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Cervical cancer (CC) poses a serious threat to women’s health. Although many

early-stage patients have a good prognosis, there are still a lack of effective

therapies for advanced and recurrent/metastatic CC. In this context,

immunotherapy and immune checkpoint inhibitors (ICIs) are particularly

likely to play a role in the treatment of cervical tumors in a variety of disease

settings. Some promising immune checkpoints include programmed cell death

1 (PD-1), programmed death ligand 1 (PD-L1) and cytotoxic T lymphocyte

antigen 4 (CTLA-4), which exert immunomodulatory effects as negative

regulators of T-cell activation and suppress immune responses in cervical

cancer through cancer cell immune evasion. Initial trials of ICIs for CC have

shown encouraging results in terms of objective response rate (ORR),

progression-free survival (PFS), and overall survival (OS), both monotherapy

and combination strategies. Meanwhile, human papillomavirus, vaginal

microecology and intestinal microenvironment play an important role in CC,

which provides new treatment directions. This review analyzed a number of

completed or ongoing clinical trials of ICIs in the treatment of advanced and

recurrent/metastatic CC. And we also analyzed the important relationship

between vaginal microecology and intestinal microecology with CC and their

related immunotherapy prospects.

KEYWORDS

immune checkpoint inhibitors, cervical cancer, immunotherapy, vaginal
microecology, intestinal microecology
1 Introduction

A gynecological malignancy most commonly found in women is cervical cancer

(CC), which poses a serious threat to women’s health, with approximately 570,000

women diagnosed each year, resulting in approximately 311,000 deaths, especially in

developing countries (1–3). Due to a lack of cytological screening and/or high-risk
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human papilloma virus (HR-HPV) DNA testing, as well as

the difficulty of vaccinating every woman against HPV. More

than 70% of CC cases diagnosed in developing countries are

locally invasive or metastatic, resulting in a high death rate

(4). CC is the fourth-leading cause of cancer-related death

worldwide (5).

HPV infection includes both low-risk and high-risk types,

of which high-risk HPV are the main factors of cervical

intraepithelial neoplasia (CIN) and CC. After a definitive

diagnosis, the standard treatment regimen is determined

based on the patient’s stage of disease and clinicopathologic

risk factors, which may include surgery and a combination of

chemotherapy and radiation (6). According to the Federation

of Gynecology and Obstetrics (FIGO), recurrence rates

between 11% and 22% in patients with stage IB-IIA CC and

between 28% and 64% for patients with stage IIB-IV CC (7,

8). Although widespread use of HPV vaccines and CC

screening and new therapies, including bevacizumab and

pembrolizumab, have been shown to improve survival, the

5-year overall survival (OS) is only approximately 15% in

recurrent, persistent or metastatic CC (9), and other effective

novel therapies for advanced and recurrent/metastatic CC

remain unmet. Therefore, new treatment modalities and

paradigms are needed to improve the prognosis of women

diagnosed with CC.

In this context, immunotherapy and immune checkpoint

inhibitors (ICIs) are particularly likely to play a role in the

treatment of cervical tumors in a variety of disease settings. CC

is also known as T-cell inflammatory cancer. Long-term HPV

infection is closely related to the development of CC (10) and

significantly affects the expression of PD-L1 in tumor tissues,

so that ICIs may improve the prognosis of CC associated with

HPV infection. For this reason, clinical trials have been

conducted to assess the efficacy of ICIs against CC. However,

treatment with ICIs is associated with a variety of diverse and

distinct immune-related adverse events (irAEs). The most

frequent irAEs associated with anti-PD-1 monoclonal

antibody (mAb) treatment are thyroid dysfunctions, while

hypophysis is mostly linked to anti-CTLA-4 treatment (11).

Moreover, HR-HPV infection can exacerbate vaginal

microecological disorders, and disturbances in the intestinal

microenvironment can lead to a decrease in the body’s

immunity. Many studies have confirmed that the two are

clearly related to the occurrence and prognosis of CC. This

offers new promising treatment insights.

This review summarizes the major ICIs used in the

treatment of CC, with a particular focus on the rationale and

outcomes of clinical trials. Moreover, the role of new treatment

directions, including vaginal microecology and intestinal

microecology, as well as applications in the treatment of

advanced and recurrent/metastatic CC were discussed.
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2 Immune checkpoint inhibitors
and cervical cancer

2.1 The mechanism of cervical cancer

Persistent infection with high-risk human papilloma virus

(HR-HPV) is an important condition for the occurrence of CC.

Meanwhile, the infection and self-clearing mechanism of HR-

HPV is related to the immune function of the host. In clinical

treatment, improving the immunity of patients while treating

viral infections can inhibit HR-HPV to a certain extent and

effectively prevent the occurrence of CC.

T lymphocytes are the main effector cells of the body’s

cellular immunity. CD4+ T cells and CD8+ T cells play a key

role in local and systemic tumor immune regulation. When the

body is stimulated by viral antigens, CD4 + T cells are activated

and differentiated, producing Th1 cells and Th2 cells. In HPV-

infected CC patients, we found that the expression of CD4+ T

cells was decreased, the expression of Th1 and Th2 cytokines was

abnormal. Besides, IL-2, IFN-g, TNF-a, IL-4, IL-6, IL-10, etc.,
were all overexpressed, and Th2 cytokines were actively

expressed in the balance of Th1/Th2, which promoted the

occurrence and progression of tumors. In addition, the E6 and

E7 oncogenes in HPV can bind to the P53 tumor suppressor

gene, promote the degradation of the P53 gene, abrogate the

regulation of the cell cycle and cause it to proliferate indefinitely.

HR-HPV can also regulate minichromosomal maintenance

proteins and cell division cycle protein-6, which makes cells

differentiate into heterolytic cells (12, 13). For patients with

persistent HR-HPV infection, HPV acts on the body’s immune

system after infection by downregulating MHC, affecting viral

antigen presentation and inhibiting the activation of cytotoxic T

cells and NK cells. HPV E5 protein can escape the immune

surveillance of CD4+ T cells and CD8+ T cells and affect the

immune barrier of the body, which leads to the occurrence

of CC.
2.2 Immune checkpoint inhibitors

Activation of antitumor T-cell responses requires

costimulatory ligand-receptor interactions (e.g., B7-CD28

interactions) and presentation of immunogenic peptide

antigens by the major histocompatibility complex (MHC).

