagement, and available studies for the vast majority of patients
despite the low numbers.
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In gynecologic oncology, there are no data to suggest that
female gynecologic cancer patients participate in clinical trials
at a higher rate. However, a recent large retrospective study by
Cliby et al. suggests that treatment for ovarian cancer at high
volume centers improves outcomes (11). The authors of this
study suggest that a national effort be made to provide access to
women to centers with expertise in ovarian cancer. It remains
to be seen if these data will move patients from community set-
tings into centers where participation in clinical trials is more
common.

The National Comprehensive Cancer Network states on their
website that “without clinical trials, cancer care can’t improve.”
This group compiles clinical practice guidelines from the data
produced by clinical trials to help guide the care for patients
treated off study. Access to this resource is simple and available to
both patients and providers. It is updated regularly and carefully
curated.

This is in sharp contrast to information about open clinical
trials. The main resource for clinical trials information is the
national registry of clinical trials, which is available online at
www.clinicaltrials.gov. The goal of the registry was to require
the registration of all clinical trials in the US and to provide a
resource for clinicians and patients to find open studies. The
site is searchable by location and disease but is often woefully
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out of date. Studies that have closed months ago are often still
listed as actively recruiting, studies that have published data are
not listed as published, and studies that are open will often have
incorrect listings of site information. This lack of timely and cor-
rect information results in the inability for interested patients and
clinicians to find open and appropriate trials.

The barriers for women with cancer to participate in clinical
trials are numerous but they are not insurmountable. Dramatic
and sweeping cultural change is necessary to bring about rates of
adult enrollment that rival the pediatric population. A profound
commitment to the provision of timely data to the national clinical
trials registry by sponsors and the timely curating of the website
is required for better clinical trial information. A commitment
to providing access to high volume centers with experience in
gynecologic cancer is required for improving outcomes with the
current available strategies. Lastly, physicians and patients need
to fully commit themselves to a belief that clinical trial participa-
tion can really bring about better treatments and better drugs and
most importantly, better lives.
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Objectives: Health disparities and inequalities in access to care among different socio-
economic, ethnic, and racial groups have been well documented in the U.S. healthcare
system. In this review, we aimed to provide an overview of barriers to care contributing
to health disparities in gynecological oncology management and to describe site-specific
disparities in gynecologic care for endometrial, ovarian, and cervical cancer.

Methods: We performed a literature review of peer-reviewed academic and govern-
mental publications focusing on disparities in gynecological care in the United States by
searching PubMed and Google Scholar electronic databases.

Results: There are multiple important underlying issues that may contribute to the dis-
parities in gynecological oncology management in the United States, namely geographic
access and hospital-based discrepancies, research-based discrepancies, influence of
socioeconomic and health insurance status, and finally the influence of race and bio-
logical factors. Despite the reduction in overall cancer-related deaths since the 1990s,
the 5-year survival for Black women is significantly lower than for White women for each
gynecologic cancer type and each stage of diagnosis. For ovarian and endometrial
cancer, black patients are less likely to receive treatment consistent with evidence-based
guidelines and have worse survival outcomes even after accounting for stage and
comorbidities. For cervical and endometrial cancer, the mortality rate for black women
remains twice that of White women.

Conclusion: Health care disparities in the incidence and outcome of gynecologic
cancers are complex and involve biologic factors as well as racial, socioeconomic,
and geographic barriers that influence treatment and survival. These barriers must be
addressed to provide optimal care to women in the U.S. with gynecologic cancer.

Keywords: heath disparities, gynecologic malignancies, race, socioeconomic factors, barriers to health

INTRODUCTION

The Institute of Medicine released alandmark report in 2003 titled “Unequal Treatment: Confronting
Racial and Ethnic Disparities in Health Care,” which demonstrated disparities in the U.S. health care
system between treatment of racial and ethnic minorities and Whites, subsequently resulting in
poorer health outcomes for millions of Americans (1).
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Since that time, the National Cancer Institute (NCI) through
the Center to Reduce Cancer Health Disparities (CRCHD),
the American Cancer Society, the American Society of Clinical
Oncology, and the Society of Gynecologic Oncology has com-
mitted to the goals of eliminating disparities in cancer-related
outcomes (2-4). The NCI defines cancer health disparities as
“differences in the incidence, prevalence, mortality, and burden
of cancer and adverse related conditions that exist among specific
population groups in the United States (2)”

The etiology of disparities in cancer treatment and outcomes
has been linked to the complex interplay of race/ethnicity,
cultural, socioeconomic, and educational factors. Geographic
variability in provider and hospital standards and biological dif-
ferences between ethnic groups must also be considered (1, 4, 5).
Finally, variation from evidenced-based treatment guidelines has
been indicated as a modifiable factor that can result in poorer
survival outcomes (6).

This review aims to describe some of the important underly-
ing issues that may contribute to the disparities in gynecological
oncology management in the United States, namely geographic
access and hospital-based discrepancies, research-based dis-
crepancies, influence of socioeconomic and health insurance
status, and finally the influence of race. This review continues
with detailing site-specific disparities in gynecologic care for
endometrial, ovarian, and cervical cancer.

GEOGRAPHIC ACCESS AND
HOSPITAL-BASED DISCREPANCIES

A growing body of evidence has demonstrated the importance
of access to high-volume hospitals and providers for optimal
management and outcomes related to gynecologic malignancies.
Several studies have demonstrated worse survival outcomes
associated with low volume hospital centers and providers (6-9).
A recent analysis of 96,000 patients with ovarian cancer identified
by the National Cancer Data Base demonstrated 56% of patients
were not receiving the standard of care as designated by the
National Comprehensive Cancer Network (NCCN) guidelines.
The study also demonstrated that 25% of women received care
at very low volume institutions, defined as those treating one to
seven cases of ovarian cancer annually. The authors concluded
that deviation from NCCN guidelines and treatment at very low
volume institutions were both independent predictors of worse
disease-specific overall survival (hazard ratio 1.33, 95% CI 1.26-
1.41 and HR 1.08, 95% CI 1.01-1.16, respectively) (6, 7). A prior
study had also demonstrated that lower volume centers were less
likely to provide recommended comprehensive surgical staging
procedures (10). An analysis of Surveillance, Epidemiology, End
Results (SEER) database demonstrated that chemotherapeutic
treatments also varied depending on geography and available
oncological providers (11, 12). Per the US Census Bureau, 81%
of people live in cities or suburbs with 19% living in rural areas.
Shalowitz et al. recently reported that an estimate 7663 women
with gynecological malignancies (9% of the total cases of gyneco-
logical cancers per year) live in low-access counties in the US
located 50 miles from the nearest gynecologic oncologist. These

counties were more likely be rural, have residents with lower
median incomes, and have more White and Hispanic patients
than counties in closer proximity to gynecologic oncologists
(13). Although this study did not include outcomes data, prior
studies have reported that treatment by a trained gynecological
oncologist with increased operative volume yields favorable sur-
vival outcomes (14-17). Other studies also associated increasing
distance from a gynecological oncologist with increased cervical
and endometrial cancer mortality (18). It is therefore important
to consider geographic and hospital system-related disparities
which influence both access to care and adherence to evidence-
based treatment guidelines.

RESEARCH-BASED DISCREPANCIES

Given varied survival outcomes among minority patients, there
has been increased focus on attempting to recruit minorities for
clinical trials to elucidate inherent differences in tumor biology,
response to therapy, and survival in clinical situations where
treatment regimens are controlled between groups. The National
Institutes of Health (NIH) Revitalization Act of 1993 specifically
addressed this issue encouraging enrollment of women and
minorities to NIH-sponsored research. However, upon analysis of
the four most common NCI-funded clinical trials (breast, prostate,
colorectal, and lung cancers) from 1996 through 2002, investiga-
tors found that although clinical trial enrollment rate increased
by almost 50% during this time period, the proportion of trial
participants who were non-White actually declined - Hispanic
patients from 3.7% of trial participants to 3.0% and Black patients
from 11.0% of trial participants to 7.9% (19). It is not surprising
that decreased minority enrollment in clinical trial also exists for
gynecologic cancers. Scalici et al. recently published their paper
on minority participation in 170 Gynecologic Oncology Group
(GOG) trials from 1994 to 2013. They reported that of a total
of 45,259 patients were included in GOG trials with 83% being
White, 8% Black, and 9% other (p < 0.01). They also used Center
for Disease Control (CDC) age-adjusted incidence to determine
that observed enrollment of Black patients was 15 times lower than
expected for ovarian cancer trials, 10 times lower than expected
for endometrial cancer trials, 4.5 times lower than expected for
cervical cancer trials, and 5.2 times lower than expected for
sarcoma trials (p < 0.001) irrespective of the type of study or year
published (20). Scalici et al. also found that African American
participation in clinical trials actually decreased from 16% from
1994 to 2002 to 6% from 2009 to 2013. A recent review utilizing
qualitative interviews concluded that the key barriers to minority
recruitment to clinical trials were lack of opportunities to par-
ticipate and lack of encouragement to enroll (21). Additionally,
language barriers and logistical issues such as cost of travel may
play a role in the recruitment of some minority populations (22).
Prior studies have implicated a reduced acceptance to enrollment
due to minority skepticism as a factor for reduced involvement
in clinical trials (21, 23, 24). However, a study evaluating clinical
trial consent rates by race demonstrated no difference in the will-
ingness of Blacks and Hispanics to participate in health research
compared to non-Hispanic Whites when offered clinical trial
enrollment (25). To fully understand and optimize treatment for
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minority patients, it is imperative that these issues be addressed.
The NRG Oncology Accrual Workshop recently held a meeting to
increase minority recruitment for clinical trials (26).

SOCIOECONOMIC STATUS AND HEALTH
INSURANCE STATUS

Individuals with lower socioeconomic status have disproportion-
ately higher cancer incidence rates and death rates than those with
higher socioeconomic status, regardless of demographic factors
such as race/ethnicity (27). According to the US Census Bureau’s
report on Income and Poverty for 2014, the median household
income in the US was $53,657 with significant variation by race,
with Asians the highest at $74,297, and Blacks the lowest at
$35,398 (28). The official poverty rate was 14.8%, accounting for
46.7 million people. In 2014, women made an average 79% of
what men earned with a median income of $39,621 compared to
$50,383 earned by men. Sixteen percent of women were below the
poverty line, compared to 13.4% of males. Gender differences in
poverty rates were more pronounced for those aged 65 and older
(12.1% for women vs. 7.4% for men). Ten percent of non-Hispanic
Whites, 12.0% of Asians, 26.2% of Blacks, and 23.6% of Hispanics
lived below the poverty level (29). The US Census Bureau’s report
of Health Insurance Coverage in the US reported the percentage
of people without health insurance coverage decreased by 10.4%,
or 33.0 million in 2013, compared to the number of uninsured in
2013. Despite these great strides in providing health insurance in
the US, Blacks and Hispanics still have a higher rate of uninsured
individuals compared to Asians and non-Hispanic Whites (11.8
and 19.9% vs. 9.3 and 7.6%, respectively). Additionally, 16.6% of
uninsured individuals earned <$25,000 per year (30). Individuals
in lower socioeconomic groups often present with advanced stage
disease and are less likely to receive standard regimens of treat-
ment (31).

A recent study by Bristow et al. evaluating the SEER-Medicare
database for advanced ovarian cancer found poorer adherence to
NCCN treatment guidelines associated with low socioeconomic
status [OR 1.32, 95% CI (1.14-1.52)] and worse survival when
accounting for the effects of other variables [HR 1.25, 95% CI
(1.17-1.34)] despite equivalent Medicare insurance status (32).
Additionally, insurance status seems to affect the type of care pro-
vided. Goffet al. demonstrated that payer status (private insurance
vs. Medicaid) significantly impacted the chance of undergoing
optimal surgical management in ovarian cancer (14). Esselen
et al. demonstrated that Black women and uninsured women/
women with Medicaid were less likely to undergo minimally
invasive hysterectomies for uterine or cervical cancer after analy-
sis of 46,450 women identified by the National Inpatient Sample
(33). In a previous study by Harlan et al. examining 11 different
cancer types, investigators noted significantly lower adherence to
treatment guidelines for Black patients with Medicaid compared
to Black patients with Medicare or private insurance (27). The
same investigators found lack of private insurance a barrier to
guideline based treatment for Black and Hispanic women with
ovarian cancer, suggesting health insurance status may serve as
proxy for other socioeconomic factors (34). Similarly, another

analysis of adherence to NCCN guidelines in patients with ovar-
ian cancer identified through the National Cancer Data Base
demonstrated median household income of less than $35,000
was associated with non-adherence to evidence-based guidelines
(OR 1.26, 95% CI 1.21-1.32) and worse survival (HR 1.06, 95%
CI 1.02-1.1) (35). These findings were consistent with prior
studies that have linked poverty level and low socioeconomic
status to poorer adherence to evidence-based treatments and
worse ovarian cancer survival (36-38). In addition to treatment
administration, a recent evaluation of 8211 elderly patients with
ovarian cancer identified from the SEER database demonstrated
a decreased chance of hospice referral associated with non-White
race [OR 1.44; 95% CI (1.26-1.65), p < 0.001], the lowest income
group [OR 1.17; 95% CI (1.04-1.32), p = 0.01], and Medicare
fee-for-service (vs. managed care) [OR 1.39; 95% CI (1.24-1.56),
p <0.001] (39).

RACE

Per the US Census Bureau, as of 2015, there are 321,729,000
people living in the United States with approximately 63.7% of
the population described as Non-Hispanic White, 16.4% of the
population described as Hispanic or Latino, 12.2% of the popula-
tion described as African American, 4.7% Asian, and 0.9% Native
American, Hawaiian, or Alaskan Native. Black men and women
are more likely to die from cancer than any racial or ethnic group
(31). Despite the reduction in overall cancer-related deaths since
the 1990s, the 5-year survival for Black women is significantly
lower than for White women at each stage of diagnosis, with the
gap in survival actually increasing over the past few decades (40).
Although the incidence of a new cancer diagnosis per 100,000
individuals is lower for Black women than White women (391.7
vs.418.3,0R 0.94, p < 0.05), the death rate per 100,000 individuals
is higher (180.6 for Blacks vs. 155.0 for Whites, OR 1.17, p < 0.05)
(40). Interestingly, for all cancer sites, Hispanic women had a
lower incidence of cancer relative to non-Hispanic White women
[333.2 per 100,000 individuals compared to 433.9 per 100,000
(RR 0.8, p < 0.05)]. Additionally, for all cancer sites, Hispanic
women had a favorable prognosis compared to non-Hispanic
women with a mortality rate of 100.5 per 100,000 compared to
154.7 per 100,000 (RR 0.6, p < 0.05) (41). A notable exception is
cervical cancer, where the incidence per 100,000 individuals for
Hispanics was 11.8, compared to 7.2 for non-Hispanic Whites
(RR 1.6, p < 0.05) and the mortality rate was 3.0 per 100,000
for Hispanics and 2.1 per 100,000 non-Hispanic Whites (RR 1.5,
p < 0.05) (41). In general, Asian women had lower incidence
and mortality rates than non-Hispanic White women across all
cancer types (42-44). Among all Asians, the incidence of cancer
per 100,000 is 314.9 with a mortality rate of 115.5 per 100,000,
which is notably lower than that for non-Hispanic Whites (477.5
and 190.7, RR 0.7 and RR 0.6, p < 0.05, respectively) (45).

OVARIAN CANCER

Epithelial ovarian cancer (EOC) is the fifth cause of cancer death
among women in the United States, accounting for an estimated
21,290 new cases and 14,180 cancer deaths in the US in 2015
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(31). With aggressive surgical and chemotherapeutic manage-
ment, overall survival has improved from 36% during the period
of 1975-1977 to 45% during the period 2004-2010 (p < 0.05).
However, the survival rate over the same time period for Black
women has actually decreased from 42 to 36% (46). From 2002 to
2011, the mortality rate associated with ovarian cancer decreased
significantly by 2% per year among White women, 1.4% per year
among Hispanic women, but remained unchanged among Black
women (47).

Several studies have demonstrated that worse survival
outcomes among the Black population results from barriers
that impede access to quality care and standardized evidence-
based surgical and adjuvant treatment (32, 36, 48). Although
the incidence of ovarian cancer is higher among White women
(12.8 new cases per 100,000) compared to Black women (9.8
new cases per 100,0000), Black women tend to present with
more advanced stage ovarian cancer compared to White women
(49, 50). Black women have a higher incidence of medical
comorbidities compared to White women that may influence
treatment decisions (51, 52). However, several studies evaluat-
ing large nationally representative databases have demonstrated
that Black patients are less likely to receive treatment consistent
with evidence-based guidelines and have worse survival out-
comes even after accounting for stage and comorbidities (32, 36,
37,53). Parham et al. found that Black patients were less likely to
receive combined surgery and chemotherapy treatment (48). In
an analysis of a state specific database, Bristow et al. found that
compared to White patients, Black race was associated with a
statistically significant and independent lower likelihood of hys-
terectomy, lymphadenectomy, bowel resection, and surgery by a
high-volume surgeon (54). Goff et al. also found that Black and
Hispanic patients were also less likely to receive comprehensive
staging compared to White patients (14). A SEER analysis by
Wright et al. demonstrated delayed administration of adjuvant
chemotherapy in Black patients, which was associated with an
increased mortality rate (55). Importantly, the difference in
survival outcomes among races is reduced or eliminated after
accounting for access issues, socioeconomic status, stage, and
treatment (4). The similarity in survival outcomes is highlighted
in several GOG clinical trials where Black and White women
receive similar treatments (56, 57). After review of available
literature, it appears that equal treatment yields equivalent sur-
vival outcomes for both Black and White patients with ovarian
cancer (4).

ENDOMETRIAL CANCER

Endometrial cancer is the most common gynecologic cancer in
the US accounting for 54,870 new cases and 10,170 deaths in
2015 (31). For all stages, the 5-year survival rate is 82%, 95%
for local disease, 68% for regional disease, and 18% for distant
metastatic disease (31). White women had the highest incidence
of endometrial cancer compared to other ethnic groups (24.8
per 100,000); however, the mortality rate is twice as high for
Black women (7.3 per 100,000 vs. 3.9 per 100,000) (58). The
5-year survival for White women from 2004 to 2010 was 85%
compared to 65% for Black women over the same time period

(46). Similar to ovarian cancer, several studies have attributed
this difference in survival to inequalities in access to care,
adherence to evidence-based treatment guidelines, and socio-
economic barriers (59, 60). Unlike ovarian cancer, there may
be inherent differences in tumor biology between White and
Black patients with endometrial cancer as equal treatment has
not correlated with equal outcomes (4). Black patients tend to be
diagnosed at higher stages, with higher grade lesions, and high-
risk histologies (61-65). Although worse tumor characteristics
are associated with worse overall survival, after accounting for
all histopathologic and sociodemographic factors, several large
database analyses demonstrated worse survival associated with
Black race (66-70). Black patients are less likely to be treated
for advanced disease and less likely to undergo surgery (62,
71-73). However, Black women are more likely to be treated at
high volume institutions with high volume specialized surgeons
(74). When staging lymphadenectomy was performed, there
were similar rates between Blacks and Whites (64). Other stud-
ies have demonstrated similar use of adjuvant chemotherapy
and radiotherapy (73). Despite similar treatment, worse overall
survival persists among Black women with endometrial cancer.
In a GOG randomized clinical trial for advanced and recurrent
endometrial cancer, Black women had a 26% greater chance of
death compared to White women despite similar surgical and
chemotherapeutic treatments after controlling for prognostic
factors (75). Several studies have evaluated molecular differences
in tumors from Black and White women in effort to identify why
Black women have poorer prognosis relative to White women.
These studies have primarily focused on p53 mutations, HER2/
neu expression, and PTEN mutations. Mutations in tumor sup-
pressor gene p53 have been associated with non-endometrioid
histology, high grade tumors, advanced stage at presentation,
and poorer overall survival (76). Clifford et al. demonstrated
that Black women with stage I tumors were three times more
likely to overexpress mutant p53, associated with worse survival
and higher recurrence rates (77). Santin et al. demonstrated
threefold higher HER2/neu expression in Black patients with
serous endometrial cancer than in White patients with the same
histology. The investigators concluded that overexpression of
Her2/neu was an independent variable associated with poorer
survival outcomes (78). Maxwell et al. demonstrated fewer
PTEN mutations, associated with better outcomes and endo-
metrioid histology, among Black patients compared to White
patients (79). Further genetic and molecular studies need to
be performed to further elucidate the causes of worse overall
prognosis of Black patients with endometrial cancer.

CERVICAL CANCER

Cervical cancer is the fourth most common cancer in the world.
In the US, with the success of cervical cancer screening, the annual
incidence is 12,900 with 4,100 deaths in 2015 (31). In 2015, the
incidence of cervical cancer for Blacks was 11.4 per 100,000, 13.8
per 100,000 for Hispanics, and 8.5 per 100,000 for non-Hispanic
Whites. The mortality rate was 4.9 per 100,000 for Blacks, 3.3 per
100,000 for Hispanics, and 2.3 per 100,000 non-Hispanic Whites
(80). The overall 5-year survival for cervical cancer from 2004 to
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2010 among White women was 71% compared to 62% in Black
women (31). Interestingly, although the mortality rate is higher for
Hispanics compared to non-Hispanic Whites, the 5-year survival
for cervical cancer is 75% among Hispanic women compared
to 71% for non-Hispanic Whites (41). Disparities in cervical
cancer incidence and mortality are a direct reflection of unequal
access to prevention, screening, and ultimate treatment. Data
from the National Immunization Survey demonstrated a lower
rate of HPV vaccination among Black and Hispanic adolescent
girls compared to White adolescent girls (81). Although Black
adolescents were more likely to initiate HPV immunization, they
were less likely to complete the three-dose injection series (82,
83). Congress passed the Breast and Cervical Cancer Mortality
Prevention Act of 1990, which allowed low-income, uninsured,
and underinsured women to gain access to breast and cervical
cancer screening and diagnostic services. Overall, 83% of women
who have not had hysterectomies reported having a Pap smear in
the prior 3 years, including 85% of Black women, 83.5% of White
women, and 79% of Hispanic women (84). Despite the relative
success with initiating screening, differences in follow-up from
abnormal cervical cytology remains an issue, with Black women
the most likely to be lost to follow-up (85). Consequently, Black
women were more likely to present with more advanced disease
than White women (31).

Additionally, treatment differences related to race have been
shown to play a role in outcome disparities. Black women were
less likely to receive a radical hysterectomy than White women
for early stage cervical cancer (86) and were less likely to receive
intra-cavity radiation therapy for locally advanced disease (87).
Farley et al. demonstrated that in an equal access environment
with identical treatment for cervical cancer between White and
Black patients, there was equivalent 5- and 10-year survival data
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Human papillomavirus (HPV) vaccination rates for preadolescent and adolescent girls
in the United States are far behind those of other developed nations. These rates dif-
fer substantially by region and state, socioeconomic status, and insurance status. In
parents and young women, a lack of awareness and a misperception of the risk of this
vaccine drive low vaccination rates. In physicians, lack of comfort with discussion of
sexuality and the perception that the vaccine should be delayed to a later age contribute
to low vaccination rates. Patient- and physician-targeted educational campaigns, sys-
tems-based interventions, and school-based vaccine clinics offer a variety of ways to
address the barriers to HPV vaccination. A diverse and culturally appropriate approach
to promoting vaccine uptake has the potential to significantly improve vaccination rates
in order to reach the Healthy People 2020 goal of over 80% vaccination in adolescent
girls. This article reviews the disparities in HPV vaccination rates in girls in the United
States, the influences of patients’, physicians’, and parents’ attitudes on vaccine uptake,
and the proposed interventions that may help the United States reach its goal for vaccine
coverage.

Keywords: HPV, vaccination, cervical cancer, disparities, health policy

INTRODUCTION

Nearly 13,000 American women will be diagnosed with cervical cancer in 2015, and over 4,000
women will die from cervical cancer (1). With the introduction of regular Papanicolaou (Pap)
smear screening in the 1950s, cervical cancer incidence rates dropped over 80% (2). While this
represents a huge public health success, there is potential for even greater impact on this disease
with the human papillomavirus (HPV) vaccination. HPV is the known necessary cause for cervical
cancer, and in 2006, the first vaccine targeting HPV was approved in the United States for preven-
tion of both cervical cancer and genital warts. This four-valent vaccine (trade name Gardasil,
Merck & Co., Inc.) is active against HPV genotypes 6, 11, 16, and 18, which are responsible for
approximately 66% of cervical cancers and 90% of genital warts. It is administered as three injec-
tions over 6 months (3). In 2006, the Advisory Committee on Immunization Practices (ACIP)
recommended HPV vaccination as a routine vaccine for girls aged 11-12 and approved it for all
women up to the age of 26 (4). In 2009, a bivalent vaccine, targeting oncogenic HPV genotypes 16
and 18 was also approved (trade name Cervarix, GalaxoSmithKline) (4), which was found to be
similarly efficacious against cervical cancers caused by these HPV genotypes (3). More recently, in
December 2014, the Food and Drug Administration (FDA) approved a nine-valent vaccine (trade
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name Gardasil 9, Merck & Co., Inc.) that covers five additional
HPV genotypes (31, 33, 45, 52, and 58), which are responsible
for an additional 15-20% of cervical cancer cases (5). Soon after,
in February 2015, the ACIP incorporated the nine-valent vac-
cine into its recommendations for routine recommendation as
an alternative to the four- and bivalent HPV vaccines (6). Phase
II1 trials of the newest vaccine show over 95% efficacy against the
additional HPV genotypes (5); therefore, vaccinating the next
generation of young women has the potential to prevent almost
90% of cervical cancer cases.

The development of a vaccine against HPV was a major break-
through in science, but its potential public health success heavily
depends upon the acceptance and uptake in any given population.
Compared to other developed nations, the United States has been
slow to vaccinate. In the first year after the vaccine was approved,
only 11.6% of American girls aged 13-17 received at least one
dose (7), in contrast to over 80% of girls aged 13-17 who initiated
vaccination in Australia (8). One of the key differences between
these two countries is the way in which Australia approached
the public health need: a successful nationwide, school-based,
government-funded HPV vaccination campaign was launched
in 2007 (8). While it is too early to show reductions in cervical
cancer rates in those vaccinated, the prevalence of genital warts
in Australian women under 21 years of age has dropped over 90%
in the last 5 years, compared to no change in the rates for women
over the age of 30, who did not receive vaccine (9).

Since 2007, vaccine uptake rates have improved in the United
States. However, they are still well below goal. Two recent national
surveys estimated that between 34 and 60% of eligible girls of
ages 11-26 years have received at least one dose of the vaccine
(i.e., vaccine uptake), and fewer than half complete the entire
three dose regimen (i.e., vaccine completion) (7, 10). Healthy
People 2020 has set a goal to reach 80% vaccine completion
in girls aged 13-15 by the year 2020 (11). In order to achieve
this, vaccination rates will need to more than double in the next
5 years. Understanding the country-specific factors behind the
low vaccination rates will help inform interventions to improve
uptake in the United States.

In this review, we will evaluate the recent research in dis-
parities in vaccine uptake in the United States, examine key
stakeholders’ attitudes toward the vaccine, and consider potential
interventions that may help improve vaccination uptake rates in
the United States. While this vaccine has been approved and is
recommended for boys as well (4), this review will focus on the
available research for vaccination in girls.

NOTABLE DISPARITIES IN HPV
VACCINATION

In the United States, cervical cancer disproportionately affects
women of low socioeconomic status, minority populations, and
those with limited access to the health-care system (12, 13). The
racial disparities may be even more pronounced than previously
thought (14). Differences in HPV vaccination initially paralleled
these same racial and socioeconomic disparities, but recent data
suggest that racial and socioeconomic disparities have decreased

significantly (15). However, differences in vaccine uptake are
still pervasive by region, insurance status, and sexual orientation
(16-19).

Regional Differences

Human papillomavirus vaccination rates vary widely by state. In
2009, HPV vaccination initiation was highest for the Northeast
and Midwest regions of the United States and lowest in the
Southeast (20). Additionally, family physicians located in the
South less routinely offer the vaccine when compared to family
physicians in the Northeast, Midwest, and West regions of the
United States. These differences were not seen among pediatri-
cians, who have high rates of vaccine delivery nationwide. This
may be due to pediatricians’ emphasis on immunization in their
education and scope of practice, as pediatricians were also more
likely to participate in the Vaccines for Children Program, a
federally funded immunization program. Family physicians are
also historically slower to incorporate any vaccine recommenda-
tion compared to pediatricians (21). The National Immunization
Survey-Teen (NIS-Teen), an annual survey used by the Center
for Disease Control (CDC) to monitor vaccination coverage in
adolescents, surveyed over 20,000 adolescents in all 50 states and
the District of Colombia (DC) in 2014 and found that Kansas
has the lowest state-level HPV vaccine uptake rate: only 38.3%
of girls aged 13-17 had initiated vaccination, while Rhode Island
has the highest: 76% of girls aged 13-17 had initiated vaccination
(10). Unfortunately, the states with the highest cervical cancer
rates also have some of the lowest HPV vaccination rates (22).
Figure 1 demonstrates the vast state-wide differences in HPV
vaccination initiation and completion in girls aged 13-17 dur-
ing 2014 according to the NIS-Teen survey data. These regional
differences may reflect how much each state’s government has
chosen to encourage the vaccination. Washington, DC, USA, for
example, puts resources into both educational interventions and
mandates the vaccine; likely as a result, the percentage of girls
receiving at least one dose rose from 38.7% in 2008 to 75.2% in
2014, second only to Rhode Island (15, 23).

Ethnic/Racial Disparities

Minority populations - black women and Hispanic women
specifically — are more likely to be diagnosed with cervical cancer
(14). HPV also appears to be more prevalent in black women
compared to all other racial and ethnic groups in the United States
(25). In the first several years after the HPV vaccine was made
available, studies reported that young black women were less
likely to initiate vaccination, and if they did initiate vaccination,
they were less likely to complete the vaccination series than other
racial groups (16, 26, 27). Fisher et al. performed a meta-analysis
of the available data from vaccine inception to March 2012 and
confirmed this finding [OR 0.89 comparing vaccine initiation in
non-Hispanic black women to non-Hispanic white women, 95%
confidence interval (CI): 0.82-0.97] (19).

However, in the more recent literature, estimates of vaccine
uptake by racial category demonstrate positive change and may
reflect a rapidly changing landscape of vaccine acceptability
and accessibility. Data from the 2014 NIS-Teen survey show
that more non-Hispanic black adolescents received at least one
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dose of the HPV vaccine than their white counterparts (66.4 vs.
56.2%, p < 0.05). Compared to NIS-Teen data from 2008, where
vaccine uptake rates of both races was around 35%, these rates
show improvements in uptake for both groups over time (23).
However, rates of receipt of all three doses remain low for both
groups (39 vs. 37.5% non-Hispanic black vs. non-Hispanic white
women, p-value not given) (15).

It is unclear whether vaccination rates among Hispanic and
Asian women differ from rates in non-Hispanic white women. A
systematic review of the studies comparing vaccine rates among
these groups was inconclusive (19). In the 2014 NIS-Teen survey,
Hispanic adolescents were both more likely to initiate vaccination
compared to non-Hispanic whites (66.3 vs. 56.1%, p < 0.05) and
more likely to have received three doses (46.9 vs. 37.5%, p < 0.05)
(15). While these data are encouraging and demonstrate a closing
gap in racial and ethnic disparities, the fact that fewer than half
of all groups complete the series indicates that there is significant
room for improvement (21).

Sexual Orientation

While the HPV virus is prevalent in women who have sex with
women (28), this group of women is less likely to report appro-
priate Pap screening (29). Gay, lesbian, and bisexual women

or “sexual minority adults” are also more likely to smoke than
their “non-minority” counterparts (30). Smoking increases the
chances of HPV-related cervical changes, persistence of HPV
(31), and progression from cervical dysplasia to invasive cancer
(32). Therefore, regardless of sexual orientation, national screen-
ing and vaccination recommendations apply and may be even
more important. However, an analysis of the 2006-2010 National
Survey of Family Growth (NSFG) found that lesbian women are
less likely to have initiated HPV vaccination than their hetero-
sexual counterparts (8.5 vs. 28.5%, p = 0.007). In this study, there
were no differences between bisexual women and heterosexual
women in vaccine initiation. These percentages should be inter-
preted with caution, as the sample sizes for these subgroups of
women were small (n = 62 for lesbian women and n = 235 for
bisexual women); however, the differences among these different
groups remain concerning (17). A national online survey targeted
at the lesbian, gay, and bisexual community, which included 543
gay and bisexual women aged 18-26 found more encouraging
results: 45% reportedly had initiated the HPV vaccine (18).
While the NSFG survey may be an underestimation due to its
small numbers, the online survey may be an overestimation as
those volunteering to participate in online health surveys may be
more likely to have received health care and vaccination, and they
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failed to differentiate between lesbian and bisexual women. Due
to the small number of other studies addressing vaccine uptake in
gay and bisexual women, the true percentage of vaccine initiators
in this group is not known. Given the available data, however,
vaccine uptake among sexual minority adults appears lower than
the average of 60% for all American female adolescents aged
13-17 (10).

Socioeconomic and Insurance Status

In the United States, cost is frequently cited as a barrier to HPV
vaccination initiation and completion (18,21,27, 33). Historically,
women of lower socioeconomic status were less likely to initiate
and complete the HPV vaccine series (16, 19, 27). In 2008, pedia-
tricians and family practice physicians reported that financial
concerns were the most frequently cited reasons for not vaccinat-
ing (21). Much of this, however, may be explained by insurance
status. Women with any insurance in the United States are much
more likely to have been counseled about the HPV vaccine, are
more likely to intend to get vaccinated, and are more likely to have
initiated vaccination than uninsured women (16, 19, 33, 34). A
meta-analysis demonstrated that lack of health insurance, rather
than income itself, was one of the most important factors associ-
ated with failure to initiate HPV vaccination (19). This finding is
very important from a public health perspective, as this plays a
critical role in determining strategies that could improve vaccina-
tion initiation and completion.

The passage of the Affordable Care Act (ACA) in 2010 is one
major public health change that is expected to improve HPV vac-
cination. Under the ACA, any person with insurance can receive
the HPV vaccine without any additional cost sharing (i.e., they do
not have to pay a copay) when they go to an in-network provider
(35). If the cost of vaccination is truly a pivotal barrier, a rise in
vaccine uptake should be seen after the passage of the ACA.

STAKEHOLDERS’ KNOWLEDGE AND
ATTITUDES TOWARD HPV VACCINATION

An understanding of the various stakeholders’ knowledge and
attitudes about the HPV vaccine is critical to understand why
vaccination has not been more widely accepted and to help
inform strategies to improve its uptake.

Parents’ Knowledge and Attitudes

Generally, parents’ knowledge of HPV in the United States is
poor. In a subset of the National Health Interview Survey 2010,
4 years after the four-valent vaccine was approved, only 63% of
5,735 parents of children aged 8-17 had even heard of the HPV
vaccine (36). Another survey 3 years later failed to show any
meaningful improvement: 68% of American adults had heard of
the HPV vaccine (37). Parents who lack knowledge frequently
cite concerns about side effects and vaccine efficacy as reasons
not to vaccinate their daughters (21, 38, 39). Some of this lack of
knowledge may be related to lack of education, which may result
in failure to vaccinate: mothers with lower education level are
less likely to have their daughters vaccinated than mothers with
higher education level (26).

Parents’ attitudes toward their children and the vaccine also
influence vaccination rates. Parents who perceive their daughter
to be at low risk of sexual activity often fail to vaccinate their
daughters (39). Parents are more likely to refuse or delay vac-
cination for girls who are 11-12 years old than for girls who are
13-15 years old, and concerns about sexual activity, including the
unfounded concern that receipt of the vaccine will result in risky
sexual behavior, are associated with these delays (21, 40). Open
discussion with the physician may help to alleviate these fears and
change parents’ attitudes regarding vaccination, as parents who
did not feel they could discuss their concerns with their physician
were more likely to not vaccinate their child (38). Additionally,
a mother’s own health practices influence her decisions about
her daughter: mothers with more exposure to a primary care
physician who regularly receive preventive care (e.g., Pap smears,
mammograms) are more likely to agree to vaccinate their
daughters, perhaps reflecting the value they place in preventive
medicine (41, 42).

Patients’ Preferences

While over 80% of young women (ages 15-25) have heard of the
HPV vaccine (17), young women express similar concerns as
their parents with regards to adverse effects and efficacy (18, 43).
On the one hand, many girls and women who do not intend to
get vaccinated cite a perceived low risk for HPV as their reason
against vaccination. On the other hand, young women who
report that they do intend to get vaccinated are more likely to have
already had sex, when the timing of the vaccination is less ideal
(34). Additionally, college-age women are influenced by their
peers and are more likely to get vaccinated if it is perceived as
the social norm (44). Most of the studies conducted on patients’
attitudes toward the HPV vaccine focused in adolescents and
adults but few explore the attitudes of 11- to 12-year-old girls who
would ideally receive the vaccine. One small study did evaluate
the attitudes of this population and found that 11- to 12-year-old
girls are interested in information about vaccine efficacy and side
effects, but a discussion of sexual health was less important to
both the girls and their mothers (45).

Physician Influence

The ACIP recommends HPV vaccine to be given to girls of
ages between 11 and 12, at the same time as the tetanus—
diphtheria-acellular pertussis (Tdap) vaccine and the four-
valent meningococcal vaccine (46). However, parents and their
daughters often rely on the physician to communicate these
recommendations (45), and lack of physician recommendation
is one of the most frequently cited reasons for not vaccinating
preadolescent and adolescent women (38, 43). In a longitudinal
study of 388 vaccine-eligible girls, only 37% received an HPV
vaccine recommendation by the physician over the course of a
year (47). The reason for this extraordinarily low rate of physician
recommendation is only partially understood. Providers with
low self-reported vaccination rates report delaying the vaccine
in patients who they perceive to be at low risk for sexual activity.
Thus, the ignorance and misconception from the health-care
provider ultimately drive low vaccination initiation rates. This
even goes so far that parents of these children report that their
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doctor supported or even suggested delaying the vaccine (40). In
contrast, a positive physician recommendation has been shown
to significantly increase intent to vaccinate (48). In a survey of
over 17,000 parents of girls of ages 12-17, parents who had been
counseled by a physician were 23 times more likely to have initi-
ated vaccination and 14 times more likely to complete the series.
In fact, differences in physician counseling practices may largely
explain the differences in interstate vaccination rates (16).

The language used in communication also likely has a large
influence on patients’ decision to vaccinate; approximately 25%
of family practice physicians and pediatricians reported that they
do not strongly endorse the vaccine themselves. Therefore, these
physicians may not recommend vaccination to their patients at
all, or if they do, the authors of the study suggest that they may
appear ambivalent and, therefore, their recommendation is less
likely to be pursued (49). Both pediatricians and family physi-
cians often delay vaccination: they are both almost twice as likely
to strongly recommend the vaccine to girls aged 13-15 vs. 11-12
(21). The sensitive nature of the vaccine, as it relates to sexual
activity, also influences physician comfort discussing the vaccine.
One study found that almost half of those surveyed felt that it was
necessary to discuss sexuality before recommending the vaccine
(21), and vaccine recommendation rates are lower in physicians
who feel uncomfortable discussing sexuality (49).

INTERVENTIONS TO IMPROVE DELIVERY
OF THE HPV VACCINE

There are two key themes to the barriers to HPV vaccination in
the United States, which have been reviewed so far, and which
much be addressed for any intervention to significantly impact
uptake rates. First, misinformation and lack of education is
prevalent among parents, physicians, and young women. Second,
there has historically been a lack of access to care, either due to
the cost of the vaccine for those with insurance or under- or
uninsured status. The ACA created the “Prevention and Public
Health Fund” which funds “Immunization Grants” provided by
the CDC to programs, which are designed to improve vaccina-
tion rates (50). There are several different strategies, including
education-based, systems-based, and region-based interventions
that have been studied to determine, which might best address
the current known barriers to vaccination.

