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Editorial on the Research Topic
Methods in breast cancer

Breast cancer remains one of the most prevalent challenges in oncology and is
recognized as an international priority in healthcare; it is currently the most common
tumor in women worldwide with demographic trends indicating a continued increase in
incidence (1). While clinicians and researchers work to find an optimal strategy in
treatment of breast cancer, the introduction of innovative methods is also mandatory.

Nowadays, therapeutic strategies against breast cancer are increasingly personalized for
each patient. The appropriate treatment is modulated on clinical characteristics, staging,
biological factors such as the status of hormone receptors, Ki67, HER2 overexpression. In
particular, endocrine therapy plays a vital role in the management of estrogen receptor-
positive breast cancer. Chen et al. examine how clinicopathological factors influence
decisions regarding extended endocrine therapy. They report that that age, lymph nodal
status and receipt of chemotherapy are independent predictors for the recommendation of
extended endocrine therapy.

However, a multidisciplinary management is essential to improve oncological and
aesthetic results while increasing patient’s quality of life. An accurate discussion should
always be carried out with each patient on the benefits and problems related to the
chosen treatment.

Accurate coding is crucial for an appropriate disease classification and research; Tu
et al. review discrepancies in ICD-9/ICD-10-based codes for breast cancer and other
common diseases, highlighting the need for precision in health data. They indicate that
researchers should use standardized, validated coding algorithms to reduce risk of
misclassification which can significantly alter the findings of a study.

Thanks to the wider diffusion of screening programs, breast cancer is more often
detected at an early stage. An innovative ultrasound-based radiomics model can distinguish
between sclerosing adenosis and invasive ductal carcinoma while potentially aiding in early
diagnosis (Huang et al.). This innovative model can contribute to an effective diagnosis by
avoiding misdiagnosis and unnecessary biopsies.

Early-stage breast cancer is usually treated with primary surgery. Breast-conserving
treatment or mastectomy are the surgical options. However local control of disease and the
patient’s aesthetic satisfaction should always be guaranteed in both cases (1). An adequate
evaluation of the disease by clinical and radiological assessment is mandatory to choose the
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best local treatment (1). The selection of optimal surgical treatment
should be based on breast volume, cancer size, multicentricity,
ability to obtain clear surgical margins and the patient’s wishes.

Breast-conserving surgery (BCS) with adjuvant radiotherapy is
considered the gold standard approach for early-stage breast cancer.
Some prospective randomized studies have not shown significant
differences in disease-free and overall survival rates comparing
conservative treatment with mastectomy. However, BCS must
always guarantee complete surgical removal of the tumor with
negative surgical margins and optimal aesthetic results also using
some biomaterials as filler (2, 3). Nowadays, the main method used
to evaluate margins in BCS is a pathological evaluation. The
designation of surgical margins is controversial and metabolomics
may represent a new approach to assess surgical margins. Based on
metabolomic analysis, Wang et al. show the negative margin of 1
mm is sufficient for surgery. The six metabolites identified as
abnormal (pyruvic acid, N-acetyl-L-aspartic acid, glutamic acid,
gamma-aminobutyric acid, fumaric acid and citric acid) may serve
as biomarkers to select an appropriate surgical margin.

Adjuvant radiotherapy is a cornerstone after BCS. However,
subsequent cardiac toxicity is deemed to be dose-dependent for left
breast cancer irradiation. Chen et al. investigate the impact of
respiratory capacity on dose sparing during left-sided breast
cancer irradiation, highlighting a novel technique for optimizing
radiotherapy. They demonstrate the effect of respiratory capacity for
dose sparing when the deep inspiration breath hold with Active
Breathing Coordinator technique (ABC-DIBH) is used in left-sided
breast cancer irradiation. Furthermore, Dabbs et al. present the
results on clinical utility for the DCISionRT test for the prediction of
recurrence risk and radiotherapy benefit in ductal carcinoma in situ.

Mastectomy should be performed when conservative treatment is
unable to guarantee adequate local control and appropriate aesthetic
results. Common indications for mastectomy include: large tumors that
cannot be treated by BCS with a satisfactory cosmetic outcome;
multicentric disease; persistent positive margins after multiple re-
excisions; inability to perform adjuvant radiotherapy; presence of
BRCA pathogenic variants; patient preference (1). Breast
reconstruction after mastectomy is a critical aspect of a patient’s
recovery. Immediate breast reconstruction with autologous tissue or
prosthesis should always be performed after mastectomy as it can
improve the patient’s quality of life (4). The demand for further aesthetic
improvement in breast reconstruction is leading to innovative solutions.
Lee et al. delves into the clinical outcomes of robot-assisted DIEP (Deep
Inferior Epigastric artery Perforator) flap surgery. They suggest that
robotic DIEP flap offers enhanced postoperative recovery with a
reduction in postoperative pain and hospital stay.

Regarding axillary surgery, sentinel lymph node biopsy is
considered the gold standard in early breast cancer with clinically
negative nodes. Axillary dissection is indicated in breast cancers with
clinically positive nodes although new therapeutic strategies are
emerging (1). Lei et al. report a nomogram for predicting positive
non-sentinel lymph nodes (non-SLNs) in positive SLN patients.

Primary chemotherapy is used with increasing frequency in the
multidisciplinary treatment of breast cancer patients (5). Various
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trials have demonstrated that neoadjuvant chemotherapy allows to
obtain important advantages such as downstaging of disease
favoring surgical de-escalation (6, 7). Wang et al. propose a
multimodal approach to predict clinical responses to
neoadjuvant therapy in advanced breast cancer, incorporating B-
mode ultrasonography, shear wave elastography and
pathological information.

The primary aim of management in metastatic breast cancer is
to mitigate symptoms, prolong survival and improve quality of life.
Patients with metastatic disease can be treated with endocrine
therapy, chemotherapy, biologic therapies and immunotherapy
(1). HER2-positive patients with brain metastases respond
favorably to pyrotinib and trastuzumab-based treatment (Chen
et al.). Zhang et al. report the efficacy and safety of apatinib (an
oral small-molecule tyrosine kinase inhibitor targeting VEGFR-2)
250 mg combined with chemotherapy in patients with pretreated
metastatic breast cancer. Yang et al. explore the clinicopathological
characteristics of bone marrow metastases in breast cancer and
prognosis using different therapies. Ippolito et al. show the results of
the BOMB trial, which explores the use of stereotactic radiotherapy
on primary tumor in metastatic patients (20). The study evaluates
the maximum tolerated dose of stereotactic body radiotherapy
(SABRT) to primary breast cancer in stage IV disease.

Furthermore, some authors take us into personalized medicine
by demonstrating how patient-derived explant cultures can
recapitulate in vivo drug responses, opening the way to innovative
treatments (Pettersen et al.). Finally, innovative trials and new
technologies are changing breast cancer management; single-arm
designs with non-inferiority and superiority analyses are optimal
for proof-of-concept and de-escalation studies in oncology
(Sampayo-Cordero et al.). The telehealth care is also an adequate
approach to reduce the treatment burden and the clinical problems
of breast cancer survivors (Ajmera et al.).

In conclusion, this Research Topic presents interesting research
in the field of breast cancer treatment. Thanks to results of ongoing
studies and collaboration between healthcare professionals and
researchers, prognosis and well-being of breast cancer survivors
can be constantly improved.
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Background: A robotic deep inferior epigastric perforator (DIEP) flap created
through a totally extraperitoneal approach minimizes violation of the donor
site, which may lead to postoperative pain reduction and rapid recovery. The
authors compared the clinical outcomes of robotic and conventional DIEP flap
breast reconstructions.

Methods: Data from consecutive patients who underwent mastectomy with
DIEP flaps for breast reconstruction between July 2017 and January 2021 were
retrospectively reviewed. Patients were divided into robotic and conventional
DIEP groups, and the two groups were matched using the inverse probability of
treatment weighting method. They were compared based on the
reconstruction time, drainage amount, postoperative pain, rescue analgesics,
hospital stay, complications, and BREAST-Q scores.

Results: After matching, a dataset of 207 patients was formed, including 21
patients in the robotic DIEP group and 186 patients in the conventional DIEP
group. The mean reconstruction time was longer in the robotic DIEP group
than in the conventional DIEP group (P<0.001). In the robotic group, pain
intensity during the postoperative 6-24 hours was significantly reduced
(P=0.001) with less use of fentanyl (P=0.003) compared to the conventional
DIEP group. The mean length of hospital stay for the robotic DIEP group was
shorter than that for conventional DIEP (P=0.002). BREAST-Q scores indicated
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a higher level of the abdominal physical well-being domain in the robotic group
(P=0.020). Complication rates were comparable between the two groups.

Conclusions: This study suggests that a robotic DIEP flap offers enhanced
postoperative recovery, accompanied by a reduction in postoperative pain and

hospital stay.

KEYWORDS

breast reconstruction, deep inferior epigastric perforator flap, robot surgery,
conventional DIEP, robotic DIEP, clinical outcome

Introduction

As surgical techniques have improved and patient
expectations have increased, the goal of breast reconstruction
is to make breasts natural-looking and esthetically pleasing
while minimizing patient morbidity. Autologous breast
reconstruction using abdominal tissue has been developed to
decrease donor-site morbidities. The deep inferior epigastric
perforator (DIEP) flap has gained popularity since its
introduction in 1989 and is currently the most commonly
performed procedure to reduce the morbidity of the donor site
(1-5). There is also the superficial inferior epigastric artery flap,
which does not damage the rectus muscle and fascia at all, but
its use is limited owing to the inconsistency of a reliable
superficial inferior epigastric artery.

However, even during DIEP flap elevation, an incision in the
anterior rectus fascia is inevitable. Especially when a reliable
perforator is located near the umbilicus, an extensive incision
over the fascia is needed. Dissection, splitting, and traction of the
upper structures above the pedicle are required to reach the
pedicle. These procedures may increase donor-site morbidities.
These limitations can be overcome using minimally invasive
approaches, such as robotic or laparoscopic approaches (6-10).
They are used in the dissection of the pedicle coursing underneath
the rectus muscle during harvesting of the DIEP flap. Therefore,
violation of the anterior rectus fascia, rectus muscle, and motor
nerves can be minimized compared with conventional DIEP flaps.
Despite several reports of DIEP flap harvesting using robots, there
is still a lack of data comparing the outcomes of robotic and
conventional DIEP flaps for reconstruction.

Robotic DIEP flap harvest is expected to provide significant
benefits in decreasing donor-site morbidity. This may lead to
postoperative pain reduction, rapid recovery, and donor site
well-being. This study aimed to perform a robotic DIEP flap
harvesting through a totally extraperitoneal approach and
compare the postoperative outcomes between robotic and
conventional DIEP flap breast reconstruction.

Frontiers in Oncology

Materials and methods
Study population

This retrospective study was conducted at a single institution.
Data from 254 consecutive Korean patients with breast cancer
who underwent total mastectomy with immediate conventional
DIEP flap or robotic DIEP flap breast reconstruction between July
2017 and January 2021 were identified from specified electronic
medical records. To ensure uniformity in patient selection by
reducing potential surgical confounding factors, 19 patients who
underwent other simultaneous surgeries, 16 patients who
underwent combined contralateral breast surgeries, 8 patients
who underwent bilateral DIEP flap surgeries, and 7 patients
with incomplete data were excluded. Finally, the remaining 204
patients who underwent unilateral DIEP flap breast
reconstruction were eligible for the study and were classified
into one of two groups: those who underwent conventional
DIEP flap surgery (conventional DIEP, n = 185) and those who
underwent robotic DIEP flap surgery (robotic DIEP, n = 19)
(Figure 1). The robotic DIEP flap breast reconstruction was
performed on patients who had single or closely grouped
perforators with a short intramuscular course and consented to
robotic surgery before surgery.

Surgical techniques

The conventional DIEP technique was performed in a
standard manner by splitting the anterior rectus fascia and
rectus abdominis muscles. The robotic DIEP technique was
performed as previously reported by the authors (8). Briefly, in
the robotic technique, the preselected perforator was dissected
with the conventional method until the intramuscular course
ended, followed by preperitoneal blunt dissection with a
surgeon’s finger or balloon device (OMS-PDB1000; Covidien,
Dublin, Ireland) through a 1.5-cm fascial incision on the linea
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FIGURE 1

semilunaris to secure the working space. The port was then
inserted directly through the fascia into the preperitoneal space.
When using a single-port robotic system (da Vinci SP; Intuitive
Surgical, Sunnyvale, CA), the single port penetrates the new
umbilicus site and fascia (Figure 2). The operation table was
placed in the Trendelenburg position to avoid collision with the

CONSORT flow diagram of patient selection. DIEP, deep inferior epigastric perforator; IPTW, inverse probability of treatment weighting.

patient’s head or chest. Gas insufflation was maintained at 8
mmHg, and the robot was docked. Using the robot, the pedicle
was dissected with ligation of all collateral vascular branches and
divided near the origin (see Video, Supplemental Material 1,
which shows the robotic dissection of the pedicle). After
undocking the robot, the remaining attachments from the

FIGURE 2

DIEA, deep inferior epigastric artery.
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Schematic diagram of the penetrating placement of the single port in a robotic DIEP flap harvesting through a totally extraperitoneal approach.
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intramuscular portion were divided. Finally, the pedicle was
delivered through a small fascial incision.

Postoperative pain management

Before the end of the surgery, all patients received 1 pg/kg
fentanyl (Hana Pharm, Seoul, Korea) and 0.3 mg of ramosetron
(Nasea; Astellas Pharma Korea, Seoul, Korea) to control
postoperative pain and postoperative nausea and vomiting
(PONV). All patients received an intravenous (IV) patient-
controlled analgesia (PCA) device (Anapa plus; E-HWA
Biomedics, Seoul, Korea), programmed to 2 mL/h for background
infusion, a demand volume of 0.5 mL, and a lock-out interval of 15
min, with a total volume of 100 mL. The PCA regimen comprised
fentanyl and 0.3 mg of ramosetron, which were mixed with normal
saline to achieve a total volume of 100 mL (11).

Data regarding postoperative pain were obtained from an
electronic medical database that was recorded by a PCA
management team comprising two qualified nurses. All eligible
patients were informed on how to rate their pain intensity using
the numerical rating scale (NRS; 0, no pain; 10, worst pain
possible) in the pre-anesthetic room (12), after which they were
moved to the post-anesthetic care unit (PACU) and had
emerged from anesthesia. The recovery nurses assessed their
NRS scores. The patients were instructed about the use of the
PCA device and encouraged to push the button whenever they
experienced pain. In patients who experienced sustained pain
with a resting NRS score of >4, 50 pug IV fentanyl was
administered as an additional rescue analgesic. After the
patients were transferred to the admission room, postoperative
NRS assessments were performed at 0-6, 6-24, and 24-48 h
(11). In patients who suffered from prolonged pain with an NRS
score of >4 in the admission room, 1 g IV paracetamol (Dai Han
Pharm, Seoul, Korea), 30 mg ketorolac (Hana Pharm), 50 mg
tridol (Yuhan. Co., Seoul, Korea), or 25 pg pethidine HCI (Jeil
Pharm. Co. Ltd., Daegu, Korea) as an additional analgesic.

Data collection and outcomes

Demographic, clinical, and laboratory data were collected from
the electronic medical records. Demographic data included age,
body mass index (BMI), American Society of Anesthesiologists
(ASA) physical status classification, comorbidities (hypertension
and diabetes mellitus), smoking history, menopausal status, and
neoadjuvant chemotherapy. Oncologic characteristics, such as
tumor pathology and pathological stage, were also evaluated. Data
on intraoperative characteristics, operation times, blood loss, red
blood cell transfusion, type of mastectomy, lymph node procedure,
and specimen weight were collected. Postoperative variables,
including drainage amount, laboratory values, length of hospital
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stay, postoperative adjuvant therapy, postoperative complications,
postoperative pain, rescue analgesics, and PONV, were evaluated.
Postoperative complications included hematoma, flap loss,
infection, donor site wound problem, seroma, fat necrosis, and
abdominal hernia (11). Furthermore, patient-reported outcomes
were assessed using the BREAST-Q questionnaire. Patients
included in this cohort were asked to complete the BREAST-Q
questionnaire using a paper survey when visiting an outpatient
clinic at least 6 months after the completion of reconstruction. The
authors assessed the following domains: satisfaction with breasts,
psychosocial well-being, physical well-being of the chest and
abdomen, and satisfaction with the abdomen. Scores on the
BREAST-Q domains ranged from 0 to 100, with higher scores
indicating higher levels of satisfaction or improved well-being.

Statistical analysis

Continuous variables were expressed as mean * standard
deviation and compared using Student’s t-test. Categorical
variables are expressed as numbers (percentages) and compared
using the chi-squared or Fisher’s exact test, depending on the size of
the cell frequencies. Since data were retrospectively collected, the
inverse probability of treatment weighting (IPTW) method was
applied to adjust for confounding factors, including age, BMI, ASA
physical status classification, hypertension, diabetes mellitus,
smoking history, menopause, and neoadjuvant therapy (13).
Logistic regression was used to regress the group variable on
these confounding variables to calculate propensity scores (PSs).
The goodness-of-fit of this logistic regression model was evaluated
using the Hosmer-Lemeshow test (P=0.896). Moreover, 1/PS and
1/(1-PS) were weighed in the treatment and control groups,
respectively. We stabilized and trimmed the weights to minimize
the influence of extreme weights (14). To analyze the inverse
probability of treatment-weighted data, we performed a t-test
with the R command svyttest for continuous variables and the
Rao-Scott Chi-square test for categorical variables with R command
svychisq in the R package survey (the R Foundation). Statistical
analysis was conducted using R version 4.0.4 (R Environment).
Statistical significance was set at P < 0.05.

Ethics

This study was performed in a single-center university
hospital following approval from the Institutional Review
Board (IRB) and the Hospital Research Ethics Committee of
Severance Hospital, Yonsei University Health System, Seoul,
Korea (IRB number: 4-2020-1397) and following the ethical
standards of the current version of the Declaration of Helsinki.
The need for prior consent was waived because of the
retrospective nature of the anonymous data.
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Results

The patients’ demographic characteristics are demonstrated
in Table 1. After applying the IPTW method, a dataset with 207
patients was formed, including 21 patients in the robotic DIEP
group and 186 patients in the conventional DIEP group. No
significant differences were noted in demographic characteristics
before and after IPTW adjustment.

A comparison of crude and IPTW-adjusted operative
variables is presented in Table 2. The mean reconstruction
time was significantly longer in the robotic DIEP group than
in the conventional DIEP group (both P<0.001). The number of
patients who underwent nipple-sparing mastectomy was
significantly higher in the robotic DIEP group than in the
conventional DIEP group. The specimen weights were not

10.3389/fonc.2022.989231

significantly different between the two groups. In addition,
there were no differences in blood loss, patients transfused
during surgery, lymph node procedure, or specimen weight
between the two groups.

In the 19 robotic surgeries, the mean intramuscular course of
the pedicle was 4.1 cm, and the mean fascial incision length
around the pedicle was 4.3 cm. The mean robot console time was
68.8 min. There was one case of open conversion in which the
pedicle was ligated because the main pedicle was misrecognized
as a side branch during the robotic surgery, and the pedicle on
the opposite side was used. No peritoneal perforation or
uncontrolled bleeding was observed.

The postoperative clinical and laboratory variables of the two
groups are presented in Table 3. There was a significant difference in
the amount of drainage from the donor site on postoperative day 0

TABLE 1 Demographic characteristics by using Inverse Probability of Treatment Weighting.

Variables Before IPTW After IPTW *
Conventional DIEP  Robotic DIEP  P-value  Conventional DIEP  Robotic DIEP  P-value
(N =185) (N=19) (N = 186) (N =21)
Age, year 486 +79 47.8 £ 5.7 0.663 485+ 7.8 48.5+ 6.6 0.998
BMI, kg/m2 24.0 + 3.1 236 +35 0.631 239 +3.0 239+ 36 0.942
ASA physical status >.999 0.710
I 113 (61) 12 (63) 114 (61) 13 (63)
i 65 (35) 7 (37) 66 (35) 8 (37)
11 7 (4) 0 (0) 6 (3) 0 (0)
Co-morbidities
Hypertension 22 (12) 1(5) 0.702 21 (11) 2(7) 0.639
Diabetes 10 (5) 0 (0) 0.603 9 (5) 0 (0) 0.295
Smoking history >.999 0.672
Non-smoker 178 (96) 19 (100) 179 (97) 21 (100)
Ex-smoker 4 (2) 0 (0) 4 (2) 0 (0)
Current smoker 3(2) 0 (0) 3(2) 0(0)
Postmenopausal status 46 (25) 2 (11) 0.255 44 (24) 4 (20) 0.768
Neoadjuvant chemotherapy 30 (16) 4 (21) 0.530 31 (17) 3 (15) 0.807
Tumor pathology 0.939 0.962
DCIS 53 (29) 6 (32) 52 (28) 5 (25)
IDC 110 (60) 11 (58) 111 (60) 13 (62)
Infiltrative other 22 (12) 2 (11) 22 (12) 3(12)
Stage 0.715 0.560
0 51 (28) 7 (37) 51 (27) 6 (28)
1 71 (38) 8 (42) 71 (39) 11 (51)
2 56 (30) 4(21) 57 (30) 4 (20)
3 7 (4) 0 (0) 7 (4) 0 (0)

Values are mean + standard deviation or number (%) of patients.

DIEP, deep inferior epigastric artery perforator; ASA, American Society of Anesthesiologists; BMI, body mass index; CEA, carcinoembryonic antigen; CA 15-3, cancer antigen 15-3; DCIS,
ductal carcinoma in situ; IDC, invasive ductal carcinoma; IPTW, Inverse Probability of Treatment Weighting.
*Counts in the weighted data may not sum to expected totals owing to rounding. Percentage may not total 100 because of rounding, and disagreements between numbers and percentages in

the weighted data are the result of rounding of non-integer number value.

Frontiers in Oncology

frontiersin.org


https://doi.org/10.3389/fonc.2022.989231
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Lee et al.

TABLE 2 Operative variables .
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Variables Before IPTW After IPTW
Conventional DIEP Robotic DIEP(N = 19) P-value Conventional DIEP Robotic DIEP P-value
(N = 185) (N = 186) (N =21)

Reconstruction time, min 438 + 83 507 £72 <.001* 438 + 84 509 + 71 <.001*
Blood loss, mL/hr 02+02 03+02 0.290 02+02 03+02 0.779
Intraoperative transfusion, n 13 (7) 2 (11) 0.636 13 (7) 2(7) 0.986
Type of mastectomy 0.002* 0.006*

Nipple sparing 91 (49) 17 (90) 92 (49) 18 (87)

Skin sparing 94 (51) 2 (10) 94 (51) 3 (13)
Lymph node procedure

SLNB then ALND 56 (30) 4 (21) 0.565 57 (31) 4 (20) 0.364
Specimen weight, g 548 + 214 494 + 181 0.291 546 + 214 507 £ 177 0.361

Values are mean + standard deviation or number (%) of patients. *P < 0.05.

DIEP, deep inferior epigastric artery perforator; RBC, red blood cell; SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection; IPTW, Inverse Probability of Treatment

Weighting.

(conventional group, 68 + 29 mL vs. robot group, 55 + 26 mL;
P=0.031 after IPTW). Patients in the robotic DIEP group showed
significantly lower white blood cell (WBC) count and neutrophil
count on postoperative day 0 than those in the conventional DIEP
group; however, no group difference in WBCs was observed after
IPTW adjustment. Patients in the robotic DIEP group showed a
significantly shorter postoperative hospital stay than those in the
conventional DIEP group (7.92 + 1.20 days vs. 8.77 + 1.74 days,
respectively; P=0.002 after IPTW). Other variables, including the
complication rate, were comparable between the two groups.

Figure 3 illustrates the postoperative pain intensity in the
two groups. The pain intensity at 0-6 h was the highest during
the 48-h postoperative period. The pain intensity 6-24 h after
surgery in the robotic DIEP group was significantly lower than
that in the conventional DIEP group (2.3 + 0.9 vs 3.1 * 1.1,
respectively; P=0.001), although a significantly lower dose of
fentanyl in the PCA device was used in the robotic DIEP group.
Furthermore, there were no differences between groups in the
number of patients receiving other rescue analgesics, including
paracetamol, ketorolac, and pethidine HCI, except for the
number of patients receiving tridol during the 6-24 h
postoperative period; no patients in the robotic DIEP group
received tridol during the 6-24 h postoperative period, while
about 20% of patients in the conventional DIEP group did
(Table 4). There were no differences in the incidence or
number of patients receiving antiemetics between groups.

In this cohort, 75 women (16 in the robotic DIEP group, 59
in the conventional DIEP group) completed the BREAST-Q.
Patients in the robotic DIEP group had significantly higher
scores for postoperative psychosocial well-being (77.7 + 19.5
vs. 64.4 £ 16.1; P=0.007), physical well-being of the chest (73.9 £
12.8 vs. 65.8 + 12.9; P=0.028), and physical well-being of the
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abdomen (79.8 + 13.6 vs. 71.4 £+ 12.2; P=0.020) compared to
those in the conventional DIEP group. There were no significant
differences in the scores for satisfaction with the breasts and
abdomen (Supplementary Material 2).

Discussion

Among the various breast reconstruction techniques, the
DIEP flap is known as one of the most advanced procedures
because the abdominal rectus muscle areas are not harvested and
thus has the advantage of minimizing morbidities in the donor
site areas, which leads to an increased level of satisfaction (1-3,
15, 16)., However, during DIEP flap elevation, anterior rectus
fascia, rectus muscle, and motor nerve violations can potentially
occur (7, 17). To overcome this problem, Hivelin et al. harvested
a DIEP flap with a totally extraperitoneal approach using a
laparoscope (9); Gunclapalli et al. (6) and Selber (7) reported the
use of a transabdominal preperitoneal approach with a multiport
robotic system. Subsequently, the study’s senior author (DWL)
introduced a robotic DIEP flap harvest through a totally
extraperitoneal approach with a single-port robotic system (8).
Although a totally extraperitoneal approach is less invasive
compared to the transabdominal preperitoneal approach that
penetrates the peritoneum, it has a steep learning curve owing to
the narrow preperitoneal space. He indicated that a single-port
robot optimized for narrow surgical spaces permits DIEP flap
harvesting using a totally extraperitoneal approach. In recent
years, reports of minimally invasive procedures for the
methodological part of robotic DIEP flaps for breast
reconstruction have increased, while reports of postoperative
prognosis are still lacking.
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TABLE 3 Postoperative variables and laboratory values.

Variables Before IPTW
Conventional DIEP  Robotic DIEP
(N = 185) (N =19)
Drainage amounts from the donor site, mL
POD 0 68 + 29 58 + 29
POD 1 93 +£29 95 + 34
POD 2 81 + 39 87 + 31
Patients who received RBC transfusion, n
POD 0 9(5) 3 (16)
POD 1 7(4) 1(5)
POD 2 2(1) 0 (0)
White blood cell count, 10*/uL
Preoperative 58 + 1.8 6.0+ 19
POD 0 120 £2.8 104 £29
POD 1 10.2 £ 3.0 93+20
Neutrophil count, 10°/uL
Preoperative 35+15 37+18
POD 0 10.0 £ 2.6 84+26
POD 1 84+ 26 7.6+ 18
Lymphocyte count, 10*/uL
Preoperative 1.8 £0.6 1.8 £0.6
POD 0 12+05 1.2+£05
POD 1 1.0£05 09+03
Neutrophil-lymphocyte ratio
Preoperative 22+12 22+16
POD 0 95+438 8.6 £49
POD 1 95+52 88 +34
Postop-hospital stay, day 8.78 + 1.74 7.95 +1.22
Postoperative adjuvant treatment
Radiation therapy, n 48 (26) 4(21)
Chemotherapy, n 69 (37) 5(26)
Hormonal therapy, n 121 (65) 13 (68)
Postoperative complications
Flap loss 4(2.2) 1(5.3)
Fat necrosis 3(1.6) 1(5.3)
Donor-site hematoma 2 (1.1) 0 (0)
Donor-site seroma 2 (1.1) 0 (0)
Donor-site wound problem 12 (6.5) 0 (0)
Abdominal hernia 0 (0) 0 (0)

10.3389/fonc.2022.989231

After IPTW
P-value Conventional DIEP  Robotic DIEP  P-value
(N = 186) (N = 21)
0.147 68 + 29 55 + 26 0.031*
0.801 93 +29 93 + 36 0.961
0.472 81 + 38 82 + 30 0.832
0.088 9 (5) 2 (11) 0.215
0.549 7 (4) 1(4) 0.940
>.999 2(1) 0 (0) 0.635
0.657 58+ 1.8 6.1+18 0.519
0.033* 120 +2.38 10.7 £ 2.6 0.061
0.274 102 +3.0 9.5+ 1.7 0.145
0.610 35+ 15 37+ 16 0.582
0.022* 10.0 26 8.5+ 2.5 0.027*
0.303 84 +26 78+ 15 0.135
0.891 1.8 +06 1.8 0.6 0.706
0.725 12405 13405 0.548
0.437 1.0 £05 1.0 £ 04 0.676
0.912 22+12 21+15 0.922
0.435 9.5+ 47 79 + 4.6 0.143
0.619 9.5+52 87 +33 0.388
0.044* 8.77 + 1.74 7.92 +1.20 0.002*
0.786 49 (27) 4(18) 0.392
0.486 70 (38) 6 (27) 0.422
0.992 122 (66) 15 (72) 0.605
0.399 4(23) 1(3.8) 0.640
0.326 3(1.7) 2(94) 0.085
>.999 2 (1.1) 0 (0) 0.634
>.999 2 (1.1) 0 (0) 0.634
0.608 12 (6.3) 0 (0) 0.244
- 0 (0) 0 (0) -

Values are mean + standard deviation or number (%) of patients. *P < 0.05.

DIEP, deep inferior epigastric artery perforator; Postop, postoperative; POD, postoperative day; RBC, red blood cell; IPTW, Inverse Probability of Treatment Weighting.

There has been an increased focus in studies examining the
enhanced recovery after surgery for patients with breast cancer
after breast reconstruction (18-20). Since the development and
implementation of early postoperative recovery in gastrointestinal
surgery has been shown to improve perioperative outcomes and
decrease the length of hospitalization, such protocols have been
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extended to patients with a wide variety of surgical diseases in an
effort to enhance early postoperative recovery (21). Postoperative
length of stay is commonly employed as an outcome measure for
early postoperative recovery and serves as an indicator of
functional recovery and return to normal activity, which is the
ultimate aim of early postoperative recovery (18). Meanwhile, the
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absolute number of hospital days in the current study seems to be
longer than that for microvascular breast reconstruction in the
United States. According to Holoyda et al. (22), the mean length of
hospital stay in the U.S. was 3.90 days in 2018. However, a direct
comparison of hospital stays between two countries with different
healthcare systems is not appropriate. In this study, postoperative
hospital stay was significantly shorter in the robotic DIEP group
than in the conventional DIEP group, which was consistent with
the reports regarding robotic procedures in other types of surgery
(23, 24). Flap-based reconstruction is one of the surgeries with the
highest morbidities and longest hospital stays within the field of
plastic and reconstructive surgery; in these fields, it is clinically
significant that robotic DIEP can shorten the postoperative
hospital stay by one day.

This study compared the effects of robotic DIEP flap breast
reconstruction with those of conventional DIEP on postoperative
pain intensity. There were no significant differences in
postoperative NRS scores at 0-6 h; however, patients in the
robotic DIEP group showed significantly lower NRS scores
during the 6-24 h postoperative period (2.3 + 0.9 vs. 3.1 + 1.1,
respectively; P=0.001). The amount of fentanyl mixed in the PCA
device was significantly lower in the robotic DIEP group (851 +
195 pg) than in the conventional DIEP group (1051 + 490 pg)
(P=0.003). However, the morphine equivalent dose of fentanyl
mixed with PCA in the conventional DIEP group was higher than
that in previous studies (25, 26), which may be the reason why
there was not much of a difference in NRS scores, despite the
statistically significant differences in the dose of fentanyl.
Furthermore, the fentanyl amounts in the PACU and other
rescue analgesics in the admission room were comparable
between the two groups, while a significant difference in the
number of patients receiving tridol during the 6-24 h
postoperative period was noted. Postoperative pain has been
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reported to interfere with early postoperative recovery and cause
chronic pain after surgery, which reduces physical activity and
quality of life (27, 28). Such significant attenuation in NRS during
the 6-24 h postoperative period may have contributed to
shortening the postoperative hospital stay in robotic DIEP
(29, 30).

Significant group differences were observed in operation
time. The results showed that the duration of the robotic DIEP
operation was significantly longer than that of the conventional
DIEP procedure, which is consistent with the findings of other
types of robotic surgery (11, 31, 32). This longer operative time is
thought to be due to the additional time for preparation of the
robot and a relatively longer robotic dissection time compared to
conventional surgery (33). In the current study, the mean robot
console time was 68.8 min and showed a decreasing pattern over
time (data not shown). In addition to the longer operation time,
another common drawback in the use of robotics is the cost (34).
However, to claim that robotic surgery is expensive, a cost-
effectiveness analysis is required. As robotic surgery becomes
more popular, there have been discussions about the high cost of
robotic surgery and its effectiveness. Although there is a report
that states that robot-assisted radical prostatectomy has a higher
cost compared to the open and laparoscopic approach, with
relatively fewer health benefits (35), many studies predict that
the high cost would be balanced by favorable clinical outcomes,
such as a reduction in blood transfusion requirement, hospital
stay, and perioperative complications (36-39). In addition,
robotic thymectomy was associated with a lower total hospital
cost than that with open surgery since it reduced the duration of
intensive care unit and hospital stay (40). The increase in the
number of robotic surgeries may lead to a significant reduction
in the future operation time and better postoperative outcomes
(41). The presence of more experienced professionals and
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TABLE 4 Postoperative nausea and vomiting, and analgesics profile.

Variables Before IPTW
Conventional DIEP  Robotic DIEP
(N = 185) (N =19)
Fentanyl amounts in PCA, pg 1051 + 483 853 + 184
Additional fentanyl in PACU, pg 13 £23 20 + 28
Patients receiving paracetamol
PO 0-6 hr 7 (4) 1(5)
PO 6-24 hr 46 (25) 8 (42)
PO 24-48 hr 52 (28) 6 (32)
Patients receiving ketorolac
PO 0-6 hr 179 (97) 19 (100)
PO 6-24 hr 181 (98) 19 (100)
PO 24-48 hr 166 (90) 19 (100)
Patients receiving tridol
PO 0-6 hr 1(1) 1(5)
PO 6-24 hr 40 (22) 0 (0)
PO 24-48 hr 30 (16) 4 (21)
Patients receiving pethidine HCL
PO 0-6 hr 1(1) 0 (0)
PO 6-24 hr 13 (7) 0 (0)
PO 24-48 hr 8 (4) 0 (0)
Patients who PONV were experienced
PACU 31(17) 2 (1)
PO 0-6 hr 107 (58) 12 (63)
PO 6-24 hr 87 (47) 9 (47)
PO 24-48 hr 49 (27) 6 (32)
Patients receiving antiemetics
PACU 31 (17) 2 (11)
PO 0-6 hr 17 (9) 2 (11)
PO 6-24 hr 6(3) 0 (0)
PO 24-48 hr 5(3) 1(5)

Values are mean + SD or number (%) of patients. *P < 0.05.

10.3389/fonc.2022.989231

After IPTW
P-value  Conventional DIEP Robotic DIEP  P-value
(N = 186) (N =21)
0.001* 1051 + 490 851 + 195 0.003*
0.211 13+23 16 + 26 0.614
0.549 7 (4) 1(5) 0.829
0.177 46 (25) 8 (38) 0.246
0.958 52 (28) 6 (30) 0.880
>.999 180 (97) 21 (100) 0.411
>.999 182 (98) 21 (100) 0.500
0.227 167 (90) 21 (100) 0.135
0.178 1(1) 13) 0.170
0.028* 40 (22) 0 (0) 0.023*
0.530 30 (16) 5 (24) 0.447
>.999 1(1) 0 (0) 0.737
0.616 13 (7) 0 (0) 0.221
>.999 8 (4) 0 (0) 0.341
0.745 31 (17) 2.(9) 0.338
0.839 108 (58) 13 (61) 0.824
>.999 87 (47) 10 (46) 0.920
0.838 49 (27) 7 (32) 0.641
0.745 31 (17) 2.(9) 0.335
0.692 17 (9) 3 (14) 0.516
>.999 6 (3) 0 (0) 0.409
0.448 5 (3) 1(4) 0.786

DIEP, deep inferior epigastric artery perforator; PONV, postoperative nausea and vomiting; PACU, post-anesthesia care unit; PO, postoperative; PCA, patient controlled analgesia; IPTW,

Inverse Probability of Treatment Weighting.

optimal teamwork have caused a reduction in the operation time
and led to cost-effectiveness, with more experienced centers
having lower costs (41-43).

This study had a few limitations. First, the data were
retrospectively collected from a single center, primarily from
Korean patients. It is difficult to generalize these results to
patients from different ethnic backgrounds or those treated
under different institutional conditions. Second, the sample
size was small, especially in patients who underwent robotic
DIEP surgery, which may have contributed to the higher
incidence of postoperative complications in the conventional
DIEP group without a statistically significant difference.
Therefore, to add clinical significance to the existing literature,
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further large-scale prospective controlled trials are required,
especially with a greater number of samples of robotic DIEP
surgery. However, this study provides evidence for future
prospective trials in terms of reconstruction outcomes, such as
donor site morbidity, enhanced recovery after surgery, and
functional restoration at the donor site.

In conclusion, this is the first study to compare the effects of
robotic DIEP flap breast reconstruction with those of
conventional DIEP reconstruction on the postoperative clinical
outcomes. We demonstrated that robotic DIEP flap breast
reconstruction offers enhanced postoperative recovery, which
was accompanied by attenuated pain intensity and reduced
postoperative hospital stay. Furthermore, a significantly
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superior abdominal physical well-being score on patient-
reported outcomes was noted in patients who underwent
robotic DIEP flap breast reconstruction.
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sided breast cancer irradiation
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coordinator technique
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Department of Radiation Oncology, Shenzhen People's Hospital, the Second Clinical Medical
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Background and aim: A subsequent cardiac toxicity is deemed to be dose-
dependent for left-sided breast cancer irradiation. This study aims to
demonstrate the effect of respiratory capacity for dose sparing when the
deep inspiration breath hold with Active Breathing Coordinator technique
(ABC-DIBH) is used in left-sided breast cancer irradiation.

Methods: 74 left-sided breast cancer patients, who received whole breast or
post-mastectomy chest wall radiotherapy with ABC-DIBH between 2020 and
2021 in our center, were retrospectively reviewed in this study. CT scans of free
breath (FB) and ABC-DIBH were done for each patient, and two treatment
plans with a prescription dose of 5000 cGy/25 Fr were designed separately. The
dose to heart, left anterior descending artery (LAD) and lungs was compared
between FB and ABC-DIBH. The correlation between individual parameters
(dose to organs at risk (OARs) and minimum heart distance (MHD)) was
analyzed, and the effect of respiratory capacity for dose sparing was assessed.

Results: The plans with ABC-DIBH achieved lower Dmean for heart (34.80%,
P < 0.01) and LAD (29.33%, P < 0.01) than those with FB. Regression analysis
revealed that both Dmean and D2 of heart were negatively correlated with
MHD in the plans with FB and ABC-DIBH, which decreased with the increase in
MHD by 37.8 cGy and 309.9 cGy per 1mm, respectively. Besides, a lower
Dmean of heart was related to a larger volume of ipsilateral lung in plans with
FB. With the increase in volume of ipsilateral lung, the linear correlation was
getting weaker and weaker until the volume of ipsilateral lung reached 1700 cc.
Meanwhile, a negative linear correlation between Dmean of LAD and MHD in
plans with FB and ABC-DIBH was observed, whose slope was 162.5 and 135.9
cGy/mm, respectively. Furthermore, when the respiratory capacity of ABC-
DIBH reached 1L, and the relative ratio (ABC-DIBH/FB) reached 3.6, patients
could obtain the benefit of dose sparing. The larger difference in respiratory
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capacity had no significant effect in the larger difference of MHD, Dmean of
heart and Dmean of LAD between FB and ABC-DIBH.

Conclusion: This study demonstrates the sufficiently good effect of ABC-DIBH
when utilizing for cardiac sparing. It also reveals the correlations among
individual parameters and the effect of respiratory capacity for dose sparing.
This helps take optimal advantage of the ABC-DIBH technique and predict

clinical benefits.

KEYWORDS

ABC, DIBH, radiotherapy, breast cancer, cardiac sparing

Introduction

Adjuvant radiotherapy is an important part of curative-
intent treatment for patients after breast conservation surgery
or mastectomy (1). Adjuvant radiotherapy contributes to a
favorable prognosis and reduces the risk of local-regional
recurrence compared to surgery alone (2-4). However,
toxicities associated with radiotherapy compromise the quality
of life post-treatment (5). Particularly, due to the tangential
fields, large amounts of radiation dose may locate in the anterior
part of the heart, including the left anterior descending (LAD)
artery, which is one of the structures closest to PTV. Incidental
radiation dose to the left ventricle and LAD results in an
increased risk of ischemic heart disease for left-sided breast
cancer patients (6-9). Although there is no clear dose threshold
for radiation-induced cardiac complications, the excess risk of
ischemic heart disease increases linearly with the mean heart
dose, which is evident within four years after radiotherapy and
even continues for decades (7, 10). The study based on 2168
women who underwent radiotherapy for breast cancer by Darby
et al. found that the rate of coronary events increased linearly
with the Dmean of heart by 7.4% per Gy (7).

Improvements in techniques of radiotherapy minimize the
dose to heart and cardiac structures over the years, such as
patient positioning methods (11), gating (12) and proton
therapy (13). Respiratory management is regarded as another
promising strategy applied in breast cancer radiotherapy (14-
20). Accuracy of PTV dose delivery and protection of organs at
risk (OARs) is adversely affected by respiratory motion. Deep
inspiration breath hold with the Active Breathing Coordinator
device (ABC-DIBH) can minimize breathing motion and
consequently augments cardiac sparing in radiotherapy of
breast cancer by increasing the distance between heart and
PTV. In contrast to self-sustained breath hold (4.1% variability
of lung volume), the ABC device was proved with better intra-
session and inter-session reproducibility of respiratory capacity
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(1.8% and 3% variability of lung volume) on account of the
function that induced breath hold automatically at a preset
inhaled or exhaled air volume during a predetermined time
(14, 15). Note that the ABC device utilizes the sensor to count
the rotations of turbine impeller for a known respiratory
capacity. Once the inhaled or exhaled air volume reaches the
preset threshold, the balloon valve shuts off and stops
airflow (Figure 1A).

In the ABC-DIBH feasibility study, Kunheri et al.
demonstrated that the mean dose to the heart and LAD was
reduced by 48.5% and 53.81% (ABC-DIBH VS. Free breath
(FB)) (1). The study by Quirk et al. presented that the median
heart dose and the median LAD dose in deep inspiration breath
hold (DIBH) cohort are 10% lower than those of FB cohort (5).
However, the samples of the two cohorts are different and
without one-to-one correspondence. Eldredge-Hindy et al.
showed that the median values of the relative and absolute
reduction of mean heart dose were 62% and 1.7 Gy as use of
the ABC-DIBH (21). The above studies have indicated that left-
sided breast cancer patients benefited greatly from the ABC-
DIBH technique, but there lacked consideration for individual
parameters. More correlations among dose of OARs minimum
heart distance (MHD), lung volume and inspiratory capacity are
expected to reveal (22).

In this study, we have examined the individual parameters of
dose and volume in left-sided breast cancer patients treated with
adjuvant radiotherapy with FB or ABC-DIBH to demonstrate
the advantages of respiratory management. Moreover, the novel
objective was to characterize implicit correlations of individual
parameters and assess the relationship between the dose of
OARs and MHD. Despite the clear evidence of ABC-DIBH for
reducing the dose to heart and LAD, the effect of respiratory
capacity for dose sparing has remained unknown. This study
quantified these correlations and effects that would help to take
optimal advantage of the ABC-DIBH technique and predict
clinical benefits.
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FIGURE 1

(A) ABC device applied in left-sided breast cancer radiotherapy. (B) FB and ABC-DIBH breathing curves. (C) Dose distribution on CT image in FB
plan. (D) Dose distibution on CT image in ABC-DIBH plan. (E) DVH of structures in FB plan and ABC-DIBH plan.

Materials and methods

74 left-sided breast cancer patients were retrospectively
reviewed in this study who received whole breast (41 patients)
or post-mastectomy chest wall (33 patients) radiotherapy with
ABC-DIBH technique between 2020 and 2021 in our center. The
median age was 43 (27-64). Patient characteristics are shown in
Table 1. These retrospective data were deidentified and approved
by the ethics committee of our institute. For this retrospective
study, formal consent was not required. Eligible patients were
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required with no history of cardiac and lung diseases, no
previous radiotherapy of the breast, and breath hold for 40
seconds at 80% of maximum deep inspiration. All of these
patients underwent multiple simulations of thoracic breathing
with the ABC device from Elekta before CT scan. The difference
of position of mark point on the patient’s body among multiple
deep inspiration breath holds was less than 2mm (5, 23, 24). All
patients were scanned and treated in a supine position with arms
above the head. CT scans of FB and ABC-DIBH with a slice
thickness of 2.5 mm were acquired for per patient successively.
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TABLE 1 Patient characteristics.

Characteristic Patients
Total patients 74
Age, median (range) 43 (27-64)
Stages

IA 26

1B 1

IIA 17

1IB 16
IIIA 7
111B 1
IIC 4
IVA 2
Surgery 73
Breast conserving surgery 40
Implant 5
Chemotherapy 52

ER (+) 53

PR (+) 51
HER-2 amplification 20

On each CT scan, OARs and PTV were contoured by the same
qualified physician as per the Radiation Therapy Oncology
Group breast contouring guidelines. Both treatment plans
were done by the same and qualified physicist in the Monaco
planning system. Monte Carlo algorithm was adopted in all
plans. The clinical treatment plans were prescribed according to
the condition of individuals and the discretion of physicians,
which was 5000 cGy/25 Fr, 4320 cGy/16 Fr or 4050 cGy/15 Fr.
To ensure consistency, all plans adopted an experimental
prescription dose of 5000 cGy/25 Fr in the final analysis. 95%
of the prescribed dose covered at least 95% of the PTV volume
while the dose to OARs was minimized as much as possible.
These patients with whole breast radiotherapy also received
sequential tumor bed boost delivered by electron ray or X ray,
which depended on the physician’s consideration. Boost dose
therefore was not included in the analysis.

For each patient, delineated structures volumes (i.e., PTV,
lungs, heart) were documented for both CT scans, and dose

TABLE 2 Volumes and MHD between FB and ABC-DIBH plans.

10.3389/fonc.2022.989220

volume histograms (DVHs) were generated for these structures
in both treatment plans. For PTV, conformal index (CI) and
homogeneity index (HI) were calculated to assess the dose
coverage. For heart, D2, Dmean, V30, V20, V10 and V5 were
recorded. For LAD, Dmax, Dmean, V40, V30 and V20 were
recorded. For ipsilateral lung, Dmean, V20 and V5 were
recorded. The minimum heart distance (MHD), defined as the
minimum vertical distance from the posterior edge of PTV to
the heart border, was measured to detect the variation of location
between heart and PTV in both plans. Moreover, the respiratory
capacity with ABC-DIBH for consistent breath-holds during CT
scan was recorded for each patient (Figure 1B). The waveform of
respiratory capacity with FB was similar to a sine wave. CT
reconstruction of FB was performed on all respiratory phases.
The end expiration of FB was set as the origin. The amplitude of
free breathing curve was considered as respiratory capacity with
FB (Figure 1B).

SPSS 20.0 software was used for statistical analysis. The
calculated data was expressed as mean and standard deviation.
The paired t-test was adopted to analyze these statistic variables.
P < 0.05 was considered as a statistically significant difference.
Additionally, regression analysis was performed to search for
correlations between these parameters. The Pearson test (r) and
Spearman test (p) were adopted to assess the correlation between
MHD and dose to heart, MHD and dose to LAD, volume of
ipsilateral lung and dose to heart, respectively.

Results

All the 74 patients’ data of 148 CT scans and 148 treatment
plans were analyzed. Patients’ variability was noted in volume
and dose parameters of PTV and OARs. As shown in Table 2,
the PTV volume was comparable and without significant
difference between the FB and ABC-DIBH plans. CT scans
with ABC-DIBH showed significantly larger ipsilateral lung
and contralateral lung than those with FB, where the mean
increase was 53.83% and 46.41% under P<0.01, respectively.
Although the ABC-DIBH increased the intrathoracic pressure
and thus enlarged the distance between the heart and PTV
(an increase of 82.61% for MHD, distribution shown in

FB ABC-DIBH P value
PTV (cc) 631.16 + 221.32 636.97 + 227.55 0.18
Ipsilateral lung (cc) 1175.95 + 245.96 1808.96 + 286.77 0.00
Contralateral lung (cc) 1435.70 + 24091 2102.03 + 299.68 0.00
Heart (cc) 537.38 £ 99.75 529.94 + 86.38 0.23
MHD (cm) 0.46 + 0.29 0.84 + 0.32 0.00
Respiratory capacity (L) 0.24 + 0.05 1.43 £ 0.24 0.00

FB, free breath; ABC-DIBH, deep inspiration breath hold with Active Breathing Coordinator technique; MHD, minimum heart distance.
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Figure 2G), no significant variation in heart volume was

observed. Moreover, in comparison with FB, the average
respiratory capacity of ABC-DIBH increased by 495.83%

(P < 0.01, Figure 2H).
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While ensuring prescribed dose coverage of the PTV (FB,
CI=0.70, HI=1.09; ABC-DIBH, CI=0.71, HI=1.09), exposure to
OARs was decreased as much as possible. As shown in Table 3,
the plans with ABC-DIBH achieved distinctly lower D2, Dmean,
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V30, V20, V10 and V5 of heart than the plans with FB, where the
relative reductions were 32.72%, 34.80%, 58.78%, 52.74%,
48.30% and 44.31% under P<0.01, respectively. The
distribution of these parameter values was presented in
Figures 2A, B. Meanwhile, it relatively reduced the Dmax,
Dmean, V40, V30 and V20 of LAD by 8.47%, 29.33%, 53.00%,
42.69% and 32.31%, P<0.01, whose distribution was observed in
Figures 2C, D. In addition, the plans with ABC-DIBH
outperform FB on V20 reduction of ipsilateral lung (3.12%,
P<0.05, Figure 2E) and Dmean reduction of contralateral lung
(4.82%, P<0.01). Whereas, there is no significant reduction for
the Dmean and V5 of ipsilateral lung (7.86%, 0.47%) and V2 of
contralateral lung (7.18%, Figure 2F) in both plans.

Regression analysis demonstrated that both Dmean and D2 of
heart were negatively correlated with MHD in plans with FB and
ABC-DIBH respectively, as shown in Figures 3A, B. In general,
Dmean and D2 of heart decreased with the increase of MHD by
37.8 c¢Gy and 309.9 cGy per 1mm, respectively. Meanwhile, a
lower Dmean of heart was related to a larger volume of ipsilateral
lung in plans with FB (r=-0.631, p=-0.673, Figure 3C). With the
increase in volume of ipsilateral lung, this correlation was getting
weaker and weaker until the volume of ipsilateral lung reached
1700 cc. Therefore, this correlation was nonsignificant in plans
with DIBH (r=-0.269, p=-0.311). Furthermore, the analysis
revealed a negative linear correlation between Dmean of LAD
and MHD in plans with FB (r=-0.549, p=-0.510, Figure 3D) and

10.3389/fonc.2022.989220

ABC-DIBH (r=-0.557, p=-0.505, Figure 3D), whose slope was
162.5 and 135.9 cGy/mm, respectively.

In terms of respiratory capacity with FB and ABC-DIBH, a
positive correlation between the difference of respiratory capacity
and difference of ipsilateral lung volume was found (r= 0.665,
p=0.556, Figure 3E). However, as revealed by Figures 4A, B, with
the absolute difference and relative ratio of respiratory capacity
between ABC-DIBH and FB increased, there lacked correlation
for the difference of Dmean of heart. The same was true for the
differences of Dmean of LAD. There was an apparent separation
for MHD, Dmean of heart and Dmean of LAD plotted against
respiratory capacity between the two groups (Figures 4C-E). The
ABC-DIBH group had a larger MHD and lower overall Dmean of
heart and LAD than the FB group without a distribution pattern.
Hence, the larger difference of respiratory capacity between ABC-
DIBH and FB had no significant effect on the larger difference of
MHD, Dmean of heart and Dmean of LAD. In this study, when
the respiratory capacity of ABC-DIBH reached 1L and the relative
ratio (ABC-DIBH/FB) reached 3.6, patients could obtain the
benefit of dose sparing from the ABC-DIBH.

Conclusion and discussion

Radiation-induced toxicities are a severe concern for left-
sided breast cancer patients, which not only discount the quality

TABLE 3 Dosimetric parameters of PTV and OARs between FB and ABC-DIBH plans.

Parameters FB ABC-DIBH P value
PTV CI 0.70 = 0.06 0.71 £ 0.05 0.00
HI 1.09 + 0.02 1.09 £ 0.03 0.33
Heart D, (cGy) 3774.77 + 1297.68 2539.69 + 1295.97 0.00
Dmean (cGy) 520.83 + 181.42 339.56 + 100.57 0.00
V30 (%) 4.44 + 3.24 1.83 £ 1.65 0.00
V20 (%) 6.20 £ 3.79 293 +2.12 0.00
V10 (%) 10.60 + 4.89 5.48 + 3.04 0.00
V5 (%) 1993 £ 7.97 11.10 + 4.36 0.00
LAD Dmax (cGy) 5145.65 + 259.94 4709.84 + 767.23 0.00
Dmean (cGy) 2498.46 + 828.79 1765.67 + 740.22 0.00
V40 (%) 33.17 + 21.44 15.59 + 16.76 0.00
V30 (%) 42.68 + 20.26 24.46 + 19.04 0.00
V20 (%) 51.28 + 18.16 3471 £ 19.17 0.00
Ipsilateral lung Dmean (cGy) 1219.70 + 500.35 1123.81 + 204.36 0.08
V20 (%) 20.54 +3.92 19.90 + 4.07 0.04
V5 (%) 4211 + 8.12 4191 + 841 0.79
Contralateral lung Dmean (cGy) 83.62 +9.14 79.59 + 9.78 0.00
V2 (%) 1.81 +1.28 1.68 + 1.19 0.29
Contralateral breast Dmean (cGy) 111.18 + 16.21 112.78 + 17.34 0.13
V5 (%) 0.24 + 0.52 0.33 £ 0.60 0.08

CI, conformal index, CI=(Vp, et/ V) * (Vp, re/ Vie)s (Vp, rep the volume of PTV covered by the prescription dose, Vp, the volume of PTV, V., the volume covered by the prescription dose);
HI, homogeneity index, HI=D5/D95, (D5, the dose at 5% volume of PTV, D95, the dose at 95% volume of PTV); LAD, left anterior descending artery; Dmax, maximum dose; D2, the dose at

2% volume; Dmean, mean dose; Vx, the percent of volume covered by dose of x Gy.
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FIGURE 3

Correlation of individual parameters (r, Pearson'’s rank correlation coefficient; p, Spearman’s rank correlation coefficient). (A) Correlation
between Dmean of heart and MHD with FB and ABC-DIBH. (B) Correlation between D2 of heart and MHD with two modes. (C) Correlation
between Dmean of heart and volume of ipsilateral lung with two modes. (D) Correlation between Dmean of LAD and MHD with two modes.
(E) Correlation between difference of volume of ipsilateral lung and difference of respiratory capacity with two modes.

of life but also increase the likelihood of mortality due to the
cardiac impairment and failure. Although the subsequent risk is
uncertain, the excess events of ischemic heart disease increase
linearly with the mean dose of heart. Respiratory motion
management of ABC-DIBH is therefore an appropriate
method applied in treatment delivery, which can decrease the
heart and LAD exposure to radiation dramatically.

The results from our study not only demonstrate the
encouraging effect that ABC-DIBH is utilized for the reduction
of cardiac dose but also reveal the correlation among individual
parameters in left-sided breast cancer patients treated with
adjuvant radiotherapy. Similar to the results of our study, Azam
Eskandari et al. in their study of 17 left-sided breast cancer
patients had performed dosimetric comparison for FB and
DIBH plans. They demonstrated that the DIBH plans achieved
lower the Dmean of heart with respect to those with FB (3.83 Gy
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VS.5.79 Gy) (25). C. S. Chang et al. in their review of 21 left-sided
breast cancer patients acknowledged that the mean heart dose and
mean LAD dose of DIBH plans was reduced by 41% and 42%
separately. It also revealed that Dmean of heart and LAD were
negatively correlated with the volume of ipsilateral lung. They
suggested the difference of lung volume between the two groups
could be adopted to screen patients for DIBH (22). Diana Lee et al.
in their analysis of 47 patients treated with FB and 41 patients
treated with ABC-DIBH had shown an inverse relationship
between Dmean of heart and volume of left lung. Likewise,
Dmean of LAD decreased with increasing volume of left lung
for all patients (26). We can conclude that DIBH is a practical way
for cardiac sparing in radiotherapy of left-sided breast cancer.
ABC is employed for this purpose.

While for the reduction of dose to lungs by DIBH, there
seems to be controversy. C. S. Chang et al. held that the DIBH
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had no significant reduction of V5, V20 and Dmean of
ipsilateral lung and whole lung (22). Azam Eskandari et al.
and Diana Lee et al. considered that DIBH would increase
Dmean and V20 of ipsilateral lung despite the fact that it
lacking of statistical significance (25, 26). However, Harriet
et al. presented statistically significant reductions in the dose of
ipsilateral lung and whole lung with ABC-DIBH (21). In our
work, the plans with ABC-DIBH outperform FB on V20
reduction of ipsilateral lung and Dmean reduction of
contralateral lung with statistical significance. Whereas, there
is nonsignificant reduction for the Dmean and V5 of ipsilateral
lung and V2 of contralateral lung in both plans. This is mainly
because that while the volume of whole lungs becomes larger
after inhalation, the part within or near the radiation fields also
becomes larger without correspondence (Figures 1C, D) as the
lower lobes of lung exhibit a higher degree of airflow exchange
than other lobes (27, 28). The volume of exposure to radiation
gets complicated (Figure 1E). In terms of dose to lung, not all
patients can receive the significant benefit from the DIBH on
account of some outliers. A larger number of samples are
needed for this purpose in further investigations. Differently,
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Song et al. held that it is wrong as the larger absolute lung
volume of exposure to radiation with DIBH results in an
increased risk of radiation-induced lung toxicity (27). The
density of functional units such as alveoli and bronchioles
should be considered, which is negatively correlated with the
volume of lung. Radiation damage to these functional units is
more likely to lead to functional impairment (28). The effects
may even be evaluated on a molecular level with the help of
micronucleus testing (29).