Multiple inhibitory mechanisms exist, both intracellular and

extracellular, mediated by receptors cytotoxic T-lymphocyte

protein 4 (CTLA4) and PD-1, as well as other inhibitory

signals—are involved in the inactivation of tumor-infiltrating

T cells (Figure 1) (14). Immune checkpoint inhibitors (ICIs),

which act by blocking the binding of checkpoint proteins to their
frontiersin.org
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partner proteins, have shown promise in advanced and

recurrent/metastatic cancers such as breast cancer, gynecologic

malignancy, cholangiocarcinoma and colorectal cancer (15, 16).

Immune checkpoints are immune regulatory molecules that play

an important role in evading immunosurveillance. They include

programmed cell death 1 (PD-1) and its ligands programmed

death ligand 1 (PD-L1), cytotoxic T lymphocyte antigen-4

(CTLA-4), V-domain Ig suppressor of T-cell activation

(VISTA), T-cell immunoglobulin domain and mucin domain 3

(TIM-3), B7 homolog 3 (B7-H3), lymphocyte activation gene-3

(LAG-3), etc. (17, 18). PD-L1 is expressed in a variety of immune

cells and tumor cells and could bind to PD-1 on T lymphocytes

to inhibit its function. Currently, PD-1/PD-L1 is a major

immunotherapeutic target for checkpoint inhibition in

various cancers.

In one study, clinical information from cervical intraepithelial

neoplasia (CIN) and cervical squamous cell carcinoma (SCC)

patients was collected, and immunohistochemistry was used to

measure the expression of PD-L1 in tumor cells and PD-1 in

tumor-associated macrophages (TAMs) and tumor-infiltrating

lymphocytes (TILs). The expression levels of PD-L1 and PD-1
Frontiers in Oncology 03
are positively correlated with CIN progression and tumor

metastasis and can be used as clinical prognostic biomarkers to

evaluate CIN and CC. Another study in HPV-related head and

neck squamous cell carcinoma (HNSCC) demonstrated that HPV

infection significantly increased T-cell infiltration, immune

effector cell activation and the diversity of T-cell receptors.

Notably, HPV positivity correlated with increased immune

cytolytic activity and a T-cell-inflamed gene expression profile.

This work provided evidence that HPV status can be used to

predict the effectiveness of PD-1 inhibitors in HNSCC, which is

independent of PD-L1 expression and tumor mutation burden,

and is probably results from an inflamed immune

microenvironment induced by HPV infection (19). In addition,

a series of studies have also demonstrated that PD-L1 and PD-1

are widely expressed in CC tumor cells and stroma, indicating

potential therapeutic targets of PD-1/PD-L1 inhibitors (20–22).

As negative regulators of T-cell activation, these ICIs play an

immunomodulatory role and inhibit the immune response of CC

through immune evasion of cancer cells. Therefore, ICIs are

highly anticipated as a potential treatment for cervical cancer

(23, 24).
A B

C

FIGURE 1

Regulation of T-cell activation. (A), T-cell activation requires both signal 1, TCR engagement with the MHC–peptide antigen complex (MHC-Ag)
on an APC or a target cell, and signal 2, interaction of the costimulatory receptor CD28 on the T cell with costimulatory B7 molecules (CD80/
CD86). (B), In response to T-cell activation, the immune checkpoints CTLA4 and PD-1 are upregulated on the T cell and bind to B7 and PD-L1/
L2, respectively, to inhibit T-cell activation. (C), Immune checkpoint antibodies targeting CTLA4 or PD-1/PD-L1 block these inhibitory
interactions, reactivating T cells (14). Copyright © 2021, American Association for Cancer Research.
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2.3 Clinical trials

Since the breakthrough of ICIs, numerous preclinical and

clinical studies have been carried out to investigate which of

these drugs could work in a complementary fashion and thereby

render synergistic combinations with ICIs. Many studies are

being conducted with novel combinations of checkpoint

inhibitors, as well as with chemotherapy and radiation, and

other novel approaches. Additionally, many promising

combinations therapy trials involving ICIs are currently

recruiting participants or are actively underway. Among them,

certain studies garner considerable attention. In this section, we

summarize the progress of single ICIs of PD-1, PD-L1, and

CTLA-4 in CC clinical trials, as well as the research progress of

some combinations of immune checkpoint inhibitors. The

following table summarizes the results of completed clinical

trials evaluating ICIs in the treatment of CC (Table 1).
Frontiers in Oncology 04
2.3.1 Anti-PD-1 therapy
To our knowledge, four early phase clinical trials have been

published testing PD-1 ICIs in the treatment of CC,

pembrolizumab, nivolumab, cemiplimab and balstilimab.

Pembrolizumab(MK-3475) is a highly selective, durable

antitumor agent that inhibits the progression of advanced CC

(38). A number of studies have focused on the improvement

roles of pembrolizumab (39). In early 2017, a multicohort phase

I study (KEYNOTE-028) evaluated the safety and efficacy of

pembrolizumab in a cohort of PD-1-positive advanced solid

tumors of 24 patients. Patients received 10 mg/kg

pembrolizumab every 2 weeks for up to 24 months. The

results showed that pembrolizumab was well tolerated and had

durable antitumor activity in patients with PD-L1-positive

advanced CC (25). Then, the safety and clinical benefits of

pembrolizumab in advanced CC were subsequently

investigated in the open-label, phase II, multicohort
TABLE 1 Completed clinical trials with ICIs.

Type Drug Trials Phase Treatment Primary
Endpoint

Results AEs Ref.