Educational Interventions

Many of the barriers to vaccination which have been described
above highlight the need for education of all stakeholders: the
parents, young women, and physicians. However, a recent
systematic review of educational interventions to improve HPV
vaccination rates concluded that the widespread implementation
of educational interventions would be unsuccessful (51). This is
likely due to the fact that different interventions are necessary to
reach different communities, and each must be tailored to a spe-
cific audience. Gargano et al. (52) demonstrated the importance
of understanding and targeting the audience in an intervention
designed to increase adolescent awareness and interest in HPV
vaccination. Their first step was a focus group to determine how

best to reach the target community. They also incorporated the
HPYV education into the already-existent structure of the school
through the use of the science teacher. By engaging the target
community, they were able to significantly increase middle and
high school students’ interest in vaccination through education
(52). A study targeting Hispanic women first administered a
survey to ensure the educational material was tailored toward
the target population’s baseline knowledge and was able to dem-
onstrate significant increase in intention to vaccinate (53). While
these two studies were successful in increasing interest in vacci-
nation and willingness to vaccinate, other attempts have been less
successful. An online intervention called “MeFirst” incorporated
college students’ baseline knowledge of HPV in order to design
a tailored educational intervention; however, 3 months after the
intervention, those randomized to the tailored education were
no more likely to have initiated the vaccine series than those who
had just read the CDC information face-sheet (54). Of note, few
studies evaluate actual vaccination uptake outcomes, and most
rely on changes in reported intention to vaccinate as a surrogate,
which may over-estimate the impact of education on vaccination
rates. Given the variability in results of these studies, it is unclear
what impact educational interventions alone would ultimately
have on HPV vaccination initiation and completion.

Clinic-Based Interventions
Interventions with a systems-based approach have also been
studied and are encouraged by the CDC as a mechanism to reach
the Healthy People 2020 goal (10). One type of systems-based
approach focuses upon intervention at the level of the practice
and/or clinic. Standing orders, which authorize non-physician
health-care personnel to administer a vaccine to an individual
through a protocol approved by an authorized practitioner, are
one evidenced-based method, which increases vaccination rates
and is endorsed by the U.S. Preventive Services Task Force (55).
A survey of young women attending a gynecology clinic found
that standing orders for the HPV vaccine were generally accept-
able to this population, particularly for the series completion (56).
Automatic reminders or recall-based interventions also
increase vaccination rates: a systematic review of seven studies
demonstrated that reminder systems for the parents or patients,
whether that be through telephone calls, letters, text messages, or
outreach visits, are consistently effective in improving HPV vac-
cination overall (57). These interventions are also relatively easy
to implement and may be particularly helpful with improvement
of vaccine completion rates (58). However, as with the educational
interventions described above, this type of intervention may not
work in all groups and may not work if used alone. In one study of
mostly Hispanic and black parents attending a pediatric clinic in
Texas, reminder phone calls resulted in improvements in rates of
receipt of the second and third doses of the HPV vaccine, but only
in Hispanic populations (59). These results further highlight the
need to understand the community and culture when initiating and
evaluating an intervention. Furthermore, the above data support a
diverse and multifaceted approach to increasing vaccine uptake.
Another systems-based intervention encouraged by the CDC
targets the physician and combines education, reminders, audits,
and feedback to help address the physician contribution to low

Frontiers in Oncology | www.frontiersin.org

February 2016 | Volume 6 | Article 19


http://www.frontiersin.org/oncology/archive
http://www.frontiersin.org/Oncology/
http://www.frontiersin.org

Beavis and Levinson

HPV Vaccination in the United States

vaccination rates (10). In one cluster randomized controlled
trial, clinics that received focused clinician education, electronic
health record based alerts, and quarterly performance feedback
for physicians had a modest, but statistically significant, increase
in vaccine initiation compared to control clinics (58). Reminders
for both parents and physicians can improve vaccination rates,
and while alone, they will likely not get the United States to the
Healthy People 2020 goal alone, they are a powerful adjunct to
any vaccine promotion program.

School-Based Interventions

School-based interventions are another type of systems-based
approach that has been successful in several countries where
there is already a framework for government-funded universal
vaccination, such as Australia (8). While many believe that the
concept of a school-based vaccine clinic is also feasible in the
United States, some studies suggest that key stakeholders are
skeptical of this approach. Focus groups in New Mexico were
conducted with key stakeholders: parents of adolescent girls and
boys, adolescent girls, middle school nurses, and middle school
administrators and highlighted their concerns with this type of
intervention. Overall, parents were uncertain about a middle
school-based program, and school administrators felt that they
lacked the implementation authority (60). However, other stud-
ies suggest that this type of intervention can be successful in the
United States. School-based vaccine clinics seem particularly
more feasible with the passage of the ACA and no-cost-sharing
insurance coverage of the vaccine. In a cluster randomized
controlled trial in Denver (CO, USA) in 2011, 16 schools were
randomly assigned to a school-based vaccine clinic (n = 8) or a
control. Clinics were held three times a year to accommodate the
HPYV vaccination schedule. Consent and insurance information
was collected from the parents prior to vaccine administration.
Compared to controls, children in the intervention schools
were more likely to receive the Tdap vaccine, the meningococcal
vaccine, and the HPV vaccine. The biggest increase was seen in
HPV vaccination rates, where students were 70% more likely to
receive the vaccine. One of the issues raised in this study was
that less than half of the vaccine clinic costs were recuperated
through insurance claims, although this may be related to their
study population (over 40% of students were uninsured and were
not charged for vaccine administration) (61). Regardless, this
randomized controlled trial provides important evidence that
school-based vaccine clinics are feasible and can be effective in
the United States. Additional government funding or partner-
ship with local agencies could help cover costs and, coupled
with education, stands to have the biggest impact on vaccination
rates. Furthermore, just as with the other types of interventions
discussed, adjusting approaches to fit each community or school
may ultimately be needed in order to gain widespread acceptance.

State- and National-Level Interventions

Four of the six jurisdictions (Chicago, DC, Georgia, and Utah)
which demonstrated improvements in HPV vaccine uptake from
2013 to 2014 had received funding through Prevention and Public
Health Fund and had instituted a variety of interventions ranging
from education to monetary support for vaccine programs (15).

In addition to funding, state mandates may also have the potential
to improve vaccination rates. Until recently, only two states had
instituted a mandate for HPV vaccination. In 2008, Virginia
passed a mandate for all girls entering the sixth grade to have at
leastone HPV vaccine, and in 2009, Washington, DC, USA, passed
a similar mandate (15). Both included the ability to “opt-out” at
parental discretion. These two states now have widely disparate
rates of vaccine initiation, demonstrating the variability in the
effectiveness of mandates. On the one hand, Washington, DC,
USA, ranks number 2 for vaccine initiation in girls aged 13-17,
and as previously mentioned was one of the only six jurisdictions
to show improvement in vaccination rates from 2013 to 2014.
On the other hand, Virginia still ranks 28th for vaccine initiation
(see Figure 1) (15). Focus groups conducted in Virginia revealed
that its public generally was not ready for the mandate: parents
felt the government did not have the right to provide parental
consent, they felt they did not have enough information about the
new vaccine before the mandate was launched, they distrusted
the motivations of Merck, and they wanted more education about
the vaccine before having to make a decision (62).

State mandates may, therefore, be appropriate for some states,
but not for others. In fact, a total of 24 states have previously
tried to introduce a mandate into their legislatures, and only
Virginia, DC, and Rhode Island have been successful in passing
it into viable law (63). Rhode Island’s state mandate recently went
into effect on August 1, 2015; it requires both girls and boys to
have at least one dose of the vaccine to enter seventh grade this
year, two doses to enter eighth grade by 2016, and three doses to
enter ninth grade by 2017. In contrast to the DC and Virginia
mandates, exceptions to vaccination are only made for physician-
documented medical reasons or if it is against the parents’ reli-
gious beliefs (64). It remains to be seen if this mandate will be
acceptable to the Rhode Island population, but the state currently
ranks number 1 for vaccine uptake, which may reflect a positive
attitude and predict acceptance of the vaccine in this population.
Further research on the effectiveness of these mandates and other
state-based interventions is needed to understand why particular
interventions work in some regions and not others. It is unlikely
that state mandates alone will help the United States reach its
vaccination goal; lessons from Virginia's mandate show us that
education prior to mandate is the key.

Finding the Right Intervention

Table 1 provides a matrix demonstrating the various proposed
interventions and the barriers which they have the potential to
address. An analysis of 21 HPV vaccination programs imple-
mented in low- and middle-income countries found that tailoring
the intervention to meet the community’s unique needs is an
effective method of improving vaccination rates (24). This same
principle can be applied in the United States, where it is unlikely
that one intervention will achieve success in all regions and
states. While education may help address physician, patient, and
parent attitudes and beliefs, education alone has not been shown
to improve the HPV vaccination rates enough to reach the 2020
goal. State mandates, if used alone, merely provide an incentive
to vaccinate without addressing attitudes and lack of knowledge.
Therefore, mandates can result in failure when education is
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TABLE 1 | Addressing barriers through interventions: improving HPV vaccination rates.

Barriers to HPV vaccination

Parent/patient Physician Regional Follow-up (vaccination Access Cost
lack of knowledge bias differences completion) to care
Individual level  Parent/patient educational X
interventions
Physician educational interventions X
Clinic level Parent/patient reminders and X
recalls
Physician reminders and feedback X X
Interventions
School level School-based vaccine clinics X X X X
School-based vaccine clinics with X X X X X
education
State/national  State-based mandates X X
level National no cost-sharing coverage X X X

(ACA)

This matrix demonstrates potential HPV/ vaccination interventions at various levels, from individual to national, and the ways in which each intervention interacts with different barriers
to vaccination. It is clear that there is not one intervention which alone can address all barriers, and a multipronged approach at the individual, clinic, state, and national levels will be
necessary to reach the Healthy People 2020 goal of 80% vaccine completion in young women.

HPV, human papillomavirus.

lagging or not included. Reminder systems for physicians and
patients, similarly, will not improve knowledge, but can help with
vaccine completion rates. The ACA legislation has helped improve
access but does not address knowledge or attitudes. Clearly, there
is no intervention that will alone result in widespread uptake of
the vaccine. From the available evidence, the optimal interven-
tion would involve a school-based vaccine clinic combined with
complementary parental and student education, addressing the
majority of the barriers to vaccination. It is beyond the scope of
this review to evaluate HPV vaccination uptake in males in the
United States. However, similar interventions which increase vac-
cination rates in girls would likely work for both sexes if tailored
toward improving knowledge, access, and acceptability in both
populations. As vaccination coverage increases for both boys and
girls, HPV vaccination will become more of a social norm, which
will help perpetuate further vaccination of generations to come.

CONCLUSION

The United States has a long way to go to reach the Healthy
People 2020 goal of HPV vaccine coverage in over 80% of girls
aged 13-17. The release of the nine-valent vaccine at the time of
increasing vaccine uptake represents a possible tipping point in
the fight against cervical cancer and could be the first step in the
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eradication of the HPV-related disease. An understanding of the
attitudes and points of view of the various stakeholders is the key
to designing interventions that are tailored to the needs of vari-
ous communities. While education is the key for all, it will likely
not be enough. Efficient and effective use of the electronic health
record to remind physicians and parents about when vaccines are
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High-grade serous carcinoma (HGSC) is the most common and aggressive histotype
of epithelial ovarian cancer (EOC), and it is the predominant histotype associated with
hereditary breast and ovarian cancer syndrome (HBOC). Mutations in BRCA7 and
BRCAZ2 are responsible for most of the known causes of HBOC, while mutations in
mismatch repair genes and several genes of moderate penetrance are responsible for
the remaining known hereditary risk. Women with a history of familial ovarian cancer
or with known germline mutations in highly penetrant genes are offered the option
of risk-reducing surgery that involves the removal of the ovaries and fallopian tubes
(salpingo-oophorectomy). Growing evidence now supports the fallopian tube epithelia as
an etiological site for the development of HGSC and consequently, salpingectomy alone
is emerging as a prophylactic option. This review discusses the site of origin of EOC, the
rationale for risk-reducing salpingectomy in the high-risk population, and opportunities
for salpingectomy in the low-risk population.

Keywords: salpingectomy, BRCA1, BRCA2, ovarian cancers, fallopian tubes

INTRODUCTION

In 2015, approximately 22,000 women in the United States were diagnosed with ovarian cancer and
14,000 died from this devastating disease (1). Ovarian cancer is a heterogeneous disease that can be
divided into three main types: sex cord stromal tumors, germ cell tumors, and epithelial ovarian can-
cer (EOC). EOC accounts for the vast majority of ovarian cancers and consists of different subtypes,
namely, mucinous, endometrioid, clear cell, low-grade serous, and high-grade serous carcinoma
(HGSC) (2). The various histotypes differ in epidemiology, etiology, and treatment. High-grade
serous ovarian carcinoma is not only the most common subtype of EOC, accounting for 75% of cases,
but also the most aggressive. Most women present at advanced stages (stage IIT or I'V) at diagnosis, at
which point the 5-year survival rate ranges between 20 and 40%. However, for patients with stage I
disease, the 5-year survival rate exceeds 90% (3). Molecular and genetic data indicate that HGSC of
the ovary may have a similar origin to HGSC of the fallopian tube and peritoneum, and therefore, it
has been suggested that all the three be described collectively as HGSC (4). Of the patients diagnosed
with a HGSC, 15-20% will have a known germline mutation in the highly penetrant homologous
repair pathway genes, BRCA1 or BRCA2.

In the general population, the incidence of ovarian cancer is higher in white women than in
women from other racial or ethnic groups, and survival rates at 12 years are better in Caucasian
American women (38%) compared with African-American women (32%). Of interest, Hispanic
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women (43%) and Asian women (52%) have higher survival
rates. It is estimated that about 1 in 500 Americans have a muta-
tion in BRCAI or BRCA2. The lifetime risk of developing ovarian
cancer with germline mutations in BRCA1 and BRCA2 is 40-60
and 11-27%, respectively (5-9). The burden of hereditary breast
and ovarian cancer syndrome (HBOC) was previously thought
to be confined to white women, particularly those of Ashkenazi
Jewish descent. However, recent studies of different immigrant
populations in the United States and in their respective countries
of origin have identified pockets of women who bare a similarly
high genetic burden as the Ashkenazi Jewish population. Women
of Bahamian heritage, for example, are estimated to have 27.1%
of breast cancer cases due to BRCA mutations (10, 11). The ovar-
ian cancer burden in these isolated high-risk populations is still
unclear, but likely to be as high as those women of Ashkenazi
descent. Other highly penetrant genes, such as PTEN and TP53,
and moderately penetrant genes, such as PALB2, BRIP1, CHEK?2,
and ATM (12), are also associated with HBOC, albeit at lower
frequencies than the prevalence of BRCAI and BRCA2 muta-
tions. Norquist et al. recently reported RAD51C, RAD51D, and
BARDI as additional genes mutated in the germline of invasive
serous ovarian cancer patients (12, 13). These data suggest that
despite the growing list of genes involved in ovarian cancer pre-
disposition, 70-85% of the women diagnosed with HGSC have
“sporadic” disease.

Ovarian cancer incidence and mortality among US women
has declined in those aged 35-59 years due to earlier detection
methods or changes in risk (3). Conversely, in Southern and
Eastern Europe, there is a corresponding rise in incidence (14) as
women reduce breastfeeding and have fewer children (decrease
in parity), which are both known risk factors. A similar trend
of increasing incidence is expected in low-middle income
countries (14).

Screening methods with CA-125 and transvaginal ultrasound
have proved mostly ineffective in decreasing mortality for sporadic
HGSC and ovarian cancer in general (15, 16). Early detection has
been and continues to be a challenge in ovarian cancer because
the disease is habitually asymptomatic before peritoneal spread
(17). However, with the identification of pockets of the popula-
tion at high risk for HBOGC, there is an opportunity to reduce the
burden of disease through increased and targeted genetic testing
as well as screening and prevention measures for ovarian cancer
risk reduction.

CELL OF ORIGIN OF SEROUS OVARIAN
CANCER

Ovarian Surface Epithelia

Prior to the reported observation of in situ carcinoma in the distal
end of the fallopian tube of women undergoing prophylactic
surgery, the ovary was thought to be the etiological site of high-
grade serous ovarian cancer. Now, there are two candidates for
the cell of origin, namely, the fallopian tube epithelium (FTE)
and the ovarian surface epithelium (OSE). Both share common
mesodermal embryological origin and close anatomic proximity.
The fallopian tube, along with the uterus, uterine endocervix, and

superior aspect of the vagina are derived from an invagination of
the celom known as the Mullerian or paramesonephric ducts. The
OSE is derived from the mesothelial celomic epithelium that lines
the primitive ovary (18).

The “incessant ovulation” hypothesis, proposed by Fathalla
(19), suggested that continuous ovulatory cycles during the
reproductive lifespan of a woman increase her risk of developing
HGSC (19). He proposed that ovulation resulted in an increase
in inflammation through which the secretion of cytokines,
chemokines, bradykines, and hormones induce DNA damage
via oxidative stress in the cortical inclusion cysts (CIC) observed
in the ovary. These events, along with proliferation of the OSE,
promote metaplastic changes leading to neoplastic transforma-
tion (2, 15, 19).

Xenografts of transformed OSE cell lines and genetic animal
models have been used in an attempt to model HGSC in the
absence of in situ pre-neoplastic lesions in the ovary. Genetic
mouse models deleting BRCA1, Rb1, and TP53 genes from the
OSE resulted in leiomyosarcomas (20) and not HGSC. In contrast,
targeted deletion of these genes in the fallopian tube epithelia
of mice has led to the development of tumors genomically and
pathologically similar to HGSC (21). The somatic mutational
spectrum found in lesions associated with the ovary proper
and neoplastic lesions have been shown to have KRAS, BRAF,
CTNNBI, ARIDIA, PTEN, PPP2RIA, and PIK3CA (22). These
tumors rarely have TP53 mutations, which suggest a distinct
etiology and natural history of tumorigenesis from that of HGSC.

Fallopian Tube Epithelia

There is now substantial convincing clinical and molecular evi-
dence in support of the FTE as the source of the cell of origin of
low- and high-grade serous ovarian cancer (22). Experimental
in vitro manipulation and transformation of human fallopian tube
epithelial cells have demonstrated that these cells in a xenograft
model can give rise to tumors, which resemble primary HGSC
(23). Additionally, mouse models targeting BRCA and TP53 in
fallopian tube epithelia develop HGSC (21).

A series of transcriptional studies by Tone et al. and George et al.
have shown that the phenotypically normal fallopian tube epithelia
from BRCAI and BRCA2 mutation carriers show transcriptional
differences when compared to epithelial cells with a normal BRCA
genotype. These differences have been shown to impact different
molecular pathways. Consequently, these pathways are implicated
in tumor initiation, progression, and recurrence (24-26). As a
result of these studies, the authors proposed that chronic inflam-
matory states through cyclical ovulation in the presence of a
mutated BRCA allele could predispose the normal FTE to undergo
neoplastic transformation, which may lead to serous carcinoma.
This would primarily occur through deregulation of DNA dam-
age response genes and synergistically through upregulation of
cytokines, proinflammatory and proliferation genes.

The BRCA-associated carcinomas share some common
genomic features such as frequent mutations of TP53 and copy
number landscape features including Cyclin-E1 amplification
and deletion of RbI (27). Altered BRCA function is not unique
to hereditary HGSC but is prevalent via somatic mutations (6%)
(28-31), promoter hypermethylation (13-31%) (28, 32-34), and
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other genetic or epigenetic alterations, predominantly in the
homologous recombination (HR) pathway in HGSC. This has
led to determining the “BRCAness” profile in patients (35, 36).
Overall, these differences in morphologically normal epithelia
from BRCA mutation carriers have shed light into the effects of
heterozygosity and predisposition to the development of HGSC
and, importantly, potential features that might be manifested in
the STIC.

Detailed histopathological examination of tubal epithelia in
BRCA mutation carriers undergoing risk-reducing surgery led to
the discovery of putative cancer precursor lesions in the fallopian
tube referred to as serous tubal intraepithelial carcinoma (STIC)
(37-40). STIC was first reported by Piek et al., who described
dysplastic epithelial changes in the fallopian tubes of women with
a BRCAI or BRCA2 mutation, who underwent risk-reducing
salpingo-oophorectomies (RRSO) (38, 41). These lesions have
distinct morphological features such as loss of polarity, epithe-
lial tufting, and pleomorphic nuclei, and in addition, there is
abnormal p53 expression and a high-proliferative index (refer to
Lheureux et al. for commentary) (2, 42).

Since the discovery of the STIC, three possible pre-neoplastic
lesions have been described, including the p53-signature, low
grade serous tubal intraepithelial lesions (STIL), and secretory
cell outgrowths (SCOUTS) (43). These lesions share a combina-
tion of phenotypic and/or genomic alterations with the cancer
cells in HGSC. TP53 mutations, which are ubiquitous in HGSC,
are usually concomitantly found in STIC and HGSC (2, 44).
Over-expression of p16 has been documented in some STILS and
over-expression of Pax8, Bcl-2, and loss of Pax2 expression has
been observed in SCOUTS (45). However, none of these lesions
are clinically actionable, as it is still unclear which of these lesions
and/or combination of genomic alterations, has the pathogenic
capacity to give rise to a carcinoma.

Many studies have now reported the incidence of non-invasive
neoplastic lesions (STIC) in the distal end of the fallopian tube.
It is estimated that occult invasive and STIC are identified in
0.9-8.5% of women undergoing RRSOs (2, 39, 40, 43, 46-63)
(Table 1). The frequency of STIC lesions increases with age and is
lower with oral contraceptive use (64). It is important to note that
the large range in estimates of the prevalence of occult and STIC
lesions is reflective of the variances in diagnostic methodologies
used by different centers and study groups (42).

Powell and colleagues reported that in a long-term follow-
up study of women diagnosed with non-invasive serous tubal
epithelial carcinoma who underwent RRSO, 6% (1/17) recurred
43 months after risk-reducing surgery compared to 43% of
women who had unsuspected invasive carcinoma at time of
surgery (65). There is a continued need to understand the effects
of inflammation and hormones on the fallopian tube epithelia,
relating to latency and the preferential sites of seeding, are critical
for addressing prevention and risk-reduction strategies in geneti-
cally high-risk populations.

Opportunities for Ovarian Cancer Risk

Reduction
Epidemiological data show that oral contraceptives, aspirin,
and other non-steroidal anti-inflammatory drugs reduce the

TABLE 1 | Evidence of serous tubal intraepithelial carcinoma in risk-
reducing salpingo-oophorectomy of asymptomatic women with known
BRCA1 or BRCA2 mutations or strong family history of breast or ovarian
cancer.

Reference Number of Incidence of STIC or occult
RRSO cases  carcinoma in the distal end of
the fallopian tube

Colgan et al. (53) 60 5(8.3%)

Piek et al. (41) 12 5 (41.6%)

Leeper et al. (55) 30 3 (10%)

Powell et al. (49) 67 4 (6%)

Carcangiu et al. (56) 50 4 (8%)

Finch, et al. (48) 159 7 (4.4%)

Callahan et al. (52) 122 7 (5.7%)

Shaw et al. (39) 176 15 (8%)

Hirst et al. (54) 45 4 (8.9%)

Powell et al. (59) 111 (5 4%)
Manchanda et al. (50) 117 0(8.5%)

Mingels et al. (58) 226 16 (7.1%)

Reitsma et al. (60) 303 3(0.99%)
Wethington et al. (62) 593 12 (2.0%)

Cass et al. (57) 78 (11 5%)

Sherman et al. (61) 966 5 (2.6%)

risk of ovarian cancer. In a meta-analysis as a primary preven-
tion mechanism by Havrilesky et al., oral contraceptive pills
use reduced ovarian cancer risk by 50% if used for more than
10 years (66). Recently, aspirin use was associated with a reduced
risk of ovarian cancer, especially among daily users of low-dose
aspirin (67). These observations highlight the relationship
between ovulation and its inflammatory accompaniment with
ovarian cancer development. Women identified at highest risk,
that is, germline mutation carriers and/or strong family history
of ovarian cancer, may benefit from use of these chemopreven-
tion strategies.

Tubal ligation (tubal sterilization) has been shown to reduce
ovarian cancer risk that theoretically is spread through retrograde
menstrual flow (68-70). In particular, tubal ligation was associ-
ated with reduced risk of invasive ovarian cancer, with the great-
est benefit seen in the endometrioid and clear cell subtypes (71).
The mechanism of protection is through prevention of retrograde
menstruation, and hence, a decrease in Fenton’s reaction (gener-
ates reactive oxidative species) in the environment of the fallopian
tube as well as prevention of endometrial cells implanting in the
ovary. Although tubal ligation appears to be protective for all
histotypes of ovarian cancer, it is least effective in reducing risk
for the most lethal subtype, HGSC (71).

Salpingectomy

As early as 2002, Rebbeck et al. suggested that bilateral prophylac-
tic oophorectomies reduced the risk of ovarian and breast cancer
in women with BRCAI or BRCA2 mutations by as much as 96%
(72). Olivier et al. demonstrated that risk-reducing salpingo-
oophorectomy reduced the risk of ovarian, fallopian tube, and
peritoneal papillary serous carcinoma in BRCAI and BRCA2
mutation carriers (some women still developed peritoneal dis-
ease) (73).
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FIGURE 1 | (A) High-grade serous carcinoma (HGSC) is the most common histologic type of cancer seen in the ovaries, fallopian tube, and peritoneum. (B) The
fallopian tubes may act as a possible conduit for retrograde menstrual flow, which is theorized to induce the malignant transformation of cells via oxidative stress,
inflammation, and hyperestrogenism. Further, endometriosis has been strongly linked with endometrioid ovarian carcinoma and clear cell ovarian carcinoma.
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As previously mentioned, there is clear evidence supporting
the role of the fallopian tube as the etiological site of HGSC
[and most likely low-grade serous carcinoma (22)]. For this
reason, women with known risk for breast and ovarian cancer
may undergo prophylactic surgical removal of the ovaries
and fallopian tubes, a procedure known as RRSO. Current
guidelines from the National Comprehensive Cancer Network
and the Society of Gynecologic Oncologists suggest that RRSO
to be completed by the post-child bearing period, the age of
35-40, or 10 years younger than a first-degree relative diag-
nosed with ovarian cancer (74). However, it is believed that
the majority of these high-risk women do not undergo RRSO
by age 40 (75). This modality of precision prevention involves
risk stratification and risk reduction in patients carrying both
highly penetrant (76) (BRCAI and BRCA2) and moderate to
lower penetrant genes such as PTEN, PALB2, CHEK2, ATM,
and BRIPI. The removal of the fallopian tubes alone is referred
to as risk-reducing salpingectomy (RRS). In young women
identified with a BRCAI or BRCA2 mutation, RRS is performed
in an effort to reduce ovarian cancer risk while maintain-
ing adequate hormonal levels to avoid the effects of early
menopause. This latter approach, however, is not restricted to
women at high risk for serous ovarian cancer, as it will also
have a beneficial impact on reducing the risk of development of
endometriosis-associated clear cell and endometrioid ovarian
cancer (Figure 1).

Opportunistic Salpingectomy

Opportunistic salpingectomy refers to removal of the fallopian
tubes in women who are not at an increased risk of developing
ovarian cancer. In 2010, a population-based and institution-
wide study in British Columbia, Canada, was initiated whereby
three recommendations to gynecological surgeons were made:
(1) consider opportunistic salpingectomy during hysterectomy,

(2) consider excisional bilateral salpingectomy rather than
tubal ligation for sterilization, and (3) refer all HGSC patients
for BRCA1/2 germline testing (77). Interim results on surgical
outcomes revealed that the rates of hysterectomy with bilateral
salpingectomy increased 3.5-fold compared to hysterectomy
alone, and the rates of tubal ligation as a mode of surgical steril-
ity decreased from 99.7% in 2009 to 66.7% in 2011, while the
rate of bilateral salpingectomy concomitantly increased 111-fold
compared to 2009 rates (77). The authors also reported that the
length of hospitalization post-hysterectomy and bilateral sal-
pingectomy was not longer than for hysterectomy alone and that
there was no significant difference in the rate of blood transfusion
or hospital readmission among these two groups. In addition,
there was no significant difference in length of hospitalization
or rate of transfusion for bilateral salpingectomy compared to
tubal ligation.

The caveat to opportunistic salpingectomy is that even if
implemented on a large scale, the true impact of ovarian cancer
reduction will take years to be realized (77). It is also important
to note that salpingectomy alone, unlike oophorectomy, does
not reduce the risk of breast cancer by modulating levels of
estrogen.

There is categorical evidence that RRSO reduces ovarian and
breast cancer death and all-cause mortality (78, 79). There is
currently no evidence that points to the outcome and impact
of ovarian cancer risk reduction for two-stage procedure
of salpingectomy followed by oophorectomy. In the United
States, MD Anderson is conducting a clinical trial assessing
prophylactic salpingectomy with delayed oophorectomy (80).
A report from the Nurses’ Health Study concluded that com-
pared with ovarian conservation, bilateral oophorectomy at the
time of hysterectomy for benign disease was associated with a
decreased risk of breast and ovarian cancer but an increased
risk of all-cause mortality (81, 82); therefore, one can stipulate
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that salpingectomy alone may be sufficient in the genetically
“low-risk” population, while the overall benefit versus harm
of these approaches requires close attention in the genetically
high-risk population. Specifically, oophorectomy offers protec-
tion against breast cancer even after menopause and improves
survival in those with breast cancer (83). As these prevention
modalities are implemented, it is important that the goal
of decreasing the incidence and burden of ovarian cancer is
not at the expense of worsening the incidence and mortality
of breast cancer in women who are at increased risk due to
co-morbidities.
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Without prevention or screening options available, ovarian cancer is the most lethal
malignancy of the female reproductive tract. High-grade serous ovarian cancer (HGSOC)
is the most common histologic subtype, and the role of germline BRCA1/2 mutation in
predisposition and prognosis is established. Given the targeted treatment opportunities
with PARP inhibitors, a predictive role for BRCA1/2 mutation has emerged. Despite
recommendations to provide BRCA1/2 testing to all women with histologically confirmed
HGSOC, uniform implementation remains challenging. The opportunity to review and
revise genetic screening and testing practices will identify opportunities, where universal
adoption of BRCA1/2 mutation testing will impact and improve treatment of women
with ovarian cancer. Improving education and awareness of genetic testing for women
with cancer, as well as the broader general community, will help focus much-needed
attention on opportunities to advance prevention and screening programs in ovarian
cancer. This is imperative not only for women with cancer and those at risk of developing
cancer but also for their first-degree relatives. In addition, BRCA1/2 testing may have
direct implications for patients with other types of cancers, many of which are now being
found to have BRCA1/2 involvement.

Keywords: ovarian cancer, BRCA1/2, testing, treatment, prevention

INTRODUCTION

Over the last four decades, there has been modest progress in the 5-year overall survival rates of
women diagnosed with ovarian cancer, despite enhanced surgical efforts and introduction of doublet
platinum/taxane chemotherapy. Worldwide, newly diagnosed cases of ovarian cancer have reached
239,000, positioning this malignancy as the seventh most common cancer in all women, with the
highest incidence in Europe and North America (1). Typically diagnosed at an advanced stage (III/
IV), high mortality rates for ovarian cancer continue to persist with almost 152,000 deaths per year
(Figure 1) (2).

The lifetime risk of spontaneously developing and dying from ovarian cancer are 1.39 and 1.04%,
respectively; however, the incidence of developing ovarian cancer significantly increases in carriers
of germline mutations, mainly with either the breast cancer gene 1 (BRCA1I) or 2 (BRCA2) genes.
The lifetime risk of developing ovarian cancer is 40-60 and 11-27% for BRCA1 and BRCA2 muta-
tion carriers, respectively (3). These particular mutations are implicated in 10-15% of all ovarian
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FIGURE 1 | Ovarian cancer incidence and mortality rates worldwide (ASR) based on GloboCan data (1).

cancer cases and almost 20% of high-grade serous histology
[high-grade serous ovarian cancer (HGSOC)] (4), including
in women without a family history of breast or ovarian cancer.
Approximately, one-third of patients with hereditary ovarian can-
cer have no close relatives with cancer (3). Family history-based
testing for BRCA1/2 germline mutations has been shown to miss
a significant proportion of women at risk for developing cancer
(5), perhaps as a result of incomplete or incorrect family history
reporting (6, 7) or potentially due to a lack of updating new family
history information as it becomes available (8).

At present, a variety of selection criteria are used to determine
the eligibility for BRCA1/2 testing, including family history, age

at onset, tumor clinicopathological features, and computational
risk prediction models (BRCAPRO, BOADICEA, Myriad, and
Manchester scoring system) (9). The clinical criteria for risk
assessment, genetic counseling, and genetic testing for BRCA-
related cancers in women are based on personal and family
history factors that may contribute to the disease (10) and are
related to the likelihood of testing positive above a common
testing threshold of 10% (11). These models often underestimate
the probability of finding a mutation (12-14). It has been shown
that the current family history approach does not identify 60% of
Ashkenazi Jewish BRCA mutation carriers (15), thus creating a
critical gap in practice that affects clinical treatment strategy and
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possibly patient outcome. As such, in light of advances in our
understanding of BRCA-related breast and ovarian cancers - and
the opportunity to directly impact therapeutic decision-making
in these women - the recommendations to include universal
germline BRCA1/2 testing to all women diagnosed with non-
mucinous ovarian carcinoma (4) and women with triple-negative
breast cancer (16) are growing in strength (17-19). Using next
generation sequencing for 21 tumor suppressor genes of 360 sub-
jects, ~24% carried germline loss-of-function mutations: 18% in
BRCA1 or BRCA2 and 6% in BARDI, BRIP1, CHEK2, MRE11A,
MSH6, NBN, PALB2, RAD50, RAD51C, or TP53 (20). The study
also showed that 31% of women with an inherited mutation had
no prior personal history of cancer or family history of breast
or ovarian cancers (20). The National Comprehensive Cancer
Network (NCCN) and Society of Gynecologic Oncology (SGO)
guidelines suggest universal genetic counseling and testing of
all women with ovarian cancer, including fallopian tube and
peritoneal cancer (17, 19). Given the rate of BRCA1/2 mutation
in HGSOC, germline BRCA1/2 testing is especially warranted
in practice for this histology subtype. An immediate improve-
ment to treatment opportunities would be to offer systematically
genetic testing for BRCA1/2 mutation to all HGSOC, although
it has been reported that 20% of women with ovarian cancer in
community hospital settings were referred for genetic testing
(21). While this was shown to be improved in academic centers,
referral for germline BRCA1/2 testing was not systematic and
did not reach the majority of patients (22). In clinical practice,
there is a critical gap between the women eligible for BRCA1/2
counseling and those receiving testing (23, 24). With the recent
approval of olaparib, a PARP inhibitor, it is likely that referral for
genetic testing of BRCA1/2 status will improve.

KNOWLEDGE OF BRCA1/2 MUTATION
STATUS IMPACTS CLINICAL CARE OF
WOMEN WITH OVARIAN CANCER

Knowledge of BRCA1/2 status should be part of the standard of
care at least for patients diagnosed with HGSOC. Indeed, there
is a large body of evidence indicating benefits of targeting path-
ways involved in maintaining DNA integrity, including BRCA1
and BRCA2 signaling (25). Harboring a germline BRCA1/2
mutation is described as predictive of platinum sensitivity
(26). Moreover, based on the synthetic lethality concept - the
simultaneous promotion of DNA double-strand breaks (DSBs)
and hindrance of DSB repair by inhibition of PARP protein
expression (27, 28) - PARP inhibitors have been developed.
This effect was shown clinically in the pivotal international,
multicenter, randomized, phase II study that evaluated olaparib
(a PARP inhibitor) as maintenance treatment in women with
HGSOC who had responded to platinum-based chemotherapy
(29). The preplanned retrospective analysis of outcomes by
BRCA1/2 status in this study demonstrated that BRCA-mutated
patients had better progression-free survival (PFS) with olaparib
maintenance compared to those receiving placebo (11-2 versus
4-3 months; HR 0:18; p < 0-0001) (30). The PFS benefit was still
observed when somatic BRCA-mutated patients were included in

the analysis. Additional evidence supporting the role of olaparib
as maintenance therapy was reported from an international, mul-
ticenter, randomized, open-label study in women with platinum-
sensitive relapsed HGSOC (NCT01081951) (31). In this phase
11, olaparib was given with carboplatin/paclitaxel chemotherapy
and continued as maintenance monotherapy. Overall, study
findings show a significant PFS improvement when compared
to chemotherapy alone (12.2 and 9.6 median PFS, respectively;
HR 0.51; 95% CI 0.34-0.77; p = 0.0012). A greater benefit was
detected in patients with a BRCA1/2 mutation (PFS HR 0.21;
95% CI 0.08-0.55; p = 0.015) than in those without a BRCA1/2
mutation. Further, study analysis revealed strong evidence
that olaparib maintenance is most likely a key contributor to
the improvement in PFS in this patient population (31). There
are numerous ongoing PARP inhibitor studies investigating
women with BRCAI/2 mutations as well as mutations in other
homologous recombination-deficient (HRD) genes, as data has
shown HRD genes to exhibit BRCA-like behavior (32). To date,
the use of olaparib maintenance has been approved in Europe
after response to platinum-based chemotherapy in women with
platinum-sensitive HGSOC who harbor a germline or somatic
BRCA1/2 mutation (30) and in US, as single agent therapy after
three lines of chemotherapy in patients with germline BRCA1/2
mutation HGSOC (33). Taken together, germline and somatic
testing for BRCA1/2 provides important information for patients
with ovarian cancer and this knowledge can directly impact clini-
cal care.

KNOWLEDGE OF GERMLINE BRCA1/2
MUTATION STATUS IMPACTS OVARIAN
CANCER PREVENTION

Germline BRCA1/2 status is not only relevant to women with
ovarian cancer but also to women without cancer, who may be
at an increased risk of developing the disease and could therefore
benefit from prevention strategies. Currently, few prevention
options are available for women with germline BRCA1/2 muta-
tions. Women known to be at an increased genetic risk for devel-
oping OC, based on germline BRCA1/2 mutation carrier status,
are offered risk-reducing salpingo—oophorectomy (RRSO), which
reduces the risk of ovarian cancer by 71-96% (34-39). Surgery is
usually performed after the completion of childbearing and while
the woman is still pre-menopausal. Guidelines from the NCCN
and the Society of Gynecologic Oncologists suggest that RRSO
be completed by the age of 40 (19, 40); however, the majority of
women who undergo RRSO do not do so by this age (41). This
may be due to the potential side effects, such as premature surgi-
cal menopause (42), osteoporosis (43), cardiovascular disease
(44, 45), cognitive impairments (46), symptoms of depression
and anxiety (47), and consequences on quality of sleep, depres-
sion, and sexual dysfunction (48) associated with early RRSO.
In light of these side effects — and the compelling evidence that
high-grade serous epithelial ovarian cancer can be derived from
the fallopian tube and not the ovary (49-53) - a recent commit-
tee opinion published by the American College of Obstetricians
and Gynecologists outlines the opportunity for surgeon-led
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discussions with patients regarding the potential benefits of the
removal of the fallopian tubes during hysterectomy in women
at population risk of ovarian cancer who are not having an
oophorectomy (54). Young BRCA1/2 mutation carriers can be
counseled for risk-reducing bilateral salpingectomy initially, with
subsequent bilateral oophorectomy after childbearing, although
additional randomized controlled trials are warranted to support
the validity of this approach. Further studies of associated hyster-
ectomy are warranted in the population to provide appropriate
family counseling guidance (55, 56). These discussions are impor-
tant as data from nine countries have shown that preventative
practices in women with germline BRCA1/2 mutations are varied
despite guidelines (57). The study of 2677 women harboring
germline BRCA1/2 mutations, who were an average of 3.9 years
following genetic testing, showed that only 57.2% had undergone
prophylactic surgery. This reveals differing uptake of preventative
options by their country of residence (57). It also highlights the
lack of effective alternate strategies for individuals identified to be
at high risk, often for years before clinical development of disease
or risk reduction procedures like surgery can be offered.

GERMLINE BRCA1/2 TESTING STRATEGY

The current germline BRCA1/2 testing strategy is mainly based
on patients diagnosed with cancer. As previously discussed, as a
minimum, all patients with HGSOC should be approached for
BRCA1/2 testing as well as those patients diagnosed with non-
mucinous ovarian cancer (Figure 2). Furthermore, knowledge of
germline BRCA1/2 status in women living with ovarian cancer
directly impacts first-degree relatives (FDRs), who have a 50%
probability of carrying the same mutation and are yet to be

diagnosed, and therefore, could also benefit from risk-reducing
prevention strategies (58).