We have found that MHD is a crucial factor which
determines the cardiac dose. Dose to heart and LAD is
negatively correlated with MHD in plans with FB and ABC-
DIBH, respectively. The expansion of ipsilateral lung with DIBH
pushes the heart away from the radiation field and broadens the
MHD, which decreases cardiac dose by leaps and bounds.
Nevertheless, it is patient-specific for the difference of lung
volume between FB and ABC-DIBH, which doesn’t determine
the difference of MHD and therefore doesn’t determine the
difference of cardiac dose between the two modes. Similarly,
although the difference of respiratory capacity is associated with
the difference of lung volume between FB and ABC-DIBH, it is
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not associated with the difference of MHD, and thus was not
associated with the difference of cardiac dose. In brief, deep
inspiratory can increase lung volume and MHD, thereby
reducing the cardiac dose. Whereas, it does not mean that
more respiratory capacity decreases more cardiac dose. Our
data demonstrate that patients can obtain the desired benefit
when the respiratory capacity of ABC-DIBH reaches 1L and the
relative ratio (ABC-DIBH/FB) reaches 3.6. It needs to be
cautious that the threshold of inspiration volume is set too
close to the maximum breath-hold. Comfort is the other factor
that has to be considered. Angela et al. found through paper
questionnaires that more than half of patients felt moderately to
highly nervous and starved for air when using the ABC-DIBH
technique (30). Discomfort may lead to rapid breaths and
chaotic breath-holds (15). Therefore, an appropriate threshold
is significant to keep the stable breath-hold with comfort when
the respiratory capacity of ABC-DIBH reaches 1L, and the
relative ratio (ABC-DIBH/FB) reaches 3.6.

In addition, the variation of airflow rate in a sense affects
respiratory capacity measured by the ABC device. The work by
Soyoung Lee et al. with 12 patients received ABC breath-hold
treatment indicated a positive correlation that the recorded
respiratory capacity increased as the airflow rate increased on
inhalation mode. They measured air volume with a specific
syringe at several airflow rates and confirmed the accuracy
within 5% tolerance. In terms of respiratory capacity of
patients, the maximum difference with respect to the reference
volume of conventional radiotherapy and SBRT was 1.0 L and
0.16 L, with airflow rates of 0.77 L/s and 0.29 L/s range,
respectively (15). The wide range of airflow rates of patients
affects the actual measured inspiratory results, and thus the
impact of this on our statistics cannot be ignored. It affects the
repeatability in breath-hold volume during patients’ treatment
fractions. Additionally, although ABC can monitor the breathing
curve in real time, it cannot display the intra-fractional and
inter-fractional position variation. If a patient has false breath-
holding, such as leaking air from the corner of mouth or
breathing through the nose, it is difficult to judge from the
breath curve.

In conclusion, this study has demonstrated the significant
impact on cardiac sparing from radiation on account of variation
in lung volume or expansion, as well as suggests the effect of
respiratory capacity in left-sided breast cancer irradiation with
ABC-DIBH compared with FB. MHD plays a significant role
which determines the cardiac dose. The larger difference of
respiratory capacity has no significant effect on the larger
difference of MHD, Dmean of heart and Dmean of LAD
between ABC-DIBH and FB. When the respiratory capacity of
ABC-DIBH reached 1L and the relative ratio (ABC-DIBH/FB)
reached 3.6, patients could obtain the benefit of dose spaing.
Further investigation of the effect of respiratory capacity
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considering the intra-fractional and inter-fractional variation
will be implemented.
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Cancer Center, The First Hospital of Jilin University, Changchun, China

Objective: Breast cancer symptomatic bone marrow metastasis (BMM) is rare
and has a poor prognosis. Chemotherapy is usually the primary treatment, but it
has limited efficacy, resulting in dose reduction and a decrease in quality of life
due to the adverse effects of the agent. Other than chemotherapy, there are no
other treatment studies for BMM. This study aimed to explore the
clinicopathological characteristics of BMM patients with breast cancer, the
prognosis using different treatment modalities, and the risk factors that affect
the prognosis.

Methods: This retrospective study included patients diagnosed with breast
cancer BMM from January 2018 to January 2022 in the Cancer Center of the
First Hospital of Jilin University. The analysis focused on the characteristics of
the patients, the treatment regimen, and the prognosis.

Results: Of 733 patients with advanced breast cancer, 33 patients were
identified with BMM. All patients showed a hemoglobin decrease, and 25
(75.75%) presented with a fever of unknown origin. As for the metastasis
breast cancer subtype, 25 (75.75%) were hormone receptor (HR) positive/
human epidermal growth factor receptor 2 (HER2) negative, three (9.09%)
had HER2 overexpression, and five (15.15%) were triple negative. The BMM
patients had a median progression-free survival (PFS) of 7 months (1-21
months) and a median overall survival (OS) of 18 months (2-108 months).
Among 25 HR*/HER2™ BMM patients treated with different modalities, the
median OS of the endocrine therapy (ET) group was 23 months, compared with
5 months in the chemotherapy group. Cox proportional hazards models
suggested that higher Eastern Cooperative Oncology Group (ECOG) scores
and old age were associated with shorter survival.

Conclusion: When breast cancer patients present with anemia and fever of
unknown origin, BMM should be considered. For HR*/HER2™ patients with
good physical status and can receive active treatment, CDK4/6 inhibitors
combined with ET can be used to control disease progression, improve
quality of life, and prolong survival.
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Introduction

Symptomatic bone marrow metastases (BMM) are the
hematogenous spread of circulating tumor cells and the
invasion of highly vascularized bone marrow. They
manifested as hematopoietic function suppression, such as
anemia, thrombocytopenia, and abnormal coagulation (1).
Diffuse bone marrow involvement leading to profound
cytopenias is rare in solid malignant tumors of
nonhematologic diseases (2). Xiao et al. retrospectively
analyzed 10,122 solid tumor bone marrow biopsy samples
and found that lung, gastric, and breast cancer patients were
prone to bone marrow infiltration (3). Although the specific
mechanism of breast cancer BMM is not fully understood. It
has been confirmed that bone marrow adipocytes (BMAs) and
adipokines secreted by breast cancer cells are essential
mediators in promoting breast cancer metastasis (4). BMAs
secrete cytokines such as leptin, adiponectin, IL-1f3, IL-6, TNF-
o, and VEGF to promote breast cancer cell metastasis (5).
BMAs can also release cytokines to activate dormant
mesenchymal stem cells (MSCs) and cancer stem cells
(CSCs) to increase their proliferation and promote breast
cancer BMM (6).

Current literature suggests that chemotherapy prolongs
survival in breast cancer patients with BMM (7, 8).
Chemotherapy, however, can promote the growth of BMAs in
the bone marrow, especially in the sacrum (9). Increased BMAs
will further promote tumor cell escape and bone destruction
around the tumor to promote tumor progression. At the same
time, the adverse reactions of chemotherapy agents affected the
patient’s quality of life (4). Kopp et al. found that the initial
chemotherapy of BMM alleviated the patient’s cytopenias but
did not significantly improve the patient’s prognosis (2). Only
one case report highlights the positive role of anti-HER?2 therapy
in breast cancer BMM (10). Furthermore, there is a lack of large-
scale studies on the prognosis of treatment regimens other
than chemotherapy.

Therefore, we conducted a retrospective analysis based on
our center’s cases to investigate the clinical characteristics of
breast cancer BMM, the prognosis of patients with different
treatment methods, and the risk factors affecting
the prognosis.

Methods
Study population

Through the medical record system of our hospital, from
January 2018 to January 2022, breast cancer BMM patients

were retrospectively analyzed. The inclusion criteria were
as follows:
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1. Clinical manifestations are hypocytosis with or without
fever of unknown origin; bone marrow aspiration
biopsy confirmed cancer infiltration.

2. Patients who had complete medical records

The exclusion criteria included patients with primary
tumors concurrently at other sites and those with metastases
from which the tumor origin could not be determined.

Data collection

Clinicopathological information was systematically extracted
by reviewing medical records and included the following variables:
hormone receptor (estrogen and progesterone) status, HER2
status, age at diagnosis of bone marrow metastases, disease stage
at initial diagnosis, number of previous lines of treatment received,
ECOG scores at diagnosis of BMM, regimens received, adverse
events, time to disease progression, and time to death.

Endocrine therapy (ET) following the diagnosis of BMM
includes aromatase inhibitors (AI) and cyclin-dependent kinase
(CDK) 4/6 inhibitors.

Statistical analysis

Survival was assessed using Kaplan-Meier analysis, and the
log-rank test was used to determine overall survival (OS) rates
between groups treated with different regimens. The Cox
proportional hazards model was used to search for risk factors
that affect OS in patients with bone marrow metastases.
Progression-free survival (PFS) is defined as the time from the
occurrence of BMM on any regimen to disease progression or
death from any cause. OS was defined as the time from the
occurrence of BMM receiving any treatment regimen to death.

Statistical significance was defined as a two-sided p-value
of < 0.05. All statistical tests were performed using SPSS 23.0
(IBM Corporation Released 2013. IBM SPSS Statistics for
Windows, Version 23.0, Armonk, NY, USA).

Result

Clinical features of patients with bone
marrow metastases

A total of 33 patients were included in this study. All denied
a family history of breast cancer. The median age was 49.5 years
(29-68 years); 25 (75.75%) were HR positive/HER2 negative,
three (9.09%) had HER2 overexpression, and five (15.15%) were
triple negative. As for metastasis breast cancer pathological type,
28 (84.85%) were invasive ductal carcinoma. In total, 28 patients

frontiersin.org


https://doi.org/10.3389/fonc.2022.1042773
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Yang et al.

(84.85%) had a high Ki-67 index expression, 14 (42.42%) were
primarily diagnosed as de novo, and 15 (45.46%) had an ECOG
score of 3. Clinically, all patients complained of fatigue, and 25
(75.75%) had fever with a negative etiological test. Blood routine
revealed that all patients had a decrease in hemoglobin. Three of
the cases (9.09%) showed thrombocytopenia, and two (6.25%)
showed pancytopenia with no apparent cause. We also analyzed
factors such as menstrual status, histological grade, and the
number of previous lines of therapy (Table 1). All of the patients
had bone metastases when they developed BMM. We analyzed
the specific sites of bone metastases and found that the spine
was the most common (78.78%), followed by the ribs (63.63%)
and the femur (30.20%) (Figure 1).

TABLE 1 Clinical characteristics of patients with BMM.

Variable N (%)
Age (years)
Median age 49.5 (29-68)
<60 25 (75.75%)
>60 7 (24.25%)

Menstrual status
11 (33.33%)
22 (66.67%)

Postmenopause
Premenopausal
Molecular typing
HR'/HER2™ 25 (75.75%)

3 (9.09%)

5 (15.15%)

HER2 overexpression
Triple negative
Pathological type
28 (84.85%)
2 (6.06%)
3 (9.09%)

Invasive ductal carcinoma
Invasive lobular carcinoma
Others
Ki-67 expression
>15% 28 (84.85%)
<15% 5 (15.15%)

Histological grading

I 1 (3.03%)
11 18 (54.55%)
1T 14 (42.42%)

De novo metastasis

Yes 14 (42.42%)

No 19 (57.58%)
ECOG scores

1 10 (30.30%)

2 8 (24.24%)

3 15 (45.46%)

Treatment after BMM
Chemotherapy 18 (54.25%)

2 (6.06%)

13 (39.39%)

9 (27.28%)

Targeted therapy
Endocrine therapy
CDK4/6+AI

(Continued)
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TABLE 1 Continued

Variable N (%)

Al 4 (12.12%)

Number of lines of therapy received before bone marrow metastases

0 12 (36.36%)
1 7 (21.22%)
>2 14 (42.42%)

Combined with bone metastases
Yes
No

33 (100%)
0 (0%)

Clinical manifestations

33 (100%)

25 (75.75%)

Fatigue
Fever

Blood routine

Pancytopenia 2 (6.25%)
Decreased hemoglobin (g/L) 32 (100%)

100-80 18 (54.55%)

<80 15 (45.45%)

Thrombocytopenia (10 °/L) 4 (12.12%)

75-99 3 (9.09%)
<75 1 (3.03%)
Prognosis

The patients had a median PFS of 7 months (1-22 months)
and a median OS of 18 months (2-108 months). We used
different treatment regimens to compare the OS and PES of 25
patients with HR positive/HER2 negative. The median OS for
chemotherapy was 5 months (2-30 months), while the median
OS for ET was 23 months (7-108 months). The median PES for
chemotherapy was 2 months (1-18 months), and the median
PFS for ET was 11 months (4-22 months). Due to the small
number of HER2 overexpressing and triple-negative patients, no
survival analysis was performed (Figures 2-5).

In order to investigate the factors affecting the prognosis of
patients with BMM, we incorporated elements such as age,
menstrual status, initial diagnosis stage, histological grade,
ECOG score, and Ki-67 index into the Cox proportional
hazards model. We found that a higher ECOG score (95% CI:
2.15-29.28, p = 0.002) and older age (95% CI: 2.57-210.84, p =
0.005) were associated with shorter survival (Table 2).

Adverse events

Adverse events (AEs) are summarized in Table 3. The most
common hematologic adverse event in the chemotherapy group
was hemoglobin reduction (61.11%), and 15 (83.33%) patients
had AEs of grade >3. Alopecia was the most common
nonhematologic AE (100%) in the chemotherapy group. The
common hematologic AEs in the ET group were neutropenia
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Skull 4
(12.12%)
Sternum 9 Scapula 6
(27.27%) — Ribs 21 (18.18%)
Humerus 1 ! (63.63%)
(3.03%) Spine 26
Iliac bone 9 (78.78%)
(27.27%) Sacrum 1
(3.03%)
Femur 10
(30.30%)
Tibia 1
(3.03%)
FIGURE 1
Pattern of bone metastases in patients with breast cancer BMM.
(38.46%) and decrease in hemoglobin (38.46%), and only two Discussion

(15.38%) patients had grade >3 AEs. No patient had a grade 1
hematologic adverse event.

Fatigue was the most common nonhematologic AE (46.15%)
in the ET group. Six (33.33%) patients in the chemotherapy
group and two (15.38%) in the ET group had dose reductions
due to AEs. No patients experienced treatment-related serious
adverse events (SAEs). SAEs are life-threatening or fatal events
that require hospitalization or prolonged hospitalization, result
in permanent or significant disability/loss of function, and
congenital anomaly or congenital disability.

AEs are graded according to the Common Terminology
Criteria for Adverse Events (CTCAE) Version 5.0.

100+

80

20

| Censored

Clinically relevant bone marrow carcinomatosis (that
causes severe cytopenia) is a rare event in patients with
breast cancer, with a reported incidence of only 0.17% (2).
We retrospectively reviewed 733 patients with advanced breast
cancer and found that 33 (4.5%) developed bone marrow
metastases, which is higher than previously reported studies
and may be related to aggressive bone marrow biopsy and
vigilance for patients presenting with anemia and unexplained
febricity. Our study found that the median age of patients with
bone marrow metastases was 49.5 years old (29-68 years), the
pathological type was invasive ductal carcinoma, the

Median OS, months (range)
18 (2-108)

T T T
0 12 24

Number atrisk: 33 21 6

FIGURE 2
PFS in patients with bone marrow metastases.
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TABLE 2 Multivariate Cox-regression of overall survival from time of bone marrow metastasis.

Factor Number (%) Median OS (months, 95%CI) Hazard ratio value (95%CI) p-value
Age (years)
260 25, 78.79% 15 (9.0-27.0) 23.27 (2.57-210.84) 0.005
<60 7,21.21% 3 (5.6-21.1)
Menstrual status
Postmenopause 11, 33.33% 15 (3.4-37.8) 0.22 (0.047-1.039) 0.056
Premenopausal 22, 66.67% 17 (10.4-22.8)
Molecular typing
HR*/HER2™ 25, 75.75% 15.5 (7.9-28.7) 0.979 (0.532-1.802) 0.945
HER?2 overexpression 3, 9.09% 15 (-7.2-40.5)
Triple negative 5,15.15% 15 (0.68-21.3)
Ki-67 expression
215% 28, 84.85% 15 (9.0-19.4) 1.721 (0.29-10.09) 0.547
<15% 5, 15.15% 13 (23.0-84.0)
Histological grading
1 1, 3.03% NA 0.398 (0.11-1.44) 0.162
2 18, 54.55% 15 (8.9-17.2)
3 14, 42.42% 15.5 (4.2-38.7)
ECOG scores
1 10, 30.30% 17 (6.7-44.8) 7.940 (2.15-29.28) 0.002
2 8, 24.24% 4 (0.6-13.6)
3 15, 45.46% 4 (5.5-24.7)
De novo metastasis
Yes 14, 42.42% 15 (5.0-25.3) 1.998 (0.41-9.52) 0.385
No 19, 57.58% 16 (6.9-28.6)
Pathological type
Invasive ductal carcinoma 28, 84.85% 15 (8.6-18.4) 1.359 (0.27-6.83) 0.71
Invasive lobular carcinoma 2, 6.06% NA
Papillary carcinoma 3,9.09% 1.5 (12.5-25.5)
Number of previous treatment lines
0 12, 36.36% 16 (1.7-38.5) 1.10 (0.47-2.57) 0.82
1 7,21.22% 15 (4.8-19.1)
>2 14, 42.42% 15 (6.3-26.2)
Hemoglobin level (g/L)
75-99 18, 54.55% 12 (6.9-21.2) 1.49 (0.38-5.70) 0.56
<75 15, 45.45% 13 (4.8-35.7)

OS, Overall Survival; CI, Confidence Interval; NA, Not Available.

molecular type was HR positive/HER2 negative, the Ki-67
index was highly expressed, and histological grades 2-3 were
more common, which is similar to the clinical features of
breast cancer patients with BMM in a retrospective study by
Abdullah Sakin et al. (2, 7). All our patients’ clinical
manifestations presented with fatigue, consistent with
reported studies (11, 12). There were 25 patients with fever;
we performed relevant tests for etiology, and all were negative.
Empirical antibiotic therapy did not significantly improve the
patient’s symptoms, and immediately we performed a bone
marrow aspiration biopsy which revealed BMM. Xiao et al.
also reported the phenomenon of unexplained febricity in
BMM patients with solid tumors (3). We found that all
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patients had BMM accompanied by bone metastases. The
reported articles did not analyze the specific sites of bone
metastases. We found that the weight-bearing bone (spine, 26
cases) was the most common site of metastasis, which may be
because the level of CXC3L1/CXC3RI in the spine bone is
higher than that in other bones, which can promote the
adhesion and migration of breast cancer cells (13).

We summarized the literature on breast cancer BMM
retrieved from PubMed (Table 4). The published kinds of
literature are mainly case reports. After BMM, chemotherapy
is the first choice (11, 14-16). Although some patients’
diseases were controlled, some reports mentioned that
chemotherapy-related adverse events led to dose reduction
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TABLE 3 Statistics of adverse events after treatment (CTCAE 5.0).

Hematologic AEs
Neutropenia
Leukopenia
Decreased hemoglobin
Thrombocytopenia

Nonhematologic AEs
Hair loss
Fatigue

Nausea and vomiting

AE:s result in dose reduction

Chemotherapy (n = 18)

Grade 1

0 (0%)
0 (0%)
0 (0%)
0 (0%)

8 (44.44%)
7 (38.89%)
5 (27.78%)

TABLE 4 Summary of clinical characteristics and prognosis of reported breast cancer BMM.

Type of  Sample
study

Retrospective 30
study

Retrospective 22
study

Case report 1
Pilot study 5
Case report 1
Case report 5
Case report 1

Frontiers in Oncology

Age/
median
age

44.5

47

62

47

58

66

62

Pathological Molecular

type

Invasive ductal
carcinoma: 27
Invasive lobular
carcinoma: 3

Invasive ductal
carcinoma: 14
Invasive lobular
carcinoma: 7
Missing: 1

Invasive ductal

carcinoma

Occult breast
cancer

Invasive ductal
carcinoma: 4
Invasive lobular
carcinoma: 1

Invasive lobular
carcinoma

Grade 2 Grade >3
4 (22.22%) 1 (5.56%)
4 (22.22%) 1 (5.56%)
4 (22.22%) 7 (38.89%)
3 (16.67%) 6 (33.33%)
10 (55.56%) 0 (0%)
3 (16.66%) 1 (5.55%)
4 (22.22%) 0 (0%)
6 (33.33%)
Histological Treatment
typing grading
Triple negative: 1I: 17 Chemotherapy
4 III: 13
HR positive,
HER2 negative:
21
HER2
overexpression:
4
HR positive, III: 10 Chemotherapy
HER2 negative: II: 8
18 Missing: 4
HER2
overexpression:
1
Triple negative:
3
HR positive, 11T Chemotherapy
HER2 negative
HR positive, - Palliative
HER?2 negative: hormone
3 therapy
Missing: 2 combined
with low-dose
chemotherapy.
- - Symptomatic
treatment
HR positive, - Chemotherapy
HER2 negative:
5
HR positive, - Chemotherapy

HER2 negative

35

Grade 1

0%)
0%)
0%)
0%)

o o o O©

0 (0%)
0 (0%)
0 (0%)

(O

6
months

months

57
months

12-38
months

19
months

44
months

10.3389/fonc.2022.1042773

Endocrine therapy (n = 13)

Grade 2 Grade >3
5 (38.46%) 0 (0%)

0 (0%) 1 (7.69%)
4 (30.77%) 1 (7.69%)
2 (15.38%) 0 (0%)

0 (0%) 0 (0%)

6 (46.15%) 0 (0%)

0 (0%) 0 (0%)

2 (15.38%)

Results

Chemotherapy significantly prolongs survival
in breast cancer patients with bone marrow
metastases. Among them, paclitaxel treatment
achieved the best survival rate (7).

Breast cancer patients with bone marrow
metastases should receive rescue therapy with
a high response rate (2).

Aggressive standard-dose chemotherapy may
be feasible and beneficial in selected patients
with bone marrow cancer-related severe
thrombocytopenia without major bleeding
events (14).

Low-dose chemotherapy and oral or
intravenous bisphosphonates prolong survival
in patients with bone marrow metastases (15).

Bone marrow aspirate has essential
implications for diagnosing rare OBC patients

(12).

For capecitabine as a treatment option for
patients with breast cancer and bone marrow
metastases, a study involving many patients is
warranted (16).

In patients with bone marrow metastases with
a good PS score, medical therapy is a
consideration (8).

(Continued)
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TABLE 4 Continued

Type of  Sample Age/ Pathological Molecular
study median type typing
age

Case report 1 62 Invasive lobular ~ HR positive,
carcinoma HER2 negative

Case report 1 41 Invasive ductal HER2
carcinoma overexpression

Case report 1 46 Invasive lobular ~ HR positive,
carcinoma HER2 negative

Case report 1 58 - HR positive,

HER2 negative

or even discontinuation (11). Turner et al. found that CDK4/6
inhibitor combined with ET can significantly improve the
survival of hormone receptor-positive breast cancer patients
with visceral metastases (not visceral crisis) (19). Giovanna
Garufi et al. reported a patient with hormone receptor-positive
breast cancer with BMM who received letrozole in
combination with palbociclib and leuprolide and achieved a
26-month sustained complete remission (17). Sakin et al.
retrospectively studied 30 patients with breast cancer BMM
who had received chemotherapy and had a median OS of only
6 months (7), which is shorter than the median OS of 18
months in our study. Among the 25 patients with HR"/HER2™
in our research, we were pleasantly surprised to find that the
median PFS of 13 patients treated with endocrine therapy was
11 months, which was significantly better than the
chemotherapy group of 2 months (Log-rank p = 0.021). The
maximum PFS was 22 months, and the patient had progressive
disease at our follow-up cutoff. The median OS was 23 months
longer than the chemotherapy group (5 months). We found
that the prognosis of patients in the ET group was significantly
improved. The multivariate Cox regression results found that
higher ECOG scores and higher age were risk factors affecting
the OS of patients, which was consistent with the reported
results (2). We counted the AEs after the patients received the
two treatment regimens and found that the incidence of AEs
of grades>3 in patients receiving ET was significantly lower
than in the chemotherapy group. The proportion of patients
with dose reductions due to AEs was also lower in the ET
group. Furthermore, no treatment-related SAEs occurred in
either group. Indicates that ET may become the most effective
and safest treatment option for HR'/HER2 patients with
BMM, and the sample size should be expanded for further
research in the future.
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Results

Chemotherapy 38 Breast cancer metastases to the bone marrow
months can be life-threatening, and chemotherapy
improves survival (11).

Trastuzumab 11 Trastuzumab may be a beneficial treatment
months option for patients with HER2-positive bone

marrow metastases (10).

Palbociclib 26
+letrozole months CDK4/6 inhibitor may have more extended

A combination of endocrine therapy and

+ovarian clinical benefits than chemotherapy, and

suppression combination therapy of ET and CDK4/6
inhibitor is less toxic and leads to a better
quality of life than chemotherapy (17).

Aromatase 7 After hormonal treatment with an aromatase

inhibitor months inhibitor. The patient’s condition improved

(18).

To the best of our knowledge, a larger number of patients
with symptomatic BMM were included in this study. The clinical
characteristics, prognosis, and adverse events were described in
detail. We believe that our current study represents the first
thorough evaluation of the efficacy and safety of CDK4/6
inhibitor combined with ET applied to patients with
symptomatic BMM and provides valuable information for
optimizing therapy.

However, there are limitations to this study. Given the
limitations inherent to a retrospective, single-center, small
sample size study associated with the challenges in identifying
patients considered to be in BMM, our results need to be
validated in appropriately designed prospective multicenter
prognostic studies and clinical trials comparing different
treatment modalities for patients with this condition.

Conclusion

When breast cancer patients present with anemia and
fever despite a negative etiological test, BMM should take this
into account. For HR"/HER2™ patients with good physical
status and can receive active treatment, CDK4/6 inhibitors
combined with endocrine therapy can be used to control
disease progression, improve quality of life, and
prolong survival.
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Metabolic characteristics
of the various incision
margins for breast cancer
conservation surgery

Fang Wang', Zongze Gu', Xunan Zhao, Zhuo Chen,
Zhe Zhang, Shihao Sun and Mingli Han*

Department of Breast Surgery, The First Affiliated Hospital of Zhengzhou University,
Zhengzhou, China

Background: Breast cancer (BC) has recently become the most prevalent
malignancy in women. There are many alternative treatments for BC, and for
aesthetic and postoperative quality of life concerns, breast-conserving surgery
and corresponding adjuvant therapy have become the predominant treatment
for early invasive BC. Currently, the main method used to assess the margins for
breast-conserving surgery is intraoperative pathological diagnosis. However,
the designation of surgical margins is controversial, and metabolomics may be
a novel approach to evaluate surgical margins.

Methods: We collected specimens from 10 breast cancer patients and samples
from its surrounding tissues and divided them into cancerous tissue and 1 mm,
2 mm, 3 mm, 5 mm and 10 mm cutting edge tissues, with a total of 60 samples.
The samples were analyzed by mass spectrometry on an ultra-performance
liquid chromatography-quadrupole/Orbitrap high resolution platform. The
data were then statistically analyzed to detect metabolic changes in the
different cutting edges and to identify possible surgical cutting edges with
statistically significant findings. Abnormal metabolic pathways were identified
by Kyoto Encyclopedia of Genes and Genomes (KEGG), which elucidated
potential markers.

Results: Statistical analysis indicated that there were substantial differences
between the 1 mm margin tissue and the cancer tissue, while there were no
statistically significant differences between the 1 mm tissue and tissues from
the other margins. The levels of 6 metabolites in the 1 mm tissue were
significantly different from those in the cancer tissue and were not
significantly different from those in the 2 mm tissue. The six metabolites
were pyruvate, N-acetyl-L-aspartate, glutamic acid, y-aminobutyric acid,
fumaric acid, and citric acid. Metabolic pathways such as amino acid
metabolism and amino t-RNA synthesis in the margin tissue were
significantly distinct from those in cancer tissues based on KEGG analysis.
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Conclusion: There was a significant difference between the 1 mm margin tissue
and the cancerous tissue. Based on metabolomic analysis, the 1 mm negative
margin is sufficient for surgery, and the six metabolites that we identified as
abnormal, including pyruvic acid, N-acetyl-L-aspartic acid, glutamic acid,
gamma-aminobutyric acid, fumaric acid and citric acid, may serve as
biomarkers for a negative margin and help surgeons select an appropriate

breast cancer, breast-conserving surgery, surgical margin, metabolomics,

Wang et al.
surgical margin.
KEYWORDS
potential biomarker
Introduction

Among the malignancies to occur in women in recent years,
breast cancer is the most common malignancy in terms of
incidence (1), which has exhibited a slow increase of
approximately 0.5% per year since 2000; this increase is related
to the current decline in fertility and the increasing prevalence of
overweightness in society (2), and breast cancer is the leading
cause of death from malignancies in women aged 20 to 59 years
(1). There are many treatment options available for breast
cancer, with surgery, radiotherapy, chemotherapy, endocrine
therapy and immunosuppressive agents all offering a good
chance of survival. Breast-conserving surgery and the
corresponding adjuvant treatment are now the accepted
treatment for early invasive breast cancer, providing patients
with better quality of life and cosmetic results and more
psychological benefits than traditional radical surgery. It has
been demonstrated through various trials that breast-conserving
surgery does have acceptable morbidity and mortality rates (3,
4). There are many factors that influence the recurrence and
prognosis of breast cancer, such as pathological classification,
tumor size, presence of distant metastases and depth of
infiltration; additionally, regarding breast-conserving surgery,
the impact of the surgical margins should not be underestimated
(5, 6).

The designation of surgical margins for breast-conserving
surgery has long been controversial, with a wider margin
affecting the patient’s postoperative aesthetics and a narrower
margin increasing the risk of reoperation and local recurrence.
Some studies have shown that most surgeons currently prefer a
2 mm margin (7). However, guidelines suggest that with good
preoperative diagnostic and ancillary techniques, excessive
excision of healthy tissue is of no better benefit, leading to the
“no tumor ink” guideline (8). Currently, the main method used
to diagnose negative margins is intraoperative freezing as judged
by the pathologist, but this technique has limitations and can
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also increase the duration of the procedure, with a considerable
physical and financial impact on the patient. In recent years, new
techniques have also emerged, such as microcomputed
tomography for intraoperative assessment (9). However, this
technique has not been widely used in clinical practice. We
applied metabolomics to analyze and assess the surgical margins
and identify possible surgical margins and potential markers.
However, metabolomics has certain limitations that are not
associated with traditional intraoperative rapid frozen
pathology and other detection methods. The preprocessing of
tissue specimens and the processing of data after mass
spectrometry analysis take a longer time and do not provide
timely feedback to clinicians; additionally, the technology is
more costly, which increases the financial pressure on patients.

A distinctive feature of cancer is metabolic reprogramming,
whereby cancer tissues exhibit altered metabolic pathways to
adapt to their environment and meet their own growth
requirements; for example, cancer tissues can preferentially
undergo anaerobic glycolysis under aerobic conditions (10),
which is a phenomenon known as the “Warburg effect”.
Metabolomics has been extensively used to study breast
cancer, offering novel approaches to its diagnosis, treatment
and prognosis. Triple-negative breast cancer, which is a
substantial challenge, is characterized by a high recurrence
rate, few treatment options and a poor prognosis (11, 12).
Jiang et al. (13, 14) have provided new possibilities for triple-
negative breast cancer through metabolomics studies. Research
has shown that triple-negative breast cancer can be classified
into three types, namely, the lipogenic subtype, glycolytic
subtype and mixed subtype, based on the main abnormal
metabolic pathways (13), with various subtypes exhibiting
different sensitivities to different treatments. This typing can
provide new therapeutic tools; studies investigating these
approaches are unlike the numerous studies aiming to identify
a more precise method for pathological subtyping (15, 16).
Metabolomics has been understudied in the context of breast-
conserving surgery; thus, we used metabolomics techniques to
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analyze different incision margins to provide the possibility for a
negative incision margin for breast-conserving surgery.

In this study, we used ultrahigh-performance liquid
chromatography-quadrupole/Orbitrap high-resolution mass
spectrometry (UHPLC-Q-Orbitrap HRMS) to metabolically
analyze 60 specimens that were collected and then statistically
analyzed the data to identify tissue at cut edges with significant
differences from the tumor tissue and to identify potential
markers that might be present.

Materials and methods
Sample collection

After obtaining informed consent from patients, we
collected cancer tissue specimens from 10 breast cancer
patients at the First Affiliated Hospital of Zhengzhou
University and samples from the surrounding tissue in 2021
and maintained them in a -80°C refrigerator until they were
machine-processed and examined. We separated each
specimen into six groups of cancer tissues, tissues with a
1 mm cut edge, tissues with a 2 mm cut edge, tissues with a
3 mm cut edge, tissues with a 5 mm cut edge and tissues with a
1 cm cut edge, for a total of 60 samples for UHPLC-MS/
MS processing.

Sample preparation

First, we weighed each specimen, added 100 pl of pure
methanol solution to 10 mg of tissue, added small steel beads
and placed the samples into a grinder (SCIENTZ-48 high
throughput tissue grinder) for 30 minutes. After removal, each
sample was placed in a centrifuge (Centrifuge CF16RN
HITACHI Tokyo, Japan) and centrifuged at 3000 rpm for 30
minutes at 4°C. After extraction of the supernatant, the
specimens were concentrated in a concentrator, removed and
added to 300 pl of pure methanol solution and placed in a
redissolution machine (Mutil-Tube Vortexer) at 2500 rpm for 3
minutes. Then, we placed the samples in a centrifuge at 3000
rpm for 30 minutes at 4°C. One hundred microliters of
supernatant was extracted from each sample and transferred
to an autosampler vial for in-machine UHPLC-MS/MS
processing. The reproducibility and reliability of the UHPLC-
MS/MS system was assessed by means of quality control
(QC) samples.

UHPLC-Q-Orbitrap HRMS analysis

We used an ultra-performance liquid chromatography
system (Thermo Fisher Scientific Dionex, Waltham,
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Massachusetts, USA) and an Acquity UHPLC BEH Cl18
column (2.1 mm x 100 mm, 1.7 um, Waters, USA) to achieve
chromatographic separation and gradient elution. We used
acetonitrile as mobile phase A and water containing 0.1%
formic acid as mobile phase B at a flow rate of 0.2 mL/min.
The elution gradient was employed as follows: 0-0.5 min, 5% A,
0.5-2 min, 5-40% A; 3-8 min, 40-60% A; 9-11 min, 80-90% A,
12-13 min, 90-100% A, 14-15 min, 100% A.

*  We performed MS separations in full scan mode using a
Q-Orbitrap mass spectrometer equipped with
thermoelectric spray ionization (HESI) (Thermo
Scientific, San Jose, USA). We used a mass
spectrometer in full scan mode to obtain positive and
negative mode mass spectra. Substances in the mass
range of 80 to 1200 m/z could be scanned by the
instrument. The speed of the auxiliary gas was set to
10 arb, and the temperature was set to 300°C. The
capillary temperature was set to 320°C. The spray
voltages in positive and negative mode were set to 3.5
kV and 2.8 kV, respectively.

Data processing

We used Compound Discoverer 3.1 software (version 3.0,
Thermo Scientific) to extract metabolites from the raw data file
to generate a comprehensive peak table containing retention
times (RT), molecular weights and peak areas. The data were
then visualized using Xcalibur ™ (Version 3.0, Thermo Fisher
Scientific) software and compared to the Human Metabolomics
Database (HMDB, http://hmdb.ca/) to identify metabolites from
different sources. The metabolites screened by the HMDB were
then subjected to enrichment analysis using the KEGG database
to identify pathways with p <0.05 and a false discovery rate
(FDR) <0.05.

Statistical analysis

Each sample corresponding to a metabolite contains m/z
values, ion peak areas and RT. We used SIMCA software
(Version 14.0 Umetrics, Umea, Sweden) to perform principal
component analysis (PCA) and orthogonal partial least squares
(OPLS-DA) and to obtain projected variable importance (VIP)
values. Fold change and t test (p value < 0.05, FDR < 0.05)
results were obtained by MetaboAnalyst (https://www.
MetaboAnalyst.ca/). Receiver operating characteristic (ROC)
curves and area under the curve (AUC) were used to assess the
sensitivity and accuracy of analyses performed using
the metrics.
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Results

Clinical characteristics of the breast
cancer patients

We collected tissue samples from 10 clinical breast cancer
patients and the adjacent tissue and divided the 60 samples into
6 groups, including tumor tissue and tissues located 1 mm,
2 mm, 3 mm, 5 mm and 10 mm from the tumor margin, for
analysis by UHPLC-MS/MS. The clinical characteristics of the
10 patients are shown in Supplementary Table 1.

Metabolomic analysis

To identify a possible negative cut edge, we performed
UHPLC-MS/MS analysis on the tumor tissue and tissues from
different cut edges, analyzed and processed the data, and
imported the analyzed data into SIMCA version 14.0 for
statistical analysis. First, we performed PCA on the data
obtained from the 1 mm cut edge and data obtained from
cancer tissue in negative ion mode (Figure 1A). Immediately
afterward, we performed OPLS-DA (Figure 1B) with an R2Y of
0.96 and a Q2 of 0.801. Significant detachment was found
between the cancerous tissue and the 1 mm incision margin
tissue, with the same result observed in the positive ion mode;
these data are shown in Supplementary Table 2 and
Supplementary Figure S1. There was also apparent separation
between other margin tissues and cancerous tissues (Figure 2).
The variation among the different cut edge tissues was analyzed
by PCA (Figure 3). The data showed no statistically significant
difference between the tissue at the 1 mm margin and the tissue
at the other margins, so we designated the margin closest to the
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cancerous tissue with a statistically significant difference as the
possible negative margin, which was the 1 mm margin. We
identified over 50 endogenous differentially expressed
metabolites from a set of metabolites, with P <0.05, VIP>1.0
and fold change>1.5 as the cutoff. We screened the metabolites
with statistically significant differences in levels between the
1 mm cut margin tissue and cancer tissue by KEGG, and the
results of the statistically significant aberrant metabolic
pathways found to be enriched are shown in Table 1; the
results indicated that 18 differential metabolites were enriched
in statistically significant aberrant metabolic pathways. The
statistically significant abnormal metabolic pathways included
those for amino acids such as glutamate, alanine, aspartate,
histidine, arginine, proline, glutamine, tyrosine and
phenylalanine, abnormal synthesis of aminyl-tRNA, and
abnormal pantothenic acid biosynthesis. We generated a
heatmap of the levels of metabolites capable of being enriched
in statistically significant aberrant metabolic pathways by
MetaboAnalyst to demonstrate the differences in metabolite
levels between 1 mm cut edge tissue and cancerous tissue
(Figure 4). The topological analysis of the aberrant metabolic
pathways indicated that amino acid metabolism was the main
deviant metabolic pathway in cancerous tissues (Figure 5).

Identification of potential markers

We selected six metabolites from a large number of
metabolites with statistically significant differences in levels (p
value <0.05, VIP >1.0 and included in all statistically significant
differences between margin tissue and cancer tissue). The OPLS-
DA of N-acetyl-aspartate, alanine, glutamic acid, aminobutyric
acid, citric acid and fumaric acid values were found to be
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Multivariate statistical analysis of two groups. Principal component analysis (PCA) plot comparing between 1 mm cut edge tissue and cancer
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tissue and cancer tissue in (B) negative ion mode.
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(A-D) Orthogonal partial least squares discriminant analysis (OPLS-DA) score plots comparing between tissue located at other surgical margins

and cancer tissue.

separated between the 1-mm cut edge tissue and the cancer
tissue (Figure 6A). We also performed OPLS-DA of these six
metabolites using the 1-mm cut edge tissue and the 2-mm cut
edge tissue and found no significant difference between them

(Figure 6B). The information for these six metabolites is shown
in Table 2. We then analyzed the differences in the levels of each
of these six metabolites between the cancerous tissue and the 1-
mm cut edge tissue (Figure 7). As expected, each metabolite had
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(A-D) Principal component analysis(PCA) plot comparing between tissue located at the 1mm surgical margin and other surgical margins.
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TABLE 1 Statistically significant metabolic pathways that differed between 1 mm cut margin tissue and cancer tissue identified by KEGG analysis.

Metabolite Set Total Hits Expect P Value FDR
Alanine, aspartate and glutamate metabolism 28 7 1.34 2.31E-4 0.0127
Aminoacyl-tRNA biosynthesis 48 9 2.3 2.31E-4 0.0127
Pantothenate and CoA biosynthesis 19 4 0.911 0.0109 0.269
Phenylalanine, tyrosine and tryptophan biosynthesis 4 2 0.192 0.0128 0.269
D-Glutamine and D-glutamate metabolism 6 2 0.288 0.03 0.451
Arginine and proline metabolism 38 5 1.82 0.0322 0.451
Histidine metabolism 16 3 9.767 0.0378 0.451
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FIGURE 4
Heatmap indicating the relative levels of statistically significant differential metabolites in 1-mm cut edge tissue and cancerous tissue.
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significantly different levels between the cancerous tissue and the
I-mm cut edge tissue. This finding was consistent with our
expectations, suggesting that these differential metabolites may
be potential markers of negative cut margins. We tested the
ability of these six metabolites to distinguish between cancer and
negative margins by plotting ROC curves using the levels of five
metabolites, which resulted in an AUC > 0.9 and one metabolite
with an AUC > 0.8 (Figure 8), demonstrating the good sensitivity
and specificity of these indicators.

Discussion

Breast cancer is already the most prevalent cancer in women
in today’s society (1); although there are many treatments
available, breast-conserving surgery is one of the accepted
treatments for early invasive breast cancer, with most surgeons
preferring a 2-mm margin (7). The Society of Surgical Oncology
(SSO) and the American Society of Radiation Oncology

frontiersin.org


https://doi.org/10.3389/fonc.2022.959454
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wang et al. 10.3389/fonc.2022.959454
A Scores Plot B Scores Plot
© 1MM © 1MM
o cANCER o 2
o
o
“J o
o - °
< S e}
E = o
g o & o g o °
§ °1 () o § < ® o
P o o e
T ° T o
S o S
£ o] g [¢) o
5 o S o o
B = o
o
o
o
T ; T T T T T T T T
-4 -2 0 2 4 -2 -1 0 1 2
T score [1] ( 66.4 %) T score [1] (12.1 %)
FIGURE 6

Orthogonal partial least squares discriminant analysis (OPLS-DA) score plots of 6 potential biomarkers in tissue located at 1 mm surgical margin
and cancerous tissue (A), showing a clear separation. Orthogonal partial least squares discriminant analysis (OPLS-DA) score plots of 6 potential
biomarkers in tissue located at the 1 mm surgical margin and 2 mm surgical margin (B), with no significant difference.

(ASTRO)-American Society of Clinical Oncology (ASCO)
consensus guidelines state that the principle of “no tumor ink”
is reccommended for breast-conserving surgical margins in stage
I and II invasive breast cancer, which can also achieve a
reduction in local recurrence rates (8). The main method used
to diagnose cut margins is currently intraoperative rapid
cytopathology; however, this method has limitations and is
less sensitive than conventional pathology using paraffin
blocks (17). Other techniques are also used in the diagnosis of
cut edges, such as mammography, intraoperative breast
ultrasound, the adjunctive use of magnetic resonance imaging
(MRI) techniques and, in recent years, optical techniques and
isotope methods. Macroscopic margin assessment is also a
diagnostic method used to evaluate cutting edges (18-20);
however, these methods have limitations and have
developed slowly.

TABLE 2 Statistical analysis of potential metabolic biomarkers.

Metabolomics is a field that has experienced rapid growth in
recent years and has a promising future as a complement to
genomics, proteomics and other “downstream” omics
approaches. Metabolomics has great potential for use in
relatively noninvasive liquid tests that can be used in the
diagnosis and prognosis of cancer (21). In this study, we
investigated the metabolism of different cut edge tissues and
cancer tissues using 10 breast cancer samples by UHPLC-MS/
MS and found statistically significant differences between 1 mm
cut edge tissues and cancer tissues and no statistically significant
differences between 1 mm cut edge tissues and other tissues from
the remaining cut edges. We also identified six metabolites
involved in abnormal metabolism (P<0.05, VIP>1.0, AUC>0.8)
that could be potential markers for identifying negative incision
margins. However, metabolomics has certain limitations that are
not associated with traditional intraoperative rapid frozen

No. Metabolities Lon mode RT(min) Molecular VIP P Value
1 Pyruvic acid N 1.407 88.01493 1.80 0.001385
2 N-Acetyl-L-aspartic acid N 1.432 175.0479 1.57 0.005883
3 L-Glutamic acid N 0.938 147.052 1.80 0.000828
4 gamma-Aminobutyric acid N 0.963 103.0637 1.85 0.000196
5 Fumaric acid N 1.630 116.0098 1.94 0.0000652
6 Citric acid N 1.433 192.0262 1.97 0.000104

RT, retention time; VIP, variable importance in projection.
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(A-F) The peak areas of citric acid, gamma-aminobutyric acid, fumaric acid, L-glutamic acid, N-acetyl-L-aspartic acid and pyruvic acid in tissue

located at the 1 mm surgical margin and tumor tissue, with significant differences (P < 0.05)."*" stands for the p < 0.05,"**" stands for the p <

0.01, ™***" stands for the p < 0.001

pathology and other detection methods. The preprocessing of
tissue specimens and the processing of data after mass
spectrometry analysis take a longer time and do not provide
timely feedback to clinicians; additionally, the technology is
more costly, which increases the financial pressure on patients.

In the present study, amino acid metabolism was
significantly abnormal in the tumor tissue, and many diseases
are known to be associated with abnormal amino acid
metabolism (22, 23). We found significantly higher
concentrations of glutamate, which plays an important
physiological role in the body as a nonessential amino acid
and excitatory neurotransmitter, in the cancer tissues in this
study. It has been shown that glutamate levels are significantly
elevated in cancer tissues (24). Glutamate is produced from
glutamine by the action of glutaminase, an enzyme found in the
internal mitochondrial membrane, and it has been shown that
glutaminase activity is increased by its overexpression in cancer
tissues (25, 26), leading to increased levels of glutamate in cancer
tissues, which is consistent with our findings.

Aspartate metabolism was found to be significantly active in
the cancer tissues in this study, and concentrations were
significantly increased in the cancer tissues. It has been
suggested that aspartate, asparagine and asparagine synthase

Frontiers in Oncology

may be potential markers for surgical cutting edges in oral
squamous cell carcinoma (27), and studies have found
significantly higher concentrations of aspartate and
significantly increased activity of asparagine synthase in cancer
tissue; the exact mechanism underlying this phenomenon is
unclear, as indicated by our experimental results.

In addition to abnormal amino acid metabolism, abnormal
aminyl-tRNA biosynthesis in cancer tissues was a distinctive
feature of the results in this study. Aminyl-tRNA biosynthesis
has been found to be significantly elevated in metabolomic studies
of gastric cancer (28), in which metabolomic and bioinformatics
analysis of gastric and paracancerous tissues revealed that aminyl-
tRNA biosynthesis exhibited abnormally increased activation in
gastric cancer tissues, the expression level of phenylalanine-tRNA
synthetase was associated with poor survival, and the expression
level of threonine-tRNA synthetase was associated with tumor
grade. In addition, amyl-tRNA synthetase and its interacting
proteins play an important role in tumorigenesis (29, 30),
suggesting that the amyl-tRNA biosynthetic pathway offers a
new possibility for limiting tumor growth in the future.

In conclusion, by using UHPLC-MS/MS to investigate the
metabolism of different marginal tissues and cancerous tissues
from 10 breast cancer specimens, we identified the 1-mm margin
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Receiver operating characteristic (ROC) curves using the levels of pyruvic acid (A), citric acid (B), fumaric acid (C), gamma-aminobutyric acid (D),
L-glutamic acid (E) and N-acetyl-L-aspartic acid (F). The AUCs obtained using the levels of pyruvic acid, citric acid, fumaric acid, gamma-
aminobutyric acid, L-glutamic acid and N-acetyl-L-aspartic acid were 1 (95% Cl=1-1), 1 (95% Cl=1-1), 1 (95% Cl=1-1), 0.938 (95% Cl=0.773-1),
0.906 (95% CI=0.679-1) and 0.969 (95% Cl=0.812-1), respectively. The box plots show the median, quartiles, and whole range of peak areas of

the levels of these metabolites

as a possible margin for breast-conserving surgery. The results of
this study are limited in that we collected specimens from only
10 breast cancer patients, which is a small sample size. This study
is a preliminary study that performed an initial examination of
the surgical margins of breast-conserving surgery from a
metabolomics perspective to provide possibilities for clinicians.
We have also identified six potential markers, but the value of
these markers has yet to be further validated, and we will recruit
more clinical patients in the future for further research and to
validate the results. Therefore, the method is still experimental
and has certain limitations. The pretreatment of tissues and data
processing after mass spectrometry analysis require a longer
time, and the expensive cost is also a nonnegligible problem, so
the method may take a long time to enter clinical practice.
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Dr. D.Y. Patil Vidyapeeth, Pune, India

Introduction: The use of telehealth interventions has been evaluated in
different perspectives in women and also supported with various clinical
trials, but its overall efficacy is still ascertained. The objective of the present
review is to identify, appraise and analyze randomized controlled trials on
breast cancer survivors who have participated in technology-based
intervention programs incorporating a wide range of physical and
psychological outcome measures.

Material and methods: We conducted electronic search of the literature during
last twenty years i.e., from 2001 till August 10, 2021 through four databases.
Standardized mean difference with 95% confidence interval was used.

Results: A total of 56 records were included in the qualitative and 28 in quantitative
analysis. Pooled results show that telehealth interventions were associated with
improved quality of life (SMD 0.48, 95% Cl 0.03 to 0.92, p=0.04), reduced
depression (SMD -1.27, 95% Cl =-2.43 to -0.10 p=0.03), low distress and less
perceived stress (SMD -0.40, 95% Cl =-0.68 to -0.12, p=0.005). However, no
significant differences were observed on weight change (SMD -0.27, 95% ClI
=-2.39 to 1.86, p=0.81) and anxiety scores (SMD -0.09, 95% CI =-0.20 to 0.02,
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p=0.10) between the two groups. Improvement in health care competence and
fitness among participants was also reported.

Conclusion: Study concludes that telehealth care is a quick, convenient and
assuring approach to breast cancer care in women that can reduce treatment
burden and subsequent disturbance to the lives of breast cancer survivors.

KEYWORDS

Breast Cancer, Neoplasm, Tele-health, Meta-analysis, Physiological outcomes,
Psychological outcomes

Introduction

Breast cancer is the most common diagnosed cancer in
women (1) and accounted for 2.1 million diagnosed cases and
an estimated 626,679 deaths worldwide in 2018 (2). Due to
advancements in diagnostic techniques and therapeutic
treatment during the last few decades, 5-year survival rate of
breast cancer patients has exceeded 85 percent (3). “Breast Cancer
survivors” is a term commonly used for women living with cancer
since the inception (diagnosis) of the disease and for the balance of
life (4). Once a woman acquires breast cancer and even if she is
treated, a continuous interdisciplinary supportive care is desired
(5-7). Majority of the women experience various psychological
problems like anxiety, depression and perceived stress which are
generally substantial and prolonged (8-10) and require
considerable healthcare support that may help them overcome
psychological barriers and perceive their situation more positively
(11). Every woman plays multifaceted roles in any normal
scenario. For women, whether it is job or household
responsibilities it is difficult for her to manage a separate time
slot for visiting the consultant and get guidance in person (12).
Such circumstances consequently brought in demand for
alternative provision for health care service delivery, which
prioritize the technology guided tele-intervention to come into
role (13, 14). The technology acts as a boon in such cases where
they can use telehealth consultation or regime and be a part of any
fitness protocol during the micro breaks of their already scheduled
activities (15, 16). Digital technology guided tele-intervention
though are “complex” but have the potential for outreach, cost
effectiveness and accessibility in managing the health related issues
for consultation and treatment purposes using various application
and online web services (13, 17-19). This trend is facilitated more
with the inculcation of digital technology of mobile, application
and dependency on artificial intelligence (20).

Researchers have investigated the effectiveness of variety of
telehealth intervention for breast cancer survivors in a range of
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domains like quality of life, mental health, nutritional aspects etc
(13, 14, 21-23). Tele-interventions targeting various spectrum of
ages of women in multiple aspects across diverse racial and cultural
perspectives have been shown to be satisfactory to the end-user and
realistic to implement (24, 25). Although the use of telehealth
interventions have been evaluated in different perspectives in
women and also supported with various clinical trials, but its
overall efficacy is still ascertain due to difficulty in designing or
implementing non-biased randomized controlled trials (RCT)
exploring its true effect. A generalized search in data bases
indicates that most of the reviews performed on breast cancer
survivors has targeted only Quality of life and psychological
outcome measures (13). There is a dearth of published systematic
reviews on the impact of telehealth guided interventions on
outcomes other than Quality of life and psychological measures
in breast cancer survivors and that has formed the basis of this
review. To the best of author’s knowledge, this meta-analysis is first
of its kind to access the effectiveness of spectrum of telehealth
interventions on a variety of clinical and psychological outcomes in
breast cancer survivors.

The objective of the present review is to identify, appraise and
analyze qualitative and quantitative research evidence for breast
cancer survivors who have participated in technology based tele-
intervention programs incorporating a wide range of physical,
physiological and psychological outcome measures. The intent of
the present systematic review will help in providing important
consideration for potential outcome of telehealth guided tele
intervention with a future insight on its successful uptake.

Materials and methods

Preferred reporting items for systematic review and meta-
analysis protocols (PRISMA )statement was used for to develop
and report this systematic review (26) (Figure 1).
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Search strategy

We conducted electronic search of the literature during last
twenty years i.e. from 2001 till August 10, 2021 through four
databases viz. Google Scholar, PubMed, Web of Science and
Cochrane library. To search more precisely, MeSH terms and
Boolean operators were used in library databases. Search strategy
used was: [Tele OR Tele health OR Tele technology OR Tele
intervention OR Tele technologies OR Telemedicine OR
Teleconsultation OR Telecommunication OR E health OR e
Health OR Mobile Health OR mHealth OR Cell Phones OR
Telephones OR Text Messaging OR SMS OR Videoconference
OR Video-conference OR Videoconferencing OR Skype] AND
[Breast cancer OR Breast neoplasm OR Breast cancer survivor
OR Breast cancer survivor OR Breast neoplasm survivor OR
Breast neoplasm survivors] AND [Woman OR Women OR
Woman health OR Women health OR Health of Woman OR
Health of Women].” To maximize literature coverage and cross
check the results we followed multivaried methodology covering
multiple databases. We used PICOS framework to select articles
from the databases. P (Population) breast cancer patients.
Telehealth intervention is compared to usual medical care
alone in I (intervention) and C (comparison) respectively.
Usual care referred to standard medical procedures such
routine hospital visits for in-person treatment, conventional
breast cancer education, and so on. O (Outcomes: Weight

10.3389/fonc.2022.1017343

change, Quality of life and psychological outcomes, such as
distress and perceived stress, anxiety, and depression. S (study
design) only RCTs were included. Case reports, reviews, non-
randomized controlled trials, duplicate reports, and studies with
uninteresting data were excluded from consideration. PICOS
framework is presented in Table 1.

Study selection

The process of eligibility was divided into subsequent phases
with definite inclusion or exclusion criteria. Only full text
academic articles published in peer-reviewed journals were
included in the review whereas magazine and newspaper
articles were excluded. Using the search strings, 324 papers
from the four databases were identified in the phase, I. In
phase II, duplicate papers in each search string and papers for
which only abstracts were available were excluded. In the IIIrd
phase, a new search category with papers impending under all
established search strings was introduced and duplicates were
removed across all search strings.

In phase IV, all full-length texts were thororghly assessed
and papers that had no relevance to objectives and research
questions of our study were excluded. Twenty Eight papers were
finally selected and a descriptive analysis was executed to

summarize the results.

Records identified from Google

Scholar, PubMed, Web of

Science and Cochrane library
Databases (n =9631)

M Records removed before
screening:
Duplicate records removed

}

| Records screened(n = 4064)

I—I Records excluded due to:

!

Initial reports sought for retrieval

(n=324)

— 3] Records excluded on the basis of

Reports assessed for eligibility

(n=79)
|

Studies included in qualitative
analysis (n = 56)

Studies included in quantitative
(n=28)

[ INCLUSION ] [ ELIGIBILITY ][ SCREENING ] [ IDENTIFICATION ]

FIGURE 1
PRISMA flow diagram of study (27).
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X
» 8 (n=691)

M Records removed for other
reasons (n =4876)

Non eligible population (n=1258)
No RCT (n=2132)
Non eligible intervention (n=350)

title and abstract criteria (n =213)
No full text (n=32)
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TABLE 1 Search strategy - PICOS framework.

Framework

Population (P)

10.3389/fonc.2022.1017343

Search items

Breast cancer survivor OR Breast neoplasm survivor OR Breast neoplasm survivors OR Women diagnosed with breast cancer

Intervention (Tele OR Tele health OR Tele technology OR Tele intervention OR Tele technologies OR Telemedicine OR Teleconsultation OR Telecommunication

(0] OR E health OR e Health OR Mobile Health OR mHealth OR Cell Phones OR Telephones OR Text Messaging OR SMS OR Videoconference OR
Video-conference OR Videoconferencing OR Skype)

Comparison (Usual care)

©

Qutcome (O)

Study design Randomized Controlled Trials

Inclusion and exclusion criteria

* Randomized Controlled Trials that examined the role of
telehealth technologies in breast cancer survivors were included.
Non randomized controlled trials, cross sectional studies, cohort
and case control studies were excluded from the study.

* Full text articles written only in English language and
published in peer-reviewed journals were included while articles
in any other language, book chapters were excluded.

Data extraction and management

Data was independently extracted by two reviewers, (SK)
and (PA)on characteristics of study location, year of study,
participants, study duration, sample size, inclusion and
exclusion criteria, details of intervention, study duration,
outcome measures and results of study. Wherever possible,
post intervention mean scores and standard deviation were
retrieved and recorded. Data was rechecked by third reviewer,
(SP) and any discrepancy or doubt pertaining to the selection of
particular study was resolved after exhaustive discussion among
all the authors.

Risk of bias

Risk of bias in individual studies and methodological quality
assessment was performed by 2 independent reviewers SK and PA
with more than 15 years of experience in empirical research.
Cochrane collaboration tool was used to assess bias risk in
randomized control trials in selected articles (28). The tool
assesses bias risk on basis of 7 domains. The judgment regarding
bias was categorized under 3 categories- a. Low risk b. High risk and
c. unclear risk. PRISMA guidelines were used for reporting results of
systematic reviews and Meta-analysis. Any disagreements between
the 2 reviewers regarding appraisal recommendation were resolved
by another reviewer (MM). Review Manager (RevMan) software
version 5.4 is used for meta-analysis.
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(Weight change, QOL and psychological outcome measures including depression, anxiety, distress and perceived stress.)

Results
Study selection search results

Initially, during literature search, 9631 records were identified
from selected databases. During first screening 691 articles were
removed due to duplication while 1258 records were removed as
population was found to be non-eligible. Further 2132 records
were non-RCTs and in 350 records intervention was not as per
our eligibility, hence they were also removed. After initial
screening, 324 titles emerged out to be relevant studies. After
removal of duplicates and studies not fulfilling eligibility criteria,
seventy nine full text records were identified and screened again.
Fifty-six records were found to be relevant and directly within the
scope of this review and therefore included in the qualitative
analysis. Twenty three studies were included in quantitative
analysis. Data was summarized narratively and descriptive
analysis was carried out. Tables and graphs were prepared to
convey significant features of the literature.