Anti-
PD-1

Pembrolizumab NCT02054806
(KEYNOTE
-028)

Ib Pembrolizumab 10 mg/kg q2w for up to 2
years

ORR 17% Rash and pyrexia (25)

NCT02628067
(KEYNOTE-
158)

II Pembrolizumab 200 mg q3w for up to 2
years

ORR 12. 2% Hypothyroidism, decreased
appetite, fatigue, diarrhea

(26)

NCT03444376 II Pembrolizumab 200 mg q3w for up to 2
years + GX-188E (vaccine) 2 mg at week 1,
2, 4, 7, 13, 19

ORR 42% Increased aspartate
aminotransferase, syncope,
pericardial effusion, hyperkalaemia,
increased alanine aminotransferase

(27)

NCT03635567
(KEYNOTE-
826)

III Pembrolizumab (200 mg) or placebo every 3
weeks for up to 35 cycles plus platinum-
based chemotherapy and, per investigator
discretion, bevacizumab

PFS 10. 4mo Anemia, nausea, diarrhea,
peripheral neuropathy

(28)

NCT02635360 II Pembrolizumab 200 mg q3w for 3 cycles
during vs, after CRT

PFS 4.8mo Nausea, anemia, decreased
lymphocyte count, vomiting,
lymphocytopenia, leucopenia

(29)

Nivolumab NCT02257528
(NRG-
GY002)

II Nivolumab 3 mg/kg q2w for up to 46 doses ORR 4% Blood and lymphatic system
disorder, cardiac disorders

(30)

NCT02488759
(CheckMate
358)

II Nivolumab 240 mg q2w for up to 2 years ORR 26. 3% Diarrhea, fatigue, pneumonitis,
abdominal pain

(31)

Cemiplimab NCT03257267 III Cemiplimab 350 mg q3w PFS 12mo Diarrhea, fatigue, and hypokalemia (32)

NCT02383212 I Cemiplimab 3 mg/kg q2w for up to 48 weeks
+ hfRT during week 2

ORR 10% Arthralgia, hypothyroidism, and
maculopapular rash

(33)

Balstilimab NCT03104699 II Balstilimab 3 mg/kg q2w for up to 24
months

ORR 15% Immune-mediated enterocolitis,
diarrhea

(34)

NCT03495882 II Balstilimab 3 mg/kg q2w and zalifrelimab 1
mg/kg q6w for up to 24 months

ORR 25.6% Hypothyroidism, hyperthyroidism (35)

Anti-
PD-L1

Atezolizumab NCT02921269 II Atezolizumab 1200 mg q3w + bevacizumab
15 mg/kg q3w

ORR 0% Hypertension, diarrhea, nausea,
gastrointestinal

(36)

Anti-
CTLA4

Ipilimumab / 1/2 Ipilimumab 3 mg/kg, intravenously every 21
days for 4 cycles

PFS 2.5mo Diarrhea, colitis (37)
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KEYCASE-158 trial (NCT02628067) (26). The interim results

showed that the majority of patients (83. 7%) had PD-L1-

positive tumors, with a higher objective response rate (ORR)

in patients with PD-L1–positive tumors relative to the overall

population (14. 6% vs 12. 2%, respectively). In particular, the

ORR was 12.2% (95% CI, 6.5% to 20.4%), with 3 complete

responses (CR) and 9 partial responses (PR). A total of 14.3% of

these responses (95% CI, 7.4% to 24.1%) occurred in patients

who had received one or more chemotherapies for recurrent or

metastatic disease. This demonstrated the antitumor activity of

pembrolizumab in patients with PD-1–positive advanced CC.

Based on these encouraging results, pembrolizumab was

approved by the Food and Drug Administration (FDA) in

June 2018 for the treatment of patients with recurrent or

metastatic CC who express PD-L1 post chemotherapy.

Additionally, clinical trials of its combination therapy are also

underway. A study of chemoradiotherapy with or without

pembrolizumab for the treatment of locally advanced CC

(NCT04221945) is recruiting, whose objective is to evaluate

the efficacy and safety of pembrolizumab plus CCRT

compared with placebo plus CCRT in participants with locally

advanced CC (40). We look forward to the results of these

studies to help guide clinical treatment.

Nivolumab, a complete PD-1 blocking antibody, was

approved by the FDA in 2014 for use in melanoma patients

and has attracted many clinical trials for the treatment of CC

(41, 42). In the NRG-GY002 study, 26 enrolled patients with

persistent/recurrent CC received nivolumab intravenously at 3

mg/kg every two weeks, followed by an additional 42 doses at 3

mg/kg every 2 weeks for a maximum of 46 doses until disease

progression or adverse reactions prohibited treatment. The

results showed a median follow-up for survival status of 32

months (range, 2-41.5 months), the median duration of SD was

5.7 months (range, 3.5-12.7 months), and the estimated PFS and

OS at 6 months were 16% and 78, respectively (30). However, the

limitation is that no significant correlation was found between

PD-L1 expression and objective tumor response to nivolumab.

In comparison, the results reported from the CheckMate 358

study showed that the ORR was 26.3% (95% CI, 9.1 to 51.2), and

the median overall survival was 21. 9 months (95% CI, 15.1

months to not reached) among patients with CC (31). While the

results reported here are of strong clinical interest, it should be

noted that patients enrolled in the study were limited, and we

still need large samples of experiments to confirm.

Cemiplimab is a fully human monoclonal antibody that

targets PD-1 on T cells to inhibit T-cell activation (43).

Cemiplimab is approved for the treatment of adult patients

with metastatic or locally advanced cutaneous squamous cell

carcinoma (CSCC) who are ineligible for radical surgery or

radical radiation therapy (44, 45). A nonrandomized phase I

expansion cohort study explored the safety and tolerability of

cemiplimab as monotherapy or in combination with hfRT in
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patients in recurrent or metastatic CC. The results showed

that cemiplimab treatment induced a response and clinical

benefit in patients with recurrent or metastatic CC and that

increasing hfRT after cemiplimab treatment did not

significantly improve the ORR (33). Then, cemiplimab was

quickly evaluated in a phase III randomized tria l

(NCT03257267) in which patients with disease progression

after first-line platinum-containing chemotherapy were

enrolled regardless of their PD-L1 status. Patients were

randomly assigned in a 1:1 ratio to receive cemiplimab or

investigator-chosen chemotherapy as control therapy, and for

those randomized to cemiplimab, it was administered

intravenously at a fixed dose of 350 mg every 21 days for up

to 96 weeks. In the overall population, PFS was longer with

cemiplimab than with chemotherapy (95% CI, 0.63 to 0.89).