While there has been much debate regarding the concept
of population-based germline BRCA1/2 screening (59), this
targeted approach within the Ashkenazi Jewish community
has been shown to be more effective than family history-based
testing and cost-effective. A Canadian-led study comparing the
detection of BRCA1/2 mutation carriers through Jewish popu-
lation-based genetic testing versus clinic-based genetic testing
found that more unaffected women with a BRCA1I or 2 mutation
were identified as a result of a genetic testing program targeting
all Jewish women (60). This evidence supports the provision of
genetic testing to all Jewish women (60). Conducted between
2008 and 2012, around 6179 Jewish women were tested through
the population-based program, which identified 93 mutation
carriers (92 unaffected with cancer) in comparison to 38 female
carriers identified through 487 referrals to the genetics center
(29 unaffected with cancer). Study findings showed that popu-
lation genetic testing does not contribute to increased genetic
counseling time but in fact decreases the overall time required
when utilizing a population-based approach. Of particular
importance, the 38% of women identified as having a BRCA1/2
mutation would have qualified for genetic testing but were either
unaware of the recommendation or had not been referred by
their health-care provider (60). Examining a similar approach,
a randomized controlled trial of germline BRCA1/2 gene muta-
tion testing in Ashkenazi Jewish women that compared family
based testing to population screening, successfully enrolled and
randomized 1034 participants (691 women, 343 men), of which
1017 were eligible for analysis. Similarly, findings showed that
overall 56% of carriers did not fulfill clinical criteria for genetic
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testing, and germline BRCA1/2 prevalence was 2.45%. The fact
that more than half of participants did not fulfill testing criteria
is in agreement with previous data (61, 62), in which carriers
lacked a strong family history of cancer. Moreover, the study
also provided evidence that population-based genetic testing of
Ashkenazi Jewish women does not adversely affect short-term
psychological or quality of life outcomes (63). Cost-effective
analyses conducted in parallel to the above study show that
even when incorporating BRCA 1/2 prevalence in family history
negative individuals and genetic counseling costs, this specific
population-based screening for germline BRCA1/2 mutations
is highly cost-effective compared to family history-based
approaches in Ashkenazi Jewish women aged 30 years and older
(15). Screening based on founder mutations is feasible if the
type of mutation is well known and allows for population-based
screening approaches, such as in the Ashkenazi Jewish popula-
tion, where two founder mutations in BRCAI (185delAG and
5382insC) and one in BRCA2 (6174delT) account for 98-99% of
identified mutations (64-67). This population-based screening
approach is cost-effective, as previously described, given that
2.5% of this population carry one of these three mutations (64),
and these mutations account for 40% of ovarian cancer (68, 69).

Worldwide, variation in the distribution of BRCAI and BRCA2
mutations is well recognized, and in certain countries and ethnic
communities the germline BRCA1/2 mutation spectrum is lim-
ited to a few founder mutations (70). However, both the number
and frequency of germline BRCAI and BRCA2 mutations vary

among populations (Figures 3 and 4) (71-73). Findings from an
international observational study of 19,581 BRCAI and 11,900
BRCA2 carriers from 55 centers in 33 countries on 6 continents
provide strong evidence that breast and ovarian cancer risks
vary by type and location of BRCAI/2 mutation (73). As such,
much research is moving toward characterizing the functional
significance of specific mutations or mutation locations (74, 75).

Located on the long arm of chromosome 17, BRCAI
(MIM#113705) comprises 22 coding exons spanning 80 kb
of genomic DNA and has a 7.8-kb transcript coding for an
1863-amino-acid protein (76). BRCA2 (MIM#600185) is located
on chromosome 13 and comprises 26 coding exons spanning
70 kb of genomic DNA and gives an 11.4-kb transcript that
encodes a protein of 3418 amino acids (77). Multifunctional
in nature, BRCA proteins play important control functions in
homologous recombination, the DNA DSB repair pathway, and
early cellular response to DNA damage. BRCA1 also has a tran-
scriptional activator or repressor function and possesses a central
role in chromatin remodeling and centrosome regulation. BRCA I
and BRCA?2 appear to behave as tumor suppressor genes, and
mutations in either of these genes have been found throughout
the entire coding region and at splice sites (78). In light of the
structural and interactive complexity of BRCA1/2, international
collaborations will not only continue to improve our understand-
ing of BRCA1/2 mutations and how mutation type and location
influence breast and ovarian cancer risks (Figures 3 and 4)
(71-73) but also help devise novel, targeted testing panels that
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can potentially support specific population-based genetic testing,
similar to the Ashkenazi Jewish population.

TRANSLATING KNOWLEDGE INTO
PRACTICE

To ensure successful uptake of germline BRCAI/2 testing or
preventative strategies, wide community engagement and educa-
tion regarding ovarian cancer are imperative. Following Angelina
Jolie'’s announcement that she carried a genetic mutation that
increased her odds of developing breast and ovarian cancer,
referrals for genetic counseling and BRCAI/2 testing appeared
to have increased the awareness of cancer, particularly for breast
cancer (79-81). While celebrities can bring heightened awareness
to health issues, there is a need for these messages to be accom-
panied by more purposeful communication efforts to assist the
public in understanding and using the complex diagnostic and
treatment information that these stories convey (82).

In a small US study, data show that despite a significant propor-
tion of primary care patients requiring genetic counseling, there is
compelling evidence that few are actually receiving these services
(23). Data from the same study also indicate that while overall
perceived cancer risk was higher among women with familial
cancer risk, 27% of women with familial breast/ovarian cancer
felt their risk was “low” and 32% felt their risk was lower than
average — highlighting the need for educational interventions for
patients as well as providers (23). This highlights the importance
of considering the potential psychological impacts that may be
associated with BRCA1/2 testing over time. Employing qualitative
interviews (N = 49) and reflective diaries, a study of 33 patients
showed that the short-term impact of a positive BRCAI/2 test
result differs prior to, immediately following, and up to 24 months

after having received test results (83). Conducted from December
2006 to March 2010, data show that while women with cancer ini-
tially undergo genetic testing for their children, on confirmation
of a positive test, the focus temporarily shifts to decision-making
around their personal health needs. In fact, the threat of further
disease caused anxiety around nurturing children and personal
survival, which remained unresolved until women underwent
risk-reducing surgery and in many continued as cancer worry
(83). Here, findings help to illustrate where additional support
for women during the testing process may be most beneficial.
The long-term effects of a positive BRCA1/2 test result are also
of relevance. A prospective single US centre study evaluating the
long-term psychosocial effects of BRCA1/2 testing in a cohort
of 464 women who had undergone genetic testing found that at
long-term follow up (median 5 years; range 3.4-9.1 years), when
assessing cancer-specific and genetic testing distress, perceived
stress, and perceived cancer risk, there is modest increased
distress in BRCAI/2 carriers compared to those women who
received uninformative or negative test results (84). Despite the
modest increase in distress, the group found no evidence of clini-
cally significant dysfunction or impact of long-term psychological
dysfunction due to testing (84). Data indicate that when patients
receive counseling both before and after testing, they have more
knowledge and experience less uncertainty and anxiety after learn-
ing the results of BRCA1/2 test. Although, patient experiences
may vary with test results (85). Therefore, when taken together,
it is imperative that appropriate multidisciplinary, supportive
structures are in place that women eligible for testing can rely
upon, leading up to and following a positive test result, including
at the time of risk-reducing surgery and during surveillance.
Testing positive for a germline BRCA1/2 mutation goes
beyond the patient herself potentially impacting her children
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and other members of their family by allowing cascade testing
to proceed, if warranted (86). Accurate communication of test
results is therefore critical for subsequent members to be tested.
Research suggests fractured information dissemination among
families when a positive germline BRCA 1/2 test is communicated.
In a systematic review of 29 publications from 26 studies, family
communication regarding genetic risk is described as a delibera-
tive process whereby the individual’s personal risk is determined,
within the context of family dynamics, family vulnerability and
receptivity is assessed, which mediates what information will
be conveyed, and ultimately, the appropriate time to disclose
information (87). Numerous studies provide complementary
data illustrating that issues impacting the communication of test
results within families includes an individual’s responsibility to
inform, emotional and developmental readiness — such as when
parents disclose BRCA1/2 results to children (88) - and again,
communicating in the context of the existing family culture
(89, 90). A retrospective study highlighted many errors in the
transmission of DNA-test results in families from early stages of
probands recalling information directly from genetic counselors,
to the interpretation of information by family members (91).
Therefore, support provided by genetic counselors could improve
the overall process, not only during communication to family
members but also during the education of physicians regarding
family centered genetic testing for the physicians who may have
referred the patient for testing (92).

BRCA1/2 MUTATION IMPACTS MORE
THAN OVARIAN CANCER TREATMENT
AND PREVENTION

While the most described cancers driven by germline mutations
in BRCA1/2 have been breast and ovarian, there is also mounting
evidence to support the role of germline BRCA1/2 mutations
contributing to other solid tumors, such as in prostate (93) and
pancreatic (94, 95) cancers. In a United Kingdom study, Kote-Jarai
et al. screened 1864 men with prostate cancer between 36 and
88 years of age and following analysis of the BRCA2 gene, findings
show that all carriers of truncating mutations developed prostate
cancer at <65 years (93). In this study, the prevalence of BRCA2
mutations was 1.27% (8/632) for cases diagnosed <55 years, 1.20%
(19/1589) for cases diagnosed <65 years, and 0% (0/243) for cases
diagnosed >65 years; p = 0.14 (81). It is estimated that germline
mutations in the BRCA2 gene confer an ~8.6X increased risk of
prostate cancer by 65 years of age, corresponding to an absolute
risk of ~15% by age 65. A higher risk is perhaps conferred due to
mutations in the BRCA2 ovarian cancer cluster region (OCCR)
(96). Data suggest that routine testing of early onset prostate can-
cer cases for germline BRCA2 mutations would further help refine
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Population-level cancer incidence rates are one measure to estimate the cancer burden.
The goal is to provide information on trends to measure progress against cancer at the
population level and identify emerging patterns signifying increased risk for additional
research and intervention. Endometrial cancer is the most common of the gynecologic
malignancies but capturing the incidence of disease among women at risk (i.e., women
with a uterus) is challenging and not routinely published. Decreasing rates of hysterec-
tomy increase the number of women at risk for disease, which should be reflected in
the denominator of the incidence rate calculation. Furthermore, hysterectomy rates vary
within the United States by multiple factors including geographic location, race, and
ethnicity. Changing rates of hysterectomy are important to consider when looking at
endometrial cancer trends. By correcting for hysterectomy when calculating incidence
rates of cancers of the uterine corpus, many of the disparities that have been assumed
for this disease are diminished.

Keywords: hysterectomy, corpus uterus, endometrial, cancer

INTRODUCTION

Hysterectomy is one of the most frequently performed surgical procedures among women of
reproductive age in the United States, second only to cesarean delivery. Approximately 600,000
hysterectomies are performed annually in the United States (1). An estimated 20 million US women
have had a hysterectomy; more than one-third of all women have had a hysterectomy by age 60
(1-3). Multiple factors impact hysterectomy rates, including geography and race. Since the 1980s,
alternative treatments for menorrhagia, fibroids, and endometriosis have been developed and
increased in popularity, leading to decreasing rates of hysterectomy. An inadvertent consequence
of these trends toward conservative surgical management of the female genital tract may be an
apparent increase in the incidence of gynecologic malignancies specifically cancers of the uterine
corpus. Women who have had a hysterectomy are no longer at risk of endometrial or cervical
cancer. Failure to remove these women from the population at-risk leads to an underestimate
of endometrial cancer incidence rates. Although a higher number of women at risk may lead to
additional cases as hysterectomy rates decrease, the incidence rate should not be affected since it is
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meant to measure the number of new cases per 100,000 women
in the population at risk for disease. Gynecologic cancer trends
over time also are impacted by changes in the proportion of
women with their uterus retained, as they reach ages when these
malignancies occur. This paper describes the potential impact
of recent changes rates of hysterectomy over time by race and
period cohorts.

HYSTERECTOMY TRENDS

The majority of hysterectomies are performed for benign indica-
tions, with fewer than 15% performed for a malignant preopera-
tive diagnosis (2, 4, 5). The most common primary indications
are abnormal uterine bleeding, uterine leiomyomata, and endo-
metriosis (6). Alternatives to hysterectomy including hormonal
management, operative hysteroscopy, endometrial ablation,
uterine artery embolization, and use of the levo-norgestrel
intrauterine device (IUD) as primary management of these con-
ditions have become available and have been demonstrated to be
safe (7, 8). The availability of these options has raised questions
about potential overuse of hysterectomy. The decreased morbid-
ity associated with uterus-sparing therapies has contributed to
their popularity. In addition, the rising age of first pregnancy
and improvements in assisted reproduction have made fertility
concerns important to women later into life, and contributed to
the popularity of uterine preservation. Lastly, although adnexal
surgery (e.g., for ovarian cysts) historically triggered a hyster-
ectomy in addition to oophorectomy, the automatic inclusion
of hysterectomy in this setting has fallen out of favor. A more
conservative approach to the management of ovarian cysts has
become more standard, as growing evidence suggests that many
ovarian cysts are low risk for malignancy and can safely be
monitored by ultrasonography (9, 10). These factors combined
have led to recently declining hysterectomy rates (2, 3, 5, 11-13).
This decline has been most dramatic among postmenopausal
women; the rate of decline has been mostly among white women
compared to other racial and ethnic groups (2, 5).

Hysterectomy by the lesser invasive laparoscopic approaches
has become more common than either vaginal or abdominal
hysterectomy; minimally invasive hysterectomy has also been
shown to be an increasingly safer procedure and can be done
as an outpatient procedure (3, 4). Population level evidence
suggests an increase in all-cause mortality with surgical
menopause, resulting in many more women undergoing hys-
terectomy without oophorectomy (2, 5). Variations in totality
of hysterectomy vary by race with black women less likely to
have their cervix or ovaries removed with their uterus (14, 15).
This trend may be leaving more women undergoing partial pro-
cedures in an effort to decrease morbidity and cost, despite the
benefits associated with the performance of minimally invasive
hysterectomy. Although these changes to patterns of surgical
care may affect incidence rates of all gynecologic malignancies,
we focus here on the consequences to rates of cancers of the
uterine corpus.

FACTORS ASSOCIATED WITH
HYSTERECTOMY

The prevalence of hysterectomy within a population varies by
community and patient-level factors. Community-level factors
include facility type. It has been observed that the procedure more
frequently is performed in community hospitals than academic
centers (3). Additional factors, such as physician gender, age, level
of education, and local physician density, play a role in whether
hysterectomy is recommended and performed (16, 17).

Furthermore, hysterectomy prevalence varies greatly by
patient race and ethnicity. Several studies have estimated hys-
terectomy prevalence from population-based survey data and
have shown that hysterectomy rates are markedly higher among
black women compared to white and Hispanic women even in
recent years (12, 18-20). Specifically, age-adjusted hysterectomy
prevalence from 2004 to 2008 in women age 20 and older was 23%
among black women compared to 20 and 17% among white and
Hispanic women, respectively (18). Hysterectomy prevalence is
lowest among Asian and Pacific Islanders (API) (6, 12) and Alaska
Native/American Indian women have a prevalence intermediate
between black and white women (14, 21). Moreover, hysterec-
tomy prevalence has been declining in the Northeast region of
the United States (2). Jamison et al. also showed a decline among
white women from the early 1990s to 2008. However, hysterec-
tomy was relatively stable among black women during this time
period (Figure 1) (12).

There also are racial and ethnic differences in the prevalence of
common benign gynecologic conditions and the use of surgical
treatments. Specifically, black women reportedly have higher rates
of fibroids, which are the most common benign indication for hys-
terectomy. Higher rates of hysterectomy are commonly attributed
to the greater prevalence of uterine fibroids among black women,
rather than a disparity in care. Black women had 3.3 times the odds
of receiving a diagnosis of fibroid tumors by pelvic examination,
ultrasound scans, or hysterectomy compared to white women in
the Nurses’ Health Study II (22). The higher frequency of hyster-
ectomy in the South compared to other geographic regions of the
United States is another potential reason that hysterectomy may
be more common among black women (3, 18).

Several large studies have reported higher rates of hysterec-
tomy among black women even when adjusted for common clini-
cal and demographic factors that are associated with undergoing
hysterectomy (15, 23, 24). An analysis of data from the CARDIA
study found black women to have nearly four times the odds of
undergoing hysterectomy, compared with white women, after
controlling for BMI, polycystic ovarian syndrome, tubal ligation,
depressive symptoms, age at menarche, education, access to
medical care, geographic site, and a diagnosis of fibroid tumors
(OR, 3.7; 95% CI, 2.4-5.6) (23). Similarly, the Study of Women
across the Nation (SWAN) included self-reported hysterectomy
for benign indications. Black women were 1.7 times more likely to
undergo hysterectomy (OR, 1.7; 95% CI, 1.5-1.9) after controlling
for education, geographic site, age, marital status, fibroid tumors,
parity, smoking, and social support (24). Social determinants
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FIGURE 1 | E-adjusted hysterectomy rates by race among women age
50 and older in the SEER-13 states 1992-2008. Footnote: data from the
Behavioral Risk Factor Surveillance System, Centers for Disease Control and
Prevention. States included are: California, Connecticut, lowa, Georgia,
Hawaii, Michigan, New Mexico, Utah, and Washington.

of health including differences in patient preferences, physician
influence, quality of available care, and access to hysterectomy
alternatives also likely influence hysterectomy rates between
racial and ethnic groups (15).

IMPACT OF HYSTERECTOMY ON
ENDOMETRIAL CANCER RATES
AND TRENDS

Over 60,000 women in the US are expected to be diagnosed
with cancers of the uterine corpus in 2001, making it the most
common of the gynecologic malignancies (25). Incidence rates
for endometrial cancer have continued to climb over the last
decade and are projected to continue to increase (26-28).
Incidence of uterine cancer has been shown to vary by race and
ethnicity, with the highest rates among white women, and the
lowest rates among Asian women (29). Incidence rates from the
population-based Surveillance Epidemiology and End Results
(SEER) program, from 2008 to 2012, were highest among white
women (25.8 cases per 100,000 women) followed by black
(24.0 cases per 100,000), Hispanic (20.7 cases per 100,000),
and Asian Pacific Islander women (19.9 cases per 100,000)
(30). Since women who have undergone a hysterectomy are no

longer at risk for endometrial cancer, failure to remove them
from the denominator of the population at risk results in dif-
ferential underestimation of rates of disease among race and
ethnic population (14, 18, 19, 31). Correcting incidence rates
by removing these women from the population at risk has
been shown to markedly change the rates in the population
(18, 19, 21, 31-36). Uncorrected cancer incidence trends over
time do not accurately represent the underlying risk of disease,
as hysterectomy rates and indications have changed over time
and vary by racial groups and geographic region.

The difference in uterine cancer rates between white and black
women is diminished after correction for hysterectomy, while
the differences between white and Hispanic women are accentu-
ated (12, 18, 19, 31). Specifically, Siegel and colleagues recently
reported that hysterectomy-corrected rates among white women
in the US were 61% higher, 78% higher for black women, and
47% higher for Hispanic women. Correcting for hysterectomy
changed the relative risk of endometrial cancer for black women
in the US from 0.87 (95% CI 0.86-0.88) to 0.97 (95% CI 0.94-1.0)
making the racial disparity in endometrial cancer incidence
between black and white women no longer statistically sig-
nificant. This underestimation varied greatly by state, which have
different rates of hysterectomy. After adjusting for hysterectomy,
black women still had a higher risk of uterine corpus cancers in
Washington, DC, Florida, North and South Carolina, and a lower
risk in Pennsylvania, New Jersey, and New York. The rest of the
states with significant disparities lost their significance when cor-
rected for hysterectomy (Alabama, California, Illinois, Indiana,
Kentucky, Massachusetts, Michigan, Mississippi, Missouri, Ohio,
Tennessee, and Virginia) (18).

Trends of uterine cancer over time also are distorted since
hysterectomy rates are changing over time differentially with
respect to race and geography (12). The hysterectomy-corrected
incidence of uterine corpus cancers among black women is
increasing significantly at 3.1% per year nearly double the
1.8% annual increase based on uncorrected incidence rates
(Figure 2). Correction of the incidence trends also reveals a
crossover where the incidence for black women is higher than
for whites around the mid 2000s bringing the incidence rates of
endometrial cancer for black women higher than that of whites
(12). The incidence rates for white women have been decreasing
since 1992, and the effect is attenuated without correction for
hysterectomy. Specifically, incidence rates decrease 0.8% annu-
ally after hysterectomy correction compared to an annual decline
of 0.5% uncorrected.

A recent analysis from the Epidemiology of Endometrial
Cancer Consortium pooled data from seven cohort and four
case-control studies and analyzed the effects of known risks for
endometrial cancer in white and black women. Obesity, diabetes,
smoking, and oral contraceptive use had similar effects on the
risk of disease across groups, indicating that the prevalence dif-
ferences of these risk factors may partially contribute to racial
disparities in rates of uterine cancers (37). Adjusting cancer inci-
dence rates corrected for hysterectomy prevalence, particularly
when reporting for racial disparities in cancer rates is necessary,
given the multiple factors affecting hysterectomy rates includ-
ing geographic region, race, and ethnicity.
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RISK FACTORS AND TYPES OF UTERINE
CANCER OVER TIME

The vast majority of cancers of the uterine corpus arise from
the endometrium. Obesity and its associated high circulating
estrogen concentrations, is the primary risk factor for the devel-
opment of endometrial cancer. However, the aging population,
the widespread decrease in the use of hormone replacement
therapy, particularly progesterone-based agents, population level
delays in childbearing, and the increasing prevalence of diabetes
all likely factor in the changing incidence over time (26, 27,
38). Endometrial cancer tends to be diagnosed at an early stage
with over 80% of the over 55,000 patients with uterine cancer
diagnosed with local disease (39). Although the vast majority
of women are cured following a diagnosis and intervention of
early stage uterine cancer, in 2011, the incidence rate was 27.5
per 100,000 women and the 5-year relative survival rate was 83%
for women diagnosed in 2005 to 2011 (39). This is compared to
the mid 1970s when the incidence rate was higher at 35.5 per
100,000 women, and the 5-year relative survival was higher at
87% (40). Despite improvements in therapeutic options, 5-year
survival appears to have declined (41).

This malignancy has been historically divided into a Type I and
Type II based upon the typical biologic behavior of the disease.

Type I disease is the more common, low grade form of this malig-
nancy and tends to be diagnosed in younger women and is driven
by excess estrogen states such as obesity. The Type I endometrial
cancers are usually caught at an early stage where survival is likely.
Type II endometrial cancer, including high-grade endometrioid,
serous, and clear-cell carcinoma, and carcinosarcomas, however,
is typically estrogen independent, occurs in older women and
is more likely to be metastatic at diagnosis (42). Increasing
proportions of Type II endometrial cancer are being seen in our
population and may be due to the aging population where more
women age with their uterus intact. This increases the proportion
of higher risk and morbid uterine cancers.

Having undergone a hysterectomy for benign indications
eliminates the risk for de novo development of endometrial can-
cer. But hysterectomy alternatives are likely altering endometrial
cancer risk as well. Consideration can be given for the possibility
that women who had a hysterectomy are more likely to have strong
risk factors for Type I endometrial cancer (such as those with
PCOS, endometriosis, or other hormonal imbalances leading
to symptomatic benign gynecologic conditions). Hysterectomy
may then selectively remove women at highest risk for low grade
malignancies with low mortality rates. Additionally, as women are
less likely to undergo hysterectomy and accept alternate therapy
for menorrhagia, fibroids, or dysmenorrhea, they may be exposed
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to hormonal agents such as the levo-norgestrol IUD and other
long acting contraceptive agents. These hormonal interventions
are protective against Type I endometrial cancer.

After correcting for hysterectomy prevalence, the difference in
incidence rates for Type I cancer diminishes between white and
black women over time, largely due to the increasing rates of Type
I cancers among black women and the decrease in Type I cancers
among white women. Much of this difference may be attribut-
able to increased risk factors for endometrial cancer among black
women compared to non-black women such as obesity, diabetes,
and decreased use of oral contraception (19, 37).

Black women are diagnosed proportionally more frequently
with aggressive Type II disease, compared with other racial/
ethnic groups (41, 43-49). Uncorrected, incident invasive uterine
cancer cases between 1999 and 2006 collected from the Centers
for Disease Control and Prevention’s National Program of Cancer
Registries or the National Cancer Institute’s SEER Program
revealed that only 6.8% of all endometrial cancer patients are
black but they represent 17.4% of type Il endometrial cancers (48).
Rates of Type II cancers appear to be increasing over time entirely
due to an increase in incidence among black women (Figure 2)
(12). While hormonal hysterectomy alternatives are known be
protective against Type I cancers, their role in the development
of Type II endometrial cancers is less clear.

The racial disparity in uterine cancer mortality is pronounced.
Despite a 30% lower incidence of disease among black women,
the mortality rate is 80% higher when compared to whites (49).
Histologic differences have historically been used to explain dif-
ferences in mortality rates between white and black women, and
certainly, a larger proportion of Type Il malignancies seen in black
women contributes to this difference. As with other disparities
however, the role of access to care cannot be overlooked. A recent,
large analysis of women with Type II endometrial cancer using
SEER-Medicare data suggested that controlling for treatment and
socioeconomic differences, and medical comorbidities eliminated
the difference in the disease-specific mortality between black and
white women (50). Disparities related to access to care (specifi-
cally hysterectomy alternatives) may amplify the effects of inter-
ventions that change risks for the development of gynecologic
malignancies. As our understanding of the molecular and genetic
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factors that correlate to prognosis expands through projects such
as the TCGA, ensuring adequate minority participation to clini-
cal trials must be a priority. More research is needed, but many
of the disparities in endometrial cancer between black and white
women may be explained by hysterectomy rates, access to hor-
monal hysterectomy alternatives, and differences in risk factors
such as obesity.

CONCLUSION

An unintended consequence of non-surgical management of
common gynecologic conditions appears to be rising incidence
and mortality of cancer of the uterine corpus. Incidence and
prevalence rates of cancer are useful indicators for assessing the
health of a population. Accurate rates are needed in order to
determine population level needs and to understand and health
disparities among subgroups. As risk reducing surgical removal
of other organs (e.g., breast, fallopian tubes, and ovaries) becomes
increasingly common, this issue may extend to other cancer
disease sites. In endometrial cancer incidence rates uncorrected
for hysterectomy have been used to describe wide variations in
geographic and racial and ethnic differences in risks of the devel-
opment of disease. But hysterectomy-corrected rates may help to
explain some of the variations as related to patterns of care, access
to care, and other non-biologic factors and provide information
for appropriately targeting populations to reduce other risk fac-
tors such as obesity.
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One of the most difficult decisions a woman can be faced with when choosing breast
cancer treatment is whether or not to undergo breast conserving surgery or mastectomy.
The factors that influence these treatment decisions are complex and involve issues
regarding access to health care, concerns for cancer recurrence, and the impact of
surgery on body image and sexuality. Understanding these factors will help practitioners
to improve patient education and to better guide patients through this decision-making
process. Although significant scientific and societal advances have been made in
improving women’s choices for the breast cancer treatment, there are still deficits in the
decision-making processes surrounding the surgical treatment of breast cancer. Further
research is needed to define optimal patient education and shared decision-making
practices in this area.

Keywords: mastectomy, breast cancer, breast conserving surgery, shared decision-making, contralateral
prophylactic mastectomy

INTRODUCTION

Medical decision-making has evolved over the last several decades from one based on paternalism,
in which the physician decided on the best course of treatment according to his/her view of what
was in the best interest of the patient, to one focused on patient autonomy, in which the informed
patient makes decisions about accepting or declining treatment options based on his/her own
values and priorities. In modern medical ethics, shared decision-making has been proposed as
the ideal model for medical decision-making that both acknowledges patient autonomy and the
role of the physician in providing expert medial opinion. Shared decision-making is a process that
informs patients about what available treatments are most effective under particular circumstances,
incorporates patients’ needs and values into decisions, and improves the patient-clinician dialog
about decisions (1, 2). Shared decision-making has been advocated as an ideal model to address
treatment decisions in which no single treatment option is clearly indicated above others based on
available medical evidence (2). Therefore, this model is particularly suited to treatment decisions
in the management of the primary tumor in breast cancer, as a patient may face several surgical
treatment options that result in equivalent oncologic outcomes.

One of the most difficult decisions a woman can be faced with when choosing breast cancer
treatment is whether or not to undergo breast conserving surgery (BCS) or mastectomy. Notably, the
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Decision-Making in Breast Cancer Surgery

clinical research in breast cancer treatment, which supports the
use of BCS, came about at the time when women were also becom-
ing dissatisfied with the traditional paternalistic doctor-patient
relationship model and were demanding to have more choice in
their medical care. In his book, “The Breast Cancer Wars,” Barron
Lerner chronicles the convergence of the women’s liberation
movement and the rise of BCS as the standard of surgical care in
the treatment of early stage disease (3). In 1971, the writer Babette
Rosamond was diagnosed with breast cancer when one of the
first proponents of BCS, Bernard Crile, was offering a partial
mastectomy as opposed to the traditional one-step procedure
in which a woman with a suspicious breast mass was consented
for an excisional biopsy under anesthesia and if this mass was
determined to be a cancer on frozen section, the surgeon would
then proceed with a radical mastectomy, which included the
removal of the breast, overlying skin, axillary lymph nodes, and
pectoralis muscles. When Babette Rosamond was presented with
the one-step procedure, she refused and only gave permission for
the excisional biopsy. The excision demonstrated a small focus
of breast cancer. She then refused the radical mastectomy and
sought out the opinion of Dr. Crile at the Cleveland Clinic who
cited data from retrospective studies of less aggressive surgery,
resulting in acceptable outcomes. Ms. Rosamond wrote about her
experience in an article, “The Right to Choose,” in the popular
woman’s journal McCall’s Magazine and ultimately published a
book entitled, “The Invisible Worm?” She joined a host of other
women leaders of the time who were vocal proponents against
the current medical establishment’s support of aggressive breast
cancer surgery who demanded choice in their cancer care and the
option of less aggressive and more cosmetic procedures.

Concurrently, in the late 1960s, the surgeon Bernard Fisher
developed and promoted a biological model of breast cancer
in which he proposed that breast cancer was a systemic disease
requiring both local and systemic treatment (4). Therefore, more
radical surgery was not necessarily beneficial in the face of dis-
seminated tumor cells. Although commending Crile and others
for pursuing BCS, Fisher demanded more rigorous evidence to
support less aggressive surgery by means of randomized clinical
trials. Under his leadership, the National Surgical Adjuvant Breast
and Bowel Project (NSABP) B04 and B06 trials were conducted.
The NSABP-B04 trial demonstrated that sparing the pectoralis
muscles in mastectomy did not negatively affect oncologic
outcomes (5). The NSABP-BO06 trial established that BCS results
in equivalent overall survival as mastectomy in patients with
early stage breast cancer (6). The addition of adjuvant radiation
treatment to BCS decreased the rate of local recurrence from 39
to 14% over 20 years. To date, there are multiple randomized
clinical trials with long-term follow-up demonstrating no dif-
ference in overall survival between BCS with adjuvant radiation
and mastectomy for the treatment of operable breast cancers
(6-11). Refinement of radiation techniques and the addition of
adjuvant systemic therapies have further decreased the rate of
local recurrence in BCS to approach that of mastectomy (12, 13).
Currently, one of the quality assurance standards for the National
Accreditation Program for Breast Centers in the United States is
that at least 50% of Stages 1-2 breast cancers amenable to BCS are
treated with partial mastectomy.

MASTECTOMY AND BREAST
CONSERVATION

Despite data supporting BCS in eligible patients, a significant per-
centage of women who would be candidates for BCS still decide
to undergo mastectomy. The factors that influence these treat-
ment decisions are complex and involve issues regarding access
to health care, concerns for cancer recurrence, and the impact
of surgery on body image and sexuality. Understanding these
factors will help practitioners to improve patient education and
to better guide patients through this decision-making process.

Access to health care is one of the major determinants of
choice for breast cancer surgery, especially with regard to access
to specialty providers and treatment facilities. Because adjuvant
radiation therapy is usually recommended after BCS, multiple
studies have focused on the availability of radiation oncology
specialists. A recent publication using data from the surveillance,
epidemiology, and end results (SEER) database and the Health
Resources and Services Administration Area Resource File
evaluated the association between the choice of breast surgery
(mastectomy or BCS), the receipt of adjuvant radiation therapy
after BCS, and the density of radiation oncologists in a particular
area (ROD) (14). The study demonstrated that the likelihood of
a woman undergoing BCS for early stage breast cancer increased
as the ROD in an area increased. In addition, the likelihood that
adjuvant radiation therapy was omitted after BCS decreased as
the ROD in an area increased. The results from this study are
consistent with those of a large study using the Medicare database
that evaluated the use of BCS in older breast cancer patients and
demonstrated that BCS was used more frequently in counties
with a high density of radiation oncologists (15).

Numerous studies have also demonstrated that travel distance
for radiation therapy may be associated with decisions regarding
BCS and the actual delivery of adjuvant radiation therapy after
BCS (16-21). The largest of these studies evaluated the use of BCS
in women with early stage breast cancer using the SEER database
(17). This study showed that the use of BCS was more common
when women received treatment in a hospital with a radiation
facility compared to women living a greater distance from a
hospital with a radiation center. This was statistically significant
for women who resided >15 miles from the nearest hospital with
a radiation treatment center (OR 0.52, 95% CI 0.46-0.58). The
study also demonstrated that for women who had BCS, a statisti-
cally significant decrease in the use of adjuvant radiation therapy
was observed in patients who lived >40 miles from a hospital with
a radiation facility, although this only accounted for 1.7% of the
patients in the study. The use of accelerated radiation schedules,
including shorter course whole breast irradiation given over
3 weeks and partial breast irradiation, may help to ameliorate
some of these issues by providing patients with more manageable
radiation schedules.

The use of multidisciplinary treatment teams is becoming more
common in the management of breast cancer patients, especially
at larger, academic institutions where breast cancer specialists are
available in multiple disciplines. However, a significant percent-
age of patients still do not have the opportunity to meet with a
medical oncologist or radiation oncologist before undergoing
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surgery for breast cancer. One of the benefits of a multidiscipli-
nary approach is that patients understand all the components of
their breast cancer treatment prior to starting treatment, and this
increased knowledge may have an impact on treatment decisions
regarding surgery for breast cancer. In a study of elderly women
aged >65 years with local or regional breast cancer treated from
1994 to 1995, those patients who had a consultation with a radia-
tion oncologist preoperatively were 6.7 times more likely to have
BCS compared to those who did not (P < 0.001). Furthermore,
the odds of a patient receiving adjuvant radiation therapy after
BCS were five times greater for patients who had a preoperative
radiation oncology consultation (P < 0.001). Although this study
was conducted at the time when multidisciplinary care was not as
prevalent as it is today, it did demonstrate how multidisciplinary
care may influence treatment choices (22). Several studies have
demonstrated that surgeon characteristics including practice set-
ting and gender have an impact on BCS rates (23-25). Surgeons
who are affiliated with academic institutions, whether or not they
have fellowship training in breast surgery or surgical oncology,
use BCS more often than community surgeons (23). This may
be due to the greater availability of other specialty providers at
academic institutions and the use of multidisciplinary care in this
setting. The number and availability of reconstructive surgeons
at a particular institution have also been shown to impact rates
of mastectomy and reconstruction and BCS (19). In an analysis
of patients treated for breast cancer at National Comprehensive
Cancer Network institutions, a greater number of reconstructive
surgeons were associated with increased mastectomy and recon-
struction rates, whereas long wait times for breast reconstructive
surgery were associated with increased BCS rates.

Factors predicting the use of BCS, including clinicopatho-
logic, socioeconomic, and patient characteristics, have been
examined in numerous studies. Tumor characteristics, includ-
ing tumor size, lymph node involvement, and stage, have all
been shown to influence treatment decisions, with BCS used
more frequently in patients with smaller tumors (23, 26)
without lymph node involvement (15) and mastectomy used
more often in patients with higher stage (27). Socioeconomic
factors, including higher education, low poverty areas, and
private insurance, are also associated with increased use of
BCS (15, 21, 24). Significant geographic variation also exists in
the use of BCS, both local and regional. Multiple studies have
demonstrated that patients living in the Northeast and Pacific
West are more likely to have BCS than those in the South (15,
23, 26, 28). In an analysis of older breast cancer patients, 70%
of the patients in the Northeast had BCS compared to 48-50%
of patients in the South (P < 0.001) (15). In this study, patients
in metropolitan areas were also more likely to have BCS than
patients in rural areas. This may simply reflect decreased access
to health care and particularly breast cancer specialists. This
geographic variation may also be influenced by other factors,
including education and socioeconomic status.

Although some single institution studies have shown that
younger patientage isassociated with the use of BCS (15,21,23,24),
more recent analysis of large national databases suggest that this
trend has reversed. Two reviews of the National Cancer Database
have demonstrated in the setting of an overall increase of BCS,

younger patients are being treated with mastectomy at higher rates
than their older counterparts after adjusting for patient, facility,
and tumor characteristics (28, 29). The subset of women aged
<35 years was twice as likely to undergo mastectomy compared to
women aged 61-64 years (29). These studies also reported similar
trends with socioeconomic status, geography, and cancer stage
outlined above, with a more recent narrowing of the BCS disparity
in the South (28). In addition, access to radiation also appeared
to influence BCS rates in these studies. It is unclear why younger
women may be opting for more extensive surgery. This may be due
to a concern for locoregional recurrence in younger patients (30),
although more aggressive surgery does not appear to affect breast
cancer-specific survival (31). Increased awareness of familial
breast cancer syndromes may also be affecting mastectomy rates
in younger women, who are at higher risk for having a deleterious
genetic mutation and therefore may be choosing bilateral mastec-
tomy for the treatment of a unilateral cancer.

When patients are diagnosed with breast cancer, they obtain
support and advice from multiple sources when making deci-
sions regarding breast surgery. The surgeon’s recommendation or
preference for care is frequently cited as an important factor in
this decision-making process. In a survey study that examined
breast cancer care in a group of 96 patients, women who chose
BCS indicated that the most important factor in the decision was
the surgeon (32). This was in contrast to patients who selected
mastectomy with or without reconstruction, where fear of can-
cer and concern about radiation therapy were ranked as more
significant factors.

One of the major goals for providers is to help patients make
informed decisions about their care. The development and use of
decision-making aids have been investigated by several groups as
a way to help providers obtain a better understanding of patient
preferences for treatment (33, 34). These aids may also enhance
patient decision-making by improving delivery of information
and facilitating communication between providers and patients.
In one study, patients and surgeons were interviewed to identify
key factors influencing breast cancer surgery decisions, which
were then incorporated into a decision board that could be
reviewed at the time of surgical consultation (34). For patients,
information on options for reconstruction, quality of life, and
body image was important factors, whereas for surgeons, details
regarding treatment side effects were considered important.
The decision board was administered to 175 patients and 98%
reported that it was easy to understand and 81% indicated that it
helped in the decision process. Surgeons also found the decision
board to be helpful in presenting information to patients. A sub-
sequent randomized trial comparing the decision board to usual
care demonstrated that patients who had surgical consultations
with the decision board had higher knowledge scores regarding
treatment options (66.9 vs. 58.7, P < 0.0001), less decisional
conflict (1.40 vs. 1.62, P = 0.02), and were more satisfied with
the decision-making process (4.50 vs. 4.32, P = 0.05). In addi-
tion, patients in the decision board group were more likely to
undergo BCS (94 vs. 76%, P = 0.03). A similar approach using an
interactive CD-ROM decision aid showed that patients using the
CD-ROM were more satisfied with the amount of information
received, their treatment decisions, and the decision-making
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process (33). However, the CD-ROM decision aid had no impact
on treatment decisions. A recent meta-analysis of studies using
decision aids in breast cancer patients, which included the above
studies, demonstrated that in the three randomized trials of
decision aids, women were 25% more likely to choose BCS over
mastectomy if a decision aid was utilized (risk ratio 1.25, 95%
CI 1.11-1.40) (35). In addition, decision aids increased patient
knowledge by 24%, decreased decisional conflict, and improved
the overall decision-making process.

