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ABSTRACT
Introduction  Neoadjuvant chemotherapy (NACT) is an 
emerging approach for locally advanced cervical cancer 
(LACC). However, the clinical response and postoperative 
adjuvant radiation or chemoradiation trimodality treatment 
resulted in controversy. PD-1 inhibitors have shown 
promising role in recurrent or metastatic cervical cancer, 
and there is preclinical evidence of the activation and 
synergistic effects of NACT on PD-1 inhibitors. This study 
aims to evaluate the efficacy and safety of the preoperative 
PD-1 inhibitor camrelizumab combined with NACT for 
LACC.
Methods and analysis  The study is designed as a 
multicentre, open-label, single-arm, prospective phase 
II study. A total of 82 patients will receive neoadjuvant 
chemo-immunotherapy, defined as one cycle of cisplatin 
(75–80 mg/m2, intravenously) plus nab-paclitaxel (260 mg/
m2, intravenously) NACT and subsequent two cycles of 
camrelizumab (200 mg, intravenously) combined with 
NACT. After neoadjuvant chemo-immunotherapy, patients 
exhibiting complete response and partial response will 
undergo radical surgery and subsequent adjuvant therapy. 
In contrast, patients with stable disease and progressive 
disease will transfer to concurrent chemoradiotherapy 
(CCRT). Following surgery, patients will receive adjuvant 
CCRT or radiotherapy. The primary endpoint is the 
objective response rate. The secondary endpoints are 
the pathological complete response, patients requiring 
postoperative adjuvant therapy, safety of neoadjuvant 
chemo-immunotherapy, surgical complication, event-
free survival, and overall survival. An additional aim is 
to dynamically evaluate peripheral immune responses 
and local immunological microenvironments and their 
association with neoadjuvant immunotherapy.
Ethics and dissemination  This trial was approved 
by the Medical Ethics Committee of Tongji Medical 
College, Huazhong University of Science and Technology 
(S2020-112). This study is among the first to evaluate the 
efficacy and safety of neoadjuvant chemo-immunotherapy 
in LACC. The findings of this research will promote 
neoadjuvant anti-PD-1 immunotherapy with radical 
surgery as a new therapeutic strategy.

Trial registration number  ​ClinicalTrials.​gov Registry 
(NCT04516616).

INTRODUCTION
Cervical cancer is the fourth most frequently 
diagnosed cancer and the fourth most 
common cause of cancer-related deaths 
among women worldwide, accounting for 
approximately 604 000 new cases and 342 000 
deaths in 2020.1 Locally advanced cervical 
cancer (LACC) includes patients with Inter-
national Federation of Gynecology and 
Obstetrics (FIGO) stage IB3–IVA disease, 
for whom concurrent chemoradiotherapy 
(CCRT) is the standard treatment. However, 
definitive surgery can also be performed 
in patients with stage IB3 or IIA disease.2 3 
Characterised by the large extent of malig-
nant tissue, it is very difficult to complete 
surgical resection. Furthermore, the prog-
nosis of LACC has not improved significantly 
over the past decades, with an average 5-year 
survival rate of 60%–82.3%.4–6 Hence, treat-
ment options that improve survival in this 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This is a multicentre, prospective cohort study to 
evaluate the efficacy and safety of neoadjuvant 
chemo-immunotherapy in locally advanced cervical 
cancer.

	⇒ Priming chemotherapy will be used before anti-PD-
1-combined chemotherapy.

	⇒ Paclitaxel is replaced with nab-paclitaxel as a che-
motherapy regimen, avoiding the combined use of 
glucocorticoids.

	⇒ Blood samples and tumour tissue biopsies will be 
collected into a translational research programme.

	⇒ Since this study is a single-arm study, it may include 
some bias.
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subgroup of patients remained as a major public health 
concern, and effective therapies for further improvement 
in survival must be developed.