Objective responses occurred in 16.4% (95% CI, 12.5 to 21.1)

of patients in the cemiplimab group compared with 6.3%

(95% CI, 3.8 to 9.6) in the chemotherapy group. This is an

exciting result that survival was significantly longer with

cemiplimab than with single-agent chemotherapy among

patients with recurrent CC after first-line platinum-

containing chemotherapy (32).

Balstilimab (AGEN2034), as a PD-1 antagonist, is a fully

human monoclonal antibody under investigation that enhances

T-cell receptor (TCR) signaling and T-cell responsiveness under

TCR stimulation conditions (46). A phase II clinical trial

(NCT03104699) enrolled 161 women who were diagnosed

with recurrent and/or metastatic CC and had relapsed after a

prior platinum-based treatment regimen for advanced disease.

The results showed the durable clinical activity of balstilimab

(34). Patients with PD-L1-positive tumors had an ORR of 20%,

while patients with PD-L1-negative tumors also responded to

balstilimab (ORR, 7.9%). Another study of combination therapy

with balstilimab has potential broad clinical implications for this

disease. In an open-label phase II study (NCT03495882), the

efficiency of the dual PD-1 and CTLA-4 checkpoint blockade

inhibitors balstilimab and zalifrelimab was evaluated in patients

with recurrent and/or metastatic CC. Approximately 155

patients were intravenously dosed with balstilimab 3 mg/kg

once every 2 weeks and zalifrelimab 1 mg/kg every 6 weeks for

up to 24 months. The results showed that the median follow-up

was 21 months, and the confirmed ORR was 25.6% (95% CI,

18.8 to 33.9). Considering the expression of PD-L1, the ORRs

were 32.8% and 9.1% in patients with PD-L1–positive and PD-

L1–negative tumors, respectively (35).

2.3.2 Anti-PD-L1 therapy
Three PD-L1 ICIs have been reported, atezolizumab,

durvalumab, and avelumab, including at least six clinical trials

evaluating their possible role in combination with other

monoclonal antibodies or chemotherapy drugs in advanced,

metastatic, persistent or recurrent CC.
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Atezolizumab is a fully humanized drug that targets the PD-

1/PD-L1 pathway by blocking PD-L1 ligand and has been widely

used in immunotherapies for patients with extensive-stage small

cell lung cancer (ES-SCLC), unresectable hepatocellular

carcinoma and breast cancer (47). A phase II study of

atezolizumab in combination with the vascular endothelial

growth factor (VEGF) inhibitor bevacizumab in patients with

advanced cc indicated that the addition of bevacizumab to PD-

L1 blockade did not appear to increase the ORR (0%) in cervical

cancer. Ten patients with advanced CC received bevacizumab 15

mg/kg intravenously and atezolizumab 1200 mg intravenously

every 3 weeks, with a median PFS of 2.9 months (95% CI, 1.8 to

6) and a median OS of 8.9 months (95% CI, 3.4 to 21.9) (36).

Fortunately, there is also an ongoing phase III clinical trial of

platinum chemotherapy plus paclitaxel with bevacizumab and

atezolizumab versus platinum chemotherapy plus paclitaxel and

bevacizumab (48). We are looking forward to some new

therapies for atezolizumab.

Another PD-L1 ICI, durvalumab, is an effective first-line

treatment and an accepted standard of care option for patients

with extensive-stage small cell lung cancer. Several studies on

durvalumab are currently underway. An ongoing phase III

randomized double-blind multicenter prospective placebo-

controlled randomized trial was designed to investigate the

efficacy of durvalumab in locally advanced CC. Approximately

714 patients would be randomized 1:1 to receive either

durvalumab plus concurrent chemoradiotherapy (CCRT) or

placebo plus CCRT (49). Another phase Ib study has been

approved to evaluate the safety and tolerability of durvalumab

combined with carbon-ion radiotherapy and weekly cisplatin in

the treatment of locally advanced CC (50). The safety and

efficacy of this strategy will be evaluated over a longer period

of the study, and future phase II studies with additional patients

are anticipated.

The efficacy of avelumab for treating patients with CC is

being assessed in many clinical trials. Avelumab could kill cancer

cells through antibody-dependent cell-mediated cytotoxicity

(ADCC) and T-cell immune reactivity. It was approved by the

U.S. FDA in a phase I/II study for the treatment of metastatic

Merkel cell carcinoma and metastatic urothelial carcinoma (51,

52). There are two ongoing clinical trials of avelumab for the

treatment of CC. One is a phase Ib/II study, avelumab in patients

with recurrent or metastatic HPV-16 positive advanced

malignancies aimed to evaluate the safety and tolerability of

the combination of TG4001 (NCT03260023) (53). The other is a

study evaluating avelumab in combination with axitinib in

patients with persistent or recurrent CC following platinum-

based chemotherapy that is recruiting patients worldwide,

attracting considerable attentions (54). Fortunately, Bin Zhao

and coworkers summarized 21 prospective trials with

approximately 4000 subjects and revealed that avelumab

monotherapy presents active antitumor activity (55).

Compared with conventional treatment , avelumab
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monotherapy was associated with more tumor responses and

fewer adverse events, and the pooled ORR was 14.18% (95% CI,

10.68%-18.08%). In particular, more PD-L1-positive patients

than PD-L1-negative patients responded to avelumab

monotherapy. In conclusion, the study strongly demonstrated

that avelumab monotherapy had positive antitumor activity and

did not show signs of increased toxicity. These findings provide a

reasonable basis for the further application of avelumab in

cancer treatment.
2.3.3 Anti-CTLA-4 therapy
CTLA-4 is expressed on the surface of naive effector and

regulatory T cells, and stimulation of naive T cells induces

CTLA-4 upregulation and competition for B7 with CD28,

resulting in T-cell activity suppression (56). While CTLA-4

and CD28 share the same ligand, CTLA-4 has a significantly

stronger binding affinity and preferentially binds to CD80/

CD86, resulting in immune response inactivation. Therefore,

blockade of the CTLA-4 antigen increases antigen presentation

to the immune system, resulting in an expanded killer T-cell

response to antigens.