Study characteristics

Fifty-six RCT’s met our inclusion criteria involving a total of
20,746 women. The earliest study meeting eligibility criteria was
published in year 2001 (29). Thirty two trials were conducted in
USA (22, 29-58), 7 in Australia (59-64), 4 in Netherland (65-
68), 3 each in Denmark (14, 69, 70) and Spain (71-73), 2 in
Germany (74, 75) and leach in Turkey (76), Finland (77),
Taiwan (42), Canada (78), UK (39) and Korea (79). Sample
size ranged from 53 in the study of Owen et al, 2005 (76) to 3088
in the study of Pierce et al. in 2007 (30). The trials were
conducted in different set ups ranging from cancer societies,
multi center institutes, hospitals, medical centers, oncology
clinics and Medical University. Age of Participants recruited in
different studies ranged from minimum of 18 years to maximum
of 80 years. Longest follow up of 4 years for events and mortality
related to cancer was done by Pierce et al, 2007 (30).
Characteristics of studies are shown in Tables 2, 3. The types
of technology used for telehealth interventions varied
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throughout the studies that were included. Twenty nine studies
used telephone based interventions (22, 29-32, 34-36, 38-40, 42,
44-47, 49, 51, 52, 58-62, 66, 69, 75, 78, 80). Twelve studies used
web based interventions (33, 47, 50, 53, 57, 63, 65, 68, 72, 74, 76,
77). Telemedicine was used in two studies (70, 73), eight studies
utilized combination of Internet, web, telephone and
videoconferencing (14, 37, 41, 43, 48, 56, 67, 71) where as in
three studies wearable technology was used for weight
management or physical activity tracking (33, 54, 64). Two
studies used mobile health based app for self-management of
symptoms and mobile gaming in cancer patients (42, 56).
Varied outcome measures were evaluated in the trials.
Studies targeting weight management in cancer survivors
evaluated weight status, calorie intake and Body Composition.
Studies that assessed psycho behavioral aspects used different
outcomes like depression, anxiety, sleep and sexual dysfunctions,
spiritual and emotional wellbeing, psychological morbidity, self-
reported functional status, adjustment to life and adherence to
treatment. Studies that examined effects of exercise interventions
evaluated Physical activity status, quality of life, self-related
health outcomes and functional status. Recurrence of cancer
and death was also evaluated in 1 study by Pierce et al, 2007 (30).
Interventions and outcome measures are presented in Table 3.

Risk of bias

Four trials were judged with high risk of bias in the domain
of random sequence generation (33, 38, 47, 74), as methods of
randomization were not given in detail. Twenty trials were
judged with low risk of bias in the domain of allocation
concealment (29-32, 38, 39, 42, 44, 51, 54, 60, 63-65, 67, 69,
71-73, 80). Eleven studies reported blinding of participants and
personnel (14, 29, 32, 38, 42, 51, 63, 64, 72, 75, 80) while twelve
trials mentioned about blinding of outcome assessors (38, 39, 42,
51, 60, 64, 67, 69-72, 80) and hence were regarded at low risk of
bias. Six studies were reported at high risk in the domain of
incomplete outcome data (35, 39, 56, 61, 62, 73). Therefore, in
future researches, the allocation concealment, blinding of
participants, personnel and outcome assessors should be
emphasized to bring out better and reliable conclusions. Risk
of bias is presented in Table 4.

Treatment Outcomes

Meta-analysis of depression

Four trials with 547 participants reported the outcomes of
depression in meta-analysis. Random-effects model was used
due to significant heterogeneity across these trials (I* = 96%,
Tau? = 1.08). Pooled results indicated that telehealth
intervention were associated with reduced depression levels in
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breast cancer patients (SMD -1.27, 95% CI =-2.43 to -0.10
p=0.03) (Figure 2A).

Meta-analysis of anxiety

Seven studies incorporating 1246 patients were included in
meta-analysis to examine the impact of telehealth interventions
on anxiety levels. Fixed effects model was used as no significant
heterogeneity was observed between studies (I* = 0%). Pooled
results show no significant impact of telehealth interventions on
anxiety levels (SMD -0.09, 95% CI =-0.20 to 0.02,
p=0.10) (Figure 2B).

Sub group analysis of distress and
perceived stress

Six studies involving 628 patients were included in meta-
analysis to determine the impact of telehealth interventions on
distress. Random effects model was used as high heterogeneity was
observed among studies (I = 81%). Pooled results depict that a
significant impact of telehealth interventions was observed on
distress (SMD -0.27, 95% CI =-0.44 to -0.09, p=0.003) (Figure 2C).

Subgroup analysis including 825 patients was carried out to
determine the impact of telehealth interventions on perceived
stress and distress levels. Random effects model was used as high
heterogeneity was observed among studies (I = 74%). Six studies
involving 628 patients were included to determine the impact of
telehealth interventions on distress while two studies including
197 patients were included to determine the impact of telehealth
interventions on perceived stress. Pooled results depict that a
significant impact of telehealth interventions was observed on
distress and perceived stress levels (SMD -0.40, 95% CI =-0.68
to -0.12, p=0.005) (Figure 2C).

Dietary status and weight change
Meta-analysis of weight change

Five studies incorporating 1624 subjects were incorporated
in the meta-analysis of weight change. Random effects model
was used due to more heterogeneity among studies (I* = 99%).
Pooled results depict that no significant impact of telehealth
interventions was observed on weight change levels also (SMD
-0.48, 95% CI =-1.90 to 0.94, p=0.50) (Figure 2D).

Quality of Life
Meta-analysis of Quality of life

Seventeen RCTs including 3055 breast cancer patients were
included in the meta-analysis of QOL. Different QOL measurement
scales reported in these trials are: FACT G, EORTC QLQ-C30,
SE36, FACT-B, FACT-B+4, BCPT and Impact of Cancer Scale.
Standardized mean difference (SMD) was used because of variety of
measurement scales used in trials. Pooled results depict that
telehealth interventions significantly improved the QOL score in
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TABLE 2 Characteristics of included trials.

S No.

19

20

21

22

Author/year/source

Rock et al, 2001 (29)

Samarel et al, 2002 (31)

Pierce et al, 2004 (32)

Winzelberg et al, 2004 (33)

Mishel, 2005 (34)

Owen et al, 2005 (76)

Aranda et al, 2006 (59)

Gotay et al, 2007 (35)

Pierce et al, 2007 (30)

Sandgren et al., 2007 (36)

Budin et al, 2008 (37)

Kathleen et al, 2009 (38)

Beaver et al, 2009 (39)

Marcus et al, 2010 (40)

Hawkins et al, 2010 (41)

Baker et al, 2011 (42)

David et al., 2011 (74)

Hawkins, 2011 (43)

Hayes et al, 2011 (60)

Hoyer et al, 2011 (69)

Kimman et al, 2011 (66)

Sherman et al, 2011 (44)
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Country

USA

USA

USA
USA
USA
Turkey

Australia

USA

USA
USA
USA
USA
UK

USA

USA

USA

Germany

USA

Australia
Denmark

Netherland

USA

Setting/Data Collection

Multi-centre/started in 1995

Physician’s offices, hospitals,

and the American Cancer
Society/NM

NM

NM

Cancer centers and hospital

based/NM
NM

Hospital based

Hospital based/
1998-2002

Multi-institutional/2000-2006.

Oncology Clinics/NM

Medical Centers/NM

NM/2002-2004

Outpatient clinic in hospital/

2003- 2005.

Hospital and medical Centre/

NM

Hospital and University based/

NM

Hospital/2005-2007

Medical University/2005-2008

Hospital
Cancer centres/NM

University and hospital based/

NM

Hospital/
2010-2010

Multi-center trial/NM

Medical centers and Hospital

based/NM
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Participants demographics/Age in years
(Mean+SD)

N=1010

Age: Intervention group: 54.3+ 0.4 Control group: 54.0 + 0.4
N=125

30 to 83 years

Age:53.8 + 10.8

N=2970

Mean Age:52 Years

N=72

Age: 49.5 £ 6.2

N=509

Age: 64 £ 8.9

N=53

Age: Intervention group: 52.5 + 8.6; Control group 51.3 + 10.5
N=60

Age (Median/Range)Intervention group:57/ (34-85)

Control group: 55/ (36-82)

N=305

Age: (Median/Range)Intervention group:53/ (34-93)

Control group: 55/(25-90)

N=3088

Age: Intervention group:53.3 + 8.9; Control group:53.0 + 9.0
N=218

Age: (Mean) 54.4 years

N=249

Age: 53.8 + 11.7

N=487

Age-(Mean) Intervention group: 69 (55); Control group: 63 (55)
N=374

Age: Intervention group:64.0 + 11.1; Control group:63.9 + 10.1
N=304

Age: <40 to >70 years

N=323

Age: Internet Access group: 52.3 + 10.2; CHESS Group: 50.9 + 9.0
Telephone group: 53.9 + 10.9; CHESS + Cancer information
group: 52.7 + 9.4

N=450

Age: Internet only group:52.3 + 10.2; CHESS information
only:52.2 + 9.8; CHESS information and support:50.6 + 0.8; Full
Chess:50.9 + 9.0

N=235

Age: Intervention group: 48.2+ 9.2; Control group:45.9 + 7.8
N=434

Age: Internet Only: 52.3 + 10.2, Full Chess + Support + coaching:
50.9 + 9.0; Mentor only: 53.9 + 10.9; Full chess + Mentor: 52.7 +
9.4

N=194

Age: 52.4 + 8.5

N=140

Age: Intervention group: 59 + 9; Control group: 61 + 8
N=320

Age: Intervention group 56.2+ 10.7

Control group: 55.5+ 9.0

N= 249

Age:53.8 £ 11.7

(Continued)
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TABLE 2 Continued
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S No. Author/year/source ~ Country Setting/Data Collection Participants demographics/Age in years
(Mean+SD)
23 Crane-Okada et al, 2012 (45) USA Medical Institute/NM N=142
Age: Immediate Contact group 63.4 + 10.3; Delayed contact
group(DC): 60.6 + 7.4; Usual Contact group: 61.3+ 8.7
24 Eakin at al, 2013 (61) Australia NM/2007-2009 N=143
Age: Intervention group: 51.7 + 9.0; Control group: 54.1 + 8.7
25 Hayes et al., 2013 (80) Australia University Hospital/2006 N=194
-2008. Age: Face to face group:51.2 + 8.8; Telephone group: 52.2 + 8.6
Control group:53.9 + 7.7
26 Pinto et al, 2013 (46) USA Hospital-based oncology clinic/ N=192
2004-2009 Age: Intervention group: 56.1 + 9.9; Control group: 55.9 + 9.9
27 Ryhanen et al,, 2013 (77) Finland University Hospital/ N=90
2008-2010 Age: Intervention group: 54.4; Control group: 55.7
28 Ziller et al, 2013 (75) Germany University Hospital/2006 -2008 N=181
Age: 63.3 £ 8.8
29 Goodwin et al, 2014 (78) Canada University based/ N=167: Age: Mail based intervention 60.4 + 7.8; Individualized
2007-2010. Lifestyle Intervention: 61.6 + 6.7
30 Carpenter et al, 2014 (47) USA NM N=115
Age: 50.9 £ 9.9
31 Berg et al, 2015 (65) Netherlands Multi Centre including N=150
University and hospitals/ Age: Intervention group:51.44+ 8.30; Control group: 50.18 + 9.15
2010 -2012
32 Freeman et al, 2015 (48) USA NM N=118: Age: live-delivery 55.44 + 8.08; Telemedicine group: 55.57
+ 9.88 Waitlist:55.28+ 7.90.
33 Demark Wahnefried et al, 2015 USA University based/2010-2012 N=697
(47) Age: Intensive intervention group:56.0 + 9.47; control group: 56.4
+9.53
34 Befort et al, 2016 (49) USA Medical University/NM N=172
Age: Intervention group:58.7 + 8.2; Control group:57.3 + 8.0
35 Chee et al, 2016 (50) USA NM/2014 -2015. N=65
Age: Intervention Group: 46.1 + 10.6; Control group: 48.0 + 11.1
36 Dambholdt et al, 2016 (14) Denmark University hospital/2013-2014.  N=157
Age: Intervention group: 54.98+ 8.51; Control group: 54.56+ 8.74
37 Galiano-Castillo et al, 2016 Spain Physical therapy lab in Health ~ N=72
(71) science faculty/2012-2013, Age: Intervention group:47.4 + 9.6 Control group: 49.2 + 7.9
38 Harrigan et al, 2016 (51) USA Cancer institute/NM N=100
Age: 59.0 £ 7.5 years
39 Abrahams et al, 2017 (67) Netherland Medical Centre N=125
2014-2016 Age: Internet-based cognitive behavioral therapy (ICBT)
group:52.5 + 8.2;Care as Usual (CAU): 50.5 + 7.6
40 Han et al, 2017 (52) USA Cancer institutions/2010-2014 ~ N=560
Age: Intervention group: 45.8 + 68.6 Control group: 46.4+ 68.4
41 Gordon et al, 2017 (62) Australia University Hospital/ N=194
2006-2008 Age: 52 £ 8
42 Bruggeman et al, 2017 (68) Netherland 2013-2015 N=167
Age: Intervention group: 51.36 + 12.04; Control group: 56.54 +
8.43
43 Cox et al, 2017 (53) USA University based/NM N=37
Age: Intervention group: 59.62 + 9.65; Control group: 59.92 +
10.94
44 Zachariae et al, 2018 (70) Denmark NM/2011-2013 N=255
Age: Intervention group: 53.2 + 8.8; Control group: 52.9 + 8.9
45 Hartman et al, 2018 (55) USA 2015- 2016 N=87
University based Age:57.9+11.3
46 Kim et al, 2018 (79) Korea 2013-2014/ N=76
University based Age: Intervention group: 52.1; Control group: 49.8
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TABLE 2 Continued

10.3389/fonc.2022.1017343

S No. Author/year/source ~ Country Setting/Data Collection Participants demographics/Age in years
(Mean+SD)
47 Meneses et al, 2018 (22) USA Medical University N=40
Age: 56.63 + 10.63
48 Ferrante et al, 2018 (54) USA 2016-2018 N=37
University based Age:61.54 + 8.83
49 Sherman et al, 2018 (63) Australia 2015- 2015 N=3014
University based Age: Intervention group: 57.5 + 8.98; Control group:57.23 + 9.97
50 Eun-Ok Im et al, 2019 (56) USA 2017-2018 N=91
Age: 51.3 £ 11.31
51 Garcia et al, 2019 (72) Spain University based/NM N=68
Age: Intervention group: 48.82 + 7.68; Control group: 47.32 +
9.92
52 Lynch et al, 2019 (64) Australia 2016/NM N=83
Age: Intervention group: 61.3 + 5.9; Control group: 61.6 + 6.4
53 Paladino et al, 2019 (57) USA 2018-2021/ N=200
University based Age: NM
54 Meneses et al, 2020 (58) USA NM/University based N=432
Age: NM
55 Lleras de Frutos et al, 2020 Spain 2016-2019/NM N=269
(73) Age: Intervention group: 47.34 + 8.05; Control group: 52.17 +
8.36
56 Hou et al, 2020 (81) Taiwan 2017-2018/University Hospital ~ N=100

based

breast cancer patients (SMD 0.48, 95% CI 0.03 to 0.92,
p=0.04) (Figure 2E).

Discussion

In recent decades, medical technology has experienced
significant development (82). In addition, breast cancer patients
nowadays tend to have better survival rates compared with those in
the past. However, during the survival period, these patients’ QOL,
physical and psychological health need close attention.
Psychological symptoms such as sadness, anxiety and perceived
stress are common and generally untreated in breast cancer
patients, which can have a detrimental impact on their quality of
life. Also, physical health issues like weight gain and obesity can
result into recurrent risk, poor prognosis and all-cause mortality in
breast cancer survivors (30, 83). Lifestyle interventions in form of
weight reduction has been recommended to improve health
outcomes (84). In comparison to traditional care, telehealth is a
highly accessible and effective intervention that may overcome time
and location obstacles. Patients can connect with medical
professionals about their disease issues and gain more
information about disease management through telehealth care.
These situations can give patients with continual access to assistance
and make them feel that they’re not alone and that medical help is
always nearby both of which are advantageous to their
psychological well-being. The use of telehealth has numerous
advantages for breast cancer patients, but there are also many
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Age: Range (50-64 years)

challenges and issues among patients, healthcare professionals, and
service providers. These include patient’s unwillingness to use the
technology, especially older patients who prefer in-person
consultations, inconsistent internet connections in rural regions,
patient mistrust because a thorough physical examination cannot be
performed remotely, and inadequate insurance coverage.
Additional challenges to telehealth include concerns regarding the
security of patient health records transmitted electronically, high
acquisition and implementation costs, significant maintenance
costs, management and training of healthcare professionals to
effectively use the various platforms and limited access to
technology or low platform literacy. To the best of our
knowledge, this study represents the first meta-analysis to
examine the effect of telehealth intervention from inception till
date on various physical and psychological health parameters in
breast cancer patients. The results revealed that compared with
usual care, telehealth intervention was associated with higher QOL,
with less depression, distress and perceived stress symptoms
however no significant effect was seen on anxiety and weight
status. Fifty Six RCTs incorporating telehealth modalities for
breast cancer women were included in this review. Telephone
was found to be the leading telehealth tool in most of the studies.
A large number of studies also supported use of web based
interventions for various physical and psychological outcomes in
cancer survivors. There has been an increasing interest in the use of
smart wearable technologies to encourage breast cancer survivors to
modify their physical activity (PA) habits. Alternate telehealth
technologies like mobile-based apps or other advanced e-Health
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TABLE 3

10

11

13

14

Author/
year/
source

Rock et al,
2001 (29)

Samarel et
al, 2002
(31)

Pierce et al,
2004 (32)

Winzelberg
et al, 2004
(33)

Mishel,
2005 (34)

Owen et al,
2005 (76)

Aranda et
al, 2006
(59)

Gotay et al,
2007 (35)

Pierce et al,
2007 (30)

Sandgren
et al,, 2007
(36)

Budin et al,
2008 (37)

Kathleen et
al, 2009
(38)

Beaver et al,
2009 (39)

Marcus et
al, 2010
(40)

Intervention

Telephone guided diet counseling

Combined individual telephone and in
person group support and education.

Telephone counseling to promote dietary
change

Structured, web based support group
moderated by a mental health
professional

Telephone sessions for the use of
audiotapes and self-help manual for
behavioral strategies

Internet-based group was given access to
website for coping skills training
exercises

Face to face sessions and telephonic
interactions for addressing concerns and
coping strategies.

Four to eight Telephonic calls over a 1-
month period by trained peer counselors

Telephone counseling regarding dietary
intake.

Telephone-delivered health education

Videos delivered psycho-education with
telephonic counseling

Telephone interview assessing adherence
barriers; health education, problem-
solving, and self-management support.

Telephone appointments to address
questions related to changes in condition,
new symptom development, required
information about spread of disease,
treatment and side effects, genetic risk,
sexual attractiveness, self-care was
provided.

Telephone counseling program of 16
sessions for improving post treatment
psycho social outcomes.
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Interventions, outcome measures and results of included trials.

Outcome measures/Assessment

Average weight change

% change, BMI, waist circumference
Assessment: Baseline, 6 month,
12month,18month, 24 month

VAS-W, EWBS, a subscale of the Spiritual Well-
Being Questionnaire UCLA Loneliness Scale—
Version 3, Relationship Change Scale
Assessment: Baseline, 13 month

Dietary intakes, plasma carotenoid concentrations,
Percentage energy from fat

Assessment: Baseline,12 month

CES -D, PCL-C54,STAI-55, PSS54CBI-55, Mini-
MAC-58

Assessment: Baseline, 12 weeks

Cancer Survivor Knowledge Scale, Patient/
Provider Communication Scale, Social support
satisfaction, CSQ, POMS-SF

Assessment: Baseline,10 month

QOL (FACT-B), Distress (IES)
Assessment: Baseline, 12 week

EORTC Q-C30, SCNS
Assessment: Baseline,] month and 3 month

CARES-S, CES-D
Assessment: Baseline, 3 month,6 month

Invasive breast cancer event (recurrence or new
primary) or death from any cause
Assessment: Baseline, lyear, 4 year

FACT-G, POMS, Revised PSS
Assessment: Baseline, 6 month, 13 month

PAIS, PAL-C, SRHS and the Breast Cancer
Treatment Response Inventory

Assessment: Baseline, diagnostic phase, 2 days
post-surgery, 2 weeks after chemotherapy and 6
months post-surgery.

KPSS, FACT-G, Patient Health Questionnaire 9
Brief Symptom Inventory

Assessment: Baseline, 12 month

STAIL GHQ-12, participants’ needs for
information, participants’ satisfaction, clinical
investigations ordered, and time to detection of
recurrent disease.

Assessment : Baseline,12 month

IES,CES-D, The Sexual Dysfunction scale
Assessment: Baseline, 3 month,6 month, 12 month
and 18 month
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Result

Diet intervention was not associated with significant
weight loss

A telephone based support intervention was found to
be an effective option to in person support in early
stage breast cancer survivors.

Telephone based counseling intervention promoted
dietary change in breast cancer survivors.

Web-based support group was found to be effective
in reducing depression and cancer-related trauma, as
well as perceived stress

Improvement in cognitive reframing, coping skills,
cancer awareness and communication in intervention
group was observed

Self-guided internet based coping technique resulted
into improved self-rated health status and reduced
distress.

Intervention significantly reduced the psychological
and emotional needs of high needs group. However
no effect was seen on low needs group

No statistically significant improvement was seen in
distress and depression in telephonic counselling
group.

No significant reductions in cancer events or
mortality was seen in telephone counselling group

Telephone delivered sessions improved distress but
no significant effect was seen on QOL.

Intervention group had less distress and better
psychological outcomes than standard care group

Overall adherence rates range was good for both
groups and no significant differences were noted.

When compared to those who visited clinics in
hospitals, participants in the telephone group showed
less anxiety and higher levels of satisfaction.

For women with a low to moderate recurrence risk,
those with travel and movement issues, and those
suffering from sickness with no physical or
psychological disadvantage, telephone follow-up was
found to be useful. In addition, the pressure on
overburdened clinics was lessened.

Telephone delivered counseling was found to be a
viable option for providing psychological support to
cancer survivors

(Continued)
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TABLE 3 Continued

15

17

18

19

20

21

22

23

24

25

26

Author/
year/
source

Hawkins et
al, 2010
(41)

Baker et al,
2011 (42)

David et al.,
2011 (74)

Hawkins,
2011 (43)

Hayes et al,
2011 (60)

Hoyer et al,
2011 (69)

Kimman et
al, 2011
(66)
Sherman et
al, 2011
(44)

Crane-
Okada et al,
2012 (45)

Eakin at al,
2013 (61)

Hayes et al,,
2013 (80)

Pinto et al,
2013 (46)

Intervention

Access to the Web-based comprehensive
Health Enhancement Support System
(CHESS), Telephone-based Cancer
information

Information, Support, and Coaching: Full
CHESS. Training was conducted by
telephone.

Email based individually tailored psycho
education

Access to the Web-based comprehensive
Health Enhancement Support System
(CHESS), Telephone-based Cancer
information and mentorship

Telephone delivered 45 minutes of
moderate-intensity physical activities
including aerobic-based exercise,
Strength-based exercise twice/week.

Telephonic session by four experienced
nurses for 10 to 30 minutes.

Nurse delivered telephone follow-up care
and educational program

Disease Management, standardized
education and Telephone counselling

Telephone based counseling sessions

Telephone delivered exercise intervention
to increase women’s self-efficiency for
exercise.

Face to face and Telephone delivered
exercise sessions (16)

Telephone based counselling aimed to
promote the level of physical activity

Frontiers in Oncology

Outcome measures/Assessment

Health care competence, Cancer Information
Competence, Emotional processing, Positive
coping using Carver’s Brief Cope, FACT-B,
Wisconsin social support scale

Assessment: Baseline, 6 week

Cancer information outcomes, Health care
competence, Emotional processing, positive
coping, functional well-being, breast cancer
concerns, satisfaction with professionals
Assessment: baseline, 2 week, 6 week, 12 week, 24
week

EORTC QLQ-C30, BSI-GSI
Assessment: Baseline, 2week

Functional well-being, emotional processing, social
support and cancer information competence,
breast cancer concerns, healthcare competence,
satisfaction with professionals and positive coping.
Assessment: Baseline, 6 week, 3 month, 6 month

Breast (FACT-B+4) questionnaire
Assessment: Baseline, 6 month,12 month

EORTC QLQ-C30 and EORTC QLQ-BR23
Assessment: Baseline, 2 week, 4 week

EORTC QLQ-C30, STAIL
Assessment:
Baseline, 3 month, 6 month, 12 month

PAL-C, SRHS, PAIS, BCTRI
Assessment: Baseline, 1 week before surgery,72
hours after surgery, 2 weeks, 6 month

HADS, IPRI, Short form social The Brief COPE
Assessment: before surgery, post-intervention, and
six months after surgery.

Feasibility indicators (recruitment and retention
rates, sample representativeness, intervention
implementation and participant satisfaction),
Effectiveness outcomes were meeting intervention
targets for aerobic and resistance training, quality
of life, fatigue, anxiety and upper body function.
Assessment: Baseline, 6 month,12 month

FACT-B +4, fitness, functional status
Assessment: Baseline, 6 month,12 month

7-day PAR, Motivational Readiness for PA, MOS,
SF-36, FACT-F

Assessment: Baseline, 3 month, 6 month, 12
month
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Result

Combination of a computer-based information
system and support produced significantly improved
quality of life than for patients who were given
training with general internet

E health interventions were found to be beneficial for
survivors of breast cancer.

E mail based counseling was found to be beneficial
for psycho-educational training of breast cancer
survivors who are not being reached by conventional
avenues of therapy. However, it may be difficult for
patients with high distress level.

On all the outcomes group with Full CHESS +
Mentor group showed better scores than the Full
CHESS condition.

Participation of women during and after treatment
was found to be feasible and acceptable.

Telephone sessions did not bring statistically
significant improvement in QOL of survivors.

Nurse -led telephone follow-up can be an appropriate
way to reduce number of visits to clinics and
represents an accepted alternative strategy.

The general finding for physical, emotional, and

social adjustment is that normal care, which was the
standard of treatment for women in both the control
and intervention groups, supported their adjustment
to breast cancer, with or without extra interventions.

Peer counseling delivered by telephone may affect
instrumental support seeking and appears to be
differentially received by age group.

Results suggest strong support for feasibility and
modest support for the efficacy of telephone-
delivered interventions.

Face to face or telephone delivered exercise
intervention can prevent decline in fitness and
function during treatment and optimize recovery
post-treatment

Telephone delivered counseling in addition to health
care advise improved physical activity and readiness
for physical activity in breast cancer survivors

(Continued)
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TABLE 3 Continued

27

28

29

30

31

32

33

34

35

36

37

38

39

Author/
year/
source

Ryhanen
etal, 2013
(77)

Ziller et al,
2013 (75)

Goodwin et
al, 2014
(78)

Carpenter et
al, 2014
(47)

Berg et al,
2015 (65)

Freeman et
al, 2015
(48)

Demark
Wahnefried
et al, 2015
(47)

Befort et al,
2016 (49)

Chee et al,
2016 (50)

Dambholdt
et al, 2016
(14)

Galiano-
Castillo et
al, 2016
(71)
Harrigan et
al, 2016
(51)

Abrahams
et al, 2017
(67)

Intervention

Internet-based patient educational
program for empowerment of breast
cancer patients

Telephone delivered sessions to provide
individualized information, feedback to
questions and problems with medication

Telephone-based intervention
programme meant for weight reduction

Online stress management workbook

Web-based self-management intervention
for reducing distress and improving
empowerment.

Live Delivery (LD) and Telemedicine
delivered (TD) sessions (total five) 4-
hour weekly group sessions, and received
brief weekly phone calls to encourage at-
home practice.

Weight loss program supplemented with
telephone counseling and tailored
newsletters.

Telephone based counseling for weight
loss, physical activity and weight loss
maintenance.

Internet based Support was provided for
emotional support, information and
interaction.

Web-based cognitive training (e-CogT)
with telephone support

Internet-based exercise intervention,
videoconference and telephone calls

Telephonic counselling regarding weight
loss

2 face to face sessions followed by online
treatment (web modules) for which
guidance was provided by cognitive
behavioral therapist through e mail,
telephone and video consultation.

Outcome measures/Assessment

Instrument-Breast Cancer Patient Version, STAI
Assessment: Baseline, 1 year

Self-reported adherence, MPR
Assessment: Baseline, 12 month, 24 month

Disease-free survival, Weight, overall survival,
distant disease-free survival, quality of life
Assessment: Baseline, 6 month, 12 month, 18
month, 24 month

IES, Revised CBI
Assessment: Baseline, 10 week, 20 week

EORTC QLQC30, IES, SES
Assessment: Baseline,4 month

SE-36,FACT-B,FACIT-F, FACT-Cog, FACIT-Sp-
Ex; version 4, BSIGSL,PSQI
Assessment: Baseline, 1 month, 3 month

Weight, IOCv2, SF-36,CES-D
Assessment: Baseline, 6 month, 12 month, 2 year

Weight regain, Measures of weight change and
costs.
Assessment: Baseline 12 month

FACT-B, CBI
Assessment: pre-test, post test

Paced Auditory Serial Addition Test,
Improvement on other measures of cognition.
Assessment: Baseline, post-intervention and at 5-
month follow-up.

EORTC QLQC30
Assessment: Baseline, 6 month

Height and weight, Waist and hip circumference,
Dual-energy x-ray absorptiometry scans, Physical
activity, Number of steps walked/day, Change in
daily calorie intake, serum biomarkers
Assessment:

Baseline, 6 month

Fatigue severity, Functional impairment,
psychological distress, and quality of life.
Assessment

Baseline, 6 month

10.3389/fonc.2022.1017343

Result

The internet delivered educational program did not
decrease anxiety level or treatment-related side effects
among breast cancer patients or improve subscales of
quality of life when compared with controls

Groups that received additional information,
improved adherence was seen however it was not
statistically significant

A telephone based lifestyle intervention led to
significant weight loss without adverse effects on
QOL.

Internet based stress management therapy was
helpful in reducing stress and improving confidence
of breast cancer survivors

Access to web based management reduced distress
among survivors, but this effect was not sustained
during follow-up

Telemedicine delivered intervention improved QOL
and is recommended to be an alternative for cancer
survivors specifically in remote areas

There was improvement in some aspects of QOL in
intervention group which diminished with time.

A lifestyle based intervention that included group
phone-based support improved the intensity of
weight loss, maintained and increased the proportion
of survivors who maintained clinically significant
reductions

Acceptance and satisfaction improved in intervention
group.

Web-based cognitive therapy didn’t result in
improvements in any of outcomes. Improved
performance was observed on verbal learning and
working memory

Intervention group had significantly improved scores
global health status, physical, role, cognitive
functioning, and arm symptoms as well as pain
severity and pain interference and muscle strength

Both telephonic and in person counseling were
effective as weight loss strategy for breast cancer
survivors

ICBT can be effective, evidence based and easily
accessible treatment options for severely fatigued
breast cancer survivors. However no effect was seen
on QOL.
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TABLE 3 Continued

40

41

42

43

44

45

46

47

48

49

50

51.

52

53

Author/
year/
source

Han et al,
2017 (52)

Gordon et
al, 2017
(62)
Bruggeman
et al, 2017
(68)

Cox et al,
2017 (53)

Zachariae et
al, 2018
(70)
Hartman et
al, 2018
(55)

Kim et al,
2018 (79)

Meneses et
al, 2018
(22)
Ferrante et
al, 2018
(54)
Sherman et
al, 2018
(63)
Eun-Ok Im
et al, 2019
(56)

Garcia et al,
2019 (72)

Lynch et al,
2019 (64)

Paladino et
al, 2019
(57)

Intervention

An individually designed cancer-
screening brochure, skills training, and
telephone based counseling.

Telephonic intervention.16 planned
sessions by a trained exercise
physiologist.

Web based mindfulness based cognitive
therapy, accelerometer for feedback
related to activity patterns

Access to online content by logging to
website

Online CBTI (tele-education) program
and completing sleep diaries

Wearable technology (fitbit) for self-
monitoring of Physical activity

Mobile game play group

Telephone education sessions, Support
and early education

Physical activity tracking using
technology (Fitbit)

Web based intervention to reduce stress

Information and support with the help of
mobile phones, computer and web based
information

Web based exercise intervention

Wearable technology to assess physical
activity levels as well as telephone
delivered behavioral counselling

Received app based(web or internet)
information about adherence to
endocrinal treatment and feedback
including links regarding coping
strategies

Frontiers in Oncology

Outcome measures/Assessment

Psychosocial health outcomes

Cancer information competence scale
Assessment:

Baseline, 6 weeks, 3 month and 6 month
FACT-B+4 questionnaire; QALY’s and
intervention costs

Assessment: Baseline, 5 week, 6month,12 month

Fatigue severity, CIS-FS, HADS
Assessment: Baseline, 2 week, 6 months

Body composition, diet, physical activity, aerobic
fitness

Assessment: Baseline,6 month

Sleep diary, insomnia severity by Insomnia
Severity Index, PSI, and fatigue using FACIT-F
Assessment: Baseline, 9 week, 15 week

Physical activity measures
Assessment: Baseline, 2 week, 3 week, 12 week

Time spent for education, compliance to medical
treatment, QOL, depression, anxiety
Assessment: Baseline, 3 week

SF-36, CES-D

Fatigue, pain

Assessment: Baseline, 3 month, 6 month
Anthropometric measures, diet, Physical activity,
cardiopulmonary fitness, QOL, body weight
Assessment: Baseline, 1 month, 3 month

Body image related distress, body appearance
scale, psychological distress and self-compassion
Assessment: Baseline, 1 week, 1 month, 3 month
CBI-B, MSAS-SF

Assessment: Baseline, 1 month, 3 month

6MWT, Fitness variables
Assessment: Baseline, 8 week

Physical activity levels and sedentary behavior
Assessment: Baseline,12 week

Adherence to treatment, symptom management,
FACT-ES,SF-12, PROMIS
Assessment: Baseline, 6 month, 12 month

60
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Result

Intervention group promoted cancer-screening
behaviors and related cognitive and attitudinal
outcomes

A combination of face to face and telephone based
intervention resulted in improved QOL in breast
cancer survivors.

Both interventions were effective in reducing fatigue
severity in both groups compared to group receiving
psychoeducational mails

Better health outcomes were seen in telephone group
compared to internet group

Tele based CBTI programme resulted in improved
sleep outcomes in survivors of breast cancer

Technology based intervention helped survivors in
tracking their physical activity levels

Patients who received an app-based intervention had
better drug adherence, fewer chemotherapy side
effects, and better patient education, but no effect on
depression or anxiety, indicating the feasibility and
potentiality of using smart phone mobile games for
breast cancer patients receiving chemotherapy.

Telephone based intervention helped in self-
management of pain and fatigue

There was no significant effect on weight loss
however improvement was seen in QOL, weight
status, anthropometric measures and calorie intake

Web based intervention was helpful in reducing body
image related distress, greater self-compassion and
reduced psychological distress

Technology based intervention alleviated symptoms
in survivors of breast cancer

A web based intervention helped in preventing
decline in functional capacity and strength in breast
cancer patients undergoing chemotherapy

Wearable technology may be a useful approach for
breast cancer survivors to maintain an active lifestyle.
There was an increase in physical activity and a
decrease in sitting time.

Intervention groups showed improved adherence to
endocrinal treatment and self-management of
symptoms

(Continued)
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TABLE 3 Continued

Author/
year/
source

Intervention Outcome measures/Assessment Result

54 Meneses et
al, 2020
(58)

55 Lleras de
Frutos et al,

Early education and support using
telephone and mail

SE-36, CES-D, POMS, MOS-SSS
Assessment: Baseline, 6 month

The use of a telephone-based intervention was found
to be an effective way of reaching survivors in rural
BC who were at risk of not receiving enough care.

Positive psychology classes were given HADS, PCL-C31, PTG1-34,CTB-R

Assessment: Baseline, immediately after treatment,

Online positive psychology classes were effective in

via video-conferencing(online group) reducing distress in cancer survivors

2020 (73) 3 months
56 Hou et al, Subjects received mobile health EORTC, QLQ-C30, QLQ-BR23 Mobile app based intervention was found to be
2020 (81) application based breast cancer self- effective in promoting QoL.

management support

Center for Epidemiologic Studies Depression Scale (CES-D), Functional Assessment of Chronic Illness Therapy for Fatigue (FACIT-F), quality-adjusted life years (QALYs); The Short Form
Health Survey (SF-36),The refined Impact of Cancer Scale (IOCv2), The Breast Cancer Prevention Trial (BCPT) Symptom Scales, Functional Assessment of Cancer Therapy-Breast (FACT-
B), FACIT-Fatigue Scale (FACIT-F), FACT-Cog (version 2), Functional Assessment of Chronic Illness Therapy Spiritual Well-Being Expanded Scale (FACIT-Sp-Ex; version 4), 18-item
Brief Symptom Inventory (BSI-18) Global Severity Index (BSIGSI), Pittsburgh Sleep Quality Index (PSQI), Medication possession ratio (MPR), Seven-Day Physical Activity Recall (7-day
PAR), MOS 36-Item Short Form Health Survey (SE-36), Functional Assessment of Cancer Therapy Scale-Fatigue (FACT-F), Hospital Anxiety and Depression Scale (HADS), Interpersonal
Relationship Inventory (IPRI), Functional Assessment of Cancer Therapy, Breast (FACT-B+4) questionnaire, Impact of Event Scale (IES),Epidemiologic Studies Depression Scale (CES-D),
Adjustment to Illness Scale (PAIS), Profile of Adaptation to Life Clinical Scale (PAL-C), Self-rated Health subscale (SRHS), Cancer Rehabilitation Evaluation System-Short Form (CARES-
SF), cognitive reframing subscale modified version of the cognitive coping strategies questionnaire (CSQ), European Organization of Research and Treatment of Quality of life Q-C30
version (2.0) (EORTC Q-C30) and Supportive Care Needs Survey (SCNS), PCL-C54,STAI-55, PSS54CBI-55, Mini-MAC-58, Visual Analogue Scale-Worry (VAS-W), Well-Being Scale
(EWBS), MOS-SSS(Medical outcome study-social support survey, CIS-FS (Check individual strength fatigue scale), PCL-C31(Post traumatic stress disorder checklist version 31, PTGI-34
(Post traumatic growth inventory), CTB-R (Revised cognitive therapy scale, PTGI-34(Post traumatic growth Inventory), FACIT-F(Facit fatigue scale), Functional Assessment of Chronic
Tllness Therapy Spiritual Well-Being Expanded Scale (FACIT-Sp-Ex; version 4), Brief Symptom Inventory (BSI-18) Global Severity Index (BSIGSI), Refined Impact of Cancer Scale
(IOCv2), Cancer Rehabilitation Evaluation System-Short Form [CARES-SF], The European Organization for Research and Treatment of Cancer (EORTC), Quality-of-Life Questionnaire
Core 30 (QLQ-C30),The EORTC Breast Cancer-Specific Quality-of-Life Questionnaire (QLQ-BR23), Quality of Life (QoL)

TABLE 4 Risk of bias assessment.

Trial Random Allocation Blinding of patient Blinding of Incomplete outcome  Selective = Other
sequence  concealment and personnel outcome data addressed reporting  Bias
generation assessment

1. Rock et al, 2001 Low Low Low Some concern Low Low Low

2. Samarel et al, 2002 Low Low High High Low Low Low

3. Pierce et al, 2004 Low Low Low Some concern Low Low Low

4. Winzelberg et al., High High High High Low Low Low
2003

5. Mishel, 2005 Low High High High Low Low Low

6. Owen. 2005 Low High Some concern High Low Low Low

7. Aranda et al, 2006 Low Some concern Some concern Some concern Low Low Low

8. Gotay et al, 2007  Low High High High High Low Low

9. Pierce et al, 2007 Low Low High Some concern Low Low Low

10. Sandgren et al, Some concern Some concern High High Low Some concern  Low
2003

11. Budin et al, 2008  Some concern  Some concern Some concern Some concern Low Low Low

12. Kathleen et al, High Low Low Low Low Low Low
2009

13. Beaver et al, 2009 Low Low Some concern Low High Low Low

14. Marcus, 2010 Yes High High High Low Low Low

15. Hawkins, 2010 Low High High High Low Low Low

16. Baker et al, 2011 ~ Low High High High Low Low Low

17. David et al, 2011  High High High High Low Low Low

18. Hawkins, 2011 Low Some concern Some concern High Low low Low

(Continued)
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TABLE 4 Continued

10.3389/fonc.2022.1017343

Trial Random Allocation Blinding of patient  Blinding of Incomplete outcome  Selective  Other
sequence  concealment and personnel outcome data addressed reporting  Bias
generation assessment

19. Hayes et al, 2011  Low Low Some concern Low Low Low Low

20. Hoyer, 2011 Low Low High Low Low Low Low

21. Kimman et al, Low Some concern High Some concern Low High Low
2011

22. Sherman et al, Low Low High High Low Low Low
2011

23. Crane-Okada et Low High High Some concern Low Low Low
al, 2012

24. Eakin et al, 2013 Low Some concern Some concern Some concern High Low Low

25. Hayes, 2013 Low Low Low Low Low Low Low

26. Pinto et al, 2013 Low High High High Low Low Low

27. Rhyanen et al, Low Some concern Some concern Some concern Low Some concern  Low
2013

28. Ziller et al, 2013 Low Some concern Low Some concern Low Low Low

29. Goodwin et al, Low Some concern Some concern High Low Low Low
2014

30. Carpenter. 2014  Low High Some concern High Low Low Low

31. Berg, 2015 Low Low Some concern Some concern Low Low Low

32. Freeman et al, Low Some concern High Some concern Low Low High
2015

33. Demark High Some concern Some concern High Low Low Low
Wabhnefried et al,
2015

34. Befort et al, 2016  Low Some concern High Some concern Low Low Low

35. Chee, 2016 Low High High High Low Low Low

36. Dambholdt et al, Low Some concern Low Some concern Some concern Low Low
2016

37. Galiano Castilo et Low Low Some concern Low Low Some concern  Low
al, 2016

38. Harrigan et al, Low Low Low Low Some Concern Low Low
2016

39. Abrahams et Low Low High High Low Low Low
al, 2017

40. Han et al, 2017 Low Some concern High High Low Low Low

41. Gordon et al, Low Some concern Some concern Low High Low Low
2016

42. Bruggeman et al, Low High High Low Low Low Low
2017

43. Cox et al,, 2017 Low High High High Low Low Low

44. Zachariae et al, Low High High High Low Low Low
2018

45. Hartman et al, Low High High High Low Low Low
2018

46. Kim et al,, 2018  Low High High High Low Low Low

47. Meneses et al, Some concern High High High Low Low Low
2018

48. Ferrante et al, Low Low High High Low Low Low
2020

49. Sherman et al, Low Low Low Some concern Low Low Low
2018
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TABLE 4 Continued

10.3389/fonc.2022.1017343

Trial Random Allocation Blinding of patient  Blinding of Incomplete outcome  Selective = Other
sequence  concealment and personnel outcome data addressed reporting  Bias
generation assessment

50. Eun-Ok Im et Some concern High High High High Low Low
al,2019

51. Garacia et al, Low Low Low Low Low Low Low
2019

52. Lynch et al,, 2019 Low Low Low Low Low Low Low

53. Paladino et al, Low High High High Low Low Low
2021

54. Meneses et al, Some concern Some concern High High Low Low Low
2020

55. Lleras de Frutos Low Low High High High Low Low
et. al,, 2020

56. Hou et al,, 2020  Low Low Low Low Low Low Low

systems have also seen an upsurge in last few years. A precise,
reproducible, trustworthy, and affordable diagnosis of breast cancer
lymphedema can be made using augmented reality techniques, such
3DLS, in the clinical setup (84). However more number of RCT’s
are needed to evaluate their efficacy on weight status, QOL and
mental health parameters. Majority of telehealth interventions were
related to awareness using educational/supportive material based on
scheduled phone calls aimed at improving physical and
psychological health of study populations. To enhance the quality
of this systematic review, only randomized controlled trials were
included and quality was assessed using the Cochrane risk of bias
tool. Timely information and consultation with experts is a crucial
aspect for women suffering from breast cancer. Technological
advancements have improved the survival rates of these patients.
But, during the survival period, their health parameters need to be
vigilantly monitored. Our findings are consistent with previous
studies that show that breast cancer patients need continuous
consultation that would help them in understanding their
condition better so that they can cope with the treatment process
more confidently (83, 85, 86). The results of this systematic review
indicate that telehealth technologies could considerably improve
quality of life, physiological and psychological parameters of breast
cancer patients.

The increasing enthusiasm for tele health is determined not
only by its established benefits, but also by the extensive accessibility
of mobile phones, and the comparatively low levels of education
required to use them (1).In comparison to traditional care,
telehealth is a highly accessible and effective intervention that
may overcome time and location obstacles (65). Patients can
conveniently interact with health professionals about their
medical conditions and get more information about disease
management through telehealth care (87). Results of our review
also show majority of trials used telephone based interventions. The
dominance of telephone based and Web-based telehealth
interventions makes participant recruitment easy and facilitates
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timely data collection. Also the risk of missing information is
reduced and follow up becomes easy. Furthermore, eHealth
interventions are relatively more cost effective and provide wide
geographical coverage overcoming mobility issues. But researchers
have less control over respondents (77, 88). The COVID-19
pandemic has significantly transformed how healthcare is
provided. In order to sustain patient care while reducing the
danger of nosocomial SARS-COV-2 infection, decentralization
measures such telehealth visits, home-based care, and remote
patient monitoring should be quickly adopted. These techniques
can be used to relieve the burden of treatment and lower the risk of
exposure for patients and medical staff across the entire spectrum of
care, from prevention to palliation (89-92). Moreover, our findings
also divulge that telehealth interventions are primarily used in
developed nations while their use in developing countries is still
less. This may be due to inappropriate resource allocation, dearth of
technical expertise, high initial investment and deficient healthcare
infrastructure in developing countries.

The large scale search conducted in multiple databases,
inclusion of exclusive randomized controlled trials,
methodological quality assessment are the strengths of this
review. Studies that had only telehealth interventions were
included thus making comparison of studies feasible. Another
strength is inclusion of wide range of physical, physiological and
psychological outcome measures. There are some limitation also.
Differences between duration of interventions, outcomes measures
and varied control groups in trials led to heterogeneity. Also,
inclusion of trials written in English language only was another
limitation that may introduce publication bias.

Conclusion

This systematic review concludes that telehealth care is a
quick, convenient and assuring approach to breast cancer care in
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Meta-analysis of anxiety

levels. Fixed effects model was used as no significant heterogeneity was observed between studies (I>= 0%). Pooled results show no
significant impact of telehealth interventions on anxiety levels (SMD -0.09, 95% CI =-0.20 to 0.02, p=0.10) (Figure 2-b).
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women that can reduce treatment burden and subsequent
disturbance to the lives of breast cancer survivors. Telehealth
interventions are worthy of clinical consideration and should be
used as part of a holistic breast cancer treatment plans. We
suggest that additional resources should be placed in the
development of telehealth care and more high-quality
randomized controlled trials should be conducted to
investigate the worth of telehealth care in the management of
breast cancer patients. It is also important to tailor and develop
telehealth interventions according to survivor’s needs, possibly
by involving them in the early stages of intervention design to
curtail perception of impersonal care and attain benefits of
remote monitoring.
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Impact of clinicopathological
factors on extended endocrine
therapy decision making in
estrogen receptor—positive
breast cancer

Weilin Chen, Jiayi Wu*", Yifei Zhu*, Jiahui Huang",
Xiaosong Chen?, Ou Huang?, Jianrong He®, Yafen Li*,
Weiguo Chen*, Kunwei Shen* and Li Zhu*

‘Department of General Surgery, Comprehensive Breast Health Center, Ruijin Hospital, Shanghai
Jiaotong University School of Medicine, Shanghai, China, ?Department of Thyroid and Breast
Surgery, Shanghai General Hospital, Shanghai Jiaotong University School of Medicine,

Shanghai, China

Purpose: In our study, we aim to analyze the impact of clinicopathological
factors on the recommendation of extended endocrine therapy (EET) in
patients with ER+ breast cancer and to retrospectively validate the value of
CTS5 in EET decision making.

Patients and methods: The retrospective analysis was performed in patients
with ER+ breast cancer who have finished 4.5-5 years of adjuvant endocrine
therapy and undergone MDT discussion from October 2017 to November
2019. Multivariate logistic regression was used to identify the independent
factors for treatment recommendation. CTS5 was calculated for retrospective
validation of the EET decision making.

Results: Two hundred thirty-five patients were received; 4.5-5 years of
adjuvant endocrine therapy were included in the study. Multivariate analysis
suggested that age (OR 0.460, 95% Cl 0.219-0.965, p = 0.04), pN (OR 39.350,
95% C19.831-157.341, P < 0.001), and receipt of chemotherapy (OR 3.478, 95%
Cl 1.336-9.055, p = 0.011) were independent predictors for the
recommendation of EET. In the previously selective estrogen receptor
modulator (SERM)-treated subgroup, pN and receipt of chemotherapy were
independent predictors for the recommendation of EET. In the previously Al-
treated subgroup, age, pN, and receipt of chemotherapy were independent
predictors. Adverse events did not affect the recommendation in patients
previously treated with adjuvant endocrine treatment nor in the previously
SERM or Al-treated subgroups. CTS5 (OR 21.887, 95% Cl 2.846-168.309, p =
0.003) remained an independent predictor for the recommendation of EET.
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Conclusions: Our study indicated that age, lymph nodal status, and receipt of
chemotherapy were independent predictors for the recommendation of EET.
The application of the CTS5 on EET decision making might be valuable among
ER+ breast cancer patients.

KEYWORDS

breast malignancy, extended endocrine therapy, multidisciplinary team, estrogen
receptor positive (ER+), CTS5

Introduction

For decades, breast cancer has been the most frequently
diagnosed malignant tumor in women globally. According to the
latest global epidemiological cancer survey, 2.1 million new cases
of breast cancer were diagnosed worldwide in 2018 (1). In
estrogen receptor (ER)-positive early breast cancer, endocrine
therapy plays an important role in its comprehensive treatment,
and 5 years of treatment was considered the standard treatment
duration traditionally (2-4).

However, recent studies have shown that among women
with ER-positive breast cancer who were scheduled to receive 5
years of endocrine therapy, distant recurrences still have a steady
rate for at least another 15 years after the end of the 5-year
treatment (5-7). According to the results of several clinical trials
regarding extended adjuvant endocrine therapy (ATLAS,
aTTom, MA-17R, and NSABP B-42), the effect of extended
endocrine therapy (EET) beyond 5 years to reduce the risk of late
recurrence for ER+ breast cancer has been demonstrated (8-13).
An EBCTCG meta-analysis also showed the efficacy of extending
Al therapy compared with stopping Al after about 5 years of
endocrine therapy in preventing disease recurrence and death
from breast cancer (14). In the American Society of Clinical
Oncology (ASCO) clinical practice guideline in 2018, EET was
included among node-positive and some node-negative breast
cancer patients with co-existing high-risk factors (15). However,
controversies remain about the target population who may
benefit from EET in clinical decision making.

In our study, we aim to analyze the impact of
clinicopathological factors on the choice of follow-up treatment
after 5 years of endocrine therapy in patients with ER-positive
breast cancer and to retrospectively validate the value of CTS5 in
EET decision making.

Abbreviations: EET, extended endocrine therapy; ER, estrogen receptor; PR,
progesterone receptor; HER-2, human epidermal growth factor receptor 2;
SERM, selective estrogen receptor modulators; Al, aromatase inhibitors; OFS,

ovarian function suppression; MDT, Multiple Disciplinary Team.

Frontiers in Oncology

69

Patients and methods
Study population

The retrospective analysis was performed in patients who
met the following eligibility criteria: (1) female gender; (2) post-
surgery; (3) have received adjuvant endocrine therapy for 4.5-5
years; (4) have undergone Multiple Disciplinary Team (MDT)
discussion regarding the use of EET in Comprehensive Breast
Health Center, Ruijin Hospital, Shanghai Jiao Tong University
School of Medicine, Shanghai, China, between October 2017 and
November 2019; (5) ER-positive. Patient information was
extracted from Shanghai Jiao Tong University Breast Cancer
Database (SJTU-BCDB).

Histopathological evaluation

Tumor histopathologic result was independently performed
by two experienced pathologists, including estrogen receptor
(ER), progesterone receptor (PR), human epidermal growth
factor receptor 2 (HER-2) status, Ki-67 status, histological
grade, and pathological type. ER-positivity (ER+) and PR-
positivity (PR+) were defined as more than 1% positive
invasive tumor cells with nuclear staining (16). HER-2 status
was identified according to the 2013 ASCO/CAP guidelines (17)
(the minority of patients’ HER-2 status diagnosed before 2013
was evaluated according to 2007 ASCO/CAP guidelines (18)).
The median Ki-67 value for hormone receptor-positive disease
in SJTU-BCDB was 15.0%, so we defined Ki-67 high as more
than 15% positive invasive tumor cells with nuclear staining.
TNM stage was based on the 7™ edition of the American Joint
Committee on Cancer (AJCC) (19). CTS5 was calculated for
retrospective validation of the EET decision making, and
patients were divided into two risk groups according to CTS5
score: low (< 3.13) and high (= 3.13) groups (20). (CTS5 =
0.438 x nodes + 0.988 x (0.093 x size(mm) - 0.001 x size (2) +
0.375 x grade + 0.017 x age).
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Treatment decision

After the completion of 4.5-5 years of adjuvant endocrine
therapy, the MDT meeting would be held to recommend
extending the endocrine treatment regimen based on patients’
clinicopathological features and other related factors such as
adverse events. Treatment choices on whether or not to extend
endocrine therapy were decided through MDT meetings
including surgical oncologists, medical oncologists, radiation
oncologists, ultrasound physicians, pathologists, breast cancer
specialized nurses, and other related specialists. The
recommendation was first determined by each physician in the
MDT team and then finally determined after MDT discussion
and comprehensive opinions. The standard regimens for
recommendation include stopping endocrine therapy, treating
with aromatase inhibitors (Als) for 3 or 5 years, and treating
with selective estrogen receptor modulators (SERM:s) for 5 years,
with or without applying ovarian function suppression (OFS).

Statistical analysis

All clinicopathological characteristics were analyzed as
categorical variables by using logistic regression. Multivariate
logistic regression was used to identify the independent factors
for treatment recommendation. The chi-square test was used to
evaluate the adverse events. Fisher’s exact tests were carried out
if necessary. Data were analyzed using IBM SPSS statistics
software version 23 (SPSS, Inc. Chicago, IL). Two-sided P <
0.05 were considered statistically significant.

Results
Clinical characteristics

A total of 252 patients participated in the multidisciplinary
discussion, 235 patients who had received 4.5-5 years of adjuvant
endocrine therapy were included in the study, and 17 patients were
excluded because of information loss. One hundred forty-three
patients (60.9%) were suggested to receive EET, and 92 patients
(39.1%) were suggested to stop EET. The mean age of patients was
60 years old, and 136 (57.9%) patients were older than 50 years.
There were 140 (59.6%) patients with T1 stage tumors and 105
(44.7%) patients with positive lymph nodes. The proportion of
patients with PR-positive, Ki-67 = 15%, or HER-2 positive was 81.3,
51.1, and 18.7%, respectively. The baseline characteristics of the
participants are presented in Table 1.
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Impact factors on decision making in all
patients

In univariate analysis, age (OR 5.19, 95% CI 0.301-0.895, p =
0.018), pT (OR 3.042, 95% CI 1.713-5.404, P < 0.001), pN (OR
26.444, 95% CI 1.713-5.404, p < 0.001), HER-2 (OR 2.989, 95%
CI 1.361-6.562, p = 0.006), Ki-67 status (OR 2.574,
95% CI 1.500-4.415, p = 0.001), Grade (GII vs. GI: OR 1.994,
95% CI 0.828-4.802, p = 0.0124; and GIII vs. GI: OR 6.416, 95%
CI2.506-20.016, p = 0.001), receipt of chemotherapy (OR 9.288,
95% CI 5.042-17.108, p < 0.001), receipt of target therapy (OR
3.089, 95% CI 1.292-7.387, p = 0.011), and receipt of
radiotherapy (OR 2.510, 95% CI 1.463-4.307, p = 0.001) were
correlated with the recommendation of EET (Table 2).

Multivariate analysis suggested that age (OR 0.460, 95% CI
0.219-0.965, p = 0.04), pN (OR 39.350, 95% CI 9.831-157.341,
p < 0.001), and receipt of chemotherapy (OR 3.478, 95% CI
1.336-9.055, p = 0.011) were independent predictors for the
recommendation of EET (Table 3).

Impact factors of decision making in
previously SERM/AIl-treated subgroups

In univariate analysis of the previously SERM-treated group,
pT (OR 4.000, 95% CI 1.136-14.085, p = 0.031), pN (OR 18.692,
95% CI 13.760-92.926, p < 0.001), Ki-67 index (OR 4.846, 95%
CI 1.515-15.504, p = 0.008), receipt of chemotherapy (OR
16.333, 95% CI 4.281-62.310, p < 0.001) were correlated with
EET (Table 4). Multivariate analysis suggested that pN (OR
10.811, 95% CI 1.937-60.346, p = 0.007) and receipt of
chemotherapy (OR 9.396, 95% CI 2.155-40.980, p = 0.003)
were independent predictors for the recommendation of
EET (Table 3).

In univariate analysis of the previously-Al-treated group, age
(OR 0.400, 95% CI 0.186-0.860, p = 0.019), pT (OR 2.844, 95%
CI 1.483-5.454, p = 0.002), pN (OR 29.731, 95% CI 10.939-
80.809, p < 0.001), HER-2 (OR 2.670, 95% CI 1.078-6.613, p =
0.034), Ki-67 status (OR 2.107, 95% CI 1.140-3.893, p = 0.017),
Grade (GIII vs. GI: OR 7.778, 95% CI 2.032-29.773, p = 0.003),
receipt of chemotherapy (OR 7.802, 95% CI 3.920-15.528, p <
0.001), and receipt of radiotherapy (OR 2.596, 95% CI 1.389-
4.852, p = 0.003) were correlated with EET (Table 5).
Multivariate analysis suggested that age (OR 0.315, 95% CI
0.117-0.848, p = 0.022), pN (OR 20.533, 95% CI 7.249-58.158,
p < 0.001), and receipt of chemotherapy (OR = 4.387, 95% CI
1.893-10.169, p = 0.001) were independent predictors for the
recommendation of EET (Table 3).
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TABLE 1 Baseline characteristics of study participants and impact factors for extended endocrine therapy decision.

Number Percent %

Recommend 235
No-EET 92 39.1
EET 143 60.9
Age, years
<60 99 42.1
> 60 136 57.9

Menopause status

Pre 55 234

Post 180 76.6
pT

pT1 140 59.6

pT2+ 95 40.4
pN

pNO 130 55.3

pNI1+ 105 44.7
PR status

Negative 44 18.7

Positive 191 81.3

HER-2 status

Negative 191 81.3

Positive 44 18.7
Ki67 status

<15 115 48.9

=15 120 51.1
Grade

N/A 37 15.7

I 24 10.2

11 129 54.9

111 45 19.1

Operation methods

Lumpectomy 77 32.8

Mastectomy 158 67.2
Chemotherapy

No 86 36.6

Yes 149 63.4
Target therapy

(Continued)
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TABLE 1 Continued

10.3389/fonc.2022.996522

Number Percent %

No 199 84.7

Yes 36 15.3
Radiotherapy

No 96 40.9

Yes 139 59.1
CTS5 (N = 198)

<3.13 156 78.8

>3.13 42 21.2
RS (N = 21)

Low risk 2 9.5

Intermediate risk 15 714

High risk 4 19

PR, progesterone receptor; CTS5, the Clinical Treatment Score post-5 years.