In areas where radiotherapy apparatus is not available, 
platinum-based neoadjuvant chemotherapy (NACT) 
followed by radical hysterectomy has been proposed 
as an alternative approach. This alternative approach 
increases the opportunities for radical surgery and indi-
cates a similar prognosis compared with CCRT. The 
NACT, however, is effective in only two-thirds of patients, 
and those who do not respond receive little benefit from 
it.7 8 Moreover, 32.2% of patients required postopera-
tive adjuvant radiation or chemoradiation, resulting in 
controversy in terms of health economics and trimodality 
treatment.5 Therefore, although NACT has been widely 
used in many countries, it is not recommended as a first-
line treatment for LACC.

Recently, immune checkpoint inhibitors (ICIs) have 
made remarkable advances in immunotherapy for 
cervical cancer. Additionally, pembrolizumab combined 
with chemotherapy has been approved as a first-line 
treatment for advanced PD-L1-positive cervical cancer.9 10 
Previous clinical trials have shown that immunotherapy, 
with a favourable toxicity profile and durable response, 
has made a tremendous breakthrough in the treatment of 
cervical cancer. Contrarily, immuno-monotherapy shows 
a relatively low response rate. In advanced or recurrent 
cervical cancer, ICI monotherapy has a response rate 
of approximately 15%, and combination therapy with 
chemotherapy, radiotherapy or other immune-targeted 
therapies has improved response rates of 50%–60%.11 12

Neoadjuvant chemo-immunotherapy has attained 
milestones in the treatment of many solid tumours. In 
contrast, most cervical cancer researches have focused 
on immunotherapy in patients with metastatic or recur-
rent disease, with very few studies exploring neoadjuvant 
immunotherapy in LACC. Recent theoretical devel-
opments have revealed that chemotherapeutic agents 
possess immunomodulatory properties, modulating 
immune cells and shaping their functions. Conventional 
chemotherapeutics have been known to promote immu-
nogenicity of the tumour because of the modulation of 
the anti-tumour T cell response through triggering the 
release of tumour-derived antigens, inducing immu-
nogenic cell death, disrupting the immunosuppressive 
microenvironment and enhancing the effector T cell 
response.13 In addition, clinical research supports that 
NACT can increase PD-L1 expression in cervical cancer, 
and overexpression of PD-L1 is significantly associated 
with a better response to ICIs, such as the PD-1/PD-L1 
blockade.14 These findings show that reprogramming the 
tumour immunological microenvironment using NACT 
may potentially sensitise cervical tumours to immuno-
therapy and act synergistically with ICIs, similar to early 
triple-negative breast cancer (TNBC) and non-small cell 
lung cancer (NSCLC).15 16

Camrelizumab is a human IgG4 monoclonal antibody 
that targets the PD-1 immune checkpoint receptor. 

Favourable efficacy and tolerable safety profiles have been 
demonstrated in several advanced tumours. We perform 
this pilot study to evaluate the clinical activity and safety 
of NACT combined with PD-1 inhibitors in patients with 
LACC. Furthermore, we will explore the relationship 
between the tumour microenvironment landscape and 
response to therapy, as well as dynamic changes in intra-
tumoral and peripheral immune microenvironments.

METHODS AND ANALYSIS
Trial design
The study is designed as a multicentre, open-label, 
single-arm, prospective phase II study. Eighty-two patients 
will receive neoadjuvant immunotherapy, defined as one 
cycle of cisplatin plus nab-paclitaxel NACT and subse-
quent two cycles of PD-1 antibody combined with NACT. 
Figure 1 shows the flow chart of the trial. Patients will be 
recruited from large 3A hospitals, and a list of all partic-
ipating centres is in online supplemental table 1. The 
patient registration process began from December 2020 
to December 2022. The 5-year follow-up is designed for 
all patients, and the final study report will be prepared 
within 6 months. Therefore, this study is scheduled to 
end in July 2028.