BODY IMAGE AND BREAST
RECONSTRUCTION

An important concern for women undergoing breast cancer
surgery is the impact this will have on body image and sexuality.
Some studies have demonstrated that women undergoing BCS
have fewer concerns about body image compared to mastec-
tomy patients (36-39), whereas others have found no difference
between the BCS and mastectomy groups (40, 41). In a recent
meta-analysis of 12 studies on body image after breast cancer
surgery, Fang et al. demonstrated that BCS patients had a better
overall body image than women undergoing mastectomy with
reconstruction and scored higher on body stigma domain (42).
However, reconstruction significantly improved body image in
mastectomy patientscomparedtonoreconstruction. Inaddition,
cosmetic satisfaction in postmastectomy patients with recon-
struction appears to be high (43, 44). Currently, in the United
States, universal coverage for postmastectomy reconstruction
is mandated based on the passing of the Women’s Health and
Cancer Rights Act in 1998. Despite the majority of patients do
not undergo reconstruction (19). Factors associated with not
receiving postmastectomy reconstruction include social and
racial disparities, including black race, lower educational level
and income, and public insurance (45-48). Although the racial
disparity with breast reconstruction has been shown in multiple
studies, a review of the Department of Defense cancer database
shows that the receipt of reconstruction between White and
Black women was equivalent, suggesting that the racial dispar-
ity with reconstruction may not be as evident when access is
equal (49). Other factors associated with low reconstruction
rates include older patient age, advanced disease, presence of
comorbidities, and lack of access to reconstructive surgeons
(19, 45-47). Although exogenous factors influencing recon-
struction rates can be identified by institutional and database
reviews, few studies have examined patients’ perspective of
decision-making about breast reconstruction. In a survey study
of breast cancer patients sampled from the SEER database, the
majority of mastectomy patients reported satisfaction with the
decision-making process about reconstruction. Dissatisfaction
was associated with race, with black and Latina women being
less satisfied, but was not associated with income or educational
level. The most common reasons cited by patients for not under-
going reconstructive surgery are to avoid additional surgery and
that they did not feel reconstruction was important. The main
systems barrier reported to obtain reconstruction was lack of
insurance coverage, whereas knowledge of the reconstruction

as an option and finding a reconstructive surgeon were not
significant barriers (45).

CONTRALATERAL PROPHYLACTIC
MASTECTOMY

Contralateral prophylactic mastectomy (CPM) is the removal of
the healthy breast in the treatment of a unilateral cancer. Reviews
oflarge national databases in the United States have demonstrated
an increase in the rates of CPM in cases of operable breast cancer
by over 150% (50, 51). This trend has also been reproduced in
multiple single institution studies, with centers reporting CPM
rates as high as 24% in the treatment of mastectomy patients
(52, 53). These data are notable for the finding that patient
factors are often more powerful predictors than tumor factors.
Specifically, White race, higher socioeconomic status, and young
age havebeen consistently identified asindependent predictors for
CPM (50, 52, 53). Despite the increasing frequency of CPM in the
treatment of breast cancer, the oncologic benefit of this procedure
is controversial in patients who do not have a genetic predisposi-
tion in developing breast cancer. Although CPM does reduce the
risk of developing a contralateral breast cancer significantly, the
incidence of contralateral cancers is low and has been declining
over time due to advances in adjuvant chemotherapy and endo-
crine therapy (54). Currently, the incidence of contralateral breast
cancer in patients can be estimated based on large retrospective
cohort reviews and ranges from 0.3 to 1% per year depending
on the age of diagnosis and characteristics of the primary tumor
(54-56). The data on survival benefit of CPM are contradictory.
Retrospective studies comparing unilateral mastectomy with
CPM have demonstrated disease specific and overall survival
benefit (57, 58). However, more recent data suggest that there is
no difference in survival when breast conservation is compared
with CPM (59). A recent meta-analysis conducted by Cochran
Collaboration concluded that there was insufficient evidence to
demonstrate a survival benefit with CPM (60).

Data on patients’ motivations for choosing CPM indicate
that the patient’s choice for CPM appears to be dominated by a
fear of developing another breast cancer, whereas the risk of a
contralateral breast cancer and disease-specific death is routinely
overestimated by patients (61-64). In a prospective survey of
newly diagnosed breast cancer patients, Abbott et al. found that
the mean estimated risk by patients for developing a contralateral
cancer was 31% over 10 years, about ninefold the expected risk
of most breast cancer patients. The perceived risk was not associ-
ated with stage, family history of breast cancer, or age of diagnosis
(61). Similarly, in a qualitative study consisting of interviews with
mastectomy and CPM patients, Covelli et al. noted that patients
estimated a high, almost inevitable, risk of cancer recurrence and
contralateral breast cancer development that they translated into
a high risk of breast cancer-related death. Patients who chose
CPM feared developing a contralateral cancer and the prospect
of undergoing breast cancer treatment again at some point in the
future (64). These results are similar to survey studies demonstrat-
ing that the most common reasons women report for choosing
CPM are to avoid the development of a contralateral cancer and
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to improve their survival (61, 63). Other common reasons women
choose CPM in these surveys were to achieve a symmetric cos-
metic result, to avoid future tests and breast cancer surveillance,
and to allay concern that future screening would not identify a
new cancer. Given the apparent discordance between patients’
anticipated benefits of CPM and the expected oncologic benefit
expected, many clinicians have called for improving communica-
tion practices and patient education in this area. Currently, the
use of decision aids is being investigated as a tool to help clinicians
and patients navigate decision-making in CPM (63, 65).
Although breast cancers secondary to a hereditary syndrome
are uncommon, it is important to recognize that there is a popu-
lation of women who do have a high risk of developing a con-
tralateral cancer and therefore may benefit from CPM. Women
with a deleterious BRCA mutation can have up to a 40% risk of
developing a contralateral breast cancer over 10 years (66-68).
CPM may also provide a survival benefit in deleterious BRCA
mutation carriers (66, 69). Furthermore, patients with a strong
family history without an identifiable genetic mutation appear to
be at increased risk of developing a contralateral cancer, depend-
ing on age of diagnosis, whether the relative had a bilateral or
unilateral cancer, and the degree of relative with breast cancer
(first or second degree relative) (70). Genetic testing in breast
cancer has also expanded to include next generation cancer pan-
els in addition to testing for BRCA mutations. Panel testing may
be appropriate for women with a strong family history without a
BRCA mutation or those who have a family history indicative for
more than one hereditary cancer syndrome. Unfortunately, the
addition of expanded genetic testing is not without risk. Patients
are more likely to test positive for a genetic variant of uncertain
significance, which can make the decision-making process about
prophylactic surgery even more confusing (71). Additionally, data
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Virtually all cases of invasive cervical cancer are associated with infection by high-risk
strains of human papilloma virus. Effective primary and secondary prevention programs,
as well as effective treatment for early-stage invasive cancer have dramatically reduced
the burden of cervical cancer in high-income countries; 85% of the mortality from
cervical cancer now occurs in low- and middle-income countries. This article provides
an overview of challenges to cervical cancer care in sub-Saharan Africa (SSA) and
identifies areas for programmatic development to meet the global development goal to
reduce cancer-related mortality. Advanced stage at presentation and gaps in prevention,
screening, diagnostic, and treatment capacities contribute to reduced cervical cancer
survival. Cost-effective cervical cancer screening strategies implemented in low resource
settings can reduce cervical cancer mortality. Patient- and system-based barriers need
to be addressed as part of any cervical cancer control program. Limited human capacity
and infrastructure in SSA are major barriers to comprehensive cervical cancer care.
Management of early-stage, locally advanced or metastatic cervical cancer involves mul-
tispecialty care, including gynecology oncology, medical oncology, radiology, pathology,
radiation oncology, and palliative care. Investment in cervical cancer care programs in
low- and middle-income countries will need to include effective recruitment programs to
engage women in the community to access cancer screening and diagnosis services.
Though cervical cancer is a preventable and treatable cancer, the challenges to cervical
control in SSA are great and will require a broadly integrated and sustained effort by
multiple stakeholders before meaningful progress can be achieved.

Keywords: cervical cancer, sub-Saharan Africa, human resources, surgery, radiation, palliative care

CERVICAL CANCER AND THE WAY TO MEET
GLOBAL DEVELOPMENT GOAL

Cervical cancer is a significant cause of cancer-related mortality for women living in sub-Saharan
Africa (SSA). In 2013, 39 out of 48 countries, classified as part of SSA region, identified cervical
cancer as the most common cause of cancer-related death for women, followed by breast cancer (1).
Collectively, the 236,000 women who died from cervical cancer in 2013, 90% of them in developing
nations, represent a failure of the health system to implement a functional cervical cancer control
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strategy (2). The human and societal cost of cervical cancer in
SSA is difficult to estimate. The average age at diagnosis is 48; in
SSA, most women in this age are subsistence farmers, supporting
four to seven or more children. Facilities to treat cervical cancer
are scarce in SSA. When surgery and other medical care are avail-
able, families face a significant risk of debt and worsened poverty
from both the costs of treatment and loss of work (3).

Many challenges stand in the path to develop a health system
to address the rising incidence of cancer in SSA, including
changing demographics, deficiencies of infrastructure and
human capacity, and financial constraints. Multiple steps exist
to optimize cervical cancer control: primary prevention with
human papilloma virus (HPV) vaccine, secondary prevention
with national screening program with HPV DNA test, cytology
or visual inspection with acetic acid (VIA), and treatment for
invasive cancer. More than 40% of the SSA population is younger
than 15 years, and the aging of this population will contribute
to a rapidly increasing burden from cervical cancer on these
communities (4).

In the context of HPV vaccine where the target age for vaccina-
tion of girls and boys is 11 or 12, this young demographic profile
in SSA nations can be harnessed to yield greater reward for an
investment in primary cervical cancer prevention. The cost of cur-
rent HPV vaccine is prohibitory for most SSA nations; the GAVI
alliance, however, can make this investment more manageable for
qualifying nations (5, 6). Models of HPV vaccination in SSA have
shown that population-wide programs are highly cost-effective
under various circumstances for both the quadrivalent and non-
avalent vaccines (7). The current HPV vaccines are heat-labile
and, therefore, require an effective “cold-chain” of refrigeration
between production and patients. In SSA, where transportation
is poor and supply chains can be unreliable, and where 80% of
the population still lives in rural settings (World Bank), extensive
and coordinated planning is needed to effectively vaccinate a
high proportion of the population. The stunning success of the
Rwandan vaccination effort is a demonstration of the value of
meticulous planning and execution in large-scale implementa-
tions (8).

Invasive cervical cancer typically develops 10-30 years
after primary HPV infection. Even the most effective vaccina-
tion program, therefore, would leave millions of women who
are potentially already infected with HPV, at risk for cervical
cancer. Screening and cervical cancer treatment are, therefore,
critical components of cervical cancer control over the coming
generation.

Screening for cervical cancer precursors can be achieved
through the use of cytology, HPV DNA testing, or VIA. Cytology-
based screening has been the basis of secondary screening
in high-income countries for many decades. Cytology-based
screening requires an extensive infrastructure, including reliable
laboratories with reagents, specialized staff to read the specimens,
information systems to notify patients, and caregivers of results
and expectations for follow-up, and quality control processes for
all of these components. The diagnostic performance of cytology-
based testing, furthermore, is highly variable, with limited sensi-
tivity and specificity in even optimal circumstances. The WHO
recommends that only countries with established, high-quality

programs with broad coverage of their target population utilize
cytology-based screening (9).

Visual inspection with acetic acid has been advocated as a
low-cost means of population-based screening. The advantages
of VIA include limited infrastructure needs, limited initial cost,
and an immediate diagnostic result, which in turn allows for
“see and treat” programs in which women can be diagnosed and
treated for pre-invasive cervical lesions in a single visit, limiting
the burden on both patients and the health system by decreasing
the need for patient tracking and follow-up (9). VIA has disad-
vantages as well. It is a subjective test: sensitivity and specificity
vary with practitioner performance, making quality control a
challenge as programs scale-up from closely monitored research
settings to population-based screening. Because of the limited
sensitivity of VIA, multiple rounds are needed in a woman’s life-
time. A study led by Shastri and colleagues found that multiple
rounds of VIA decreased death from cervical cancer, but did
not decrease the incidence of cervical cancer, suggesting that
any positive effect may have been more from a stage shift rather
than prevention of invasive cancer per se (10). In SSA, where
resources for the treatment of invasive cancer are limited, this
might further decrease the benefit of VIA while increasing the
burden on the health-care system and target population. The
costs of the health-care work force and facility resources need
to be accounted for during any new national cervical cancer
screening program. As programs scale-up to population-based
screening, robust information systems are needed to manage
coverage of those at risk, schedule repeat screening, and avoid
redundant testing.

Human papilloma virus testing offers advantages over cytology
and VIA. Itisan objective test, and, therefore, decreases the demands
for human capacity and simplifies quality control. The high sensi-
tivity and negative predictive value of HPV testing makes a single
lifetime test a reasonable option for women who test negative.

As articulated by Farmer, global health programs, including
in this case effective cervical cancer control, require “space, staff,
stuff, and systems” (11). In other words, medical interventions
will be sustainably effective and able to respond to crises when
a robust health infrastructure is in place. Unfortunately, health
infrastructure is a huge challenge in SSA as has been recently
elaborated through the work of the Lancet Commission on
Global Surgery and others (3, 12). As shown in Table 1, our
experience and that of others suggest that the following are
salient challenges to cervical cancer control in SSA: clinical
diagnostic capacity, capacity for processing and diagnosis of
pathology specimens, a lack of oncology specialists at all levels,
a deficiency of operating theaters and other surgical services,
a lack of radiotherapy equipment and staff (13), and locally
contextual factors, including poverty and the financial barriers
to treatment, religious and cultural beliefs and stigmas around
illness and cancer, and other medical morbidities, particularly
coexisting infections, such as HIV, poor nutrition, and obstet-
rical fistulae. Developing health systems are challenged in
resource allocation across many non-communicable diseases.
Ultimately, success of any cancer treatment program must take
into account the burden of treatment for the patient and her
family.
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TABLE 1 | Essentials to a cervical cancer management program.

Elements to consider

What is the clinical diagnostic capacity? e Cervical cancer awareness among health professionals
e Trained women’s health-care providers (pelvic exam, cervical biopsy)

What is the pathologic diagnostic capacity? e The who, how, and where of performing cervical disease pathology analysis

Human resources capacity in cervical e Trained advanced gynecology surgeons or gynecologic oncologist, radiation oncologist, professional nurses, social

cancer care workers

Access to cancer surgical services

Operative room facilities, post-surgical recovery units, access to intensive care units
Surgical support team (nurses, doctors)
Essential surgical supplies and medicines

Radiation oncology facilities e |n-country or out-of-country radiation facility

Contextual modifiers

e | ack of care givers

Limitations due to cost and distance to facility

Financial barriers for patients and health system
Religious and cultural beliefs toward cancer care

Significant medical comorbidities (Urinary obstruction or fistula, HIV status, poor nutritional status)

To date, the majority of cervical cancer control programs
in SSA are “vertical” efforts focused on primary or secondary
prevention. We use the term “vertical” to describe interventions
that are strictly focused on a single disease or condition. Given
the paucity of medical infrastructure in SSA, this is most likely
the most appropriate choice from the perspective of the single
disease. Over time, however, very significant investments have
been made in single disease-focused programs without lasting
improvement of the overall health infrastructure (14). The U.S.
invests $323 million each year for control of HIV in Uganda alone
(15), but the sustained effect on medical infrastructure is unclear.
Brown and colleagues found that, in Botswana, engagement in
HIV treatment services was not associated with a decrease in the
typically long interval between initial symptoms and diagnosis
of cancer (16). We propose that more effort should be made to
strengthen control of diseases within the rubric of overall health
system strengthening.

TREATMENT FOR INVASIVE CERVICAL
CANCER IN SUB-SAHARAN AFRICA

Primary and secondary prevention of cervical cancer are far more
cost-effective than the treatment for invasive cancer and should
rightfully be placed as the highest priority of any new cervical
cancer control effort. Increasing cancer screening, especially in
a context where screening has not been ongoing, will identify
women with invasive cancers, incurring an ethical and functional
need for management. If a screening program can offer no treat-
ment or comfort for these women, it will both constitute a breach
of implied trust and potentially turn the surrounding community
against the program and future cancer control initiatives.

The treatment for invasive cervical cancer is determined by
the stage of cancer at patient presentation and can range from
minor surgery to radical surgery, chemotherapy, and radio-
therapy. The development of cervical cancer treatment services
requires advanced-level services within a broader integrated
health system that includes robust information systems, a func-
tioning consultation and referral network, diagnostic services
including pathology and radiology, staffed and functioning

operating rooms, perioperative care, radiotherapy services, and
chemotherapy. In short, comprehensive management of invasive
cervical cancer requires a breadth of services from primary to
tertiary care. This raises a conundrum for nations planning a
comprehensive cervical cancer control program: the greatest
successes will only be seen when a broad and effective health
system has been implemented. The exception to this is primary
prevention: in our opinion, any effort to control cervical cancer
should begin with the steps to implement a comprehensive HPV
vaccination program, as this is known to be highly effective. A
well-orchestrated campaign in a limited resource health system
may succeed before the elements of an integrated and high-quality
health system are in place. We do not, however, advocate HPV
vaccination as a stand-alone program for cervical cancer control:
given the 10-30 interval from HPV infection to the development
of invasive cancer, millions of women already infected will be at
risk for the next few decades.

The development of screening and treatment for cervical
cancer faces significant challenges in SSA, including in informa-
tion systems, human capacity, and health system infrastructure.
Poverty also has a significant effect on cervical cancer control;
accommodations should be made to render screening, preven-
tion, and treatment feasible and affordable.

Health information systems in SSA are faced with high
rates of illiteracy, limited health-specific knowledge, limited
Internet capacity, and limited equipment for medical record-
keeping. Most of the patients in SSA are the keepers of their
medical record often traveling with medical cards across clinic.
Increasingly, individual hospitals are successfully implementing
electronic medical records and thereby facilitate improved coor-
dination of care- and outcome-based research. The use of the
OpenMRS platform at AMPATH in Eldoret, Kenya is an excel-
lent example (17). Improved patient identification and health
information systems will be needed for cervical cancer control.
Recordkeeping is critical to facilitate recruitment and follow-up
in screening and prevention and is central to the consultation
and referral.

Mobile technology has been found to be effective in improving
both recruitment and adherence in the treatment for HIV in SSA
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(18), and active efforts are underway to refine the role of these
technologies in recruitment and follow-up of cervical cancer
screening patients. Many countries in SSA have both high rates
of cell phone ownership and extensive areas of cellular cover-
age (19). While mobile technology can be developed to support
vertical cervical cancer-specific prevention programs, thought
should be given to developing information systems in the context
of and in concern with developing electronic medical records in
the overall health system.

Treatment for invasive cervical cancer varies with stage at
diagnosis. For patients with cancer limited to the cervix, surgery
is often the treatment of choice, while for women with more
advanced cancer, chemotherapy and radiotherapy are usually
needed. Cervical cancer survival is compromised when patients
present at advanced stage in high-income countries, where
complex multimodality treatments are available. In SSA, where
treatment for advanced disease is typically not readily avail-
able, this trend is accentuated (12, 20). Delays in presentation
and diagnosis can be defined as discrete components: patient
delay, health-care providers’ delay, referral delay, and diagnostic
waiting time (Table 2) (21). Patient delay in SSA is understand-
able: due to better treatment for infectious diseases, decreased
food insecurity, and an aging population, cancer is a relatively
new problem, and many people, especially in remote settings,
may have little knowledge of the disease. Even if patients have
awareness of cancer, they may risk stigma or financial ruin with
diagnosis and treatment. A woman diagnosed with cervical
cancer may face abandonment or rejection from her spouse or
community (22). Cervical cancer, furthermore, may present with
pain bleeding or fistula formation: all issues that may be socially
difficult to address in certain contexts. In areas with limited
medical care, cancer may often be seen as a “death-sentence,’
making diagnosis even less worth the social risk. Even in areas
where some level of medical insurance is available, it is common
for families to face bankruptcy from medical care (23). Surgery
and chemotherapy, when available, often require out-of-pocket
expenditures, and time lost from work can be devastating for a
patient and her family living on subsistence farming or otherwise
in or close to poverty (24). Addressing patient delays, therefore,

TABLE 2 | Delays in diagnosis and treatment for cancer in low resource
settings.

Patient delays e Limited awareness of cancer

Limited expectation of cure or palliation
Fear of financial ruin

Competing demands for time, money
Distance to treatment facility

Provider delays e Limited training in cancer diagnosis
Competing/more acute clinical demands
Limited expectation of cure or palliation

Referral Delays e Unclear referral networks
Absent or unavailable specialists
Limited information systems/medical record technology

Diagnostic delays e Lack of sufficient pathology facilities and personnel
Backlog of specimens

Limited information systems for results reporting and
follow-up with patients and providers

requires advocacy and public awareness, but more importantly
requires structuring the health system and social support such
that people are not risking insolvency if they seek care for symp-
toms or signs of cancer.

Qualified medical staff are scarce in SSA (25), and those
who are available have been trained to manage infectious and
other acute illnesses using limited resources; these practitioners
often have received limited training in cancer diagnosis and
management. There is the potential for patients to present to a
medical facility with cancer and to go undiagnosed, leading to a
health-care provider delay. In addition, high clinical demands,
limited training about cancer and cancer treatment resources,
limited information technology, and either an absence or inac-
cessibility of specialists may lead to referral delays. As discussed
earlier, improvements in information technology may help;
certainly, there are many examples of the use of connectivity to
bring specialty expertise to remote locations (26). In SSA, there
are few trained oncology providers; although relationships with
outside specialists may help guide care in tertiary centers, it is
less clear how to provide guidance for providers at the primary
level.

In cases where cancer is suspected, there may be significant
diagnostic waiting time. Diagnostic pathology facilities and staft
are scarce, and diagnostic testing may be costly for the patient.
Often backlogs of specimens develop (27), and this may be
exacerbated by limited information systems, making follow-up
for results cumbersome.

Late-stage of cervical cancer at presentation in SSA is,
therefore, a highly complex multifactorial issue that both arises
from and limits the growth of effective cancer control programs.
Addressing the various gaps in care will require a comprehensive
and integrated approach to each of these factors, from the effects
of poverty on family and social structures to the training and
availability of oncology specialists.

HUMAN RESOURCE CAPACITY FOR
CERVICAL CANCER SERVICES

Cervical cancer treatment is multimodal. Early stages of cervical
cancer can be treated with curative oncologic surgery, whereas
advanced or recurrent cervical cancer is best managed with
radiation therapy and chemotherapy (28). Current capacity
to provide comprehensive women’s cancer care in low- and
middle-income countries is constrained by shortage in surgeons
trained and experienced in oncologic surgery. The challenge to
health-care human resources in LMICs encompasses all levels
of the health-care work force, and innovative models to increase
the capacity and capability of the health-care work force based on
each region-specific conditions are fundamental to any national
cancer control program. The current state of the surgical work-
force in LMICs is in crisis, directly impacting oncologic surgical
services.

The WHO estimates that 57 countries globally face a critical
shortage of health professionals, and the number of surgeons
and anesthesiologists are particularly scarce (29). Thirty-six
of these countries are in SSA, where surgeon density maybe as
low as 0.5 per 100,000 people (30, 31). Although the number
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of health-care work force is only one of the factors impacting
surgically treatable conditions, certainly, addressing this dire
shortage in surgical work force will advance the neglected area
of oncologic global health. An estimated 234.2 million major
surgical procedures are performed worldwide each year, 3.5% of
the procedures are performed among the poorest one-third of
the world’s population, pointing to a large unmet surgical need
(32). Limited data exist on the number of oncology specialist
in SSA, but reflecting on the state of the health work force in
LMICs, it can be assumed that health professionals trained
in cancer care are soulfully lacking (33). In a report of radia-
tion services in Nigeria, with a population of 160 million and
estimated of 100,000 new cancer cases annually, there were
18 radiation oncologist, 8 medical physicists, and 18 radia-
tion therapist to meet the nations radiation therapy (34, 35).
Countries such as Rwanda are developing innovative models
to meet the challenges, such as task shifting and partnerships,
between high resource and low resource cancer centers (36).
Beyond the LMIC’s countries, challenges to meet the demands
of an aging population on oncology services are anticipated in
high-resource countries.

Challenges identified in meeting the demand for essential
surgical services in LMIC’s include “brain drain,” the phe-
nomena of losing trained staff from LMICs to high-income
countries (37). World Health Organization (WHO) Global
Initiative for Emergency and Essential Surgical Care (GIEESC)
was launched in 2005 with the goal to scale access and delivery
of surgical care in LMICs. The WHO Global Code of Practice
on the International Recruitment of Health Personnel rec-
ognizes that a strong health system is critical to economic
development of a nation and proposed a framework to address
the shortage and migration of health-care work force in LMICs
(38). A key component of supporting this WHO Global Code
is for high-income countries to meet their own demand for
health-care force by increasing training in their own country.
In addition, a positive outcome of this code is the increased
support of high-income countries by providing technical and
monetary assistance for addressing health-care force shortage
in LMICs.

ACCESS AND AVAILABILITY OF
PALLIATIVE SERVICES AND MEDICINES
IN LOW RESOURCE SETTINGS

Globally, lack of access to palliative care services and strong pain
medications limit the quality of care patients with advanced or
end stage cervical cancer can receive. A significant number of
women in low resource settings present with advanced cervical
cancer. At the time of presentation, cervical cancer symptoms
of bleeding, pain, or urinary dysfunction can be debilitating to
the patient (39). Approximately 40% of women diagnosed with
cervical cancer in a tertiary center in India were staged III and
IV (40). In addition, delay in diagnosis and time to initiation of
treatment can be significant, resulting in progression of the dis-
ease and associated symptoms. Among cervical cancer patients

in Ethiopia, 63% of patients were ultimately stage IIB/IV at the
time of evaluation for radiation therapy (41). Patients allocated
to palliative care group experienced the most significant delay
in care (41). A similar pattern of disease presentation has been
documented among underserved women in high resource
setting (39). The loss of quality of life attributed to cervical
cancer diagnosis is not limited to end stage disease. Patients with
early-stage cervical cancer undergoing curative intent treatment
experience significant anxiety, depression, sexual dysfunction,
and treatment side effects, best managed by a multidisciplinary
team approach (42).

Palliative care services can be implemented in every resource
setting. Team approach to the palliative care is therapeutic to
the patient, family, and health-care provider. A nurse, doctor,
and social worker are integral to the team. As resources allow,
skills provided by physical therapist, pain and palliative care
physicians, and oncologist enhance the quality of palliative
care services (43). Palliative cancer care provides improvement
in quality of life with reduced health-care utilization when
implemented early in the course of cancer management (44,
45). Cervical cancer patients may experience loss of appetite,
fatigue, vaginal bleeding/hemorrhage, and pelvic pain that
improve with initiation of cancer treatment. As cervical
cancer progresses, pain, renal dysfunction, and fistulas can be
hallmark of the disease. Pain management utilizing the WHO
pain ladder remains the standard with incremental increase
from non-narcotic to narcotic drugs (46). Establishing access
to morphine is critical to alleviating patients suffering. Few
global health priorities supersede the critical shortage in
pain management in low resource setting (47). A margin 7%
of medical use of opioids occurs in middle- and low-income
countries, thus compounding barriers to palliative cervical
cancer care (48).

CONCLUSION

In 2016, the means to prevent and treat cervical cancer are well
known and widely available; a death from cervical cancer should
be understood as a preventable and unnecessary death. The ben-
efit from vaccination programs will not be realized for decades,
leaving millions of women at risk. In areas with limited medical
resources, programs of primary and secondary prevention can
significantly decrease the burden of cervical cancer. Complete
and comprehensive cervical cancer control, however, requires a
broadly coordinated effort from multiple specialists and facilities.
These specialists can only be trained, and such care can only be
safely given, in the setting of a strong overall health system. We
propose that outreach efforts in cervical cancer control should
broaden their targets beyond process-based and disease-based
metrics and work to more broadly strengthen the overall health
system.

AUTHOR CONTRIBUTIONS

TR and RH wrote this review together in an equal and collabora-
tive fashion.

Frontiers in Oncology | www.frontiersin.org 101

June 2016 | Volume 6 | Article 160


http://www.frontiersin.org/Oncology/
http://www.frontiersin.org
http://www.frontiersin.org/oncology/archive

Randall and Ghebre

Global Cervical Cancer Care

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Global Burden of Disease Cancer Collaboration, Fitzmaurice C, Dicker D,
Pain A, Hamavid H, Moradi-Lakeh M, et al. The global burden of cancer
2013. JAMA Oncol (2015) 1(4):505-27. doi:10.1001/jamaoncol.2015.
0735

Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et al.
Cancer incidence and mortality worldwide: sources, methods and major pat-
terns in GLOBOCAN 2012. Int ] Cancer (2015) 136(5):E359-86. d0i:10.1002/
ijc.29210

Meara ]G, Greenberg SL. The Lancet Commission on Global Surgery
Global Surgery 2030: evidence and solutions for achieving health, welfare
and economic development. Surgery (2015) 157(5):834-5. doi:10.1016/j.
surg.2015.02.009

Bank W. Population between the Ages 0 to 14 as a Percentage of the Total
Population. World Bank (2012). Available from: http://data.worldbank.org/
indicator/SP.POP.0014.TO.ZS

Jit M, Brisson M, Portnoy A, Hutubessy R. Cost-effectiveness of female human
papillomavirus vaccination in 179 countries: a PRIME modelling study. Lancet
Glob Health. (2014) 2(7):e406-14. doi:10.1016/S2214-109X(14)70237-2
Ngabo F, Levin A, Wang SA, Gatera M, Rugambwa C, Kayonga C, et al.
A cost comparison of introducing and delivering pneumococcal, rotavirus and
human papillomavirus vaccines in Rwanda. Vaccine (2015) 33(51):7357-63.
doi:10.1016/j.vaccine.2015.10.022

Kiatpongsan S, Kim JJ. Costs and cost-effectiveness of 9-valent human papil-
lomavirus (HPV) vaccination in two East African countries. PLoS One (2014)
9(9):e106836. doi:10.1371/journal.pone.0106836

Binagwaho A, Wagner CM, Gatera M, Karema C, Nutt CT, Ngabo E Achieving
high coverage in Rwanda’s national human papillomavirus vaccination
programme. Bull World Health Organ (2012) 90(8):623-8. do0i:10.2471/
BLT.11.097253

WHO. Comprehensive Cervical Cancer Control. A Guide to Essential
Practice - Second Edition. (2014). Available from: http://www.who.int/
reproductivehealth/publications/cancers/cervical-cancer-guide/en/

Shastri SS, Mittra I, Mishra GA, Gupta S, Dikshit R, Singh S, et al. Effect of
VIA screening by primary health workers: randomized controlled study in
Mumbai, India. J Natl Cancer Inst (2014) 106(3):dju009. doi:10.1093/jnci/
dju009

Binagwaho A, Wagner CM, Farmer PE. A vision for global cancer medicine:
pursuing the equity of chance. ] Clin Oncol (2016) 34(1):3-5. doi:10.1200/
JCO.2015.62.4395

Denny L. Control of cancer of the cervix in low- and middle-income countries.
Ann Surg Oncol (2015) 22(3):728-33. doi:10.1245/510434-014-4344-8
Petereit DG, Coleman CN. Editorial: “global challenges in radiation oncology”
Front Oncol (2015) 5:103. doi:10.3389/fonc.2015.00103

Binagwaho A, Kyamanywa P, Farmer PE, Nuthulaganti T, Umubyeyi B,
Nyemazi JP, et al. The human resources for health program in Rwanda - new
partnership. N Engl JMed (2013) 369(21):2054-9. doi:10.1056/
NEJMsr1302176

Uganda USEi. HIV Assistance from America to Uganda. (2016). Available
from: https://ug.usembassy.gov/hivassistance/

Brown CA, Suneja G, Tapela N, Mapes A, Pusoentsi M, Mmalane M, et al.
Predictors of timely access of oncology services and advanced-stage cancer
in an HIV-endemic setting. Oncologist (2016) 21(6):731-8. doi:10.1634/
theoncologist.2015-0387

Tierney WM, Rotich JK, Hannan TJ, Siikka AM, Biondich PG, Mamlin BW,
et al. The AMPATH medical record system: creating, implementing, and
sustaining an electronic medical record system to support HIV/AIDS care in
Western Kenya. Stud Health Technol Inform (2007) 129(Pt 1):372-6.

Perera Al, Thomas MG, Moore JO, Faasse K, Petrie KJ. Effect of a smartphone
application incorporating personalized health-related imagery on adherence
to antiretroviral therapy: a randomized clinical trial. AIDS Patient Care STDS
(2014) 28(11):579-86. doi:10.1089/apc.2014.0156

Bloomfield GS, Vedanthan R, Vasudevan L, Kithei A, Were M, Velazquez EJ.
Mobile health for non-communicable diseases in sub-Saharan Africa: a sys-
tematic review of the literature and strategic framework for research. Global
Health (2014) 10:49. doi:10.1186/1744-8603-10-49

Grover S, Raesima M, Bvochora-Nsingo M, Chiyapo SP, Balang D, Tapela N,
et al. Cervical cancer in Botswana: current state and future steps for

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

screening and treatment programs. Front Oncol (2015) 5:239. doi:10.3389/
fonc.2015.00239

Gyenwali D, Khanal G, Paudel R, Amatya A, Pariyar ], Onta SR. Estimates of
delays in diagnosis of cervical cancer in Nepal. BMC Womens Health (2014)
14(1):29. doi:10.1186/1472-6874-14-29

Livingston J. Improvising Medicine: An African Oncology Ward in an Emerging
Cancer Epidemic. Durham: Duke University Press (2012). 228 p.

Xu K, Evans DB, Kawabata K, Zeramdini R, Klavus J, Murray CJ. Household
catastrophic health expenditure: a multicountry analysis. Lancet (2003)
362(9378):111-7. doi:10.1016/S0140-6736(03)14377-2

Mills A. Health care systems in low- and middle-income countries. N Engl
J Med (2014) 370(6):552-7. doi:10.1056/NEJMra1110897

Scheffler RM, Mahoney CB, Fulton BD, Dal Poz MR, Preker AS. Estimates of
health care professional shortages in sub-Saharan Africa by 2015. Health Aff
(Millwood) (2009) 28(5):w849-62. doi:10.1377/hlthaff.28.5.w849

Arora S, Thornton K, Jenkusky SM, Parish B, Scaletti JV. Project ECHO: link-
ing university specialists with rural and prison-based clinicians to improve
care for people with chronic hepatitis C in New Mexico. Public Health Rep
(2007) 122(Suppl 2):74-7.

Chabner BA, Efstathiou ], Dryden-Peterson S; Visiting Team from the
Massachusetts General Hospital Cancer Center and Our Partners at the
Medical School of the University of Botswana, the Princess Marina Hospital,
the Gaborone Private Hospital, and the Botswana Ministry of Health. Cancer
in Botswana: the second wave of AIDS in sub-Saharan Africa. Oncologist
(2013) 18(7):777-8. doi:10.1634/theoncologist.2013-0218

Dizon DS, Mackay HJ, Thomas GM, Werner TL, Kohn EC, Hess D, et al. State
of the science in cervical cancer: where we are today and where we need to go.
Cancer (2014) 120(15):2282-8. doi:10.1002/cncr.28722

WHO. Everybody’s Business: Strengthening Health Systems to Improve Health
Outcomes. WHO’s Framework for Action (2007). Available from: http://www.
who.int/healthsystems/strategy/everybodys_business.pdf

Petroze RT, Nzayisenga A, Rusanganwa V, Ntakiyiruta G, Calland JE
Comprehensive national analysis of emergency and essential surgical capacity
in Rwanda. Br J Surg (2012) 99(3):436-43. doi:10.1002/bjs.7816

. Iddriss A, Shivute N, Bickler S, Cole-Ceesay R, Jargo B, Abdullah E et al.

Emergency, anaesthetic and essential surgical capacity in the Gambia. Bull
World Health Organ (2011) 89(8):565-72. doi:10.2471/BLT.11.086892

Weiser TG, Regenbogen SE, Thompson KD, Haynes AB, Lipsitz SR,
Berry WR, et al. An estimation of the global volume of surgery: a modelling
strategy based on available data. Lancet (2008) 372(9633):139-44. doi:10.1016/
S0140-6736(08)60878-8

GBD 2013 Risk Factors Collaborators, Forouzanfar MH, Alexander L,
Anderson HR, Bachman VE Biryukov S, et al. Global, regional, and national
comparative risk assessment of 79 behavioural, environmental and occupa-
tional, and metabolic risks or clusters of risks in 188 countries, 1990-2013: a
systematic analysis for the Global Burden of Disease Study 2013. Lancet (2015)
386(10010):2287-323. doi:10.1016/50140-6736(15)00128-2

Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM. Estimates of
worldwide burden of cancer in 2008: GLOBOCAN 2008. Int ] Cancer (2010)
127(12):2893-917. doi:10.1002/ijc.25516

Adewuyi SCO, Ketiku K, Duronsinmi-Etti F, Kofi-Duncan J, Okere P. Current
status of radiation oncology facilities in Nigeria. W Afr ] Radiol (2013)
20:30-6. d0i:10.4103/1115-1474.117909

Shulman LN, Mpunga T, Tapela N, Wagner CM, Fadelu T, Binagwaho A.
Bringing cancer care to the poor: experiences from Rwanda. Nat Rev Cancer
(2014) 14(12):815-21. doi:10.1038/nrc3848

Spiegel DA, Abdullah F, Price RR, Gosselin RA, Bickler SW. World Health
Organization global initiative for emergency and essential surgical
care: 2011 and beyond. World JSurg (2013) 37(7):1462-9. doi:10.1007/
500268-012-1831-6

Taylor AL, Hwenda L, Larsen BI, Daulaire N. Stemming the brain drain - a
WHO global code of practice on international recruitment of health person-
nel. N Engl ] Med (2011) 365(25):2348-51. doi:10.1056/NEJMp1108658
Ramondetta L. What is the appropriate approach to treating women with
incurable cervical cancer? ] Natl Compr Canc Netw (2013) 11(3):348-55.
Agarwal S, Malhotra KP, Sinha S, Rajaram S. Profile of gynecologic malignan-
cies reported at a tertiary care center in India over the past decade: compara-
tive evaluation with international data. Indian ] Cancer (2012) 49(3):298-302.
doi:10.4103/0019-509X.104494

Frontiers in Oncology | www.frontiersin.org

102

June 2016 | Volume 6 | Article 160


http://www.frontiersin.org/Oncology/
http://www.frontiersin.org
http://www.frontiersin.org/oncology/archive
http://dx.doi.org/10.1001/jamaoncol.2015.0735
http://dx.doi.org/10.1001/jamaoncol.2015.0735
http://dx.doi.org/10.1002/ijc.29210
http://dx.doi.org/10.1002/ijc.29210
http://dx.doi.org/10.1016/j.surg.2015.02.009
http://dx.doi.org/10.1016/j.surg.2015.02.009
http://data.worldbank.org/indicator/SP.POP.0014.TO.ZS
http://data.worldbank.org/indicator/SP.POP.0014.TO.ZS
http://dx.doi.org/10.1016/S2214-109X(14)70237-2
http://dx.doi.org/10.1016/j.vaccine.2015.10.022
http://dx.doi.org/10.1371/journal.pone.0106836
http://dx.doi.org/10.2471/BLT.11.097253
http://dx.doi.org/10.2471/BLT.11.097253
http://www.who.int/reproductivehealth/publications/cancers/cervical-cancer-guide/en/
http://www.who.int/reproductivehealth/publications/cancers/cervical-cancer-guide/en/
http://dx.doi.org/10.1093/jnci/dju009
http://dx.doi.org/10.1093/jnci/dju009
http://dx.doi.org/10.1200/JCO.2015.62.4395
http://dx.doi.org/10.1200/JCO.2015.62.4395
http://dx.doi.org/10.1245/s10434-014-4344-8
http://dx.doi.org/10.3389/fonc.2015.00103
http://dx.doi.org/10.1056/NEJMsr1302176
http://dx.doi.org/10.1056/NEJMsr1302176
https://ug.usembassy.gov/hivassistance/
http://dx.doi.org/10.1634/theoncologist.2015-0387
http://dx.doi.org/10.1634/theoncologist.2015-0387
http://dx.doi.org/10.1089/apc.2014.0156
http://dx.doi.org/10.1186/1744-8603-10-49
http://dx.doi.org/10.3389/fonc.2015.00239
http://dx.doi.org/10.3389/fonc.2015.00239
http://dx.doi.org/10.1186/1472-6874-14-29
http://dx.doi.org/10.1016/S0140-6736(03)14377-2
http://dx.doi.org/10.1056/NEJMra1110897
http://dx.doi.org/10.1377/hlthaff.28.5.w849
http://dx.doi.org/10.1634/theoncologist.2013-0218
http://dx.doi.org/10.1002/cncr.28722
http://www.who.int/healthsystems/strategy/everybodys_business.pdf
http://www.who.int/healthsystems/strategy/everybodys_business.pdf
http://dx.doi.org/10.1002/bjs.7816
http://dx.doi.org/10.2471/BLT.11.086892
http://dx.doi.org/10.1016/S0140-6736(08)60878-8
http://dx.doi.org/10.1016/S0140-6736(08)60878-8
http://dx.doi.org/10.1016/S0140-6736(15)00128-2
http://dx.doi.org/10.1002/ijc.25516
http://dx.doi.org/10.4103/1115-1474.117909
http://dx.doi.org/10.1038/nrc3848
http://dx.doi.org/10.1007/s00268-012-1831-6
http://dx.doi.org/10.1007/s00268-012-1831-6
http://dx.doi.org/10.1056/NEJMp1108658
http://dx.doi.org/10.4103/0019-509X.104494

Randall and Ghebre

Global Cervical Cancer Care

41.