The retrospective validation of CTS5 for
EET decision making

In this study, 198 patients had data on CTS5. The
distribution of CTS5 was 78.8% and 21.2% for the low (< 3.13)
and high-risk (> 3.13) groups, respectively. Overall, CTS5 (OR
36.865, 95% CI 2.846-168.309, p = 0.001) was correlated with
EET in univariate analysis (Table 2). After excluding the factors
involved in the CTS5 formula, CTS5 (OR 21.887, 95% CI 2.846—
168.309, p = 0.003) remained an independent predictor for the
recommendation of EET in multivariate analysis (Table 3).

For patients previously SERM-treated, all patients were
suggested to extend the endocrine therapy when their CTS5
status was indicated as high risk (Table 4).

For patients previously Al-treated, 35 (97.2%) patients were
recommended EET in the previously Al-treated group when
their CTS5 status was indicated as high risk. In the univariate
analysis of the previously Al-treated group, CTS5 (OR 34.375,
95% CI 4.550-259.724, p = 0.001) was correlated with EET
(Table 5). In multivariate analysis, CTS5 (OR 25.191, 95% CI
3.240-195.841, p = 0.002) remained an independent predictor
for the recommendation of EET (Table 3).

Impact of adverse events on
decision making

In our study, the following common adverse events after

endocrine therapy were recorded and analyzed: endometrial
thickening, endometrial cancer, musculoskeletal symptoms,
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T-score < -2, fracture, hot flash (> G3), libido decreased (>
G2), depression or anxiety, and dyslipidemia.

Of all patients who participated in the multidisciplinary
discussion (n = 235), 14 patients had endometrial thickening
(6%), one patient had endometrial cancer (0.4%), 19 patients had
musculoskeletal symptoms (8.1%), 46 patients had osteoporosis
(19.6%), 14 patients had fracture(6%), nine patients had hot
flash (3.8%), six patients had libido decreased (> G2) (2.6%), 43
patients had depression or anxiety(18.3%), and 58 patients had
dyslipidemia (24.7%) (Table 6). None of these AEs were
significantly correlated with the recommendation of EET in
univariate analysis. In patients previously treated with SERM
or Al, similar results were found that none of these adverse
events were correlated with treatment decisions (Table 6).

Discussion

Extending the duration of the endocrine therapy to 10 years
has now proved to reduce the risk of late recurrence in selected
ER+ breast cancer patients (4, 5, 10, 21). However, controversies
remain about the target population who may benefit from the
EET in clinical decision making. In our study, there were 235
ER-positive patients participated in the multidisciplinary
discussion, and we found that age, lymph node status, and
receipt of chemotherapy were independently associated with
the recommendation of EET.

Among classic clinicopathological factors, nodal status is the
strongest predictor of early recurrence (22). The study by
HongChao and colleagues included 62,923 ER+ breast cancer
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TABLE 2 Univariate analysis of impact factors for extended endocrine therapy recommendation in the whole-patients group.

EET recommendation

Cl 95%
No-EET EET

Age, years 0.519 0.018 0.301-0.895
<60 30 (30.3%) 69 (68.7%)
> 60 62 (45.6%) 74 (54.4%)

Menopause status 0.774 0.425 0.412-1.453
Pre 19 (34.5%) 36 (65.5%)
Post 73 (40.6%) 107 (59.4%)

pT 3.042 < 0.001 1.713-5.404
pT1 69 (49.3%) 71 (50.7%)
pT2+ 23 (24.2%) 72 (75.8%)

PN 26.444 < 0.001 11.329-61.726
pNO 85 (65.4%) 45 (34.6%)
PN1+ 7 (6.7%) 98 (93.3%)

PR status 0.974 0.938 0.497-1.908
Negative 17 (38.6%) 27 (61.4%)
Positive 75 (39.3%) 116 (60.7%)

HER-2 status 2.989 0.006 1.361-6.562
Negative 83 (43.5%) 108 (56.5%)
Positive 9 (20.5%) 35 (79.5%)

Ki67 status 2.574 0.001 1.500-4.415
<15 58 (50.4%) 57 (49.6%)
=15 34 (28.3%) 86 (71.7%)

Grade 0.004
I 13 (54.2%) 11 (45.8%)
I 48 (37.2%) 81 (62.8%) 1.994 0.124 0.828-4.802
11 7 (15.6%) 38 (84.4%) 6.416 0.001 2.056-20.016

Operation methods 1.477 0.168 0.849-2.569
Lumpectomy 35 (45.5%) 42 (54.5%)
Mastectomy 57 (36.1%) 101 (63.9%)

Chemotherapy 9.288 < 0.001 5.042-17.108
No 61 (70.9%) 25 (29.1%)
Yes 31 (20.8%) 118 (79.2%)

Target therapy 3.089 0.011 1.292-7.387
No 85 (42.7%) 114 (57.3%)
Yes 7 (19.4%) 29 (80.6%)

Radiotherapy 2.510 0.001 1.463-4.307
No 50 (52.1%) 46 (47.9%)

(Continued)
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TABLE 2 Continued

EET recommendation

10.3389/fonc.2022.996522

Cl 95%
No-EET EET
Yes 42 (30.2%) 97 (69.8%)
CTS5 30.865 0.001 4.140-230.102
<3.13 67 (42.9%) 89 (57.1%)
>3.13 1 (2.4%) 41 (97.6%)
RS 0.622
Low risk 2 (100%) 0 (0)
Intermediate risk 8 (53.3%) 7 (46.7%) - 1 -
High risk 1 (25.0%) 3 (75.0%) - 1 -

PR, progesterone receptor; CTS5, the Clinical Treatment Score post-5 years. The bold values provided for making meaningful result (p<0.05) stand out.

patients and reported that the annual risk of distant recurrence
was strongly related to nodal status (P < 0.001), and recurrence
increased with the number of metastatic lymph nodes (20-year
risk with NO, N1, and N2: 22%, 31%, and 52%) (5). 2018 ASCO
guideline also recommended that women with node-positive
breast cancer receive extended therapy, including AI, for up to a
total of 10 years of adjuvant endocrine treatment (11). In our
study, lymph node status turned out to be the strongest
factor associated with therapy recommendation in all
clinicopathological indicators. This indicated that clinicians
would pay more attention to lymph node status when they
make a recommendation on whether to use EET or not.

In our study, we found that age did not affect the
recommendation for extended SERMs in the previously
SERM-treated group, but it was the independent predictor for
recommendation in the previously Al-treated group and older
patients are less likely to be recommended for extended Als.

At present, there is no evidence that age is related to the risk
of recurrence (2). A meta-analysis in 2017 shows that there was
no statistically significant benefit from extended therapy in the
age subgroup (23). Therefore, for those who were previously
treated with SERMs, age will not affect the choice of doctors.
However, in patients previously treated with Al, the proportion
of elderly patients (age > 60) is relatively large (75%) in our data.
In the face of those patients, considering the physical condition,
tolerance, and the lack of evidence to prove the validity of EET,
clinicians tend to make the relatively conservative decision.

CTS5 (ATAC), including tumor size, number of positive
nodes, histologic grade, and age, is a simple tool that was
validated as highly prognostic for late recurrence (7, 24). In
Dowsett’s research, the prognostic value of CTS5 was tested
using data from the ATAC trial and validated with data from the
BIG 1-98 trial (20). Furthermore, populations of those clinical
trials are all postmenopausal patients and may behave differently

TABLE 3 Multivariate analysis of impact factors for extended endocrine therapy recommendation in whole-patients group and previously SERM

or Al-treated subgroups.

OR 95%Cl p
Whole patients Age 0.460 0.219-0.965 0.04
pN 20.695 8.099-52.882 <0.001
Chemotherapy 5.652 2.696-11.850 <0.001
CTS5 21.887 2.846-168.309 0.003
SERM pN 10.811 1.937-60.346 0.007
Chemotherapy 9.396 2.155-40.980 0.003
Al Age 0.315 0.117-0.848 0.022
PN 20.533 7.249-58.158 <0.001
Chemotherapy 4.387 1.893-10.169 0.001
CTS5 25.191 3.240-195.841 0.002
CTS5, the Clinical Treatment Score post-5 years.
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TABLE 4 Univariate analysis of impact factors for extended endocrine therapy recommendation in SERM group.

10.3389/fonc.2022.996522

SERM(n = 60) EET recommendation Cl 95%
No-EET EET

Age, years 1.541 0.716 0.150-15.930
<60 19 (33.9%) 27 (66.1%)
> 60 1 (25.0%) 3 (75.0%)

Menopause status 2.154 0.238 0.603-7.699
Pre 16 (38.1%) 26 (61.9%)
Post 4 (22.2%) 14 (77.8%)

pT 4.000 0.031 1.136-14.085
pT1 16 (44.4%) 20 (55.6%)
pT2+ 4 (16.7%) 20 (83.3%)

PN 18.692 < 0.001 13.760-92.929
pNO 18 (58.1%) 13 (41.9%)
pN1+ 2 (6.9%) 27 (93.1%)

PR status 0.778 0.777 0.137-4.412
Negative 2 (28.6%) 5(71.4%)
Positive 18 (34.0%) 35 (66.0%)

HER-2 status 3.857 0.100 0.771-19.293
Negative 18 (39.1%) 28 (60.9%)
Positive 2 (14.3%) 12 (85.7%)

Ki67 status 4.846 0.008 1.515-15.504
<15 14 (51.9%) 13 (48.1%)
=15 6 (18.2%) 27 (81.8%)

Grade 0.374
I 3 (37.5%) 5 (62.5%)
I 8 (25.0%) 24 (75.0%) 1.800 0.482 0.349-9.278
111 1 (9.1%) 10 (90.9%) 6.000 0.161 0.490-73.452

Operation methods 1.420 0.551 0.449-4.490
Lumpectomy 7 (38.9%) 11 (61.1%)
Mastectomy 13 (31.0%) 29 (69.0%)

Chemotherapy 16.333 < 0.001 4.281-62.310
No 14 (73.7%) 5 (26.3%)
Yes 6 (14.6%) 35 (85.4%)

Target therapy 6.333 0.090 0.749-53.531
No 19 (38.8%) 30 (61.2%)
Yes 1(9.1%) 10 (90.9%)

Radiotherapy 2.500 0.103 0.832-7.511
No 12 (44.4%) 15 (55.6%)

(Continued)
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TABLE 4 Continued

SERM(n = 60) EET recommendation Cl 95%
No-EET EET
Yes 8 (24.2%) 25 (75.8%)
CTS5 - - -
<3.13 12 (26.7%) 33 (73.3%)
>3.13 0 (0) 6 (100%)
PR, progesterone receptor; CTS5, the Clinical Treatment Score post-5 years. The bold values provided for making meaningful result (p<0.05) stand out.

TABLE 5 Univariate analysis of impact factors for extended endocrine therapy recommendation in Al group.

EET recommendation Cl 95%
No-EET EET
Age, years 0.400 0.019 0.186-0.860
<60 11 (25.6%) 32 (74.4%)
> 60 61 (46.2%) 71 (53.8%)
Menopause status 0.404 0.181 0.107-1.525
Pre 3 (23.1%) 10 (76.9%)
Post 69 (42.6%) 93 (57.4%)
pT 2.844 0.002 1.483-5.454
pT1 53 (51.0%) 51 (49.0%)
pT2+ 19 (26.8%) 52 (73.2%)
PN 29.731 < 0.001 10.939-80.809
pNO 67 (67.7%) 32 (32.3%)
PN1+ 5 (6.6%) 71 (93.4%)
PR status 0.969 0.933 0.463-2.028
Negative 15 (40.5%) 22 (59.5%)
Positive 57 (41.3%) 81 (58.7%)
HER-2 status 2.670 0.034 1.078-6.613
Negative 65 (44.8%) 80 (55.2%)
Positive 7 (23.3%) 23 (76.7%)
Ki67 status 2.107 0.017 1.140-3.893
<15 44 (50.0%) 44 (50.0%)
>15 28 (32.2%) 59 (69.8%)
Grade 0.008
1 10 (62.5%) 6 (37.5%)
11 40 (41.2%) 57 (58.8%) 2.375 0.120 0.799-7.063
I 6 (17.6%) 28 (82.4%) 7.778 0.003 2.032-29.773
Operation methods 1.478 0.227 0.784-2.786
Lumpectomy 28 (47.5%) 31 (52.5%)
(Continued)
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TABLE 5 Continued

10.3389/fonc.2022.996522

EET recommendation Cl 95%
No-EET EET

Mastectomy 44 (37.9%) 72 (62.1%)

Chemotherapy 7.802 < 0.001 3.920-15.528
No 47 (70.1%) 20 (29.9%)
Yes 25 (23.1%) 83 (76.9%)

Target therapy 2.488 0.066 0.941-6.582
No 66 (44.0%) 84 (56.0%)
Yes 6 (24.0%) 19 (76.0%)

Radiotherapy 2.596 0.003 1.389-4.852
No 38 (55.1%) 31 (44.9%)
Yes 34 (32.1%) 72 (69.7%)

CTS5 34.375 0.001 4.550-259.724
<3.13 55 (49.5%) 56 (50.5%)
>3.13 1 (2.8%) 35 (97.2%)

PR, progesterone receptor; CTS5, the Clinical Treatment Score post-5 years. The bold values provided for making meaningful result (p<0.05) stand out.

TABLE 6 The distribution of side effects in enrolled breast cancer patients and the correlation between AEs and extended endocrine therapy in
whole patients enrolled and patients previously treated with SERM or Al.

All patients enrolled (N = 235)

Post-treatment with SERM (N =

Posttreatment with Al (N = 175)

60)
No-EET EET No-EET EET No-EET

Endometrial Thickening (n = 14, 6%)

No 78 (40.2%) 116 (59.8%) = 0.164 18 (36.7%) 31 (63.3%) 0.476 60 (41.4%) 85 (58.6%)  0.649

Yes 3 (21.4%) 11 (78.6%) 2 (22.2%) 7 (77.8%) 1 (20.0%) 4 (80.0%)

Endometrial cancer (n = 1, 0.4%)

No 91 (38.9%) 143 (61.1%) = 0.374 20 (26.7%) 40 (73.3%) - 72 (41.4%) 102 (58.6%) 1

Yes 1 (100%) 0(0) 0(0) 0 (0) 0 (0) 1 (100%)

Musculoskeletal symptoms (> G2) (n = 19, 8.1%)

No 87 (40.3%) 129 (59.7%) | 0.114 20 (34.5%) 38 (65.5%) 0.548 64 (40.5%) 94 (59.5%)  0.602

Yes  5(26.3%) 14 (73.7%) 0 (0) 2 (100%) 6 (75%) 2 (25%)

T-score < -2 ( (n = 46, 19.6%))

No 79 (42.7%) 106 (57.3%) = 0.059 19 (35.8%) 34 (64.2%) 0.161 52 (39.1%) 81 (60.9%)  0.344

Yes 11 (23.9%) 35 (76.1%) 0 (0) 5 (100%) 19 (47.5%) 21 (52.5%)

Fracture (n = 14, 6%)

No 86 (38.9%) 135 (61.1%) = 0.769 25 (42.3%) 34 (57.6%) / 68 (42.0%) 94 (58.0%)  0.430

Yes 6 (42.9%) 8 (57.1%) 0 (0) 1 (100%) 4 (30.8%) 9 (69.2%)

Hot flash (= G3) (n = 9, 3.8%)

No 89 (39.4%) 137 (60.6%) = 0.503 19 (33.3%) 38 (66.7%) ‘ 1 70 (41.4%) 99 (58.6%) 1
(Continued)
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TABLE 6 Continued

All patients enrolled (N = 235)

60)

No-EET EET No-EET EET

Post-treatment with SERM (N =

10.3389/fonc.2022.996522

Posttreatment with Al (N = 175)

No-EET

Yes = 3(33.3%) 6 (66.7%) 1 (33.3%) 2 (66.7%) 2 (33.3%) 4 (66.7%)

Libido decreased (= G2) (n = 6, 2.6%)

No 89 (38.9%) 140 (61.1%) | 0.681 18 (32.1%) 38 (67.9%) 0.595 72 (41.6%) 101 (58.4%)  0.513
Yes 3 (50%) 3 (50%) 2 (50.0%) 2 (50.0%) 0 (0) 2 (100%)
Depression (n = 43, 18.3%) or anxiety

No = 73 (38.0%) 119 (62.0%) | 0.454 16 (33.3%) 32 (66.7%) 1 60 (41.7%) 84 (58.3%)  0.762

Yes 19 (44.2%) 24 (55.8%) 4 (33.3%) 8 (66.7%)

12 (38.7%) 19 (61.3%)

Dyslipidemia (n = 58, 24.7%)

No 72 (40.7%) 105 (59.3%) 0.402 18 (34.6%) 34 (65.4%)

Yes 20 (34.5%) 38 (65.5%) 2 (25%) 6 (75%)

to real-life patients. In their follow-up study, CTS5
demonstrated clinical validity for predicting late recurrence in
unselected postmenopausal patients but less so in
premenopausal patients (25). In our study, CTS5 was used for
retrospective validation of the physician’s clinical
recommendations about EET. Consistent with the
experimental conclusion mentioned previously, we found that
CTS5 was strongly associated with clinician recommendations,
especially in the previously Al-treated group, and the higher the
value, the more likely EET would be recommended. In addition,
from the perspective of the OR values in the multivariate
analysis, the CTS5 score was a more valuable guiding factor
for the EET recommendation than lymph nodes and other
independent clinicopathological factors.

Endocrine therapy causes some side effects, most of which were
non-life threatening. In the IBIS-II trial, John et al. reported the
side-effect profiles in breast cancer patients who had completed 5
years of endocrine therapy, including fractures (9%), arthralgia
(57%), and osteoporosis (7%) with anastrozole and gynecological
cancers (1.9%), vaginal symptoms (28%), and deep vein thromboses
(1%) with tamoxifen (26). There are also some studies showing a
possible side effect of tamoxifen with raise in the triglycerides level
(27, 28). In our study, the side effects we counted were mainly T-
score< -2 (26.7%), musculoskeletal symptoms (5.3%), and fracture
(8.7%) with AI and endometrial thickening (15.5%) and
dyslipidemia (13.3%) with tamoxifen.

EET would also increase the incidence of some side effects.
In the NSABP B-14 trial, the risk of endometrial cancer was
raised in the extended tamoxifen group [RR:2.0 (0.7-6.6)]. As
reported by MA-17R, extended letrozole significantly increased

Frontiers in Oncology

0.707 57 (45.6%) 68 (54.4%) 0.058

15 (30.0%) 35 (70.0%)

the risk of osteoporosis (12%:9%, p = 0.01) and fracture
(14%:9%, p = 0.001) (10, 29, 30). In our study, there was no
influence of adverse events on the treatment decision. First, this
might be related to the fact that the population enrolled in this
study was able to tolerate 5 years of basic adjuvant endocrine
therapy and was likely to endure further EET. Secondly, we
consider that if complications would occur, priority would be
given to the change of treatment or to treat complications
aggressively rather than stopping EET.

There are some limitations to our study: one is that it was a
retrospective analysis, which needs further validation. Next in
importance, our data included cases from October 2017 to
December 2019. Since then, the publication of clinical trial
results and the update of clinical guidelines would lead to a
change in decision making.

Conclusions

Our study indicated that age, lymph nodal status, and receipt
of chemotherapy were independent predictors for the
recommendation of EET. The application of the CTS5 on EET
decision making might be valuable among ER+ breast
cancer patients.
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HERZ2-positive metastatic breast
cancer with brain metastases
responds favorably to pyrotinib
and trastuzumab-based
treatment: A case report and
literature review

Min-long Chen, Wenjie Yu, Binbin Cui, Yijian Yu
and Zhaosheng Ma*

Department of Oncological Surgery, Taizhou Hospital, Wenzhou Medical University,
Zhejiang, China

For HER2-positive metastatic breast cancer patients with the brain involved at
initial diagnosis, there was no standard regimen before 2022 when the
HER2CLIMB trial published its final overall survival analysis, and the prognosis
is relatively poor under the current treatment strategy. We herein reported a
case of a female patient who was initially diagnosed with HER2-positive
metastatic breast cancer with brain metastases, receiving pyrotinib and
trastuzumab-based systematic therapy after palliative craniocerebral
radiotherapy as the first-line systematic therapy. During the treatment, the
tumor lesions showed obvious regression, and chemotherapy drugs were
gradually removed from the regimen. The patient continued receiving
trastuzumab and pyrotinib for HER2-targeted therapy. She had achieved
more than 26 months of progression-free survival and the disease was stable
during the evaluation in April 2022. Radiotherapy followed by dual HER2-
targeted therapy of macromolecular monoclonal antibodies trastuzumab and
micromolecular TKI pyrotinib plus chemotherapy could be an alternative
option for this subtype of patients and need to be further verified by future
clinical trials.
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Introduction

Breast cancer (BC) with overexpression of human epidermal
growth factor receptor 2 (HER2) occurs in approximately 15% to
20% of all primary breast cancers, which were indicated to be
more aggressive, easily metastasized, and to have poor prognosis
(1). With the development of anti-HER2 systemic treatments,
patients with HER2-positive breast cancer achieve long-term
survival benefits, which also increase the incidence of brain
metastases (BMs). BC with central nervous system (CNS)
metastases has been reported in 15%-25% of BC patients, and
BMs occur in 30%-55% of HER2-positive metastatic breast
cancer (MBC) patients, which is much higher than other BC
subtypes (2, 3). The median overall survival (OS) after the initial
diagnosis of CNS metastases is poor, at 13.0 months (4).

Currently, locally directed therapy, such as surgical
resection, stereotactic radiosurgery, and whole-brain radiation
are initially considered for BMs. Dual-targeted therapy of
pertuzumab and trastuzumab plus docetaxel or paclitaxelis is
the first line recommendation for HER2-positive MBC by
National Comprehensive Cancer Network (NCCN) guidelines
(5). In the HER2CLIMB trial, tucatinib together with
trastuzumab and capecitabine significantly improved OS and
PFS in HER2-positive MBC, including those with BMs (6).

Pyrotinib is a novel oral pan-ErbB receptor tyrosine kinase
inhibitor (TKI), which potently inhibits EGFR/HER1, HER?2,
and HER4 (7). It was approved for use in combination with
capecitabine for the treatment of patients with HER2-positive
metastatic BC in August 2018 in China. We herein reported a
case of a female patient, who was initially diagnosed with HER2-
positive metastatic BC with BMs, receiving pyrotinib and
trastuzumab-based systematic therapy after palliative
craniocerebral radiotherapy as the first-line systematic therapy.
To the best of our knowledge, this is the first case reporting
pyrotinib and trastuzumab-based systematic therapy as the first-
line systematic therapy for HER2-positive metastatic BC
with BMs.

Case report

A 56-year-old Chinese female patient presented to our
outpatient department in March 2020, complaining of endurable
headache and palpable nodules in the right axilla and
supraclavicular region. A 5%6 cm hard tumor in the outer upper
quadrant of the right breast and multiple enlarged lymph nodes in
the right axilla and supraclavicular region were found in the
physical examination. The pathological biopsy results of the
maximal mass showed invasive ductal carcinoma (Figure 1A).
Immunohistochemistry (IHC) analysis revealed ER (-), PR (-),
HER2 (3+), GCDEF-15(+) (Figures 1B-E). Head magnetic
resonance imaging (MRI) revealed multiple masses in brain
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parenchyma, the diameter of the maximal mass was 2 cm,
located in the left frontal lobe of the brain (Figure 2A). Her
serum cancer antigen 15-3 (CA15-3) was 126.1 U/ml (normal,
<31 U/ml) while serum carcinoembryonic antigen (CEA) and
serum cancer antigen 12-5 (CA12-5) were both in the normal
level. Imaging assessment including chest computed tomography
(CT) scan, and abdominal ultrasound indicated a negative result.
PET-CT was then recommended and revealed multiple masses in
the right axilla, right supraclavicular region, spleen, and brain
(Figure 3). This patient was finally diagnosed with a metastatic
breast cancer, T3N3MI, stage IV, HER2-positive.

This patient received palliative craniocerebral radiotherapy
for 2 weeks in our hospital and the process was smooth. She then
received systemic therapy of paclitaxel (175 mg/m?, d1, 1/21 d)
and capecitabine (1000 mg/mz, bid, d1-d14/21 d) for
chemotherapy plus trastuzumab (loading 8 mg/kg, then 6 mg/
kg, d1, 1/21 d) and pyrotinib (400 mg, po, qd) for HER2-targeted
therapy since April 2020. During the first course of systemic
therapy, she had nausea, diarrhea, and loss of appetite, which
could be recovered after symptomatic treatment, and
chemotherapy-related hand-foot syndrome, which was
endurable. Efficacy evaluation of the systemic therapy was
performed at the beginning of the second course. Ultrasound
revealed that all the enlarged lymph nodes in the axilla and
supraclavicular region disappeared and the maximal mass in the
breast was reduced to 2.1*0.8 cm. Head MRI revealed that the
diameter of the maximal mass in the left frontal lobe of the brain
was reduced to 1.2 cm (Figure 2B). CA15-3 also dropped back to
normal level. Because of the excellent therapeutic effect, she
continued the second course of previous systemic therapy.

During the second course of systemic therapy, the side effects
of the drugs progressed. The patient complained most of
insufferable loss in strength and acroanesthesia. At the
beginning of the third course, ultrasound revealed a 1.8*1.0 cm
mass in the breast and the mass in the left frontal lobe of the brain
was similar with that of the last course in head MRI. CA15-3 was
also in the normal level. Because of the severe side-effects of the
drugs, capecitabine was first eliminated from the regimen since
the third course. She continued another six courses of paclitaxel
for chemotherapy plus trastuzumab and pyrotinib for HER2-
targeted therapy. During this treatment, her breast mass showed
continuous reduction and disappeared since the seventh course in
ultrasound; the diameter of the maximal mass in the left frontal
lobe of the brain reduced to 1.0 cm (Figure 2C) since the sixth
course and the other small masses in the brain were completely
relieved. Meanwhile, her strength quickly recovered, but she still
felt the acroanesthesia even though symptomatic treatment was
given. She stopped chemotherapy since the ninth course and
continued trastuzumab and pyrotinib for HER2-targeted therapy.
The latest treatment evaluation was carried out in April 2022, the
mass in brain was stable, and no new lesion was discovered
(Figure 2D). The patient was still receiving trastuzumab and
pyrotinib for HER2-targeted therapy up to now. To now, the
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FIGURE 1

Pathology images and immunotherapy staining images of this patient in March 2020. (A) Pathology images of core needle biopsy. (B) ER
immunotherapy staining image of core needle biopsy. (C) PR immunotherapy staining image of core needle biopsy. (D) HER2 immunotherapy
staining image of core needle biopsy. (E) Ki-67 immunotherapy staining image of core needle biopsy.

patient had received as long as 26 months of progression-free
survival and the disease was still controlled well (Table 1).

Discussion

Nowadays, patients with breast cancer brain metastasis are
still lacking effective treatment and associated with poor
outcomes, although substantial improvements have been
achieved in the diagnosis and treatment (8, 9). Due to the
existence of blood-brain barrier (BBB) and limited
permeability, many chemotherapeutic drugs and
macromolecular anti-HER2 targeted drugs exhibit restricted
efficacy for intracranial lesions, such as paclitaxel,
anthracyclines, trastuzumab, pertuzumab, and T-DM1 (10).
Meanwhile, the good control of extracranial lesions by
systemic treatment leads to long-term survival and also more
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BM occurrence. Thus, there is an urgent need for clinical
strategies targeting BM for this type of breast cancer.
Radiotherapy is a common option for local control of brain
lesions, reported to be able to change the permeability of the BBB
(11). In the TBCRC 022 trial, neratinib plus capecitabine was
considered to have synergistic effects with radiotherapy for
HER2-positive breast cancer brain metastasis (12). In real
world data, patients with BM could benefit in PFS and OS
when receiving systemic therapy in combination with
radiotherapy, compared with those not receiving radiotherapy
(13, 14). In this case, the patient was recommended to receive
palliative craniocerebral radiotherapy before systemic treatment.
Up to now, the anti-HER2 drugs are divided into three
categories, including monoclonal antibodies, such as
trastuzumab and pertuzumab; antibody-drug conjugates
(ADC), such as T-DM1 and DS8201; and tyrosine kinase
inhibitors (TKI), such as lapatinib, neratinib, tucatinib and
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FIGURE 2

(A) Head MRI of the maximal mass in the left frontal lobe of the brain in April 2020. (B) Head MRI of the maximal mass in the left frontal lobe of
the brain in May 2020. (C) Head MRI of the maximal mass in the left frontal lobe of the brain in August 2020. (D) Head MRI of the maximal mass

in the left frontal lobe of the brain in April 2022

pyrotinib. Trastuzumab-based therapy is still the standard
regimen for the treatment of HER2-positive locally advanced
or metastatic breast cancer recommended by the NCCN
guidelines and Chinese Society of Clinical Oncology (CSCO)
guidelines (5, 15). However, trastuzumab often shows primary
or acquired resistance during or post treatment, and patients
with BM were excluded from the criteria in the CLEOPATRA
trial, which laid the foundation for dual-targeted therapy of
pertuzumab and trastuzumab plus chemotherapy as the first-line
treatment for HER2-positive metastatic breast cancer (16).
T-DM1 only contributed approximately 5.5 months of
median PES for patients with BM while it was confirmed to
have an advantage for the PFS and OS for HER2-positive MBC
in the EMILIA trial (17). Several studies reported that anti-HER2
monoclonal antibodies and HER2-directed antibody drug
conjugates could improve survival in BC patients with BM,
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but considering the limited permeability into the BBB, their
intracranial effects remain controversial (4, 16).

Compared with monoclonal antibodies, the physical features
of small-molecule TKIs play an important role in allowing them
to cross the BBB, thereby improving drug concentrations in the
brain, indicating that TKIs could be a rational therapeutic
approach to treat CNS metastases (18, 19). Tucatinib, a small-
molecule oral tyrosine kinase inhibitor (TKI) that is highly
selective for HER2, was approved by the FDA in April 2020
for use in patients who have received one or more prior anti-
HER2-based regimens in the metastatic setting. In the
HER2CLIMB study, compared with placebo, the addition of
tucatinib to trastuzumab and capecitabine reduced the risk of
intracranial progression by 68% (hazard ratio [HR], 0.32; 95%
CI, 0.22-0.48; p = .0001), and reduced the risk of death by 42%
(OS HR, 0.58; 95% CI, 0.40-0.85; p = .005) among BMs group,
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FIGURE 3
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PositidoncHE

PET-CT showed multiple masses in the right axilla, right supraclavicular region, and spleen in March 2020

providing a clinically meaningful survival benefit (6, 20).
Unfortunately, tucatinib was not available in China in 2020
and not even nowadays.

Pyrotinib is another novel micromolecular oral pan-ErbB
receptor TKI, inhibiting HER1, HER2, and HER4 (7), which was
first approved in China for use in combination with capecitabine for
the treatment of patients with HER2-positive MBC who had
previously received anthracycline or taxane chemotherapy. An
open-label phase II study organized in China demonstrated that
pyrotinib plus capecitabine had a significantly longer PFS (18.1 vs.
7.0 months, p < 0.001) and higher objective response rate (ORR)
(78.5% vs. 57.1%, p < 0.05) than lapatinib plus capecitabine in MBC
patients (21). The PHOEBE study conducted a similar result for
those patients who had been previously treated with trastuzumab
and taxane and/or anthracycline (22). Furthermore, neratinib plus
capetabine achieved 8.8 months of median PFS as a third or later
line therapy, and neratinib plus paclitaxel achieved 12.9 months of
median PES as a first-line treatment, suggesting the potentially

TABLE 1 The brief course of treatment.

2020.3 Diagnosed

2020.4 Palliative craniocerebral radiotherapy for 2 weeks

2020.4- Two cycles of Paclitaxel, capecitabine plus trastuzumab and pyrotinib
2020.6- Six cycles of paclitaxel, trastuzumab and pyrotinib

2020.11- Trastuzumab and pyrotinib

2022.4

comparable efficacy of pyrotinib to neratinib (23, 24). Among
patients with brain metastases, pyrotinib was reported to have a
better PFS benefit than monoclonal antibodies in real-world study
(25, 26).

For this patient, there is no standard regimen, considering
the heavy tumor burden and the metastases in the brain; dual
HER2-targeted therapy plus chemotherapy was preferentially
recommended in the purpose to rapidly contract the tumor. In
the 2020 CSCO guidelines, the regimen of TXH (taxel,
capecitabin, trastuzumab) or THP (taxel, trastuzumab,
pertuzumab) was first recommended for those HER2-positive
MBC patients without trastuzumab pretreated. Furthermore, the
unavailability of TDM-1 and neratinib in China at that time and
the high price of Pertuzumab prevent the patient from
considering the clinical application of these drugs. Pyrotinib
was finally added in the regimen of TXH. During the treatment,
the tumor showed obvious regression, especially the extracranial
lesions, which disappeared after six cycles of treatment.

Mass in right axilla (cm)

2%2 56
2%2 5*6
2*%2 5*6
1.2*1 1.8*1
1*1 none

The maximal head mass was evaluated by MRI; the mass in right axilla was evaluated by ultrasonography.
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Chemotherapy drugs were gradually removed from the regimen
because of the progressed side effects. Till now, the patient is still
receiving trastuzumab and pyrotinib for HER2-targeted therapy
and the disease is stable during evaluation.

Conclusion

For HER2-positive MBC patients with brain involved at
initial diagnosis, the current treatment strategy results in
relatively poor prognosis. Radiotherapy followed by dual
HER2-targeted therapy of macromolecular monoclonal
antibodies trastuzumab and micromolecular TKI pyrotinib
plus chemotherapy could be an alternative option for this
subtype of patients and needs to be further verified by future
clinical trials.
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Breast cancer patient-derived
explant cultures recapitulate
In vivo drug responses

Solveig Pettersen’, Geir Frode @y, Eivind Valen Egeland’,
Siri Juell?, Olav Engebraten™*?®, Gunhild Mari Malandsmo™*
and Lina Prasmickaite™

‘Department of Tumor Biology, Radium Hospital, Oslo University Hospital, Oslo, Norway,
2Department of Oncology, Oslo University Hospital, Oslo, Norway, *Insitute for Clinical Medicine,
University of Oslo, Oslo, Norway, “Department of Medical Biology, Faculty of Health Sciences,
University of Tromse/the Arctic University of Norway, Tromsa, Norway

Assessment of drug sensitivity in tumor tissue ex vivo may significantly contribute
to functional diagnostics to guide personalized treatment of cancer. Tumor
organoid- and explant-cultures have become attractive tools towards this goal,
although culturing conditions for breast cancer (BC) tissue have been among the
most challenging to develop. Validation of possibilities to detect concordant
responses in individual tumors and their respective cultures ex vivo is still needed.
Here we employed BC patient-derived xenografts (PDXs) with distinct drug
sensitivity, to evaluate different conditions for tissue dissociation, culturing and
monitoring of treatment efficacy ex vivo, aiming to recapitulate the in vivo drug
responses. The common challenge of discriminating between tumor and normal
cells in the cultured tissue was also addressed. Following conventional enzymatic
dissociation of BC tissue, the tumor cells stayed within the non-disrupted tissue
fragments, while the single cells represented mostly normal host cells. By
culturing such fragments as explants, viable tumor tissue could be maintained
and treated ex vivo, providing representative indications on efficacy of the tested
treatment. Thus, drug sensitivity profiles, including acquired chemoresistance
seen in the PDXs, were recapitulated in the respective explants. To detect the
concordant responses, however, the effect monitoring had to be harmonized
with the characteristics of the cultured tissue. In conclusion, we present the
feasibility of BC explants ex vivo to capture differences in drug sensitivity of
individual tumors. The established protocols will aid in setting up an analogous
platform for BC patient biopsies with the aim to facilitate functional
precision medicine.

KEYWORDS

breast cancer, patient-derived xenografts, ex vivo cultures, organoids, explants,
drug sensitivity

Abbreviations: BC, Breast cancer; IF, Inmunofluorescent; 1.V, Intravenous; PDE, Patients-derived explant;
PDO, Patients-derived organoid, PDX, Patients-derived xenograft; PDXC, Patients-derived xenograft culture;
PI, Propidium iodide; PR, Paclitaxel resistant; TNBC, Triple-negative breast cancer; 3D, Three-dimensional.
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Introduction

Patient-proximal models hold promise as a drug screening
platform for personalized cancer therapy. Patient-derived
xenografts (PDXs) in mice have long been considered among the
most important models, although their use is limited due to low
throughput, high costs and ethical issues (1, 2). More recently,
cultures of patient-derived organoids (PDOs) and patient-derived
explants (PDEs) have become attractive tools for assessing drug
sensitivity ex vivo in a personalized manner (3, 4). The term
“organoids” describes stem-cell derived self-organizing three-
dimensional (3D) structures that recapitulate features of the tissue
of origin and have the ability to be expanded in vitro for long-term
(5, 6). PDOs of colorectal, pancreatic and prostate cancers were
among the first successfully developed and employed for assessing
drug sensitivity ex vivo (7-9). This, on the other hand, has been
challenging for breast cancer (BC). Currently, PDOs for most
cancer forms, also BC have been developed (3, 10-13). In
contrast to PDOs, PDEs represent short-term cultures of small
fragments of tumor tissue (4, 14). Since PDEs partially maintain the
heterogeneity and the microenvironment of the tumor of origin,
they provide an opportunity to explore drug responses within the
authentic context (15, 16).

Access to patient biopsies, particularly throughout the course of
treatment (i.e. at the start, when the tumors are sensitive, and later,
when they develop resistance) is often limited. Thus, precious
patient material is seldom available for testing experimental
drugs, developing new assays or performing mechanistic studies
on treatment response or resistance. Such studies still have to rely
on model systems, and PDX-derived cultures (PDXCs) ex vivo are
attractive alternatives. It has been demonstrated that PDXCs can
predict responses to targeted drugs in the matching PDXs (10, 13).
However, discrepancies in response between in vivo and ex vivo
models have also been observed (17).

The protocols used for tumor tissue processing, culturing and
read-out of drug sensitivity vary between different studies (10-13),
suggesting that individual optimization might be needed. Here we
aimed to establish conditions for evaluation of drug responses ex
vivo by using tumor tissue from triple-negative breast cancer
(ITNBC) PDXs with distinct drug sensitivity. The goal was to
recapitulate ex vivo the drug sensitivity profile of the parental PDXs.

Materials and methods
PDXs maintenance and treatment

MAS98.12 PDX was established in-house and described
previously (18). The paclitaxel resistant sub-line MAS98.12PR
was established from a mouse bearing MAS98.12 tumor that was
treated with 15 mg/kg paclitaxel twice per week for three weeks and
after the initial response developed resistance as shown in
Figure 1A. HBCx39 PDX was established at the Institute Curie
(Paris, France) (19, 20) and was obtained through collaboration
with Dr. Elisabetta Marangoni. All xenografts were maintained by
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serial passaging, implanting 1-3 mm® pieces of the parental tumors
into thoracic mammary glands of 6-8 week-old female HSD :
Athymic Nude Foxnlnu mice locally bred at the Department of
Comparative Medicine at the Norwegian Radium Hospital (Oslo,
Norway). Before implantation, the mice were placed under
anesthesia with sevoflurane (Baxter, Deerfield, IL, USA).

The treatments were initiated when tumor volume reached 60-
200 mm® and lasted for three weeks. Paclitaxel (Hospira UK Ltd,
Hurley, UK or Sandoz, Basel, Switzerland) diluted in 0.9% saline
was given intravenously (i.v), while capecitabine (Accord-UK,
Barnstaple, UK) diluted in 40 mM citric buffer/5% gummi
arabicum and everolimus (LC Laboratories, Woburn, MA, US)
diluted in 0.5% methyl cellulose solution were given orally. Tumor
growth was followed by measuring their size (length L and width
W) using a caliper, and the tumor volume was calculated as: W* x L
x 0.5.

This study is compliant with all relevant ethical regulations
regarding animal research and was conducted according to the
recommendations of the European Laboratory Animals Science
Association. All experiments involving animals were approved by
the Norwegian Food Safety Authority (FOTS id 15499).

PDX tissue dissociation and isolation of
tissue fragments

Freshly resected or thawed cryopreserved (0.5 g tissue as 3-
4 mm pieces/cryotube with 1 ml Recovery Cell Culture Freezing
Medium (Gibco, Grand Island, NY, US)) tumors were minced with
a scalpel and digested with 2 mg/ml collagenase IV and 100 pg/ml
DNAse (both from Sigma-Aldrich, St.Louis, MO, USA) dissolved in
advanced DMEM/F12 supplemented with Glutamax, HEPES and
Penicilin/Streptomycin (concentrations/producers specified in
Supplementary Table S1). The digestion was performed at 37°C
on rotation for up to 1 h. Where indicated, additional mechanical
dissociation using the gentleMACS dissociator (Miltenyi Biotec,
Bergisch Gladbach, Germany) at “m-imp Tumor 03” settings were
applied. The dissociated tissue suspension was diluted with
phosphate-buffered saline (PBS)/1% bovine serum albumin (BSA)
(both Sigma-Aldrich) and centrifuged at 18g for 4 min. The pellet
was re-suspended and centrifuged again first at 32g, then at 200g for
4 min. The cell viability was monitored by staining aliquots with
0.2% trypan blue (NanoEntek, Seoul, Korea). Majority of dead cells
remained in the supernatants, while the final pellet consists of a
mixture of viable single cells and small non-disrupted tissue
fragments. The final pellet was re-suspended in breast cancer
organoid medium (OM) described by Sachs et al. (12) (specified
in Supplementary Table S1).

Additional steps to remove normal mouse cells included plating
re-suspended pellet in 24-well plates treated with anti-adherence
Rinsing Solution (Stemcell Technologies, Cambridge, UK) and
culturing in OM supplemented with 5 uM of the MDM2
inhibitor Nutlin-3 (Cayman, Ann Arbor, MI, USA), further called
OM+. Nutlin-3 induces death in cells with wild-type TP53 i.e.
normal cells, while tumor cells with lost/mutated TP53 stay viable
(11). The PDXs used in this study harbor a mutation of the TP53
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gene (18, 19). Therefore, the tumor tissue can be subjected to
Nutlin-3 selection for enrichment of cancer cells. Subsequently, the
tissue suspension was filtered through a 100 pum cell strainer to
collect fragments below this size that were further sedimented for 2-
5 min. The resulting fragment-enriched pellet was used for
establishment of PDXCs.

PDXCs in Matrigel and treatment
with drugs

The fragment-enriched pellet was resuspended in OM+ to a
concentration of approximately 7 - 9 fragments/ul. Fragment
counting was performed manually in a 10 pl droplet of
suspension by using a light microscope. After addition of 30%
Matrigel (Corning, New York, USA), a droplet of 10 pl containing
approximately 50-60 fragments was added to each well in a 48-well
plate, and the domes were allowed to solidify at 37°C for 30 min
before addition of 190 pl of OM+. The next day, 200 pl of OM+ with
the desired concentration of the drug was added. Half of the
medium (+/- drug) was replaced twice per week.

Scoring of treatment response in PDXCs

Analysis of fragment growth by measuring their
total area

Each well was analyzed in real-time by using Incucyte® S3
equipped with the organoid analysis software module (Sartorius,
Gottingen, Germany). The module automatically detects fragment
total area providing growth curves for control- and treated-explants.

Live/dead staining and calculation of a
proportion of live cells in the fragments

The treated PDXCs and the respective untreated controls were
stained with 2 UM calcein-AM (Sigma- Aldrich) for 30 min at 37°C
followed by staining with 350 nM propidium iodide (PI)
(Invitrogen, Waltham, MA, USA) for 30 min to distinguish live
(green) and dead (red) cells, respectively. The stained cultures were
analyzed by Olympus IX81 microscope equipped with a 4x objective
and filters 488/527 (for calcein) and 540/590 (for PI) (Olympus,
Tokyo, Japan). Three images per well together covering whole area
of the dome were captured. Fiji/Image] (21), an open-source
software for image processing was used to measure the calcein-
and PI-signal area in pixels in each fragment. Proportion of live cells
in the fragments was calculated in each well based on the equation
“calcein-signal”/[“calcein-signal” + “PI-signal”].

Metabolic activity measurements by CellTiter-
Glow assay

The PDXCs were prepared as above but in white 96-well plates
with clear bottom (Corning, New York, NY, USA). After one week
of treatment, CellTiter-Glo 3D reagent (Promega, Madison, W1,
USA) was added at a ratio 1:2, and luminescence was measured by
the Victor X3 plate reader (PerkinElmer, Waltham, MA, USA).
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Evaluation of the proliferative
ability ex vivo

The proliferative ability of the dissociated PDX tissue ex vivo
was evaluated by scoring EAU incorporation using the Click-iT™
EdU kit (Invitrogen), according to the manufacturer protocol. In
brief, 2 uM of EdU labeling solution was added to the cultures and
incubated for 2 days before the cultures were fixed with 4%
paraformaldehyde (PFA) (Electron Microscopy Sciences, Hatfield,
PA, USA) for 15 min. After washing and permeabilization with
0.5% Triton® X-100 (Sigma-Aldrich) for 20 min, the Click-iT®
reaction cocktail was added, and after 30 min the proliferating cells
were identified by imaging using Olympus IX81 microscope
equipped with a 4x objective and a 488/527 filter.

Immunofluorescent staining

Cultures were fixed with 4% PFA for 15 min followed by 1 h
blocking in 10% horse serum (Gibco, Grand Island, NY, USA) in IF
buffer (PBS with 0.1% BSA, 0.2% Triton X-100 and 0.05% Tween-20
(Merck, Darmstadt, Germany)). The samples were incubated with
primary antibodies (diluted in the IF-buffer as specified in the
Supplementary Table S2) overnight at 4°C. After washing with IF
buffer 3x10 min, the samples were incubated with secondary
antibody and DAPI (as specified in Supplementary Table S2) in
IF buffer for 2 h at room temperature, followed by washing with PBS
4x10 min. Imaging was performed using a Zeiss LSM 710 laser-
scanning confocal microscope equipped with a Zeiss plan-
Apochromat 20x NA/0.8 air objective (Carl Zeiss, Jena, Germany).

Assessment of multidrug transporter
functionality ex vivo

The fragments cultured in suspension for one week were
collected and incubated with/without 10 uM verapamil (Sigma-
Aldrich), an inhibitor of a multidrug transporter, for 30 min
followed by incubation with 1 uM doxorubicin (Pfizer, New York,
NY, USA) for 24 h at 37°C. The accumulation of doxorubicin in
the fragments was analyzed by Olympus IX81 microscope
equipped with a 10x objective and a 540/590 filter, and
quantification was performed using an Olympus software Cell P,
which separately measures mean color intensity per fragment
within the image.

Quantification of human/mouse DNA
content and ABCB1 mRNA level by real-
time gPCR

Up to 30 mg of fresh frozen tumor tissue or 1x10” cells were
lysed in 600 pl RLT Plus buffer w/2 mM DTT using the
QIAshredder homogenizer (Qiagen, Hilden, Germany). The
instrument was operated for 2x4 min at a frequency of 30Hz.
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Homogenized lysate was passed through a QIAshredder spin
column at 20000g for 30 s to remove debris. Genomic DNA and
total RNA were simultaneously extracted from the lysates using the
QIAcube instrument and the AllPrep DNA/RNA/miRNA
Universal kit (all Qiagen).

To estimate the content of human and mouse DNA in each
sample, we use the assay described previously (22). It is based on
real-time qPCR using species-specific TagMan probes conjugated
with different fluorescent tags (human: tgctgcttctcattgtctcg (FAM)
and mouse: cctgctgcttatcgtggetg (VIC)) along with common
human/mouse forward (tacctgcagctgtacgccac) and reverse
(gaccacctcattctectgge) primers. The primer/probes detect the
prostaglandin E receptor 2 (PTGER2) gene region, which is
highly homologous between the two species and known not to be
duplicated/deleted in disease. The standard curve (Ct values as a
function of known amount of human and mouse DNA) were
generated employing serially diluted DNA isolated from the
human melanoma cell line WM115 and the mouse colon
carcinoma cell line CT26. Real-time PCR was carried out on an
BioRad CFX connect Real time System (Bio-Rad, Hercules, CA,
USA) using 50 ng of total genomic DNA in 25 pl reaction mix
containing 200 nM of each primer/probe (Applied Biosystems,
Waltham, MA, USA) and 1x PerfeCTa qPCR ToughMix (Quanta
Biosciences, Gaithersburg, MD, USA). The qPCR conditions were
as follows: 5 min 95°C initial denaturation, 40 cycles of 15 s
denaturation at 95°C and 30 s annealing/extension at 60°C.
Quantifications were performed taking into account that one
haploid mouse genome is approximately 2.9 pg, whereas one
human haploid genome is approximately 3.33 pg. “Percent
human (or mouse) DNA” was estimated as follows: [number of
human (or mouse) genome]*100/[sum human+mouse genome].

To detect ABCBI gene mRNA level, extracted total RNA was
converted into cDNA using the qScript cDNA Synthesis Kit (Quanta
Biosciences). PCR was carried out as specified above using 50 ng
cDNA, ABCBI forward (5°gaaatttagaagatctgatgtcaaaca’3) and reverse
(5’actgtaataataggcatacctggtca’3) primers (Integrated DNA
Technologies, Leuven, Belgium) and 10 uM probe #65 from
Universal Probe Library (Roche Applied Science, Penzberg,
Germany). The reference gene TBP was detected using the
commercially available Applied BioSystems TaqMan Assay. Relative
gene expression was calculated using the AA Ct method.

Results

Isogenic PDXs with distinct sensitivity
to paclitaxel

To establish ex vivo models that recapitulate treatment
responses seen in individual tumors, we have utilized the
previously described TNBC PDX, MAS98.12 (18) and its
chemoresistant derivative, MAS98.12PR. In vivo, MAS98.12 was
highly sensitive to paclitaxel (Figure 1). One of the regressed
tumors, however, started to re-grow after ten weeks (Figure 1A,
dashed line) and was unresponsive to repeated treatment with
paclitaxel. This tumor was the origin of the paclitaxel-resistant
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sub-line, MAS98.12PR. Later generations of MAS98.12PR tumors
retained resistance to paclitaxel (Figure 1B). This pair of isogenic
PDXs has been used as a source of human tumor tissue that
originates from the same patient but differs with respect to
paclitaxel sensitivity. We aimed to establish tissue cultures that
recapitulate this difference ex vivo.

Ex vivo proliferative capacity of the
dissociated PDX tissue

To dissociate BC tissue for subsequent culturing, we tested two
methods used in similar studies: the conventional enzymatic
digestion using collagenase IV/DNAse for up to 1 h (11-13), and
the additional mechanical homogenization using gentleMACS
dissociator, as used by Guillen et al. (10). Regardless of the
dissociation method and the PDX model, the resulting tissue
suspension consisted of single cells and small non-disrupted
tissue fragments as shown in Figure 2. Trypan blue staining
revealed lower viability among single cells than fragments, which
mostly harbored trypan blue-negative viable cells (Figure 2A).
GentleMACS increased the recovery of single cells (data not
shown), though the non-disrupted tissue fragments were still
present at significant amounts. To note, enzymatic digestion
overnight disrupted the fragments to single cells, but cell viability
was very low (data not shown).

The proliferative capacity of the cells isolated by the two
methods was further compared by measuring incorporation of
EdU. The dissociated tissue was cultured in suspension and, at
different time points, stained with EAU. On day 1, no obvious
difference with respect to EdU-incorporation was observed between
the two methods, indicating a similar proliferative capacity of the
dissociated tissue. With time, however, cultures prepared with
gentleMACS lost their proliferative capacity, while the cultures
processed by the enzymatic digestion only, kept proliferating for
at least 11 days (Figure 2B). The proliferative capacity was also
maintained when the dissociated tissue was cultured within
Matrigel (Figure 2C). In both suspension and Matrigel cultures,
the EAU positive cells were primarily found in the tissue fragments,
although there was substantial heterogeneity between and within
the fragments (Figures 2B, C).

The tissue fragments harbor human
tumor cells

To analyze the composition of the dissociated PDX tissue, we
performed immunostaining using species-specific antibodies. To
identify mammary cells of human origin, we stained for the human
epithelial markers: epithelial cell adhesion molecule EpCAM,
myoepithelial/basal cytokeratin CK14 and luminal cytokeratin
CK19. In both PDX models, the fragments were positive for these
markers, while the single cells outside the fragments were negative,
suggesting their mouse origin (Figure 3A). Staining with the mouse-
specific MHC class-I molecule H-2Kd/Dd validated that majority of
the cells outside the fragments are H-2Kd/Dd-positive mouse cells
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Growth of TNBC PDXs: paclitaxel sensitive MAS98.12 and the resistant sub-line MAS98.12PR with/without treatment. (A) Relative tumor volume
(normalized to the volume at the day when the treatment was started) of the non-treated and the paclitaxel-treated (15 mg/kg, 2x/week for 3
weeks) MAS98.12. One of the treated tumors acquired resistance and re-grew, being the origin of the resistant sub-line MAS98.12PR; average + SEM
(n indicated in the legend). (B) Validation of the distinct sensitivity to paclitaxel (10 mg/kg, 2x/week) in the MAS98.12 and the daughter sub-line

MASO98.12PR; average + SEM (n indicated in the legend).

(Figure 3A). Based on this data, we introduced additional steps
(multiple low-speed centrifugations and size-based separation as
specified in Materials and Methods) to separate the fragments. The
fragment-enriched fraction was embedded in Matrigel for further
culturing as explants ex vivo. In such cultures, the fragment size did
not change significantly over time (Figure 3B upper panel, blue
arrows). However, we observed single cell-derived structures that
increased notably in diameter during culturing (Figure 3B upper
panel, red arrows), similar to what has been reported for normal- or
BC-organoids (11, 12). Immunostaining with human EpCAM,
CK14, CK19 and mouse H-2Kd/Dd validated that the fragments
consisted of human epithelial tumor cells. In contrast, the singe-cell
derived structures consisted of mouse cells surrounding the cavity
(Figure 3B, lower panel), suggesting that they were organoids of
mouse origin. To eliminate mouse cells forming such structures, we
applied Nutlin-3 selection. As shown previously, treatment with
Nutlin-3 eliminates normal organoids, but does not affect cancer
organoids with TP53 mutation (11), and MAS98.12 harbors
mutation in the TP53 gene (18). In Nutlin-3 pre-treated explants,
we observed reduced amount of mouse cells and the absence of
mouse organoids. Such explants are further called PDXCs.

To further validate the origin of the different samples along the
PDXCs preparation (specified in Figure 3C), we quantified human
and mouse DNA content by qPCR using species-specific probes for
the PTGER2 gene. As expected, in single-cell derived structures only
mouse PTGER2 was detected (Ct values around 26) (Figure 3D). In
the isolated fragment-enriched fraction and the eventual PDXCs,
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human DNA was clearly dominant, though some contamination
with mouse DNA should be noted (Figure 3D). For comparison, the
original PDX tissue contained approximate equal amounts of
human and mouse DNA. Altogether, this data indicates that
fragments are the main source of human tumor cells in the
dissociated tissue from the investigated PDXs.

The resistant PDXs and PDXCs over-
express ABCBL1 transporter that is
functional ex vivo

To investigate whether PDXCs from MAS98.12 and
MAS98.12PR retain the molecular properties of the parental
PDXs, we measured the expression of the characteristic genes.
Previously performed gene expression profiling of this PDX pair
identified ABCBI (MDRI), which encodes a multidrug ABC
transporter, as the most differentially expressed gene, with
approximately 16-fold up-regulation in MAS98.12PR compared
to MAS98.12 (data not shown). Correspondingly, we detected a
significantly higher level of ABCBI mRNA in the cultures from
MAS98.12PR compared to MAS98.12 cultures (Figure 4A).

Up-regulation of ABC transporters is a well-described
mechanism of chemoresistance that reduces cellular accumulation
of drugs (23). To investigate whether the over-expressed transporter
encoded by ABCBI was functional ex vivo, we analyzed cellular
accumulation of a fluorescent drug doxorubicin. Cultures from
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MAS98.12PR accumulated notably less doxorubicin compared to
the cultures from MAS98.12 (Figures 4B, C). In the presence of
verapamil, the inhibitor of ABC transporters, the accumulation of
doxorubicin was increased in the cultures from MAS98.12PR and
reached the same levels as in the MAS98.12 cultures (Figures 4B, C).
Altogether, this indicates that ABCBI expression difference seen in
the PDXs is retained in the respective cultures, and that the
transporter is active ex vivo.

PDXCs recapitulate paclitaxel-resistance of
the PDXs

To assess whether the difference in paclitaxel sensitivity seen in
the PDXs (Figure 1B) can be recapitulated in the respective PDXCs,
we treated the explants with increasing concentrations of paclitaxel
for one week. The treatment efficacy was evaluated by three different

Frontiers in Oncology

read-out strategies. First, we attempted to automatically monitor
fragment size/total area by the Incucyte equipped with the organoid
module. Unfortunately, this approach was unsuitable for the
cultures from the MAS98.12/MAS98.12PR PDXs (to note, it was
useful for cultures from other PDXs. such as HBCx39 as shown
below. After treatment, high numbers of dead cells were found in
the periphery of the fragments; this contributed to the fragment
size, impairing correlation between size and viability/growth
(Figure 5A, left panel). Therefore, we employed another read-out
based on live and dead staining with calcein and PI, respectively
(Figure 5A middle/right panel), followed by microscopy-based
quantification of the proportion of live cells in the fragments. As
shown in Figure 5B, the PDXCs from MAS98.12 demonstrated a
paclitaxel dose-dependent decrease in the proportion of viable cells.
In concordance, the extent of dead, PI-positive cells was increased
as illustrated in Figure 5A. On the contrary, the PDXCs from
MAS98.12PR showed no decrease in the proportion of viable cells
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(Figure 5B) and no increased staining with PI (Figure 5A),
indicating their insensitivity to paclitaxel. Importantly, similar
differences in sensitivity were observed in both cultures from
fresh and cryopreserved tumor tissue (Supplementary Figure S1).
Finally, we applied the conventional CTG assay that measures bulk
metabolic activity in the cultures. The results matched the live-dead
staining (except at the highest dose of paclitaxel), revealing the
paclitaxel resistance in cultures from MAS98.12PR (Supplementary
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Figure S2A). However, we noted big variation between parallel
wells. Furthermore, it was not possible to discriminate the impact
from the contaminating mouse cells, which could explain equal
drop in metabolic activity in both PDXCs at the highest dose
of paclitaxel.