The objective of the study
This study aims to evaluate the effects of neoadjuvant 
chemo-immunotherapy on tumour response (including 
clinical response and pathological response), the propor-
tion of patients requiring postoperative adjuvant therapy, 
treatment-related toxicity, subsequent surgical compli-
cations and survival (including event-free survival (EFS) 
and overall survival (OS)) of patients with LACC. An 
additional aim of this study is to dynamically evaluate 
peripheral immune responses and local immunological 
microenvironments, and their association with neoadju-
vant immunotherapy efficacy.

Endpoints of the study
The primary endpoint is the objective response rate 
(ORR), defined as the percentage of the participants who 
achieve a complete response (CR) or partial response 
(PR). The primary endpoint analysis will include partic-
ipants who receive camrelizumab therapy and have at 
least one post-baseline tumour assessment. The ORR 
will be assessed by a blind independent central reviewer 
per Response Evaluation Criteria in Solid Tumors V.1.1 
(RECIST 1.1). The secondary endpoints are the rate of 
pathological complete response (pCR), the number of 
patients with treatment-related adverse events (AEs), 
serious AEs or immune-related AEs (irAEs), the number 
of patients with surgical complications and postoperative 
adjuvant therapy, EFS and OS. Histological examination 
of the entire resected specimen will be performed to iden-
tify patients with pCR, defined as the absence of viable 
tumour cells on all slides. The optimal response, based 
on the Buda criteria, is a complete disappearance of the 
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tumour in the cervix with negative nodes or a residual 
disease with less than 3 mm stromal invasion, including in 
situ carcinoma.17 The Common Terminology Criteria for 
Adverse Events (V.5.0) is used to evaluate AEs after the 
first dose of chemotherapeutic drugs to 30 days after the 
last dose. The safety set used for the safety evaluation will 
include patients using camrelizumab at least once and 
with relatively complete medical records. Postoperative 
complication is defined as any clinically significant devia-
tion from a normal postoperative course. EFS is defined 
as the time interval from the date of enrollment to disease 
progression, local or distant recurrence (in patients 
undergoing surgery), or death due to any cause. OS is 
defined as the date of enrollment until the date of death 
due to any cause or the last follow-up visit. Additionally, 
in participants who undergo radical surgery, disease-free 
survival (DFS) is calculated separately from the date of 
completing prescribed treatment to the date of disease 
relapse or death, irrespective of the cause.

Study procedures
Patient selection/screening
Eligible patients are 18–70 years of age and have newly 
diagnosed cervical cancer of stage IB3, IIA2 or IIB/IIIC1r 
with a tumour diameter ≥4 cm (FIGO, 2018). All patients 

will be PD-L1 positive, with pathologically confirmed 
squamous cell carcinoma, adenocarcinoma or adenos-
quamous carcinoma, and have normal organ function. 
The detailed inclusion and exclusion criteria are listed 
in table  1. Informed consent will be obtained before 
PD-L1 immunohistochemistry assays and the partici-
pant will receive one cycle of cisplatin and nab-paclitaxel 
treatment. PD-L1 expression is evaluated using the 22C3 
antibody clone (Agilent, Dako). After randomisation, 
participants who do not satisfy the inclusion or exclusion 
criteria will be excluded. From published data, 30%~88% 
of patients with cervical cancer are PD-L1 positive,18 19 
and it is feasible that patients who turned out PD-L1 nega-
tive will be excluded.

Treatment
Patients enrolled in this cohort will first receive one cycle 
of platinum-based doublet NACT. The regimens are 
cisplatin 75–80 mg/m2 and nab-paclitaxel 260 mg/m2, to 
be administered intravenously. After 3 weeks, participants 
will receive two cycles of PD-1 inhibitor combined with 
NACT once every 3 weeks. The regimens are cisplatin 
75–80 mg/m2 intravenously plus nab-paclitaxel 260 mg/
m2 intravenously on day 1 and camrelizumab 200 mg 
intravenously on day 2. Tumour response will be assessed 

