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INTRODUCTION

Cervical cancer is a leading cause of cancer-related mortality in women worldwide [1]. 
Chemotherapy with or without the anti-vascular endothelial growth factor monoclonal 
antibody bevacizumab has been the standard-of-care for patients with recurrent or metastatic 
cervical cancer for several years [2]. Recently, the programmed cell death protein 1 (PD-1) 
inhibitor pembrolizumab in combination with chemotherapy with or without bevacizumab 
showed efficacy benefit as first-line treatment in the all-comer population of the phase 3 
KEYNOTE-826 trial in patients with persistent, recurrent, or metastatic cervical cancer; 
the efficacy benefit was also observed in the programmed death ligand 1 (PD-L1)-positive 
population (combined positive score [CPS] ≥1) [3].

Human papillomavirus (HPV) infection, the cause of most cervical cancers [4], can activate the 
PD-L1 pathway, resulting in upregulated expression of PD-L1 in malignant squamous cells of the 
cervix [5]. PD-L1 expression is an adaptive mechanism of immune escape by cervical carcinomas 
and such tumors are associated with a poor prognosis [6,7]. At present, limited data have been 
reported on the prevalence and prognostic role of PD-L1 expression in patients with advanced 
cervical cancer. The prevalence of PD-L1-positivity (CPS ≥1) in patients with advanced cervical 
cancer was 83.7% in the phase 2 KEYNOTE-158 trial [8] and 88.8% (including 51.4% with PD-L1 
CPS ≥10) in the phase 3 KEYNOTE-826 trial [3]. Among patients with locally advanced cervical 
cancer treated with radical chemoradiotherapy (95.6% of patient samples expressed PD-L1 [tumor 
proportion score >0%] and 87.9% had a PD-L1 tumor proportion score ≥1%), the expression of 
PD-L1 was not associated with progression-free survival (PFS) or overall survival (OS) [9].

HPV-induced master regulators may also play crucial roles in relation to mutation and 
neoantigen load as well as the immune microenvironment of cervical tumors [10]. Tumor 
mutations may generate a large proportion of immunogenic neoantigens that may be 
associated with response to immune checkpoint inhibitors [11]. Tumor mutational burden 
(TMB; the total number of somatic nonsynonymous mutations per coding area of a tumor 
genome), is an emerging prognostic biomarker in advanced tumors [12-14]. A computational 
study showed that patients with TMB-high (≥ median) cervical squamous cell carcinoma 
(SCC) may have a favorable prognosis [15]. In the multi-cohort KEYNOTE-158 study, which 
included patients with cervical cancer, patients with TMB ≥175 mutations/exome (concordant 
with ≥10 mut/Mb via FoundationOne® CDx [16]) were identified as a possible subgroup with a 
robust tumor response to pembrolizumab [17].

Although immunotherapy-based combination therapy is an effective treatment option for 
advanced cervical cancer, especially when PD-L1 expression and TMB status are known, 
the independent prognostic value of PD-L1 expression and TMB status in patients with 
advanced cervical cancer not previously treated with immunotherapy is unclear. There is a 
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Synopsis
Programmed death ligand 1 (PD-L1) expression and tumor mutational burden (TMB) 
were evaluated in non–immunotherapy-treated patients with advanced cervical cancer. 
Overall, 64.4% were PD-L1 positive (combined positive score [CPS] ≥1) and 32.6% had 
TMB ≥175 mutations/exome. PD-L1 CPS ≥1 was not associated with overall survival (OS). 
TMB ≥175 mutations/exome showed a trend toward shorter OS in patients with advanced 
cervical cancer.
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TMB was assessed by whole exome sequencing (WES) using SureSelect XT All Exon Target 
Enrichment System (Agilent Technologies, Inc.). The methods for TMB analysis via WES have 
been previously published [14]. TMB was defined as the number of somatic nonsynonymous 
single nucleotide variants and indels that met predetermined criteria as previously described 
[14,18].

TMB was assessed using a cutoff of 175 mutations/exome (≥175 vs. <175 mutations/exome; 
concordant with 10 mut/Mb via FoundationOne® CDx [16]). The prognostic effects of PD-L1 
and TMB were assessed separately as dichotomized variables without adjusting for the other.

3. Statistical analyses
Baseline demographic, clinical, and pathological characteristics were compared according 
to biomarker expression level (PD-L1 CPS ≥1 vs. <1 and TMB ≥175 vs. <175 mutations/exome) 
using a χ2 test. The association between PD-L1 and TMB was assessed using a χ2 test. The 
association between each clinical outcome and each biomarker was analyzed using Kaplan-
Meier curves, log-rank test, and multivariate Cox proportional hazard models adjusted for 
covariates of interest.