Further, we compared the PDXCs sensitivity to another
chemotherapeutic agent, capecitabine (a 5-FU pro-drug). This
drug is commonly used as a salvage therapy in patients with
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FIGURE 4

MAS98.12PR-derived cultures over-express ABCB1 that is functionally active ex vivo. (A) Relative expression of ABCBI1 gene in 10 d-cultures from
MAS98.12PR compared to MAS98.12 (set to 1); average + SEM (n=4 (2 for suspension and 2 for Matrigel cultures)). (B, C) Accumulation of
doxorubicin (Dox) in 10d-cultures from MAS98.12 and MAS98.12PR after 24h-incubation with 1 uM Dox in the presence or absence of 10 uM
verapamil. Representative fluorescence pictures (B) and quantified Dox accumulation presented as mean color intensity (MCI) in the fragments
(average + SEM (n>7) (C); scale bar, 200 um; *, p < 0.05 by unpaired t-test. (C)

remaining TNBC after pre-operative chemotherapy (24). In vivo,
capecitabine treatment notably inhibited tumor growth in both
MAS98.12 and MAS98.12PR, and the latter even showed a slightly
better response (Figure 6A). In line with the in vivo data, both
PDXCs showed good dose-dependent response to capecitabine as
quantified by live-dead staining and the CTG assay (Figures 6B, C
and Supplementary Figure S2B). Furthermore, PDXC-
MAS98.12PR showed a tendency for a slightly better response
than PDXC-MAS98.12 (Figure 6C).

HBCx39-derived PDXCs recapitulate the
drug sensitivity profile of the parental PDX

To investigate PDXCs from another patient, we employed HBCx39
PDX, which also represent TNBC. Similar to MAS98.12, the
dissociated HBCx39 consisted of non-disrupted tissue fragments
positive for human epithelial markers, EpCAM, CK14 and CK19
(Supplementary Figure S3A). The HBCx39-derived fragments were
effectively growing ex vivo (Supplementary Figure S3BA). The explants
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FIGURE 5

Sensitivity of MAS98.12- and MAS98.12PR-derived PDXCs to paclitaxel. Untreated and paclitaxel treated for one week PDXCs in Matrigel were
stained with calcein/Pl and a proportion of viable cells was quantified. (A) Representative pictures, where the red lines in the phase contrast pictures
(left) mark the automatically detected fragment area, and the green line marks the “live” part, as validated by the fluorescence pictures (middle); scale
bar, 200 pum. (B) A proportion of viable cells in the treated cultures presented as a percentage of the respective untreated controls; average + SEM
(n=4; where either fresh (n=2) or cryopreserved (n=2) PDX tissue was used to establish PDXCs, see Supplementary Figure S1); *, p < 0.05 by

unpaired t-test
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FIGURE 6

Sensitivity of MAS98.12/MAS98.12PR PDXs and the respective PDXCs to capecitabine. (A) Relative tumor volume (normalized to the volume at
the day when the treatment was started) of non-treated and capecitabine-treated (540 mg/kg, 5x/week) MAS98.12 and MAS98.12PR PDX;
average + SEM (n indicated in the legend). (B, C) PDXCs in Matrigel with/without capecitabine treatment for one week followed by calcein/PI
staining (representative pictures in (B)) to quantify the proportion of viable cells among all cells (C). (B) Representative fluorescent pictures; scale
bar, 200 um. (C) A proportion of viable cells in the treated cultures presented as a percentage of the respective untreated controls; average +

SEM (n=3); * and **, p < 0.05 by unpaired and paired t-test, respectively

showed high viability as revealed by calcein/PI staining (Supplementary
Figure S3BB) and represented human tumor tissue as they stained with
human-specific mitochondria and panCK antibodies and were mostly
negative for mouse H-2Kd/Dd (Supplementary Figure S3C). Due to
efficient growth, high viability and well-defined periphery of the
fragments, PDXCs from HBCx39 could be easily analyzed by
monitoring fragment size as a read-out of treatment efficacy.

In vivo HBCx39 PDXs showed high sensitivity to paclitaxel and
particularly capecitabine, and lower sensitivity to the mTOR
inhibitor everolimus (Figure 7A and Supplementary Figure S4).
To investigate whether such sensitivity differences are recapitulated
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ex vivo, we treated HBCx39-derived PDXCs with these drugs and
followed changes in fragment size over time by the Incucyte
organoid module. As expected, a time-dependent increase in the
total fragment area was detected in the untreated controls
(Figure 7B). Everolimus (20 nM) induced a low growth inhibitory
effect, while paclitaxel significantly reduced and capecitabine
completely abrogated the fragment growth (Figures 7B, C and
Supplementary Figures S5A, B). Similar difference in sensitivity
was registered also by the CTG assay (Supplementary Figure S5C)
and further validated by live/dead staining (Figure 7D). The latter
also revealed substantial cell death at day 19 upon capecitabine
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for each condition in one representative experiment). (C) The total fragment area in the treated cultures (day 19) shown as a percentage of the untreated
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(D) Representative fluorescence pictures of PDXCs treated with/without the indicated drugs for 19 days before staining with calcein and PI; scale bar,
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treatment, while the effect of paclitaxel was strongly cytostatic with  Djscussion

much fewer dead cells observed (Figure 7D). These observations

correlated nicely to the in vivo results of long follow-up, where on In this study, we have recapitulated in vivo drug responses using
week 7 we observed complete regression of all tumors in the  patient-derived tissue cultures from BC. With the applied “know-how”
capecitabine group, while the paclitaxel group carried small  reported in the previous publications (10-13), short-term explants
residual tumors (Supplementary Figure S4). from PDXs with distinct drug sensitivity were established, and
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possibilities to detect concordant responses were validated. BC PDOs
and PDEs are being considered as attractive tools for predicting drug
sensitivity in individual tumors, though their application has not been
straightforward. Although we succeeded in demonstrating matching
differences in drug responsiveness between PDXs and PDXCs, several
challenges were encountered. First, conventional enzymatic
dissociation of BC tissue resulted in a mix of single cells and
difficult-to-disrupt tissue fragments. Many applications, including
generation of organoids, single-cell RNAseq or cytometric analyses,
require single cells. However, in the dissociated PDX tissue, the single
cells showed low viability. Furthermore, they represented mostly
normal host cells, including mammary progenitors able to generate
organoid-like structures of mouse origin. Viable human tumor cells
were retained within the non-disrupted tissue fragments, indicating the
possibility to maintain tumor tissue ex vivo by culturing such fragments
as explants. The “behavior” of the fragments in culture, however,
depended on the characteristics of the PDX tissue. In this study, one of
the aims was to recapitulate sensitivity and resistance to paclitaxel as
found in the isogenic pair of PDXs, MAS98.12 and MAS9812PR.
However, tissue from these PDXs appeared to be challenging to culture.
Although we confirmed the presence of viable and proliferating tumor
cells, the MAS98.12/MAS98.12PR-derived fragments demonstrated
limited growth, in contrast to the fragments from the other PDX,
HBCx39. Furthermore, a notable number of dead cells were associated
with the cultured fragments from MAS98.12/MAS98.12PR, which was
not the case for HBCx39 cultures. Those features influenced the choice
of a method for monitoring treatment efficacy. Tracking changes in
fragment size was a suitable and easy read-out for cultures from
HBCx39, but not MAS98.12/MAS98.12PR. For cultures from
MAS98.12/MAS98.12PR, estimation of the proportion of live cells
based on imaging was a suitable approach, allowing to capture the
cytotoxic influence of the drug. Since this method estimates the ratio
between two signals (live and dead) and not a total signal in a well (like
e.g. CTG), it is not obstructed by the different amount/size of the
fragments in individual wells. The latter has been difficult to avoid due
to heterogeneity of the dissociated tissue, which affected the CTG
measurements, where we noted big variations between parallels.
Furthermore, the CTG assay gives no possibility to discriminate the
fragment-signal from the signal of the “contaminating” normal cells,
which was possible by the imaging-based approaches. Despite those
limitations, the CTG assay generally recapitulated the effects registered
by other methods, where the mentioned concerns could be controlled.
In conclusion, the choice of an optimal read-out method might
depend on the cultured tissue characteristics and might require
individual adjustment.

Despite those technical challenges, we succeeded in recapitulating
paclitaxel-resistance and -sensitivity in the PDXCs from the resistant
and the sensitive PDXs, respectively. This has been demonstrated in
cultures from both fresh and cryopreserved tissue, and the latter might
be advantageous when collecting tissue directly from a patient. The
difference in response was not an artifact associated with the tissue, but
was drug-dependent i.e. observed for paclitaxel, but not capecitabine, as
in the matching PDXs. Furthermore, we recapitulated drug sensitivity
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profile of another PDX, HBCx39, where superior responses to
capecitabine, compared to paclitaxel or everolimus, were observed
also in the PDXCs. Finally, we addressed a common technical challenge
of the PDX cultures i.e. contamination with normal host cells, which
could be reduced by the treatment with the MDM2 inhibitor Nutlin-3.
This, however, is a suitable approach only for tumors with lost/mutated
TP53 (25), which is commonly observed among TNBC. For tumors
with wild-type TP53, alternative approaches are needed, and one of
such is separation based on physical parameters, like size. We have
employed size-based filtering combined with low-speed centrifugation
and thereby facilitated separation of tumor fragments from
contaminating normal single cells.

Taken together, the presented data demonstrates the feasibility
of employing tissue explants to “capture” drug sensitivity of
individual tumors, which supports the predictive potential of the
ex vivo platform. The established protocols will facilitate setting up
an analogous platform for BC patient biopsies with the aim to
facilitate functional precision medicine. It would be highly useful to
determine ex vivo the sensitivity to e.g. salvage therapy as
recommended for TNBC and HER2" patients that have shown
less-than-optimal response to neo-adjuvant chemotherapy (24, 26).
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An ultrasound-based radiomics
model to distinguish between
sclerosing adenosis and invasive
ductal carcinoma

Qun Huang, Wanxian Nong, Xiaozhen Tang and Yong Gao*

Department of Ultrasound, First Affiliated Hospital of Guangxi Medical University, Nanning,
Guangxi, China

Objectives: We aimed to develop an ultrasound-based radiomics model to
distinguish between sclerosing adenosis (SA) and invasive ductal carcinoma
(IDC) to avoid misdiagnosis and unnecessary biopsies.

Methods: From January 2020 to March 2022, 345 cases of SA or IDC that were
pathologically confirmed were included in the study. All participants underwent
pre-surgical ultrasound (US), from which clinical information and ultrasound
images were collected. The patients from the study population were randomly
divided into a training cohort (n = 208) and a validation cohort (n = 137). The US
images were imported into MaZda software (Version 4.2.6.0) to delineate the
region of interest (ROI) and extract features. Intragroup correlation coefficient
(ICC) was used to evaluate the consistency of the extracted features. The least
absolute shrinkage and selection operator (LASSO) logistic regression and cross-
validation were performed to obtain the radiomics score of the features. Based
on univariate and multivariate logistic regression analyses, a model was
developed. 56 cases from April 2022 to December 2022 were included for
independent validation of the model. The diagnostic performance of the model
and the radiomics scores were evaluated by performing the receiver operating
characteristic (ROC) analysis. The calibration curve and decision curve analysis
(DCA) were used for calibration and evaluation. Leave-One-Out Cross-
Validation (LOOCV) was used for the stability of the model.

Results: Three predictors were selected to develop the model, including
radiomics score, palpable mass and BI-RADS. In the training cohort, validation
cohort and independent validation cohort, AUC of the model and radiomics
score were 0.978 and 0.907, 0.946 and 0.886, 0.951 and 0.779, respectively. The
model showed a statistically significant difference compared with the radiomics
score (p<0.05). The Kappa value of the model was 0.79 based on LOOCV. The
Brier score, calibration curve, and DCA showed the model had a good calibration
and clinical usefulness.
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Conclusions: The model based on radiomics, ultrasonic features, and clinical
manifestations can be used to distinguish SA from IDC, which showed good
stability and diagnostic performance. The model can be considered a potential
candidate diagnostic tool for breast lesions and can contribute to effective

clinical diagnosis.

KEYWORDS

sclerosing adenosis, invasive ductal carcinoma, ultrasound, radiomics, model

Introduction

Sclerosing adenosis (SA) is a common benign lesion that may
mimic breast malignancy clinically, radiologically, and pathologically
(1-4). SA is usually asymptomatic or palpated with a mass, which is
unexpectedly found in premenopausal women who have been
examined using imaging or histopathology for other reasons (2). SA
is often radiologically evaluated as a malignancy. Pathologically, SA isa
complex proliferative change consisting of enlarged and twisted
nodules and containing repeated and crowded acini accompanied by
significant myoepithelial and interstitial fibrosis (5). SA often imitates
malignancy, leading to misdiagnosis and excessive biopsies, which
have a negative influence on women’s physical and mental health. As
the most common breast cancer, IDC may coexist with SA, making it
difficult to distinguish between them (6). However, surgical resection is
the main treatment for IDC due to its invasiveness and metastasis,
whereas follow-up procedures are performed for SA (7).

The conventional breast ultrasound (US) plays a key role in
screening, diagnostic imaging, and interventional breast surgery for
breast lesions. For patients, US is relatively quicker, more
comfortable, less expensive, and radiation-free. The American
College of Radiology Breast Imaging Report and Data System
(ACR BI-RADS) has developed a standardized vocabulary to
describe the findings of US examinations, and has established a
system to classify these findings and the probability of malignant
tumors (8, 9). However, US and BI-RADS both depend on the
subjective observations of radiologists. Therefore, exploring the use
of a non-invasive and objective method to differentiate between
benign and malignant lesions is crucial.

Texture analysis technology extracts texture feature parameters
by certain image processing systems, which can objectively and
quantitatively provide information about the lesions that cannot be
identified by the naked eye (10, 11). MaZda is a software package
used for 2D and 3D image texture analyses, and it provides a
complete path for the quantitative analysis of image textures. It is
effective in its use for various imaging analyses, including X-rays,
US, and magnetic resonance imaging. It has been proven to be an
efficient and reliable tool for quantitative image analyses, providing
more accurate and objective medical diagnoses (12-15).
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A logistic regression model is based on a multivariate regression
analysis, integrating multiple predictors and using multiple indicators
to diagnose or predict the occurrence or progress of diseases (16, 17).
To our knowledge, there is no model based on an ultrasonic texture
analysis used to distinguish between SA and IDC. We aimed to develop
and validate an ultrasound-based radiomics model to differentiate
between SA and IDC, which could be a potential candidate diagnostic
tool for breast lesions and could help to avoid misdiagnosis and
unnecessary biopsies.

Materials and methods
Study population

This retrospective study was approved by the Research Ethics
Committee of the First Affiliated Hospital of Guangxi Medical
University. We retrospectively reviewed the medical records of
345 consecutive female patients (345 lesions) in our hospital from
January 2020 to March 2022, including 76 cases of SA and 269 cases
of IDC. Patients from the study population were randomly divided
into a training cohort (n=208, mean age: 51.3 + 12.2 years) and a
validation cohort (n=137, mean age: 51.5 + 10.2 years). The
consistency between the two cohorts was tested. In addition,
patients from our hospital from April 2022 to December 2022,
including 26 cases of SA and 30 cases of IDC, were included for
independent validation (n = 56, mean age: 48.3 + 13.6 years).

The inclusion criteria were as follows: (1) a breast US was
performed before biopsy or surgery; (2) US images were available
for qualitative and radiomic analysis; (3) all participants were
confirmed as SA or IDC by biopsy or surgical pathology; (4) all
patients had not received systemic hormone therapy or neoadjuvant
chemotherapy; (5) the clinical information and US images were
complete; and (6) only a lesion in the largest or highest BI-RADS
category was included for patients with multiple lesions.

The exclusion criteria were as follows: (1) the poor quality of
ultrasonic images affected the texture analysis; (2) the pathological
result was indefinite; (3) patients had received systemic hormone
therapy or neoadjuvant chemotherapy; (4) clinical information and
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US images were lacking; and (5) the lesion was too large to delineate
the ROL.
The flow chart of the study was shown in Figure 1.

Breast ultrasound technology

All patients underwent a pre-surgical US examination. The
patients were in a supine position with their hands raised above
their heads to fully expose the breast. Color Doppler ultrasound
instruments included GE LOGIQ E9, VOLUSON E9 (General
Electric Company, Boston, USA), or HITACHI ARIEETTA 70
(HITACHI Ltd., Tokyo, Japan) with a linear array probe and a
frequency of 9-12 MHz.

The standard store images of breast lesion included at least two
vertical sections, one of which showing the maximum diameter of
the lesion. The images with the clearest and most complete
demonstration of lesions were chosen. The focus was located
slightly below the lesion, and the frequency range was 9-12MHz.
Each lesion was classified into a category (3, 4A, 4B, 4C, or 5)
according to the 5th edition of ACR BI-RADS US. According to
ACR BI-RADS dlassification, BI-RADS 4A means that the degree of
malignancy is very low, and the possibility of benign lesions is far
greater than that of malignant lesions. According to relevant
literature, lesions of BI-RADS 3 or 4A were considered to be
negative, and lesions of BI-RADS 4B, 4C or 5 were considered to
be malignant in our study (18). The ultrasonic features of the breast
lesions were recorded, including maximum size, shape, echo
pattern, echo distribution, boundary, orientation, posterior
feature, calcification, vascularity distribution, and associated
features. All lesions were examined and evaluated by two
ultrasound doctors with more than five years of experience with
breast US. In the case of a disagreement, a final consensus was
reached through a discussion.

The maximum size was the largest diameter of the tumor. The
shape was defined as regular or irregular. The echo pattern was
divided into hypoechoic, or complex echo. The echo distribution

From January 2020 to March 2022, a total of SA or IDC that were
pathologically confirmed were included in the study (n=555).

Exclusion criteria :

(1) the poor quality of ultrasonic
images affected the texture
analysis (n=45):

(2) the pathological result was
indefinite (n=36);

(3) patients had received systemic |——
hormone therapy or neoadjuvant
chemotherapy (1=26):

(4) clinical information and US
images were lacking (n=08):

(5) the lesion was too large to
delineate the ROI (n=5).

The medical data of 56
patients from April
2022 to December 2022
were included.

l Overall included (n=345) |

Texture analysis }—

| Training cohort (n = 208)| ‘ Validation cohort (n = 137) ” Independent validation cohort (n = 56)‘

i
ROC analysis. calibration curve and decision curve analysis (DCA) were used for verification, calibration
and evaluation. Leave-One-Out Cross-Validation was used to test the stability of the model.

FIGURE 1
The flow chart of the study.
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was divided into uniform or non-uniform types. The boundary was
interpreted as well-circumscribed or obscure. The orientation was
depicted as whether or not the breast lesion was parallel to the chest
wall. The posterior acoustic features were classified as attenuated or
not. The vascularity distribution was recorded as absent or internal
(1). Associated features included duct ectasia, and palpable mass.

Pathological findings

The histopathological results of all lesions were obtained from
the surgical resection report. Each specimen was placed in a
formalin solution, and then histopathological treatment was
carried out using the standard procedures. The final pathological
results were evaluated by experienced pathologists.

Radiomic analysis

The section of the largest diameter of the lesion was selected to
draw ROI by one ultrasound doctor with more than ten years
experience of breast US. ROI was set to be 0.1-0.2cm along the inner
edge of the lesion. The ultrasound gray-scale images were imported
into MaZda software (Version 4.2.6.0), and the ROI results were
then delineated manually (Figure 2). After normalization, a total of
279 descriptors were used to characterize the gray-scale image
texture using MaZda software, including nine texture features
based on the histogram, 11 features based on the co-occurrence
matrix (derived from 20 co-occurrence matrices produced for four
directions and five inter-pixel distances), five features based on the
run-length matrix (each in four different directions), five features
based on a gradient map, five features based on an autoregressive
model, and up to 20 features based on the Haar wavelet
transform (12).

In order to select the features with good reproducibility and
stability to build the model, 30 ultrasound images of breast lesions
were randomly selected. The ROI was drawn by another ultrasound
doctor with more than ten years experience of breast US and the
features were extracted again. Intragroup correlation coefficient
(ICC) was used to evaluate the consistency between the ROI
extraction features, which was drawn by two ultrasound doctors.
The features with ICC greater than or equal to 0.75 were considered
to have good reproducibility and stability. The least absolute
shrinkage and selection operator (LASSO) logistic regression and
cross-validation were performed to select the significant features.
The selected features were used to establish the radiomics score.

Development and validation of the model

We conducted univariate and multivariate logistic regression
analyses to explore the influencing factors. The candidate factors
included clinical information, ultrasonic features, BI-RADS, and the
radiomics score. In the training cohort, variables selected by the
univariate analysis (p<0.05) were used for the multivariate logistic
regression to determine the independent risk factors for the model. On
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FIGURE 2

Ultrasound and histopathologic findings of a 35-year-old woman with SA. (A) The ultrasound image showed a hypoechoic lesion with irregular
shape. The lesion was classified as BI-RADS 4C and considered malignant, which was considered benign by our model. (B) ROl was manually drawn

in red by MaZda software along the edge of the lesion.

the basis of the validation cohort, the discrimination, calibration, and
clinical usefulness of the model were evaluated. In addition, the logistic
score of each patient in the independent validation cohort was
calculated using our model. The ROC curves were plotted to assess
the diagnostic performance of the model (19). The area under the ROC
curve (AUC) was used to quantify discrimination. The calibration
curve was used to examine the model’s predictive accuracy. To
determine the clinical usefulness of the model, a decision curve
analysis (DCA) was performed (20). Leave-One-Out Cross-
Validation (LOOCV) was used to test the stability of the model,
which was graded as very good (Kappa value of 0.80 to 1.00), good
(Kappa value of 0.60 to 0.80), fair (Kappa value of 0.40 to 0.60),
moderate (Kappa value of 0.20 to 0.40) or poor (Kappa value<0.20).

Statistical analysis

The statistical analysis was conducted using R software (version
4.1.3) and SPSS 26.0 (Chicago, IL). For the categorical variables, the
Chi-square test was used, although when necessary, Fisher’s exact
test was used. The Student’s t-test was used to compare the
continuous variables with a normal distribution. The reported
statistical significance levels were all two-sided, and a P value<
0.05 was considered significant.

The “caret” package of R software was used to randomly split
the total data, 60% of which was included in the training cohort and
the remaining 40% in the verification cohort. At the same time, the
package was also used for cross-validation. The “glmnet” package
was used for the LASSO regression. The “glm” function of R
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software was used for the logistic regression analysis. The “Cairo”
package was used to plot the model. The “pROC” package was used
to plot the ROC curves and to measure the AUCs, which were
compared using DeLong’s test. The “calibrate” function was used
for the calibration curves. The “decision_curve” function was used
to perform the DCA.

Results
Study population

A total of 401 lesions from 401 female patients (mean age: 50.9
+ 11.8 years, age range: 21-89 years) were recruited, including 102
SA (mean age: 47.1 + 12.7 years, age range: 21-83 years) and 299
IDC (mean age: 52.2 + 11.2 years, age range: 23-89 years). There
were 208 patients with 208 lesions in the training cohort (mean age:
51.3 + 12.2 years), 137 patients with 137 lesions in the validation
cohort (mean age: 51.5 + 10.2 years), and 56 patients with 56 lesions
in the independent validation cohort (mean age: 48.3 + 13.6 years).

Clinical and ultrasonic characteristics

The clinical and ultrasonic characteristics of the training cohort
and the verification cohort were shown in Table 1. There were no
statistical differences in 14 observation indexes (p>0.05) between
the training cohort and the verification cohort, which indicated that
the consistency between the two cohorts was good.

frontiersin.org


https://doi.org/10.3389/fonc.2023.1090617
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Huang et al.

Radiomic analysis

Based on the training cohort, we extracted 279 texture features
for each ROL According to the result of reproducibility analysis by

TABLE 1 The clinical and ultrasonic characteristics in the training and
validation cohorts.

P-
value

Validation cohort
(n=137)

Training cohort

(n=208)

Age (years) 513 +12.2 51.5 + 10.2 0.863
Pathology 0.962
SA 46 (22.1%) 30 (21.9%)

IDC 162 (77.9%) 107 (78.1%)

BI-RADS 0.509
3-4A 44 (21.2%) 25 (18.2%)

4B-5 164 (78.8%) 112 (81.8%)

Tumor Size (cm) 23+1.3 23+1.1 0.867
Duct Ectasia 0.981
None 199 (95.7%) 131 (95.6%)

Ectasia 9 (4.3%) 6 (4.4%)

Palpable Mass 0.217
None 36 (17.3%) 17 (12.4%)

Palpable 172 (82.7%) 120 (87.6%)

Echo Pattern 1.000
Hypoechoic 202 (97.1%) 133 (97.1%)

Complex Echo 6 (2.9%) 4 (2.9%)

Echo 0.053
Distribution

Uniform 21 (10.1%) 6 (4.4%)

Non-Uniform 187 (89.9%) 131 (95.6%)

Boundary 0.630
Well- 92 (44.2%) 57 (41.6%)

Circumscribed 116 (55.8%) 80 (58.4%)

Obscure

Shape 0.455
Regular 20 (9.6%) 10 (7.3%)

Irregular 188 (90.4%) 127 (92.7%)

Orientation 0.478
Parallel 170 (81.7%) 116 (84.7%)

Not Parallel 38 (18.3%) 21 (15.3%)

Posterior Feature 0.993
None 173 (83.2%) 114 (83.2%)

Attenuation 35 (16.8%) 23 (16.8%)

Calcification 0.828
None 89 (42.8%) 57 (41.6%)

Calcification 119 (57.2%) 80 (58.4%)

Vascularity 0.994
Distribution

Absent 76 (36.5%) 50 (36.5%)

Internal 132 (63.5%) 87(63.5%)
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two ultrasound doctors, 250 radiomic features had good consistency
(ICC = 0.75). Through the LASSO regression (Figure 3), the
following six optimal variables were selected: Skewness,
Horzl_RLNonUni, Horzl_GLevNonU, WavEnLL_s.3,
WavEnLH_s.3, and WavEnLH_s.4. Based on these six features,
the radiomics score was calculated using the following formula:

Radiomics score = —3.675163 — Skewness x 2.24776 x 107!
— Horzl_RLNonUni x 9.498166 x 107°
— Horzl_GLevNonU x 3.05807 x 107*
+ WavEnLL _s.3 x 6.213542 x 107
+ WavEnLH _s.3 x 6.650157 x 107

+ WavEnLH _s.4 x 1.14583 x 107°

Development and validation of the model

In the training cohort, a univariate analysis was performed on
14 observation indexes (Table 2). A multivariate logistic regression
was used to analyze the selected variables (p<0.05) to determine the
independent risk factors for the model (Table 2). Based on
radiomics score, BI-RADS and palpable mass as independent risk
variables (p<0.05), the logistic regression model was established by
the following function (Table 3):

Logit(P) —5.880236 + 3.996762X1 + 3.130755X2

- 1.603437X3

The nomogram was developed based on the logistic regression
model (Figure 4) (21, 22).

The diagnostic performances of the model and the radiomics
scores were verified by the ROC analysis (Figure 5). The AUC was
used to quantify discrimination. In the training cohort, the AUC of
the model and the radiomics score were 0.978 (95% confidence
interval [CI: 0.960-0.997]) and 0.907 (95% confidence interval [CI:

39 41 30 23 21 20 17 15 9 96 6 6 6443111000

Binomial Deviance

05

T T T T T T T
4

Log(7.)

&

FIGURE 3
Selection of texture features by the least absolute shrinkage and
selection operator (LASSO) regression in the training cohort.
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Univariate
logistic regression analysis

10.3389/fonc.2023.1090617

Multivariate
logistic regression analysis

OR (95% Cl) P-value OR (95% Cl) P-value
Age 0.97 (0.87-1.07) 0.559
‘ BI-RADS
3-4A Ref. Ref. <0.001
4B-5 79.78 (4.81-3889.12) 0.007 54.42 (12.98-308.27)
Tumor Size (cm) 2.87 (0.86-11.72) 0.100
‘ Duct Ectasia
None Ref.
Ectasia 0.02 (0.00-1.19) 0.055
‘ Palpable Mass
None Ref. Ref. <0.001
Palpable 68.03 (5.04-2661.21) 0.006 22.89 (4.33-144.54)
‘ Echo Pattern
Hypoechoic Ref.
Complex Echo 0.06 (0.00-36.89) 0.539
‘ Echo Distribution
Uniform Ref.
Non-Uniform 13.98 (0.72-659.76) 0.112
‘ Boundary
Well-Circumscribed Ref.
Obscure 7.85 (0.77-154.81) 0.109
‘ Shape
Regular Ref.
Irregular 5.83 (0.18-215.56) 0.316
‘ Orientation
Parallel Ref.
Not Parallel 0.67 (0.02-32.58) 0.819
‘ Posterior Feature
None Ref.
Attenuation 0.48 (0.02-15.15) 0.642
‘ Calcification
None Ref.
Calcification 0.14 (0.00-2.01) 0.184
‘ Vascularity Distribution
Absent Ref.
Internal 8.28 (0.84-146.54) 0.088
Radiomics Score 0.13 (0.02-0.54) 0.019 0.20 (0.07-0.46) 0.001

TABLE 3 Variable assignment table in the logistic regression model. 0.854-0.960]), respectively. In the validation cohort, the AUC of the

model and the radiomics score were 0.946 (95% confidence interval
[CI: 0.903-0.990]) and 0.886 (95% confidence interval [CI: 0.821-
0.951]), respectively. In the total dataset, the AUC of the model and
the radiomics score were 0.965 (95% confidence interval [CI: 0.943-
0.986]) and 0.899 (95% confidence interval [CI: 0.858-0.939]),
respectively. In the independent validation cohort, the AUCs of

Variable Variable assignment

BI-RADS X 3-4A=0, 4B-5 =1

Palpable Mass X, None=0, Palpable=1

Radiomics Score X3 Score
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FIGURE 4
The nomogram was established based on the model.

the model and the radiomics score were 0.951 (95% confidence
interval [CL: 0.891-1]) and 0.779 (95% confidence interval [CI:
0.650-0.909]), respectively. (Table 4) According to DeLong’s test,
there were statistically significant differences (p<0.05) between the
model and radiomics scores.

The specificity, sensitivity, accuracy, Youden index, negative
predictive value, positive predictive value, false positive rate, true
positive rate, true negative rate and false negative rate of the model
and the radiomics score in the training cohort, the validation cohort,
the total dataset and in the independent validation cohort were
shown in Table 5, respectively. The Brier score of 0.066 suggested a
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high accuracy of the model. The calibration curve demonstrated good
agreement between the prediction and the pathological results
(Figure 6). The DCA was plotted for the model (Figure 7). It
demonstrated that if the threshold probability is more than 5%,
using the model to predict SA and IDC will be more beneficial than
either the treat-all-patients scheme (assuming all lesions are IDC) or
the treat-none scheme (assuming all lesions are SA). Based on Leave-
One-Out Cross-Validation, the Kappa value of this model was 0.79,
which proved that the model had good stability.

According to the model, the lower the radiomics score, the
higher the BI-RADS classification, the more palpable the mass, and
the greater the possibility of IDC.

Discussion

We developed and validated an ultrasound-based radiomics
model, which included the radiomics score, BI-RADS and palpable
mass, to distinguish between SA and IDC. Although the radiomics
score we created was proved to have a high AUC value, the model
showed a better diagnostic efficacy and clinical utility than the
radiomics score alone, which indicates the superiority of the model
in disease identification.

SA is an IDC-mimicking benign proliferative breast lesion, which
is usually asymptomatic or only palpated with a mass. In previous
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Receiver operating characteristic (ROC) curves of the model and radiomics score in the training cohort (A), validation cohort (B), total dataset

(C) and independent validation cohort (D), respectively.
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TABLE 4 AUCs of the radiomics score and model.

p-
value

p-
value

Validation cohort
(n=137)

Training cohort
(n=208)

AUC (95% Cl)

AUC (95% Cl)

10.3389/fonc.2023.1090617

Pp-
value

p-
value

Total dataset
(n=345)

Independent validation
cohort (n=56)

AUC (95% Cl) AUC (95% Cl)

Model 0.978 (0.960-0.997) 0.946 (0.903-0.990) 0.965 (0.943-0.986) 0.951 (0.891-1)

Radiomics 0.907 (0.854-0.960) 0.886 (0.821-0.951) 0.899 (0.858-0.939) 0.779 (0.650-0.909)

score

Model vs. 0.005 0.025 <0.001 0.002
Radiomics

score

studies, it has been confirmed that SA can imitate IDC clinically,
radiologically, and pathologically, so it is necessary to distinguish
between SA and IDC (1-5, 7). As a convenient, affordable, and
radiation-free imaging examination, the US is a most widely used
breast screening technique. Liu et al. found that US BI-RADS atlas and
elastography are powerful tools in diagnosing SA (1). Shao et al
asserted that an enhanced US could improve the diagnostic accuracy of
SA (23). However, these researchers used a subjective analysis or
expensive inspections. The texture analysis is a new computer-aided
technology used for quantitative analyses of image information
through algorithms, which can prevent the subjectivity of ultrasonic
examinations and BI-RADS classifications (10, 11). To our knowledge,
no research has focused on ultrasonic omics to distinguish between SA
and IDC using a texture analysis.

We selected six radiomic features based on a regression analysis,
including one histogram parameter (Skewness), two grey level run-
length matrix (RLM) parameters (Horzl RLNonUni and
Horzl_GLevNonU), and three Haar wavelet transform parameters
(WavEnLL_s.3, WavEnLH_s.3, and WavEnLH_s.4). The texture
analysis was normalized by MaZda software. According to the
coefficients, Skewness, Horzl RLNonUni, and Horzl GLevNonU
were negatively correlated with the radiomics score. That is, the
larger the Skewness, Horzl_RLNonUni, and Horzl_GLevNonU, the

TABLE 5 The evaluation index of the radiomics score and model.

Training cohort (n=208)

Validation cohort (n=137)

lower the radiomics score and the higher the probability of IDC. In
addition, the three Haar wavelet transform parameters were all
positively correlated with the radiomics score, which indicates that
when these three parameters are larger, the radiomics score is
higher and the probability of IDC is lower. Furthermore,
skewness seemed to contribute most to the radiomics score.

The histogram is computed based on the intensity of the pixels
without considering any spatial relations between the pixels within the
image (12). As one characteristic variable of a histogram, a high
skewness means an asymmetrical distribution with a long right tail.
A tumor with a high skewness of signal intensity is mainly composed of
fibrosis or stroma. In this study, skewness was positively correlated
with the malignant degree of the tumor, which may be related to the
high gray intensity of the image caused by hyperplasia, fibrosis,
calcification, and tumor cell accumulation in the IDC glands.
Previous studies have shown that a high mammographic density
independently predicts the risk of breast cancer and that a high
skewness of a tumor might be related to poor survival (24-26). Our
observations were consistent with these previous reports. On a gray-
level image, the RLM quantifies the coarseness of a texture in a specific
direction. When runs are equally distributed throughout the gray
levels, the function of gray-level non-uniformity reaches its lowest
values. If the runs are equally distributed throughout the lengths, the

Total dataset (n=345) Independent validation cohort

(n=56)
Model Radiomics score  Model Radiomics score Model Radiomics score Model Radiomics score
specificity 0913 0.826 0.867 0.767 0.908 0.803 0.846 0.538
sensitivity 0.920 0.895 0.907 0.850 0.892 0.877 0.967 0.967
accuracy 0918 0.880 0.898 0.832 0.896 0.861 0911 0.768
Youden index = 0.833 0.721 0.774 0.617 0.800 0.680 0.813 0.505
npv 0.764 0.691 0.722 0.590 0.704 0.649 0.957 0.933
ppv 0.974 0.948 0.960 0.929 0.972 0.940 0.879 0.707
fpr 0.087 0.174 0.133 0.233 0.092 0.197 0.154 0.462
tpr 0.920 0.895 0.907 0.850 0.892 0.877 0.967 0.967
tnr 0913 0.826 0.867 0.767 0.908 0.803 0.846 0.538
for 0.080 0.105 0.093 0.150 0.108 0.123 0.033 0.033

(npv,negative predictive value; ppv,positive predictive value; fpr,false positive rate; tpr,true positive rate; tnr,true negative rate; fnr,false negative rate).
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function of run length non-uniformity has a low value (27). In our
study, Horzl RLNonUni and Horzl GLevNonU were negatively
correlated with the radiomics score, which meant that the gray levels
and the lengths of IDC were nonuniform. This is consistent with our
observation of the IDC ultrasonic features. The wavelet transform
provides time/space and frequency (or scale) resolution information of
the signal/image and the details of the image at different frequencies,
which reflects the detailed features of the image. When the image is
clearer or the frequency is richer, the parameter value is higher. The
Haar wavelet has mainly been used for the feature extraction of breast
cancer diagnoses in many studies (28).In this study, the selected three
Haar wavelet transform parameters were all positively correlated with
the radiomics score, which meant that the IDC texture images were
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FIGURE 7
Decision curve analysis for the model and radiomics score.
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blurred. This may be due to the heterogeneity of IDC cells and the
proliferation of tumor blood vessels, which are prone to necrosis and
make the tumor image blurry.

Despite the promising performance of the radiomics score, the
model of our study, which combined ultrasonic characteristics, BI-
RADS, clinical information, and radiomic features, had the
advantages of being affordable and objective, suggesting that it is
beneficial to combine a texture analysis with ultrasonic features and
clinical manifestations in future medical work. Based on the
univariate logistic regression, each index was gradually fitted, and
three characteristics were screened out as indicators to distinguish
between SA and IDC. Soo-Yeon Kim et al. proposed that BI-RADS
4B or 5 was independently related to malignant tumors, and had a
high upgrade rate (29). Based on our findings, BI-RADS 3 or 4A
suggests that SA is possible, and a higher classification tends to be
malignant. A palpable mass with a lower radiomics score further
suggests IDC. The results were basically consistent with previous
research conclusions (1, 29, 30). In addition, based on the
multivariate logistic regression analysis, the influence of
confounding factors was eliminated, and the final three variables
were obtained, including the radiomics score, BI-RADS and
palpable mass, which were used as independent influence factors
and were selected to develop the model.

There are some limitations of the current study that need to be
further investigated. (1) This study was a retrospective analysis,
therefore it was difficult to completely overcome the operator
dependency of the initial examination, making a bias error
inevitable. (2) This study was a single-center research study, so the
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number of SA and IDC cases was limited. The performance of this
model needs to be verified by other centers and a larger cohort in the
future. (3) We only included patients with SA and IDC, though the
differences in the texture features for the pathological subtypes of
breast cancer and adenosis can be analyzed in the future.

Conclusion

The model in our study based on radiomics, ultrasonic features,
and clinical manifestations can be used to distinguish SA from IDC,
which showed good stability and diagnostic performance. The model
can be considered a potential candidate diagnostic tool for breast
lesions and can contribute to effective clinical diagnosis and treatment.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The study was conducted in accordance with the principles of
the Declaration of Helsinki, and the study protocol was approved by

References

1. Liu W, Li W, Li Z, Shi L, Zhao P, Guo Z, et al. Ultrasound characteristics of
sclerosing adenosis mimicking breast carcinoma. Breast Cancer Res Tr (2020) 181:127-
34. doi: 10.1007/s10549-020-05609-2

2. Tan H, Zhang H, Lei Z, Fu F, Wang M. Radiological and clinical findings in sclerosing
adenosis of the breast. Medicine (2019) 98:¢17061. doi: 10.1097/MD.0000000000017061

3. Sharma T, Chaurasia JK, Kumar V, Mukhopadhyay S, Joshi D. Cytological
diagnosis of sclerosing adenosis of breast: Diagnostic challenges and literature review.
Cytopathology (2021) 32:827-30. doi: 10.1111/cyt.13041

4. Zhang J, Yu Z, Dong A, Zhu Y. FDG-avid sclerosing adenosis of the breast
mimicking malignancy. Clin Nucl Med (2022) 47:192-94. doi: 10.1097/
RLU.0000000000003849

5. Visscher DW, Nassar A, Degnim AC, Frost MH, Vierkant RA, Frank RD, et al.
Sclerosing adenosis and risk of breast cancer. Breast Cancer Res Tr (2014) 144:205-12.
doi: 10.1007/s10549-014-2862-5

6. Watkins EJ. Overview of breast cancer. Jaapa-] Am Acad Phys (2019) 32:13-7.
doi: 10.1097/01.JAA.0000580524.95733.3d

7. Yan P, DeMello L, Baird GL, Lourenco AP. Malignancy upgrade rates of radial
sclerosing lesions at breast cancer screening. Radiol Imaging Cancer (2021) 3:¢210036.
doi: 10.1148/rycan.2021210036

8. Malherbe K, Tafti D. Breast ultrasound. In: StatPearls. Treasure Island (FL:
StatPearls Publishing (2022).

9. Magny SJ, Shikhman R, Keppke AL. Breast imaging reporting and data system.
In: StatPearls. Treasure Island (FL: StatPearls Publishing (2022).

10. Scalco E, Rizzo G. Texture analysis of medical images for radiotherapy
applications. Brit J Radiol (2017) 90:20160642. doi: 10.1259/bjr.20160642

11. Corrias G, Micheletti G, Barberini L, Suri JS, Saba L. Texture analysis imaging
“what a clinical radiologist needs to know”. Eur J Radiol (2022) 146:110055. doi:
10.1016/j.ejrad.2021.110055

12. Szczypinski PM, Strzelecki M, Materka A, Klepaczko A. MaZda-a software
package for image texture analysis. Comput Meth Prog Bio (2009) 94:66-76.
doi: 10.1016/j.cmpb.2008.08.005

Frontiers in Oncology

10.3389/fonc.2023.1090617

the First Affiliated Hospital of Guangxi Medical University ethics
committee. The study is of the retrospective nature, patient consent

for inclusion was waived.

Author contributions

QH wrote the main manuscript text. WN and XT prepared
tables and figures. YG was fully responsible for the design of this
study and data processing. All authors contributed to the article and
approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

13. Ge S, Yixing Y, Jia D, Ling Y. Application of mammography-based radiomics
signature for preoperative prediction of triple-negative breast cancer. BMC Med
Imaging (2022) 22:166. doi: 10.1186/s12880-022-00875-6

14. Marino MA, Leithner D, Sung J, Avendano D, Morris EA, Pinker K, et al.
Radiomics for tumor characterization in breast cancer patients: A feasibility study
comparing contrast-enhanced mammography and magnetic resonance imaging.
Diagnostics (2020) 10:492. doi: 10.3390/diagnostics10070492

15. Chen Q, Xia J, Zhang J. Identify the triple-negative and non-triple-negative
breast cancer by using texture features of medicale ultrasonic image: A STROBE-
compliant study. Medicine (2021) 100:¢25878. doi: 10.1097/MD.0000000000025878

16. Wang QQ, Yu SC, Qi X, Hu YH, Zheng W7, Shi JX, et al. [Overview of logistic
regression model analysis and application]. Zhonghua Yu Fang Yi Xue Za Zhi (2019)
53:955-60. doi: 10.3760/cma.j.issn.0253-9624.2019.09.018

17. Meurer W], Tolles J. Logistic regression diagnostics: Understanding how well a
model predicts outcomes. Jama-] Am Med Assoc (2017) 317:1068-69. doi: 10.1001/
jama.2016.20441

18. Su X, Lin Q, Cui C, Xu W, Wei Z, Fei ], et al. Non-calcified ductal carcinoma in
situ of the breast: Comparison of diagnostic accuracy of digital breast tomosynthesis,
digital mammography, and ultrasonography. Breast Cancer-Tokyo (2017) 24:562-70.
doi: 10.1007/s12282-016-0739-7

19. Obuchowski NA, Bullen JA. Receiver operating characteristic (ROC) curves:
review of methods with applications in diagnostic medicine. Phys Med Biol (2018)
63:1T-7T. doi: 10.1088/1361-6560/aab4b1

20. Liang T, Cong S, Yi Z, Liu J, Huang C, Shen J, et al. Ultrasound-based
nomogram for distinguishing malignant tumors from nodular sclerosing adenoses in
solid breast lesions. J Ultras Med (2021) 40:2189-200. doi: 10.1002/jum.15612

21. Balachandran VP, Gonen M, Smith JJ, DeMatteo RP. Nomograms in oncology:
more than meets the eye. Lancet Oncol (2015) 16:¢173-80. doi: 10.1016/S1470-2045
(14)71116-7

22. Bandini M, Fossati N, Briganti A. Nomograms in urologic oncology, advantages
and disadvantages. Curr Opin Urol (2019) 29:42-51. doi: 10.1097/MOU.00000
00000000541

frontiersin.org


https://doi.org/10.1007/s10549-020-05609-2
https://doi.org/10.1097/MD.0000000000017061
https://doi.org/10.1111/cyt.13041
https://doi.org/10.1097/RLU.0000000000003849
https://doi.org/10.1097/RLU.0000000000003849
https://doi.org/10.1007/s10549-014-2862-5
https://doi.org/10.1097/01.JAA.0000580524.95733.3d
https://doi.org/10.1148/rycan.2021210036
https://doi.org/10.1259/bjr.20160642
https://doi.org/10.1016/j.ejrad.2021.110055
https://doi.org/10.1016/j.cmpb.2008.08.005
https://doi.org/10.1186/s12880-022-00875-6
https://doi.org/10.3390/diagnostics10070492
https://doi.org/10.1097/MD.0000000000025878
https://doi.org/10.3760/cma.j.issn.0253-9624.2019.09.018
https://doi.org/10.1001/jama.2016.20441
https://doi.org/10.1001/jama.2016.20441
https://doi.org/10.1007/s12282-016-0739-7
https://doi.org/10.1088/1361-6560/aab4b1
https://doi.org/10.1002/jum.15612
https://doi.org/10.1016/S1470-2045(14)71116-7
https://doi.org/10.1016/S1470-2045(14)71116-7
https://doi.org/10.1097/MOU.0000000000000541
https://doi.org/10.1097/MOU.0000000000000541
https://doi.org/10.3389/fonc.2023.1090617
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Huang et al.

23. Shao S, Yao M, Li X, Li C, Chen J, Li G, et al. Conventional and contrast-
enhanced ultrasound features in sclerosing adenosis and correlation with pathology.
Clin Hemorheol Micro (2021) 77:173-81. doi: 10.3233/CH-200943

24. Marta R, Javier L, Margarita P, Rodrigo A, Lupe P, Maria S, et al. Breast density,
benign breast disease, and risk of breast cancer over time. Eur Radiol (2021) 31:4839-
47. doi: 10.1007/s00330-020-07490-5

25. Poussaint TY, Vajapeyam S, Ricci KI, Panigrahy A, Kocak M, Kun LE, et al.
Apparent diffusion coefficient histogram metrics correlate with survival in diffuse
intrinsic pontine glioma: A report from the pediatric brain tumor consortium. Neuro-
Oncology (2016) 18:725-34. doi: 10.1093/neuonc/nov256

26. Jin K, Rao S, Sheng R, Zeng M. Skewness of apparent diffusion coefficient (ADC)
histogram helps predict the invasive potential of intraductal papillary neoplasms of the
bile ducts (IPNBs). Abdominal Radiol (New York) (2019) 44:95-103. doi: 10.1007/
500261-018-1716-8

Frontiers in Oncology

110

10.3389/fonc.2023.1090617

27. Ito K, Kurasawa M, Sugimori T, Muraoka H, Hirahara N, Sawada E, et al. Risk
assessment of external apical root resorption associated with orthodontic treatment
using computed tomography texture analysis. Oral Radiol (2022) 39:75-82.
doi: 10.1007/s11282-022-00604-3

28. Vidya KS, Muthu RKM, Acharya RA, Vinod C, Filippo M, Hamido F, et al.
Application of wavelet techniques for cancer diagnosis using ultrasound images: A
review. Comput Biol Med (2016) 69: 97-111. doi: 10.1016/j.compbiomed.2015.12.006

29. Kim SY, Kim EK, Lee HS, Kim MJ, Yoon JH, Koo JS, et al. Asymptomatic benign
papilloma without atypia diagnosed at ultrasonography-guided 14-gauge core needle
biopsy: Which subgroup can be managed by observation? Ann Surg Oncol (2016)
23:1860-66. doi: 10.1245/s10434-016-5144-0

30. Villegas-Carlos F, Andino-Araque V, Valverde-Quintana M, Larios-Cruz KY, Perez-
Gonzalez Y, Solano-Perez JJ, et al. Predictive factors of invasion in ductal carcinoma in situ
diagnosed by core-needle biopsy. Cir Cir (2022) 90:41-9. doi: 10.24875/CIRU.21000136

frontiersin.org


https://doi.org/10.3233/CH-200943
https://doi.org/10.1007/s00330-020-07490-5
https://doi.org/10.1093/neuonc/nov256
https://doi.org/10.1007/s00261-018-1716-8
https://doi.org/10.1007/s00261-018-1716-8
https://doi.org/10.1007/s11282-022-00604-3
https://doi.org/10.1016/j.compbiomed.2015.12.006
https://doi.org/10.1245/s10434-016-5144-0
https://doi.org/10.24875/CIRU.21000136
https://doi.org/10.3389/fonc.2023.1090617
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

:' frontiers ‘ Frontiers in Oncology

@ Check for updates

OPEN ACCESS

Dayanidhi Raman,
University of Toledo, United States

Jiehui Cai,

Second Affiliated Hospital of Shantou
University Medical College, China
Emir Capkinoglu,

Acibadem University, Turkiye

Jianming Ying
jmying@cicams.ac.cn

This article was submitted to
Breast Cancer,

a section of the journal
Frontiers in Oncology

12 November 2022
16 February 2023
10 March 2023

Lei H, Yuan P, Guo C

and Ying J (2023) Development
and validation of nomograms for
predicting axillary non-SLN
metastases in breast cancer
patients: A retrospective analysis.
Front. Oncol. 13:1096589.

doi: 10.3389/fonc.2023.1096589

© 2023 Lei, Yuan, Guo and Ying. 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) and the
copyright owner(s) 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

Original Research
10 March 2023
10.3389/fonc.2023.1096589

Development and validation of
nomograms for predicting
axillary non-SLN metastases in
breast cancer patients: A
retrospective analysis

Huizi Lei, Pei Yuan, Changyuan Guo and Jianming Ying*

National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese
Academy of Medical Sciences and Peking Union Medical College, Beijing, China

Purpose: The aim of this study was to develop a nomogram for predicting
positive non-sentinel lymph nodes (non-SLNs) in positive SLN breast cancer
patients and validate the Memorial Sloan-Kettering Cancer Center (MSKCC)
nomogram for non-SLN metastasis in Chinese patients.

Methods: The pathological features of 2,561 breast cancer patients were
retrospectively reviewed, and the patients were divided into training and
validation cohorts. Positive non-SLN predictors were identified using univariate
and multivariate analyses and used to construct the nomogram. In patients with
positive SLNs, the MSKCC nomogram was used to calculate the probability of non-
SLN metastasis. The area under the receiver operating characteristic curve (AUC)
was calculated to assess the accuracy of this model and the MSKCC nomogram.

Results: According to multivariate logistic regression analysis, the number of
positive and negative SLNs, tumor stage, lymphovascular invasion, perineural
invasion, and extracapsular extension were independent predictive factors for
non-SLN metastasis and were selected to establish the nomogram for predicting
positive non-SLNs. This nomogram performed favorably in predicting positive
non-SLNs, with AUCs of 0.765 and 0.741 for the training and validation cohorts,
respectively. The MSKCC nomogram predicted non-SLN metastasis with an AUC
of 0.755.

Conclusion: A nomogram was developed and validated to assist clinicians
in evaluating the likelihood of positive non-SLN. For Chinese patients with a
known ER status before surgery, the MSKCC nomogram can be used to predict
non-SLN metastases.
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Introduction

Axillary lymph node metastasis is an important prognostic
factor in breast cancer patients. Since its introduction in the
1990s, sentinel lymph node biopsy (SLNB) has revolutionized
surgeries for predicting ALN status, especially for those with
clinically negative nodes. Axillary lymph node dissection (ALND)
is no longer necessary when there is no metastasis in the SLNs, and
thus, its surgical-associated complications can be avoided. In
contrast, patients with positive SLNs require ALND. The Z0011
designed by the American College of Surgeons Oncology Group
(ACOSOG) demonstrated that ALND does not prolong survival in
patients with T1 to T2 breast cancer who have <2 positive SLNs.
However, ALND is highly recommended when metastatic disease is
found in more than two SLNs or when metastatic lymph nodes are
identified intraoperatively (1, 2). The Z0011 trial suggested that
some positive SLN patients failed to experience benefits. This result
was also confirmed in China; a prospective single-arm study
showed that ALND could be avoided for patients eligible for
Z0011 in China (3). Therefore, unnecessary ALND may be
minimized by analyzing the factors influencing non-SLN status
among patients with positive SLNs.

In recent years, several prediction models have been developed
using a combination of statistically significant factors, such as the
Memorial Sloan-Kettering Cancer Center (MSKCC) nomogram (4),
the Tenon scoring system (5), the Louisville scoring system (6), and the
Stanford nomogram (7). The MSKCC nomogram is most commonly
used to predict non-SLN status. However, the application range of the
MSKCC nomogram is restricted because it has not yet been widely
validated in Chinese populations, and the ER status of most Chinese
patients is unknown at the time of surgery because diagnostic methods
are different from those in other countries.

In the present study, we aimed to use a large number of patients
to assess the predictive accuracy of the MSKCC nomogram and to
establish a separate nomogram to identify the predictors of non-
SLN status in patients with positive SLNs and use it to subsequently
predict which patient subgroups might avoid ALND.

Materials and methods
Case selection

A total of 2,561 patients diagnosed with breast cancer between
2011 and 2022 were selected from Cancer Hospital, Chinese
Academy of Medical Sciences (CAMS). The inclusion criteria
were as follows: (i) diagnosis of invasive ductal carcinoma and
invasive lobular carcinoma; (ii) previous lumpectomy or
mastectomy; (iii) positive SLNs (macrometastases) and previous
ALND; and (iv) confirmed T1-T2 stage cancer. Patients who had
undergone primary systemic therapy were excluded.

The patients were divided into two cohorts, the training cohort
(70%, 1,792/2,561) and the validation cohort (30%, 768/2,561), with
the R function “createDataPartition” to ensure that outcome events
were distributed randomly between the two cohorts. The prognostic
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risk model was constructed based on the training cohort and
confirmed in the validation cohort. Thirteen variables were
included: number of positive and negative SLNs, age (at
diagnosis), pathological patterns, tumor stage, molecular subtype,
lymphovascular invasion, perineural invasion, extracapsular
extension, number of tumors, human epidermal growth factor
receptor (HER2), estrogen receptor (ER), and progesterone
receptor (PR). The flowchart illustrating the establishment and
validation of the nomograms for predicting non-SLN metastases
in patients with SLN metastases is shown in Figure 1.

SLN biopsy

SLNs can be identified with nanocarbon dyes or technetium-99
m colloids. All lymph nodes detected based on radioactivity or that
were dyed black were excised as SLNs for histopathological
evaluation. Eight-micrometer-thick frozen sections of tumor
tissue were prepared. The remaining tissue was fixed in 10%
neutral buffered formalin and embedded in paraffin. Hematoxylin
and eosin (H&E) staining was performed on frozen sections or on
4-um-thick paraffin sections.

Testing the Memorial Sloan-Kettering
Cancer Center nomogram

To assess the performance of the MSKCC nomogram in predicting
non-SLN metastasis, we applied it to all patients in this study. We input
eight variables to the website (https://nomograms.mskcc.org/breast/
BreastAdditionalNonSLNMetastasesPage.aspx) to produce an estimate
of the risk of non-SLN metastasis: method of SLN metastasis detection
[frozen section, routine or serial H&E, or immunohistochemistry
(IHC)], pathological tumor size, tumor type and grade (ductal grade
I or ductal grade II or ductal grade III or lobular), number of positive
SLNs, number of negative SLNs, lymphatic or vascular structure
involvement (positive or negative), multifocality (positive or
negative), and ER status (positive or negative).

Statistical analysis

Univariate analysis was performed with the Pearson chi-square
test for categorical variables and independent samples t-tests for
quantitative data. Variables with a p-value < 0.05 in the univariate
analysis were included in binary multivariable logistic regression
analysis, and multicollinearity between variables was assessed to
build the clinical factor model. The potential for multicollinearity
was tested using the variance inflation factor (VIF); variables with a
VIF >10 were excluded from the model. Receiver operating
characteristic (ROC) curves and area under the curve (AUC)
values were computed using the “pROC” R package. The
predicted and actual observed outcomes of the nomogram were
plotted to create a calibration curve, where the 45° line represents
the best prediction. The proposed nomogram was validated in an
independent external validation cohort. Variables or differences
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FIGURE 1

Flowchart illustrating the establishment and validation of nomograms for predicting non-SLN metastases in patients with SLN metastases.

with two-tailed p-values < 0.05 were considered statistically
significant. Statistical analysis was performed using SPSS version
23.0 (IBM SPSS Statistics for Windows) and R programming
language and environment (https://www.r-project.org).

Results
Clinical factors of the patients

The clinical characteristics of the patients are summarized in
Table 1. The median ages were similar in the training and validation
groups (50.63 + 10.34 vs. 51.11 + 10.66). A total of 12,434 SLNs
were detected in 2,561 patients, with an average of 4.86 + 2.00 SLNs
per patient; of these, 4,616 sentinel nodes were positive, with an
average of 1.80 + 1.22 per patient. A total of 1,586 patients (61.9%)
had positive axillary lymph nodes after completion of ALND, and
975 patients (38.1%) had negative lymph nodes.

Clinicopathological feature selection and
nomogram building

Univariate analysis demonstrated that non-SLN metastasis was
significantly correlated with the number of positive and negative
SLNs, tumor size, tumor stage, molecular subtype, lymphovascular
invasion, perineural invasion, extracapsular extension, and HER2
status (Table 2). The VIF values were all <10, indicating that no
collinearity existed between the predictor variables. In multivariate
logistic regression analysis, the number of positive and negative
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SLNs (p < 0.001), tumor stage (p = 0.039), lymphovascular invasion
(p < 0.001), perineural invasion (p < 0.001), and extracapsular
extension (p = 0.003) were identified as independent predictive
factors for non-SLN metastasis (Figure 2). These six independently
predictive factors were used to create a predictive nomogram.

Internal performance and independent
validation of the nomogram

The outstanding discriminability of the nomogram gave an
AUC of 0.765 (95% CI: 0.738-0.793) in the training group and
0.741 (95% CI: 0.695-0.787) in the validation group (Figure 3A). In
addition, the calibration curve of the nomogram showed good
agreement between the predicted and actual observations in the
training group (Figure 3B, p = 0.960) and validation group
(Figure 3C, p = 0.993). In conclusion, the predictive model had
good discriminative and calibration abilities. Figure 4 shows an
example of using the nomogram to predict the risk of non-SLN
metastasis in a given patient. The total score was derived from the
individual scores calculated using the nomogram; most patients in
the training group had total risk points ranging from 260 to 380.