Figure 1  The overall trial flow of the study. 1If there are contraindications for MRI, CT is recommended. 2In priming phase and 
NACIT phases, blood samples are collected before (~24 hours) and after (~24 hours) each cycle; in patients undergoing surgery, 
blood samples are collected before and then 7 days after radical surgery, if any, after administration of postoperative adjuvant 
treatment; in patients undergoing CCRT, blood samples are collected before and immediately after CCRT. 3In priming phase and 
NACIT phases, biopsy samples of tumour tissue are collected before each cycle; in patients undergoing surgery, the resected 
tumour tissue and a paracancer normal tissue will be collected; in patients undergoing CCRT, biopsy sample is collected before 
CCRT. CCRT, concurrent chemoradiotherapy; CPS, combined positive score; CR, complete response; D1, day 1; D2, day 2; 
FIGO, International Federation of Gynecology and Obstetrics; MRI, magnetic resonance imaging; NACIT, neoadjuvant chemo-
immunotherapy; NCCN, National Comprehensive Cancer Network; PD, progressive disease; PR, partial response; Q3M, every 3 
months; Q6M, every 6 months; SD, stable disease.
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by MRI using RECIST 1.1 criteria 3 weeks after the last 
dose of neoadjuvant therapy. If patients achieve CR 
or PR, an open laparotomy radical hysterectomy plus 
pelvic lymphadenectomy will be performed, with or 
without para-aortic lymphadenectomy. Following surgery, 
patients will receive therapy as the National Comprehen-
sive Cancer Network (NCCN) guidelines recommended. 
Patients with high-risk factors (pelvic lymph node posi-
tive, margin positive or parametrial infiltration) should 
be treated with cisplatin-based CCRT. Conversely, those 
with intermediate risk factors as in the Sedlis criteria will 
receive adjuvant radiotherapy. However, patients with 
stable disease (SD) or tumour progression (PD) will 
receive concurrent CCRT. In the case of grade 3–4 AEs, 
the treatment should be suspended, and the AEs should 
be actively treated until they return to grades 1–2. The 
dose of cisplatin and nab-paclitaxel may be reduced in 
the treatment in case of serious AE. However, discontin-
uation of camrelizumab is recommended if irAEs do not 
recover to grade 2 or lower before starting the second 
cycle of combined therapy.

Data collection procedure
Informed consent forms will be obtained from each 
participant before the screening evaluations. Baseline 
data will be recorded at the screening visit and completed 
within 28 days before enrolment. In addition, data will 
be collected at baseline, during neoadjuvant immuno-
therapy, surgery, postoperative adjuvant therapy or CCRT. 

Online supplemental table 2 provides an overview of the 
collection of the outcomes.

Follow-up
After the initially recommended therapy is completed, 
routine follow-up will be scheduled every 3 months for 
1 year and every 6 months after that. Patients will be 
followed up for at least 5 years. Follow-up includes pelvic 
examinations, imaging examinations, serum tumour 
markers and cytology. Imaging examinations include 
abdominal and pelvic CT or MRI, and abdominal imaging 
is allowed to perform every 6 months in the first year. 
Vaginal stump brushing cytology and human papilloma-
virus testing are performed simultaneously. The serum 
tumour markers are squamous cell carcinoma antigen for 
patients with squamous cell carcinoma, CA125 for adeno-
carcinoma and both for adenosquamous carcinoma. 
Systematic examination revealed tumour recurrence 
would result in whole-body restaging. Further individual 
examination, post-recurrence anti-tumour therapy and 
survival follow-up need to be performed.