Many studies have focused on the safety and efficiency

of anti-CTLA4 therapy. Ipilimumab is the most studied anti-

CTLA-4 therapy in patients with CC. In a phase 1/2 trial, 42

patients with metastatic CC received intravenous ipilimumab

therapy. The response rate was 3% in 34 evaluable patients, PFS

was 2.5 months (95% CI, 2.1-3.2), and OS was 8.5 months (95%

CI, 3.6 months not reached) (37). Additionally, a phase I clinical

trial (GOG-9929) corroborated these findings. The data

suggested that CRT alone and combined with ipilimumab

immunotherapy show immunomodulatory activity with locally

advanced CC (57).
2.3.4 Immune-related adverse events of ICIs
ICI therapies have made great strides and have improved

overall survival in advanced and recurrent/metastatic CC.

However, these therapies have led to a particular group of side

effects called irAEs. ICIs work by releasing T cells from the

immune system that fight tumor cells, and the disadvantage of

an augmented immune response driven by T-cell activation is

the potential autoimmune-related inflammation of normal

t issues. The irAEs typical ly originate in the skin,

gastrointestinal tract, liver, and endocrine system. The most

frequent endocrine irAEs associated with anti-PD-1 mAb

treatment are thyroid dysfunctions, and other related irAEs

include diarrhea, colitis, hepatitis, skin toxicities and

endocrinopathies. Hypophysitis is mostly linked to anti-

CTLA-4 treatment, diarrhea, colitis and liver dysfunction (58).

Despite tumor heterogeneity, the treatment of irAEs is still

mainly glucocorticoid therapy. Most symptomatic irAEs,

except for endocrine disease, are controlled with several weeks

of glucocorticoid therapy and respond well. Some irAEs could
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become chronic and require lifelong treatment, such as hormone

supplementation or immunosuppression (59).
3 Microbial infections and ICIs

3.1 Vaginal microecology
and HPV infection

In the female reproductive tract, vaginal microecology is

composed of vaginal anatomy, microbial flora, local immune

system, estrogen and other endocrine regulation. The symbiotic

microbial community structure and estrogen dynamic changes

play a leading role in maintaining vaginal microecological

homeostasis effects (60). Caselli’s prospective study showed

that vaginal microecological disturbances were associated with

HPV infection and cervical HSIL progression (61). When the

vaginal microenvironment is destroyed, the immune cells are

dysfunctional, and the autoimmune barrier and local immune

function in the reproductive tract are destroyed, increasing the

susceptibility to HPV and reducing the natural elimination rate

of HPV. At present, it is believed that the reduction of cellular

immune barrier function and the inhibition of local immune

response are the mechanisms by which vaginal microecology

leads to cervical lesions (62). In addition, the imbalance of

vaginal microecology leads to the destruction of the vaginal

innate immune barrier, increases the adhesion of HPV virus,

activates inflammatory transcription factors, stimulates the

continuous activation of various inflammatory factors, induces

or aggravates cervical tissue damage, and further increases the

carcinogenicity of HPV. After infection, the diversity of vaginal

microflora and changes in the local microenvironment of the

cervix destroy the host’s immune defense mechanism, which

causes the expression of inflammatory factors and leads to

vaginal flora disorder (63, 64).

The relationship between vaginal microecological disorder

and HPV infection and immune disorder of CC leads us to

hypothesize. First, in HPV-positive advanced/recurrent CC

patients, we generally perform systemic surgery, radiotherapy,

chemotherapy and targeted therapy. At the same time, we could

maintain the balance of vaginal microecology, increase the

colonization of dominant bacilli, locally increase the stability

of the microenvironment in the cervical region, improve

immunity and prevent vaginal inflammation such as AV, BV,

TV, etc., which could increase the effect of systemic treatment

and improve patients’ quality of life. Second, it should be

considered whether the persistent HPV positivity after surgery

is related to vaginal microecological disorders, especially for

patients with reduced hormone levels after surgery and adjuvant

therapy. In clinical treatment, vaginal supplementation with

probiotics, rebuilding the balance of vaginal microbiota and
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improving the local immune barrier could speed up the

conversion of HPV to negative. Finally, we emphasize the

research on vaginal microbial imbalance and related metabolic

markers to provide new ideas for CC prevention and

early screening.
3.2 Intestinal microenvironment and ICIs

Gut microbiota homeostasis is inextricably linked to the

development and maturation of the immune system (65). Gut

microbiota imbalance is an important driver of cancer immune

system dysregulation. A gut microbiota in a state of symbiotic

balance would facilitate antitumor cell activity, improve

resistance to immunosuppressive therapy and alleviate the side

effects of antitumor therapy.

The influence of the gut microbiota on the response to

immune checkpoint inhibitor therapy in CC has not been

explored, but this could be extrapolated from studies in other

cancers. Adoptive T-cell therapy (ACT) in a mouse model of CC

is influenced by the gut microbiota. Fecal analysis of mice that

responded well to ACT revealed different bacteroides taxa,

including the bacteroidetes, parabacteroides, prevotella,

rikenellaceae families and the candidate bacteroidetes S24-7

family. The mice with poor efficacy were dominated by

bacteroidetes S24-7, and no other bacteroidetes were detected

(66). A single-arm clinical trial found that FMT (fecal microbiota

transplantation) and anti-PD-1 therapy altered the PD-1 response

in selected patients with advanced melanoma resistance by

altering the gut microbiota and reprogramming the tumor

microenvironment (67). In addition, in a group of controlled

studies, patients with non-small cell lung cancer, renal cell

carcinoma or urothelial carcinoma who received antibiotics

before and after treatment with immunosuppressants had

significantly higher rates of PFS and overall survival than those

who did not receive antibiotics. This suggests that disrupting the

gut microbiota (through antibiotic use) may affect or even disrupt

the therapeutic efficacy of immunosuppressants (68). It has been

reported that oral administration of bifidobacteria in tumor-

bearing mice can promote the therapeutic effect of

immunosuppressive agents during antitumor therapy with

immunosuppressive agents (69).