42.

43.

44,

45.

Kantelhardt EJ, Moelle U, Begoihn M, Addissie A, Trocchi P, Yonas
B, et al. Cervical cancer in Ethiopia: survival of 1,059 patients who
received oncologic therapy. Oncologist (2014) 19(7):727-34. doi:10.1634/
theoncologist.2013-0326

Ferrandina G, Mantegna G, Petrillo M, Fuoco G, Venditti L, Terzano S, et al.
Quality of life and emotional distress in early stage and locally advanced cer-
vical cancer patients: a prospective, longitudinal study. Gynecol Oncol (2012)
124(3):389-94. doi:10.1016/j.ygyno.2011.09.041

Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al.
Global and regional mortality from 235 causes of death for 20 age
groups in 1990 and 2010: a systematic analysis for the Global Burden of
Disease Study 2010. Lancet (2012) 380(9859):2095-128. doi:10.1016/
S0140-6736(12)61728-0

Temel JS, Greer JA, Muzikansky A, Gallagher ER, Admane S, Jackson
VA, et al. Early palliative care for patients with metastatic non-small-cell
lung cancer. N Engl ] Med (2010) 363(8):733-42. doi:10.1056/NEJMoal
000678

Smith TJ, Temin S, Alesi ER, Abernethy AP, Balboni TA, Basch EM, et al.
American Society of Clinical Oncology provisional clinical opinion: the
integration of palliative care into standard oncology care. J Clin Oncol (2012)
30(8):880-7. d0i:10.1200/JC0O.2011.38.5161

46.

47.

48.

Meuser T, Pietruck C, Radbruch L, Stute P, Lehmann KA, Grond S. Symptoms
during cancer pain treatment following WHO-guidelines: a longitudinal
follow-up study of symptom prevalence, severity and etiology. Pain (2001)
93(3):247-57. doi:10.1016/S0304-3959(01)00324-4

Powell RA, Mwangi-Powell FN, Radbruch L, Yamey G, Krakauer EL, Spence D,
et al. Putting palliative care on the global health agenda. Lancet Oncol (2015)
16(2):131-3. doi:10.1016/S1470-2045(15)70002-1

Manjiani D, Paul DB, Kunnumpurath S, Kaye AD, Vadivelu N. Availability
and utilization of opioids for pain management: global issues. Ochsner J (2014)
14(2):208-15.

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Copyright © 2016 Randall and Ghebre. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) or licensor are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

103

June 2016 | Volume 6 | Article 160


http://www.frontiersin.org/Oncology/
http://www.frontiersin.org
http://www.frontiersin.org/oncology/archive
http://dx.doi.org/10.1634/theoncologist.2013-0326
http://dx.doi.org/10.1634/theoncologist.2013-0326
http://dx.doi.org/10.1016/j.ygyno.2011.09.041
http://dx.doi.org/10.1016/S0140-6736(12)61728-0
http://dx.doi.org/10.1016/S0140-6736(12)61728-0
http://dx.doi.org/10.1056/NEJMoa1000678
http://dx.doi.org/10.1056/NEJMoa1000678
http://dx.doi.org/10.1200/JCO.2011.38.5161
http://dx.doi.org/10.1016/S0304-3959(01)00324-4
http://dx.doi.org/10.1016/S1470-2045(15)70002-1
http://creativecommons.org/licenses/by/4.0/

',\' frontiers
in Oncology

ORIGINAL RESEARCH
published: 12 February 2016
doi: 10.3389/fonc.2016.00031

OPEN ACCESS

Edited by:
Sarah M. Temkin,
National Cancer Institute, USA

Reviewed by:

Brigitte Mlineritsch,

Private Medical University Clinic
Salzburg, Austria

Laurie Elit,

Ministry of Health and Long-Term
Care Ontario, Canada

*Correspondence:
Summer Dewdney
summer_dewdney@rush.edu

Specialty section:

This article was submitted to
Women's Cancer,

a section of the journal
Frontiers in Oncology

Received: 19 November 2015
Accepted: 29 January 2016
Published: 12 February 2016

Citation:

Dolly D, Mihai A, Rimel BJ, Fogg L,
Rotmensch J, Guirguis A, Yordan E
and Dewdney S (2016) A Delay from
Diagnosis to Treatment Is Associated
with a Decreased Overall Survival for
Patients with Endometrial Cancer.
Front. Oncol. 6:31.

doi: 10.3389/fonc.2016.00031

CrossMark

A Delay from Diagnosis to Treatment
Is Associated with a Decreased
Overall Survival for Patients with
Endometrial Cancer

Darren Dolly’, Andreea Mihai?, B. J. Rimel®, Louis Fogg*, Jacob Rotmensch?,
Alfred Guirguis*, Edgardo Yordan* and Summer Dewdney**

"Elkhart General Hospital, Elkhart, IN, USA, ?University of lowa Hospitals and Clinics, lowa City, IA, USA, ¢ Cedars-Sinai
Medical Center, Los Angeles, CA, USA, “Rush University Medical Center, Chicago, IL, USA

Objectives: While Caucasian women are more likely to be diagnosed with endometrial
cancer compared to African-American women, the rate of mortality is higher for African
Americans. The cause of this disparity is unknown. We analyzed the time interval from
diagnosis of endometrial cancer to treatment as it pertains to race and socioeconomic
factors and its possible impact on survival.

Methods: This was a retrospective, single institution chart review using a cancer registry
database. We identified 889 patients who were diagnosed with endometrial cancer
between January 2005 and June 2012. Clinicopathologic characteristics, demograph-
ics, insurance status, distance from medical center, body mass index (BMI), dates of
diagnosis, and treatment were obtained from the medical records. Survival and associ-
ation was determined by a one-way ANOVA test.

Results: At the time of the study, 699 patients were alive and 190 dead. The average
age was noted to be 62 years (24-91 years). Stages |-V disease accounted for 69,
6, 15, and 10%, respectively. White race accounted for 64%, African Americans 24%,
and Hispanics 7% of our study population. Majority of patients were privately insured
(n = 441) followed by Medicare (n = 375). The mean interval time from diagnosis to
treatment was 47.5 days (0-363). A statistically significant difference was noted for this
time interval with regard to both race and insurance status: white and African Americans
(42.6 vs. 57.3 days, p = 0.048), privately insured and Medicare (38.4 vs. 54.1 days,
p < 0.001). There was a significant association with increased risk of death with a longer
delay (43.3 vs. 64.8 days, p < 0.001). No statistically significance was noted for distance
from medical center or BMI.

Conclusion: A significant increase in interval of time from diagnosis to treatment of
endometrial cancer was seen in both race and insurance status. A longer interval from
diagnosis to treatment was associated mortality. The causes of these delays are likely
multifactorial but deem further investigation given these data.

Keywords: endometrial cancer, disparities of care, delay in treatment, overall survival, insurance, health, race
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INTRODUCTION

AccordingtoNational Cancer Institute Surveillance Epidemiology
and End Results (SEER), it is estimated that 49,560 women were
diagnosed and 8,190 women died from cancer of the uterus
in 2013 (1). Endometrial cancer, which accounts for 95% of
cancer of the uterine corpus, is the most common gynecologic
malignancy (2). Racial differences in the incidence and mortality
of endometrial cancer have been noted with higher incidence
in Caucasian women compared to African-American women;
however, the mortality rate is 85% higher for African-American
women (1). The cause of this disparity in mortality rates among
Caucasian women and African-American women is thought to be
multifactorial. Some studies have shown that African-American
women present with poor prognostic features, such as higher
grade tumors (Grades II and III), advanced stage (Stages III or
IV), and non-endometrioid (Type II) endometrial cancers (3).
In one study by Setiawan et al., African Americans and Latinas
had higher proportions of high-grade tumors (32.7 and 29.5%,
respectively) compared to whites (19.2%) as well as more aggres-
sive histology among African Americans (30.9%) and Latinas
(26.2%) compared to whites (8.7%) (4). Other authors have
suggested that the type of initial treatment offered to African-
American women may have increased the mortality rate with
Caucasian women being more likely than African Americans
to receive surgery and radiation therapy (5). Another possible
explanation is that the molecular phenotypes of endometrial
cancers that arise in African-American women tend to have a
higher rate of TP53 inactivation and decreased expression of
PTEN (6). p53 tumor suppressor gene inactivation has been
associated with more adverse histologies and advanced-stage
disease, while PTEN mutation, the most frequent molecular
alteration observed in endometrial cancer, is associated with a
more favorable outcome (6).

Few studies have explored interval between diagnosis of
endometrial cancer and the time of treatment. Minority races
have been associated with lower socioeconomic status that may
limit access to care. The objective of this study is to examine the
interval from diagnosis to treatment in relation to race, socioeco-
nomic status, and payor status at a single tertiary care institution.

MATERIALS AND METHODS

Using the Cancer Registry at Rush University Medical Center,
we performed a retrospective chart review of patients diagnosed
with and/or treated for endometrial cancer from January 1, 2005
to June 1, 2012. The Rush University Medical Center Internal
Review Board approved this study. Patients were selected if
they were diagnosed with primary cancer involving the uterus
and were initially diagnosed and/or treated within the Rush
University Medical Center network. Of note, all patients were
treated by an attending gynecologic oncologist; there is no house
staff clinic present at this institution. Patients whose primary
tumor was outside the uterine corpus, who were diagnosed
with primary cervical cancer or with uterine sarcomas, were
excluded. The following information was extracted from patient
charts: age at initial diagnosis, race/ethnicity, body mass index

(BMI), insurance status, zip code, date of initial diagnosis, date
of initial treatment, type of initial treatment (either surgical,
radiation therapy, or chemotherapy), stage, histological type, and
vital status (dead or alive) at the time of data collection. Time of
diagnosis was determined from the date a pathological specimen
was collected (day 0) either by endometrial sampling or from the
initial surgery for a non-malignant cause (18.3%). For 20 cases,
no treatment date was available and these patients were excluded
from further analysis in this study. Date of treatment was deter-
mined using the date of patient’s surgical staging procedure or for
patients who did not undergo surgery the initial date of radiation/
chemotherapy treatment; for patients who underwent a hysterec-
tomy for another cause (prior to diagnosis of endometrial cancer),
the date of their hysterectomy was used. The interval treatment
time was determined by the number of days between the dates of
diagnosis and treatment. Distance from Rush University Medical
Center was determined using patients’ listed home zip code and
calculating the distance from that zip code against that of the
medical center, this calculation was performed in the standard
fashion. Analysis of the data was performed using the analytical
software SPSS statistics 21.0; chi square test was used to analysis
stage and vital status. For analysis of race and insurance status
on treatment delay, we performed ANOVA. To see the relation-
ship of BMI and distance from treatment center and its impact
on delay in treatment time, we performed a regression analysis.
A multivariate analysis was also performed.

RESULTS

A total of 964 charts were reviewed for this study. Seventy-five
charts did not meet inclusion criteria leaving a total of 889 charts
for analysis. Demographic information is outlined in Table 1.
Average age of all patients was 62 years old (range 24-91 years).
Of the cases reviewed, 64.3% were white, 24.3% were African-
American, 7.0% were Hispanic, 0.7% Asian, and 3.6% were of
other or unknown race. In terms of stage of disease at time of
diagnoses, Stage I disease accounted for 68.8% (612/889), Stage
11 6.4% (57/889), Stage IIT 14.5% (129/889), and Stage IV 10.1%
(90/889); one patient stage was unknown. The majority of the
histologic types were grades 1 and 2 endometrioid adenocarci-
noma, 31.6% (281/889) and 30.3% (271/889), respectively. Poorly
differentiated cancers made up 26.1% (232/889) including a
combination of grade 3 endometrioid adenocarcinoma, serous,
carcinosarcoma, and leiomyosarcoma. The remaining histologic
group was defined in the registry as “cell type not determined”
(11.8%). Majority of patients, 49.6% (441/889), had private
insurance, followed closely by Medicare 42.1% (374/889) and
Medicaid 4.4% (39/889). Average distance from health center
was noted to be 23.5 miles (range 0-1,022 miles); for one patient,
no information on zip code was available and thus unable to
calculate distance. Average BMI of patients in study was 35 kg/
m?% however, information was missing for 145 (16%) patients.
At the time of data collection, 699 (78.6%) patients were alive
and 190 (21.4%) were dead. As it would be expected, vital status
varied between stages with majority of Stage I patient being alive
at the time of analysis of this study. For stage I disease, 89.9%
(550) patients were alive vs. 73.7% for stage II, 59.7% for stage
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TABLE 1 | Demographic of patients.

Demographics Number of patients

Race

White 572 (64.3%)
African-American 216 (24.3%)
Hispanic 62 (7%)
Asian 7 (0.7%)
Other/unknown 32 (3.6%)

Stage of disease

Stage | 612 (68.8%)
Stage I 57 (6.4%)
Stage Il 129 (14.5%)
Stage IV 90 (10.1%)
Stage unknown 1(0.1%)
Insurance

Private 441 (49/6%)
Medicaid 39 (4.4%)
Medicare 374 (42.1%)
Self-pay 16 (1.8%)
Other/unknown 18 (2%)
Body mass index

Mean 34.6 mg/m?
Distance from hospital

Mean 23.5 miles

III, and only 33.3% for stage IV. It is important to note that the
cause of death was unknown and deaths include all causes for
mortality. The mean interval from diagnosis to initial treatment
was 47.9 days and ranged from 0 to 363 days. This interval when
compared to survival and was noted to be statistically significant
with patients who were still alive having a mean treatment inter-
val of 43.35 days compared to those who were dead having a mean
interval of 64.84 days (p < 0.001).

In terms of insurance status, the longest treatment interval
was noted in the Medicaid group with a mean treatment delay of
78 days followed by Medicare with 54 days (Table 2). The short-
est interval was noted within the private insurance group with
38.4 days and was found to be clinically significant (p < 0.001).
Even when stratified by stage of disease, Medicaid and Medicare
participants continued to have longer treatment intervals
(Table 3).

Analysis of stage and insurance status as it pertains to survival
demonstrated similar results (Table 4). For Stage I disease, 97.1%
of patients with private insurance were alive compared to 95.8%
in Medicaid and 77.1% for Medicare; 2.9% of private insurance
patients were dead compared to 4.2 and 22.3%, respectively, for
Medicaid and Medicare groups. Similar results were seen in Stage
I1I disease with alive status for 72.7, 62.5, and 53.4% in private,
Medicaid, and Medicare groups, respectively. In Stages Il and IV,
the private and Medicare patients had similar results in terms of
survival. Of note, data are only available for all cause mortality.

Racial differences were noted in time to treatment intervals.
Caucasian women had a shorter mean treatment interval
(42.6 days) as compared to African-American women (57.3 days)
and Hispanics (58.2 days). The shortest treatment interval time
was noted in Asian patients with 28.6 days. These differences were

TABLE 2 | Mean treatment time (days) in relationship to race, insurance
status, and vital status.

Demographics Mean treatment time (days) p value

Race

White 42.6 p =0.048
African-American 57.3

Hispanic 58.2

Asian 28.6

Other 54

Total 47.6

Insurance

Private 38.4 p < 0.001
Medicaid 78.1

Medicare 541

Self-pay 53.5

Other/unknown 63.6

Total 47.9

Vital status

Alive 43.3 p < 0.001
Dead 64.8

Total 47.9

TABLE 3 | Mean treatment time in relation to insurance per stage.

Insurance Stage | Stage Il Stage Il Stage IV
Mean treatment interval (days)

Private 39.0 50.8 34.4 37.3
Medicaid 53.1 275.0 40.4 179.0
Medicare 53.6 65.4 48.3 38.9
Other/unknown 109.0 46.0 40.0 3.5
Total 46.4 66.3 42.8 47.0

p =0.01 p =0.06 p =0.489 p =0.03

found to be statistically significant between groups (p = 0.048)
(Table 2).

Of note, a multivariate analysis was performed but was felt
not to show any further informative statistics. The analysis
shows that three effects remain in the multiple regression
analysis — a dummy code for private insurance, a dummy code
for Medicare, and a dummy code for African-American race.
The two insurance codes are associated with shorter intervals,
being African-American is associated with longer intervals. The
interval variable was transformed to better meet assumptions of
normal residuals (a square root transformation). These results
are in rough agreement with the univariate results, and much of
the difference may be accountable to collinearity between these
measures (e.g., African-American and/or Hispanic race/ethnicity
with use of Medicaid).

Distance from the health center and BMI were not found to be
statistically significant for a time to treatment interval.

DISCUSSION

In our study, patients with endometrial cancer without private
insurance experienced significantly longer interval time to treat-
ment compared to patients with private insurance. In addition, we
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TABLE 4 | Stage and insurance status as it pertains to survival.

Insurance Stage | Stage Il Stage Ill Stage IV

Alive Dead Alive Dead Alive Dead Alive Dead
Medicaid 23 (95.8%) 1(4.2%) 2 (100%) 0 (0%) 5 (62.5%) 5 (37.5%) 0 (0%) 5 (100%)
Medicare 171 (77.7%) 49 (22.3%) 21 (70%) 9 (30%) 39 (563.4%) 34 (46.6%) 17 (34%) 33 (66%)
No insurance 14 (93.3%) 1(6.7%) 1 (100%) 0 (0%)
Private 331 (97.1%) 10 (2.9%) 18 (75%) 6 (25%) 32 (72.7%) 12 (27.3%) 11 (34.4%) 21 (65.6%)
Other/unknown 11 (91.7%) 1(8.3%) 1(100%) 0 (0%) 0 (0%) 3 (100%) 1(50%) 1(50%)
Total 550 (89.9%) 62 (10.1%) 42 (73.7%) 15 (26.3) 77 (59.7%) 52 (40.3%) 30 (33.3%) 60 (66.7%)

also found increased time to treatment interval to be associated
with a decreased survival. Race, BMI, and distance to treatment
center were all not significantly correlated with interval treat-
ment time. This confirms our hypothesis that socioeconomic
status appears to negatively impact survival. This study supports
the findings of Fedewa et al., who also found a significantly
improved survival in patients with private insurance (7). The
authors speculated that patients with public insurance are less
likely to be managed by a gynecologic oncologist. In contrast,
a gynecologic oncologist treated all the patients in our sample.
Our finding of increased time to treatment interval adds another
possible explanation for both Fedewas findings and ours. Our
results mirror the greater body of literature regarding insurance
disparities in cancer mortality between the underinsured and the
privately insured, especially with regards to breast cancer, which
has partially been attributed to decreased cancer surveillance in
this population (8, 9). Interestingly, in the breast cancer literature,
this disparity in surveillance persisted even in high income adults
without insurance (10). Our findings did correlate with the over-
all body of literature on insurance status and cancer disparities
and wait time (7, 11-14).

Medicaid covers a disproportionately high percentage of
minorities, specifically black patients, although whites make
up a higher percentage of total Medicaid beneficiaries (12).
Furthermore, many studies have found race to be a significant
predictor of poor outcomes despite equal insurance status and
providers (15). These studies did not assess wait time, and thus,
perhaps race had an effect there. Increased interval wait time
is of particular concern because patients with Medicaid and
without insurance are more likely to present at diagnosis with
more advanced disease, and thus, this population requires timely
treatment (12). A perceived inability to afford medical care could
be a major contributor to advanced presentation in the uninsured
(8). It is unclear, however, in our study if insurance inequality
within races accounted for significance of delay in treatment
and decrease survival with racial groups or if race itself was a
confounder in the delay in treatment within insurance groups.

Elit et al. reported that a delay in treatment was related to a
decrease in overall survival for patients with uterine cancer in
a Canadian population (11). In this study, they demonstrated
that a wait time of more than 12 weeks had a significantly worse
survival than patients with a wait time of 2.1-6 weeks [HR 0.79
(95% CI 0.7-0.91)] and wait time 6-12 weeks [HR 0.8 (95% CI
0.71-0.91)]. They postulated that the delay in treatment may be
due to centralization of uterine cancer surgical care to gynecologic

oncologist at teaching hospitals and less availability of operating
room times. They also state that this increase in wait times to
surgery may counteract any benefit seen as a result of additional
expertise from gynecologic oncology regarding surgical staging.
Our study demonstrates a similar correlation between survival
and time to treatment. However, all mean delay in treatment
time in our study was <12 weeks (84 days), with the longest
mean delay in treatment time seen being 78.1 days (11 weeks)
in the Medicaid group. Our study differs from the Elit study in
that it was done in a single teaching institution with patients
who receive surgical care from only gynecologic oncologists;
therefore, our delay in treatment cannot be justified by less avail-
ability to operating room times or delay in referral time alone.
Our study was also done in a different health care system where
different insurance statuses exist and not the national health care
system in Canada.

There were some limitations to our study. Our population was
geographically limited to one tertiary care institution in Chicago.
Our sample was also not nationally representative due to its
inclusion of patients seeking care at a tertiary care institution.
Additionally, we could not account for patient factors, including
adherence to treatment recommendations, provider preference,
or comorbidities, which could have limited a definitive surgical
option. We also did not account for cancer histology, which is
a known prognostic indicator. Information on cause of death
was not available; hence, cancer-specific deaths could not be
identified.

Future studies focusing on time to treatment interval, specifi-
cally at what time to treatment interval is survival affected, are
needed. Further study of the relationship of race, socioeconomic
status, and time to treatment will aid providers in optimizing care
in an era of increasing restriction of resources.

In conclusion, we found a significant decrease in survival with
longer delay between diagnosis and treatment. In addition, this
delay was directly associated with insurance status and race in
our population of endometrial cancer patients treated at a large,
tertiary care institution.
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The rising number and increasing longevity of the elderly population calls for improve-
ments and potentially a more personalized approach to the treatment of cancer in this
group. Elderly patients frequently present with a number of comorbidities, complicating
surgery and chemotherapy tolerability. In the case of ovarian cancer, elderly women
present with more advanced disease, making the issue of providing adequate treatment
without significant morbidity critical. Most studies support the application of standard
of care treatment to elderly women with ovarian cancer, yet it seems to be offered less
frequently in the elderly. The objective of this review is to examine the application and
outcome of standard of care treatment in elderly women with ovarian cancer. The aim is
to ultimately improve the approach to treatment in this group.

Keywords: ovarian cancer, elderly, age, treatment, care, chemotherapy, outcomes

INTRODUCTION

The elderly population, defined as 65 years and older, is expected to reach 80 million in the United
States over the next two decades (1). Ovarian cancer is common among older women, with estimates
suggesting that half of the women living with ovarian cancer are over 65 years old (2, 3). Over two-
thirds of new cases are in women over 55 years old, with the median age at diagnosis being 63 (4).
While some cancers, such as breast, generally become more indolent with increasing age, the reverse
is seen in ovarian cancer (5), resulting in increasing complexity of treatment. Many studies continue
to investigate why survival in the elderly differs so much from that of younger cancer patients. Freyer
and colleagues in a 2013 review proposed various theories to explain these higher death rates. They
proposed that this could be due to more aggressive cancer with advanced age, inherent resistance to
chemotherapy, multiple concurrent medical problems, and physician and healthcare biases toward
the elderly that lead to inadequate surgery, less than optimal chemotherapy, and poor enrollment in
clinical trials (6).

Both treatment administered and outcomes observed in the elderly ovarian cancer popula-
tion have differed from their younger counterparts. For example, a Surveillance, Epidemiology
and End Results (SEER) data analysis of almost 10,000 elderly women (>65 years) between 1991
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and 2007 found that over the past couple of decades, primary
surgery had significantly decreased from 63.2 to 49.5%, while
primary chemotherapy doubled from 19.7 to 31.8% (7), as
later described in Figure 3. In addition, a German study
found that ovarian cancer patients aged 15-54 had a strong
continuous trend of improving survival, as did patients aged
55-74, yet elderly patients >75 years saw no improvement
in survival during the 1979-2003 study period. As the age
gradient substantially widened over time, reaching a relative
survival difference of 50% between the two groups, it was the
strongest age gradient observed among 15 examined cancers
after a 20-year analysis Figure 1 (8). Both of these examples
illustrate how treatment and outcomes continue to differ from
women in younger age groups. Acknowledging these differ-
ences as well as the deficits in the literature is the objective
of this review. Once these deficits are better defined, research
can be initiated.

METHODS

A PubMed literature review was conducted using various combi-
nations of the following search terms: “ovarian cancer,” “elderly;”
“gynecologic(al) cancer(s),” “treatment,” and “care” The articles
were screened for original articles and reviews published between
2005 and 2015. Only English articles were reviewed. Seventy-six

articles met these inclusion criteria.

Baseline Variables Predictive of Outcome

Several studies have examined the diagnosis of ovarian cancer
in elderly patients. Ovarian cancer is a disease of the elderly as
the average age of diagnosis is 63. For example, in a large study
by Poynter et al., older age at baseline was the only significantly
associated risk factor for developing ovarian cancer in elderly
women (9). Although ovarian cancer is typically diagnosed at
an advanced stage, an even larger proportion (80%) of elderly
women present with Stages III-IV disease (6). Analysis of SEER
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FIGURE 1 | Relative survival rates by age in ovarian cancer patients
over 20-year study period (8).

data from 1988 to 2001 found that in over 28,000 women, younger
women were two to three times more likely to be diagnosed with
early-stage (I-II) disease than their elderly counterparts (10).
Other studies have shown similar results (11). A separate SEER
analysis of 4,000 advanced ovarian cancer patients diagnosed
between 1992 and 1999 illustrates the consequence of elderly
women being diagnosed with higher stages of disease, as sur-
vival is significantly associated with stage (12). These SEER data
are also described in Figure 3. When comparing the elderly
(65-74 years) with the very elderly (>75 years), increased age
was also associated with advanced stage and higher grade (13).
While other studies may not support this trend (10, 11, 14-18),
the majority suggest the importance of age as a baseline that
affects treatment outcomes.

Comorbidities are common in all elderly women, regardless
of cancer status, but women with ovarian cancer in general
had a much higher incidence of comorbidities than cancer-free
women. Because of this, understanding the role of comorbid
conditions in elderly ovarian cancer treatment and outcomes will
be crucial for optimal personalized treatment in this group (19).
The complexity of ovarian cancer treatment, including surgery
and chemotherapy, may limit the ability of elderly women with
comorbidities to tolerate radical surgery and toxic therapeutic
regimens.

Because of this, having a prognostic tool to predict the impact
of covariates on overall survival (OS) would be of value in this
complex patient population. The GINECO study used three
separate phase II trials to develop a new prognostic tool, called
the geriatric vulnerability score (GVS), which can be utilized to
predict survival in elderly (>70 years) patients with advanced
ovarian cancer. The best-fitting model delivered a survival score
equal to exp(0.327 X GVS), where the GVS is the sum of the
following of a scale of 0-5 (each with a value of one): albumin
<35 g/l; activities of daily living (ADL) score <6; instrumental
activities of daily living (IADL) score <25; lymphopenia <1 G/I;
and Hospital Anxiety and Depression Scale (HADS) >14. The
GVS was significantly differentiated between two groups: those
with a score <3 having an 82.1% chemotherapy completion
rate, while those over 3 only observed 65.5% completion rates.
Women with a GVS >3 were over twice as likely to have grade
>3 non-hematological toxicities, twice as likely to have seri-
ous adverse event, and experienced more unplanned hospital
admissions (20).

Primary Surgical Treatment

Initial therapy for ovarian cancer following diagnosis includes
a combination of surgery and chemotherapy. Patients with the
best prognosis include those who undergo surgical cytoreduc-
tion to no gross disease and receive platinum and taxane-based
chemotherapy, with some receiving treatment through an intra-
peritoneal infusion.

Many recent studies have examined how primary treatment
in the elderly compares to younger women with ovarian cancer
(Figure 2). For example, in an analysis of over 10,000 patients
with ovarian cancer, the elderly were less likely to receive compre-
hensive surgical care, as defined by International Classification
of Disease, 9th Revision (ICD-9) diagnosis and procedure
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codes (21). Similarly, an analysis of over 23,000 advanced ovarian
cancer patients in the Netherlands found that about one-third of
elderly patients received no therapy (22). Other studies support
the trend in elderly women receiving suboptimal treatment (11,
13, 15, 18, 22-27). A 961-patient study even found elderly age
to be independently predictive of not receiving cytoreductive
surgery and standard combination chemotherapy (24). A SEER
analysis of 28,165 women with ovarian cancer found that younger
women were significantly more likely to undergo primary surgi-
cal procedures than the elderly (10) (Figure 3). This was sup-
ported by other studies as well (23). Although some studies did
not confirm this difference in treatment based on age (16, 17, 28,

29), the bulk of the data demonstrates a disproportionate number
of elderly women receiving suboptimal treatment.

Interestingly, most studies do indicate that optimal treatment
in the elderly is feasible and acceptable, with similar outcomes
observed between age groups (15, 16, 23, 24, 27, 30-32). After
adjusting for age and stage of ovarian cancer, optimal treatment
had a significant impact on survival, suggesting that focus should
be placed on optimal treatment for patients of all ages with ovar-
ian cancer (32). When comparing the elderly and very elderly,
multiple studies found no significant difference in perioperative
complications, with progression-free survival (PFS) and OS being
similar (16, 29, 33).
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While surgery may be feasible, the residual disease volume
post-debulking surgery has been found to be higher for elderly
patients, which significantly impacts PFS and OS (11, 16, 27, 29,
34-36). A Mayo Clinic study of women with advanced ovar-
ian cancer found that residual disease had a larger and more
significant impact in the very elderly, with a fourfold decrease
in median survival when compared to younger patients (37).
With perhaps a higher rate of residual disease left at the time
of surgery and a greater impact on outcomes, such as survival,
some question the use of this aggressive treatment in this
population.(23, 38), However, elderly women who do undergo
primary debulking surgery have better disease-free survival
and OS than those who had interval debulking (33). Yet, the
elderly have also been found to have a statistically higher rate
of large bowel resection than their younger counterparts (15).
Hospitalization data are conflicting, with some studies showing
days of hospitalization or ICU stay to be longer in the elderly
(28, 33), while others contradict this (23). Discrepancies are
likely influenced by selection bias. Further investigation with
larger sample sizes is warranted.

InaMaryland state-wide study, it was observed that university-
type hospitals were significantly less likely to have admitted the
elderly patients when compared to younger patients, with the
majority of elderly admissions being for surgeries under emer-
gency conditions. Interestingly, older women with ovarian cancer
were also significantly more likely to have a different operating
surgeon than the attending physician of record. The elderly also
had a higher adjusted cost of hospital-related care with more bill-
able procedures, and a 30-day mortality rate 2.3 times higher than
that of younger patients. When analyzing surgeon-type, elderly
patients of high-volume surgeons (>10 cases/year) billed twice
as manyprocedures, had nearly a tripled cost of hospital care, and
twice as many comorbidities as younger patients. Interestingly,
62% of elderly women saw high-volume surgeons even though
these surgeons only represented 3.4% of the surgeons in the study.
Similarly, while only 18.4% of hospitals in the study were consid-
ered high-volume (>20 cases/year), the majority (60%) of elderly
women were treated at these hospitals and had more procedures
billed and more comorbidities (28).

Earle et al. examined the impact of surgeon specialty on
outcome for 3,067 elderly ovarian cancer patients and found that
those treated by gynecologic oncologists had superior outcomes
to those treated by general gynecologists or general surgeons.
Advanced-stage disease patients were more likely to undergo
debulking if the surgery was performed by a gynecologic oncolo-
gist as opposed to a general gynecologist or general surgeon.
Survival among patients operated on by gynecologic oncologists
or general gynecologists was far better than that among patients
operated on by general surgeons (39). This is supported by another
study, which found surgeries performed by non-gynecologic
oncologists observed the risk for mortality to double (31).

A study of2,087 women with ovarian cancer from the American
College of Surgeons National Surgical Quality Improvement
Program (ACS-NSQIP) database found there to be a high risk of
perioperative mortality and morbidity within 30 days in elderly
patients with ovarian cancer (40), as supported by other data
outcomes on high risk women (12, 38). The elderly were also

more likely to develop pulmonary and septic complications, and
were nine times more likely to die and 70% more likely to develop
complications within 30 days of surgery (40). Similarly, Moore
et al. demonstrated elderly patients may not tolerate surgery and
combination chemotherapy, paying a high price in post-operative
complications and death (41).

Different types of procedures have been examined in the
elderly as well. One study examined the effects of interval debulk-
ing after neoadjuvant chemotherapy and hyperthermic intra-
peritoneal chemotherapy (HIPEC) in the elderly with advanced
ovarian cancer as an alternative to initial complex surgery. This
study found that the elderly group did not receive benefit from
the interval cytoreduction with HIPEC treatment and instead
experienced postoperative morbidity, with the most common
being grade 4 hemoperitoneum and grade 3 intra-abdominal
fluid collection in 22.2% of women (17). Another study that
evaluated the feasibility and safety of extensive upper abdominal
surgery (EUAS) in elderly patients with advanced ovarian cancer
found no significant difference to that of younger patients, and
concluded that EUAS procedures are feasible in this elderly
population (35).

The impact of nutritional status on survival outcomes
was examined by Alphs et al., who found that poor nutrition
was associated with poor survival outcomes. Albumin levels
>3.7 g/dl were associated with a 40% reduction in risk of mor-
tality in the elderly population and, overall, elderly women had
a2.6-fold greater risk of mortality when compared with younger
women (31).

Most conflicting, however, was univariate and multivariate
analysis on the impact of age on treatment outcomes. Multiple
studies showed increased age was independently associated with
a significant, negative impact on survival (10, 12, 18, 22, 25, 31,
34, 40, 42, 43), while others show no significant, age-related
impact on survival (15, 16, 23, 24, 26, 27, 30-32). Some of these
studies include disease-free survival outcomes, which may help
explain the conflicting data. The Centers for Disease Control and
Prevention (CDC)-funded cancer registries examined the impact
of age on survival in 2,367 women with ovarian cancer. Survival
rates were lower in the oldest groups, especially in those with
advanced disease. For example, 3-year survival in patients with
stage IV was only 13% in the elderly compared to 50% in women
under 35 years old. The adjusted risk of death doubled from 40%
in younger women to 80% in the elderly. The CDC confirmed
the independent adverse effect of age on survival in this patient
population (25).

Significant survival advantages were seen in the younger
patients with early-stage disease, as young age was an independent
prognostic factor for increased survival. Advanced-stage disease
had poorer survival in the elderly (10). As defined above, optimal
treatment includes cytoreductive surgery with combination
chemotherapy, and a 1992-1999 SEER analysis of almost 4,000
advanced ovarian cancer patients supports this treatment with the
observation that elderly patients who received both surgery and
chemotherapy showed significantly improved survival compared
to either treatment alone (12) (Figure 3). However, it is worth
noting that these findings may be influenced by selection bias. A
retrospective analysis also evaluated each treatment individually
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and found that primary surgery was more beneficial than primary
chemotherapy on survival outcomes (30, 44).

While NACT in elderly women only demonstrated a trend to
improved PFS and no improvement in OS, NACT benefits were
clearly demonstrated in a 62-patient study. Nearly a threefold
increase in the rate of cytoreduction to no macroscopic disease
was seen in women who received NACT when compared to those
without. The NACT patients also had significantly less blood loss
during surgery and required fewer small bowel resections (45).

In a study of almost 600 women with ovarian cancer, elderly
women had a much poorer prognosis, possibly related to the sig-
nificantly higher incidence of suboptimal treatment in this group.
While no significant difference in PFS was observed between the
two groups, median OS was over twice as long in the younger
population (18). With no difference in PFS observed, the differ-
ence in OS may instead be attributed to comorbidities preventing
second- or third-line chemotherapy treatment as opposed to
strictly the result of suboptimal treatment.

An analysis of the OVCAD consortium, including 275 patients
with ovarian cancer, found that the postoperative 60-day mor-
tality rate was 5.25-fold higher in the elderly than in younger
patients. The elderly also had a significantly worse median PFS
and OS. Interestingly, age itself was not a prognostic factor for
PFS in multivariate analysis, reiterating the significant role of
optimal treatment on survival outcomes in the elderly (26). These
results also demonstrate the confounding impact of age, grade,
and stage on PFS outcomes.

Adjuvant Chemotherapy

The indications for using of standard adjuvant chemotherapy
in the elderly are inconsistent. As noted above, whether age is
an independent prognostic factor for survival is unclear. Some
studies show increasing age to be significantly associated with
poorer survival outcomes (37, 43, 46-48), while others demon-
strate no significant differences in survival outcome among the
elderly (11, 16,49-51). Not receiving adjuvant chemotherapy was
found to negatively impact OS (34), and having more than three
chemotherapy cycles was found to be an independent prognostic
factor for OS in the elderly (18). When comparing the elderly
(70-75 years old) to the very elderly (>75 years old), there was
no difference in toxicity, dose reduction, and treatment delay or
discontinuation (16). Even given these data, suboptimal chemo-
therapy administration in the elderly continues to be observed in
most studies (13, 24, 27, 50-53). However, the impact of selection
bias on these data cannot be underestimated.

While it is apparent the elderly do not receive equivalent
standard of care chemotherapy treatment as their younger
peers, some studies suggest that the elderly do not tolerate this
regimen (41, 43). In one study of 109 patients, elderly women
were less likely to complete all planned cycles of intraperitoneal
chemotherapy when compared to a younger cohort. In addi-
tion, more intravenous chemotherapy was completed by elderly
women who were optimally debulked as compared to those
with residual disease (49). Another study found that the very
elderly were prescribed combination chemotherapy much less
frequently than younger patients, had significant differences in
delayed initiation of chemotherapy, and six-cycle completion

rate was only half that of the younger group (47, 52). The very
elderly also had a 30-day mortality rate fourfold that of their
elderly counterparts (46).

Common chemotherapy toxicities in the elderly across multi-
ple studies included: grade 3-4 hematologic and gastrointestinal
toxicities (16) and grade 3-4 neutropenia (51), with the use of
paclitaxel as an independent prognostic factor for worse survival
and increasing toxicities (48). While these trends in toxicity
among the elderly are worth noting, the small study sizes may
be misleading, as many studies show no significant difference in
toxicities between age groups (11, 14, 50, 52).

A SEER analysis from 1991 to 2002 found that non-platinum
chemotherapeutic regimens (administered in 18% of women)
had higher rates of hospitalizations for gastrointestinal and hema-
tologic conditions or infections compared to platinum-based or
platinum-taxane combination regimens in 9,361 elderly women
with ovarian cancer. While age was a significant predictor for hos-
pitalization due to infection and cardiovascular diseases, older
age did not predict gastrointestinal and hematologic toxicities
(54). A separate, larger SEER analysis among over 9,000 women
with ovarian cancer during the same 1991-2002 period found
taxane therapy to double, and platinum-taxane therapy to triple,
the risk of peripheral neuropathy when compared to elderly
not receiving chemotherapy treatment. Risk was greater with
an increasing number of cycles. Monitoring of peripheral neu-
ropathy in this patient population receiving these chemotherapy
regimens is warranted (55). The results of both SEER analyses are
summarized in Figure 3.