Translational research
Blood samples are obtained from patients before initia-
tion of and after every cycle of chemotherapy and cervical 
cancer biopsy samples are additionally obtained immedi-
ately before every cycle of therapy. The blood samples of 
patients undergoing radical surgery are collected before 
and 7 days after the surgery, if any, after administering 

Table 1  Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

FIGO stage IB3, IIA2 or IIB/IIIC1r (tumour size ≥4 cm) cervical cancer 
and without any treatment

The active autoimmune disease requires a systemic treatment*

Histologically confirmed squamous cell carcinoma, adenocarcinoma 
or adenosquamous carcinoma of the cervix

Previous treatment with immune checkpoint inhibitors or hypersensitivity 
to study drug

PD-L1 positive (combined positive score ≥1) Patients requiring treatment with systemic corticosteroids (over 10 mg/
day dose) or immunosuppressants within 14 days before enrolment

Women 18–70 years of age Inoculating live vaccine or attenuated live vaccine within 4 weeks

ECOG score 0–1 History of allogeneic tissue/solid organ transplant

WBC ≥3.5×109/L, NEU ≥1.5×109/L, platelet ≥80×109/L; AST and ALT 
≤1.5 times normal upper limit; total bilirubin ≤1.5 times the upper 
limit of normal value; serum creatinine and blood urea nitrogen ≤ the 
upper limit of the normal range

Known active HBV, HCV, or HIV infection

Patients who have a serious or uncontrollable disease†

Any primary malignancy within 5 years

Pregnant or lactating female patients

Willing to participate in this study and signed the informed consent Drug or alcohol abuse

Participate in clinical trials at the same time

Patients who observed the rules about the scheduled visit, study 
schedule and medical examination

Unable or unwilling to sign the informed consent

Not eligible for the study judged by researchers

*As follows but not limited to autoimmune hepatitis, interstitial pneumonia, uveitis, enteritis, hepatitis, pituitary inflammation, vasculitis, nephritis, 
hyperthyroidism, thyroid dysfunction, asthma requiring intervention with bronchodilators.
†Including but not limited to: heart diseases (grade III–IV cardiac insufficiency (NYHA standard)); uncontrolled high blood pressure; cerebrovascular 
accident or brain disease within 6 months or incapacity; haematological diseases, including abnormal coagulation (INR >2.0, PT >16 s); bleeding 
tendency, receiving thrombolytic or anticoagulant therapy; organic abnormalities of the liver and kidney or surgical history; any active infection 
requiring systemic anti-infective therapy within 14 days.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; ECOG, Eastern Cooperative Oncology Group; FIGO, International Federation of 
Gynecology and Obstetrics; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; INR, international normalised ratio; 
NEU, neutrophils; NYHA, New York Heart Association; PT, prothrombin time; WBC, white blood cell.
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postoperative adjuvant treatment. Additionally, surgically 
resected tumour tissues and adjacent normal tissues will be 
collected. On the other hand, blood and cervical cancer 
biopsy samples will be taken before CCRT, and blood 
samples will be taken again at the end of the therapy in 
patients with SD/PD who transfer to CCRT. The detailed 
sample collection process is presented in figure 1.

All the patients participating in the trial may be 
included in a translational research programme as stated 
in the informed consent. The analysis of the predictive 
value of available immune microenvironmental factors 
in responders, possible therapy-associated changes in 
different tumour regions, tumour microenvironment and 
peripheral blood are among the major interests. Detailed 
research will be conducted to further investigate the 
immunotherapy reaction with tumour gene mutations 
and defects, the tumour immune microenvironment and 
mesenchymal cells. Dynamic panoramas of intratumoral 
infiltrating immune cells and peripheral blood will be 
performed with multiple omics research.

Statistical analysis
Sample size calculation
The clinical response rate in patients with LACC after 
NACT is approximately 70%.20 21 With a one-sided bino-
mial test at an overall type I error rate of a=0.05, a sample 
size of 69 patients is needed to maintain 91.4% power 
under the hypothesis that the overall response rate of 
neoadjuvant immunotherapy is expected to increase to 
85%. Eighty-two patients are included in the study, with 
an estimated dropout rate of 15%.