Obviously, there are increasing evidences showing that the

regulation of the gut microbiota of tumor patients may become a

breakthrough point in tumor immunotherapy. Although the gut

microbiota has been found to play an important role in some

cancers and animal models, it is unknown whether this can be

extrapolated to the treatment of CC patients. For CC patients,

studying their gut microflora or underlying molecular

mechanisms would help to develop new models of CC

treatment to enhance the efficacy of CC immunotherapy.
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4 Conclusion

Cervical cancer (CC) is the 4th leading cause of cancer deaths in

women worldwide. Surgery, chemotherapy, radiotherapy and

chemoradiation therapy are conventional treatments for CC.

However, the treatment options are limited, and the prognosis is

poor for patients with advanced and recurrent/metastatic CC, with

a 5-year survival rate of only 16 to 58% in advanced stages. In recent

years, ICIs therapies have shown promise in greatly improving

overall survival and quality of life in advanced and recurrent/

metastatic CC. Many clinical trials of ICIs monotherapies or

combinations are now showing great potential. Combinations of

immunotherapy, chemotherapy, and radiotherapy with ICIs have

been shown to yield more potential antitumor effects in clinical

trials. However, compared with other types of cancer, there are still

very few phase III trials for CC. For clinical trials that have been

completed, these characteristics provided justification for further

evaluating its efficacy in cancer treatment. Further studies are

needed to validate these findings in real-world practice. For

clinical trials that are ongoing, we look forward to the results of

these immunotherapy clinical trials and believe that the new

immunotherapy targets will also bring hope to the treatment of

patients with advanced and metastatic CC.

The different levels of immune-related adverse events are an

emerging challenge for ICIs therapy. Hopefully, we find that

vaginal microbial dysbiosis is closely related to HPV infection,

and vaginal infection caused by microorganisms could lead to

damage to the mucous membranes of the genital tract, thereby

increasing the risk of HPV invasion. In addition, the effect of the

intestinal microbiome on the immune system promotes the

recurrence and metastasis of CC. With an improved

understanding of the effects of ICIs and microbial infection on

immune function, we would be able to optimally deliver therapy

to patients with advanced and recurrent/metastatic CC. Finally,

an arsenal of conventional anticancer therapies combined with

multiple and novel ICIs, and together with interventions on the

microbiota will be able to increase the fraction of oncological
Frontiers in Oncology 08
patients that experience complete and durable remissions at the

cost of manageable side effects.
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33. Rischin D, Gil-Martin M, González-Martin A, Braña I, Hou JY, Cho D, et al.
PD-1 blockade in recurrent or metastatic cervical cancer: Data from cemiplimab
phase I expansion cohorts and characterization of PD-L1 expression in cervical
cancer. Gynecol Oncol (2020) 159(2):322–8. doi: 10.1016/j.ygyno.2020.08.026

34. O'Malley DM, Oaknin A, Monk BJ, Selle F, Rojas C, Gladieff L, et al. Phase II
study of the safety and efficacy of the anti-PD-1 antibody balstilimab in patients
with recurrent and/or metastatic cervical cancer. Gynecol Oncol (2021) 163(2):274–
80. doi: 10.1016/j.ygyno.2021.08.018

35. O'Malley DM, Neffa M, Monk BJ, Melkadze T, Huang M, Kryzhanivska A,
et al. Dual PD-1 and CTLA-4 checkpoint blockade using balstilimab and
zalifrelimab combination as second-line treatment for advanced cervical cancer:
An open-label phase II study. J Clin Oncol (2021) 40(7):762–71. doi: 10.1111/
jdv.17401

36. Friedman CF, Snyder Charen A, Zhou Q, Carducci MA, Buckley De
Meritens A, Corr BR, et al. Phase II study of atezolizumab in combination with
bevacizumab in patients with advanced cervical cancer. J ImmunoTher Cancer
(2020) 8(2):e001126. doi: 10.1136/jitc-2020-001126

37. Lheureux S, Butler MO, Clarke B, Cristea MC, Martin LP, Tonkin K, et al.
Association of ipilimumab with safety and antitumor activity in women with
metastatic or recurrent human papillomavirus–related cervical carcinoma. JAMA
Oncol (2018) 4(7):e173776-e. doi: 10.1001/jamaoncol.2017.3776

38. Marret G, Borcoman E, Le Tourneau C. Pembrolizumab for the treatment of
cervical cancer. Expert Opin Biol Ther (2019) 19(9):871–7. doi: 10.1080/
14712598.2019.1646721

39. Kwok G, Yau TCC, Chiu JW, Tse E, Kwong Y-L. Pembrolizumab
(Keytruda). Hum Vaccines Immunother (2016) 12(11):2777–89. doi: 10.1080/
21645515.2016.1199310

40. ClinicalTrials.gov. Study of chemoradiotherapy with or without
pembrolizumab (MK-3475) for the treatment of locally advanced cervical cancer
(MK-3475-A18/KEYNOTE-A18/ENGOT-cx11/GOG-3047) (2020). Available at:
https://clinicaltrials.gov/ct2/show/NCT04221945.

41. Fulchiero E, Jimeno A. Nivolumab. Drugs Today (Barc) (2014) 50(12):791–
802. doi: 10.1358/dot.2014.50.12.2235103

42. Parthvi R, Singh A. Nivolumab immune-mediated pneumonitis. Am J Ther
(2020) 27(6):e617–8. doi: 10.1007/s40265-020-01398-6

43. Romero D. Benefit with cemiplimab in cervical cancer. Nat Rev Clin Oncol
(2022) 19(4):220. doi: 10.1136/jitc-2020-001126

44. Gambichler T, Philippou S, Scheel CH, Susok L. Development of thoracic
sarcoid reactions associated with complete response to anti-PD-1 therapy in a
patient with advanced cutaneous squamous cell carcinoma. J Eur Acad Dermatol
Venereol (2022) 36(Suppl 1):35–40. doi: 10.1136/ijgc-2019-000880

45. Weis J, Grote C, Weichenthal M, Hauschild A. Complete response of
advanced cutaneous squamous cell and basal cell carcinomas with sequential
cemiplimab and sonidegib therapy. J Eur Acad Dermatol Venereol (2022) 36
(Suppl 1):66–9. doi: 10.1136/ijgc-2019-001135