A National Cancer Institute Common Toxicity Criteria (NCI
CTC) analysis found that younger women received standard-
dose chemotherapy nearly three times as often as the elderly
(52). One study examined dose-delay in chemotherapy among
elderly ovarian cancer patients and found that it was associated
with a decrease in OS, even after controlling for age, stage,
residual disease, and number of chemotherapy cycles received.
This is of significance, as elderly patients frequently require
chemotherapy dose reductions and delays in administration,
and multivariate analysis suggested that dose-delays are an inde-
pendent factor associated with decreased OS (56). However, a
retrospective, multi-center analysis demonstrated no difference
in survival outcomes between the reduced-dose and standard-
dose elderly patients, and with the elderly more commonly on
reduced-dose regimens, the authors suggested that carboplatin/
paclitaxel may be better tolerated and equally as effective in this
elderly population (51).

The 779-patient AGO OVAR-3 phase III study evaluated
first-line platinum/paclitaxel in ovarian cancer patients, and
found that ECOG performance status 2, measurable disease, and
early discontinuation of therapy were much more common in
the elderly (14). Another analysis of the same study found that
young patients achieved no residual tumor after surgery more
often and had significantly better survival when compared to
the elderly, even when comparing those that were completely
debulked across ages (43).

In a study of over 450 women with ovarian cancer, elderly
women were more likely to receive carboplatin mono-
therapy, while younger patients were more likely to receive
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paclitaxel-containing chemotherapy. Only about half of the
elderly patients received 100% paclitaxel relative dose intensity
(RDI), while over two-thirds of the younger patients did. While
the median OS of younger patients was significantly longer than
that of older patients, PFS did not differ significantly between
the two age groups (11). A similar study examined platinum-
taxane chemotherapy outcomes in the elderly, and with only
half of elderly women getting platinum-based chemotherapy,
an examination of treatment outcomes is warranted. The study
found that age was not independently associated with outcomes
in this 292-patient study of women with advanced ovarian
cancer (50).

Finally, when examining treatment by physician type, elderly
women seen by gynecologic oncologists were significantly more
likely to receive adjuvant chemotherapy than those seen by gen-
eral gynecologists and general surgeons (39).

Recurrent Ovarian Cancer

In patients with advanced disease, nearly 85% will relapse even
after adequate initial treatment (57). In these cases, treatment
usually involves follow-up chemotherapy, avoiding surgery and
surgery-related morbidities. To address this problem, a small
study examined cytoreductive surgery and HIPEC in elderly
women (57). No patients died immediately after surgery or
from HIPEC-related complications. Median hospital stay was
13 days, with 20% of patients presenting G3-G4 complications.
Median OS was 35 months, with median disease-free survival of
15.6 months. When the extent of carcinomatosis was assessed
using the peritoneal cancer index (PCI), there were significant
differences observed. For example, all patients with PCI >13
relapsed during the 2-year follow-up, and the authors concluded
that in patients with PCI < 13, maximal cytoreductive surgery
associated with HIPEC may improve the disease-free survival
of elderly, recurrent ovarian cancer (57). Further studies with
HIPEC are necessary, as it is a controversial treatment option
with conflicting data.

The CALYPSO sub-study compared carboplatin—pegylated
liposomal doxorubicin (C-PLD) with carboplatin—paclitaxel
(C-P) in patients with late-relapsing recurrent ovarian cancer
in elderly versus younger patients. While the elderly women had
significantly fewer >Grade 2 allergic reactions, they had more
>Grade 2 sensory neuropathy. Myelosuppression and comple-
tion rates of treatment did not differ between groups. Within
the elderly patients, C-P was associated with more >Grade 2
alopecia, sensory neuropathy, arthralgia/myalgia, and severe
leukopenia plus febrile neutropenia, while C-PLD was associ-
ated with more >Grade 2 hand-foot syndrome, providing
a better therapeutic index with less toxicity in this elderly
population (58).

The SOCRATES study assessed the pattern of care in patients
with recurrent platinum-sensitive ovarian cancer at 37 Italian
sites. Among the 493 patients analyzed, the recurrence-free inter-
val (RFI), PS, and number of disease sites were similar between
the elderly and younger women, but fewer elderly patients
underwent secondary cytoreduction. The mean number of
chemotherapy lines received for recurrence was similar, with the

elderly patients more frequently receiving single-agent platinum
atsecond line. The response rate to second-line chemotherapy was
higher in younger patients, demonstrating a significant increase
in median OS from recurrence. At multivariate analysis, age at
recurrence was independently associated with survival, and the
authors conclude that age is an unfavorable factor independently
associated with a worse prognosis (59).

Quality of Life

Quality of life (QoL) data available for review are extremely lim-
ited. The phase III AGO OVAR-3 trial evaluated QoL in elderly
ovarian cancer patients using the European Organization for
Research and Treatment of Cancer (EORTC) QoL questionnaire,
and found no significant differences between the elderly and
younger subgroups (14).

Also relating to QoL, in an analysis of over 8,000 elderly
women with ovarian cancer, nearly 20% of women developed
bowel obstruction after cancer diagnosis, of which all non-
adhesion-related obstructions were considered pre-terminal
events regardless of treatment type. Because of this, the authors
suggest that patient comfort, not survival, should be the primary
focus in this patient group (60).

CONCLUSION

The data available for analysis regarding treatment outcomes in
elderly ovarian cancer patients are conflicting; however, some
general trends can be noted. As elderly women present more
often with advanced stage (III-IV) disease, having prognostic
tools to optimize treatment will be crucial in future care in this
population. Most studies focused on the primary treatment for
elderly women with ovarian cancer, with many suggesting that
the aim should be focused on delivering optimal treatment,
regardless of age. When providing suboptimal treatment to
the elderly because of their age, numerous studies demonstrate
suboptimal results with significantly lower survival outcomes. It
would be important to develop tools to determine which elderly
patients can actually tolerate aggressive therapy. While there is
no consensus on whether age alone is an independent prognostic
factor in this patient population, there seems to be consistency
that optimal treatment (cytoreductive surgery with no residual
disease remaining and combination chemotherapy) warrants
further investigation in this population. To improve consistency
among data, future studies should aim to determine an appropri-
ate age defining “elderly”

With a growing elderly population expected to double over
the next couple of decades, further investigation into how to best
treat this population is essential in optimizing future healthcare
delivery to elderly women with ovarian cancer.
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Fertility preservation in the young cancer survivor is recognized as a key survivorship issue
by the American Society of Clinical Oncology and the American Society of Reproductive
Medicine. Thus, health-care providers should inform women about the effects of
cancer therapy on fertility and should discuss the different fertility preservation options
available. It is also recommended to refer women expeditiously to a fertility specialist in
order to improve counseling. Women’s age, diagnosis, presence of male partner, time
available, and preferences regarding use of donor sperm influence the selection of the
appropriate fertility preservation option. Embryo and oocyte cryopreservation are the
standard techniques used while ovarian tissue cryopreservation is new, yet promising.
Despite the importance of fertility preservation for cancer survivors’ quality of life, there
are still communication and financial barriers faced by women who wish to pursue fertility
preservation.

Keywords: fertility preservation, cancer survivorship, cryopreservation, fertility sparing surgery, counseling

INTRODUCTION

Cancer in females of reproductive age accounts for nearly 10% of new cancer diagnoses, impacting
87 per 100,000 women annually (1). The most common cancers presenting in this cohort include
breast, thyroid, cervical, uterine, melanoma, lymphoma, and colon cancer (Figure 1) (1). Over the
past four decades, advances in surgery and adjuvant therapy have led to improved 5-year survival
rates for breast (85.5%), endometrial (91%), cervical (83.2%), and ovarian cancers (79.5%) (2).
These improved outcomes have resulted in an increased number of cancer survivors in the United
States, rising from 3 million to nearly 14 million in the past 40 years (1). While improved treatments
have increased survivorship rates in women with cancer, many therapies are harmful to the ovaries
and put women at risk of premature ovarian failure and infertility. This is significant as nearly 25%
of today’s cancer survivors are reproductive-aged woman who may wish to have children. With
approximately half of women in the United States delaying childbearing into their thirties, the need
for fertility preservation treatment has never been greater (3).

Fertility is a major concern for women with newly diagnosed cancer (4). A recent survey of
young women undergoing treatment reported that 51.7% felt that having children was “most
important” in their life (5). Potential fertility loss is related to emotional distress, fear, anxiety, and
even moderate or severe depression. These symptoms, especially depression, are more commonly
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FIGURE 1 | Most common cancer in women 15-39 years old. *Incidence rates per 100,000 (1).
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observed in young, non-white, and nulliparous women (6, 7).
A number of studies suggest the risk of infertility with cancer
therapy may adversely impact treatment decisions (8, 9). One
survey evaluating women with early-stage breast cancer demon-
strated that 0.6% of women elected not to receive chemotherapy
due to fertility risks, whereas 1.9% chose one chemotherapy regi-
men over another to reduce impact on fertility. Similarly, 15.5%
of women reported rejecting or shortening endocrine therapy
for fertility reasons (9).

In recent years, an increasing number of female patients with
cancer have presented to fertility specialists to discuss ways to
preserve fertility prior to treatment to allow them to become
biological mothers as cancer survivors (10). The most com-
monly utilized fertility preservation treatments include embryo,
oocyte, and ovarian tissue cryopreservation (11). Other options
include adoption or utilization of an egg donor, but studies show
that the majority of women prefer to have biologically related
children (10, 12, 13). The American Society of Clinical Oncology
(ASCO) and the American Society of Reproductive Medicine
(ASRM) both recognize fertility preservation as a key survivor-
ship issue and recognize fertility preservation treatment as a key
measure of quality of care (11, 14). Therefore, early referral to a
fertility specialist and counseling women about their infertility
risks prior to initiating cancer therapy are essential elements of
comprehensive cancer care (15, 16). Although fertility preserva-
tion is a well-recognized survivorship issue, many barriers exist
for women who may choose to pursue fertility preservation
treatment (4, 17).

The objective of this review is to discuss the impact of cancer
treatments on fertility in young, female cancer survivors and to
appraise the fertility preservation treatment options available for
reproductive-aged women. Additionally, we highlight research
advancements in the field of fertility preservation and review
current challenges faced by cancer survivors who may pursue
fertility preservation treatment.

EFFECT OF CHEMOTHERAPY ON
FUTURE FERTILITY

Females are born with approximately one million oocytes, stored
as primordial follicles in the ovarian cortex. The number of folli-
cles decreases with increasing age, eventually leading to cessation
of menses and onset of menopause when their supply is depleted
(18). However, in women who undergo cancer treatment, this
process is often accelerated due to the cytotoxic effect of chemo-
therapeutic drugs. These agents primarily affect dividing cells
and negatively impact follicular maturation. They are directly
toxic to primordial follicles which may lead to premature ovarian
failure (19). The risk of premature ovarian failure varies by age,
chemotherapy agent or combination used, cumulative dose, and
duration of treatment (18). Girls and young women have a rich
ovarian reserve. When they undergo chemotherapy, they have a
lower risk of ovarian failure than older women undergoing the
same chemotherapy treatment (20). Larsen et al. demonstrated
that in teenage females undergoing chemotherapy, the risk of
premature ovarian failure increased by a factor of 4, while for
women 21-25 years old the risk increased by a factor of 27 (21).
Regarding the specific chemotherapyagent used (Table 1), alkylat-
ing agents deliver the highest risk of ovarian failure compared to
other cytotoxic agents. Alkylators alter DNA base pairs, leading
to cross-links and introducing single-strand DNA breaks (22).

EFFECT OF RADIOTHERAPY ON
FUTURE FERTILITY

The oocyte is extremely sensitive to ionizing radiation, and
radiation therapy causes a dose- and age-related reduction in
the ovarian follicular pool (23). The extent of damage depends
on volume treated, total radiation dose, fractionation technique,
field arrangement, and patient age (24). Multiple fields are used
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TABLE 1 | Risk of ovarian failure according to the chemotherapeutic
agent used.

High risk

Alkylating agents
Cyclophosphamide
Ifosfamide
Nitrosoureas
Chlorambucil
Melphalan
Busulfan
Procarbazine

Medium risk

Alkylating agents
Cisplatin
Carboplatin
Doxorubicin

Low or no risk
Alkylating agents
Bleomycin (antibiotic)
Dactinomycin (antibiotic)
Antimetabolite agents
Methotrexate
Mercaptopurine
Fluorouracil
Antimicrotubule agents
Vincristine
Vinblastine

to minimize radiation-induced toxicity by dividing the exposure
of normal tissue into multiple different regions. Reproductive
organs are affected directly, if they are included in the radiation
field, or indirectly by scattered radiation (24). Current techniques
such as intensity modulated radiation therapy (IMRT) and image
guided radiation therapy (IGRT) have been used to maximize the
dose to tumor and minimize toxicity to surrounding tissue (25).

As with chemotherapy, older females with fewer oocytes
prior to treatment are most susceptible to ovarian failure (26).
Additionally, radiation exposure to the uterus may produce tissue
fibrosis, scarring, and decreased blood supply. This can result in
infertility as well as poor obstetrical outcomes such as miscar-
riage and preterm birth (27-29). Moreover, brain irradiation can
damage the hypothalamic—pituitary-gonadal axis, resulting in
infertility due to anovulation secondary to hypothalamic amen-
orrhea (24).

EFFECT OF SURGERY ON FUTURE
FERTILITY

The diagnosis and initial treatment of gynecological malignan-
cies implies performing surgical procedures to remove the
affected reproductive organs. Both ovarian and endometrial
cancers are surgically staged according to the International
Federation of Gynecology and Obstetrics (FIGO), whereas
cervical cancer is staged clinically (30, 31). The cornerstone of
therapy for women with ovarian, fallopian tube, and peritoneal
cancer is surgical cytoreduction to the presence of no gross
residual disease, which is associated with increased survival (32).
Ovarian cancer cytoreduction entails total hysterectomy, bilateral

salpingo-oophorectomy, pelvic and para-aortic lymph node dis-
section, omentectomy, peritoneal biopsies, and collection of pel-
vic washings (32). Similarly, the standard staging procedure for
endometrial cancer is total hysterectomy with bilateral salpingo-
oophorectomy (30). Omentectomy is only performed when there
is serous or clear cell histology. Moreover, pelvic- and para-aortic
lymphadenopathy is performed selectively depending upon the
presence of high-grade histology, extend of myometrial invasion,
and tumor size >2 c¢cm (33). Furthermore, one of the standard
treatment options for women with early-stage cervical cancer
(stage IA or IB1) is a hysterectomy (either simple or radical,
depending on the clinical stage) with pelvic lymphadenectomy
(34). All of the aforementioned surgical procedures have a direct
impact on fertility rendering women with cancer infertile or
menopausal after bilateral removal of the ovaries. Therefore, it
is necessary to extensively counsel reproductive-aged women
regarding the risks and benefits of surgical treatment and the
implications of treatment on fertility. It is also vital to discuss
more conservative surgical alternatives, if safe, which potentially
are fertility-preserving.

FERTILITY PRESERVATION OPTIONS FOR
WOMEN PRIOR TO CANCER TREATMENT

The ideal fertility preservation treatment should be individual-
ized. It is dependent on the following patient factors: age, diagno-
sis, partner status, preference regarding use of donor sperm, time
available before treatment, and her desire for future childbearing.
The primary fertility preservation options today include embryo,
oocyte, and ovarian tissue cryopreservation. Additional modali-
ties include ovarian transposition and fertility-sparing surgery.
Table 2 summarizes the fertility preservation treatment modali-
ties detailed below.

Embryo Cryopreservation

Embryo cryopreservation is a widely established method for
preserving reproductive capacity in women. Due to its high
pregnancy rates, it is considered the “gold standard” fertility
preservation option offering the best chances of a live birth in the
future (18). Among women with cancer, one retrospective study
reported a life birth rate of 44.4% (35).

Embryo cryopreservation requires a woman to undergo an
in vitro fertilization (IVF) cycle that involves 10-14 days of
controlled ovarian hyperstimulation utilizing gonadotropin
injections. When follicles reach the appropriate size, oocyte
retrieval is performed via transvaginal ultrasound-guided
needle aspiration of follicular fluid while the patient is sedated.
Oocytes are then fertilized in vitro and cryopreserved, typically
at the blastocyst stage, for future use (18). Most women with a
male partner choose embryo cryopreservation, whereas some
women without a male partner may choose this method by
using donor sperm (24). Studies have shown conflicting results
regarding the number of eggs harvested from female cancer
patients compared to those without cancer. In most studies,
cancer survivors possess a lower, but still adequate, number
of oocytes when compared to age-matched controls without
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TABLE 2 | Fertility preservation options for young cancer survivors.

Fertility option Ideal patient Success rates Benefits Drawbacks
Embryo * Has male partner or willing to e Cumulative pregnancy rate of 66% e Standard technique e Financially costly
cryopreservation use donor sperm among women with cancer ¢ Predictable likelihood of e Requires time to stimulate
® Has time for ovarian stimulation success ovaries to retrieve eggs
prior to treatment
Oocyte e Postpubertal women without ® Pregnancy rate per cycle of 50.2% e Standard technique ¢ Financially costly
cryopreservation a male partner or who do not or per embryo-transfer 55.4% e For women with ethical or * Requires time to stimulate
wish to use donor sperm religious objections to embryo ovaries to retrieve eggs
e For women in countries where
embryo cryopreservation is
prohibited freezing
o Greater reproductive flexibility
Ovarian tissue * Prepubertal girls or young ® Pregnancy rate of 25% among * Experimental * Requires surgical procedure to
cryopreservation women who do not have women with cancer e No delay in the initiation of harvest tissue
time for ovarian stimulation to cancer therapy ¢ Ovarian tissue could potentially
retrieve eggs * Male partner and ovarian be seeded with malignant cells
stimulation are not required
Ovarian e Females with planned pelvic e Success rate (preservation of short- e |deal for patient requiring local e Requires surgical procedure
transposition radiation therapy term menstrual function) varies from pelvic radiation
16 to 90%
Fertility sparing ~ ® Women with certain early-stage e Cumulative conception rate after e QOvaries and/or uterus are
surgery gynecological malignancies trachelectomy 53% preserved

* Pregnancy rate after progestin
therapy for endometrial cancer 34.8%

cancer (36-39). Of note, however, Oktay et al. demonstrated
that women with the BRCAI mutation appear to have a sig-
nificantly lower ovarian response and produce fewer eggs per
ovarian stimulation cycle (7.4 vs. 12.4) than women without the
mutation (40).

The primary drawbacks to IVF include the time required, cost,
and risk of ovarian hyperstimulation syndrome (OHSS) (6, 24).
Medical expenses for an IVF cycle for fertility preservation are
often not covered by private- or government-based insurance
(41). The standard controlled ovarian hyperstimulation protocol
starts at the onset of menses, which could result in a delay of
2-4 weeks (42, 43). While the conventional ovarian stimulation
protocol is initiated at the beginning of the follicular phase, “ran-
dom start” protocols may be initiated at the late follicular, perio-
vulatory, or luteal phase (18). The latter protocols have similar
numbers of oocytes retrieved, oocyte maturity, and fertilization
rates than conventional-start protocols (44). Thus, random start
protocols have proven to decrease total time to starting the IVF
cycle, and cancer treatment, without compromising oocyte or
embryo yield (44-47). An important risk to women undergoing
IVEF cycles is OHSS. Severe OHSS is a rare but serious complica-
tion of controlled ovarian stimulation. Women with OHSS may
present with lower abdominal discomfort, nausea, vomiting,
abdominal distension, ovarian enlargement, and ascites due
to increased vascular permeability and third-spacing of fluid.
Serious complications can include venous thromboembolism
and stroke. Fortunately, there are techniques available to help
prevent this iatrogenic condition, which may contribute to a
delay in initiating cancer therapy (48).

Oocyte Cryopreservation

Oocyte cryopreservation is a fertility preservation treatment
most suitable for single or adolescent women. It is often chosen
by women without partners or by those with a partner who desire
maximum reproductive flexibility. Oocyte cryopreservation is
also an option for women with religious or ethical objections to
embryo freezing (14, 18). This fertility preservation modality was
considered experimental until 2013. At that time, the Practice
Committees of ASRM and the Society for Assisted Reproductive
Technology (SART) concluded that mature oocyte cryopreserva-
tion should no longer be considered experimental. Therefore,
they recommended this strategy for patients facing infertility due
to chemotherapy or other gonadotoxic therapies when embryo
cryopreservation is not possible (49).

Major drawbacks of oocyte cryopreservation include the time
needed for ovarian stimulation as well as its decreased efficiency
compared to embryo cryopreservation. OQocyte cryopreserva-
tion is technically more difficult than embryo cryopreservation
due to the oocyte’s increased water content, making it more
prone to cryoinjury. An egg’s meiotic spindle, cytoskeleton, and
cortical granules are sensitive to damage by ice crystals during
freezing and thawing (50). Also, hardening of the zona pellucida
after cryopreservation hinders fertilization (51). However, in
recent years, there have been remarkable advances in oocyte
cryopreservation techniques, which have allowed 70-90% of
cryopreserved oocytes to survive the freeze-thaw process (52, 53).
Intracytoplasmic sperm injection (ICSI), in which a sperm is
directly injected into a mature egg, allows fertilization despite
zona pellucida hardening (54).
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Slow-freezing and vitrification are the two primary
cryopreservation techniques. Vitrification leads to an ultra-rapid
freezing of cells or tissues by direct contact with liquid nitrogen
without ice crystal formation. Vitrification has quickly evolved
to become the most widely used method of egg cryopreservation
due to the improved oocyte survival (85 vs. 65%) and fertilization
rates (79 vs. 74%), compared to the slow-freeze method (55, 56).
Conversely, the slow-freeze method involves use of a cryopro-
tectant that permeates and dehydrates the cell as it is slowly
cooled, minimizing the intracellular ice crystal formation. After
cryopreservation, when the woman is ready to pursue childbear-
ing, the oocytes are thawed and fertilized in vitro. The patient can
then undergo transcervical embryo transfer into the uterus, with
excess embryos cryopreserved for future use.

In vitro fertilization outcomes with cryopreserved oocytes are
comparable to fresh IVF and ICSI rates (57). One retrospective
study showed that oocyte cryopreservation/thaw cycles had no
significant difference in live-birth rate per mature oocyte retrieved
when compared to fresh IVF cycles (2.7 vs. 4.2%, respectively)
(58). Furthermore, randomized trials performed in infertile cou-
ples with supernumerary oocytes and donor oocyte populations
also reported no significant differences in fertilization rate (88.3
vs. 84.9%) and clinical pregnancy rate per cycle (50.2 vs. 49.8%)
between fresh and vitrified oocytes (59, 60).

Special Considerations for Embryo or
Oocyte Cryopreservation in Female

Cancer Survivors

For women with estrogen-sensitive tumors (i.e., endometrial
or estrogen receptor positive breast cancer), alternative ovarian
stimulation protocols have been developed to circumvent the
theoretical risk of supraphysiologic estradiol levels on cancer
growth. Selective estrogen receptor modulators (tamoxifen) or
aromatase inhibitors (letrozole) have been utilized for this pur-
pose (42, 43). In such protocols, letrozole is used in addition to
the standard gonadotropin dosing. Letrozole, most commonly
used today, minimizes a women’s serum estradiol level dur-
ing controlled ovarian hyperstimulation. Published reports
demonstrate a similar number of total oocytes retrieved, length
of ovarian stimulation, and fertilization rate when compared
with protocols without letrozole (43, 44, 61). A prospective
study of 79 women with breast cancer who underwent ovarian
stimulation using letrozole plus gonadotropins or gonadotro-
pins alone for oocyte/embryo cryopreservation demonstrated
a recurrence rate and survival that was similar at 2- to 3-year
follow-up to those who underwent no fertility-preserving
procedure (62).

Ovarian Tissue Cryopreservation

Ovarian tissue cryopreservation involves harvesting and freezing
ovarian tissue, allowing preservation of oocytes within primor-
dial follicles located in the ovarian cortex. In the future, the tissue
can be autotransplanted into the cancer survivor or immature
oocytes could be harvested and matured in vitro (18). Major
benefits of ovarian tissue cryopreservation include that it can
be performed in prepubertal females, it eliminates the need for

sperm donation, and it can be performed immediately without a
cancer treatment delay. Of note, it is the only fertility preserva-
tion option available for prepubertal girls. Moreover, tissue can
be obtained quickly, and there is potential to have more oocytes
available for future fertility treatment than can be retrieved from
a single IVF stimulation (18, 63, 64). This procedure entails ovar-
ian tissue harvesting prior to cryopreservation. Ovarian tissue is
either harvested laparoscopically or at the time of a laparotomy
under general anesthesia, regardless of menstrual cycle phase.
Since many young girls undergo chemotherapy port placement
under general anesthesia, laparoscopic ovarian tissue harvesting
can be piggy-backed to this procedure. Due to the location of the
oocyte-containing follicles in the outer millimeter of the ovary,
cryopreservation can be limited to only a cortical strip of tissue.
After cancer treatment, the ovarian cortex tissue is thawed and
transplanted either orthotopically to remaining ovarian tissue or
pelvic peritoneum, or it can be transplanted heterotopically to the
forearm, abdominal wall, or chest wall (18, 65).

Ovarian cryopreservation should ideally be performed
before the initiation of gonadotoxic therapy since certain
chemotherapies can significantly decrease ovarian reserve
with each cycle. A prospective study of women that under-
went ovarian tissue cryopreservation compared the ovarian
reserve of those who had received chemotherapy (ranged
from one to seven cycles) with those who had not, with the
aim of quantifying the effects of alkylating and non-alkylating
agents on ovarian infrastructure. The authors demonstrated a
significantly lower primordial follicle counts in women who
received chemotherapy compared to controls. This effect was
accentuated when women were treated with alkylating agents
compared to those patients who did not receive these agents or
did not receive chemotherapy (66).

Cryopreservation of ovarian tissue is a new, yet promis-
ing, fertility preservation treatment. The first live birth after
autotransplantation of human ovarian tissue was reported in
2004 (67). To date, there have been at least 60 live births after
ovarian tissue reimplantation (68). The slow-freezing cryopreser-
vation technique was used in the majority of these cases while
only two used vitrification. In a series of 80 cases from 4 fertility
centers, the pregnancy rate was of 25.0%. Of note, two women
each delivered three babies, reflecting potential long-term effi-
cacy of ovarian cryopreservation (68, 69). Ideal candidates for
this fertility preservation modality are girls/women under age 35
with atleast a 50% risk of ovarian failure after cancer therapy (70).

Ovarian Transposition

Ovarian transposition, or oophoropexy, is a strategy that can be
offered to women with planned pelvic radiation. It is commonly
considered for young women with locally advanced cervical
cancer. This surgical procedure involves moving one (most
commonly) or both ovaries out of the pelvis and away from the
radiation field by laparoscopy or laparotomy (71). The ovary can
be transposed to the lateral abdominal wall along the ipsilateral
paracolic gutter, or with ligation to the uterosacral ligament for
midpelvic or abdominal radiation, respectively (18). In all ovar-
ian transposition cases, marking the boundaries of the ovary with
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surgical clips will help to identify the ovaries during radiotherapy
mapping (18). This technique is commonly done unilaterally
but a combined approach with cryopreservation of one ovary
and transposition of the other can be also implemented (72). In
the case of post-treatment failure of the non-transposed ovary,
oocyte retrieval from the transposed ovary can be performed
transabdominally if the ovary is not repositioned (18). The overall
success rate as judged by preservation of short-term menstrual
function is approximately 50%, although there is a wide variation
in the reported success rates ranging from 16 to 90% (14, 73).
Failure of this method is due to scatter radiation, compromise
of the transposed ovary blood supply, patient age, radiation
dose, whether the ovaries are shielded during the radiation
procedure and whether concomitant chemotherapy is used (73).
Complications related to ovarian transposition include infarction
of the fallopian tubes and chronic pelvic pain (73, 74).

Fertility-Sparing Surgery

Conservative surgical and medical techniques have been
increasingly used for the management of early-stage gynecologic
malignancies, given the impact of fertility preservation on qual-
ity of life (75). Fertility-sparing surgery entails the preservation
of at least a portion of one ovary and the uterus, and it is more
commonly offered to women with borderline ovarian tumors,
non-epithelial ovarian cancers, early-stage cervical cancers, and
select women with grade 1 endometrioid adenocarcinoma of the
endometrium (75). Women with an apparent unilateral stage I
borderline ovarian tumor or low grade ovarian malignancies
who desire future fertility can be managed in some cases with a
unilateral salpingo-oophorectomy, omental and peritoneal biop-
sies, and collection of pelvic washings rather than full staging
for ovarian cancer (76). However, the National Comprehensive
Cancer Network (NCCN) suggests consideration of completion
surgery upon meeting childbearing goals for women with a
remaining ovary (77).

There is limited data about the use of fertility-sparing surgery
in women with early-stage epithelial ovarian cancer. In a large
retrospective study of 240 women with epithelial ovarian cancer
confined to the ovaries who underwent fertility-sparing surgery,
11.3% of the women relapsed and 4.6% died of progressive dis-
ease after a median follow-up of 9 years. The authors proposed a
conservative approach (cystectomy or unilateral oophorectomy;,
omentectomy, pelvic washings, at least eight peritoneal biopsies,
endometrial biopsy, and evaluation of pelvic and para-aortic
lymph nodes) for appropriately selected young women with
cancer. However, they recommended careful monitoring of
women with grade 3 disease given the higher risk of distant
recurrence (78).

Fertility-sparing surgery is particularly relevant for women
with cervical cancer, given that this disease presents in women of
reproductive age. Thus, women with tumors <2 cm and without
evidence of obvious lymph node metastases can undergo cervi-
cal conization or radical trachelectomy, depending on disease
stage, rather than radical hysterectomy (77). Conization is
recommended for women with stage IA1 disease and without
lymphovascular space invasion (79). A study of women 40 years

or younger with stage IAl disease using the Surveillance,
Epidemiology, and End Results (SEER) database found no
significant difference in 5-year survival between cervical coniza-
tion and hysterectomy (80). Conversely, radical trachelectomy
is recommended for women with stage IA1 disease with lym-
phovascular space invasion or stage IB1 disease (81). After the
latter procedure, a 52.8% 5-year cumulative conception rate has
been reported while reported preterm birth rate is in the range
0f 48-60% (81, 82). Several ongoing prospective trials, including
a phase 2 trial at MD Anderson Cancer Center (NCT01048853),
are underway to examine the safety of performing pelvic lym-
phadenectomy with cervical conization or simple hysterectomy
for cervical cancer treatment. This study has an estimated enroll-
ment of 100 participants and includes women with squamous cell
carcinoma, FIGO stage IA2 or IB1, tumor diameter <2 cm, no
lymphovascular space invasion on biopsy or cone and <10 mm
of cervical stromal invasion (83).

In the case of uterine cancer, women with grade 1 or 2 endo-
metrioid cancer confined to the endometrium may be candidates
for progestin therapy such as megestrol acetate and deferral of
surgical staging until after completion of childbearing. These
women should have a dilation and curettage and imaging stud-
ies performed before medical therapy with the aim of excluding
high-grade disease or advanced stages (84). A systematic review
by Gunderson et al. of women treated with progestin therapy
for grade 1 endometrioid carcinoma demonstrated a complete
response rate of 48.2%. The time to complete response, which
included women with hyperplasia, varied from 1 to 18 months
(median 6 months). Moreover, the pregnancy rate for women
with a history of carcinoma was 34.8% (84).

COUNSELING AND REFERRAL OF
WOMEN INTERESTED IN FERTILITY
PRESERVATION

It is well established that health-care providers should convey
information about fertility risks and fertility preservation treat-
ment to their patients as part of a comprehensive treatment plan.
Open-ended dialog should include discussion of key points such
as scientific data, advantages and disadvantages, anticipating
delay of childbearing, patient preferences, and reproductive
potential (11). Moreover, in order to improve information shar-
ing, it is also beneficial to provide women with written material
before and after counseling (16).

According to the ASCO Clinical Practice Guidelines, health-
care providers should discuss with women interested in fertility
preservation several key issues (11). The first key point is to
discuss the feasibility of pursuing fertility preservation options
depending on each patient’s recurrence risk and prognosis.
Then providers should inform women of their individual risks
of infertility or early menopause from oncologic therapy, taking
into account individual factors. Patients should be told whether
their treatment would place them in high, medium, low or
non-existent risk. Next, fertility preservation treatment options,
including those considered experimental, should be reviewed
with their respective success rates. Health-care providers should
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communicate to women regarding the limited data available on
oocyte cryopreservation and its decreased efficacy compared
to embryo cryopreservation. It should be explained that these
procedures may be subject to time constraints and treatment
may be delayed. Patients should be informed that insurance cov-
erage is improving for fertility preservation, and they should be
encouraged to consult with their insurance companies. Providers
should explain that even though there is a paucity of data, there
appears to be no increased risk of cancer recurrence from fertility
preservation interventions or pregnancy. Finally, an expeditious
referral should be made to a fertility specialist for more infor-
mation. Meeting with a social worker may also be beneficial for
assessment of distress and to suggest advocacy organizations,
which may provide financial resources.

BARRIERS TO PURSUING FERTILITY
PRESERVATION

Fertility preservation is of paramount importance for the qual-
ity of life of cancer survivors. Yet, this topic is not consistently
addressed in clinical practice despite the aforementioned ASCO
recommendations (14, 85). Moreover, there are still many factors
that impact patients’ access to fertility preservation options. For
example, both health staff and patients have their own concerns
when it comes to discussing the effects that cancer therapy has on
fertility. Although qualitative, a study reported that health-care
providers voluntarily avoid this subject due to their beliefs that
fertility in cancers such as Hodgkin’s lymphoma would not be
affected by first-line chemotherapy and that fertility preservation
treatments are not effective. Additionally, fertility preservation
discussion may be avoided due to the sense of urgency in provid-
ing cancer care without delay (4).

Conversely, there are a number of reasons why young women
may refrain from discussing the topic with health-care provid-
ers, such as being overwhelmed with their cancer diagnosis or
unaware of the consequences that cancer treatment may have on
their fertility. They often fear that delaying cancer treatment to
pursue fertility preservation may negatively impact their survival
(11, 86). These concerns reflect communication and information
barriers, which can be addressed with education to both health-
care providers and patients. Thus, it is important to inform
patients that there is no significant delay in cancer treatment
when pursuing fertility preservation options and that a prompt
referral to a fertility specialist optimizes the lag time between
diagnosis and start of cancer treatment (87, 88). A retrospective
study demonstrated no difference in time from initial diagnosis
to chemotherapy in women that underwent oocyte retrieval vs.
women who did not (71 vs. 67 days, respectively, p < 0.27) (87).
Likewise, another observational study of breast cancer patients
showed that women referred to a subspecialist before surgery had
a shorter time interval from initial diagnosis to initiation of ovar-
ian stimulation (42.6 vs. 71.9 + 30.7 days; p < 0.001, respectively)
and to initiation of chemotherapy (83.9 vs. 107.8 days; p = 0.045)
than women referred after surgery. Early referral can also allow
repeated stimulation cycles, resulting in a larger number of oocytes
or embryos for cryopreservation prior to cancer treatment (88).

Several studies have reported that up to 50% of young female
cancer survivors did not receive sufficient education regarding
fertility preservation options (89, 90). Furthermore, a population-
based study demonstrated that only 56.3% of adolescent and
young adults with cancer recalled discussing fertility preserva-
tion options and only 6.8% reported making arrangements to
pursue any of those options. The authors also described that
those discussions were less likely to occur if women were raising
children or if they lacked private insurance. Additionally, 38%
of the women reported not making arrangements for fertility
preservation because they were unaware of the options, whereas
19% reported having cost issues. Strikingly, the study showed
that men with cancer were more than twice as likely as women
to report discussion of fertility preservation options and to make
arrangements for fertility preservation (85). The sex differences
found in these and other studies may be related to the costs and
complexity of female fertility preservation options and to the fact
that oocyte cryopreservation was experimental when women in
the study were initially diagnosed (4, 85).

In addition to unmet communication needs, financial expenses
are one of the most relevant barriers that cancer survivors face
when making a decision about their reproductive future. The
current costs of ovarian stimulation drugs ($2000-$5000), egg
harvesting ($5000-$8000), annual storage ($500-$1000/year),
and each attempt at embryo transfer ($4000-$5000) make it chal-
lenging to cover these expenses out-of-pocket (41). Unfortunately,
insurance does not cover fertility preservation treatment for most
female patients. The laws and regulations that address insurance
coverage for fertility treatment define infertility as an inability to
conceive after 1 year of regular and unprotected intercourse and
do not mention the infertility caused by cancer therapy. Thus,
there are no codified insurance mandates that would cover the
expenses for fertility treatment specifically of cancer survivors
(41). Moreover, as the laws pertaining to insurance coverage for
infertility and IVF procedures vary among and within states, the
obstacles that the survivors encounter when attempting to assess
these services also vary widely (41). Conversely, due to the experi-
mental nature of ovarian tissue cryopreservation, health insurers
are not required to cover this service. This therefore limits the
options for fertility preservation for prepubertal girls and young
women (41).

Rationale behind the lack of insurance coverage for assisted
reproductive technology in cancer patients are related to the view
of these procedures as elective and not medically necessary (91).
Fortunately, in recent years, there has been a slight increase in
insurers covering fertility preservation treatment on a case-by-
case basis. This highlights the importance of advising patients to
contact their insurance companies regarding insurance coverage.
Patients should also be encouraged to reach out to non-profit
organizations that provide women with financial assistance for
preservation treatment (92).

CONCLUSION

Fertility preservation has become a significant aspect of
comprehensive cancer care (24). The idea of not having a
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child of her own is a key source of distress in women with
cancer undergoing gonadotoxic therapy. Health-care provid-
ers should discuss with women about their fertility wishes
and counsel them regarding fertility preservation treatment
options. Moreover, determining the need and best technique
for fertility preservation requires an individualized assessment
that is best performed by a fertility specialist. Barriers to fertil-
ity preservation counseling and receiving treatment continue
to exist.
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Despite tremendous advances in surgery, primary chemotherapy, and novel treatments for recur-
rent disease, the diagnosis of advanced epithelial ovarian cancer in 2016 remains ultimately fatal in
the majority of cases. Additionally, both the disease and the associated adjuvant treatment are not
without substantial effect on overall quality of life. The cancer causes symptoms, but the treatment
can cause even more significant problems, including neuropathy, nausea, fatigue, anorexia, and
pain, among others. As oncology providers, we have a natural tendency to focus on the cancer and
response to treatment rather than on the suffering of our patients related to treatment. Our patients
in turn are reluctant to report their symptoms for fear that we will stop or change their treatment.
As a result, though the cancer may be temporarily beaten into submission by aggressive surgery and
adjuvant therapy, the patient may be simultaneously suffering from treatment-related symptoms that
in some cases are permanent.

The early integration of palliative care in the treatment of women with advanced epithelial ovarian
cancer allows us to address this quandary and not only improve quality of life but in some cases also
prolong life. In the most well known of the randomized studies in cancer patients, 151 patients with
newly diagnosed metastatic non-small cell lung cancer were randomized to integration of outpatient
palliative care from the time of cancer diagnosis versus usual oncologic care (1). The early palliative
care integration group not only had significant improvements in quality of life and mood but also
(unexpectedly) had a statistically significantly improved overall survival (11.6 versus 8.9 months,
p = 0.02), despite less aggressive intervention at the end of life. The results of this study have been
confirmed by other studies in oncology patients (2-8). Our own Society of Gynecologic Oncology
has advocated for inclusion of palliative care in the care of women with gynecologic cancer in their
Choosing Wisely campaign.

What exactly is palliative care and how is this care best provided? The World Health Organization
(WHO) defines palliative care as “an approach that improves the quality of life of patients and their
families facing the problems associated with life-threatening illness, through the prevention and
relief of suffering by means of early identification and impeccable assessment and treatment of pain
and other problems, physical, psychosocial and spiritual”' Said another way, the palliative care
approach to the patient is a holistic one that encompasses all aspects of the person and her caregiv-
ers/family, including those that many oncologists are ill equipped to address. Palliative care services
are divided into primary palliative care and specialty primary care services. Most oncologists are
trained to provide and feel comfortable providing primary palliative care for the patients; in the
case of gynecologic oncologists, these services include basic symptom management and aligning
treatment choices with patient goals. By contrast, specialty palliative care is provided by a team
of providers, including a palliative care trained physician, nurse or advanced practice provider,

'http://www.who.int/cancer/palliative/definition/en/ Accessed Jan 2016
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social worker, chaplain, pharmacists, nutritionists, rehabilita-
tion therapists, and direct care workers, among others. The
specialty palliative care team aims to address all of the domains
of palliative care, including not only the physical but also the
emotional, spiritual, and social domains of care. A complete
assessment of palliative care needs includes all of these domains
and so requires a multidisciplinary approach to the patient and
her family. Thus, the early integration of palliative care allows us
as oncology providers to continue to care for our patients with
ovarian cancer while also addressing their suffering and improv-
ing overall quality of life.