Data analyses
The efficacy analysis will include participants who receive 
camrelizumab and have at least one post-baseline tumour 
assessment. The participants undergoing surgery will be 
evaluated for surgical pathological findings and any oper-
ative complications. CIs will be estimated for ORR and 
pathological response rate using the Clopper-Pearson 
method. EFS, DFS and OS analysis will be performed by 
the Kaplan-Meier curve, providing the median time to 
the event, and 95% CIs are calculated using the Green-
wood formula. The enrolled patients who receive at least 
one dose of camrelizumab will be included in the safety 
analysis. In general, descriptive measures are used to 
summarise continuous variables (average, SD, median, 
maximum and minimum values). Categorical variables 
are expressed as frequencies and percentages. Cox 
univariate and multivariate analyses are used to analyse 
the correlation between biomarker expression, clinical 
efficacy and prognosis for treatment sensitivity analysis of 
the biomarkers. All data collected on the case report form 
(CRF) will be listed per patient. Any deviation from the 
statistical methods given in the protocol will be reported 
in the final report as appropriate. Outcomes with p<0.05 
are considered statistically significant. Furthermore, no 
interim analysis of the data will be conducted.

Data management and monitoring
Detailed data obtained from the patients will be recorded 
in the CRF and a central database is responsible for data 
collection and management. All study records and orig-
inal documents will be maintained and stored according 
to relevant regulations and guidelines, or by the research 
institution’s rules. The investigator accessing the relevant 
raw data of the clinical study is responsible for reviewing 
the CRF to determine the information’s completeness, 
accuracy and consistency with the source data. A trained 
and qualified central monitoring group will periodically 
visit each participating centre throughout the trial to 
ensure data submission, patient eligibility and protocol 
compliance.

Patient and public involvement
Patients or the public are not involved in this clinical 
trial’s design, conduct or reporting.

ETHICS AND DISSEMINATION
The Medical Ethics Committee of Tongji Medical 
College, Huazhong University of Science and Technology, 
China approved the study on 10 June 2020 (approval 
number: S2020-112). An amendment was approved on 
30 November 2022 (approval number: S2020-112-3). 
The protocol of this study has been registered at ​Clini-
calTrials.​gov (identification number: NCT04516616). 
Participants who suffer harm from trial participation will 
receive compensation from the insurance company. As 
the study is still in progress, results will be published when 
the last enrolled patient finishes the primary endpoint 
evaluation, and finishes completion of 3-year and 5-year 
follow-ups. The findings from the analysis of the trial 
will be disseminated through scientific and professional 
conferences, and published in peer-reviewed journals.

DISCUSSION
This study is one of the first multicentre, prospective 
cohort studies to evaluate the efficacy and safety of neoad-
juvant chemo-immunotherapy in LACC. The results of 
this research will provide the foundation for developing 
alternative therapeutic strategies for LACC, and provide 
molecular biology of NACT and immunotherapy on the 
intratumoral and peripheral immune microenviron-
ments in patients with cervical cancer. Although several 
similar clinical trials have been carried out since we regis-
tered the protocol, the unique characteristic of this clin-
ical trial is that participants will receive upfront priming 
chemotherapy followed by PD-1 inhibitor combined with 
chemotherapy.

Although CCRT is the standard primary treatment for 
LACC, several challenges remain to be overcome. Diffi-
culties exist in implementing standard radiation sched-
ules in low/middle-income countries because of the high 
cost of radiotherapy facilities. Additionally, patients would 
experience serious side effects, including gastrointestinal 
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toxicity, sexual dysfunction and fertility concerns in young 
patients, severely affecting their quality of life.22 23 Next, 
radiation-induced pelvic fibrosis increases the surgical 
difficulty and risk, and in case of progression or recur-
rence after radiation, treatment options are extremely 
limited. Finally, radio-resistant cervical cancer has a high 
potential for recurrence, including regional and distant 
metastasis; thus, early initiation of systemic therapy is 
imperative to further improve survival. Over the past 
two decades, NACT combined with surgery has been the 
preferred treatment for LACC in low/middle-income 
countries that lack radiotherapy equipment. NACT can 
effectively reduce the size of bulky tumours and improve 
the chances of performing radical surgery. However, 
survival benefits have only been demonstrated in patients 
with clinical responses.24 In addition, more than one-third 
of patients treated with NACT and surgery require post-
operative radiotherapy, increasing the risk of treatment-
related complications.25 Therefore, therapeutic options 
that improve clinical response and avoid postoperative 
adjuvant radiotherapy based on reduced surgical patho-
logical findings are warranted.