46. Bose CK. Balstilimab and other immunotherapy for recurrent and
metastatic cervical cancer. Med Oncol (2022) 39(4):47. doi: 10.1136/bmjopen-
2021-056424

47. Frampton JE. Atezolizumab: A review in extensive-stage SCLC. Drugs
(2020) 80(15):1587–94. doi: 10.1007/s40265-020-01398-6

48. Grau JF, Farinas-Madrid L, Oaknin A. A randomized phase III trial of
platinum chemotherapy plus paclitaxel with bevacizumab and atezolizumab versus
platinum chemotherapy plus paclitaxel and bevacizumab in metastatic (stage IVB),
persistent, or recurrent carcinoma of the cervix: the BEATcc study (ENGOT-Cx10/
GEICO 68-C/JGOG1084/GOG-3030). Int J Gynecol Cancer (2020) 30(1):139. doi:
10.1136/ijgc-2019-000880

49. Mayadev J, Nunes AT, Li M, Marcovitz M, Lanasa MC, Monk BJ. CALLA:
Efficacy and safety of concurrent and adjuvant durvalumab with
chemoradiotherapy versus chemoradiotherapy alone in women with locally
advanced cervical cancer: a phase III, randomized, double-blind, multicenter
study. Int J Gynecol Cancer (2020) 30(7):1065. doi: 10.1136/ijgc-2019-001135

50. Okonogi N, Usui H, Murata K, Hori M, Kurokawa T, Fujiwara T, et al.
Phase ib study of durvalumab (MEDI4736) in combination with carbon-ion
radiotherapy and weekly cisplatin for patients with locally advanced cervical
frontiersin.org

https://doi.org/10.1097/CCO.0000000000000663
https://doi.org/10.1097/CCO.0000000000000663
https://doi.org/10.3389/fimmu.2017.00689
https://doi.org/10.1016/j.beem.2019.101370
https://doi.org/10.1007/s10096-017-3048-y
https://doi.org/10.1016/j.jconrel.2015.02.006
https://doi.org/10.1158/2159-8290.CD-20-1680
https://doi.org/10.1002/advs.201900101
https://doi.org/10.1002/advs.202103444
https://doi.org/10.1016/S1470-2045(10)70230-8
https://doi.org/10.1186/s13045-018-0582-8
https://doi.org/10.1038/s41598-019-49771-0
https://doi.org/10.1038/modpathol.2016.64
https://doi.org/10.1038/modpathol.2016.221
https://doi.org/10.1038/modpathol.2015.108
https://doi.org/10.2174/1574884716666210325095022
https://doi.org/10.2174/1574884716666210325095022
https://doi.org/10.1093/jjco/hyaa214
https://doi.org/10.1093/jjco/hyaa214
https://doi.org/10.1200/JCO.2017.74.5471
https://doi.org/10.1200/JCO.18.01265
https://doi.org/10.1016/S1470-2045(20)30486-1
https://doi.org/10.1016/S1470-2045(20)30486-1
https://doi.org/10.1056/NEJMoa2112435
https://doi.org/10.1002/cncr.33136
https://doi.org/10.1016/j.ygyno.2019.12.034
https://doi.org/10.1016/j.ygyno.2019.12.034
https://doi.org/10.1200/JCO.19.00739
https://doi.org/10.1056/NEJMoa2112187
https://doi.org/10.1016/j.ygyno.2020.08.026
https://doi.org/10.1016/j.ygyno.2021.08.018
https://doi.org/10.1111/jdv.17401
https://doi.org/10.1111/jdv.17401
https://doi.org/10.1136/jitc-2020-001126
https://doi.org/10.1001/jamaoncol.2017.3776
https://doi.org/10.1080/14712598.2019.1646721
https://doi.org/10.1080/14712598.2019.1646721
https://doi.org/10.1080/21645515.2016.1199310
https://doi.org/10.1080/21645515.2016.1199310
https://clinicaltrials.gov/ct2/show/NCT04221945
https://doi.org/10.1358/dot.2014.50.12.2235103
https://doi.org/10.1007/s40265-020-01398-6
https://doi.org/10.1136/jitc-2020-001126
https://doi.org/10.1136/ijgc-2019-000880
https://doi.org/10.1136/ijgc-2019-001135
https://doi.org/10.1136/bmjopen-2021-056424
https://doi.org/10.1136/bmjopen-2021-056424
https://doi.org/10.1007/s40265-020-01398-6
https://doi.org/10.1136/ijgc-2019-000880
https://doi.org/10.1136/ijgc-2019-001135
https://doi.org/10.3389/fonc.2022.996495
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Han et al. 10.3389/fonc.2022.996495
cancer (DECISION study): study protocol for a prospective open-label single-arm
study. BMJ Open (2022) 12(3):e056424. doi: 10.1136/bmjopen-2021-056424

51. Collins JM, Gulley JL. Product review: avelumab, an anti-PD-L1 antibody.
Hum Vaccines Immunother (2019) 15(4) :891–908. doi : 10.1080/
21645515.2018.1551671

52. Kaufman HL, Russell J, Hamid O, Bhatia S, Terheyden P, D'Angelo SP, et al.
Avelumab in patients with chemotherapy-refractory metastatic merkel cell
carcinoma: a multicentre, single-group, open-label, phase 2 trial. Lancet Oncol
(2016) 17(10):1374–85. doi: 10.1016/S1470-2045(16)30364-3

53. ClinicalTrials.gov. Phase Ib/II of TG4001 and avelumab in HPV16 positive
R/M cancers (2017). Available at: https://ClinicalTrials.gov/show/NCT03260023.

54. ClinicalTrials.gov. Avelumab with axitinib in persistent or recurrent cervical
cancer after platinum-based chemotherapy (ALARICE) (2019). Available at: https://
clinicaltrials.gov/ct2/show/NCT03826589.