RESULTS

1. Patients
Between January 1, 2008, and December 31, 2016, a total of 1,006 adult patients with 
advanced cervical cancer were retrospectively identified and screened for eligibility (Fig. S1).  
Samples from 280 eligible patients were identified and collected. After the exclusion of 
duplications (n=3) and non-evaluable samples (n=10), samples from 267 patients were 
included in this analysis. The median age at the time of advanced cervical cancer diagnosis 
was 47 years. Most patients had SCC (76.0%), early-stage (I/II) disease at initial diagnosis 
(77.5%), and recurrent disease (80.9%) (Table 1). There were 224 patients (83.9%) who had 
received first-line therapy and 169 patients (75.4%) who had received second-line therapy. 
The most common first-line treatments were carboplatin/paclitaxel (62.2%), cisplatin/
paclitaxel/bevacizumab (16.7%), and cisplatin/paclitaxel (12.6%). Median follow-up from 
advanced cervical cancer diagnosis was 20 months (range, 17–25).

2. Biomarker prevalence and correlation
The prevalence of biomarkers by disease characteristics and prior treatment is shown in 
Table 1. All 267 patients had samples evaluable for PD-L1 expression; 172 patients (64.4%) 
had PD-L1 CPS ≥1, the prevalence of which was higher in patients with SCC compared with 
AC/ASC (73.9% vs. 34.4%). There were 258 patients who had samples evaluable for TMB 
status; 84 patients (32.6%) had TMB ≥175 mutations/exome, the prevalence of which was 
higher in patients with metastatic disease compared with recurrent disease (52.9% vs. 28.8%) 
and in patients with SCC compared with AC/ASC (37.2% vs. 17.7%). PD-L1 CPS ≥1 and TMB 
≥175 mutations/exome were not correlated (p=0.588).

3. OS
For OS from advanced cervical cancer diagnosis, 130 of 172 patients (75.6%) in the PD-L1 
CPS ≥1 subgroup and 71 of 95 patients (74.7%) in the PD-L1 CPS <1 subgroup had died; the 
median (95% confidence interval [CI]) OS was 19.0 months (16.0–25.0) versus 22.0 months 
(16.0–28.0), respectively (adjusted hazard ratio [HR]=1.14; 95% CI=0.84–1.53) (Fig. 1A). 
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Results for OS from first-line therapy initiation (Fig. S2A) and from second-line therapy 
initiation (Fig. S2B) were similar.

For OS from advanced cervical cancer diagnosis, 67 of 84 patients (79.8%) in the TMB ≥175 
mutations/exome subgroup and 127 of 174 patients (73.0%) in the TMB <175 mutations/exome 
subgroup had died; the median (95% CI) OS was 20.0 months (14.0–24.0) versus 24.0 months 
(16.0–27.0), respectively (adjusted HR=1.29; 95% CI=0.95–1.75) (Fig. 1B). Results for OS from first-
line therapy initiation (Fig. S3A) and from second-line therapy initiation (Fig. S3B) were similar.



4. rwPFS
For PFS by first-line therapy initiation, 138 of 155 patients (89.0%) in the PD-L1 CPS ≥1 
subgroup and 80 of 89 patients (89.9%) in the PD-L1 CPS <1 subgroup had experienced 
disease progression or died; the median (95% CI) rwPFS from first-line therapy initiation 
was 9.0 months (7.0–10.0) versus 9.1 months (7.1–12.0), respectively (adjusted HR=1.21; 95% 
CI=0.90–1.61) (Table 2). The median (95% CI) rwPFS from second-line therapy initiation was 
3.1 months (3.1–5.0) in the PD-L1 CPS ≥1 subgroup versus 4.0 months (3.1–6.1) in the PD-L1 
CPS <1 subgroup (adjusted HR=1.10; 95% CI=0.78–1.55) (Table 2).

For PFS by first-line therapy initiation, 71 of 76 patients (93.4%) in the TMB ≥175 mutations/
exome subgroup and 139 of 159 patients (87.4%) in the TMB <175 mutations/exome subgroup 
had experienced disease progression or died; the median (95% CI) rwPFS was 7.1 months 
(5.1–10.0) versus 9.1 months (8.0–11.0), respectively (adjusted HR=1.38; 95% CI=1.03–1.85) 
(Table 2). The median (95% CI) rwPFS from second-line therapy initiation was 3.1 months 
(3.0–5.0) in the TMB ≥175 mutations/exome subgroup versus 4.0 months (3.1–5.1) in the TMB 
<175 mutations/exome subgroup (adjusted HR=1.37; 95% CI=0.96–1.94) (Table 2).



5. OS and biomarker association by clinical characteristics
Consistent with the overall population, PD-L1 status was not associated with OS when 
evaluated by subgroups based on clinical characteristics (Fig. 2A). Similarly, the trend 
for shorter median OS among patients with TMB ≥175 versus <175 mutations/exome was 
observed across subgroups based on clinical characteristics, except for patients who received 
bevacizumab in the first-line treatment setting (Fig. 2B).