Since interleukin-2, the first immunotherapy approved 
for metastatic melanoma in 1998,26 the promising role of 
immunotherapy in solid tumours has gained increasing 
attention, especially in recurrent or metastatic disease. 
The Food and Drug Administration has approved 
pembrolizumab, a PD-1 inhibitory antibody for cervical 
cancer, following the outcome of the KEYNOTE-158 clin-
ical trial.10 A series of clinical trials have demonstrated the 
clinical benefits of ICIs in patients with recurrent or meta-
static cervical cancer, showing promising overall response 
rates and well-tolerated toxicity profiles.27 28 Immuno-
therapy is recommended as the initial therapy for several 
solid tumours, apart from second-line treatment in recur-
rent/metastatic cases. with the new progress in the molec-
ular mechanism of cancer treatment. Recent publications 
indicated that ICIs-based neoadjuvant therapy was supe-
rior to chemotherapy alone in NSCLC, with reported 
major pathological response rates of 20%–85%.29–31 
Moreover, studies have shown that neoadjuvant immuno-
therapy in combination with chemotherapy improves the 
pCR and EFS rates in early TNBC. The KEYNOTE-522 
Study showed that the pembrolizumab-chemotherapy 
group had significantly higher EFS (84.5%) at 36 months 
than the chemotherapy group (76.8%).32 Pembrolizumab 
has been recommended as a preoperative neoadjuvant 
and postoperative adjuvant combination treatment for 
TNBC in several countries based on the results of this 
study.

However, ICI monotherapy does not maximise the 
benefits; researchers have also explored the opti-
mised neoadjuvant therapy scheme of ICIs combined 
with chemotherapy. PD-1 inhibitor monotherapy has 
achieved a 40%–45% major pathological response and 
15%–16% pCR in resectable NSCLC.29 33 Contrarily, in the 
NADIM Study, patients receiving nivolumab combined 
with NACT showed a major pathological response of 83%, 

of whom 63% had a complete pathological response.31 
Similarly, in breast cancer, a remarkably higher pCR rate 
for TNBC was observed in a series of studies on PD-1/
PD-L1 inhibitors plus chemotherapy as NACT regimens, 
which increased from 22%–51.2% to 58%–64%.34–37 
Collectively, these data highlight the therapeutic poten-
tial of PD-1/PD-L1 inhibitors in neoadjuvant therapy and 
provide the basis for the rational design of neoadjuvant 
chemo-immunotherapies for cervical cancer, even though 
no previous evidence is available. Selected ongoing trials 
of chemo-immunotherapies for LACC are summarised in 
online supplemental table 3.