55. Zhao B, Gao M, Zhao H, Zhao J, Shen X. Efficacy and safety profile of
avelumab monotherapy. Crit Rev Oncology/Hematol (2021) 166:103464. doi:
10.1016/j.critrevonc.2021.103464

56. Zhou C, Tuong ZK, Frazer IH. Papillomavirus immune evasion strategies
target the infected cell and the local immune system. Front Oncol (2019) 9:682. doi:
10.3389/fonc.2019.00682

57. Da Silva DM, Enserro DM, Mayadev JS, Skeate JG, Matsuo K, Pham HQ,
et al. Immune activation in patients with locally advanced cervical cancer treated
with ipilimumab following definitive chemoradiation (GOG-9929). Clin Cancer
Res (2020) 26(21):5621–30. doi: 10.1158/1078-0432.CCR-20-0776

58. Darnell EP, Mooradian MJ, Baruch EN, Yilmaz M, Reynolds KL. Immune-
related adverse events (irAEs): Diagnosis, management, and clinical pearls. Curr
Oncol Rep (2020) 22(4):39. doi: 10.1007/s11912-020-0897-9

59. Conroy M, Naidoo J. Immune-related adverse events and the balancing act of
immunotherapy. Nat Commun (2022) 13(1):392. doi: 10.1038/s41467-022-27960-2

60. Di Paola M, Sani C, Clemente AM, Iossa A, Perissi E, Castronovo G, et al.
Characterization of cervico-vaginal microbiota in women developing persistent
Frontiers in Oncology 10
high-risk human papillomavirus infection. Sci Rep (2017) 7(1):10200. doi: 10.1038/
s41598-017-09842-6

61. Usyk M, Zolnik CP, Castle PE, Porras C, Herrero R, Gradissimo A, et al.
Cervicovaginal microbiome and natural history of HPV in a longitudinal study.
PloS Pathog (2020) 16(3):e1008376. doi: 10.1371/journal.ppat.1008376

62. Nicolò S, Tanturli M, Mattiuz G, Antonelli A, Baccani I, Bonaiuto C, et al.
Vaginal lactobacilli and vaginal dysbiosis-associated bacteria differently affect
cervical epithelial and immune homeostasis and anti-viral defenses. Int J Mol Sci
(2021) 22(12):75. doi: 10.3390/ijms22126487

63. Coudray MS, Madhivanan P. Bacterial vaginosis-a brief synopsis of the
literature. Eur J Obstet Gynecol Reprod Biol (2020) 245:143–8. doi: 10.1016/
j.ejogrb.2019.12.035

64. Castro J, Rosca AS, Cools P, Vaneechoutte M, Cerca N. Gardnerella
vaginalis enhances atopobium vaginae viability in an in vitro model. Front Cell
Infect Microbiol (2020) 10:83. doi: 10.3389/fcimb.2020.00083

65. Soldati L, Di Renzo L, Jirillo E, Ascierto PA, Marincola FM, De Lorenzo A.
The influence of diet on anti-cancer immune responsiveness. J Transl Med (2018)
16(1):75. doi: 10.1186/s12967-018-1448-0

66. Uribe-Herranz M, Bittinger K, Rafail S, Guedan S, Pierini S, Tanes C, et al.
Gut microbiota modulates adoptive cell therapy via CD8a dendritic cells and IL-
12. JCI Insight (2018) 3(4):1084–9. doi: 10.1172/jci.insight.94952

67. Davar D, Dzutsev AK, McCulloch JA, Rodrigues RR, Chauvin JM, Morrison
RM, et al. Fecal microbiota transplant overcomes resistance to anti-PD-1 therapy in
melanoma patients. Science (2021) 371(6529):595–602. doi: 10.1126/
science.abf3363

68. Routy B, Le Chatelier E, Derosa L, Duong CPM, Alou MT, Daillère R, et al.
Gut microbiome influences efficacy of PD-1–based immunotherapy against
epithelial tumors. Science (2018) 359(6371):91–7. doi: 10.1126/science.aan3706

69. Sivan A, Corrales L, Hubert N, Williams JB, Aquino-Michaels K, Earley ZM,
et al. Commensal bifidobacterium promotes antitumor immunity and facilitates anti–
PD-L1 efficacy. Science (2015) 350(6264):1084–9. doi: 10.1126/science.aac4255
frontiersin.org

https://doi.org/10.1136/bmjopen-2021-056424
https://doi.org/10.1080/21645515.2018.1551671
https://doi.org/10.1080/21645515.2018.1551671
https://doi.org/10.1016/S1470-2045(16)30364-3
https://ClinicalTrials.gov/show/NCT03260023
https://clinicaltrials.gov/ct2/show/NCT03826589
https://clinicaltrials.gov/ct2/show/NCT03826589
https://doi.org/10.1016/j.critrevonc.2021.103464
https://doi.org/10.3389/fonc.2019.00682
https://doi.org/10.1158/1078-0432.CCR-20-0776
https://doi.org/10.1007/s11912-020-0897-9
https://doi.org/10.1038/s41467-022-27960-2
https://doi.org/10.1038/s41598-017-09842-6
https://doi.org/10.1038/s41598-017-09842-6
https://doi.org/10.1371/journal.ppat.1008376
https://doi.org/10.3390/ijms22126487
https://doi.org/10.1016/j.ejogrb.2019.12.035
https://doi.org/10.1016/j.ejogrb.2019.12.035
https://doi.org/10.3389/fcimb.2020.00083
https://doi.org/10.1186/s12967-018-1448-0
https://doi.org/10.1172/jci.insight.94952
https://doi.org/10.1126/science.abf3363
https://doi.org/10.1126/science.abf3363
https://doi.org/10.1126/science.aan3706
https://doi.org/10.1126/science.aac4255
https://doi.org/10.3389/fonc.2022.996495
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Immune checkpoint inhibitors in advanced and recurrent/metastatic cervical cancer
	1 Introduction
	2 Immune checkpoint inhibitors and cervical cancer
	2.1 The mechanism of cervical cancer
	2.2 Immune checkpoint inhibitors
	2.3 Clinical trials
	2.3.1 Anti-PD-1 therapy
	2.3.2 Anti-PD-L1 therapy
	2.3.3 Anti-CTLA-4 therapy
	2.3.4 Immune-related adverse events of ICIs


	3 Microbial infections and ICIs
	3.1 Vaginal microecology and HPV infection
	3.2 Intestinal microenvironment and ICIs

	4 Conclusion
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