This patient had T1 stage breast cancer, perineural and vascular
invasion, one positive surgical lymph node, and three negative
surgical lymph nodes but no extracapsular extension. The density
plot of total points and tumor stages shows their distribution. For
category variables, their distributions are reflected by the size of the
box (for perineural invasion, the smaller box represents positive,
and the larger one represents negative). The importance of each
variable is ranked according to the standard deviation along the
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TABLE 1 Clinical and pathological characteristics of the training cohort
and the validation cohort.
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TABLE 1 Continued

Characteristics Training Validation
Characteristics UL Ig] Validation cohort cohort
cohort cohort
HER2 IHC
Cases 1,792 768
0 380 (21.2) 184 (24.0)
Positive SLN number 1.84 +1.28 1.71 + 1.08
1+ 492 (27.5) 180 (23.4)
Negative SLN number 3.08 + 2.06 298 +1.97
2+ 557 (31.1) 246 (32.0)
Age
3+ 279 (15.6) 119 (15.5)
<50 870 (48.5) 361 (47.0)
Unknown 84 (4.7) 39 (5.1)
=50 922 (51.5) 407 (53.0)
HER2
IDC histological grade
IHC 0,1+,2+(FISH-) 1,256 (70.1) 533 (69.4)
I 147 (8.4) 52 (7.1)
ICH 3+,2+(FISH+) 351 (19.6) 141 (18.4)
1I 1,172 (67.1) 479 (65.0)
IHC 2+(FISH Unknown) and HER2 185 (10.3) 94 (12.2)
111 418 (23.9) 204 (27.7) Unknown ’ :
Unknown 10 (0.6) 2(0.3) ER
Pathological patterns Negative 259 (14.5) 129 (16.8)
IDC 1,747 (97.5) 737 (96.0) Positive 1,451 (81.0) 600 (78.1)
Invasive lobular carcinoma 45 (2.5) 31 (4.0) Unknown 82 (4.6) 39 (5.1)
pT stage PR
T1 1,010 (56.4) 423 (55.1) Negative 306 (17.1) 172 (22.4)
T2 782 (43.6) 345 (44.9) Positive 1,402 (78.2) 557 (72.5)
Molecular subtype Unknown 84 (4.7) 39 (5.1)
Luminal A 718 (40.1) 290 (37.8) IDC, invasive ductal carcinoma; TNBC, triple-negative breast cancer.
All values are n (%).
Luminal B 705 (39.3) 309 (40.2)
HER2 120 (67) 46 (6.0) nomogram scales. An individual patient’s score (black dot) is placed
on each variable axis. Red lines and dots are drawn upward to
TNBC 104 (5.8 49 (6.4 . . . .
8 ©4) determine the points received by each variable; the sum (308) of
Unknown 145 (8.1) 74 (9.6) these points is located on the total points axis, and a line is drawn
Lymphovascular invasion downward to the NSLN axes to predict the risk of non-SLN
metastasis, which for this patient is 36.1%.
Negative 582 (32.5) 254 (33.1)
Positive 796 (44.4) 330 (43.0)
Unknown 114230) 184 (240) Performance of the MSKCC nomogram in
our cohort of SLN-positive patients
Perineural invasion
Negative 929 (51.8) 399 (52.0) The MSKCC nomogram was used to estimate non-SLN
Positive 457 (25.5) 186 (24.2) metastasis risk in all patient groups (training and validation),
with an AUC of 0.755 (95% CI: 0.732-0.778) (Figure 3A).
Unknown 406 (22.7) 183 (23.8)
Extracapsular extension
Negative 1,692 (94.4) 733 (95.4) DISCUSSIOn
Positive 100 (56) 35 (46) This study used data from 2,561 early breast cancer patients in
Mutifocal two cohorts and presented a simple nomogram that demonstrated
No 1574 (87.8) 683 (88.9) strong discriminability for axillary non-SLN metastases. The
current trends in surgery for breast cancer are toward more
Yes 218 (12.2) 85 (11.1) . S . L
conservative management, which aims to avoid the complications

(Continued)
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of ALND, such as lymphedema of the arm and restriction of arm
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mobility. If metastasis is not found in the SLN, further ALND is
generally not needed; otherwise, the standard management is
completion of the ALND. This study found that 61.66% (1,579/
2,611) of patients with positive SLNs had no further non-SLN
metastases. By extension, the percentage of negative non-SLNs in
patients with one or two SLN metastases was 74.64% (1,077/1,443)
and 57% (350/614), respectively, while in patients with three or
more SLN metastases, 30.16% (152/504) did not have non-SLN
metastasis. Therefore, completing ALND would have no
therapeutic value in more than half of patients with SLN
metastasis; this would require identifying the non-SLN low-risk
subgroup to avoid unnecessary treatment. Univariate and
multivariate analyses were used to assess the association between
the clinical pathologic variables and non-SLN metastasis. The
results showed that the number of positive and negative SLNG,
tumor stage, lymphovascular invasion, perineural invasion, and
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FIGURE 2

Forest plots showing the results of the multivariate logistic analysis.

OR

OR(95% C.1.)
1.629(1. 423-1.865)

0. 803 (0. 745-0. 866

1.755(1. 324-2. 325)

2.445(1. 348-4.433)

1.337(1. 015-1. 761)

1.779(1. 321-2. 396)

1. 117(0. 728-1. 715)

1.078(0. 775-1.5)

1. 657 (0. 844-3. 251)

0.993(0. 549-1. 795)

TABLE 2 Univariate analyses of positive non-sentinel lymph nodes in the training group.

Training cohort (N = 1792) Univariable
Characteristics
Negative NSLN Positive NSLN p
Tumor size 2.03 £0.99 2.26 + 0.63 <0.001
Positive SLN number 1.48 £ 0.82 241 £ 1.60 <0.001
Negative SLN Number 3.53+£20 2.38 £ 1.95 <0.001
Age 0.911
<50 529 (48.4) 341 (48.7)
=50 563 (51.6) 359 (51.3)
IDC histological grade 0.118
I 99 (9.3) 48 (7.1)
I 720 (67.9) 452 (66.9)
1T 242 (22.8) 176 (26.0)
Pathological patterns 0.896
IDC 1065 (97.5) 682 (97.4)
Invasive lobular
carcinoma 27 (2.5) 18 (2.6)
pT stage <0.001
T1 670 (61.4) 340 (48.6)
T2 422 (38.6) 360 (51.4)
Molecular subtype 0.005
Luminal A 471 (46.6) 247 (43.6)
Luminal B 403 (39.9) 302 (47.5)
HER2 68 (6.7) 52 (8.2)
TNBC 69 (6.8) 35 (5.5)
Lymphovascular invasion <0.001
Negative 422 (51.0) 160 (29)
(Continued)
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TABLE 2 Continued
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Training cohort (N = 1792) Univariable
Characteristics
Negative NSLN Positive NSLN p
Positive 405 (49.0) 391 (71)
Perineural invasion <0.001
Negative 622 (72.1) 307 (58.7)
Positive 241 (27.9) 216 (41.3)
Extracapsular extension <0.001
Negative 1055 (96.6) 637 (91.0)
Positive 37 (3.4) 63 (9.0)
Mutifocal 0.387
No 965 (88.4) 609 (87.0)
Yes 127 (11.6) 91 (13.0)
HER2 ITHC 0.028
0 234 (22.3) 146 (22.2)
1+ 328 (31.2) 164 (24.9)
2+ 327 (31.1) 230 (35.0)
3+ 161 (15.3) 118 (17.9)
HER2 0.037
THC 0,1+,2+(FISH-) 789 (79.9) 467 (75.4)
ICH 3+,2+(FISH+) 199 (20.1) 152 (24.6)
ER
Negative 158 (15.0) 101 (15.3) 0.886
Positive 892 (85.0) 559 (84.7)
PR
Negative 183 (17.4) 123 (18.7) 0.507
Positive 867 (82.6) 535 (81.3)

extracapsular extension were independent risk factors for non-SLN
metastasis. While some research has shown that non-SLN
metastasis is associated with the number of tumor lesions in
breast cancer, no association was observed in our study (8). In
the MSKCC nomogram, the effect of ER status was only borderline
significant (p = 0.08), but ER status was included in the MSKCC
nomogram to improve the overall predictive capacity (4).
Therefore, only the patients with known ER status can use the
MSKCC nomogram. However, our study did not observe significant
associations between ER status and NSLN metastasis (p = 0.886),
similar to the result shown by other studies (8-10). Thus, we did not
include ER status to establish the nomogram for predicting positive
non-SLNs. The results of this study can not only help guide
clinicians in predicting the risk of axillary non-SLN metastases
and selecting appropriate treatment strategies but also provide a
basis for guiding clinical decision-making in the radiation field.
SLN biopsy requires the collaboration of a multidisciplinary team of
doctors to integrate and interpret clinical information. Chemotherapy
and radiotherapy can be used instead of ALND in T1-T2 stage patients
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who have not undergone neoadjuvant chemotherapy, are clinically node
negative, and have fewer than or equal to two positive SLNs (11). The
number of studies on breast cancer patients with three or more positive
SLNs is limited at present. Whether patients with three or more positive
SLNs could receive ALND still requires confirmation with a large
prospective, randomized controlled trial. Two studies randomizing
patients with micrometastatic SLN to complete ALND or clinical
follow-up included patients who had undergone mastectomy. Neither
study showed significant effects on survival between groups, suggesting
that ALND and radiotherapy are unnecessary for these patients (12, 13).
ALND is also not recommended for patients with isolated tumor cells in
lymph nodes (14, 15).

The MSKCC nomogram is the most widely used nomogram to
predict the likelihood of non-SLN disease, using nine identified risk
factors to achieve AUCs of 0.76 (retrospective group) and 0.77
(prospective group) (4). There is a great deal of variation in its
predictive value among different populations. The MSKCC
nomogram has been tested in many studies; some reported that the
MSKCC nomogram had an AUC ranging from 0.73 to 0.80 (16, 17),
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Constructed nomogram for predicting the risk of non-SLN metastasis in a patient.

but research from China reported values ranging from 0.677 to 0.688
(18-20). Likely due to the smaller validated sample size, these Chinese
studies showed predictive abilities that were lower than those of the
original research study. In this study, the MSKCC nomogram was
applied to 1,760 patients with a positive SLN who subsequently
completed ALND. The AUC value was 0.755, which is basically
consistent with the original study. Although there are differences in
race, age of onset, and staining methods, the prediction of metastasis in
non-SLNGs is also feasible with the MSKCC nomogram. A limitation of
this approach is that limited pathologic information is available at the
time of mastectomy. We observed a similar AUC value between our
research and the initial MSKCC nomogram study, but the MSKCC
nomogram cannot be widely applied to Chinese patients since the
patient’s ER status is often unknown before surgery.

Of course, there were still several limitations to our study. First, only
routine pathological examination and H&E-stained SLNs and non-SLNs
were examined. Multisection analysis and IHC in lymph node staging
may help increase the accuracy of lymph node analysis. Second, patients
with lymph node micrometastases were not included in the study.
Furthermore, the size of the metastatic foci in the node was unknown.
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In conclusion, the nomogram we proposed uses six
variables: the number of positive and negative SLNs, tumor
stage, lymphovascular invasion, perineural invasion, and
extracapsular extension. This nomogram can be used to
estimate the likelihood of having at least one positive non-SLN
in patients with positive SLNs during the surgery. An evaluation
of the model showed good predictiveness, suggesting that it can
be used by the surgeon in determining which surgical modality
will be used. The MSKCC nomogram can be applied to Chinese
breast cancer patients with known ER status before surgery, and
its predictive ability was similar to that of a previous study
predicting non-SLN metastases.
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Aim: A prospective dose escalation trial was developed to evaluate the maximum
tolerated dose of stereotactic body radiotherapy (SABRT) to primary breast
cancer in stage IV disease. The aim of the present report was to describe
safety and outcome of the first dose level cohort of patients.

Material and methods: Patients with histologically confirmed diagnosis of
invasive breast carcinoma (biological immuno-histochemical profile: luminal
and/or HER2 positive) and distant metastatic disease not progressing after 6
months of systemic therapy with a tumor CT or 5FDG-PET detectable were
deemed eligible. The starting dose was 40 Gy in 5 fractions (level 1) because this
dose proved to be safe in previous dose-escalation trial on adjuvant stereotactic
body radiotherapy. The maximum dose level was chosen as 45 Gy in 5 fractions.
Dose limiting toxicity was any grade 3 or worse toxicity according to CTCAE v.4.
Time-to-event Keyboard (TITE-Keyboard) design (Lin and Yuan, Biostatistics
2019) was used to find the maximum tolerated dose (MTD). MTD was the dose
of radiotherapy associated with a < 20% rate pre-specified treatment-related
dose-limiting toxicity (DLT).

Results: To date 10 patients have been treated at the starting dose level. Median
age was 80 years (range 50-89). 7 patients had a luminal disease, while 3 patients
had an HER2 positive disease. No patient suspended ongoing systemic
treatment. No protocol defined DLTs were observed. Grade 2 skin toxicity
occurred in 4 patients with diseases located close to or involving the skin.
Median follow-up was 13 months and all 10 patients were evaluable for
response: 5 achieved a complete response, 3 achieved a partial response and
2 showed a stable disease, all with a clinical benefit (resolution of skin retraction,
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bleeding and pain). The mean reduction in the sum of the largest diameters of
target lesions was of 61.4% (DS=17.0%).

Conclusions: SABR to primary breast cancer seems feasible and is associated
with symptoms reduction. Continued accrual to this study is needed to confirm
the safety and assess the MTD.

Clinical trial registration: ClinicalTrials.gov, identifier NCT05229575.

KEYWORDS

stereotactic radiation (SBRT), breast cancer, metastatic patients, safety, outcome

Introduction

Approximately 5-10% of women present de novo metastatic
breast cancer (MBC). This is still an incurable disease even if in the
last decades several advances in the treatment of MBC patients have
significantly prolonged survival over time (1).

Loco-regional treatment in these patients is highly debatable
and its role is not yet established.

It appears that preclinical studies could justify the addition of
local treatment to systemic therapy. In fact, the primary breast
tumor can be a reservoir of cancer stem cells (2), and can secrete
growth factors involved in implantation and growth of metastatic
sites (3). Moreover, studies in animal models suggest that resection
of the primary breast tumor in mice can restore the immuno-
competence of the host (4).

On the other hand, clinical trials results are controversial. A
Cochrane systematic review on this topic was recently published,
including two randomized studies. Breast surgery showed improved
local progression-free survival (HR 0.22, 95% CI 0.08 to 0.57; 2
studies; 607 women), but worsened distant progression-free survival
(HR 1.42, 95% CI 1.08 to 1.86) in one study. The authors concluded
that with the available data, the decision to perform breast surgery
on these women should be individualized and shared between the
physician and the patient, carefully considering the potential risks,
benefits, and costs (5). More recently, results from EA2108
randomized trials were published showing that early loco-regional
therapy for the primary site was associated with improved loco-
regional control, but did not improve survival (6).

However, even if current data does not support loco-regional
treatment, some of the results of randomized trials, together with
the findings of several retrospective studies, suggest that there could
be a subset of patients presenting long progression-free survival
who might benefit from radical loco-regional treatment. Moreover,
treatment of primary breast cancer may provide clinical benefits
eventually reducing related symptoms such as pain, bleeding, and
skin retraction (7).

There is not much data available on radiotherapy alone for the
primary tumor in metastatic breast cancer patients.
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A French study retrospectively evaluated the impact of loco-
regional treatment (mostly radiotherapy) in a well-selected stage IV
breast cancer patients group (33% single metastatic site, 49%
without visceral metastases). With a median follow-up of 6.5
years, loco-regional treatment obtained a durable local control of
85%. Particularly, radiotherapy alone compared with surgery
followed by radiotherapy provided similar outcomes in terms of
overall survival and metastatic-free survival after adjustments for
prognostic factors (8).

Stereotactic ablative body radiotherapy (SABR) is a safe and
effective treatment modality in several tumor sites, including lung,
brain and liver (9, 10),. In breast cancer treatment, SABR has been
mainly studied in the neoadjuvant and adjuvant settings (11-13).
To date, SABR to intact primary tumors without subsequent
surgery has not being investigated, even in palliation setting in
metastatic patients. However, SABR has many potential advantages
such as the radio-biological advantage of a short and highly effective
schedule, the possibility of preventing lesions from becoming
symptomatic, as well as the possibility of not interrupting
systemic therapy.

Taking into consideration the aforementioned, we started an
ongoing phase I trial (see ClinicalTrials.gov Identifier:
NCT05229575) to assess the maximum tolerated dose of SABR to
primary breast cancer tumors in stage IV patients. The present
report aimed to describe the outcome of the first dose-level patients.

Material and methods

All women 18 years of age or older presenting with a
histologically confirmed diagnosis of invasive breast carcinoma
(biological immuno-histochemical profile: luminal and/or HER2
positive) and stage IV disease not experiencing extra-mammary
disease progression after 6 months of systemic therapy, primary
unifocal tumor < 5 cm detectable at either CT or FDG PET-CT
scans, were eligible for inclusion. All patients recommended for
surgery were excluded. Our institutional ethics committee approved
the trial, and informed consent was obtained from all participants.
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Simulation and treatment were performed with the patient in
the supine position using a breast board (Civco Medical Solutions,
Orange City, IA, U.S.A.). The gross tumor volume (GTV) was
defined as the primary breast lesion seen on CT scan or 5-FDG
PET-CT scan. The clinical target volume was defined as the GTV
plus a 3 mm margin. The planning target volume (PTV) was
defined as the clinical target volume plus an internal margin as
defined by 4a DCT scan or plus a 3 mm margin if breath hold was
employed. Critical structures included the heart, lungs, skin, both
breasts, and the chest wall.

The dose was prescribed at the edge of the PTV. To be
approved, the 80% isodose line prescription needed to encompass
100% of the PTV volume.

The trial’s primary endpoint was to establish the maximum
tolerated dose (MTD) of stereotactic body radiotherapy for breast
primary tumors. The MTD was considered as the dose of
radiotherapy associated with a < 20% rate of e pre-specified
treatment-related dose-limiting toxicity (DLT) occurring within 6
months from the start of treatment. DLT was defined as any grade 3
or worse toxicity according to CTCAE v.4.02. If no DLT occurs, the
trial aims to recruit a total of 30 patients. The goal of the present
interim analysis was to assess with a minimum follow-up of 6
months toxicity experienced by the first dose level cohort of
patients. The radiological response was also assessed.

Patients received 5 fractions of radiation, on a 2-day basis. The
starting dose level was 40 Gy in 5 fractions (level 1) as this dose was
deemed safe in a previous dose-escalation trial on adjuvant
stereotactic body radiotherapy (13), which corresponds to a 2 Gy
equivalent dose of 76 Gy (biologically equivalent dose- BED 110 Gy,
alpha/beta 4.6 Gy). The highest dose level was set at 45 Gy in 5
fractions, equivalent to 93 Gy delivered in 2 Gy fractions
(BED4.6Gy= 133 Gy). According to older studies on radiotherapy
as the definitive treatment in breast cancer (14, 15), this dose should
be associated wa ith very low local recurrence risk rate (<15%)

Ipsilateral breast and axillary ultrasonography and a chest CT
scan were performed 45 days after rt and thereafter according to the
physician’s prerogative. The radiologic response was evaluated
according to the Response Evaluation Criteria in Solid Tumors.

TABLE 1 Patients’ clinical characteristics.

10.3389/fonc.2023.1062355

NCI CTCAE v 4.02 scale for radiation dermatitis, breast pain, breast
infection, breast asymmetry, fibrosis, skin atrophy, rib fracture, or
chest wall pain was used. Photographic documentation was carried
out at each clinical evaluation.

Results

Between August 2019 and June 2021, 10 patients were enrolled
and treated at the starting dose level. The median age was 80 years
(range 50-89). Seven patients had a luminal disease, while 3 patients
had HER2-positive disease. No patient suspended ongoing systemic
treatment (see Table 1 for details), median tumor diameter,
measured on pre-treatment ultrasonography was 20 mm (range:
10 mm-46 mm). Before starting radiotherapy 3 patients showed
skin retraction, 1 patient skin ulceration and bleeding and 2 patients
presented breast pain. All patients received radiotherapy course as
planned. Planning data is listed in Table 2.

No protocol-defined DLTs were observed. There were 6 acute
grade 1 toxicity events (breast pain, hyperpigmentation, radiation
dermatitis) and 4 acute grade 2 skin dermatitis. All of the latter
occurred in 4 patients with diseases located next to the skin and
showing clinical retraction. In these patients, the medium
maximum dose delivered to 10 cc of skin was 30.1 Gy. In all of
these patients, bolus was employed. To date, no grade >2 late
toxicity events occurred; 1 patient developed grade 1 lung fibrosis,
and 2 patients G1 breast induration. See Table 2 for details.

The median follow-up of the entire cohort was 13 months (7-24
months). To date, 7 patients are alive (2 died due to brain
progression and 1 for cardiovascular disease). The median largest
tumor diameter, measured on post-treatment ultrasonography was
10.5 mm (range: 5 mm-41 mm). The mean reduction in the sum of
the largest diameters of target lesions was 61.4% (DS=17.0%).

At 1 year, the local control was 100%. All 10 patients were
evaluable for response: 5 achieved a complete response, 3 achieved a
partial response and 2 showed stable disease. The 2 patients
showing stable disease presented with skin retraction. In both
patients, skin retraction disappeared after treatment.

Patient Age Laterality (right/left) Molecular subtype Concurrent systemic treatment Site of Metastatic disease
1 80 left HER2 Luminal Capecitabine/Lapatinib bone

2 53 left Luminal Palbociclib + Aromatase inhibitors bone, liver, lung
3 89 right Luminal Aromatase inhibitors lung

4 80 left Luminal Palbociclib + Aromatase inhibitors liver

5 84 left Luminal Aromatase inhibitors lung

6 85 left Luminal Aromatase inhibitors lung

7 56 right HER2 Luminal Capecitabine/Lapatinib brain, liver

8 82 left Luminal Aromatase inhibitors lung

9 50 right Luminal Ribociclib + Aromatase inhibitors bone, lung

10 76 left HER2 Trastuzumab/pertuzumab dual blockade bone
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TABLE 2 Planning data and toxicity description.

GTV
(cq)

PTV
(cc)

Uninvolved
ipsilateral breast

Patient

(dose to 50%
of volume)

breast (Gy)

2 12.4

3.30 242 2.5 0.7

27.5 75.2 1.9 1.1

154

14.7 448 12

18.5 323 2.5 1.5

12.8 61.2 1.1 9.4

Maximum point
dose contralateral

10.3389/fonc.2023.1062355

Skin
dose
(10 co)

Chest
wall
dose (10

Heart
Dmean
(Gy)

Lung
D10%
(Gy)

Toxicity (CTCAE
v 4.02)

2.0 21.7 5.1 1.5 -

0.4 Grade 2 radiation
dermatitis

Grade 1
hyperpigmentation

26.7 11.2 3.0

0.2 Grade 1 breast
induration, Grade 1

9.9 29.8 5.3 breast pain

0.8 Grade 2 radiation
dermatitis

Grade 1
hyperpigmentation

1.5 Grade 2 radiation
dermatitis

Grade 1
hyperpigmentation

27.6 374 0.2

0.7 Grade 1 radiation
dermatitis

Grade 2
hyperpigmentation

0.3 Grade 1 radiation

13.9 29.3 4.5 dermatitis

46.8 12 2.4

15.7 39.3 1.3 3.0

185 13.0 5.6 1.5 Grade 1 lung fibrosis

0.7 Grade 2 radiation
dermatitis, Grade 1
breast induration
Grade 2
hyperpigmentation

22.6 29.1 7.0

Overall, patients achieved a resolution of pre-radiotherapy
clinical symptoms (skin retraction, bleeding and pain).

Figure 1 shows local control duration, response, and date of
major response.

Discussion

In this ongoing pilot study, we are looking to find the MTD of
stereotactic body radiotherapy for luminal and/or HER 2 positive
breast primary tumors in stage IV disease patients, delivered during
systemic treatment. To the best of our knowledge, no study has
investigated the use of SABRT in this setting, consequently, we
needed to undergo a dose-finding study.

Historical series on conventionally fractionated radiotherapy
alone as definitive breast cancer treatment demonstrated tumor
dose as being significantly related to local disease control (14).
Arriagada et al. evaluated 463 breast cancer patients treated with
radiotherapy alone at the Princess Margaret Hospital and at the
Institut Gustave-Roussy. Analysis of local control showed that a
radiation dose increase of 15 Gy can lower the relative risk of tumor

Frontiers in Oncology

122

or lymph node recurrence twofold (14). Van Limbergen et al. (15),
reviewing data on 221 breast cancer patients treated with
radiotherapy alone reported that a 10 Gy higher dose for T1
tumors and 35 Gy higher dose for T2 tumors was needed to
provide local control rates similar to a combination of surgery
and radiation. The rate of local control ranged from 70 to 80% when
doses higher than 70 Gy were applied. However, higher doses were
associated with poorer cosmetic results, with only 15% of patients
who received more than 80 Gy having good cosmetic results (15).

LC months
1000 —— S — »
900 = -
8,00 = _ — ‘, —
:: ——— — L} Con_1plete response
& T . »,  Partial response
i ‘—"__‘—“‘ ¥ Stable disease
L _'—“ » Ongoing local control
200 ﬁ' « Date of major response

000 500 10,00 15,00 20,00 2500

FIGURE 1
Local control duration, response, and date of major response.

frontiersin.org


https://doi.org/10.3389/fonc.2023.1062355
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Ippolito et al.

More recently, Shibamoto et al, reported the results of a study
investigating a curative radiotherapy treatment for patients with
primary operable breast cancer who refused surgery. Radiotherapy
doses delivered were 50 Gy/25 fractions to the whole breast +/-
regional nodes followed by a tumor boost of 21 Gy/3 fractions
(equivalent dose delivered in 2 Gy= 86.9 Gy) by means of SABR or
20 Gy/8 fractions by means of IMRT (equivalent dose delivered in 2
Gy= 71.5 Gy). In this study, despite substantial heterogeneity in
treatment delivery (some patients received also hyperthermia and
concurrent chemotherapy), stage and biological subtype of disease
included, with a median follow-up of 50 months, the 5-year local
control was 93.4% (16)

The first level dose (40 Gy in 5 fractions, delivered every other
day) was tested in the adjuvant setting and was deemed safe. Rahimi
et al. in a phase 1 trial investigating a dose-escalated 5-fraction
stereotactic body radiation therapy for partial-breast irradiation
delivered in 75 patients after partial mastectomy reported only 1
DLT, which consisted of an acute grade 3 dermatitis in the
intermediate dose level cohort. No DLT was observed at the
highest dose of 40 Gy (13).

In this paper, we report the outcome of the first 10 patients
treated to a total dose of 40 Gy in 5 fraction. All patients completed
the treatment in 2 weeks without suspending the systemic treatment
they were on, consisting of both hormone therapy and anti CDK4/6
inhibitors, capecitabine plus lapatinib and anti-HER2 therapy. The
greatest toxicity was grade 2 moist desquamation occurring in 4
patients, which healed after appropriate treatment.

All patients with clinical symptoms experienced a clinical
benefit, and were not exclude from the protocol as the SABR
metastatic setting can have a palliative utility. In patients
experiencing moist desquamation we recorded a medium
maximum dose delivered to 10 cc of skin of 30.1 Gy. Similarly,
Rahimi et al. showed that an average maximum dose to the skin of
38 Gy was related to the occurrence of radiation dermatitis (13).

Furthermore, the rate of response appears encouraging, even if
the length of follow-up is still inadequate, especially for luminal
patients. Also it can be influenced by the different biology of the
disease included (HER2 + disease and luminal) as well as by the
concomitant systemic therapy delivered.

After treatment of this first cohort of patients, no DLT occurred.
Due to the high incidence of grade 2 skin toxicity in patients with
tumors infiltrating the skin or located close to the skin (within
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Background: Neoadjuvant therapy (NAT) is the preferred treatment for advanced
breast cancer nowadays. The early prediction of its responses is important for
personalized treatment. This study aimed at using baseline shear wave
elastography (SWE) ultrasound combined with clinical and pathological
information to predict the clinical response to therapy in advanced breast cancer.

Methods: This retrospective study included 217 patients with advanced breast
cancer who were treated in West China Hospital of Sichuan University from April
2020 to June 2022. The features of ultrasonic images were collected according
to the Breast imaging reporting and data system (BI-RADS), and the stiffness
value was measured at the same time. The changes were measured according to
the Response evaluation criteria in solid tumors (RECIST1.1) by MRI and clinical
situation. The relevant indicators of clinical response were obtained through
univariate analysis and incorporated into a logistic regression analysis to establish
the prediction model. The receiver operating characteristic (ROC) curve was
used to evaluate the performance of the prediction models.

Results: All patients were divided into a test set and a validation setina 7:3 ratio. A
total of 152 patients in the test set, with 41 patients (27.00%) in the non-
responders group and 111 patients (73.00%) in the responders group, were
finally included in this study. Among all unitary and combined mode models,
the Pathology + B-mode + SWE model performed best, with the highest AUC of
0.808 (accuracy 72.37%, sensitivity 68.47%, specificity 82.93%, P<0.001). HER2+,
Skin invasion, Post mammary space invasion, Myometrial invasion and Emax
were the factors with a significant predictive value (P<0.05). 65 patients were
used as an external validation set. There was no statistical difference in ROC
between the test set and the validation set (P>0.05).
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Conclusion: As the non-invasive imaging biomarkers, baseline SWE ultrasound
combined with clinical and pathological information can be used to predict the
clinical response to therapy in advanced breast cancer.

KEYWORDS

advanced breast cancer, B-mode ultrasound, shear-wave elastography, neoadjuvant
therapy, clinical response prediction

1 Introduction

Breast cancer has now surpassed lung cancer as the world’s
largest cancer, ranking first globally and fourth in China in the
spectrum of cancer deaths in women (1, 2). Advanced breast cancer
(ABC), including locally advanced breast cancer (LABC), and
metastatic breast cancer, which cannot undergo radical surgery at
present, are related to the high incidence of metastasis and poor
prognosis (3, 4). Therefore, the main goal of its treatment is to delay
the progress of the disease, prolong the survival time, and improve the
quality of life of patients. Neoadjuvant therapy (NAT) and salvage
therapy for M1 stage breast cancer, instead of surgical resection at
diagnosis, are recommended as the preferred treatment to ABC to
provide more surgical opportunities and improve the survival rate
according to the National Comprehensive Cancer Network (NCCN)
guidelines (5). Therefore, the accurate evaluation of the curative effect
is of particular significance. At present, the evaluation of clinical
response is mainly carried out through pathological and clinical
methods, that is, preoperative Response Evaluation Criteria in Solid
Tumors (RECIST1.1) (6) and postoperative Miller-Payne (MP)
Grading Criteria classification (7). In clinical application, the timing
of surgery and intraoperative tumor resection volume are based on
clinical response (8), which should be predicted as early as possible and
focused on during treatment.

Studies have proven that breast images can provide tumor
biology behavior from multiple aspects but focus more on the
changes during disease treatment. In the initial stage, the tumor
baseline images can better reflect the original characteristics of the
tumor. Ultrasonography is a low-cost imaging modality that
increases cancer sensitivity and detection rates in dense breast
populations. China has a relatively higher proportion of dense
breast lesions than other countries (9), which explains the
popularity and importance of ultrasound for Chinese breast
screening. Moreover, with the continuous innovation of
technology, multimodal ultrasound technology is more and more
advocated because of its multiparameter and all-around evaluation
ability. Shear wave elastography (SWE), a new technology in clinical
applications in recent years, can provide quantitative information
by measuring the stiffness of breast masses (10, 11). Adding
quantitative SWE parameters to the BI-RADS feature in breast
masses has been applied in clinical use to differentiate benign and
malignant tumors, improving the specificity of breast US mass
assessment without loss of sensitivity, especially in characterizing a
complex lesion (12, 13). Furthermore, the deep learning model,
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convolutional neural network (CNN) based on SWE parameters,
greatly improves the accuracy and reliability of computer-aided
diagnosis, which can be used for the detection and management of
breast cancer (14, 15). Studies have shown that tumors with high
stiffness are more likely to be associated with metastasis and poor
prognosis (16, 17). The decrease in tumor stiffness during treatment
is related to the curative eftect (8). Nevertheless, the establishment
of relevant models still needs more experiments, especially the
application at the early stage.

This study aims to add imaging information to the traditional
clinical and pathological indicators and predict the clinical response
to therapy for advanced breast cancer through the tumor baseline
situation, moving the prediction period forward to provide critical
information for clinical treatment.

2 Materials and method
2.1 Patient characteristic

This retrospective, single-center study was conducted by the
Declaration of Helsinki and approved by the West China Hospital
of Sichuan University Biomedical Research Ethics Committee. All
participants provided informed consent for inclusion before
participation in the study.

The subjects were collected at West China Hospital of Sichuan
University from April 2020 to June 2022. The inclusion criteria were
as follows: (I) unifocal advanced breast cancer (T0~2N2MO,
T3N0~2M0, TO~4N3M0, and TO~4N0~3M1) (18), (I[) B-mode
and SWE ultrasound examinations performed within 30 days before
intervention, and (III) followed up for clinical response evaluation.
The exclusion criteria were as follows: (I) previous treatment
history, (II) primary malignancy in other organs, (III) any
contraindications to therapeutic drugs, and (IV) pregnant women.
All participants received standard cycle treatment according to
standard protocols mentioned in the NCCN guidelines (5). The
flow diagram of subject selection is shown in Figure 1.

2.2 Pathology information
Immunohistochemistry (IHC) and fluorescence in situ

hybridization (FISH) tests were conducted for receptor expression
estimate. Estrogen receptor (ER) and progesterone receptor (PR)
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FIGURE 1
Flow diagram of the subject selection.

were recorded in the form of positive (+) or negative (-) and
percentage (%) expression according to the American Society of
Clinical Oncology/College of American Pathologists (ASCO/CAP)
guideline (19). HER2+ was defined as HER2 3+ or FISH+, and the
others were defined as HER2— (5). Ki-67 was directly reported as
the percentage of positively stained nuclei. All tumors were divided
into four IHC subtypes according to the St. Gallen criteria (20).

2.3 Ultrasound examinations

All patients underwent B-mode and SWE ultrasound
examinations within 30 days before intervention (baseline), using
Siemens OXANA2 ABVS ultrasonic device (Siemens Healthineers,
Munich, Germany) equipped with 18L6 high frequency (15 MHz)
and 914 linear-array (8 MHz) transducers. Radiologists have more
than 5 years of breast diagnosis experience and, as one of the multi-
center units, have unified requirements and training on operation

+ Site 1#9.56 m/s

Depth=1.2 cm
|} Site 1=9.42 m/s
Depth=1.2 cm
¢ Site 1%9.98 m/s
Depth=1.6 cm
© Site 1#9.894 m/s
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¥ Site 1=9.31 m/s
Depth=1.8 cm
& Site 2=2.71 m/s
Depth=1.9 cm

FIGURE 2

10.3389/fonc.2023.1096571

technology according to the Chinese Guidelines and
Recommendations on the Clinical Use of Ultrasound
Elastography (21).

First, to obtain the best B-mode ultrasound image, the major
axis plane and plane vertical to it were acquired for each mass for
measuring tumor size. Three diameters were recorded, and volume
was calculated according to them. Images of each breast mass were
interpreted according to ACR BI-RADS Atlas Fifth Edition (22) and
documented the ultrasound imaging features, including maximum
diameter (dmax), volume, orientation (parallel, not parallel),
margin (regular, indistinct, angular, micro-lobulated, and
spiculated), calcifications (absence or presence of suspicious
calcifications), echo pattern (hypoechoic, isoechoic, and
heterogeneous), posterior features (no posterior features,
enhancement, shadowing, and combined pattern), peripheral
tissue involvement (architectural distortion, duct changes, skin
thickening, and skin edema), and invasion layers (skin,
subcutaneous fat, gland, posterior mammary space, and muscle).
The blood supply of the tumor was evaluated by Adler grades, and
lymph node involvement was evaluated at the same time.

Then, the depth, focus, gain, local amplification, and other
conditions were optimized and switched to SWE mode. The range
scale is uniformly selected at 10 m/s. The patient was asked to hold
his breath to reduce the impact of breathing movement on the
image. After holding the probe until the elastic image remains stable
for several seconds, the image was collected and played back, and
the image was taken with the best color signal filling for quantitative
measurement. The square region of interest (ROI) used for SWE
acquisition was adjusted to include the entire mass and surrounding
normal tissue observed in B-mode, excluding the skin and chest
wall. In ROJ, the default stiffness range was from blue to red (soft to
hard). The examiner selected five points in the hardest area for elastic
value collection (Sitel) and one point in peripheral normal adipose
tissue (Site2) (Figure 2). The system calculated the maximum lesion
stiffness (Emax), minimum (Emin), median (Emedian), mean

Elastic value acquisition: five points in the tumor's hard (red) area and one point in the peripheral normal adipose tissue.
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(Emean), and standard deviation (Estd) automatically. Given that
the system displays “High” when lesions velocity is higher than 10
m/s, these cases were set equivalent to the maximum value of 10 m/s
for analysis.

2.4 Outcome

After completing the standard adjuvant treatment process, the
oncologist conducted a comprehensive clinical and image
evaluation (by MRI) on the curative effect according to
RECISTI.1 guidelines (6) as follows:

* Progressive disease (PD): (I) at least a 20% increase in the
sum of diameters of target lesions and demonstrating an
absolute increase of at least 5 mm, (II) the appearance of
new malignant lesions, and (IIT) a lesion identified on a
follow-up study in an anatomical location that was not
scanned at baseline.

 Stable disease (SD): (I) the smallest sum diameters of target
lesion, neither sufficient shrinkage to qualify for PR nor
sufficient increase to qualify for PD and (II) non-target
lesions not all evaluated.

* Partial response (PR): (I) at least a 30% decrease in the sum
of diameters of target lesions, taking as reference the
baseline sum diameters and (II) persistence of one or
more non-target lesion(s) and/or maintenance of tumor
marker level above the normal limits.

» Complete response (CR): (I) disappearance of all target
lesions, (IT) any pathological lymph nodes (whether target
or non-target) reduction in short axis to<10 mm, and (III)
disappearance of all non-target lesions and normalization of
tumor marker level.

We defined PD and SD as non-responders while PR and CR
as responders.

2.5 Statistical analysis

Our final selection population was split into a test set for model
development and a validation set in a 7:3 ratio. Univariate analyses
were performed in the test set using Student’s t-test, Mann-
Whitney U-test, Pearson’s chi-squared test, or Fisher’s exact test
to examine the factors associated with tumor response. For the
multivariable analysis, we selected those covariates with p-values<.2
in the univariate analysis. The odd ratio (OR) and 95% confidence
interval [CI] value of significant predictors were determined by the
single or combined regression model. A receiver operating
characteristic (ROC) curve and the area under the curve (AUC)
were generated to assess the discriminative ability of the prediction
model. Sensitivity and specificity were calculated using the best
cutoff score for the clinical prediction rule and the Youden index for
the ROC. In the validation set, the application effectiveness of the
combined model was evaluated with AUC and Z-test. In all the
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analyses, p<0.05 were considered significant. Data were analyzed
using SPSS v26.0 (SPSS, Inc., IMB Company Chicago, IL, USA).

3 Result
3.1 Clinical and pathological indicators

A total of 152 patients were finally included in the test set, with
an average age of 47.98 + 9.36 years at diagnosis. The initial clinical
stages were T stages 1, 2, 3, and 4 (4.61%, 30.92%, 19.74%, and
44.74%); N stages 0, 1, 2, and 3 (3.29%, 22.37%, 36.84%, and
37.50%); and M stages 0 and 1 (84.21% and 15.79%). Invasive
ductal carcinoma accounted for 81.58%, and other histological types
accounted for 18.42%. According to the outcome indicators, 41
patients (27.00%) were divided into the non-responders group and
111 patients (73.00%) into the responders group. Age, T, N, and M
stage, and histological type were not significantly correlated with the
clinical response after NAT (p=0.831, 0.580, 0.905, 0.444, and 0.464,
respectively (Supplementary Appendix Table Al).

It showed that HER2+ was a significantly predictive indicator of
clinical response, with 50.45% in responders group and 17.07% in
non-responders group (p<0.001). There were no differences in the
expression of ER%, ER+/—, PR%, PR+/-, Ki-67%, and IHC subtypes
between responders and non-responders groups (p>0.05). In the
pathology regression model, the factor with a significant predictive
value was HER2+ (OR, 4.945; 95% CI, 2.022-12.098; p<0.001). The
prediction performance of one modality (Pathology) is listed in
Table 1, with an AUC of 0.667 (p=0.002), an accuracy of 59.21%, a
sensitivity of 50.45%, and a specificity of 82.93%.

3.2 B-Mode ultrasound features

For size, we measured for responders and non-responders
group; dmax was mean of 42.63 + 21.64 vs. 50.88 + 25.13 mm
(p=0.060), and volume was mean of 37,894.73 + 57,625.57 vs.
71,956.78 + 112,500.60 mm° (p=0.105). For features, mass
without micro-lobulated margin (43.24% [48 of 111] vs. 21.95%
[9 of 41]; p=0.016), mass without spiculated margin (80.18% [89 of
111] vs. 60.97% [25 of 41]; p=0.015), mass without skin thickening
(79.28% [88 of 111] vs. 63.41% [26 of 41]; p=0.045), mass without
skin invasion (81.98% [91 of 111] vs. 63.41% [26 of 41]; p=0.016),
and mass without posterior mammary space invasion (19.81% [22
of 111] vs. 4.88% [2 of 41]; p=0.025) were more frequently observed
in the responders group than in the non-responders group.
Furthermore, 1.80% (2 of 111) of BI-RADS 4b, 16.22% (18 of
111) of BI-RADS 4c, 81.98% (91 of 111) of BI-RADS 5 obtained the
response also with statistical differences (p=0.034). However, we
found no significant differences in the proportions of regular
margin (0 of 152), angular margin (p=0.291), parallel (p=0.262),
calcifications (p=0.517), posterior enhancement (p=0.144),
posterior shadowing (p=0.381), posterior combined pattern
(p=0.155), duct change (p=1.000), skin edema (p=0.053),
subcutaneous fat invasion (p=0.460), myometrial invasion (p=
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TABLE 1 AUC-ROC, sensitivity and specificity of one modality, two modalities, and three modalities and validation set.

AUC-ROC 95% ClI Accuracy (%) Sensitivity (%) Specificity (%) p-value

1 modality

Pathology 0.667 0.575-0.759 59.21 50.45 82.93 0.002

B-mode 0.712 0.623-0.801 58.55 48.65 85.37 <0.001

SWE 0.585 0.493-0.676 57.24 4775 82.93 0.110
2 modalities

Pathology + B-mode 0.796 0.721-0.870 68.42 62.16 85.37 <0.001

Pathology + SWE 0.712 0622-0.801 73.68 74.77 70.73 <0.001

B-mode + SWE 0.674 0.586-0.763 63.16 57.66 78.05 0.001
3 modalities

Pathology + B-mode + SWE 0.808 0.586-0.763 72.37 68.47 82.93 <0.001
Validation Set 0.755 0.655-0.870 72.31 70.00 80.00 <0.001

AUCGs, areas under the curve; ROC, receiver operating characteristic curve; CI, confidence interval; SWE, shear wave elastrography.

p< 0.05, the difference is statistically significant.

0.053), nipple invasion (p=1.000), lymph nodes (p=0.294), and
Adler grads (p=0.802) between the responders group and non-
responders group (Supplementary Appendix Table A2).

In the B-mode model, volume (OR, 1.000; 95% CI, 1.000-1.000;
p=0.008), spiculated margin (OR, 0.431; 95% CI, 0.191-0.976;
p=0.043), and myometrial invasion (OR, 0.353; 95% CI, 0.136-
0.914; p=0.032) were the factors with a significant predictive value.
The AUC under ROC was 0.712, with an accuracy of 58.55%, a
sensitivity of 48.65%, and a specificity of 85.37%
(p<0.001) (Table 1).

3.3 SWE parameters

Table 2 summarizes the relationship between SWE parameters
and tumor response. The comparison of Emin and Emean was
statistically significant with 8.31 + 1.62 vs. 7.47 £ 2.11m/s (p=0.043)
and 8.97 + 1.29 vs. 8.13 + 1.93 m/s (p=0.046). No significant
difference was found in Emax (9.54 + 1.15 vs. 8.74 + 1.80 m/s,
p=0.109), Emedian (8.98 + 1.34 vs. 8.17 + 2.03 m/s, p=0.098), and
Estd (0.52 £ 0.04 vs. 0.58 £ 0.46, p=0.602) between the two groups.
The AUC of ROC made by regression logistic (SWE model) was
0.585, with an accuracy of 57.24%, a sensitivity of 47.75%, and a
specificity of 82.93% (p=0.110) (Table 1).

3.4 Predictive models development

All multivariate regression models are summarized in Table 1.
Among the one-, two-, and three-modalities combined prediction
models, the Pathology + B-mode + SWE model performed best,
with the highest AUC of 0.808 (95% CI, 0.737-0.879; accuracy,
72.37%; sensitivity, 68.47%; specificity, 82.93%, p<0.001). The
second is the Pathology + B-mode model with an AUC of 0.796
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(95% CI, 0.721-0.870; accuracy, 68.42%; sensitivity, 62.16%;
specificity, 85.37%; p<0.001). B-mode and Pathology + SWE
models show the same AUC of 0.712, and the remaining
prediction models were lower than the above, with an AUC<
0.700 (Figure 3).

In the optimal prediction model (three modalities), HER2+(OR,
8.541; 95% CI, 2.966-24.595; p<0.001), skin invasion (OR, 0.236;
95% CI, 0.085-0.654; p=0.006), post-mammary space invasion (OR,
0.178; 95% CI, 0.036-0.886; p=0.035), myometrial invasion (OR,
0.284; 95% CI, 0.096-0.842; p=0.023), and Emax (OR, 0.672; 95%
CI, 0.471-0.959; p=0.028) were the factors with a significant
predictive value (Table 3).

Based on the data in Table 3, we established the following
logistic model:

[6.123 +2.145 x (if HER2+)-1.443 x (if skin invasion on US)-1725x (if post -

p=1/1+ExpS
mammary space invasion on US)-1.259 x (if ~myometrial ivasion on US)-0.397 x (Emax)]

3.5 Validation of predictive model

The calculated p-value was compared with the probability value
of the cutoff point of the final combined model. Greater than means
a response, and less than means no response. The distribution of all
the variables were statistically not different between test and
validation sets (all, p>0.05) (Supplementary Appendix Tables B1-
3). The outcomes are grouped according to the cutoff value in the
validation set and then validated. There were 35 true positives, 3
false positives and 15 false negatives, 12 true negatives. The AUC of
the validation set was 0.775 (95% CI, 0.655-0.870, p<0.001)
(Table 1). Compared with the three-modalities model, the AUC
was 0.775 vs. 0.808, the accuracy was 72.31% vs. 72.37%, the
sensitivity was 70.00% vs. 68.47%, and the specificity was 80.00%
vs. 82.93%. After Z-test, there was no statistical difference in ROC
between the test set and the validation set (p>0.05).
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Data are mean + standard deviation. p-values for difference were determined by Mann-Whitney U test; p<0.05, the difference is statistically significant.
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FIGURE 3
ROC curve summary of one-, two-, and three-modalities models.

4 Discussion

In this study, the clinical and ultrasonic characteristics and SWE
parameters of 152 patients with advanced breast cancer were
analyzed to obtain efficacy predictors and establish prediction
models, which were well-validated in 65 validation sets. The
research results show that histological characteristics, baseline B-
mode characteristics, and SWE parameters are all related to the
clinical response of adjuvant therapy. The combined prediction
model of the three can improve the prediction ability to a
certain extent.

We observed that there is no statistical significance in the
clinical TNM stage. At the same time, it is not consistent with the
results of recent studies, which pointed out that cT1/cT2 can be
associated with a good prognosis (23), and high lymph node burden
(N stage) will indicate adverse prognosis (24). The main reason may
be the generally large tumor diameter and volume of advanced
breast cancer and the high proportion of T4 (44.74%), and 96.05%
of them are accompanied by lymph node metastasis, resulting in no
significant difference in statistical analysis.

In our study, the expression of HER?2 is significantly correlated
with tumor response, which is in agreement with the subjects and
results of a retrospective study by Zheng et al. They confirmed that
the response of adjuvant therapy is equivalent to that of NAT in
patients with HER2+ and emphasized that patients with c¢T3/4 or
those with positive clinical nodal status were more likely to benefit
from NAT (25). Because of the overexpression of the oncogene
ERBB2, HER2+ promotes the growth of cancer cells, which results
in positive progress and a worse prognosis (26). However, as a
therapeutic target, HER2+ BC has been proven to be more sensitive
to targeted therapy than other IHC subtypes (27, 28). In each
prediction model, HER2+ showed a great contribution that
reemphasized its importance. However, the correlation between
other biomarkers or THC subtypes and clinical response is not
found in our study, which differs from the report of ER+ and Ki-
67% as diagnostic predictors proposed by some previous studies
(29-32). It may be the deviation caused by sample size and different
proportions of THC subtypes, and the above studies are mostly
focused on a certain subtype.
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TABLE 3 Independent influencing factors in three modalities (Pathology + B-mode US + SWE) model.

Factors B OR 95% Cl p-values
HER2+ 2.145 8.541 2.966-24.595 <0.001
Skin invasion -1.443 0.236 0.085-0.654 0.006
Post mammary space invasion -1.725 0.178 0.036-0.886 0.035
Myometrial invasion -1.259 0.284 0.096-0.842 0.023
Emax -0.397 0.672 0.471-0.959 0.028

OR, odds ratio; HER2+, human epidermal growth factor receptor-2 positive; Emax, maximum lesion stiffness.

p<0.05, the difference is statistically significant.

The association between baseline US images and adjuvant
treatment outcomes was also demonstrated. Some studies have
shown that tumors with larger dmax or metabolic volume are
more likely to have a poor response (33, 34); dmax and volume of
lesions in non-responders group were also relatively larger in this
study, although p>0.05. As discussed above, the recognized
relationship between tumor size and prognosis may have been
lost for relatively large tumors in the late stage. On the other
hand, the image measurement error is large, and the vertical
aspect ratio judgment may be inaccurate to a certain extent.

Studies of baseline image features of breast cancer at
mammography and MRI have demonstrated that the tumor
response is more likely in well-defined, oval or round lesions than in
diffuse or irregular ones (33, 35). As we concluded, micro-lobulated
and spiculated margins were negatively correlated with the response,
which is also one of the common imaging features of all malignant
tumors but may be more significant in advanced breast cancer.
Additionally, skin, post-mammary space, and myometrial invasion
were factors negatively correlated with treatment response in our
models. Breast cancer generally occurs in the glandular layer,
invading surrounding layers with its invasion and growth, which can
be distinguished on ultrasonic images. Our results suggest that the
tumor longitudinal, instead of the overall size for advanced breast
cancer, is a dependently predictive prognostic factor. Results also
showed that patients with non-skin thickening achieved more
treatment response, which is proven to be tumor involving the skin,
resulting in lymphatic and venous obstruction, massive invasion of
subdermal connective tissue, and systemic metastasis (36). Evans and
Wen reported that skin thickening (>2.5 mm) revealed by ultrasound
imaging was independently related to lymph node load, and the 6-year
metastasis-free survival (MFS) of women with skin thickening was
worse (p=0.032, 6-year MFES 52% vs. 68%) (37, 38). Not parallel to the
skin, calcifications and posterior features described by ultrasound were
usually related to malignant tumors in histopathology (39, 40), which
are not in this study. Such differences may indicate that in advanced
breast cancer, these image features were common or difficult to
distinguish due to fusion, resulting in decreased sensitivity of the
prompt and not providing better prognostic information.

Emean and Emin were significantly correlated with NAT response
in this study. Because all the elastic values come from the hard areas of
the tumor, they reflect the elastic characteristics of the tumor to a
greater extent. We can find no significant difference in tumor
homogeneity between the two groups before treatment. However,
there was a trend for the averaged stiffness in the responders group
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to be lower among all parameters, as a high SWE value is generally
related to adverse prognosis because of the increase in extracellular
matrix components of malignant tumors, the invasion of cancer cells
into tissues, or the fibroproliferative reaction (41, 42). A meta-analysis
reported that SWE-combined AUC of the NAC response was 0.82
(sensitivity, 79%; specificity, 81%) (43). Although our SWE model
cannot independently predict tumor response (p>0.05), great
predictive value has been shown in Emax for the combined model,
which is consistent with Son that high Emean and Emax values were
associated with invasive tumor size, high histological grade, and
positive lymphatic vascular invasion(p<0.05), and could predict poor
prognosis (44).

Wang summarized in a review that the combined application of
various commonly used ultrasound technologies can well predict the
response of NAT, with an AUC of 0.71-0.92 (45), and the addition of
tumor clinicopathological information will improve the ability of the
prediction model to a certain extent (30, 32). Different from previous
studies on pathological response, we established the prediction model
focused on clinical response, and the combined model shows the best
prediction ability with an AUC of 0.808. The factors contributing to the
model (HER2+, skin invasion, post-mammary space invasion,
myometrial invasion, and Emax) were also highly consistent with the
results of univariate analysis, suggesting that particular attention should
be paid to these factors. Although in the combined model, compared
with pathology and B mode, the addition of SWE does not significantly
improve the AUC of the model. This may be attributed to the following
reasons. First of all, the research proved that the diagnosis efficiency of
SWE alone is lower than that of B-mode (46, 47), which is consistent
with the model AUC obtained by our single SWE mode, indicating that
the use of SWE needs to be based on conventional US, with additional
reference information, rather than being used alone. In addition, SWE
is more accurate for small tumors (48) and has limited ability to assess
deep lesions (45). However, it still slightly improved the AUC of our
prediction model, so the application of SWE in advanced breast cancer
is the potential to some extent. It is a supplement to the information in
different dimensions of conventional ultrasound while improving the
accuracy and sensitivity of the model, although the specificity is slightly
reduced, which can give more clinical indications to patients with poor
prognoses to pay attention to them. In the future, more samples and
groups will be needed for detailed analysis.

Our study has some limitations: (I) this study was performed in
a single center, lacking regional representation; (II) the number of
patients in the study is modest, so differences in performance
according to immunophenotype have not been assessed; and (III)
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it is a retrospective study, but the ultrasonic examination method
used in this study refers to a multicenter study of our research group
(49) with specified unified standards.

5 Conclusions

Our study suggests that in patients with advanced breast cancer
treated with NAT and salvage therapy for the M1 stage, the model
established by baseline B-mode and SWE ultrasound combined
with clinical and pathological indicators can predict the clinical
response with better ability. Therefore, a more comprehensive
ultrasound examination should be carried out before the
intervention to provide critical information for clinicians to
formulate personalized treatment strategies in the diagnosis stage.
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Purpose: Ductal carcinoma in situ (DCIS), is a noninvasive breast cancer,
representing 20-25% of breast cancer diagnoses in the USA. Current treatment
options for DCIS include mastectomy or breast-conserving surgery (BCS) with or
without radiation therapy (RT), but optimal risk-adjusted treatment selection
remains a challenge. Findings from past and recent clinical trials have failed to
identify a ‘low risk’ group of patients who do not benefit significantly from RT
after BCS. To address this unmet need, a DCIS biosignature, DCISionRT
(PreludeDx, Laguna Hills, CA), was developed and validated in multiple cohorts.
DCISionRT is a molecular assay with an algorithm reporting a recurrence risk
score for patients diagnosed with DCIS intended to guide DCIS treatment. In this
study, we present results from analytical validity, performance assessment, and
clinical performance validation and clinical utility for the DCISionRT test
comprised of multianalyte assays with algorithmic analysis.

Methods: The analytical validation of each molecular assay was performed based
on the Clinical and Laboratory Standards Institute (CLSI) guidelines Quality
Assurance for Design Control and Implementation of Immunohistochemistry
Assays and the College of American Pathologists/American Society of Clinical
Oncology (CAP/ASCO) recommendations for analytic validation of
immunohistochemical assays.

Results: The analytic validation showed that the molecular assays that are part of
DCISionRT test have high sensitivity, specificity, and accuracy/reproducibility
(>95%). The analytic precision of the molecular assays under controlled non-
standard conditions had a total standard deviation of 6.6 (100-point scale), where
the analytic variables (Lot, Machine, Run) each contributed <1% of the total
variance. Additionally, the precision in the DCISionRT test result (DS) had a 95%Cl
<0.4 DS units under controlled non-standard conditions (Day, Lot, and Machine)
for molecular assays over a wide range of clinicopathologic factor values. Clinical
validation showed that the test identified 37% of patients in a low-risk group with
a 10-year invasive IBR rate of ~3% and an absolute risk reduction (ARR) from RT of
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1% (number needed to treat, NNT=100), while remaining patients with higher DS
scores (elevated-risk) had an ARR for RT of 9% (NNT=11) and 96% clinical
sensitivity for RT benefit.

Conclusion: The analytical performance of the PreludeDx DCISionRT molecular
assays was high in representative formalin-fixed, paraffin-embedded breast
tumor specimens. The DCISionRT test has been analytically validated and has
been clinically validated in multiple peer-reviewed published studies.

KEYWORDS

DCIS - breast ductal carcinoma in situ, DCIS biomarkers and morphogenetic mechanisms,
radiation therapy, analytical validation, radiogenomics, immunohistochemistry, DCISionRT

1 Introduction

The diagnosis of ductal carcinoma in situ (DCIS) has increased
dramatically since the introduction and routine utilization of
screening mammography (1). About 50,000 women are diagnosed
with DCIS each year in the United States (2). Breast conservation
surgery (BCS) followed by radiation therapy (RT) is the mainstay
for DCIS treatment. BCS plus RT has been validated as a successful
strategy to reduce the in-breast recurrence rate in patients
diagnosed with DCIS in multiple RCTs (3), and BCS plus RT has
been broadly adopted as a sufficient alternative approach to
mastectomy (4-7), but not directly compared with mastectomy in
a RCT. However, preventing over and undertreatment with
radiotherapy remains the key challenge in the optimal treatment
of DCIS given the heterogenous nature of the disease. Although the
traditional clinicopathologic factors have been associated with risk
of recurrence, they do not accurately determine an individual
patient’s recurrence risk, or importantly, the clinical benefit from
adjuvant radiation therapy (3, 8-15). Additionally, pooled analysis
of the multiple randomized clinical trials have shown that
traditional clinicopathological factors have limited capability in
risk stratifying the DCIS patients and that there has not been a
clinicopathologic patient subpopulation that has not benefited
significantly from RT (3).

The goal of primary therapy for DCIS is to prevent invasive in-
breast recurrences (IBR), as patient survival overall is excellent, with
the choice of local treatment not impacting disease-specific or
overall survival (16). At this time, current NCCN guidelines
recommend that patients with DCIS should receive either 1)
mastectomy, or 2) BCS with adjuvant RT, or 3) BCS alone
without adjuvant RT (16). After definitive breast conserving
surgery, 70% to 80% of women with DCIS will not have any IBR
within 10 years, and 15% or fewer patients will benefit from
adjuvant RT (3, 13). Thus, of the population of women treated
with BCS, on an average 85% of women will not benefit from RT
after BCS for preventing any IBR within 10 years. Consequently,
BCS without RT is an option when the individual is considered to be
“low-risk”, as for a low-risk patient, the absolute risk reduction of
in-breast recurrence may not be large enough to justify the risks
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associated with RT (16). The definition of “low-risk” has been
described in general, commonly referencing prognostic
clinicopathologic factors (nuclear grade, tumor size, patient age,
and margin status). Typically, young age, high nuclear grade, tumor
size > 2 cm, positive or close margins, or the presence of palpability
have been considered high-risk features, while “low-risk” has been
defined as the absence of these high-risk clinicopathological factors,
thus allowing for preferential treatment with endocrine therapy in
hormone receptor-positive patients (16).

Several factors have been identified to contribute towards local
recurrence and different classifiers based on clinicopathological
factors have been tested with the goal of guiding patients to an
appropriate level of treatment. Herein, Van Nuys Prognostic Index
(VNPI) (that combines tumor size, margin size, grade, comedo-
necrosis, and patient age) stratifies patients into scores ranging from
4 to 12 that lead to treatment recommendations of BCS, BCS+RT,
or mastectomy (17, 18). However, the VNPI criteria does not
provide a risk of recurrence after breast conserving surgery with
and without radiation therapy and does not predict RT benefit (19).