The therapeutic activity of conventional chemotherapy 
is known to induce anti-cancer immunity by immuno-
genic cell death, which promotes the antigenicity and 
immunogenicity of tumours or by reprogramming 
tumour-reactive T cells and enhancing anti-tumour T 
cell responses. The standard therapies for cervical cancer 
include platinum-based drugs and taxanes, both known 
to have immunomodulatory effects. Cisplatin has been 
shown to upregulate MHC-I expression in cancer cells, 
thereby mediating antigen presenting to T cells. It can 
also remodel the immunosuppressive tumour microen-
vironment by depleting regulatory T (Treg) cells and 
myeloid-derived suppressor cells (MDSCs).38 39 Mean-
while, cisplatin treatment upregulated PD‐L1 expression 
in both tumour and immune cells, thereby escaping from 
immune recognition and attack, but making an opportu-
nity for the use of PD-1/PD-L1 inhibitors.40 In addition, 
docetaxel and paclitaxel have been shown to selectively 
reduce the number of MDSCs and Tregs without affecting 
the CD4+ and CD8+ T cell activity.41 Cisplatin plus pacl-
itaxel therapy makes tumour cells more susceptible to 
cytotoxic T lymphocytes’ cytotoxic effect by increasing 
their permeability to granzyme B by upregulating of 
mannose-6-phosphate receptors on tumour cells.42 A 
similar conclusion was reached from clinical studies that 
cisplatin and paclitaxel treatment significantly decreased 
FoxP3+ Tregs and increased cytotoxic CD8+ T cells in the 
cervical tumour stroma,43 and NACT was associated with 
increased CD4, CD8, CD20 and CD56 signals, most prom-
inently in good responders.44 Recently, we conducted a 
study to systematically assess the immune microenviron-
ment before and after neoadjuvant chemotherapy, which 
showed that following the chemotherapeutic interven-
tion, tumour-infiltrating immunostimulating cell concen-
trations were increased, including CD3+, CD4+ and CD8+ 
T cell, dendritic cells and macrophages. In contrast, the 
expression of the immunosuppressive factors FOXP3, 
IDO and PD-L1 was downregulated expression (figure 2). 
In general, chemotherapy reprogrammes the cervical 
tumour’s immunological microenvironment and makes 
the tumour more sensitive to immunotherapy.

We conducted the first registered cohort study to eval-
uate the efficacy of neoadjuvant chemo-immunotherapy 
in LACC based on the promising clinical use and compact 
mechanisms of ICIs combined with chemotherapy. First, 
priming chemotherapy will be used to recondition the 
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tumour’s immune microenvironment before anti-PD-
1-combined chemotherapy. Next, PD-L1 detection is 
performed after enrolment and at the same time, patients 
receive platinum-based doublets of chemotherapy. 
Approximately 10 days later, the PD-L1 combined posi-
tive score result is used to determine whether they are 
enrolled in the clinical trial, without delaying the initial 
treatment of patients and increasing clinical feasibility. 
Third, paclitaxel is replaced with nab-paclitaxel as a 
chemotherapy regimen, avoiding the combined use 
of glucocorticoids that may affect the efficacy of PD-1 
inhibitors, and can bring therapeutic benefits into fuller 
play.45 46 Besides, previous literature shows that two to 
three cycles of NACT could result in tumour shrinkage 
in 69.4%–79.3% of patients with LACC.7 20 Therefore, the 
one cycle of induction chemotherapy plus two courses 
of chemo-immunotherapy in our study are theoretically 
adequate to assess short-term efficacy without delaying 
the treatment for PD/SD patients. Finally, the postop-
erative treatments in this study are based on surgical 
pathological findings specified in the NCCN guidelines, 
rather than treating all patients with adjuvant therapy, as 
in other research,47–50 which is not only according to the 
international guidelines, but also avoids overtreatment 
suspicions and impact of different subsequent treatments 
on patient survival.

This study has some limitations. First, this is a single-arm 
study without a control group. Therefore, randomised 
controlled clinical trials involving large sample sizes and 
high quality should be conducted soon. According to 
ethical requirements, this study focuses on the PD-L1-
positive subgroup, and the results should be generalised 
with great caution. However, broad literature has shown 
that PD-1 inhibitors are not limited to populations with 
positive PD-L1 expression,51 and subsequent studies will 
further expand the population.

In summary, the findings of this study will promote 
neoadjuvant anti-PD-1-combined chemo-immunotherapy 
with radical surgery as a new therapeutic strategy for 
patients with LACC. With the continuous improvement 
of medical care, treatment for cervical cancer is no 
longer monotherapy of radical surgery, chemotherapy 
or radiation. The integration of multiple treatments may 
achieve better cancer treatment effects. Further clinical 
trials and translational research are warranted to eluci-
date potential predictive biomarkers and investigate the 
mode of tumour microenvironment remodelling of anti-
PD-1 therapies in cervical cancer. In this regard, patient 
stratification and individualised precision therapy can be 
achieved.
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