Why then have we not embraced the early integration of
palliative care into the care of women with advanced ovarian
cancer? The most important barrier to early integration is a lack
of understanding about exactly what the term “palliative care”
means (9). Both patients and providers mistakenly consider
palliative care to be synonymous with end-of-life care and, thus,
incompatible with anticancer therapy. Patients are concerned
that the introduction of palliative care means that the oncologist
is “giving up,” and data from providers have shown that many
mistakenly consider palliative care to be synonymous with
end-of-life care and, thus, incompatible with anticancer therapy
(9, 10). The Institute of Medicine report “Dying in America”
concluded that “one of the greatest remaining challenges is
the need for better understanding of the role of palliative care
among both the public and professionals across the continuum
of care so that hospice and palliative care can achieve their full
potential for patients and their families”? Said Misconceptions
about the role of hospice and the hospice benefit are also
prevalent, resulting in few patients with ovarian cancer taking
advantage of the hospice benefit at the end of life and very late
hospice referral (11).

There are other important barriers to the integration of pal-
liative care early in the course of a malignancy, such as advanced
ovarian cancer. These include the lack of availability of outpatient
specialty palliative care services, poor reimbursement for pallia-
tive services, and a perceived lack of training and exposure by
oncologists in provision of basic palliative care services. While
most NCI-designated cancer centers have access to outpatient
specialty palliative care services, these services are much less
common in the community setting (12). Reimbursement for
palliative care services remains poor, contributing to the lack
of availability. Until recently, providers were not reimbursed for

*https://iom.nationalacademies.org/~/media/Files/Report%20Files/2014/EOL/
Report%20Brief.pdf Accessed Jan 2016
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discussing advance care planning with their patients, a discussion
that when done well can take a lot of time from a busy oncology
clinic. Finally, surveys of both medical and gynecologic oncology
fellows suggest that the trainees feel ill prepared to provide pri-
mary palliative care, to have difficult conversations, and to discuss
end-of-life planning with their patients (13, 14). There is clearly
room for improving the palliative curriculum and exposure in
gynecologic oncology fellowships.

How then can we accomplish the early integration of palliative
care into the care of our patients with advanced epithelial ovar-
ian cancer? The first step should be improved and continuing
education of both the public and health care providers regarding
what services palliative care provides and regarding the value of
these services. It may be as simple as re-naming palliative care
to supportive care in some cases while we further the education
effort to avoid the confusion of palliative care with end-of-life
care (15, 16). Early referral should be prioritized in the setting of
a disease like advanced ovarian cancer, as patients will gain the
most benefit from this approach (17). We also need to focus on
better education of our trainees regarding palliative care and end-
of-life care, and we need to lobby for appropriate reimbursement
for these time-intensive services. Finally, palliative care services
will help our patients but will also help us as oncology providers
by their ability to “share the load” (9).

Our patients with advanced ovarian cancer deserve the best
overall care we can provide to them and to their families and
caregivers. This best care includes the most aggressive surgery
required to achieve complete cyto-reduction, the most effec-
tive chemotherapy (with clinical trial options), and the most
appropriate and modern management of the inevitable disease
recurrence; critical skills that all gynecologic oncologists learn
and then master during their careers. But we must also be
mindful of the important contribution of the early integration
of palliative care services to our patients’ overall well-being.
While the oncologist holds the “keys to the chemo,” resulting
in a patient less likely to vocalize debilitating symptoms or non-
medical concerns, the palliative care team is able to focus on
other aspects of the patient and her family’s care. Our ultimate
goal should not be only to improve overall survival, but also to
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AUTHOR CONTRIBUTIONS

The author confirms being the sole contributor of this work and
approved it for publication.

3. Brumley R, Enguidanos S, Jamison P, Seitz R, Morgenstern N, Saito S, et al.
Increased satisfaction with care and lower costs: results of a randomized
trial of in-home palliative care. ] Am Geriatr Soc (2007) 55(7):993-1000.
doi:10.1111/j.1532-5415.2007.01234.x

. Gade G, Venohr I, Conner D, McGrady K, Beane J, Richardson RH, et al.
Impact of an inpatient palliative care team: a randomized control trial. J Palliat
Med (2008) 11(2):180-90. doi:10.1089/jpm.2007.0055

. Meyers FJ, Carducci M, Loscalzo MJ, Linder ], Greasby T, Beckett LA.
Effects of a problem-solving intervention (COPE) on quality of life for

Frontiers in Oncology | www.frontiersin.org

128

April 2016 | Volume 6 | Article 83


http://www.frontiersin.org/Oncology/
http://www.frontiersin.org
http://www.frontiersin.org/oncology/archive
https://iom.nationalacademies.org/~/media/Files/Report%20Files/2014/EOL/Report%20Brief.pdf
https://iom.nationalacademies.org/~/media/Files/Report%20Files/2014/EOL/Report%20Brief.pdf
http://dx.doi.org/10.1056/NEJMoa1000678
http://dx.doi.org/10.1200/JCO.2014.58.6362
http://dx.doi.org/10.1111/j.1532-5415.2007.01234.x
http://dx.doi.org/10.1089/jpm.2007.0055

Duska

Palliative Care in Advanced Ovarian Cancer

10.

11.

12.

patients with advanced cancer on clinical trials and their caregivers:
simultaneous care educational intervention (SCEI): linking palliation
and clinical trials. J Palliat Med (2011) 14(4):465-73. doi:10.1089/
jpm.2010.0416

Pantilat SZ, O’'Riordan DL, Dibble SL, Landefeld CS. Hospital-based palliative
medicine consultation: a randomized controlled trial. Arch Intern Med (2010)
170(22):2038-40. doi:10.1001/archinternmed.2010.460

Rabow MW, Dibble SL, Pantilat SZ, McPhee S]. The comprehensive care team:
a controlled trial of outpatient palliative medicine consultation. Arch Intern
Med (2004) 164(1):83-91. doi:10.1001/archinte.164.1.83

Bakitas M, Lyons KD, Hegel MT, Balan S, Brokaw FC, Seville J, et al. Effects of
a palliative care intervention on clinical outcomes in patients with advanced
cancer: the Project ENABLE II randomized controlled trial. JAMA (2009)
302(7):741-9. doi:10.1001/jama.2009.1198

Bakitas M, Lyons KD, Hegel MT, Ahles T. Oncologists’ perspectives on
concurrent palliative care in a National Cancer Institute-designated compre-
hensive cancer center. Palliat Support Care (2013) 11(5):415-23. doi:10.1017/
S1478951512000673

Schenker Y, Crowley-Matoka M, Dohan D, Rabow MW, Smith CB, White
DB, et al. Oncologist factors that influence referrals to subspecialty palliative
care clinics. ] Oncol Pract (2014) 10(2):e37-44. doi:10.1200/JOP.2013.001130
Brown AJ, Sun CC, Prescott LS, Taylor JS, Ramondetta LM, Bodurka DC.
Missed opportunities: patterns of medical care and hospice utilization among
ovarian cancer patients. Gynecol Oncol (2014) 135(2):244-8. doi:10.1016/j.
ygyno.2014.08.039

Morrison RS, Meier DE, Dumanovsky T, Rogers M, Siderow S, Sinclair S,
etal. America’s Care of Serious Illness 2015 State-by-State Report Card on Access
to Palliative Care in Our Nation’s Hospitals. Appellof M, Morgan L, editors.
New York: Center to Advance Palliative Care (2015). Available from: https://
reportcard.capc.org/wp-content/uploads/2015/08/ CAPC-Report-Card-2015.
pdf, accessed Jan 2016

13.

14.

15.

16.

17.

Eskander RN, Osann K, Dickson E, Holman LL, Rauh-Hain JA, Spoozak
L, et al. Assessment of palliative care training in gynecologic oncology: a
gynecologic oncology fellow research network study. Gynecol Oncol (2014)
134(2):379-84. doi:10.1016/j.ygyno.2014.05.021

Lefkowits C, Sukumvanich P, Claxton R, Courtney-Brooks M, Kelley
JL, McNeil MA, et al. Needs assessment of palliative care education in
gynecologic oncology fellowship: were not teaching what we think is
most important. Gynecol Oncol (2014) 135(2):255-60. doi:10.1016/j.
ygyno.2014.08.016

Fadul N, Elsayem A, Palmer JL, Del Fabbro E, Swint K, Li Z, et al. Supportive
versus palliative care: whats in a name?: a survey of medical oncologists
and midlevel providers at a comprehensive cancer center. Cancer (2009)
115(9):2013-21. doi:10.1002/cncr.24206

Dalal S, Palla S, Hui D, Nguyen L, Chacko R, Li Z, et al. Association between
a name change from palliative to supportive care and the timing of patient
referrals at a comprehensive cancer center. Oncologist (2011) 16(1):105-11.
doi:10.1634/theoncologist.2010-0161

Greer JA, Jackson VA, Meier DE, Temel JS. Early integration of palliative care
services with standard oncology care for patients with advanced cancer. CA
Cancer J Clin (2013) 63(5):349-63. doi:10.3322/caac.21192

Conflict of Interest Statement: The author declares that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Copyright © 2016 Duska. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) or licensor
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

129

April 2016 | Volume 6 | Article 83


http://www.frontiersin.org/Oncology/
http://www.frontiersin.org
http://www.frontiersin.org/oncology/archive
http://dx.doi.org/10.1089/
jpm.2010.0416
http://dx.doi.org/10.1089/
jpm.2010.0416
http://dx.doi.org/10.1001/archinternmed.2010.460
http://dx.doi.org/10.1001/archinte.164.1.83
http://dx.doi.org/10.1001/jama.2009.1198
http://dx.doi.org/10.1017/S1478951512000673
http://dx.doi.org/10.1017/S1478951512000673
http://dx.doi.org/10.1200/JOP.2013.001130
http://dx.doi.org/10.1016/j.ygyno.2014.08.039
http://dx.doi.org/10.1016/j.ygyno.2014.08.039
https://reportcard.capc.org/wp-content/uploads/2015/08/CAPC-Report-Card-2015.pdf
https://reportcard.capc.org/wp-content/uploads/2015/08/CAPC-Report-Card-2015.pdf
https://reportcard.capc.org/wp-content/uploads/2015/08/CAPC-Report-Card-2015.pdf
http://dx.doi.org/10.1016/j.ygyno.2014.05.021
http://dx.doi.org/10.1016/j.ygyno.2014.08.016
http://dx.doi.org/10.1016/j.ygyno.2014.08.016
http://dx.doi.org/10.1002/cncr.24206
http://dx.doi.org/10.1634/theoncologist.2010-0161
http://dx.doi.org/10.3322/caac.21192
http://creativecommons.org/licenses/by/4.0/

',\' frontiers
in Oncology

MINI REVIEW
published: 14 January 2016
doi: 10.3389/fonc.2015.00308

OPEN ACCESS

Edited by:
Sarah M. Temkin,
National Cancer Institute, USA

Reviewed by:

Alexandra Resch,

Medical University Vienna, Austria
Teresa Diaz-Montes,

Mercy Medical Center, USA

*Correspondence:
Lucas Minig
lucasminig@yahoo.com

Specialty section:

This article was submitted to
Women's Cancer,

a section of the journal
Frontiers in Oncology

Received: 02 November 2015
Accepted: 25 December 2015
Published: 14 January 2016

Citation:

Minig L, Padilla-Iserte P and
Zorrero C (2016) The Relevance of
Gynecologic Oncologists to Provide
High-Quality of Care to Women with
Gynecological Cancer.

Front. Oncol. 5:308.

doi: 10.3389/fonc.2015.00308

®

CrossMark

The Relevance of Gynecologic
Oncologists to Provide High-Quality
of Care to Women with Gynecological
Cancer

Lucas Minig*, Pablo Padilla-Iserte and Cristina Zorrero

Gynecology Department, Valencian Institute of Oncology (IVO), Valencia, Spain

Gynecologic oncologists have an essential role to treat women with gynecological can-
cer. It has been demonstrated that specialized physicians who work in multidisciplinary
teams to treat women with gynecological cancers are able to obtain the best clinical and
oncological outcomes. However, the access to gynecologic oncologists for women with
suspected gynecological cancer is scarce. Therefore, this review analyzes the impor-
tance of specialized care of women with ovarian, cervical, and endometrial cancer. In
addition, the role of gynecologic oncologists who offer fertility-sparing treatment as well
as their role in assisting general gynecologists and obstetricians is also reviewed.

Keywords: gynecologic oncologists, ovarian cancer, vulvar cancer, endometrial cancer, cervical cancer,
centralization of care, fellowship-training program

INTRODUCTION

It is estimated that over a million new cases and half million deaths are due to gynecological cancers
that occur annually worldwide (1). Even though general gynecologists commonly treat these diseases
across the world, the sub-specialization in gynecologic oncology has been progressively increasing
in developed countries since 1972 (2, 3).

According to the definition of the American Board of Obstetrics and Gynecologist, gynecologic
oncologist is “a specialists in obstetrics and gynecology who is prepared to provide consultation on
comprehensive management of patients with gynecologic cancer and who works in an institutional
setting wherein all the effective forms of cancer therapy are available” (4).

Gynecologic oncologists have an essential role when treating women with gynecological cancer.
They are in a unique position to enrich the global health community with opportunities for education,
training, and policymaking as it pertains to women’s cancers. In addition, they are in a privileged
position to make decisions regarding the integration and sequencing of all modalities of treatment.

Specialized physicians who work in multidisciplinary teams to treat women with gynecological
cancers obtain the best clinical and oncological outcomes (5-7). We think that by this approach,
gynecologic oncologists not only play an important role in performing an optimal surgery but they
can also provide a better overall quality of care by having a holistic conception of women. However,
in countries with a high number of gynecologic oncologists, only a minority of women with
gynecological cancer receives care by specialized physicians at referral institutions (8). For example,
it has been demonstrated that approximately one-third of women with ovarian cancer are treated
by gynecologic oncologists in the U.S. Therefore, this article will review the role of gynecologic
oncologists who treat women with different gynecological malignancies.
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OVARIAN CANCER

Ovarian cancer probably represents the best example of how a
well-prepared specialist can positively modify the clinical and
oncologic outcomes of women. Ovarian cancer is the most aggres-
sive gynecological cancer with a 5-year overall survival of 40%
(9). There are well-documented independent prognostic factors
at advanced-stage disease, including tumor histology and grade
of differentiation, patients age, stage of disease, performance
status, and surgical debulking (10). However, the latter is the
only modifiable factor, which means that it is amenable for direct
influence, and therefore, seems to be of the utmost importance
when considering efforts aiming toward improving outcomes of
this disease.

The relevance of an adequate surgery was highlighted in
multiple studies, which associated a significant improvement
in oncological outcomes after a complete tumor resection at
the time of primary surgical cytoreduction in comparison with
cases in which there was some amount of residual disease at the
end of the surgical procedure (9-11). Thus, according to the last
Gynecological Cancer InterGroup (GCIG) consensus conference,
“the mainstay of treatment of advanced ovarian cancer is primary
surgery aiming at complete tumor resection followed by platinum
and paclitaxel chemotherapy” (12).

However, the final decision as to whether or not to perform a
tumor debulking depends on the surgeon’s training and confidence
(13). Many studies suggest that patients operated on by gynecologic
oncologists with previous training in cytoreductive techniques are
more likely to undergo an adequate surgical staging in the early
stage of the disease, and a better rate of complete cytoreduction
in advanced stages in comparison with those patients treated by
general gynecologists or general surgeons (5-7). More specifically,
when gynecologic oncologists perform the surgery, there are twice
as many probabilities of obtaining a complete cytoreduction (5). As
a consequence, according to the results of meta-analyses, patients
operated on by gynecologic oncologists have significantly better
oncological outcomes, which resulted in an increased overall
survival of 10 months, in comparison with those patients treated
by general gynecologist or general surgeons (5-7).

A recent document launched by the European Society of
Gynecological Oncology (ESGO) regarding the quality indica-
tors in ovarian cancer surgery states that “Surgery is performed
by a certified gynecologic oncologist or, in countries where
certification is not organized, by a trained surgeon dedicated
to the management of gynecologic cancer (accounting for over
50% of his practice) or having completed an ESGO accredited
fellowship. Skills to successfully complete abdominal and pelvic
surgery procedures necessary to achieve complete cytoreduction
must be available” (14).

However, ovarian cancer surgery is not an easy task, and it
requires an adequate institutional support, as well as establishing
evidence-based clinical guidelines. Even though gynecologic
oncologists should lead these surgeries, it is recommended to
work in a multidisciplinary surgical team involving other special-
ists, such as general surgeons, anesthesiologists, and infectologist.
This strategy is aimed to offer the best quality of care for the
patient (Figure 1).

ENDOMETRIAL CANCER

The majority of endometrial cancers are low-risk disease with
excellent oncological outcomes (15). Thus, the potential positive
impact of subspecialty care in endometrial cancer might be more
difficult to demonstrate (16). However, gynecologic oncologists
can have an important role in the implementation of minimally
invasive surgery with their well-known advantages over open
surgery (17). In this regard, a recent U.S. epidemiological study
demonstrated that 86% of robotic surgeries for endometrial
cancer were performed in 19% of the analyzed hospitals. Each
additional 25 patients (above the mean surgical volume) were
associated with over a 2.5-fold increase in odds of robotic surgery
(OR = 2.65, 95% CI: 1.82-3.86; p < 0.0001) (17).

In addition, another epidemiology study performed in the
U.S. evaluated 18,338 women with endometrial cancer, 4,489
of whom at stages II-IV (24.3%) (18). Patients who underwent
surgery by a gynecologic oncologist were more likely to receive
a more extensive lymph node resection (16 lymph nodes; 22
vs. 17%; p < 0.001), have more aggressive histologic cell types,
such as serous and clear-cell (11.6 vs. 6.1%; p < 0.001), presented
with advanced-stage disease (stages III and IV; 21.9 vs. 14.6%;
p < 0.001), were more likely to received chemotherapy (22.6 vs.
12.4%; p < 0.001), as well as to received radiotherapy (38.9 vs.
30.7%; p < 0.001). In addition, surgery performed by gynecologic
oncologist was an independent prognostic factor and was associ-
ated with a 30% increase in overall survival in comparison with
other type of surgeons (HR, 0.71; 95% CI, 0.62-0.82; p < 0.001)
(18). Other studies did not find significant differences in the
survival rate, probably because they only included early-stage
disease (19), or due to the fact that they only analyzed a small
number of patients (16, 19).

CERVICAL CANCER

Worldwide, cervical cancer accounts for over 500,000 cases and
275,000 deaths each year (20). However, there is a great disparity
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FIGURE 1 | Multidisciplinary team to treat women with gynecological
cancer.
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among high- and low-income countries due to successful imple-
mentation of cervical cancer screening programs in developed
countries (21). In addition, the reduction in the incidence of
cervical cancer should continue with the increased use of human
papilloma virus (HPV) vaccination (22). Therefore, the majority of
women with cervical cancer in developed countries are diagnosed
at early stages with a 5-year overall survival rate of over 90% (23).

No studies have specifically addressed the impact on survival
of women with early-stage cervical cancer treated by gynecologic
oncologists. One U.S. epidemiological study, however, studied
27,660 women with cervical cancer FIGO stage IIB-IVB who were
treated at hospitals with different case volumes. The study showed
that the median rate of survival of patients treated at the lowest
and highest volume centers were 42.3 months (95% CI 39.8-44.8)
and 53.8 months (50.1-57.5), respectively (p < 0.001). On multi-
variable analysis, higher facility volume independently predicted
improved survival (p = 0.022), increased likelihood of receiving
brachytherapy (p < 0.0005) and chemotherapy (p = 0.013), as well
as shorter time to radiotherapy completion (p < 0.0005) (24).

VULVAR CANCER

Squamous cell cancer of the vulva is a rare disease with an annual
incidence of 2-3/100,000 women (25). There is evidence that
demonstrates step-by-step nodal metastases in human cancer
(26). Therefore, the first regional lymph node, called sentinel node,
receiving lymphatic fluid from the tumor is initially removed. All
regional lymph nodes are only dissected in case of disease in the
sentinel node. Thus, this technique significantly reduces the inci-
dence of postoperative complications, such as wound breakdown
or cellulitis, and long-term morbidity including lymphedema
(27). However, failure in the sentinel node detection is mainly
seen when specialists with low case-volume (<10 cases/year)
perform the procedure (27). Failure of this procedure can mean
leaving the sentinel node in place, probably with tumor cells and
with fatal consequences for patients. Therefore, some authors
recommend that sentinel node detection in patients with vulvar
cancer should be offered to well-selected patients by well-trained
and informed gynecologic oncologists who work in centers
with at least 10 cases/year (27, 28). In addition, it is also recom-
mended that this technique be performed by multidisciplinary
team involving gynecologic oncologists, specialists in nuclear
medicine, and specialized pathologists (27).

ROLE OF GYNECOLOGIC
ONCOLOGISTS IN SPECIAL
CIRCUMSTANCES

Fertility Preserving Treatment in Women
with Gynecological Cancers

It is estimated that over 21% of women with gynecological cancer
are diagnosed in their reproductive age (29). In addition, it has
been demonstrated a continuum increase of women age at first
pregnancy (30, 31). Both factors explain why fertility preservation
in women with gynecological cancer is currently a very important
issue. The recommended treatment for the great majority of

gynecological cancer includes radical removal of the uterus and
ovaries, annulling any possibility for future pregnancies. However,
fertility-sparing treatment in young patients with women’s cancer
is possible in very select women without compromising long-term
survival (32). A recent survey of the ESGO revealed that only a
minority of young women candidates to fertility-sparing treat-
ment is aware of the opportunity to preserve their fertility (33).
The main reasons include the surgeon’s being unaware, skeptic, or
untrained to perform fertility-sparing surgical procedures (33).
Despite the fact that fertility-sparing surgery is technically not
difficult (except for radical trachelectomy for cervical cancer), a
more complicated task can be to select the appropriate candidate
for such specific treatment. Therefore, according to an ESGO
statement, these patients should be managed in a multidisciplinary
team coordinated by gynecologic oncologists in conjunction with
medical reproductive endocrinologists, perinatologists, patholo-
gist, psychologists, and assisted reproductive specialists (33).

Surgical Assistance to General

Gynecologists and Obstetricians

Even though gynecologic oncologists are intensively trained in
all aspects of women’s cancer care, their main area of expertise is
focused on performing complex surgical procedures. Therefore,
their role in clinical practice often extends beyond women’s can-
cer. For instance, they can be of assistance to general gynecolo-
gists/obstetricians at certain moments during difficult surgical
procedures, such as being a surgical resource to obstetricians
during challenging peripartum hemorrhage, (34-36) as well as
in cases of complex pelvic anatomy or pathological placenta-
tion (37). A recent study performed at Massachusetts General
Hospital revealed that gynecologic oncologists can assist general
gynecologists at the time of intraoperative consultation in 98
out of 794 benign gynecological surgical procedures (12.3%).
The main reasons for unplanned consultation included adhesive
disease, bowel injury, ureter visualization, cancer, and bleeding
control (34).

CENTRALIZATION OF CARE -
MULTIDISCIPLINARY MANAGEMENT

Gynecological cancer is a challenging, complex, and multidis-
ciplinary disease. It is not only important how well trained the
physicians are but also how many physicians of different special-
ties are involved (38). The concept of the holistic conception of
patient care under a multidisciplinary team approach is crucial
from the diagnosis to the demise of the disease, and this model
should not be restricted to the operating room setting.

A correct collaboration with dedicated pathologists, medical
oncologists, radiotherapists, biologists, palliative care specialists
might help avoid unnecessary mismanagements, and therefore,
reinforce the holistic conception of patients with gynecological
cancer with an improvement on their perceived quality of care.
Moreover, the recent molecular biology, genetic, and immunol-
ogy discoveries are opening new optimistic frontiers for the future
treatment and cure of this disease. Many authors agree that close
exchanges between the clinical practice and basic research are
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crucial for consolidating these progresses (39, 40) (Figure 2). A
recent meta-analysis demonstrated that women with gynecologi-
cal malignancies who receive care from a multidisciplinary team
by specialized physicians live for a significantly longer period of
time (7).

Centralization of care in women with gynecological cancer
is another crucial issue. In some regions, gynecologic oncology
cases have been centralized (41) in centers with higher patient
volumes and interdisciplinary collaboration (42). These centers
receive referrals from less-specialized hospitals within a network,
region, or defined catchment area. Under this model of care,
women are referred to specialized units, which are a team built
by multiple specialized physicians focused on the comprehensive
care of women affected by gynecological cancer. Every case is
discussed inside in a multidisciplinary tumor board where the
best strategy of treatment is based on multiple points of views,
taking into consideration all aspects regarding each individual
patient expectancy beyond the disease itself (Figure 2).

Results of different studies consistently show that patients with
ovarian cancer treated at high-volume hospitals receive better
quality of care, which is accomplished by better surgical staging
and better optimal cytoreduction rate (5-7), as well as better
chemotherapy administration rate and schemes (43, 44).

One study, performed in England, showed that the survival
of patients with gynecologic cancer improved significantly after
centralization in comparison with the pre-centralization period
(hazard ratio: 0.71; 95% confidence interval: 0.64-0.79) (45).
Similar findings were also reported for cervical, endometrial,
and ovarian cancer after the implementation of the U.K. National
Health Service cancer plan in 2000 (46).

Despite the consensus recommendations (12) and the advan-
tages previously explained, population-based studies indicate
that access to specialist care in gynecologic oncology for women

with suspected gynecological cancer is uncommon (47-49).
Reports from countries such as U.S. (8, 50) and UK. (49, 51) have
showed that over 60-80% of patients with advanced stage ovar-
ian cancer are treated in low-volume hospitals by low-volume
surgeons (8, 52, 53).

Common barriers to the quality of cancer care have been
identified by multiple investigators and include the extremes of
age, minority race, low socioeconomic status, rural residence,
patient’s and physician’s unawareness of gynecologic oncologist
resources, ineffective recognition of the disease, and third-party
payers (8, 47).

FELLOWSHIP-TRAINING PROGRAM

Gynecologic oncologists have also an important role in teach-
ing and educating fellow colleagues. Physicians who want to
be gynecologic oncologists need to undergo a long and specific
period of training and education process. After finishing medi-
cine school, physicians must complete a 4- to 5-year residency-
training program in obstetrics and gynecology. Then, they need
to be accepted in accredited referral institutions to complete their
specific fellowship-training program for 2-4 more years. The
training, skills, and knowledge base required of a gynecologic
oncologist are rapidly expanding. In addition to the original areas
of radical pelvic surgery, chemotherapy, radiation therapy, and
pathology, new areas of training include radical upper abdominal
surgery, minimally invasive and robotic surgery, translational
medicine and research, and palliative medicine (54).

In 1972, the first gynecologic oncologic fellowship-training
programs were introduced in the U.S. with two accredited fel-
lowships. Since then, 46 fellowship programs exist with 126
approved positions (55). Currently, there is a uniform system
of training developed by the American Board of Obstetrics and
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Gynecologist who provide the training resource documents for
the development of a curriculum in gynecologic oncology (4).
Australia, Canada, UK., and recently, the European Union are
other examples of renowned gynecologic oncologic fellowship-
training programs around the world (2). However, the number
of gynecologic oncologists per patient is still scarce worldwide,
and it is expected that the number of fellowship positions will
continue to increase through the following years (56).

CONCLUSION

When women with gynecological cancers are treated by gyneco-
logic oncologists in referral cancer centers, they are able to
live longer and with a better quality of life. Therefore, patients
should be ideally referred to high-volume physicians/hospitals
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Division of Gynecologic Oncology, The Permanente Medical Group, Walnut Creek, CA, USA

Although ultrasound has so far been found to be ineffective as a screening tool for
ovarian cancer, it is commonly used as a means of evaluating or following ovarian or
adnexal masses once they are detected. We review the use of serial ultrasound for the
management of adnexal masses and propose an approach to monitoring based on an
understanding of the overall risk of cancer among the population in question and an
assessment of how the potential benefit of monitoring compares with potential risk. In
our approach, masses that are symptomatic, large (>10 cm), associated with an elevated
CA 125 level or overt signs of malignancy, or that are determined to have a worrisome
appearance by stringent ultrasound criteria should be evaluated surgically. Women with
masses that have none of these characteristics should be offered monitoring. Short-
term initial ultrasound monitoring carries significant potential benefit in terms of aiding
detection of early malignancy and avoidance of unnecessary surgery. However, if a mass
remains stable but persistent, the potential benefit of ongoing monitoring wanes with
time, whereas the potential harms, in terms of patient anxiety, cost, and the risk of
incidental findings and unnecessary surgery increase. Therefore, monitoring of stable
lesions should be limited in duration in order to limit potential harms from overtreatment
and overdiagnosis.

Keywords: ultrasound detection, adnexal diseases, ovarian neoplasms, early detection of cancer, overtreatment

INTRODUCTION

Although the majority of women with epithelial ovarian cancer present with late stage disease,
approximately 15% have early stage disease at diagnosis (1). Many early stage cases present with
a large mass or worrisome clinical signs, but for a small subset, the initial presentation is a small,
asymptomatic adnexal mass with no other factors that would raise suspicion of cancer. Biopsy of
adnexal masses is generally not recommended since ovarian cancer is known to spread by direct
peritoneal extension, and therefore, if a mass is malignant, biopsy could theoretically worsen prog-
nosis. As a result, concern that a mass in an older woman may represent an early cancer leads many
women with small masses to undergo unnecessary surgery with accompanying morbidity, despite
the fact that the overwhelming majority of these masses are found to be benign.

The alternative to immediate surgery for masses of uncertain nature is ultrasound monitoring.
Here, we discuss when monitoring of masses in postmenopausal women should be considered, the
distinction between initial short-term ultrasound monitoring and prolonged monitoring in terms of
potential value, as well as potential harms. Based on these considerations, we propose an approach
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to ultrasound monitoring for adnexal masses based on published
clinical data that aims to maximize benefit and minimize harm.

WHEN SHOULD MONITORING BE
CONSIDERED?

Surgery is appropriate for symptomatic masses and masses that
are associated with other signs of malignancy, such as elevated
CA125 (in postmenopause), ascites, or evidence of metastatic
disease, or in women at high genetic risk for ovarian cancer.
Surgery is also appropriate for large masses (>10 cm), which
are less likely to regress, have a higher risk of symptoms, and are
often more difficult to characterize on ultrasound. Therefore, the
women for whom ultrasound monitoring is an option are women
whose presentation does not include any of these characteristics:
average risk women with smaller, asymptomatic masses.

WHAT IS THE RISK OF CANCER?

Appropriate management of women with smaller asymptomatic
masses should be based on the risk of cancer - the lower the risk
of cancer is for a group, the lower the rate of surgery should be.
Unfortunately, there is little “real world” data on what the risk
of cancer is among women who are potential candidates for
monitoring. The traditional teaching within gynecology has been
that complex adnexal masses in older women are cancer until
proven otherwise. However, this view was not based on the subset
of women with characteristics that would make them candidates
for observation, and it was often drawn from referral populations
where the prevalence of cancer is elevated (2-5). Furthermore,
this impression of risk was established during an era when most
masses came to the attention of patients and providers due to
symptoms or being palpable on exam. It is clear that with ris-
ing rates of utilization of imaging of all types, including office
ultrasound, adnexal masses are increasingly found incidentally
in studies obtained for an entirely separate concern (6-8). Trial
data demonstrate that among older women who have an adnexal
mass identified through ultrasound screening, the overall risk of
invasive cancer is approximately 1-2% (9-11). In the UKCTOCS
trial, an ongoing randomized controlled screening trial of over
20,000 postmenopausal women in the United Kingdom, of
48,230 women who had an initial ultrasound screen, 9.1% had
an abnormal scan, and among these women, the absolute risk of
epithelial ovarian cancer over the following 3 years was 1.08% (9).
Although the risk of cancer for women identified by screening is
expected to be lower than the risk for women found to have a mass
in clinical practice, the degree to which they differ will depend on
the proportion of women in clinical practice who are diagnosed
with a mass as the result of signs or symptoms related to ovarian
malignancy. One in every three physicians reportedly engage in
ovarian cancer screening of low-risk women despite evidence to
date that ovarian cancer screening using transvaginal ultrasound
and CA125 tumor marker testing is ineffective at reducing ovar-
ian cancer mortality (12). In addition to inappropriate screening,
the widespread use of ultrasound effectively results in inadvertent
screening. Unlike mammography, which is rarely used for any

indication other than screening, pelvic ultrasound is used for a
range of clinical indications, such as checking IUD placement
or evaluating fibroids. If the UKCTOCS experience holds, each
ultrasound exam on a postmenopausal woman has a 9% chance
of incidentally finding an adnexal mass. Although large masses or
masses associated with ascites are usually diagnosed as a result of
symptoms, the women who are candidates for ultrasound moni-
toring are women with small isolated asymptomatic masses. For
these reasons, the difference in the risk of malignancy observed
for women identified by screening compared to women who
undergo monitoring may not be as great as expected. We evalu-
ated the risk among women who were found to have small masses
in the course of routine care by identifying a population-based
cohort of 1363 women over age 50 with complex masses <6 cm in
size not associated with other evidence of cancer (13). A total of 7
cancers and 11 borderline tumors were found with 24 months of
follow-up. The majority (994/1363, 73%) underwent ultrasound
monitoring, with 5 of the cancers and 7 of the borderline tumors
found in the monitored group during follow-up for an overall risk
of 1.3%, and 0.5% for invasive cancer specifically.

TRIAGE TO SURGERY VERSUS
OBSERVATION

Several strategies have been proposed to better identify masses that
are likely to be malignant. Although elevated CA125 levels raise
the likelihood of cancer, a normal value is seen in approximately
50% of early stage cases (14), and therefore, does not exclude pos-
sible cancer. Whether longitudinal measurement of CA125 over
time, evaluated by the risk of ovarian cancer algorithm (ROCA),
will be effective as a screening method for low-risk women is
a question currently being studied within the multimodality
screening arm of UKCTOCS (15). A number of algorithms that
combine clinical and ultrasound criteria have been proposed. The
risk of malignancy index (RMI) is a score generated by assess-
ment of ultrasound features, menopausal status, and the serum
CA125 level (international unit per milliliter). The ultrasound
features in RMI are multilocularity, solid areas, and bilaterality
(16). The International Ovarian Tumor Analysis (IOTA) group
developed two logistic regression models (LR1 and LR2), which
rely more heavily on ultrasound features and also include age,
personal history of ovarian cancer, and tenderness of the mass on
physical exam (LR1) to predict malignancy (17). The ultrasound
findings that lead to a higher score are ascites, blood flow in papil-
lary projections, solid nature of the tumor, maximum diameter of
the largest solid component, irregular internal cyst wall, lack of
acoustic shadows, and higher degrees of vascular flow. The group
also developed and evaluated a set of “simple rules (SR)” that
produce a score based solely on the presence or absence of benign
or malignant ultrasound features, in which malignant features are
defined as irregular solid tumor, ascites, at least four papillary
projections, irregular multilocular solid tumor at least 10 cm, and
very strong intratumoral blood flow (18). Recently, they reported
an analysis of their studies in which they found that all IOTA
strategies (LR1, LR2, SR, and combinations of the above) were
superior to RMI for predicting malignancy among masses with
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sensitivities in the range of 90-96% and specificity of 74-79%
(19). Interestingly, they found LR1 was only slightly more sensi-
tive but significantly less specific than “subjective assessment”
alone which relied entirely on expert radiology impression (93.7,
77.6 versus 92.5, 87.7, respectively). However, the generalizability
of these findings is debatable due to a higher prevalence of cancer
in the populations studied as well as a level of radiology expertise
that may not be reproducible in other settings (20). Finally, inves-
tigators from the Kentucky ovarian screening study developed a
“morphology index” (MI) based on mass volume and proportion
of solid component, and found that in their study, 85% of cancers
and borderline tumors had a score of at least 5 at the time that the
decision was made for surgery (21). Although debate continues
regarding the superiority as well as generalizability of one strategy
compared to another, from a practical standpoint, clinical crite-
ria, such as personal history of ovarian cancer, elevated CA125,
and evidence of ascites or metastases, as well as large mass size
>10 cm, are already generally considered sufficient reason to
direct a woman with a mass to immediate surgical evaluation.
Therefore, further triage of women without these characteristics
to either ultrasound observation versus surgery relies mainly on
ultrasound characteristics. Among the ultrasound features that
are associated with malignancy, the presence of large solid areas is
the most consistent characteristic included in ultrasound-based
prediction strategies. The significance of solid areas has also been
demonstrated in screening trials. In UKCTOCS, masses without
solid elements had an absolute risk of 0.4%, whereas masses with
solid elements had an absolute risk of 4.45% (9). Analysis of the
ultrasound abnormalities seen in PLCO also found that both
the size of the mass and the presence of solid components cor-
related with risk of malignancy, with all masses <5 cm and larger
masses without solid areas being low risk (22). Requiring solid
components to demonstrate vascular flow by Doppler has been
shown to increase the specificity of morphology for malignancy
(23-26). Given the overall low risk of malignancy among women
who are candidates for monitoring, the ultrasound criteria used
to exclude women from initial short-term monitoring should be
highly specific, in order to avoid exposing women to excessive
unnecessary surgery. In our practice, we support excluding only
masses that demonstrate significant solid vascular components
from consideration of initial monitoring.

SCHEDULE OF MONITORING

When considering ultrasound monitoring, a distinction must
be made between initial, short-term repeat exam, limited
monitoring for up to 1-2 years and indefinite, potentially life-
long monitoring of stable masses. Initially, monitoring serves to
identify masses with aggressive growth patterns, and it helps to
avoid surgery on masses that are benign or transient in nature
such as hemorrhagic cysts. The Society of Radiologists in
Ultrasound published guidelines in 2010, based on committee
consensus opinion, which recommended a follow-up interval of
“6-12 weeks” for indeterminate masses among premenopausal
or perimenopausal women, but immediate surgical considera-
tion for postmenopausal women (27). However, there is growing

consensus that a repeat exam in 6-8 weeks is safe and does not
negatively impact stage at diagnosis (28-30). In the Kentucky
ovarian cancer screening study which used serial transvaginal
ultrasound as well as CA125, it was found that over 75% of cystic
and solid lesions resolved on monitoring over 12 months (28).
The investigators credit the use of serial ultrasound in decreasing
the rate of false positive results and did not find that initial moni-
toring resulted in more advanced stage at diagnosis. A similar
strategy is used in the ultrasound only arm of the UKCTOCS
trial in which women with initial ultrasound abnormalities are
directed to undergo a repeat ultrasound 6-8 weeks later that is
performed by a more experienced ultrasonographer (30). Only
if the mass is persistent at that time is a clinical assessment
made regarding the suspicion for cancer. Indeterminate masses
that are stable on the initial 6- to 8-week exam can be further
monitored. The American College of Obstetrics and Gynecology
(ACOGQG) Practice Bulletin on Management of Adnexal Masses
states “Repeat imaging is recommended if there is uncertainty
regarding a diagnosis .... The frequency of repeat imaging has not
been determined” (31). Although the optimal interval between
follow-up studies for stable masses has not been rigorously
studied, reimaging stable masses at 3-month intervals has been
adopted by many as a reasonable schedule (26, 28, 29, 32). In our
study of postmenopausal women with small complex masses, all
five cancers diagnosed during follow-up demonstrated growth
on the first repeat ultrasound, done 2-7 months later (13). All
patients who had reimaging done within 6 months were found
to have stage I disease at surgery. These results support the view
that 3-month intervals between exams provide an opportunity to
detect worrisome growth while still supporting early detection.
If progression of the mass is seen on repeat imaging, surgical
removal is appropriate. In our experience, women also elect
eventual surgery due to cumulative anxiety or because a follow-
up ultrasound raises concerns for progression even though the
mass is unchanged, due to variability in ultrasound technique and
reporting styles. Therefore, if monitoring is to be effective, follow-
up studies should state explicitly whether any changes observed
are potentially due to variation in image acquisition, in order to
differentiate masses that are equivocably changed from those that
are definitely changed.