Another clinicopathological factors-based nomogram
combined data from seven variables (age, family history, detection
method, grade, necrosis, margin size, and number of excisions), and
accounts for the year of surgery and the absence of adjuvant RT
and/or hormone therapy to predict the 10-year IBR rates (20).
However, the nomogram specifies that all patients have an equally
reduced score from radiation therapy, such that all patients are
expected to benefit uniformly from RT. Despite the use of
clinicopathologic driven risk stratifications, prospective trials have
not demonstrated any clinicopathologic criterion which was
predictive of a cohort of patients with DCIS that do not benefit
with respect to local control from radiation therapy (3). Based on
this, there has been no clear-cut low-risk population based on
clinicopathologic features (21).

Despite the use of these “low-risk” clinicopathologic-driven risk
stratifications, prospective trials have not demonstrated any
clinicopathological criterion predictive of a cohort of patients
with DCIS that do not benefit with respect to local control from
radiation therapy (3). Based on this, there has been no clear-cut
low-risk population based on clinicopathologic features (21).
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However, improved risk stratification of DCIS may be achieved by
employing a robust biological risk assessment, integrating
molecular biology with clinical and pathologic factors as
suggested by the NCI to provide an integrated assessment of
ipsilateral recurrence risk as the basis to guide therapy and help
prevent overtreatment and undertreatment (22).

Multiple studies have identified a number of molecular
biomarkers that are prognostic for DCIS local recurrence rate
including the status of HER-2 amplification (23), negative
hormone receptor status (24, 25), and immunohistochemical
detection of a range of biomarkers, including COX2 (26, 27),
Ki67 (27), p16 (26-28), p53 (29, 30), p21 (31), and BNIP3 (32).
But none of these markers have individually addressed the question
of the expected differential benefit from radiation therapy. Thus, the
utility of these biomarkers was limited and not clinically adopted for
risk stratification of DCIS patients. Moreover, a commercialized
RNA based 12 gene DCIS test, Oncotype DX DCIS Score®, was
validated retrospectively using a low-risk EORTC clinical trial
population and an observational Canadian population (33, 34).
The test provides an estimated risk of 10-year total and invasive
recurrence risk but does not report any information on the
predicted benefit of radiation therapy. Validation studies
demonstrated that the test was prognostic but that 10-year IBR
risks were higher for the intermediate than the high DCIS Score
groups (10-year IBR intermediate DCIS score group 33% vs. 10-year
IBR High DCIS score group 27.8%) (34-36) and there was no direct
interaction of the DCIS score with RT in the study (35). Of note, the
low risk and high risk groups had approximately the same relative
benefit from RT (19, 33).

The DCISionRT test is a biosignature that was developed to
address this unmet need and is the first genomic test to predict
radiation therapy benefit in patients with DCIS. DCISionRT
provides a comprehensive assessment of the woman’s ipsilateral
breast cancer recurrence risk after breast-conserving surgery with
and without RT by integrating tumor molecular biology and
clinicopathology. The biosignature/test is a multianalyte assay
with algorithmic analysis (MAAA). The test integrates protein
expression of seven critical genes measured in formalin-fixed
paraffin-embedded (FFPE) tumor tissue samples with four
clinicopathologic factors (age, tumor extent, tumor palpability,
tumor margin status) as inputs to the proprietary algorithm to
report a score (37-41).

The DCISionRT test was derived from research performed at
UCSF. The investigators identified that the level of P16™*** in
combination with KI67 provided a significant assessment of
subsequent invasive breast event risk. In a subsequent nested
case-control study that analyzed a DCIS cohort treated with BCS
without RT, invasive-IBR was associated with palpability, young
age, and the expression of p16, COX-2, and Ki-67 (27).

Following the discovery research at UCSF, PreludeDx (Laguna
Hills, CA) further developed the test to account for the interactions
between the different biomarkers and the clinicopathology factors,
employing machine learning. A nonlinear algorithm was developed
such that the value of a given risk factor depends on the values of
other risk factors (37). This enabled the DCIS biosignature to
account for the interdependencies and activation of the oncogenic
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pathways commonly dysregulated in DCIS such as estrogen
response pathway, HER2 pathway, cell cycle, survival and stress
response leading to increased proliferation and cell survival. The
biosignature was parameterized and tested using multiple cross-
validation and produced a continuous score. Parameterization was
performed with the training folds and evaluated using the validation
folds of the UUH/UMASS study cohort (37). A continuous score
ranging from zero to ten, termed the Decision Score (DS), was
reported for each patient as the median of the multiple cross-
validated results (37).

Furthermore, the results from initial studies using the
DCISionRT biosignature showed there was a subset of the
patients with high DS scores who had higher risk of recurrence
after BCS plus RT treatment. Given the heterogenous nature of the
disease it was hypothesized that the biology underlying these high-
risk patients was different than other patients and some specific
pathway(s) were driving the aggressiveness and residual risk after
BCS plus RT. Interestingly it was observed that a significant
percentage of this high risk population was HER2 positive,
further validating the findings from previous studies that DCIS
shares similar genomic heterogeneity to invasive breast cancer
comprising lesions that vary in their clinical presentation and
outcomes. Thus, in order to further identify the subset of the
patients with a greater risk of recurrence after BCS plus RT,
additional pathways regulated by the existing DCISionRT
biomarkers that could impact progression of breast cancer and
contribute to the resistance of standard therapies were investigated,
and the K-RAS pathway was identified as the putative pathway
contributing to the aggressiveness in the high risk group. An
algorithm was pre-specified to combine biomarkers (used by the
DS biosignature) in a novel manner based on the biologic
hypothesis that an activated K-RAS pathway would drive a
proliferative, aggressive disease profile and thus could identify
a subgroup of patients with higher residual risk after adjuvant RT
i.e., a Residual Risk Subtype (RRt) (38).

The DCISionRT test has been validated to be prognostic for IBR
risk and predictive for RT benefit in multiple clinical validation
studies in over 1,600 patients from five different cohorts with long-
term outcomes (37, 38, 40-42). In a prospective clinical utility
study, RT recommendations were changed for about 40% of DCIS
patients when DCISionRT was incorporated into routine treatment
decision management, identifying low-risk patients who may avoid
unnecessary and costly RT and associated potential toxicities
(avoiding overtreatment), as well as identifying higher risk
patients to appropriately receive a necessary, beneficial treatment
(avoiding undertreatment) (39). In addition, a cost-effective analysis
for use of DCISionRT in patients undergoing BCS for DCIS with or
without RT has shown that treating the Elevated Risk group patients
based on DCISionRT was most cost effective when compared to
treating all patients diagnosed with DCIS (43).

To be clinically applicable, a test to guide DCIS treatment
strategy must have validated analytical performance for the
molecular assays and validated clinical performance for the
reported test results. The clinical and analytic validity of a
multianalyte molecular assay relies on the analytes, reagents,
precise experimental techniques, correct application of controls,
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and ultimately, an accurate interpretation of the data based on all
the aforementioned factors in the post-analytic phase. Here we
report the analytic performance of the DCISionRT test using well-
established methods as per the recommended guidelines. The
analytic performance of the DCISionRT assay system was
performed at the PreludeDx centralized clinical laboratory,
including all steps involved in clinical lab implementation. The
clinical performance and clinical utility of the DCISionRT test was
also summarized with clinical metrics and performance statistics.

2 Materials and methods

2.1 Study design

The analytical validation of each molecular assay was based on
the Clinical and Laboratory Standards Institute (CLSI) guidelines
for Quality Assurance for Design Control and Implementation of
Immunohistochemistry Assays (44) and College of American
Pathologists/American Society of Clinical Oncology (CAP/ASCO)
recommendations for analytic validation of Immunohistochemical
assays (45). Analytical validation demonstrates the assay’s ability to
measure the analyte of interest in specimens representative of the
population of interest in the clinical laboratory. The molecular assay
analytic sensitivity, analytic specificity, and analytic accuracy were
determined by comparing observed results in representative tissues
with known or expected positive and negative expression. Intra-
laboratory analytic precision for each molecular assay was
determined as the extent of agreement among results obtained by
replicate testing of representative tissue specimens under specified
variable assay conditions, including different equipment, antibody
lots and testing day assessed by two pathologists, while
reproducibility was assessed as the percent agreement between
different pathologists (45). In-line with the goal of improving
DCIS treatment management by ruling out overtreatment with
RT, the clinical performance of the test for RT benefit was also
reported as summary statistics based on standard definitions (46).

2.2 Analytical validation performance

The protein expression of each gene was assayed using
immunohistochemistry in accordance with laboratory Standard
Operating Procedures (SOPs). The primary monoclonal
antibodies in each of the molecular assays were individually
validated with the same SOPs, using cell lines and tissues that
were fixed in 10% neutral buffered formalin and paraffin-embedded
(FFPE) per CAP/ASCO guidelines (45). The tissue samples were
assayed on a Leica BOND III, using monoclonal antibodies with
pre-specified titers, a Leica Diluent dilution buffer, and specified
pre-treatment and IHC protocols (36, 47). All biomarkers were
scored for intensity and percentage (H-score) by board-certified
pathologists at the PreludeDx CLIA laboratory. External negative
isotype controls for each protein biomarker consisted of tissue
samples that were processed with an isotype antibody with the
same concentration and assay conditions as the test samples. Cell
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lines were selected with a known positive expression for each
protein biomarker, and in addition, the HER2 cell lines were
selected to have known (negative, 1+, 2+, or 3+) expression (48).
For each protein biomarker, tissue control samples with expected
negative or positive expression were assayed to confirm that the
observed expression was consistent with the expected expression.
Normal organ (n=25) tissue samples (n=100) in a tissue microarray
(TMA, BIOMAX FDA9ww2) were characterized using the
molecular assays and reported in Supplemental Table 2.

2.3 Molecular assay sensitivity, specificity,
and accuracy

Analytic sensitivity and analytic specificity for each molecular
assay were estimated as positive and negative concordance of the
observed results, respectively, with either expected expression for a
given tissue type or observed results from a standard referent inter-
lab assay for comparison. Accuracy for each molecular assay was
estimated as overall concordance of the observed results with results
from a referent inter-lab assay (44). The molecular assays were read
in a post-analytic phase by board-certified pathologists at the
PreludeDx CLIA laboratory or a reference laboratory. A mix of
invasive carcinomas, ductal carcinoma in situ tumor (DCIS), and
normal organ tissue samples were purchased as tissue micro arrays
(Biomax). Annual proficiency testing results (CAP) were utilized to
augment the analytic validity of molecular assays for specific
markers (PR, HER2, P16). The reported assay results for
biomarkers PR, KI67, P16, and SIAH2 were summarized as
percentages, while HER2 was summarized per CAP/ASCO
adapted for DCIS (49), FOXA1l was summarized as a total H-
score, and COX2 was summarized as an Allred Score (49). An inter-
lab comparison was done for the PgR, Her2 and KI67 for total
concordance as these assays were readily performed at
other laboratories.

2.4 Molecular assay precision

The intra-lab molecular assay precision was determined by
assaying consecutive sections of multiple tissue samples in a
constructed tissue micro array over multiple days, using different
primary antibody lots and equipment. The DCIS cases selected were
each from a unique DCIS patient and were DCIS tumors with no
microinvasion. Specifically, fifteen (15) tissue samples were
constructed in a tissue micro array and assayed at PreludeDx
(CLIA/CAP) in accordance with validated lab SOPs for controlled
non-standard conditions (machine n=2, antibody lot n=2, and day
of run n=3). At the beginning of a consecutive 5-day validation
period, 12 TMA consecutive sections were cut, slide mounted, and
stored at room temperature. Two pathologists independently scored
the processed tissue samples in the post-analytical phase. Each
molecular assay was normalized to a 100-point scale and the
dispersion of the mean was calculated by comparing each of the
replicate sample average scores from two pathologists to the mean
score of the set of replicate samples, which was reported as the %
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standard deviation for ease of comparison. CV was also reported as
% std/mean score. The variance in the result attributed to each of
the analytic factors combined within- and between-run random
error was assessed using mixed effects modeling of the following
form that was applied to assess the differences between mean vs.
replicate biomarker score results using equation 1.

Equation 1:

Score;; = SCORE j; + Runy; + Lot;; + Machine;; + ¢;;

where i {s the sample (1-15), and j is the reproducibility state
(Run=3, Lot=2, Machine=2); Score is the individual replicate scores
from each biomarker assay, SCORE is the mean score for each
biomarker assay averaged ovel j reprdducability states, and €;; ~ iid
N (0, 6%) is (independent and identically distributed)
random error.

The mixed effect modeling was implemented with the lmer
function from the lme4 package in R version 4.1.1. Summary
statistics were reported as percent total variance for reproducibility
variables (Run, Lot, Machine), standard deviation, and percent of
total variance.

2.5 Multianalyte assay with algorithm
analysis: reproducibility

In addition to the pre-specified primary aim to analytically
validate the multianalyte assay, the reproducibility of the reported
MAAA results was determined, with an aim of highly reproducible
test results with a total standard deviation (SD) of less than 0.4 DS
units. Specifically, the seven biomarker results for each of the
replicate DCIS TMA samples assayed with controlled non-
standard conditions (machine, antibody lot, and run) were
combined with a set of pre-specified clinicopathologic factors
using SOPs. The clinicopathologic factors were age (40, 55, or 70
years; representing young pre-menopause, perimenopause, and
older post-menopause), extent (5 mm, 15 mm and 45 mm;
representing small, medium and larger DCIS), margin status
(negative or positive ink on tumor), and palpability (no, yes). The
DCISionRT algorithm was used to calculate the Decision Score (DS)
for varying clinicopathologic factors (n=36) and seven biomarkers
for the DCIS tissue samples (n=15), which yielded 540 mean DS
results for each of the 12 variable assay conditions (machine n=2,
antibody lot n=2, and day of run n=3). The variance in the DS result
attributed to each of the analytical factors combined within- and
between-run random error was assessed using a mixed effects
modeling of the following form that was applied to the assess the
differences between 540 mean vs. 6,480 individual DS results using
equation 2.

Equation 2:

DS;j. = [DS] + Runy + Loty + Machine + ;3

Mixed effect modeling of precision variance, where i is the
sample (1-15), j is the unique clinicopathologic set (1-12), and k is
the reproducibility state (Run=3, Lot=2, Machine=2); DS are the
average test results from two independent pathologist assessments,
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[DSlis the mean DS test result averaged over k reproducibility states,
and g ~ iid N(0,6%) is random error.

The mixed effect modeling was implemented with the lmer
function from the lme4 package in R version 4.1.1. Summary
statistics were reported as percent total variance for
reproducibility variables (Run, Lot, Machine), standard deviation,
percent of total variance, and 95% confidence interval of DS results.

2.6 Ethics approvals

Clinical performance of DCISionRT was summarized from
previous studies approved by local ethics committees/boards from
Uppsala University Regional Ethical Review Board (37), University of
Massachusetts Medical School Tissue and Tumor Bank Institutional
Review Board (37), the Kaiser Permanente Northwest Institutional
Review Board (41), Umed University Ethics Review Committee (40),
and the Royal Melbourne Hospital and Affiliated Hospitals Ethics
Review Board (42), as previously published.

2.7 Clinical performance: multianalyte
assay with algorithm analysis

The clinical performance of the DCISionRT test for RT benefit
was summarized for all validation studies by biosignature risk
groups as absolute 10-year IBR rates after BCS treatment with
and without RT, absolute risk reductions (ARR), and the number of
patients needed to treat (NNT) (37, 38, 40, 41). NNT was defined as
1/ARR. Summary performance statistics (NPV, PPV, sensitivity,
specificity) were calculated based on a confusion matrix and
standard definitions for count data (equation 3 presented in
Supplementary Table 4) adapted to right-censored event data
(equation 4) (46).

Equation 4:

RT Benefit No RT Benefit Summary Statistics
Test Positive for a=TP b=FP

RT Benefit (X>2), Npos

PPV = a/(a+b)
= ARR g(1X>2)  Npos =Npos-a = ARR o (t]X>2)5
Npos = a+b

Test Negative for RT d=TN = NPV = di(c+d)

Benefit (X<2), Nngo

~(1-ARR (tX<2)) “Nygg = 1-ARR gu(t]X<2);

Nugg = e+d

Summary Statistics Sensitivity =

al(a+c) * 100

Specificity =
df(b+d) * 100

ARR g (t]X > 7) =
Sk (tX > 2, NoRT) —
Sk (X >z, RT)

Summary statistics using right censored event data. NPV = negative
predictive value; PPV = positive predictive value; TP = estimated
true positive; TN = estimated true negative; FP = estimated false
positive; FN = estimated false negative; ARR (t) = estimated absolute
IBR risk reduction (ARR) from RT by Kaplan-Meier analysis at time t;
Sim (t{X>z, RT) = Kaplan Meier IBR rate estimate at time t evaluated
for Test Positive group (X>z) treated with RT; §KM(t|X>z, No RT) =
Kaplan Meier IBR rate estimate at time t evaluated for Test Positive
group (X>z) treated with No RT; ARR (t|X>z) = Estimated ARR by
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Kaplan Meier analysis at time t evaluated for Test Positive Group (X>z);
ARR (t}X<z) = Estimated Absolute Risk Reduction at time t evaluated
for Test Negative Group (X<z); X = Test covariate; z = Test covariate
threshold; Npos = Number of Patients with Test Positive; Nygg =
Number of Patients with Test Negative.

3 Results
3.1 Molecular assay characterization

The molecular assays utilized a selected primary antibody for
each biomarker, as characterized in Table 1 (Manufacturer, Clone
Type/Host, Isotype, and Immunogen). Isotype responses for all
antibodies were negative (0+ 100%) for known positive tissue
controls for each antibody. Representative results for organ tissue
positive controls are illustrated in Supplemental Figure 1. Detection
kit (antibody-negative) controls were negative (0+ 100%) in the
consecutive sections of the known positive tissue controls for each
antibody in Supplemental Figure 1.

The cell lines were processed and embedded in paraffin similar
to the tissue samples. Observed results for each cell line and FFPE
tissue control were concordant with previously reported expression
profiles (expected results) and are presented in Table 2.
Representative molecular assay results in DCIS tissue samples
with varying protein expression are shown in Supplemental
Figure 2. Summary results for positive or negative expression in
normal organ tissues are listed in Supplemental Table 1.

The positive percent concordance (estimating analytic
sensitivity) and negative percent concordance (estimating analytic
specificity) of the molecular assays with expected results are
summarized in Table 3 for specified thresholds for each
biomarker. The tissue type used to validate each biomarker is
summarized in Table 3 and detailed in Supplemental Table 2.

Tissues with expected negative and positive expression for each
biomarker were a major component of validating molecular assays,

TABLE 1 Antibody characteristics.

10.3389/fonc.2023.1069059

including the use of breast cancer tumors, other tumors, and normal
organ tissue samples. For the tissue samples that were expected to
be positive and negative, the corresponding percent positive
concordance (estimating analytic sensitivity) and percent negative
concordance (estimating analytic specificity) were >95% for all of
the molecular assays. The total concordance (estimating accuracy/
reproducibility) was 295% for all of the molecular assays with inter-
lab comparisons available.

The precision of each molecular assay under controlled non-
standard conditions is summarized in Table 4, accounting for
differing antibody lots, machines, and runs on non-consecutive
days. The overall standard deviation of the dispersion of the mean
over replicates under controlled non-standard conditions was 6.6%,
and the analytic variables Lot, Machine and Run accounted for
(<1%) of the total variance on average.

The reproducibility of the DCISionRT assay system was assessed
as the dispersion of the DS mean, under controlled non-standard
conditions (antibody lot, machines, and runs on non-consecutive
days) in addition to implicit within and between run variances. The
analysis of the sources of variance of the dispersion of DS from the DS
mean is shown in Table 5. There were 540 mean DS test results that
were derived from the molecular assay results for the seven (7)
biomarkers and the 15 unique DCIS tumor tissue samples combined
with the clinicopathologic factor sets. The reported DS results ranged
from 0.8 to 10 with a mean of 5.7 (1** quartile: 2.8, 3 quartile 9.2).
The overall standard deviation of the dispersion of the mean over
replicates under controlled non-standard conditions was low (0.20/10
point scale), and the analytic variables Lot, Machine and Run
accounted for (<1%) of the total variance on average, where the DS
confidence interval was (95%CI: -0.4, 0.4) on a 10-point scale.

3.2 Clinical performance

The absolute risk reduction (ARR) from RT in 10-year IBR rates
are reported for DCISionRT Risk groups for the SweDCIS

Protein Manufacturer Clone Type/Host Isotype Immunogen

PgR Leica 16 Monoclonal N-Terminal Region of PgR form A
Mouse

HER2 Cell Marque SP3 Monoclonal Positions 654 and 655 of isoform a, positions 624 and 625 of isoform b
Rabbit

Ki-67 Dako MIB-1 Monoclonal IgG1 kappa c¢DNA 1002bp fragment
Mouse

COX-2 Cell Marque SP21 Monoclonal A synthetic peptide from the C-terminus of rat cox2
Rabbit

FOXA1 Cell Marque 2F83 Monoclonal IgGl kappa = Recombinant human GST-FOXALI protein encompassing amino acids 7-86.
Mouse

p16/INK4A Ventana E6H4 Monoclonal IgG,, Recombinant protein corresponding to full length p16.
Mouse

SIAH2 Cell Marque HC/LC C39S Monoclonal 1gG,, Synthetic peptide corresponding to a region near the N-terminus of SIAH
Mouse
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TABLE 2 Observed and expected molecular assay results in cell lines and tissue controls.

. Expected : Tissue Expected Observed
Cell Line ) Observed Expression ) )
Expression Control Expression Expression
3+ 50%
Tonsil Negative 0 100%
PgR MCE-7 (50 Positi 2+ 25%
& (50) osttive e Breast CA Strong 3+ 95%
1+ 15%
SKB-R3 (51) 3+ 100% 3+
HER2 MDM-MB-453 (52) 2+ 99% 2+ Tonsil Negative 0 100%
MDM-MB-175 (53) 1+ 100% 1+ Breast CA Strong 3+ 100%
MDM-MB-231 (51) 0 99% 0
3+ 809 0 100
. » + 80% Cerebrum Negative i
Ki-67 RAMOS Positive 2+ 15% Tonsil mantle zone (MZ) Stron 3+ 5%, 2+ 15%,
1+ 5% & 1+ 30%, 0 50%
3 75% Uterus Negative 0 100%
COX-2 COLO-205 (54) Positive 2+ 20% . . . 8 3+ 10%, 2+ 85%,
Liver cirrhosis Strong
1+5% 1+ 5%, 0 0%
3+ 20% Normal uterus endometrium Negative 0 100%
FOXA1 MEFC?7 (55) Positive 2+ 50% . 8 3+ 80%, 2+ 10%,
Prostate adenocarcinoma Strong
1+ 25% 1+ 5%, 0 5%
3+ 95% HPV-negative ovarian adenocarcinoma Negati 0 100%
egative
Pp16/INK4A Hela (56) Positive 2+ 5% HPV-positive squamous CA St%on 3+ 30%, 2+ 50%
1+ 0% lymphoid tissue & 1+ 10%, 0 5%
I+ 8% Cerebrum Negative 0 100%
SIAH2 RAMOS Positive 2+ 10% . 8 3+ 40%, 2+ 25%,
Lung carcinoma Strong
1+ 5% 1+ 5%, 0 30%

TABLE 3 Positive concordance (sensitivity), negative concordance (specificity), and total inter-lab concordance (accuracy/reproducibility).

Biomarker PgR HER2 p16/INK4 Ki-67 COX2 SIAH-2 FOXA1
. 84/88 172/172 108/109 56/56 120/122 53/53 71/71
Specificity
(95%) (100%) (99%) (100%) (98%) (100%) (100%)
Negative 0 <25
0-1% 0+ or 1+ 0 <5% Allred 0
threshold ’ or ? re (H Score) (H Score)
Normal .
i Normal Normal organ Normal Normal skin and uterus Normal cerebrum Normal
Tissue Types organ .
organ panel panel panel organ panel endometrium and adrenal gland organ panel
. 84/88 89/89 49/50 49/49 101/106 113/116 86/90
Sensitivity
(95%) (100%) (98%) (100%) (95%) (97%) (96%)
Positive =10 >50
>5% 3+ >1% >15% Allred >4
threshold ’ ? ’ re (H Score) (H Score)
Invasive Invasive Invasive Colon adeno
i breast breast Head and neck breast Liver, DCIS and invasive K Prostate adenocarcinoma and
Tissue Types K R carcinoma K
adeno- adeno- and cervix adeno- breast carcinoma R colon adenocarcinoma
. . . and lung carcinoma
carcinoma carcinoma carcinoma
Total Percent 74/74 215/215 48/50 105/105
Availabl Not Availabl Not Availabl
Concordance  (100%) (100%) (96%) (100%) Not Available ot Available ot Available

randomized clinical trial cohort and an observational cohort
combined from Upsala University Hospital, Sweden, and the
University of Massachusetts, Kaiser Permanente Northwest, Royal
Melbourne, Australia studies (38) in Table 6A. In the SweDCIS
RCT validation cohort, 47% of patients (n=240/504) were classified
into the DCISionRT Low Risk group and there was a non-
significant difference in the 10-year invasive IBR rates for with

Frontiers in Oncology

versus without RT, with an average difference of 1%, while the
remaining patients with elevated DS results (n=264/504) had a 9%
ARR in the 10-year invasive IBR rate. In the combined
observational cohort (38), there were 37% (338 of 926) of patients
categorized into the DCISionRT Low Risk group that had a non-
significant 1% difference in the 10-year invasive IBR rate for women
treated with versus without RT, while the remaining patients with
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TABLE 4 Molecular assay precision: mixed effect modeling.

10.3389/fonc.2023.1069059

Molecular Assay HER2 P16 SIAH2 Kl67 FOXA1 COX2 PR OVERALL
Score Mean 33 10 22 21 92 40 30 38
Score Range (min, max) 0,100 0,100 1,80 3,80 33,100 0,100 0,100 0,100
RUN 0.1 0.4 <0.1 2.2 <0.1 3.0 0.9 <0.1
std (%var) (<1%) (14%) (<1%) (15%) (<1%) (5%) (4%) (<1%)
LOT 0.7 0.2 1.4 <0.1 <0.1 0.5 <0.1 <0.1
std (%var) (<1%) (3%) (9%) (0%) (<1%) (<1%) (<1%) (<1%)
MACHINE <0.1 0.3 <0.1 0.3 <0.1 0.5 0.02 <0.1
std (%var) (<1%) (11%) (<1%) (<1%) (<1%) (<1%) (<1%) (<1%)
Standard deviation

. 7.5 1.0 4.6 5.6 1.7 12.9 4.2 6.6
(100-point scale)

TABLE 5 Multianalyte assay with algorithm analysis reproducibility: mixed effect modeling.

Reproducibility Variables

Within-run

Analytic Variable Reagent Lot (2)

DS std, (% var)

0.005 (0.8%
(% of variance) 0:8%)

Run (3) Machine (2)

0.018 (0.05%) 0.013 (0.4%) 0.20 (99%)

DS = DS.mean + (1 | MACHINE) + (1 | LOT) + (1 | RUN), n=6480.

TABLE 6 Absolute risk reduction (ARR) by risk group and study.

A. DCISionRT Low Risk Elevated Risk

Study N 10-yr Invasive 10-yr Total 10-yr Invasive 10-yr Total
(%) ARR (95%Cl) ARR (95%Cl) ARR (95%Cl) ARR (95%Cl)

Randomized Validation (SweDCIS), Cancers 2021, 240 1% 6% 264 9% 16%

n=504 (40) (48%) (=6% to 8%) (-1% to 12%) (52%) (2% to 17%) (6% to 25%)

Modern observational validation, combined cohort, 338 1% 1% 588 9% 18%

IJROBP 2022, n=926 (38) (37%) (=5% to 6%) (—4% to 5%) (63%) (2% to 16%) (9% to 26%)

Number Needed to Treat (NNT), modern observ-
ational validation, IJROBP 2022, n=926

100

B. Nuclear Grade Nuclear Grade 1

Study n Total ARR
(%)

EBCTCG analysis, combined four RCTs, JNCI 634 16%

monographs 2010, n=1614 3 (39%) (9% - 23%)

Number Needed to Treat (NNT), EBCTCG 2010,
n=1614°

6

elevated DS results (n=588/926) had a 9% ARR in the 10-year
invasive IBR rate. In both of these validation cohorts, the number of
patients needed to treat (NNT) to prevent one invasive IBR within
10 years was about 100 for those in the Low Risk group and about
11 for the remaining patients with elevated DS results.

The ARR in 10-year IBR rate and the corresponding NNT were
also summarized by nuclear grade in Table 6B for patients
combined from four DCIS randomized clinical trials by EBCTCG
(n=1617) (3). In the overall EBCTCG combined cohort, the DCIS to
invasive IBR events was about 1:1 over 10 years. For patients with
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100 11 6

Nuclear Grade 2 Nuclear Grade 3

N (%) Total N (%) Total ARR
ARR
343 14% 640 16%
(21%) (4%-25%) (40%) (8% - 23%)

7 6

nuclear grade 1 or 2 DCIS (n=977 of 1617) the ARR in 10-year total
IBR rate was 15%, and for patients with nuclear grade 3 disease
(n=640 of 1617) the ARR in 10-year total IBR rate was 16%. Based
on an equal ratio of DCIS to invasive IBR events, the ARR in 10-
year invasive IBR rate is 7.5% for nuclear grade 1 or 2 DCIS, and 8%
for nuclear grade 3 DCIS. The corresponding NNT to prevent one
invasive breast event in 10 years was 13 for nuclear grade 1 or 2
DCIS and 13 for nuclear grade 3 DCIS.

The clinical performance statistics negative predictive value
(NPV) and positive predictive value (PPV) for 10-year RT
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benefit, which are corollaries to the ARR in 10-year IBR, are
summarized along with sensitivity and specificity for 10-year RT
benefit in Supplemental Table 3A for the combined observational
cohort (n=926) (38) using Equation 2. The proportion of patients
who benefited from RT detected by DCISionRT elevated DS results,
termed clinical sensitivity for RT benefit, was 93% for invasive IBR
and 96% for total IBR. In contrast, the clinical sensitivity for RT
benefit for 10-year IBR based on nuclear grade 3 vs. nuclear grade 1
or 2 DCIS was 38% for invasive IBR and 40% for total IBR for the
combined EBCTCG randomized clinical trial cohorts for RT
(n=1617) (3), Supplemental Table 3B. The proportion of patients
not benefiting from RT detected by the DCISionRT Low Risk group
(termed clinical specificity for RT benefit, was 38% for invasive IBR
and 41% for total IBR in the combined observational cohort
(n=926) (38), whereas for nuclear grade 1 or 2 DCIS in the
combined EBCTCG randomized clinical trial cohorts for RT, the
clinical specificity for RT benefit was 60% for invasive IBR and 61%
for total IBR (3), Supplemental Table 3B.

4 Discussion

The DCISionRT test is a 7-gene predictive biosignature
comprised of multiple molecular assays for protein expression
that are algorithmically combined with four clinicopathologic
factors to report a continuous DS result and categorical risk
groups, with corresponding 10-year total and invasive IBR rates
for patients treated with BCS either with or without RT. The
DCISionRT test has been previously validated in multiple
observational cohort studies and the SweDCIS randomized
clinical trial cohort with a prospective-retrospective study design
and determined to be prognostic for 10-year IBR risk and predictive
for RT benefit (37, 38, 40, 41). The DCISionRT molecular assays
provided robust analytic performance for assessing protein
expression of the 7 genes in the centralized clinical lab setting.
The molecular assays demonstrated high analytic positive
concordance rates (analytic sensitivity), negative concordance
rates (analytic specificity) and total concordance (analytic
accuracy/reproducibility) for the protein expression of 7
target genes.

The molecular assays demonstrated high analytic precision,
with very low variation (<1%) due to controlled non-standard
conditions (Run, Antibody Lot, and Machine). The
reproducibility of the DCISionRT test system was high with a
95% confidence interval of less than 0.4 DS units on a scale of 0-
10 (4%), accounting for varying clinicopathologic factor
combinations for replicate molecular assays results obtained
under controlled non-standard conditions with two independent
pathology assessments of each biomarker. In clinical practice, the
SOP requires that each of the independent assessments are used to
provide preliminary independent DS assessments. If the two
preliminary independent DS assessments differ by more than 0.5
units, then the DAP quality control algorithm automatically
identifies the biomarker(s) resulting in the difference and requires
a consensus score for those biomarker(s). The updated protein
expression profile with consensus results is used to finalize and
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report the test result to ensure a high level of reproducibility case
by case.

Findings from prior RCTs and more recent studies for BCS and
RT have demonstrated that patients who had BCS without RT had a
10-year overall IBR rate of ~30% (DCIS plus invasive) and ~15%
IBR rate for invasive breast cancer (3). The addition of adjuvant RT
to BCS (BCS plus RT) reduced recurrence risk by half, with
approximately 8% of patients having invasive breast cancer and
the other half having DCIS within 10 years. Thus, 85% or more of
patients are not expected to benefit from RT to prevent a
subsequent 10-year IBR (either DCIS or invasive) within 10 years.
Based on multiple validation studies, the DCISionRT Low Risk
group identifies about half (40%) of the 85% of patients not
expected to benefit from RT for preventing a subsequent 10-year
IBR. The Low Risk group identified by DCISionRT had low 10-year
IBR recurrence rates and very low ARR (non-significant 1%
absolute difference with or without RT) in 10-year invasive IBR
(37, 38, 40, 41). In the Low Risk group, the corresponding NNT to
prevent one 10-year invasive IBR was high (about 100, Table 6), and
equivalently, the NPV for RT benefit in 10-year IBR was high for the
Low Risk group (99%). As an alternative means to assess a
prognostic or predictive test, the clinical sensitivity was high for
RT benefit in 10-year IBR (94% for invasive IBR and 96% for total
IBR), and the clinical specificity was 38% to 40% for RT benefit.
This indicates that the percentage of false negative results from the
Low Risk group is quite low and that about 40% of the patients who
are expected to not benefit from RT are identified by the Low Risk
group. Of note, a test with high sensitivity for a treatment benefit
allows patients who will be unlikely to benefit from a treatment to
be safely identified. The validated low IBR rate without RT and low
ARR in 10-year IBR from RT indicates that the test identifies a low-
risk population of patients consistent with NCCN guidelines, who
may be considered for de-escalation of RT.

Based on multiple DCISionRT validation studies with patients
from four observational and one randomized clinical trial cohorts,
patients with higher DS results had elevated 10-year IBR recurrence
rates and clinically significant ARR for RT in 10-year IBR (37, 38,
40, 41). The NNT was between 6 and 11 for 10-year total and
invasive IBR for those patients with elevated DS indicating that a
limited number of these patients would need to be treated to
prevent a subsequent breast cancer recurrence.

As with adjuvant RT, not all patients are expected to benefit
equally from adjuvant endocrine therapy (ET). The benefit from ET
may differ due to patient compliance with ET, and the risk of
recurrence after BCS alone and the relative risk reduction obtained
from ET may also vary with tumor molecular biology. The
DCISionRT test provides 10-year risk estimates for patients
treated with BCS alone, which may help in shared decision
making for DCIS treatment management. Furthermore, in
multivariable analysis of DCISionRT Risk groups, clinico-
pathlogic factors, and treatment with RT and ET, patients treated
with ET had a significantly lower IBR rate in multivariable analysis
(HR=0.55, p=0.033) (38). In univariate analyses for ET benefit
within DCISionRT Risk groups, only patients in the Elevated Risk
group had a significantly lower IBR rate for patients treated with ET
versus without ET (HR=0.34, p=0.02) (57). Thus, patients with
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elevated DS results may be expected to have greater absolute risk
reductions from ET.

The multivariable analysis also showed that while DCISionRT
risk groups contributed significantly to IBR rate, tumor grade and
size, and patient age did not have a statistically significant
association with IBR rate. Of these factors, nuclear grade is not a
clinicopathologic factor in the DCISionRT test, but is a factor
commonly used clinically to identify patients expected to benefit
from radiation therapy. The analysis of the four randomized DCIS
clinical trials for radiation therapy post lumpectomy identified a
large number (n=1617) of patients with known nuclear grade. For
patients with nuclear grade 1 or 2 in the RCTs, the ARR for RT was
clinically relevant (15% 10-year IBR) and the corresponding NNT
was low. Likewise, for patients with nuclear grade 3, the ARR for RT
was clinically relevant (16% 10-year IBR) and the corresponding
NNT was low. The results demonstrated that regardless of nuclear
grade, radiotherapy was effective in reducing the absolute 10-year
risk of any ipsilateral breast event. The performance metrics for
nuclear grade from the four RCTs indicated that the NPV was
moderate (85%), and the corresponding sensitivity (40%) and
specificity (61%) were also moderate for identifying patients who
would benefit from radiation therapy. This indicates that patients
with nuclear grade 3 as well as those with nuclear grade 1 and 2 are
expected to benefit from radiotherapy, consistent with the
conclusions of the studies based on standardly reported clinical
results. In addition, there are limitations in the accuracy of nuclear
grade for DCIS assessed between different sites (58, 59), further
limiting the utility of nuclear grade to identify patients with low-
risk DCIS.

Prognostic and predictive tests are also evaluated by how they
impact clinical practice. The clinical utility of the DCISionRT
biosignature was reflected in the change in RT treatment
recommendation observed in the prospective clinical utility study
(PREDICT) with the incorporation of the DCISionRT test into
routine clinical practice. In the PREDICT study, the utilization of
the DCISionRT test led to a 40% change in recommendation for
radiation therapy post lumpectomy for patients diagnosed with
DCIS. Logistic regression analysis of the RT recommendation after
DCISionRT testing indicated that the DCISionRT test result had the
greatest impact on the RT recommendation, compared to
clinicopathologic risk factors, physician specialty, treatment
center type, patient preference and patient race (39). The
recommendation for treatment with DCISionRT varied with
continuous DS. In particular, those with a low DS result (DS<2)
were recommended RT less often (26%), about 50% of those with a
DS result between 2 and 4 were recommended RT, while RT was
recommended for 95% of those with higher DS results (DS>4). In
summary, the analytic performance, along with clinical validation
and clinical utility studies support the continued clinical adoption
of the test to guide shared decision making for DCIS treatment
management. The analytic validation indicates the individual
biomarkers have high performance and reproducibility and
minimal variability due to standard imprecision conditions,
resulting in high reproducibility of the DCISionRT test result.
The test has been validated to identify patients with low
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recurrence risk and minimal to no absolute risk reduction benefit
from RT, where 99% of the patients in the low-risk group did not
benefit from RT. These patients may be good candidates for
treatment with BCS without RT, depending on risk tolerance and
other factors specific to the individual patient. In contrast, the test
has also been validated to identify patients with significant absolute
risk reduction who benefit from RT and might be undertreated by
BCS without RT. These patients might be good candidates for
treatment with BCS plus RT, depending on the risk tolerance and
other factors specific to the individual patient.
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Efficacy of apatinib 250 mg
combined with chemotherapy
in patients with pretreated
advanced breast cancer

In a real-world setting

Ruyan Zhang', Yifei Chen', Xiaoran Liu, Xinyu Gui, Anjie Zhu,
Hanfang Jiang, Bin Shao, Xu Liang, Ying Yan, Jiayang Zhang,
Guohong Song* and Huiping Li*

Key Laboratory of Carcinogenesis and Translational Research (Ministry of Education/Beijing),
Department of Breast Oncology, Peking University Cancer Hospital and Institute, Beijing, China

Objectives: This study evaluated the efficacy and safety of apatinib (an oral small-
molecule tyrosine kinase inhibitor targeting VEGFR-2) 250 mg combined with
chemotherapy in patients with pretreated metastatic breast cancer in a real-
world setting.

Patients and methods: A database of patients with advanced breast cancer who
received apatinib between December 2016 and December 2019 in our institution
was reviewed, and patients who received apatinib combined with chemotherapy
were included. Progression-free survival (PFS), overall survival (OS), the objective
response rate (ORR), the disease control rate (DCR), and treatment-related
toxicity were analyzed.

Results: In total, 52 evaluated patients with metastatic breast cancer previously
exposed to anthracyclines or taxanes who received apatinib 250 mg combined
with chemotherapy were enrolled in this study. Median PFS and OS were 4.8
(95% confidence interval [Cl] = 3.2-6.4) and 15.4 months (95% Cl = 9.2-21.6),
respectively. The ORR and DCR were 25% and 86.5%, respectively. Median PFS
for the previous line of treatment was 2.1 months (95% ClI = 0.65-3.6), which was
significantly shorter than that for the apatinib—chemotherapy combination (p <
0.001). No significant difference was identified in the ORR and PFS among the
subgroups(subtypes, target lesion, combined regimens and treatment lines). The
common toxicities related to apatinib were hypertension, hand-foot syndrome,
proteinuria, and fatigue events.

Conclusion: Apatinib 250 mg combined with chemotherapy provided favorable
efficacy in patients with pretreated metastatic breast cancer regardless of
molecular types and treatment lines. The toxicities of the regimen were well
tolerated and manageable. This regimen could be a potential treatment option in
patients with refractory pretreated metastatic breast cancers.
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1 Introduction

Metastatic breast cancer (MBC) remains an incurable disease,
with median overall survival (OS) of about 3 years and a 5-year
survival rate of around 25%, even in countries without medicine
availability problems (1).

Novel therapeutic strategies for MBC have been established in
recent years. Cyclin-dependent kinase 4 and 6 (CDK4/6) inhibitors
for hormone receptor(HR) positive/human epidermal growth factor
2 (HER2)-negative MBC, trastuzumab emtansine(T-DM1) and T-
Dxd for HER2 positive MBC, immune check point inhibitor
pembrolizumab and sacituzumab govitecan (SG) for metastatic
triple negative breast cancer(TNBC), and poly(ADP ribose)
polymerase (PARP) inhibitors for HER2 negative MBC with
germline BRCA1/2 mutation have become the standard treatment
recommended by guidelines. However, the first CDK4/6 inhibitor
palbociclib and T-DM1 were approved by China Food and Drug
Administration(CFDA) in August 2018 and January 2020
respectively, and they were not included in medical insurance
until March 2023; Until today, pembrolizumab and olaparib have
not been approved by CFDA for the treatment of metastatic breast
cancer, pembrolizumab was approved only for treatment of early
TNBC with high risk of recurrence in November 2022, olaparib was
approved only for ovarian cancer and prostate cancer in China; T-
Dxd and SG have not yet launched in Mainland of China until now.
So in the real world clinical practice, a considerable number of
patients didn’t receive these treatments due to drug accessibility
and/or expensive cost which was not covered by local medical
insurance. Moreover, some patients who received above treatments
did not respond to the therapy, and some who experienced initial
response still developed resistance inevitably afterwards. In patients
with taxane- and anthracycline-resistant human epidermal growth
factor 2 (HER2)-negative MBC, traditional chemotherapy agents
including capecitabine, vinorelbine, gemcitabine, or platinum
agents are usually considered as treatments of choice. There is no
evidence suggesting that any chemotherapeutic drugs have superior
efficacy in the second and later lines, and new drugs or strategies are
required for this population of patients. Some new therapeutic
strategies for MBC such as anti-angiogenesis therapy, androgen
receptor antagonists, micro-RNA based therapy, proteolysis
targeting chimeric molecules (PROTACs) and others are under
exploration,some of them have initially shown potential benefits
(2, 3).

Previous researches indicated that angiogenesis is vital for
tumor growth and metastasis (4, 5). The vascular endothelial
growth factor (VEGF) pathway plays an important role in
angiogenesis in cancer (6, 7), and VEGF receptor-2 (VEGFR-2) is
the key signaling receptor involved in this pathway (8, 9). Therefore,
anti-angiogenesis is an important anti-cancer strategy (7). The anti-
VEGF monoclonal antibody bevacizumab, when added to
chemotherapy, has been demonstrated to significantly increase
progression-free survival (PES) in patients with metastatic triple-
negative breast cancer (TNBC) in the first- and second-line settings
(10-13).

Apatinib is an oral small-molecule tyrosine kinase inhibitor
(TKI) selectively targeting VEGFR-2, and apatinib monotherapy
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has been approved by the CFDA for the third-line treatment of
gastric cancer based on its remarkable survival benefits (14).Two
prospective open-label, multicenter, phase 2 trials preliminarily
revealed the satisfying efficacy and acceptable toxicities of
apatinib monotherapy in TNBC and non-TNBC (15, 16).

Preclinical studies illustrated that combined treatment with
apatinib can improve the efficacy of chemotherapy and reverse
chemotherapeutic drug resistance in tumor cells (17) (18-20).
Limited studies have explored the efficacy and safety of apatinib
combined with chemotherapy in solid tumors including breast
cancer, and efficacy and good tolerance were preliminarily
observed (21-26).

Based on above results, we performed a retrospective study to
further evaluate the efficacy and safety of apatinib combined with
chemotherapy in patients with MBC who failed standard treatment
in a real-world setting.

2 Materials and methods

2.1 Methods

A database of patients with breast cancer treated with apatinib
combined with chemotherapy from December 2016 to December
2019 in the Department of Breast Oncology of Peking University
Cancer Hospital and Beijing Institute of Cancer Prevention
was reviewed.

The inclusion criteria were as follows: pathologically confirmed
locally advanced breast cancer or MBG; failed previous standard
treatments; treated with apatinib combined with chemotherapy,
and finished at least one cycle of treatment to permit
toxicity evaluations.

The estrogen receptor (ER), progesterone receptor (PgR), and
HER?2 were recorded. For patients who underwent biopsies of the
metastatic sites, the status of these receptors was determined on the
basis of the latest pathological test before apatinib treatment. ER/
PgR negativity was defined as <1% positive tumor cells with nuclear
staining on immunohistochemistry (IHC); a HER2-negative status
was defined as an THC score of 0-1; and negativity was defined by
fluorescent in situ hybridization in accordance with the American
Society of Clinical Oncology guidelines.

Tumor assessments were evaluated every two or three cycles of
treatment based on the Response Evaluation Criteria In Solid
Tumors (RECIST) (version 1.1). PFS was defined as the time
interval from initiating apatinib therapy to disease progression or
death, whichever occurred first. OS was considered the interval
from initiating apatinib therapy to death from any cause or the last
follow-up visit. Adverse events (AEs) were assessed according to the
National Cancer Institute Common Terminology Criteria for
Adverse Events (version 4.03).

2.2 Statistical analysis

Median PES and OS were calculated using the Kaplan-Meier
method, and inter-group comparisons were performed using the
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log-rank test. Pearson’s ” test or Fisher’s exact test was used to
analyze treatment efficacy. Cox regression analysis was used to
analyze the correlations between factors and prognosis. SPSS
version 26.0 was used for all statistical analyses, and p < 0.05 was
considered statistically significant.

3 Results
3.1 Patient characteristics

In total, 61 patients with MBC who received apatinib combined
with chemotherapy were included. All patients were given apatinib
250 mg per day orally, and chemotherapy was based on physician’s
choice. Patient characteristics at baseline were shown in Table 1.

The median age at the start of apatinib therapy was 49.9 years
(range, 31-67 years). Concerning the molecular subtype, 23 patients
(37.7%) were diagnosed with TNBC, 32 patients (52.5%) had ER-
positive breast cancer, and 6 patients (9.8%) had HER2-positive
breast cancer. More than half of the patients had lymph node and
chest wall metastasis (54.1% and 55.7%, respectively), 19 patients
(31.1%) had liver metastasis, and 16 patients (26.2%) had
lung metastasis.

All 61 patients had previously received chemotherapy
containing anthracycline or taxane, and 56 patients (91.8%) had
received at least one chemotherapeutic regimen for metastatic
disease before the use of apatinib.The median number of prior
chemotherapy lines was 2 (0-5). Five patients (8.2%) who received
apatinib in the first-line setting all had disease-free survival(DFS)
shorter than 12 months. Patients with hormone receptor-positive
breast breast cancer had received at least one regimen of endocrine
treatment. Patients with HER2-positive disease had progressed on
previous anti-HER2 therapy. None of the HR+HER2- patients
received CDK4/6 inhibitors and only one of them received
everolimus before apatinib, one of the five HER2 positive patients
received T-DM1 in a phase III clinical trial before apatinib, and
none of the TNBC patients received immunotherapy before
apatinib. Among all of the 61 patients, one TNBC patient
harbored suspected pathogenic mutation of germline BRCA1, one
HR+HER2 patient harbored pathogenic mutation of germline
BRCA2, neither of them received PARP inhibitor treatment.

The chemotherapies used in combination regimens were
gemcitabine (16, 26.2%), vinorelbine (16, 26.2%), taxanes (15,
24.6%), capecitabine (10, 16.4%), platinum (7, 11.5%), and
anthracycline (4, 6.6%). Three patients with HER2-positive disease
received anti-HER2 targeted therapy (trastuzumab, pyrotinib, and
lapatinib, respectively) along with apatinib and chemotherapy.

3.2 Efficacy

Overall, nine of the 61 patients required treatment
discontinuation in the first two chemotherapy cycles because of
intolerable toxicities, and the tumor assessment could not be
completed. Therefore, 52 patients were included in the analyses of
PES, OS, and clinical responses. With a median follow—up of 7.4
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months (range, 2.4-41.7 months), 31 of 52 patients had progressive
disease (PD), and 25 deaths occurred. Median PFS was 4.8 months
(95% confidence interval [CI] = 3.2-6.4 months, Figure 1: PFS of 52
evaluable patients), and median OS was 15.4 months (95% CI = 9.2-
21.6 months, Figure 2: OS of 52 evaluable patients). Median PFS for
the previous line of treatment (chemotherapy alone) was 2.1
months (95%CI = 0.65-3.6 months), which was significantly
shorter than that of apatinib combined with chemotherapy(4.8
months, 95% CI =3.2-6.4 months, p < 0.001), comparisons were
performed using the log-rank test (Figure 3: PFES of apatinib
combined with chemotherapy versus PFS of the previous
line treatment.).

In total, 13 (25.0%) and 34 (65.4%) patients had a best clinical
response of partial response (PR) and stable disease (SD),
respectively, and no patients had complete response (CR). The
overall response rate (ORR) was 25.0% (13/52), and the disease
control rate (DCR) was 86.5% (45/52, Table 2, Figure 4. Best overall
response of 52 evaluable patients Figure 5. Duration of treatment
and response).

Response and PFS in different subgroups were analyzed as
presented in Table 3. Median PFS was longer for patients who
achieved PR than for those who did not achieve PR (10.0, 3.7, and
1.3 months for the PR, SD, and PD groups, respectively; P < 0.001). The
ORR was best in the gemcitabine group (42.9% [6/14]) among all
combination regimen groups, and patients for whom the liver or chest
wall/lymph nodes were the target lesions displayed satisfying ORRs
(33.3% [5/15] and 28.6% [8/28], respectively). Meanwhile, the ORR
was 0%(0/5), 18.8%(3/16), and 32.3%(10/31) for the first, second, and
third or later lines, respectively, and all the five patients in the first
group had a best clinical response of stable disease, and median PFS
was similar in different treatment lines. Regarding different molecular
types, both the ORR and PFS were worse in the TNBC group than in
the ER-positive/HER2-negative and HER2-positive groups. No
significant difference was identified in the ORR and PFS among the
subgroups by the log-rank test for univariate analysis.

3.3 Safety

A total of 61 patients were analyzed for toxicity. Nine patients
discontinued the combination treatment in the first two cycles
because of intolerable toxicities which including hypertension (four
cases), thrombocytopenia (three cases), fever(one case), anorexia
(one case).The most common non-hematologic AEs were
hypertension, hand-foot syndrome, proteinuria, fatigue, liver
dysfunction and anorexia, whereas hematologic AEs, including
neutropenia, anemia and thrombocytopenia, occurred at high
rates because of the use of combination therapy (Table 4). Most
toxicities were generally grade 1-2 and manageable.

4 Discussion

Our present study reported the efficacy and safety of apatinib
combined with chemotherapy in patients with pretreated MBC in a real
world setting. In this study, all 52 patients were resistant to standard
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TABLE 1 Patient characteristics at baseline.

Characteristics Number N=61
Age
<60 years 54 88.5
=60 years 7 11.5
‘ Histology
Ductal 53 86.9%
Lobular 2 3.3%
Metaplastic carcinoma/phylloides sarcoma 6 9.8
‘ Molecular Subtype
TNBC 23 37.7
ER positive/Her2 negative breast cancer 32 52.5
HER?2 positive breast cancer 6 9.8

Metastatic sites

Lymph nodes 33 54.1
Chest wall 34 55.7
Bone 25 41
Liver 19 31.1
Lung 16 26.2
Pleural 16 26.2
Brain 2 3.3%

Number of prior chemotherapy lines in metastatic setting, median line=2(0-5)

0 5 8.2%
1 16 26.2
2 20 32.8
>3 20 32.8

Combined chemo-regimens

Gemcitabine 16 26.2
Vinorelbine 16 26.2
Taxanes 15 24.6
Capecitabine 10 16.4
Platinum 7 115
Anthracycline 4 6.6

Sequence of chemo and apatinib

Synchronously 49 80.3
Chemo first 9 14.8
Apatnib first 3 4.9

TNBC, triple-negative breast cancer; ER, Estrogen receptor; HER2, human epidermal growth factor receptor 2.
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FIGURE 1

Progression free survival (PFS) of 52 evaluable patients.

treatment, the median number of prior chemotherapy lines was 2(0-5),
and the cohort included patients with TNBC and ER-positive/HER2-
negative breast cancer with resistance to chemotherapy and endocrine
therapy and patients with HER2-positive breast cancer who progressed on
at least one anti-HER?2 agent. Because this study started early from the year
2016 to 2019, many new drugs like CDK4/6 inhibitors, T-DM1 and
pembrolizumab did not launch in China or were not covered by medical
insurance at that time, so nearly all of the patients enrolled in this study did
not receive today’s standard treatment due to drug accessibility and/or
expensive cost but they failed standard treatment at that time.

The ORR was 25%, median PFS and OS was 4.8 and 154
months, respectively. These results were nearly consistent with
those of previous clinical trials. Meanwhile, our study obtained a
very favorable DCR of 86.5% which was higher than that was
reported in most of trials.

A number of recent studies have explored the efficacy of
apatinib, both alone and in combination, in pretreated MBC.
Median PFS for apatinib monotherapy ranged 3.3-4.6 months,
and that for the combination of apatinib and chemotherapy ranged
4.4-6.9 months(reviewed in Table Supplement). Median OS in
these studies ranged 8.3-20.0 months (15, 16, 24, 27-31).We have
reported a prospective multi-center phase II study of apatinib single
or combination with endocrine therapy in HER2 negative breast
cancer involving chest wall metastasis, the median PFS was 4.9 (95%
CI: 2.1-8.3) months (29). Most of these trials were single-armed
studies without control group. Only one retrospective study
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FIGURE 2

Overall survival (OS) of 52 evaluable patients.
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FIGURE 3
Progression free survival (PFS) of apatinib combined with
chemotherapy versus PFS of the previous line treatment.

compared apatinib combined with capecitabine to capecitabine
alone as the third-line therapy in advanced TNBC. The
combination group had longer PES (5.5 months vs. 3.5 months,
p=0.001) and a higher ORR (40.9% vs. 13.4%, p = 0.042) than the
capecitabine group. As reported in the ASCENT study, median PFS
was 5.6 months for sacituzumab govitecan (SG) and 1.7 months for
chemotherapy in patients with heavily pretreated metastatic TNBC
(32). Our subgroup analysis of patients with TNBC revealed a PFS
of 3.7 months for apatinib combined with chemotherapy, however,
due to the difference of study design and different enrolled
population of studies and other limits, the results of different
studies could not be directly compared. Further controlled
research is needed to explore superiority of chemotherapy alone
or in combination with apatinib.

Notably, although the current study was single-armed without
control group, we conducted PFS analysis of the previous line of
treatment in the same cohort, and median PFS was only 2.1 months,
which was significantly shorter than that of apatinib-chemotherapy
combination treatment. The relatively short PFS indicated the
aggressiveness of the disease; hence, patients receiving apatinib-
chemotherapy combination treatment had a heavier tumor burden
and worse condition. Therefore, although it may be somewhat
affected by the limitations of the self-controlled case series
method, this finding is still valuable. Additionally, some patients

TABLE 2 Best response in evaluated patients (N=52).

Best response N (%) mPFS (months,95%Cl) P value
CR 0 -

PR 13 (25) 10.0 (7.7-12.2) <0.001
SD 32(61.5) | 3.7 (3.5-3.9)

PD 7 (13.5) 1.3 (13-14)

ORR (CR+PR) 13 (25) -

DCR (CR+PR+SD) | 45 (86.5) | -

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR,
objective response rate; DCR, disease control rate; mPFS, median progression free survival.

frontiersin.org


https://doi.org/10.3389/fonc.2023.1076469
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhang et al.

WPD MSD PR

5 O
o O
|

N
o
]

N
o
1

A
o
1

Change From Baseline(%)
o)
=} o
1
—
=
—
-— ]

oo
S

FIGURE 4
Best overall response of 52 evaluable patients. PD, progressive
disease; PR, partial response; SD, stable disease.

in our study received apatinib plus chemotherapy after a subpar
response to initial chemotherapy alone, and a better response was
observed in most patients, suggesting that the addition of apatinib
can improve the efficacy of chemotherapy.

Another question is whether the addition of chemotherapy to
apatinib produces better outcomes than apatinib alone. No clinical
trials have directly compared apatinib monotherapy with the
combination of apatinib and chemotherapy in breast cancer.
Median PFS of apatinib monotherapy reported in clinical trials of
breast cancer ranged from 3.3 to 4.6 months, which appeared inferior
to the reported PFS of apatinib combination therapy (4.4-6.9
months). Bevacizumab monotherapy provided little clinical benefit
in previously treated metastatic colorectal cancer. The median PFS
and ORR for bevacizumab alone were 2.7 months and 3.3%,
respectively, those for chemotherapy alone were 4.7 months and
8.6%, respectively, and those for the combination of bevacizumab and
chemotherapy were 7.3 months and 22.7%, respectively (33).
However, as a single agent, apatinib provided remarkable survival
benefits in the third-line treatment of gastric cancer versus placebo
(14).The exact reason is unclear, but in terms of the mechanism,
bevacizumab is a monoclonal antibody directed against VEGFA that
acts by binding and neutralizing all VEGFA isoforms (6). It is
different that small-molecule TKIs block downstream signaling
pathways by inhibiting the activity of VEGF receptors instead of
binding to VEGF directly (6). More importantly, apatinib selectively
inhibits VEGFR2, which is the key signaling receptor involved in the
VEGF pathway. Compared with bevacizumab, apatinib has the
advantage of oral bioavailability. Subgroup analysis of one small
retrospective study (27 patients) revealed that PFS was even shorter in
the apatinib combination group (20 patients, 3.1 months) than in the
single-agent apatinib group (7 patients, 3.46 months) (34).

Moreover more studies on apatinib have focused on TNBC
because of the limited treatment options for breast cancer of this
subtype. Our study also included HER2-positive and ER positive breast
cancer.These patients all failed previous available standard treatments.
The subgroup analysis of our study suggested that there was no
significant difference in PFS and ORR between different subtypes,
results seemed to be better in the HER2-positive and hormone
receptor-positive groups than in the TNBC group. However, the
number of cases in HER2 positive group was too small, and some of
them also received anti-HER? targeted therapy in addition to apatinib
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and chemotherapy. In fact, it has been demonstrated that HER2 can
increase VEGF protein synthesis by activation of the mTOR/p70S6K
cap-dependent translation pathway in human breast cancer cells (35).
VEGF might contribute to the aggressiveness of HER2-positive breast
cancer (36). Additionally, some studies have suggested that the VEGF
pathway could play a role in tamoxifen resistance in ER-positive breast
cancer (37). These findings provide some theoretical basis for the
effectiveness of apatinib in refractory HER2-positive and ER-positive
breast cancers. In addition, subgroup analysis of our study revealed
that median PFS for apatinib combined with chemotherapy was
similar in different treatment lines, despite no patients obtained
partial response in the first line treatment while 18.8% and 32.3%
patients got partial response in the second and later lines. This may due
to that the sample size for the first line group was too small(only five
patients), and the size of their tumor lesions did not meet the
measurable criteria, so it could only be evaluated as SD not PR even
if the tumor was reduced significantly. Overall, our study suggested
that the combination of apatinib and chemotherapy could be a
potential treatment option in heavily pretreated MBC regardless of
molecular subtypes and treatment lines.

In addition, new combinational regimens containing apatinib in
MBC are under exploration (38-40). A phase II study reported the
ORR (43.3%) and median PFS (3.7 months) of a combination of the
immune checkpoint inhibitor camrelizumab and apatinib (250 mg) in
patients with TNBC who received fewer than three lines of systemic
therapy regardless of the line of therapy and the PD-L1 status (38).
Another phase II study reported a favorable ORR (37.7%) and median
PFS (8.1 months) for camrelizumab combined with apatinib (250 mg)
and eribulin in heavily pretreated patients with advanced TNBC, and
the PD-L1 status was not associated with ORR/PES (39). And for
germline BRCA1/2 mutated HER2 negative MBC, OlympiAD study
and other studies have confirmed statistically significant PFS benefit of
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TABLE 3 Response and PFS in different subgroups.

10.3389/fonc.2023.1076469

Subgroup
ORR (N,%) mMPFS (months,95%Cl)
Subtypes
TNBC 2/21 (9.5) 0.081 3.6 (2.1-5.0) 0.184
ER+/HER2- 8/26 (30.8) 5.8 (0.4-11.1)
HER2+ 3/5 (60.0) 7.8 (3.5-12.0)
Target lesion
Liver 5/15 (33.3) 0.492 3.7 (0.0-9.0) 0.988
Chest wall/LN 8/28 (28.6) 5.8 (3.0-8.6)
Lung 0/6 (0) 33 ()
Others 0/3 (0) 4.8 (-)
Combined regimen
Gemcitabine 6/14 (42.9) 0.422 5.8 (2.8-8.8) 0.805
Vinorelbine 3/13 (23.1) 3.6 (2.6-4.6)
Capecitabine 1/6 (16.7) 19.2 (-)
Taxanes 2/10 (20.0) 4.8 (4.2-5.4)
Others 1/9 (11.1) 4.6 (3.4-5.8)
Treatment line
1 0/5 (0) 0.407 4.8 (4.4-52) 0.655
2 3/16 (18.8) 4.4 (3.0-5.9)
>3 10/31 (32.3) 4.9 (2.9-6.8)

ORR, objective response rate; mPFS, median progression free survival; LN, lymph node.

poly(ADP ribose) polymerase (PARP) inhibitors compared with
chemotherapy treatment (40, 41). A study of fluzoparib (one PARP
inhibitor) + apatinib versus chemotherapy of physician’s choice in
patients with HER2-negative MBC and germline BRCA mutations is
ongoing (NCT number: NCT04296370).

Concerning safety, owing to the high incidence of hypertension
and hand-foot syndrome for high-dose apatinib in previous studies
and in real-world clinical practice, in this current study, all patients
received apatinib at a dose of 250 mg in combination with

TABLE 4 Adverse Events graded based on CTCAE 4.0.

Adverse events Grade1-2 (n,%)

chemotherapy. This lower dose resulted in a lower incidence of
AEs with comparable efficacy to high-dose apatinib as reported in
previous studies. It is suggested that 250 mg might be the appropriate
dose of apatinib when used in combination with chemotherapy,
especially in patients who have received multi-line treatments.

In summary, the findings of our present study add to the
existing knowledge for apatinib in MBG, it is possible to provide
a basis for the treatment of refractory breast cancer patients with
apatinib 250 mg combined with chemotherapy.

Grade3-4 (n,%)

All grades (n,%)

Hypertention 14 (23.0) 2(3.3) 16 (26.0)
Hand-foot syndrome 12 (19.7) 3 (4.9) 15 (24.6)
Proteinuria 10 (16.4) 2(3.3) 12 (19.7)
Fatigue 10 (16.4) 0 10 (16.4)
Anorexia 9 (14.8) 0 9 (14.8)

Neutropenia 25 (41.0) 3 (4.9) 28 (45.9)
Anemia 25 (41.0) 3 (4.9) 28 (45.9)
Thrombocytopenia 10 (16.4) 2(3.3) 12 (19.7)
Liver dysfunction 9 (14.8) 1(1.6) 10 (16.4)
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Nevertheless, there are several limitations in this study. Firstly,
retrospective study design:the study relied on a retrospective review of
medical records, which means that the data collected may not have
been as comprehensive as it would have been in a prospective study.
Retrospective studies are limited by the quality and completeness of the
medical records, which could have led to missing or incomplete data on
the treatment toxicity and the tumor assessment as well. Secondly, the
study was lack of control groups, it only included patients who were
treated with apatinib combined with chemotherapy, which makes it
difficult to determine the extent to which the observed outcomes were
due to the apatinib versus chemotherapy. Thirdly, the study only
included patients from one institution, which may not be
representative of the broader population of breast cancer patients;
And the sample size was small, which lead to that it was insufficient to
draw conclusions of subgroup analysis, the inferences about the results
of subgroup analysis should be cautious.

Further multi-center, prospective and large randomized
controlled trials are warranted to directly compare apatinib alone,
chemotherapy alone, and combination of apatinib with
chemotherapy to clarify the role of apatinib in advanced breast
cancer treatment aiming to address these limitations.
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De-escalation trials in oncology evaluate therapies that aim to improve the
quality of life of patients with low-risk cancer by avoiding overtreatment. Non-
inferiority randomized trials are commonly used to investigate de-intensified
regimens with similar efficacy to that of standard regimens but with fewer
adverse effects (ESMO evidence tier A). In cases where it is not feasible to
recruit the number of patients needed for a randomized trial, single-arm
prospective studies with a hypothesis of non-inferiority can be conducted as
an alternative. Single-arm studies are also commonly used to evaluate novel
treatment strategies (ESMO evidence tier B). A single-arm design that includes
both non-inferiority and superiority primary objectives will enable the ranking of
clinical activity and other parameters such as safety, pharmacokinetics, and
pharmacodynamics data. Here, we describe the statistical principles and
procedures to support such a strategy. The non-inferiority margin is calculated
using the fixed margin method. Sample size and statistical analyses are based on
the maximum likelihood method for exponential distributions. We present
example analyses in metastatic and adjuvant settings to illustrate the
usefulness of our methodology. We also explain its implementation with
nonparametric methods. Single-arm designs with non-inferiority and
superiority analyses are optimal for proof-of-concept and de-escalation
studies in oncology.
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1 Introduction

Molecular diagnostics and biomarkers have enabled many
cancers to be divided into clinical and biological subtypes, some
of which have a low risk of relapse or death (1-4). In patients with
low-risk breast cancer, de-escalation trials are increasingly being
conducted to evaluate therapies that aim to improve quality of life
by avoiding overtreatment (1, 5, 6). These trials use non-
inferiority designs to investigate de-intensified regimens with
efficacy similar to that of standard treatments but with fewer
toxic effects (5, 7-9). Although randomized trials provide the
strongest evidence (ESMO evidence tier A) for the efficacy of de-
escalation strategies (10-13), randomized designs are not always
the most efficient option and cannot be used to answer all research
questions (14-18). Furthermore, in certain cancer types and
phases of clinical development, it is not feasible to recruit the
number of patients needed for a randomized clinical trial. In such
cases, de-escalation strategies can be investigated using single-arm
or non-comparative trials (ESMO evidence tier B) (6, 13, 19-22).
Single-arm trials can also be used to evaluate novel therapies,
agents with a high expectation of tumor response, rare cancers,
salvage therapies, and therapies for late-stage disease, especially
when no standard-of-care exists and a robust historical database is
available (15, 18, 23). The inclusion of both non-inferiority and
superiority primary objectives in single-arm study designs enables
informed decisions that rank the magnitude of clinical activity
along with other parameters such as safety, pharmacokinetics, and
pharmacodynamics data (24-26).

Some treatments have been successful in phase III trials even
after producing negative results in phase II single-arm trials. In
these situations, a new treatment was deemed non-inferior to
standard-of-care therapy when considered in the context of
relevant parameters such as safety, duration of clinical benefit, or
targeting of a new biological pathway (27, 28). However, the
likelihood of a type I error (o) increases when a post-hoc non-
inferiority analysis is performed after an unsuccessful proof-of-
concept trial (25, 29). The probability of such an error can be
reduced by including the non-inferiority analysis in the
experimental design a priori (24-26). It is easy to include non-
inferiority and superiority analyses in single-arm one-stage or two-
stage studies with response rate as the primary endpoint (24);
however, the most reliable and preferred endpoint in cancer
studies is overall survival.

It is common to plan proof-of-concept and confirmatory
studies in oncology using time-to-event endpoints (19, 30, 31).
Most approvals for breast cancer drugs in adjuvant and advanced
settings are supported by improvements in overall survival, disease-
free survival (DFS), and progression-free survival (PFS) (32).
Although there are a few single-arm trials that used a historic
control arm to set a non-inferiority threshold for a time-to-event
outcome (5, 20, 33), these trials did not include and additional
superiority analysis for the primary objective. Here, we propose a
single-arm, time-to-event study design that includes both
superiority and non-inferiority analyses.
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2 Material and methods

2.1 Non-inferiority margin

Single-arm studies with a time-to-event primary endpoint
usually include a superiority analysis that aims to show that the
probability of survival (e.g., median PFS [mPFS]) with a certain
treatment is greater than the probability of survival estimated for an
active control arm (mPFS0) in a previous trial (34). Conversely, the
risk of progression or death with the treatment, represented by a
hazard rate (L) equal to the Napierian logarithm of 2 (LN[2])
divided by mPFS, is expected to be lower than the risk of
progression or death in the active control arm (A0) (34). In
contrast to such superiority analyses, a non-inferiority analysis
aims to show that the effect of a test drug in terms of survival is
not inferior to that of the historical comparator by more than a
specified amount called the non-inferiority margin (NIM) (29). The
NIM calculation is based on the difference in observed effects
between the historical comparator and placebo in previous
studies, which is represented by a hazard ratio (HR) that is
greater than 1 and equal to either the mPFSO divided by the
mPFS in the placebo arm (mPFSjucebo) OF the A in the placebo
arm (Aplacebo) divided by the A0 (7, 24, 29). For example, if the HR is
2.4 with a 95% confidence interval (CI) of 1.44-3.56, the fixed
margin method is applied to select the 95% CI lower bound (1.44)
and adjust it to retain at least 50% of the historical effect of the active
(1709 = 1.2, Accordingly, the
calculated NIM describes a ratio reflecting the largest loss of the

control versus the placebo: 1.44

effect previously observed in the active control arm that would be
clinically acceptable (29).

2.2 Non-inferiority and superiority analyses
in a single-arm design

The null hypothesis (HO) for superiority and non-inferiority
analyses in a one-sided test can be defined in terms of survival
(mPFES) or hazard (A) parameters as follows:

HOgyperiority: MPESSmMPESO; A > A0 (1)

HO,0 inferiority: MPFS<(MPESO/NIM); A > (AOXNIM)  (2)

Additionally, the magnitude of the difference between the
treatment arm and the historical control (i.e., the effect size) can
be defined in terms of mPFS or A for superiority and non-inferiority
analysis as follows:

Superiority : mPFS - mPFS0; A - A0 (3)

Non-inferiority : mPFS — (mPFS0 / NIM); A - (A0xNIM)  (4)

The cutoff for HOpon-inferiority Will be always lower than the cutoff
for HOsuperiority (i-e-> mPFSOnon-inferiority < mPFSOsuperiority)) and the
converse will be true when HO is defined in terms of hazard rates
(i.e., AOpon-inferiority > Msuperiority)- At the time of final analysis in a
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single-arm trial, the number of patients recruited (n), the events
observed, the mPFS, and the A will be equal for the non-inferiority
and superiority analyses. Therefore, the difference in effect size
between the superiority and non-inferiority analyses is totally
dependent on the magnitude of the preplanned HO. In a one-
sided test that will accept HO if the study mPFS is less than the
mPFS of the historical control, HO is rejected only if mPFS is greater
than mPFSO (or A is less than A0). In all these scenarios, the absolute
value of the effect size in the non-inferiority analysis will be greater
than the absolute value of the effect size in the superiority analysis:

|mPFS - mPFSO0|< |mPFS - (mPFS0 / NIM)| (5)

The same is true in terms of hazard rates:

If A <A0, then A0 <(A0 x NIM) and [A — A0|< [A - (A0 x NIM)| (6)

As the number of events is equal in the superiority and non-
inferiority analyses, it follows that the probability of detecting an
effect (i.e., the power of the test) will always be greater in the non-
inferiority analysis than in the superiority analysis. Therefore, the
type II error level () planned for the superiority analysis is retained
in the inferiority analysis (24, 35).

As stated in the United States Food and Drug Administration’s
multiple endpoint guidelines, despite evaluating multiple
hypotheses, “after demonstrating non-inferiority on the endpoint,
it is possible to then test for superiority at an unadjusted alpha”
Thus, in a superiority analysis with a time-to-event primary
endpoint, analysis of a non-inferiority hypothesis does not inflate
the type I error rate when the non-inferiority analysis and NIM are
properly pre-specified (29, 36).

The design proposed here can be used to assess both superiority
and non-inferiority criteria with the same sample size, type I error
rate (o), and B that would be used in a superiority-only strategy.
This applies to both parametric (exponential or Weibull
distribution estimator) and nonparametric (Kaplan-Meier or life
table estimator) approaches (34, 37).

3 Results

3.1 Sample size calculation in a
metastatic setting

The following section provides a numerical example of the
proposed design for a typical phase II single-arm (proof-of-
concept) trial that includes both non-inferiority and superiority
analyses in a metastatic setting. Suppose that mPFS for a standard
therapy is 12 months. This corresponds to a A0 (LN[2]/mPFS[12])
of 0.058. We would design a study to detect mPFS improvement to
at least 18 months (A1 = LN[2]/18 = 0.039), producing an HR of
0.67 (HR = 12/18). We plan a 12-month accrual period (ap) and a
24-month follow-up period (fp). We design the study to attain 90%
power (1 - PB) using the maximum likelihood method for
exponential distributions at a nominal one-sided o level of 10%.
The maximum accepted o level in our example is higher than what
is usually used in confirmatory trials (i.e., one-sided o of 2.5% or
two-sided o of 5%). This is appropriate because of the exploratory
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nature of our trial. We also assume a 10% dropout rate. The
required number of patients and events is calculated as follows,
where Z is the standard normal cumulative distribution function for
a one-sided test (34):

(Zi_g-o1 + Zipo1)” (1282 + 1.282)

Events = = =39.96
(LN(HR = 0.667))? (- 0.405)?
~ 40 (7)
Probability ofevent = 1 — ( e;*:af: x (1 — etMxapyy =
o(-0.924)
1- ( o X (1 —e(*°-462>)) =0.682 (8)
Event 40

Number of Patients = vems =58.6 (9)

Probability of event T 0.682

Drop out correction = 58.6/(1-dropout rate [0.1]) = 65.1

~ 66 patients (10)

The Excel functions to resolve this are “INV.NORM.ESTAND
(1-(0=0.1))” and “INV.NORM.ESTAND(1-(B=0.1))"; e*
represents the natural exponential function (“exp(x)” in Excel).

3.2 Final analyses in a metastatic setting

Continuing with this example, it is supposed that by the end of
the study 66 patients have been accrued, 54 PFS events have
occurred, and the final mPFS is 12 months, with a hazard rate
(Mobs) of 0.058. Based on an NIM of 1.2, HOpop-inferiority is an mPES
(mPFSO/NIM = 12/1.2) of 10 months, which is equivalent to a non-
inferiority hazard rate (Ay; = LN[2]/10) of 0.069. Final statistical
analyses for the superiority and non-inferiority objectives are
performed using the maximum likelihood method for exponential
distributions as follows (34):

Non-inferiority:

pvalue = (1 - @ (v/events x (LN(hobs) — (LN(Ay;)))) =

(1 - @ (/54 x (LN(0.058) — (LN(0.069)))) =

0.09 (p < 0.1) (11)
Superiority:
pvalue = (1 - @ (Vevents x (LN(hobs) — (LN(A0)))) =
(1 - @ (v/54 x (LN(0.058) — (LN(0.058)))) =

0.5(p >0.1) (12)

The expression “ 1 — @ () “ is the standard normal cumulative
distribution, which is used to back-transform Z-scores into p values.

3.3 Analysis in an adjuvant setting
Usually, the primary objective of clinical trials in adjuvant
settings is DFS. The DES rate is usually higher than 50%, so the

median survival is not estimable. However, the previous analyses
can be conducted in an adjuvant setting if the DFS rates are
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transformed into hazard rates and HRs. In a study investigating an
adjuvant therapy in early-stage breast cancer by Cardoso et al.
(2016), the DFS rate without distant metastasis for a standard
therapy was 95% at 5 years (60 months). This corresponds to a
A0 of 0.0009 (5).

A0 = -LN(0.95)/(60 months)= 0.0009 (13)

The pre-specified NIM corresponds to a 3% difference in DFS
without distant metastases at 5 years (i.e., from 95% to 92%). This
corresponds to a Ay of 0.0014 (5).

AOn;= -LN(0.92)/(60 months)= 0.0014 (14)

The study was designed to attain 80% power at a nominal two-
sided o level of 5%. Based on equation (7), the required number of
events for this single-arm design is 34. By contrast, 135 events
would be needed in a randomized study. The criteria for the
primary analysis were met with 748 patients recruited from the
primary test population; however, we would need about 3000
patients if we used a comparative design.

4 Discussion

De-intensification strategies are often developed in response to
new diagnostics that can select patients who do not need aggressive
therapy. Our proof-of-concept example shows how a novel de-
intensified treatment can be shown to be non-inferior to the
standard of care in selected patients. In such a case, if safety data
show that the novel treatment is better tolerated than the standard-
of-care, further confirmatory studies should be developed to
evaluate the novel treatment. Our method can also be used to
explore the efficacy of new drugs. For example, if a new drug
achieves the non-inferiority objective, as in our proof-of-concept
example, and also shows good tolerability, an appropriate
pharmacokinetic profile, and/or a novel molecular target, then it
might be expected to show further promising results when
combined with standard treatment in a phase II/IIT randomized
trial. Similarly, if a new drug achieves the superiority objective in
our study design, this would suggest that it may be effective as a
monotherapy (24).

Our approach enables the design of non-inferiority breast
cancer studies in settings where it is not feasible to recruit enough
patients for a comparative analysis (5, 6, 13). Although the sample
size needed for a non-inferiority study is usually expected to be
greater than the sample size needed for a superiority study, this is a
misunderstanding. Actually, when a non-inferiority study uses the
same assumptions as a superiority study, the non-inferiority study
will always need fewer patients than the superiority study. The
reason that non-inferiority studies are thought to need more
patients than superiority studies is because non-inferiority studies
assume that two treatments are equally effective, whereas
superiority studies never make this assumption (38). In addition
to the use of a single-arm primary analysis, there are some other
ways to improve the quality of data in de-intensification studies. For
example, a randomized non-comparative design can be used, in
which the randomized control arm has far fewer patients than
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would be needed for a powered comparative analysis (5, 6). Other
approaches might be to use an external control based on previous
clinical trials, detailed cancer registries, real-world evidence, and
synthetic control arms (39).

A single-arm trial designed to analyze both non-inferiority and
superiority objectives enables ranking of early efficacy and other
parameters such as safety, pharmacokinetics, and pharmacodynamics
data (26), making such an approach more informative than a trial
designed to analyze only superiority or non-inferiority (24-26). As
non-inferiority analysis is allowed, it could be conjectured that this
design makes easier that ineffective therapies were assessed as
promising. This assumes that evaluation of the treatment is based
exclusively on the non-inferiority result, without considering other
objectives. Risk-benefit assessments weighing all endpoints are
usually performed when establishing development plans for new
drugs. Accordingly, our method supports a comprehensive approach
to drug development by enabling the totality of the evidence to be
considered in favor of a therapy (40, 41).

Non-inferiority analysis can be implemented in time-to-event
studies using the log-rank test methodology (42). In addition, our
proposed design can be easily implemented with nonparametric
methods such as Kaplan-Meier analysis, which usually estimates
median survival or survival rates based on Cls. For instance, we
would achieve a positive non-inferiority result with a 90% CI of 3.6-
5.6, because the lower bound of the CI would be greater than 3.3, the
HO for the non-inferiority test. Conversely, the superiority objective
would not be achieved, because the lower bound of the 90% CI
would be lower than 4, the HO for the superiority test. The sample
size in time-to-event designs based on nonparametric tests can be
easily calculated with various methods and online calculators (43—
45). The same strategy can be used to prespecify thresholds for null
hypotheses under a Bayesian framework (31).

Our method includes the inherent drawbacks of studies that
rely on historical controls and non-inferiority analyses. These
limitations are common and well-known in non-inferiority
comparative study designs because the NIM must be based on
historical evidence (46). In randomized controlled designs of non-
inferiority, it is necessary to demonstrate assay sensitivity to declare
a therapy non-inferior in a single-arm trial (12). Additionally,
selection of inappropriate patients, premature discontinuations,
and poor compliance all favor conclusions of a lack of difference
between experimental and control arms in randomized trials. This
can lead to erroneous declarations of non-inferiority of the
experimental treatment. This bias is reduced when comparisons
are based on a theoretical rate of efficacy deduced from historical
controls (12, 46). Accordingly, single-arm designs with non-
inferiority analyses that are properly preplanned and conducted
are not more challenging than the usual randomized or single-arm
designs (5, 24).

Various strategies to evaluate multiple endpoints of efficacy and
safety in proof-of-concept trials have been proposed in Bayesian
and frequentist paradigms (e.g., EFFTox, Gumbel model, continual
reassessment method, and single-stage and two-stage time-to-event
designs). However, these designs do not rank non-inferiority and
superiority hypotheses to grade the magnitude of clinical activity in
the early clinical stages (19, 47-49).
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Altogether, analyses of non-inferiority and superiority in single-
arm trials are easily implemented in typical time-to-event designs
for adjuvant and metastatic settings. This approach is useful for
weighing additional factors such as safety, cost, and biomarkers
while also assessing efficacy, making it optimal for proof-of-concept
and de-intensification investigations in oncology.
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Background: International Classification of Diseases, Ninth/Tenth revisions,
clinical modification (ICD-9-CM, ICD-10-CM) are frequently used in the U.S.
by health insurers and disease registries, and are often recorded in electronic
medical records. Due to their widespread use, ICD-based codes are a valuable
source of data for epidemiology studies, but there are challenges related to their
accuracy and reliability. This study aims to 1) identify ICD-9/ICD-10-based codes
reported in literature/web sources to identify three common diseases in elderly
patients with cancer (anemia, hypertension, arthritis), 2) compare codes
identified in the literature/web search to SEER-Medicare's 27 CCW Chronic
Conditions Algorithm ("gold-standard”) to determine their discordance, and 3)
determine sensitivity of the literature/web search codes compared to the gold
standard.

Methods: A literature search was performed (Embase, Medline) to find sources
reporting ICD codes for at least one disease of interest. Articles were screened in
two levels (title/abstract; full text). Analysis was performed in SAS Version 9.4.

Results: Of 106 references identified, 29 were included that reported 884 codes
(155 anemia, 80 hypertension, 649 arthritis). Overall discordance between the
gold standard and literature/web search code list was 32.9% (22.2% for ICD-9;
35.7% for ICD-10). The gold standard contained codes not found in literature/
web sources, including codes for hypertensive retinopathy/encephalopathy,
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Page Kidney, spondylosis/spondylitis, juvenile arthritis, thalassemia, sickle cell
disorder, autoimmune anemias, and erythroblastopenia. Among a cohort of non-
cancer patients (N=684,376), the gold standard identified an additional 129
patients with anemia, 33,683 with arthritis, and 510 with hypertension
compared to the literature/web search. Among a cohort of breast cancer
patients (N=303,103), the gold standard identified an additional 59 patients
with anemia, 10,993 with arthritis, and 163 with hypertension. Sensitivity of the
literature/web search code list was 91.38-99.96% for non-cancer patients, and
93.01-99.96% for breast cancer patients.

Conclusion: Discrepancies in codes used to identify three common diseases
resulted in variable differences in disease classification. In all cases, the gold
standard captured patients missed using the literature/web search codes.
Researchers should use standardized, validated coding algorithms when
available to increase consistency in research and reduce risk of

misclassification, which can significantly alter the findings of a study.

KEYWORDS

validation, international classification of diseases (ICD), comorbidities, breast cancer,
methodology, Validation study

1 Introduction

International Classification of Diseases (ICD) coding is one of
the oldest efforts to systematically classify and track diseases and
mortality (1). Its first edition (the International List of Causes of
Death) was released in 1893, and there have since been many
revisions to ICD coding led by the World Health Organization (2).
The ICD Ninth Revision, Clinical Modification (ICD-9-CM) was
adopted in the United States in 1979, and the Tenth Revision,
Clinical Modification (ICD-10-CM) was adopted in the United
States in 2015 (2). ICD-9-CM and ICD-10-CM coding are modified
versions of the WHO’s ICD-9 and ICD-10 coding systems, and are
used in a variety of healthcare settings in the United States. They are
frequently used by health insurers for the reimbursement of claims
related to health care services. They are also recorded in patients’
electronic medical records and are used by many disease registries
to record disease state information (3, 4). The presence of ICD-9-
CM and ICD-10-CM codes in such a variety of U.S. healthcare data
sources has introduced an invaluable source of information for
epidemiology studies (5, 6). In research settings, ICD-9-CM and
ICD-10-CM codes have been used for many purposes, including
classifying patients’ disease status, studying the natural history and
outcomes of diseases, and documenting comorbidities (6, 7).

However, the use of ICD-9-CM and ICD-10-CM coding for
research is also associated with challenges related to the accuracy
and consistency of their use, largely due to widespread and variable
usage of the codes in administrative claims in the United States.
O’Malley et al. (2005) found several sources of error in their coding,
including coder training and experience, quality-control processes
in place at healthcare facilities, and intentional or unintentional
coding errors (8). Similarly, Liebovitz and Fahrenbach (2018)
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suggested limitations due to physician time constraints, inability
to find codes, and lack of coverage warnings leading physicians to
choose different codes, among other limitations (9). Some studies
have reported error rates in ICD-9-based coding up to 80% (8).
Thus, researchers’ decisions regarding which codes to include in
research can potentially have a large impact on study results.

There have been many approaches to address this issue. Some
researchers have attempted to create and validate standardized
coding algorithms that can be used to identify diseases accurately
and reliably in a variety of databases. For example, in 2005, Quan
and colleagues (10) created and evaluated several ICD-based coding
algorithms to identify common comorbidities such as diabetes and
chronic pulmonary disease. In the years since these results were
published, many researchers have used these coding algorithms in
their own research to accurately identify comorbid diseases (10).
Alternatively, some organizations that create or maintain databases
provide researchers with their own coding algorithms that
researchers can use to identify diseases specifically in their database.

One example of this is the Surveillance, Epidemiology, and End
Results (SEER)-Medicare database. SEER-Medicare is a linked
database that includes claims data for patients enrolled in Medicare
who have a cancer diagnosis. SEER-Medicare provides researchers
with a code list (the 27 CCW Chronic Conditions Algorithm) that
was developed within SEER-Medicare data and can be used to
identify common comorbidities within these data (11). This code
list includes not only ICD-9-CM and ICD-10-CM codes, but other
codes as well, such as Healthcare Common Procedure Coding System
(HCPCS) and Current Procedural Terminology (CPT) codes.

In this study, we utilized a SEER-Medicare breast cancer (BC)
dataset to understand the implications of using different coding
algorithms to identify common comorbidities in patients with BC.

frontiersin.org


https://doi.org/10.3389/fonc.2023.1016389
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Tu et al.

Using the 27 CCW Chronic Conditions algorithm provided by
SEER-Medicare as the gold standard to identify comorbidities, we
were able to evaluate the implications of using different, often
simpler, algorithms that are commonly used for identification of
comorbidities in research. For this study, we chose to focus on
identification of three common comorbidities in elderly patients
with BC: anemia, hypertension, and arthritis.

There were three primary objectives of this literature review and
descriptive study. The first objective was to use published literature
and online sources to identify and summarize ICD-based codes
used to identify anemia, hypertension, and/or arthritis. The second
objective was to systematically compare the ICD-based codes
identified from the literature/web search to the ICD-9-CM and
ICD-10-CM codes included in the SEER-Medicare 27 CCW
Chronic Conditions Algorithm (gold standard) to evaluate their
discordance. The third objective was to evaluate numerical
differences in disease classification in cohorts of breast cancer and
non-cancer SEER-Medicare patients using the literature/web search
codes compared to the gold standard and determine sensitivity of
the literature/web search code list.

2 Materials and methods

2.1 Study design

A literature search was performed in Embase (1980 - 22
February 2021) and Medline (1946 — 22 February 2021) to find
literature that reported ICD-9/ICD-10-based codes used to identify
at least one of three diseases of interest: anemia, hypertension, and/
or arthritis (including both osteoarthritis, OA, and rheumatoid
arthritis, RA). The search was limited to articles in English. The full
literature search strategy is reported in Supplementary Table 1.
Additional sources were evaluated for articles, including PubMed,
references of articles retrieved in the literature search, the American
Medical Association’s (AMA) official 2019 ICD-10-CM codebook
(9), healthcare institution guidance publications (12, 13), and online
ICD code look-up tools (14-16).

Publications were eligible for inclusion if they reported ICD-9/
ICD-10-based codes used to identify at least one disease of interest,
regardless of the primary objectives and methods of the publication.
We did not limit inclusion of articles to ICD-9-CM and ICD-10-
CM only; other modifications of ICD-coding were included as well.
If a publication reported both ICD-based codes and other types of
codes (e.g., HCPCS, CPT, or National Drug Codes), it was eligible
for inclusion. However, only ICD-based codes were evaluated in
this study and all other types of codes were excluded (due to
feasibility concerns, inconsistencies in use, and limited usefulness
in some databases).

Two levels of article screening were performed by one
researcher. In level 1 screening, the titles and abstracts of
identified publications were reviewed. Articles that were selected
to move on after level 1 screening were then reviewed in level 2
screening, in which the full texts of the articles were reviewed. If
there was uncertainty about the decision to include a specific
publication, a second researcher was consulted.
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The following data were extracted from all included articles:
ICD-9/ICD-10-based codes for anemia, hypertension, and arthritis,
and code descriptions when reported. If descriptions were not
reported, they were extracted from ICD code look-up tools. One
researcher performed the data extraction in Microsoft Excel and a
second researcher performed quality control on the extracted data.
Statistical analysis was performed in SAS Version 9.4.

2.2 Statistical methods

To address the first objective, we summarized the ICD-9/ICD-
10-based codes identified from the literature/web search for each
disease state and provided brief descriptions of these codes.

To address the second objective, we evaluated and summarized
the extent to which the ICD-based codes identified in the literature/
web search differed from the ICD-9-CM/ICD-10-CM codes in the
SEER Medicare 27 CCW Chronic Conditions Algorithm. This was
measured using percent discordance. Concordant codes were defined
as ICD-based codes that were in both the 27 CCW Chronic
Conditions Algorithm and the literature/web search code list.
Discordant codes were defined as ICD-based codes found only in
either the 27 CCW Chronic Conditions Algorithm or the literature/
web search code lists, but not both. Total codes were defined as any
codes found in either the 27 CCW Chronic Conditions Algorithm
or the literature/web search (including both concordant and
discordant codes). The percent discordant was defined as:

number of discordant codes

percent discordant = x 100%

total codes

To address the third objective, we classified cohorts of non-cancer
and BC SEER-Medicare patients (2008 — 2016) using the ICD-based
codes found in the literature/web search and separately using the 27
CCW Chronic Conditions Algorithm to determine the difference in
overall patient counts with each disease when using the different ICD-
based code lists. For this analysis, one comprehensive literature/web
search code list was created that included all ICD-based codes for any
of the three diseases of interest found in any of the 29 references
included herein from the literature review. The 27 CCW Chronic
Conditions Algorithm was considered the gold standard for this
study for multiple reasons, including that it was developed specifically
for use in the dataset that we used for this study, and because the
literature/web search code list was an aggregated list, and thus did not
represent one specific list of codes and has not undergone any
validation. Using the 27 CCW Chronic Conditions Algorithm as
the gold standard, we calculated sensitivity for the literature/web
search code lists for each of the three diseases.

3 Results
3.1 Literature search results
After all duplicates were removed, the literature search retrieved

a total of 84 references. Twenty-two additional references were
identified through other means, such as searching PubMed and
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reviewing references of articles identified in the literature search
(12-33). Out of a total of 106 references identified, 29 references
met the inclusion criteria and were included in this study (34-40).
All ICD-9/ICD-10-based codes extracted from the included
literature/web search are reported in Tables 1A and B. All tables
report a lowercase x in a code to indicate a wildcard, meaning this
digit can be replaced with any number. Unless otherwise noted, a
code with n wildcard places after a base code includes all codes with
up to n digits after the base code (e.g., M16.xx includes M16.x).

3.2 Discordant code findings

3.2.1 Overall discordance

Overall, 884 total codes were identified from either the literature/
web search or SEER Medicare 27 CCW Chronic Conditions
Algorithm: 180 were ICD-9-based and 704 were ICD-10-based
codes. Of the total codes, 155 (17.5%) were for anemia, 80 (9.1%)
were for hypertension, and 649 (73.4%) were for arthritis. There were
291 discordant codes found between the literature/web search code
lists and 27 CCW Chronic Conditions Algorithm: 40 discordant
ICD-9-based codes and 251 discordant ICD-10-based codes. This
resulted in an overall discordance of 32.9% (22.2% for ICD-9-based
codes and 35.7% for ICD-10-based codes) between the literature/web
codes and the 27 CCW Chronic Conditions Algorithm. Discordant
code findings are reported in Tables 2A and B.

10.3389/fonc.2023.1016389

3.2.2 Anemia discordance

A total of 59 ICD-9-based anemia codes were identified from
either the literature/web search or SEER Medicare 27 CCW Chronic
Conditions Algorithm. Of these, there was one discordant code that
was found in the literature/web search but not the 27 CCW Chronic
Conditions Algorithm (Table 2A). This resulted in an overall
discordance of 1.7% for ICD-9-based anemia codes. A total of 96
ICD-10-based anemia codes were identified from either the
literature/web search or 27 CCW Chronic Conditions Algorithm.
Of these, there were 35 discordant codes (30 of which were found
only in the 27 CCW Chronic Conditions Algorithm and 5 of which
were found only in the literature/web search; Table 2B). This
resulted in an overall discordance of 36.5% for ICD-10-based
anemia codes.

3.2.3 Hypertension discordance

A total of 60 ICD-9-based hypertension codes were identified
from either the literature/web search or the SEER Medicare 27 CCW
Chronic Conditions Algorithm. Of these, there were 26 discordant
codes (1 of which was found only in the 27 CCW Chronic Conditions
Algorithm and 25 of which were only found in the literature/web
search; Table 2A). This resulted in an overall discordance of 43.3%
for ICD-9-based hypertension codes. A total of 20 ICD-10-based
hypertension codes were identified from either the literature/web
search or the 27 CCW Chronic Conditions Algorithm. Of these, there
were 6 discordant codes (all of which were only found in the 27 CCW

TABLE 1A All ICD-9-based codes extracted from the literature/web search and SEER Medicare 27 CCW chronic conditions algorithm.

Disease Reference Literature/Web ICD-9-Based Codes SEER-Medicare 27 CCW Chronic Conditions
Algorithm ICD-9-CM Codes
Anemia Elixhauser (32) 280.x, 281.x, 285.2x, 285.9, 648.2 280.x, 281.x, 282.xx, 283.xx, 284.xx, 285.xx
Golinvaux (40) 280.1, 280.8, 280.9, 281.x, 285.2x
Nickel (17) 285.9
Other identified 282.xx, 283.xx, 284.xx, 285.XX
codes' (14)
Hypertension Elixhauser (32) 401.x, 402.xx, 403.xx, 404.x%, 405.x%, 642.0x, 642.1%, 362.11, 401.x, 402.xx, 403.xx, 404.xx, 405.xx, 437.2
642.2x, 642.7x, 642.9x
Quan (33) 401.x, 402.xx, 403.xx, 404.x%, 405.XX
Lee (23) 401.x, 402.xx, 403.xx, 404.xx, 405.x%
Nickel (17) 401.x, 402.xx, 403.xx, 404.x%, 405.x%, 437.2, 642.0%,
642.1x, 642.2x, 642.7x, 642.9x
Vergara (35) 401.9
Rheumatoid Kim (19) 714.xx 714.0, 714.1, 714.2, 714.3x, 715.xx, 720.0, 721.0, 721.1, 721.2, 721.3,
Arthritis 721.9x
Lacaille (21) 714.xx
Widdifield (22) 714.xx
Chung (36) 714.xx
Huang (38) 714.xx
Bernatsky (29) 714.xx
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TABLE 1A Continued

Disease Reference Literature/Web ICD-9-Based Codes SEER-Medicare 27 CCW Chronic Conditions

Algorithm ICD-9-CM Codes

BCBS (13) 714.0
Yang (30) 714.0
Maclean (18) 714, 714.0, 714.1, 714.2, 714.4, 714.8x
Hanly (20) 714.0, 714.1, 714.2
Osteoarthritis Gore (27) 715.xx

!Other codes were identified through searching the AMA’s official codebook; Blue Cross Blue Shield (BCBS).

TABLE 1B All ICD-10-based codes extracted from the literature/web search and SEER Medicare 27 CCW chronic conditions algorithm.

Disease Reference Literature/Web ICD-10-Based Codes SEER-Medicare 27 CCW Chronic Conditions
Algorithm ICD-10-CM Codes
Anemia Elixhauser D51.x, D52.x, D53.x, D50.0, D50.8, D50.9 D50.x, D51.x, D52.x, D53.x, D55.x, D56.x, D57.00, D57.01, D57.02
(32) D57.1, D57.20, D57.211, D57.212, D57.219, D57.3, D57.40, D57.411,
D57.412, D57.419, D57.80, D57.811, D57.812, D57.819, D58.x, D59.x%,
Ghezala (34) D51.x D60.x, D61.xxx, D62, D63.x, D64.xx
Zalfani (39) D50.0
Other D50.x, D55.x, D58.%, D59.xx, D61.xxx, D62, D63.x, D64.Xx
identified

codes' (14-16)

Hypertension | Elixhauser 110, I11.x, 112.x, 113.xx, 115.x, 110, 111.x, 112.x, 113.xx, 115.x, 167.4, N26.2, H35.03x

(32)

Quan (33) 110, I11.x, I12.x, 113.xx, 115.x,

Optum (12) 110.x, 111.x

Lee (23) 110, I11.x, [12.x, [13.xx, [15.%,
Rheumatoid Widdifield MO5.xxx, M06.xxx MO05.0xx, M05.2xx, M05.3x%, M05.4xx, M05.5xx, M05.6xx, M05.7x%",
Arthritis (22) MO05.8xx*, M05.9, M06.xxx>, M08.xxx*

Huang (38) MO05.xxx, M06.xxX

Bernatsky (29) MO5.xxx

BCBS (13) MO05.4xx, M05.5xx, M05.7xx, M05.8xx, M05.9, M06.0xx,
M06.2xx, M06.3xx, M06.8xx, M06.9

Hanly (20) MO5.xxx, M06.0xx, M06.8xx, M06.9

Luque Ramos MO5.xxx, M06.xxx

(25)
Curtis (37) MO05.xxx, M06.xxx
Fautrel (28) MO05.xxx, M06.xxx
Osteoarthritis = French (31) M15.x, M16.xx, M17.xx, M18.xx, M19.xxx M15.x, M16.xx, M17.xx, M18.xx, M19.xx%”, M45.x, M47.xxx°,

M48.8Xx”
Barnabe (26) M15.x, M16.xx, M17.xx, M18.xx, M19.xxx

Postler (24) M16.x, M17.xx
Other M15.x, M16.xx, M17.xx, M18.xx, M19.xxx
identified

codes! (14)

!Other codes were identified through searching the AMA official codebook and/or online code look-up tools; *This includes D59.1, a nonbillable code; *excluding M05.7A; “excluding M05.8A;
“excluding M06.0A, M06.4, M06.8A; ®excluding M08.0A, M08.2A, M08.4A, M08.9A; “excluding M19.19; *excluding M47.14, M47.15, M47.16; *Capital X indicates that the X is part of the code
syntax, whereas a lowercase x indicates a wildcard.
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TABLE 2A Discordant ICD-9-based codes with code descriptions.

ICD-9-Based Code Brief Code Descriptions

Only in literature/web search

Anemia | 6482 Anemia complicating pregnancy, childbirth or the puerperium

Hypertension = 642.0x, 642.1x, 642.2x, 642.7x, Certain codes for hypertension complicating pregnancy, childbirth or the puerperium

632.9x
Arthritis (RA/ | 714, 714.4, 714.8, 714.81, 714.89, Chronic postrheumatic arthropathy; other specified inflammatory polyarthropathies; unspecified inflammatory
OA) | 7149 polyarthropathy

Only in SEER-Medicare 27 CCW Chronic Conditions Algorithm

Anemia = N/A

Hypertension = 362.11 Hypertensive retinopathy

Arthritis (RA/ 720.0, 721.0, 721.1, 721.2, 721.3,
OA) | 7219x

Ankylosing spondylitis; certain spondylosis and allied disorders; spondylosis of unspecified site

TABLE 2B Discordant ICD-10-based codes with code descriptions.

ICD-10-Based Codes Brief Code Descriptions

Only in literature/web search

Anemia = D59.10, D59.11, D59.12, D59.13, D59.19 Other autoimmune hemolytic anemias

Hypertension =~ N/A

Arthritis |~ M05.1xx", M05.8A, M06.0A, M06.4 Rheumatoid lung disease with RA; other RA with RF of other specified site; RA without RF
of other specified site;

inflammatory polyarthropathy

M19.09, M19.19, M19.29 Primary OA of other specified site; post-traumatic OA of other specified site; secondary OA

of other specified site

Only in SEER-Medicare 27 CCW Chronic Conditions Algorithm

Anemia = D56.x, D57.00, D57.01, D57.02, D57.1, D57.20, D57.211, Thalassemia; certain sickle cell disorders; other autoimmune hemolytic anemia’;
D57.212, D57.219, D57.3, D57.40, D57.411, D57.412, Acquired pure red cell aplasia (erythroblastopenia)
D57.419, D57.80, D57.811,812,819, D59.1, D60.x
Hypertension = H35.03x, 167.4, N26.2 Hypertensive retinopathy; hypertensive encephalopathy; Page kidney
Arthritis |~ M08.0xx’, M08.1, M08.2xx", M08.3, M08.4xx", M08.8xx, | Certain juvenile RAs; juvenile ankylosing spondylitis; juvenile rheumatoid polyarthritis

MO08.9xx°, M45.x, M47.0xx, M47.10, M47.11, M47.12,
M47.13, M47.2x, M47.8xx, M47.9, M48.8Xx

(seronegative); certain pauciarticular juvenile RA; other/unspecified juvenile arthritis;
ankylosing spondylitis; other spondylosis with radiculopathy; other/unspecified spondylosis

"Excluding M05.19; *not a billable code; *excluding M08.0A; *excluding M08.2A; *excluding M08.4A; ®excluding M08.9A; "Capital X indicates that the X is part of the code syntax, whereas a

lowercase x indicates a wildcard.

Chronic Conditions Algorithm; Table 2B). This resulted in an overall
discordance of 30% for ICD-10-based hypertension codes.

3.2.4 Arthritis discordance

For the arthritis code analysis, RA and OA were grouped
together to be consistent with the SEER Medicare 27 CCW
Chronic Conditions Algorithm, which includes only one overall
group for arthritis. A total of 61 ICD-9-based arthritis codes were
identified from either the literature/web search or the 27 CCW
Chronic Conditions Algorithm. Of these, there were 13 discordant
codes (7 were found only in the 27 CCW Chronic Conditions
Algorithm and 6 were found only in the literature/web search;
Table 2A). This resulted in an overall discordance of 21.3% for ICD-
9-based arthritis codes. A total of 588 ICD-10-based arthritis codes
were identified from either the literature/web search or the 27 CCW
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Chronic Conditions Algorithm. Of these, there were 210 discordant
codes (182 were found only in the 27 CCW Chronic Conditions
Algorithm and 28 were found only in the literature/web search;
Table 2B). This resulted in an overall discordance of 35.7% for ICD-
10-based arthritis codes.

3.3 Most frequently identified codes

The most frequent concordant ICD-9/ICD-10-based codes overall
(i.e., those identified in both the literature/web search and the SEER-
Medicare 27 CCW Chronic Conditions Algorithm), are reported in
Supplementary Table 2. The most frequently identified anemia codes
were for unspecified anemia, anemia of chronic illness or blood loss,
and deficiency anemias (including iron and vitamin B12). The most
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frequently identified hypertension codes were for malignant or benign
essential/primary hypertension, hypertensive heart disease,
hypertensive chronic kidney disease (CKD), hypertensive heart
disease and CKD, and secondary hypertension. The most frequently
identified arthritis codes were for rheumatoid arthritis and variations
thereof (e.g., with visceral involvement, with rheumatoid myopathy;
Supplementary Table 2), osteoarthritis and variations thereof (e.g., of
the hip, of the knee; Supplementary Table 2), rheumatoid bursitis or
nodules, Felty’s syndrome, and adult-onset Still’s Disease.

The most frequently identified discordant codes found only in
literature/web sources are listed in Supplementary Table 3. The
most commonly found discordant ICD-9-based codes in
the literature/web search included certain hypertensive disorders
associated with pregnancy and childbirth and certain arthropathies/
polyarthropathies (Supplementary Table 3). The most common
discordant ICD-10-based codes in the literature/web search
included certain codes for rheumatoid lung disease with RA, RA
of unspecified sites, inflammatory polyarthropathy, and certain
codes for OA of unspecified sites.

3.4 Classification of nhon-cancer and
breast cancer patient cohorts in the
SEER-Medicare database

Finally, to address the third objective of this study we evaluated the
numerical differences in disease classification in two cohorts of patients
in SEER-Medicare (non-cancer patients and BC patients) using the
literature/web search codes compared to the SEER-Medicare 27 CCW
Chronic Conditions Algorithm codes. These results are presented in
Tables 3A, B. For non-cancer patients, the 27 CCW Chronic
Conditions Algorithm identified 129 additional patients with anemia
(p=0.83), 510 additional patients with hypertension (p=0.27), and
33,683 additional patients with arthritis (p<0.0001) that were not
identified using the literature/web code list. Using the 27 CCW
Chronic Conditions Algorithm as the gold standard, the
comprehensive literature/web search code list had a 99.96%
sensitivity to identify anemia in non-cancer patients, 99.91%
sensitivity to identify hypertension in non-cancer patients, and
91.38% sensitivity to identify arthritis (including both OA and RA)
in non-cancer patients. For BC patients, the 27 CCW Chronic
Conditions Algorithm identified 59 additional patients with anemia
(p=0.88), 163 additional patients with hypertension (p=0.66), and
10,993 additional patients with arthritis (p<0.0001) that were not
identified using the literature/web code list. Using the 27 CCW
Chronic Conditions Algorithm as the gold standard, the
comprehensive literature/web search code list had a 99.96%
sensitivity to identify anemia in BC patients, 99.92% sensitivity to
identify hypertension in BC patients, and 93.01% sensitivity to identify
arthritis in BC patients.

4 Discussion

A total of 884 codes were identified for anemia, hypertension,
and arthritis. The majority of these codes were ICD-10-based codes
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(n=704), and the remainder were ICD-9-based codes (n=180). The
discrepancy between number of codes in the ninth and tenth
revisions was expected, given that there are almost five times as
many ICD-10-CM codes as there are ICD-9-CM codes, largely due
to differences in grouping and specificity between the ICD versions
(6). The most common codes identified for anemia were for
anemias of chronic illness or blood loss, unspecified anemias, and
deficiency anemias. The most common codes identified for
hypertension were for malignant or benign essential/primary
hypertension, secondary hypertension, and hypertensive heart
disease and/or hypertensive CKD. Finally, the most common
codes for arthritis were for OA and variations thereof, RA and
variations thereof, rheumatoid bursitis or nodules, Felty’s
syndrome, and adult-onset Still’s Disease.

When the literature/web search code lists were compared to the
SEER-Medicare 27 CCW Chronic Conditions Algorithm, there was
variable discordance. Discordance for all codes was less than 50%
(overall discordance was 32.9%), and higher discordance was
observed for hypertension compared to either anemia or arthritis.
Discordance for ICD-9-based codes ranged from 1.7% - 43.3% and
discordance for ICD-10-based codes ranged from 30% - 36.5%.
There were several codes included in the 27 CCW Chronic
Conditions Algorithm that were not found in literature/web
sources. These included certain codes for hypertensive
retinopathy/encephalopathy, Page kidney, thalassemia, sickle cell
disorders, autoimmune hemolytic anemia, erythroblastopenia,
spondylitis/spondylosis, and juvenile arthritis conditions. On the
other hand, the most common codes found only in the literature/
web search included certain codes related to hypertensive disorders
of pregnancy/childbirth, certain arthropathies/polyarthropathies,
rheumatoid lung disease with RA, and RA of unspecified sites,
(Supplementary Table 3).

There are many possible reasons for the differences between the
codes included in the literature/web search code list and the 27
CCW Chronic Conditions Algorithm. Specific codes included in
any given study may be driven largely by the population of interest.
This is demonstrated clearly by the fact that pregnancy-related
hypertensive disorders were not found in the 27 CCW Chronic
Conditions Algorithm. Because the SEER-Medicare database
primarily contains information about older adults (=65 years old),
codes related to pregnancy are less relevant in these patients, which
may be why they were excluded. Interestingly, when examining
codes found only in the 27 CCW Chronic Conditions Algorithm,
there were several codes related to juvenile arthritis. As previously
noted, SEER-Medicare includes data on mostly older individuals, so
the rationale for including these codes in the code list is unclear. It is
possible that since some types of juvenile arthritis are chronic
diseases that persist into adulthood, they may remain relevant in
older populations (41).

Furthermore, the exact codes used in a study may be based on
the specific database being used, or based on previous research that
has validated the use of specific codes to identify the disease of
interest. As an example, a 2011 article by Kim et al. (19) performed a
validation of several code lists to identify RA in Medicare claims
data. Since this initial validation, this paper has been cited by over
150 articles, many of which used one of Kim et al.’s code lists to
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TABLE 3A Total number of non-cancer SEER-Medicare patients (N=684,376) classified with each disease of interest using codes found in the
literature/web search code list compared to the SEER-Medicare 27 CCW chronic conditions algorithm.

Number of non-cancer patients identified

Disease I el . - EBE Sensitivity?> p-value®
Version Literature/ 27 CCW Chronic difference
web search Conditions Algorithm *

Anemia ICD-9 300,876 (44.0%) 300,876 (44.0%) 0 (0) - 1.00
ICD-10 112,643 (16.5%) 113,128 (16.5%) 485 (0.1%) - 0.26
Any 330,644 (48.3%) 330,773 (48.3%) 129 (<0.1%) 99.96% 0.83

Hypertension ~ ICD-9 515,380 (75.3%) 515,845 (75.4%) 465 (0.1%) - 0.36
ICD-10 310,697 (45.4%) 311,195 (45.5%) 498 (0.1%) - 039
Any 548,324 (80.1%) 548,834 (80.2%) 510 (0.1%) 99.91% 027

Arthritis 1CD-9 324,569 (47.4%) 356,329 (52.1%) 31,760 (4.6%) - <0.0001
ICD-10 143,426 (21.0%) 164,825 (24.1%) 21,399 (3.1%) - <0.0001
Any 357,280 (52.2%) 390,963 (57.1%) 33,683 (4.9%) 91.38% <0.0001

!Considered the gold standard for this study; *Sensitivity refers to the sensitivity of the literature/web search code list when compared to the gold standard, the SEER-Medicare 27 CCW Chronic

Conditions Algorithm; *P-value based on Chi-square test

TABLE 3B Total number of SEER-Medicare breast cancer patients N=303,103 classified with each disease of interest using codes found in the
literature/web search code list compared to the SEER-Medicare 27 CCW chronic conditions algorithm.

Number of breast cancer patients identified

ICD Code

Absolute

Disease Version Literature/ 27 CCW Chronic difference Sensitivity” p-value®
web search Conditions Algorithm *

Anemia ICD-9 120,792 (39.9%) 120,792 (39.9%) 0 (0) - 1.00
ICD-10 52,584 (17.4%) 52,789 (17.4%) 205 (0.1%) - 0.49
Any 134,900 (44.5%) 134,959 (44.5%) 59 (0.0%) 99.96% 0.88

Hypertension = ICD-9 188,462 (62.2%) 188,610 (62.2%) 148 (0.1%) - 0.70
ICD-10 125,619 (41.4%) 125,800 (41.5%) 181 (0.1%) - 0.64
Any 203,026 (67.0%) 203,189 (67.0%) 163 (0.1%) 99.92% 0.66

Arthritis ICD-9 131,529 (43.4%) 141,881 (46.8%) 10,352 (3.4%) - <0.0001
ICD-10 66,675 (22.0%) 74,775 (24.7%) 8,100 (2.7%) - <0.0001
Any 146,263 (48.3%) 157,256 (51.9%) 10,993 (3.6%) 93.01% <0.0001

!Considered the gold standard for this study; *Sensitivity refers to the sensitivity of the literature/web search code list when compared to the gold standard, the SEER-Medicare 27 CCW Chronic

Conditions Algorithm; *P-value based on Chi-square test

identify RA in their own research (19, 42-45). This indicates that a
researcher’s decision about which codes to use may be based on
previous work done to validate those codes in the same or
similar databases.

A third potential reason for the differences seen may be due to
variable consultation of clinical or coding experts when developing
codes lists for specific diseases. When examining the codes found in
the literature/web search and the SEER-Medicare 27 CCW Chronic
Conditions Algorithm, each contained codes that did not explicitly
match the disease name, but may have been included because a
clinical expert deemed them appropriate. For example, under the
scope of arthritis, the 27 CCW Chronic Conditions Algorithm
includes codes for spondylosis and adult-onset Still's disease.
Professionals in medical coding and clinicians who specialize in a

Frontiers in Oncology

particular area of practice may be knowledgeable about common
coding practices and diseases that share common features and may be
able to use this knowledge to ensure face validity of code lists (46, 47).

Finally, another possible reason for the differences observed
may be due to variation in the use of specific codes over time.
Common ICD-9-/ICD-10-based coding practices or
reimbursement policies for any given disease state may change
over time, and this would in turn necessitate a change in the codes
used to identify the given disease in a healthcare database. In
addition, the code version used in the United States changed in
2015 from ICD-9-CM to ICD-10-CM. Thus, depending on the
years included in a specific study, it may be necessary to include one
or both of these code versions. These issues may also account for
some of the differences in code lists observed in this study.
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Regardless of the specific reasons for the variation in coding
algorithms, the differences can result in important differences in
patient classification. When we classified two cohorts of patients in
SEER-Medicare, the literature/web search code list had between
91.38% - 99.96% sensitivity in identifying non-cancer patients and
93.01% - 99.96% sensitivity in identifying BC patients with the three
diseases of interest. While the overall sensitivity was high, it should be
noted that the sensitivity for the code lists used in individual studies
may have been significantly lower than the overall sensitivity, given
that we combined all 29 literature/web search code lists into one list
for analysis. Interestingly, percent discordance did not necessarily
correspond to lower sensitivity. While the highest discordance was
identified for hypertension, the lowest overall sensitivity was seen for
arthritis: the SEER-Medicare 27 CCW Chronic Conditions Algorithm
identified a significant additional number of patients with arthritis in
the non-cancer cohort (33,683 additional patients; p<0.0001) and in
the BC cohort (10,993 additional patients p<0.0001) that were not
identified with the literature/web search codes.

Using the 27 CCW Chronic Conditions Algorithm as the gold
standard, the literature/web search code list misclassified a significant
number of patients with arthritis. Because these codes are often used to
assign patients to exposure or outcome groups, or used for subgroup
analyses in epidemiology studies, issues of misclassification can affect
the clinical interpretation of a study’s results. Whether this
misclassification is differential or non-differential may depend on
the study design and data source used. If misclassification occurs
proportionally between the groups being compared to each other, this
will result in non-differential misclassification and will bias the study
results towards the null. The extent to which this is an issue for any
particular study will depend largely on the disease of interest, its
common coding practices, and the database used. However, the
differences can be substantial, and this example offers a clear
illustration of why researchers must carefully evaluate and
determine which codes to include in their research.

This study has a few limitations. The gold standard (the 27 CCW
Chronic Conditions Algorithm) and the ICD-10-CM coding system
are frequently updated. We used the version of the 27 CCW Chronic
Conditions Algorithm that was developed using data through 2016,
aligning with the specific dataset used in this study. For this reason,
we were able to use it as a gold standard for this study, but this
algorithm has since been updated and our results may not reflect the
most recent algorithms or ICD-10-CM coding. This study focused on
the evaluation of how the literature/web search code list performed
against the gold standard, but we were unable to evaluate the
performance of the gold standard itself. It should also be noted that
this algorithm undergoes continual updating to reflect the most
current coding practices and understanding of the relevant disease
states. In addition, definitions used to determine disease status in
epidemiology studies are not limited to codes (e.g., ICD-9-CM or
ICD-10-CM codes), but may incorporate other rules. These can
include requirements for patients to have more than one code
recorded for the disease, potentially at prespecified time intervals.
Though not directly evaluated in the current study, articles that were
included in our literature review varied extensively in their definitions
of arthritis. Kim et al. (19) required patients to have at least two or
three diagnosis codes for RA. Lacaille et al. (21) required at least two
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physician visits more than two months apart with a diagnosis code
for RA. In contrast, French et al. (31) required only one diagnosis
code for OA. Finally, Postler et al. (24) required an outpatient
diagnosis of OA in at least two quarters of a single calendar year.
These differences in coding algorithms must also be considered when
determining the appropriate way to identify and classify patients’
disease status.

5 Conclusions

Although it may not be feasible to develop one coding algorithm
to identify a specific disease for use across all databases, there is
considerable room for improvement in the development of valid
coding algorithms and increased consistency of their use in
research. Researchers should carefully evaluate what codes to
include in their research, and consider the potential implications
of these decisions. If significant misclassification occurs because
invalid coding algorithms are used to identify patients, this may bias
the results of a study and call into question their clinical utility. It is
advisable that researchers provide justification for their inclusion
and exclusion of certain codes in their publications. Finally, if
validated coding algorithms or validated ICD-9/ICD-10-based
codes are available for use, researchers should use them in their
research. Future work is needed to develop and validate coding
algorithms for use in specific databases.
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