DURATION OF MONITORING FOR STABLE
MASSES

The question of how long monitoring should be continued for
stable but persistent masses is best viewed from the standpoint
of potential benefit versus potential risk. Since the only potential
benefit of monitoring asymptomatic masses is to identify masses
that are malignant by observing growth over time, the longer a
mass is observed to be stable, the less likely it is to represent a
malignancy, and therefore the lower the potential benefit of fur-
ther monitoring. Within the population-based cohort we stud-
ied, all five epithelial cancers as well as nine borderline tumors
demonstrated clear growth on their first follow-up ultrasound
(13). Similarly, in the Kentucky study, all malignant tumors were
identified as worrisome within a relatively short time frame from
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initial detection, with malignant tumors receiving only 2.1 scans
over a mean 2.3 months prior to removal (21). The recognition
that ovarian cancers are heterogeneous in behavior with some
tumors having more indolent growth patterns than others has
led to a new paradigm that categorizes ovarian cancers as Type
1 or Type 2 based on their purported pathogenesis (33, 34).
Type 2 cancers, which include high grade serous histology and
represent the majority of ovarian epithelial malignancies, are
thought to arise primarily from fallopian tube rather than ovarian
precursors, which helps explain the failure of screening trials to
detect these cancers at early stage. Type 1 cancers, which include
low grade endometrioid, clear cell, and mucinous histologies,
are thought to arise from endometriosis or ovarian precursors
and generally demonstrate a more indolent growth pattern.
Therefore, the paradigm raises the question of whether screen-
ing, or indefinitely prolonged monitoring of stable masses, which
eventually becomes tantamount to screening, confers significant
benefit for early detection of Type 1 cancers. This is an open
question. However, any prediction of benefit from detection of
Type 1 cancers must take into consideration the fact that benefit is
realized only if the stage at diagnosis is earlier than would other-
wise occur. Since this subset of cancers come to clinical attention
much more often at early stage (35), such benefit is less likely. In
our study, three of the seven cancers were Type 1 and all demon-
strated growth on follow-up ultrasound within 7 months with no
additional cancer diagnoses within 24 months of follow-up (13).
Similarly, in UKCTOCS, all of the Type 1 cancers found among
women who demonstrated an abnormality on initial ultrasound
evaluation were diagnosed within the first year of follow-up (9).
No measurable benefit from monitoring of stable masses beyond
2 years has ever been demonstrated.

POTENTIAL HARMS OF MONITORING

Although the potential benefit of monitoring wanes over time,
the potential harms are cumulative. The most significant harm
occurs from unnecessary surgery for a benign asymptomatic
mass. Benign adnexal masses are known to be extremely com-
mon. Depending on the size threshold of what constitutes a
“mass,” autopsy studies have shown that between 17 and 56% of
postmenopausal women who died from non-gynecologic causes
harbor ovarian cystic or solid masses at the time of death (36, 37).
Although surgical removal is appropriate for symptomatic masses,
there is no clear benefit of removal of a benign asymptomatic
adnexal mass. Thus, surgery that is done for an asymptomatic
mass that does not reveal cancer is appropriately considered as
a harm in cancer screening trials. Although minimally invasive
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A growing awareness of the harms of overtreatment in cancer care has reached physi-
cians, patients, health policy makers, and medical researchers. Overtreatment exposes
patients to the risk of adverse events from procedures or medications that were not
necessary. This review examines common practices in gynecologic malignancies that
are unlikely to produce direct benefit to patients with these malignancies, but are likely to
produce harms. Specifically, we will explore the utility of lymphadenectomy and adjuvant
radiation for women with early-stage endometrial cancer; and screening for recurrence
and continuous chemotherapy for advanced-stage ovarian cancer patients.

Keywords: gynecologic cancer, ovarian cancer, endometrial cancer, overtreatment, cancer care delivery

INTRODUCTION

The development of practical quality care measures has become a priority within the US health-care
system. The Institute of Medicine (IOM) has identified three categories of health-care quality prob-
lems: underuse, overuse, and misuse (1-4). Underuse of effective therapies and misuse of services
have received the most attention from quality improvement initiatives and patient safety efforts.
However, recently, growing attention to an epidemic of overtreatment has been critically evaluated
as problematic.

The term “overuse” in health care was introduced in 1991 in an editorial by Mark Chassin, as
“the provision of health services when the risks outweigh their benefits” (5). The IOM first defined
overuse in 1998 as the use of health-care resources and procedures in the absence of evidence that
the service is beneficial (2). Overuse has been cited as a driver of the high cost of cancer in the United
States (3, 4).

Overtreatment is a component of overuse defined as “treatment of conditions that will never
cause symptoms, is futile or is excessive in complexity, duration, or cost when compared to accepted
standards of care” (6). Overtreatment may seem innocuous in some cases (e.g., a patient has an extra
blood test). In other cases (e.g., patients receiving chemotherapy or surgery that will not work for
them), the harms are more apparent. Beyond the issue of cost, overtreatment exposes patients to the
risks of adverse events from medications or procedures that they do not need.

In 2012, the American Board of Internal Medicine (ABIM), along with nine other specialty socie-
ties, released its Choosing Wisely campaign, focused on reducing overuse of specific medical tests
or procedures in different health-care specialties. It includes an explicit goal of avoiding care that
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is “unnecessary or whose harm may outweigh the benefits” (7).
The recommendations provided by the Society for Gynecologic
Oncology (SGO) are listed in Table 1 (8). These SGO recommen-
dations focus primarily on screening. Reducing overscreening
and overtesting represents an important first step in controlling
overuse. But these measures address low-hanging fruit — the most
obvious or least remunerative examples of overused procedures.

As cancer treatment becomes increasingly expensive with the
rapid development of precision medicine, eliminating overuse is
crucial to a sustainable system of care. Easily identifiable targets
of overuse in gynecologic cancers beyond those identified in the
Choosing Wisely campaign exist. The purpose of this review is to
explore strategies to reduce overtreatment in gynecologic cancers.
This review will focus on the following specific examples selected
by the authors as high priority areas where overtreatment can be
curtailed: (1) the practice of lymphadenectomy and (2) postop-
erative radiation in early-stage endometrial cancer; (3) screening
for recurrence in asymptomatic ovarian cancer patients; and (4)
continuous chemotherapy for the treatment of ovarian cancer.
Recommendations for reducing overtreatment are provided by
the authors as opinions.

ENDOMETRIAL CANCER

Endometrial cancer is expected to be diagnosed in 60,050
women in the United States in 2016, making it the most common

TABLE 1 | The society for gynecologic oncology choosing wisely (8).

¢ Do not screen low-risk women with CA-125 or ultrasound for ovarian
cancer

CA-125 and ultrasound in low-risk, asymptomatic women have not led

to diagnosis of ovarian cancer in earlier stages of disease or reduced

ovarian cancer mortality. False-positive results of either test can lead to

unnecessary procedures, which have risks of complication

o

¢ Do not perform colposcopy in patients treated for cervical cancer
with Pap tests of low-grade squamous intraepithelial lesion (LGSIL)
or less
o Colposcopy for low-grade abnormalities in this group does not detect
recurrence unless there is a visible lesion and is not cost-effective

* Do not perform Pap tests for surveillance of women with a history of
endometrial cancer
o Pap testing of the top of the vagina in women treated for endometrial
cancer does not improve detection of local recurrence. False-positive
Pap smears in this group can lead to unnecessary procedures, such as
colposcopy and biopsy

¢ Avoid routine imaging for cancer surveillance in women with
gynecologic cancer, specifically ovarian, endometrial, cervical,
vulvar, and vaginal cancer
o Imaging in the absence of symptoms or rising tumor markers has shown
low yield in detecting recurrence or impacting overall survival

* Do not delay basic level palliative care for women with advanced

or relapsed gynecologic cancer, and when appropriate, refer to

specialty level palliative medicine

o There is now an evidence-based consensus among physicians who care
for cancer patients that palliative care improves symptom burden and
quality of life. Palliative care empowers patients and physicians to work
together to set appropriate goals for care and outcomes. Palliative care
can and should be delivered in parallel with cancer directed therapies in
appropriate patients

gynecologic malignancy (9). Fortunately, most patients (80%) are
diagnosed with local disease and will survive their cancer diagno-
sis. In fact, the majority of 5-year deaths in this population are due
to the medical comorbidities frequently linked with endometrial
cancer, including older age, obesity, and diabetes (10). Initial
treatment includes a hysterectomy with salpingo-oophorectomy
with surgical staging. Patients who develop metastatic recurrent
disease have a poor prognosis and treatment options are limited
(11). Because of the difficulty predicting who is at risk for recur-
rence, adjuvant treatment following hysterectomy is broadly
prescribed to many with the goal of preventing recurrence in a
few patients.

Although as a whole, clinical stage I endometrial cancer
patients have a low risk for lymphatic metastasis, GOG 33
showed that some risk factors (grade, depth of myometrial
invasion, and vascular space invasion) do correlate strongly with
lymphatic metastasis (12). The primary role of surgical staging
for endometrial cancer is to identify the small subset of patients
with lymphatic metastasis to the pelvic lymph nodes as these are
patients known to benefit from adjuvant therapy. Unfortunately,
none of this information is reliably available pre- or even intra-
operatively. The accuracy of preoperative tumor grade is poor, as
20-25% of cases that are grade 1 on biopsy will be upgraded after
hysterectomy. Accuracy of depth of invasion at frozen section is
similarly disappointing, especially when performed outside of
high volume centers with experienced pathologists. A prospec-
tive, blinded study of the accuracy of frozen section revealed that
tumor grade at frozen section correlated with final pathology in
only 58% of cases, while depth of invasion correlated in 67% of
patients. Overall, 28% of patients were upstaged from the intra-
operative assessment to final pathology (13).

Surgical staging had been the norm for decades, its practice
reinforced by retrospective studies showing a survival benefit
in patients with high-risk features who underwent a systematic
pelvic and para-aortic lymphadenectomy (14, 15). This surgical
dogma has been questioned after two prospective randomized
trials, evaluating that the value of lymph node dissection at the
time of hysterectomy (ASTEC, CONSORT) failed to demonstrate
a survival advantage with lymphadenectomy while confirming
significant morbidity with the procedure (16, 17). The morbidity
associated with lymph node dissection includes direct surgical
morbidity (increased intraoperative time, greater blood loss,
and risk of surgical complications) as well as the long-term
consequences of lymphedema. Despite criticisms of these stud-
ies, including (1) a low-risk patient population with a low prob-
ability of nodal metastases and (2) the inconsistent application of
information obtained from the nodal dissection to guide adjuvant
therapy, these studies reflect many of the real world issues faced
by clinicians caring for endometrial cancer patients.

Prospective studies examining the value of postoperative
adjuvant treatment in patients with apparent early-stage disease
but no lymphatic assessment have failed to demonstrate a survival
benefit (11, 18-20). In the 1970s, a randomized prospective trial
of postoperative whole pelvic radiation versus brachytherapy
alone concluded that although radiation decreased recurrence
rates, it had no effect on overall survival. More than 20 years of
follow-up to this study revealed decreased long-term survival
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and increased secondary malignancies following postoperative
whole pelvic radiation (21). The finding that the reduction of
locoregional recurrence after pelvic radiation was not associated
with a survival advantage has been confirmed subsequently by
PORTEC-1, GOG-99, and ASTEC (11, 17, 19). The PORTEC-2
trial showed that vaginal brachytherapy provides equivalent
locoregional control when compared to whole pelvic radiation
with fewer adverse effects and improved quality of life (18). Low-
risk patients (Stage 1A and B, Grades 1 and 2) randomized to
vaginal brachytherapy or observation have been shown to have
similar recurrence risks (22). Despite flaws in many of these trials
(e.g., underpowered for a survival outcome), adjuvant radiation is
not recommended for women with low-risk disease (23).

Early-stage endometrial cancer patients who are observed
after surgery, although overall more likely to recur, are more likely
to have isolated vaginal recurrences than women treated with
adjuvant radiation (19-21, 24). Salvage rates for isolated pelvic
recurrences with modern radiation techniques have been shown
to be high (24, 25).

Trends in the use of lymphadenectomy in women who
underwent surgery for endometrioid adenocarcinoma of the
endometrium in the United States were recently analyzed using
the surveillance, epidemiology, and end results (SEER) cancer
registry between 1998 and 2012. Investigators found that a
decreased frequency of lymphadenectomy from 2007 to 2012
was not associated with a change in the proportion of women
found to have lymphatic metastasis. Interestingly, a small increase
in survival accompanied the decrease in lymphadenectomy (26).

The Identification of Endometrial Cancer
Patients Who Can Safely Avoid
Lymphadenectomy

Accurate identification of the small number of patients with
lymphatic metastasis remains crucial as lymphadenectomy for
these patients can have prognostic and possibly therapeutic value.
When high-risk features are identified after hysterectomy only,
clinicians must decide between returning to the operating room
for a staging lymphadenectomy or basing treatment decisions on
uterine factors, an approach that has a significant risk of result-
ing in overtreatment with postoperative adjuvant radiation as
the majority of patients at “high risk” for lymphatic metastasis
actually do not have metastatic disease (27).

Using a composite index of traditional risk factors for recur-
rence, investigators from the Mayo Clinic have identified a sub-
group of patients at very low risk for lymph node metastasis. In a
series of 328 patients treated at the Mayo Clinic with grade 1 or 2
endometrioid tumors, <2 cm in diameter and <50% myometrial
invasion identified at time of intraoperative frozen section, the
rate of nodal metastasis was 5% and 5-year survival was 97%
(28). These criteria were further examined prospectively through
a multi-institutional evaluation that noted a negative predictive
value of 98.2% (29, 30). Broader utilization of these criteria could
potentially eliminate unnecessary lymphadenectomies in women
with endometrial cancer.

Sentinel lymph node biopsies (SLN) have been proposed as a
surgical alternative to complete lymphadenectomy in patients with

apparent early-stage endometrial cancer. The goal of SLN map-
ping is to accurately identify lymph node metastases while saving
patients from the morbidity of complete lymphadenectomy. The
utility of this technique as a strategy to reduce overtreatment has
been firmly established in other disease sites (breast cancer and
melanoma); however, the value and positive predictive value of
SLN mapping in endometrial cancer has not been explored outside
of single institution studies. Whether SLN biopsy can prevent the
perioperative morbidity and long-term sequelae of lymphedema
in this population without increasing recurrence rates and disease-
related mortality is an important clinical question.

The Identification of Endometrial Cancer
Patients Who Can Safely Avoid Adjuvant

Radiation

The strongest argument for lymphadenectomy in early endo-
metrial cancer is that women with a lymph node sampling may
be able to safely avoid adjuvant radiation. Information obtained
from lymph node dissection influences the prescription of
postoperative adjuvant radiation. A report of 181 women, with
a diagnosis of grade 1 endometrial cancer, who underwent
staging lymphadenectomy found that 19% of the neoplasms
were upgraded, 18% were upstaged, while adjuvant therapy was
affected by the results of lymphadenectomy in 26% of women
(31). Women without surgical staging received radiation at
higher rates than those with information available regarding
their lymph node status. The application of newer surgical
algorithms (using Mayo criteria to select patients who need
lymphadenectomy) and validation of the practice of SLN could
potentially reduce overprescribing of adjuvant radiation without
resorting to lymphadenectomies for all.

Recent advances in molecular technology may provide addi-
tional insight into the identification of patients with a good prog-
nosis who may not require treatment beyond a hysterectomy. The
Cancer Genome Atlas (TCGA) performed an integrated molecu-
lar analysis of 373 endometrial tumors and was able to define four
groups based on genomic characterization of mutation profiles,
and to furthermore demonstrate that these groups correlate with
prognosis. One of these groups (POLE-mutant) carried an excep-
tionally good prognosis (32). Between 4 and 12% of endometrial
cancers are POLE-mutated and this genetic abnormality does
not necessarily map onto traditional histopathological categories
(32-35). Updated molecular classifications of disease to predict
biologic behavior are needed. An assay able to identify patients
at low risk for recurrence would transform treatment for this
disease.

OVARIAN CANCER

Ovarian cancer is the most lethal of the gynecologic cancers. In
the United States in 2016, there will be an estimated 22,280 cases
and 14,240 deaths related to this disease (9). Among women
with stage III or IV ovarian cancer, 5-year survival is only
10-25% despite aggressive treatment with surgery and adjuvant
chemotherapy. Despite high response rates to initial therapy,
epithelial ovarian cancer ultimately recurs in most patients. The

Frontiers in Oncology | www.frontiersin.org

May 2016 | Volume 6 | Article 118


http://www.frontiersin.org/Oncology/
http://www.frontiersin.org
http://www.frontiersin.org/oncology/archive

Temkin et al.

Overtreatment and Gynecologic Cancer

poor prognosis associated with a diagnosis of epithelial ovarian
cancer is due both to the advanced stage of disease at the time
of diagnosis and the eventual development of chemotherapy-
resistant disease. However, this disease is heterogeneous and
there is considerable variability in survival even among patients
diagnosed at an advanced stage (36). A reliable molecular signa-
ture identifying patients with a better or worse prognosis has not
yet been identified.

Because of the high relapse rates, the follow-up of women
treated for ovarian cancer represents a challenge for the gyneco-
logic oncologist. Cancer surveillance following initial treatment
and complete response is essentially screening for early relapse.
In order for a screening test to be effective, effective treatment
for the disease (in this case early relapse) must be available and
the treatment of early relapse would have to be more effective
than the treatment of late relapse. In the setting of platinum
resistant disease, few therapeutic options prolong survival. In
the setting of platinum-sensitive ovarian cancer, retreatment
with platinum-based combination chemotherapy results in high
complete response rates. As the platinum-free interval extends,
the response rates to retreatment become even higher.

One of the harms of this screening for recurrent ovarian
cancer is the development of a lead time bias (Figure 1). Early
diagnosis of recurrent disease exposes the patient to additional
chemotherapy without this improving overall survival and may
limit treatment further into the disease course. Many women with
ovarian cancer receive multiple imaging tests per year and lifelong
chemotherapy once recurrent disease is diagnosed. Both imag-
ing and continuous chemotherapy are of little value in changing
survival from this disease but are commonly prescribed (37, 38).

The Utility of Following CA-125 Levels in

Improving Survival from Ovarian Cancer
Cancer antigen 125 (CA-125) is a glycoprotein that is the current
standard of care biomarker for ovarian cancer surveillance. More

than 80% of women with advanced-stage ovarian cancer have an
elevated level of CA-125 at the time of initial diagnosis. Periodic
follow-up measurements of CA-125 levels after treatment for
ovarian cancer allow the detection of recurrences months before
symptoms or signs appear, since the CA-125 level generally
increases 2—-6 months before a recurrence is radiologically or
clinically detectable (39). However, treatment for recurrence
in asymptomatic women with an increased CA-125 level and a
history of ovarian cancer has not been shown to alter survival.
In a landmark study conducted by the European Organisation
for Research and Treatment of Cancer (MRC OV05/EORTCC
55955), 529 women who experienced a complete clinical remis-
sion after undergoing initial treatment for ovarian cancer were
randomized to undergo treatment for recurrence either (1)
immediately after detection of a rise in the level of CA-125 or (2)
after the onset of symptoms, regardless of the CA-125 level. No
evidence of a survival benefit was found with early treatment for
recurrence (27.1 versus 25.7 months) on the basis of an elevated
CA-125 concentration. Women who were in the early group
had earlier deterioration in quality of life versus women in the
delayed treatment group (40). Criticisms of this study included
enrollment of poor prognosis women, changes in second-line
chemotherapy options for ovarian cancer, and low rates of sec-
ondary cytoreduction (41). A retrospective study of 121 patients
undergoing secondary cytoreduction did suggest an advantage
for patients whose recurrence was discovered through screening
(42). This single institution study may have been biased by its
retrospective nature and the tertiary care setting. Overall, there is
no clear evidence that surveillance impacts survival compared to
waiting for the presentation of symptoms (41, 43).

The Utility of Routine Imaging in Improving

Survival from Ovarian Cancer
Expert recommendations include obtaining imaging in
patients with a history of ovarian cancer only in women with
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FIGURE 1 | Lead time bias that develops from early screening for cancer recurrence.
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an increasing tumor marker or with symptoms worrisome for
recurrence (41, 44). Computerized tomographic scans (CT)
are currently the imaging modality of choice for the evalua-
tion of suspected ovarian cancer recurrences. Given the lack
of evidence that surveillance using the level of CA-125 present
in blood samples prolongs survival, it is implausible that the
early detection of recurrence through routine CT scanning
could result in any significant increase in survival (40). These
clinical limitations of CT make magnetic resonance imaging
(MRI) and positron emission tomography (PET) imaging with
their added expense and potentially increased false-positive
rates challenging to justify in the asymptomatic ovarian cancer
patient.

Chemotherapy and the Treatment of

Asymptomatic Disease

The majority of ovarian cancer patients will relapse within
5 years and, therefore, require salvage chemotherapy. Although
improvements in chemotherapy have increased overall survival,
recurrent ovarian cancer remains a lethal disease. Because salvage
treatments are not curative, the goals of treatment in this setting
are to extend survival through disease control and palliation of
cancer symptoms. An emphasis on an individual patient’s quality
of life is crucial.

A 2006 study evaluated ovarian cancer survival with the SEER
database for patients treated with chemotherapy by a medical
oncologist or gynecologic oncologist. Although both groups of
physicians are trained to provide medical treatment to ovarian
cancer patients, substantial differences in the patterns of care
emerged based on the patients provider. During the first 5 years
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Cancer Therapy Evaluation Program, Division of Cancer Therapy and Diagnosis, National Cancer Institute,
Rockuville, MD, USA

Understanding the biology of cancer at the cellular and molecular levels, and the
application of such knowledge to the patient, has opened new opportunities and
uncovered new obstacles to quality cancer care delivery. Benefits include our ability
to now understand that many, if not most, cancers are not one-size-fits-all. Cancers
are a variety of diseases for which intervention may be very different. This approach is
beginning to bear fruit in gynecologic cancers where we are investigating therapeutic
optimization at a more focused level, that while not yet precision care, is perhaps much
improved. Obstacles to quality care for patients come from many directions. These
include incomplete understanding of the role of the mutant proteins in the cancers, the
narrow spectrum of agents, broader mutational profiles in solid tumors, and sometimes
overzealous application of the findings of genetic testing. This has been further com-
promised by the unbridled use of social media by all stakeholders in cancer care often
without scientific qualification, where anecdote sometimes masquerades as a fact. The
only current remedy is to wave the flag of caution, encourage all patients who undergo
genetic testing, either germline or somatic, to do so with the oversight of genetic coun-
selors and physician scientists knowledgeable in the pathways involved. This aspiration
is accomplished with well-designed clinical trials that inform next steps in this complex
and ever evolving process.

Keywords: precision medicine, biomarkers, targets, genetic testing, opportunities, obstacles

INTRODUCTION

Cancer care delivery was once relatively simple due to the few available drugs, limited understanding
of the complexity of the cancers, and less sophisticated diagnostic and therapeutic interventions.
The exponential increase in knowledge brought about by microdissection of the genome, kinome,
and other - omes, has yielded new classifications of cancers, classes of agents, different methods for
dose determination, and increasing potential for personalization. This rapidly expanding knowledge
creates the potential for diversity and inequality in cancer care.

Understanding the roles and limitations of these new resources narrows that treatment delivery
gap. The harmonization of diagnostic approaches and expectations for each patient with a defined
cancer histology and/or genomic subtype will assure the same care for all. Monitoring for treat-
ment decisions should be consistent and driven by objective data, change in responsiveness, and/or
toxicity parameters. Recognition of when the risk/benefit balance has shifted toward harm remains
a critical element.
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Optimization of cancer treatment in the molecular era
is not always defined by the molecular make up of cancer.
Characterization of the molecular biomarker utility across a
type of cancer and then from the patient perspective needs to
be coordinated. The charge to the molecular oncologist is to
recognize when compelling data from high-level evidence
identifies a molecular finding of therapeutic importance. In most
cancers, this remains a goal. We have few validated biomarkers
to guide us in women’s cancers and an abundance of molecular
noise to dampen. Molecular testing is often done for reasons that
the patients do not understand, and the testing costs thousands
of dollars, frequently yielding little guidance. Determining and
validating selective targets, target-drug pairing, and best patient
practices will take carefully designed studies with well consid-
ered correlative science, requiring patients, time, and support.
Currently, other than the use of germline BRCAI/2 mutation
testing and Lynch Syndrome testing, application of molecular
diagnostics to the broad gynecologic cancer population is
premature.

BIOMARKERS: WHAT, WHEN, AND WHY

Biomarkers, Definition?

A biomarker generally refers to a measured characteristic, which
may be used as an indicator of some biological state or condi-
tion. Biomarkers may be developed to address multiple purposes
related to patient diagnosis and selection, or drug and treatment
effect. Molecular diagnostics can be translocations, such as BCR-
ABL for chronic myelogenous leukemia, expression of mutant
proteins or inappropriate protein expression, such as p53 in
many solid tumors, or loss of expression as with E-cadherin loss
in lobular breast cancer.

Molecular biomarkers can be used for therapeutic selection.
Amplification of HER2 is both a diagnostic and selective bio-
marker. It helps classify a type of breast cancer, and its presence
determines targeted therapy selection. Identification of specific
mutations in lung cancer, such as EGFR mutations, drives selec-
tion of the therapeutic classes of targeted agents. Alternatively,
broad sequencing in a discovery mode can be used to determine
targetable molecular events on a case-by-case basis. This is the
hypothesis underlying the NCI MATCH study (NCT02465060)
and other basket studies.

Biomarkers also may be used as surrogates of clinical behavior,
such as those readily measured in blood-like, CA-125 and PSA.
These biomarkers may also be evaluated for prognostic and/
or predictive potential. Prognostic biomarkers are those that
dichotomize clinical outcomes, such as survival, in a therapy-
agnostic fashion (Figure 1A). They are most often defined based
upon correlative findings. Clinical biomarkers used commonly as
prognostic directors in women’s cancers include stage, grade, age,
lymphovascular space invasion, and number of positive lymph
nodes (1).

Predictive biomarkers are most elusive and potentially
most valuable (2, 3). They dichotomize outcomes in a therapy-
specific fashion (Figure 1B). HER2, a diagnostic and selection
biomarker, is both prognostic and predictive, shifting the full

cohort outcome and biomarker positive patients in the upper set
of curves (Figure 1C) (4, 5). HER-24MF breast cancer patients
had a worse prognosis when given the same treatment as their
HER-2 non-amplified counterparts. The introduction of HER-2
targeted therapy has changed that poor prognosis. Now, HER-
2°MP is a biomarker predictive of responsiveness to HER-2
targeted agents.

Integral vs. Integrated Trial Biomarkers
Rigorous biomarker development is important. It requires
qualification, optimization, and validation at levels of pre-
analytic and analytical methods. Standard operating procedures
for the collection and processing of patient-derived materials,
pre-analytic methodologies, assure the collection of high-quality
specimens. What samples, how they are taken, how and when
they are processed, and the what/how/when of storage are critical
pre-analytical variables (6). Quality control of reliability, repro-
ducibility, variance, and cut-off determination are key analytical
variables (7, 8).

Biomarkers that are required for the execution of a trial and/
or the application of an agent are integral to the therapeutic direc-
tion. Integral biomarkers require the tightest pre-analytical and
analytical standards, and if involved in patient care, must be done
in appropriately certified laboratories. Integrated biomarkers are
those that are included in clinical trials in hypothesis-directed
objectives to be executed in a controlled, optimized fashion,
to validate them for future integral application. Integral and
integrated biomarkers use assay methodologies that are well past
exploration and discovery and are moving toward anticipated use
or standard of care. Understanding where a molecular biomarker
is in development is critical to its proper application to the patient
treatment setting.

Fit-for-Purpose Biomarkers

The complexity of biomarker selection underscores the impor-
tance of using biomarkers that are fit-for-purpose (FFP). A FFP
biomarker is defined by its intended use and by the biomarker
assay method performance (2). The intended use or purpose
of the biomarker or biomarker assay data is described in many
ways, including pharmacokinetic, pharmacodynamic, diagnos-
tic, exploratory, safety, enrollment, or companion diagnostic.
A FFP biomarker is categorized as (a) integral, used for patient
or treatment selection, (b) integrated, used to established treat-
ment or disease state effects, or (c) exploratory, used descrip-
tively or for screening for effects that are unestablished or
poorly described. The stringency of the proposed assay method
validation is defined and determined by the biomarker category;,
risk-benefit to the patient, and invasiveness. Biomarker assay
method performance must be reliable and reproducible, and
the assay must have well-defined performance characteristics.
Performance metrics are qualitative and quantitative and include
measures of sensitivity, specificity, accuracy, precision/robust-
ness, stability, reference intervals/standards and cut-points
(dynamic range), calibrators, range of quantification, dilutional
linearity, sample re-analysis, interference, and normal signal
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FIGURE 1 | Predictive vs. prognostic biomarkers. Prognostic biomarkers (A) have similar change in outcome with therapy that is independent of the biomarker
status. Predictive biomarkers (B) have a treatment/outcome interaction, seen in this example as improvement with treatment in biomarker* cases (vertical arrow),
with absence of change in the biomarker- cases (horizontal arrow). Biomarkers that may be both prognostic and predictive (C) will shift the biomarker curve the
same or greater if both the prognostic and predictive effects are positive. If one is positive and the other is negative, the outcome may cancel. This is a more

distribution. Methodology performance evaluation is itera-
tive and is updated throughout the life cycle of the biomarker
development (9).

The circumstances under which biomarker testing is applied
should be considered in the context of standard testing issues
when planning a clinical trial. Each trial should have a biomarker
prioritization plan. Parallel development of drugs and biomarkers
is the key to rapid and purposeful progress. Many prognostic, but
few predictive, biomarkers are under development. Such develop-
ment is found in the translational literature and in clinical trial
design where such questions are included.

OPTIMIZING MOLECULAR CANCER CARE
DELIVERY FOR THE PATIENT

When Is It Precision Treatment or
Scientific Experiment?

Optimal use of diagnostic and therapeutic resources requires
understanding when there is potential for reliable data or when
it is a shot in the dark. Few biomarkers have been validated in
gynecologic cancers. They include the serum biomarkers for germ
cell tumors (BHCG and oFP) (10), recurrent epithelial ovarian
cancer (CA-125and HE4) (11-14), endometrial cancer (HE4) (15),
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granulosa cell tumors (inhibin) (16), and the molecular markers of
germline or somatic BRCA1 or BRCA2 mutation (1, 17-19).

Driver molecular events have been identified and validated
in some sarcomas and solid tumors. Drivers are molecular
events that, based upon preclinical modeling and clinical testing,
initiate, promote, and/or maintain malignancy in an obligatory
fashion. Specific inhibition of driver(s) in patients results in
dramatic clinical response. For example, the ber-abl translocation
results in constitutive activation of abl kinase and drives chronic
myelogenous leukemia. Its inhibition with imatinib, dasatinib,
and others is the gold standard example to define driver function
(20). As impressive as these events are in preclinical models and
in patients, to date, the only curative driver events have been
identified in leukemias.

The most common drivers identified cause gain-of-function
oncogenic behaviors, commonly by translocation, mutation,
or occasionally by amplification. The regions in oncogenes that
result in unfettered activation are few and are “hot spot” muta-
tions for which focused screening can be done, or are identifiable
breakpoints at translocations causing an activation event that
can be readily identified. Similarly, oncogenic mutations, such as
those seen in c-kit and PDGFR in gastrointestinal stromal tumors
(21, 22) and translocations, such as the driving ALK translocation
in non-small cell lung cancers (23), likewise, cause constitutive
kinase or receptor activity. Inhibition of oncogenic signaling
pathways by small molecule inhibitors results in impressive
objective clinical effects (24, 25).

Inhibition of tumor suppressor genes is another mechanism
through which carcinogenic behaviors are unmasked. Loss-of-
function of tumor suppressor genes occurs with one of several
events, such as mutational introduction of a stop codon that
prevents transcription and translation of an active protein or
by mutation that inactivates or alters function of the translated
protein. These events are seen in p53 in ovarian and endometrial
cancers. Unlike the hotspot mutational foci seen in oncogenic
gain-of-function mutations or translocations, tumor suppressor
gene mutations and rearrangements can and do occur all along
the gene with “hot spots” that may identify population founder
events. The more common gain-of-function p53 mutation is one
where the mutation abrogates normal p53 checkpoint activity
allowing cells to move through the cell cycle without stopping
to repair the DNA damage. Protein is not lost and is seen as
strong and broad staining of p53 by immunohistochemistry. The
loss-of-function events, where p53 protein is lost, also have been
identified in gynecologic cancers (26), and the early data suggest
that there may be biological differences caused by the two muta-
tional events (27). Yet, there are no validated specific or selective
therapeutic opportunities related to p53 mutations. Thus, while
serving a diagnostic and prognostic purpose, p53 has no targeted
therapeutic direction or predictive value.

BRCA1 and BRCA2 are tumor suppressor genes. Homozygous
genomic injury with resultant loss of both functional alleles has
strong biologic effect in reduction of homologous recombination
double-stranded DNA repair (28). Germline monoallelic loss
predisposes to breast and ovarian cancers yielding a very high
lifetime risk and has been used to trigger cancer prevention
approaches. Recently, PARP inhibitors, a drug class within the

broad category of DNA repair inhibitors, have been shown to be
more active in women with germline loss (29). BRCA mutations
have thus been validated as predictive biomarkers in this setting.
BRCA mutation testing has been approved by the US FDA as a
companion diagnostic for selection for treatment with olaparib;
it is a predictive and selective biomarker approved as related
specifically to treatment with the PARP inhibitor, olaparib, for
women in fourth or later ovarian cancer recurrence. Despite
inclusion in the EMA approval of olaparib, the role of somatic
BRCA mutation remains unclear and has not been accepted by
the US FDA. Clarification of homozygous mutation vs. single
somatic mutation and issues of gene dosage should be addressed.

When Is Molecular Testing Reasonable for

Standard of Care Oncologic Intervention?
A strong family history alone does not predict accurately the full
spectrum of women with BRCA mutation-associated ovarian
cancer. Thus, NCCN and SGO recommend testing all women with
high-grade serous ovarian cancer. This can have implications for
the patient’s family if she is found to harbor a deleterious germline
mutation, found in approximately 17% of the newly diagnosed
high-grade serous ovarian cancer patients (30). Lack of mutation
has not been shown to be of biologic value. Knowledge of BRCA
status may have impact upon cancer care for investigational uses,
as defined by clinical trial entry criteria, but in the US does not
affect treatment opportunities until fourth treatment line. The
effect on the patient and her family is also of importance and is
addressed elsewhere in this Research Topic.

Risk panel testing, whole exome and genome testing, and
testing of oncogene panels are done as “standard of care” in some
centers and often requested in order to find something actionable.
Panel testing is the examination of a series of potentially impor-
tant risk genes, such as the BROCA panel defined by Swisher
and colleagues (31, 32). It includes the Lynch Syndrome genes
and other genes with low frequency, but deleterious germline
mutations, including PALB2, RAD51c¢, and RAD51d. Mutations
in these genes may be linked to the risk of ovarian and other
cancers, a prognostic event, but there is no validated predictive
function (31). There are no data that exome or whole genome
sequencing is medically useful or cost-effective for gynecologic
cancer patients. Too often, this testing is presented to or by the
patient as an expectation, related to receipt of care. The facts
and foibles are not presented in depth, and often no or minimal
informed consent is done, since many of these are commercially
available. This includes not fully informing the patient about the
financial implication and the support or lack thereof by their
insurance coverage. The number of truly actionable events, where
there are validated clinical outcomes linked to genomic findings,
are exceptionally rare in gynecologic cancers and do not inform
patient care. Such testing should be done in the context of a clini-
cal trial, such as the NCI MATCH (NCT02465060).

Opportunities and Obstacles

Molecular characterization of gynecologic and other cancers
created a great opportunity for learning about the behavior of
the cancer, its heterogeneity, how subclones outgrow during
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treatment, and to identify therapeutic opportunities (Table 1).
These prospects may have little benefit to the individual patient
but in aggregate may provide key information that, when mined,
can yield important new insights. This was demonstrated by the
remarkable progress occurring after broader characterization of
BRCA mutation carriers. Those advances resulted in identifica-
tion of the precursor fallopian tube lesion for ovarian cancer,
an understanding of the importance of different mechanisms of
DNA repair, and the advancement of several new classes of DNA
repair inhibitory agents.

The further understanding of molecular aspects of cancer has
resulted in novel trial designs and statistical models. Trial designs,
categorizing therapy based upon common molecular events,
such as NCI MATCH (NCT02465060), are examining tissue for
molecular events. It then seeks to match the molecular event to a
drug that may target the molecular event. This study recognizes that
the role of the molecular event in a given cancer is unknown. This
is a direction to refer women with more rare ovarian cancers for
which trials are not available and phase 1 options may be limited.

Several studies have been published with similar target-
matching approaches. The SHIVA investigators found that the
use of molecularly targeted agents outside their indications does
not improve outcome over physician’s choice, underscoring the
requirement for understanding the biology and selection oppor-
tunities within cancer/drug pairing (33). Schwaederle and col-
leagues (34) showed clinical benefits in the arm in which patients
were matched to therapeutics by molecular targets over the arm
with standard of care treatment. However, it did not present the
cancer breakdown of the participating patients, preventing read-
ers from determining if the positive results may have been driven
by an overabundance of cancers with proven targets, such as non-
small cell lung cancer subsets. Another study evaluated the role of
the use of selection biomarkers in clinical trials of FDA-approved
agents (35). This study showed improvement with the application
of selection biomarkers where there was a validated biomarker for
the targeted agent. These conflicting observations raise caution to
the blanket application of costly sequencing. An alternative is the

TABLE 1 | Obstacles and opportunities of molecular testing
in gynecologic cancers.

Opportunities Obstacles

Intrinsic cancer elements
e Unclear functional status of mutation

Advance understanding of cancer(s)

® |dentify novel drivers and
facilitators

e Examine heterogeneity * Heterogeneity

e Dissect cause of molecular events e Tumor—microenvironment interactions

e Molecular divergence

e Activation of secondary pathways

Selection approaches may miss optimal

personal opportunities

Mechanisms of resistance and risk of

negating effects of subsequent targeted

agents

Cost: patient time (from work, travel,

etc), assay costs, and physician and

counseling costs

Low clinical trial participation

Knowledge on a per-patient basis for
therapeutic selection

Translate science to therapeutic
opportunities

Drive novel trial designs and
statistical models

examination of exceptional responders (36). Finding mutational
events and not being able to determine the role of those molecular
changes can result in misdirection of therapy and potentially
harm the patient clinically and economically, and importantly,
can dash their hope by lack of success.

The explosion in understanding about the molecular basis of
cancer, especially in women’s cancers, and in new agents, provides
an important opportunity for patient education. The physician
can frame the progress in genomics against the background of
new agent availability. This can lead to a more informed joint
decision as to whether referral to a screening/treating trial, such
as MATCH, or for testing is appropriate for the patient at her
point in her disease.

Heterogeneity provides some insight into the paucity of cures
with targeted therapies. A great obstacle to application of person-
alized molecular medicine at this time appears to be cancers them-
selves. Solid tumors have some, or many, molecular events, often
of uncertain importance, making targeted therapy more difficult
to select. Discerning driver mutations from facilitating mutations
from passenger mutations with no biologic consequence remains
empiric. It is often further complicated by secondary mutations
in many cases. PI3K mutations are a case in point. Almost all
epithelial solid tumors have some form of PI3K pathway muta-
tion or dysfunction (37, 38). PI3K inhibitors have been uniformly
disappointing in solid tumors, while being approved for use in
lymphomas where there are no PI3K mutations, but there is
strong pathway activation. The next obstacle, a consequence of the
molecular variability seen in most solid tumors, is intratumoral
heterogeneity. Sequencing over disparate geographic areas has
demonstrated intratumor molecular heterogeneity and allowed
determination of temporal and spatial clonality (39, 40). It has
demonstrated that divergence can be an early event.

CONCLUSION

The promise of personalized molecular medicine has been
long in being recognized, although clear progress is evident.
Gynecologic cancers are complex, and focused attention to
their genomics, biology, and local tumor microenvironment has
yielded important clues to new therapeutic directions. While few
clear drivers have been identified, selection parameters, including
DNA repair dysfunction, are seen with the role of germline BRCA
mutations and Lynch syndrome biology. The major opportunity
and challenge ahead is to develop and validate the tools necessary
to optimize the application of biomarkers and targeted agents to
rapidly and efficiently improve cancer care delivery to women
with gynecologic cancers.
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