DISCUSSION

In this retrospective analysis of patients with non-immunotherapy standard-of-care–treated 
advanced cervical cancer, 64.4% of patients had tumors with PD-L1 CPS ≥1 and 32.6% of 
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A PD-L1 combined positive score ≥1 versus <1

Subgroup
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adenosquamous carcinoma

Recurrent cervical cancer
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Events (n/N)
Adjusted HR

(95% CI)

B Tumor mutational burden ≥175 versus <175 mutations/exome
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Fig. 2. Overall survival from advanced cervical cancer diagnosis by (A) PD-L1 CPS and (B) TMB status in patient subgroups. 
CPS, combined positive score; HR, hazard ratio; PD-L1, programmed death ligand 1; TMB, tumor mutational burden. 
*HR was adjusted for age at advanced cervical cancer diagnosis, prior (neo)adjuvant treatments (yes/no), history of chronic kidney disease, birth parity, and 
body mass index. 
†HR was adjusted for age at advanced cervical cancer diagnosis, history of chronic kidney disease, and tumor size for no (neo)adjuvant therapy. 
‡HR was adjusted for age at advanced cervical diagnosis and body mass index. 
§HR was adjusted for age at advanced cervical diagnosis, birth parity, body mass index, history of chronic kidney disease, tumor size, and prior (neo)adjuvant therapy 
∥HR was adjusted for age at advanced cervical diagnosis, stage at tissue collection, smoking, and prior radiation. 
¶HR was adjusted for age at advanced cervical cancer diagnosis, stage at tissue collection, and prior (neo)adjuvant therapy.



patients had tumors with TMB ≥175 mutations/exome. A higher prevalence of PD-L1 CPS ≥1 
and TMB ≥175 mutations/exome (concordant with ≥10 mut/Mb) was observed in patients 
with SCC than in patients with AC/ASC. Additionally, PD-L1 CPS ≥1 compared with PD-L1 
CPS <1 was not associated with OS in the overall population or in subgroups based on clinical 
characteristics. Furthermore, TMB ≥175 mutations/exome showed a trend toward shorter OS 
compared with TMB <175 mutations/exome in the overall population or in subgroups based 
on clinical characteristics, except for patients who received first-line bevacizumab. Similarly, 
starting from the point of first-line therapy initiation, PD-L1 expression was not associated 
with rwPFS or OS, and TMB ≥175 mutations/exome showed shorter OS compared to TMB 
<175 mutations/exome. Because of the small sample size, trends were not clear for outcomes 
from second-line therapy initiation.

The prevalence of PD-L1-positive cervical cancer has been reported to range from 22% to 
>87% for SCC [19-21] and from 14% to 29% for AC/ASC [19,22]. The prevalence observed 
in this study is within the range reported, although different PD-L1 antibody clones and/
or cutoffs for PD-L1 positivity were used. Also consistent is our finding that more patients 
with cervical cancer have SCC versus AC/ASC histology and that SCC is more frequently PD-
L1-positive [19,23,24]. Previous reports have shown the prevalence of TMB-high advanced 
cervical cancer is 15%–16% [17,25].

A recent pan-tumor investigation of the prognostic value of TMB using data from The Cancer 
Genome Atlas (TCGA) showed that TMB-high was a statistically significant prognostic 
indicator of decreased mortality compared with non-TMB-high in patients with cervical SCC 
and endocervical adenocarcinoma [26]. Contrary to our findings, a computational study using 
data of patients from TCGA showed TMB-high (≥ median) cervical SCC may be associated with 
a higher OS [15]. However, observations from a recent single-institution study of patients with 
cervical cancer in Japan showed that those patients with TMB-H tumors (≥9.5 mut/Mb) had 
a worse 5-year OS rate than those with non–TMB-high tumors (<9.5 mut/Mb) after definitive 
radiotherapy (61.1% vs. 82.2%) [27]. Various theories and interpretations may account 
for the conflicting findings between studies, including differences in treatment regimen/
modality, methods used for determining TMB, and thresholds for categorizing TMB as high 
or low. Additionally, a recent evaluation of TCGA datasets suggested that survival data from 
the database may not be adequately treated and processed, leading to misinterpretation and 
impacting survival analyses using this data source [28]. In addition, variations in treatment 
approaches, such as the use of different chemotherapy agents or targeted therapies, can 
impact treatment responses and, subsequently, survival outcomes. Studies conducted in 
neuroblastoma and lung cancer have further indicated that TMB-high tumors, characterized 
by elevated mutations and complex genetic profiles, may be more aggressive and resistant to 
current non-immunotherapies, leading to shorter OS [29,30]. The findings in patients with 
cervical cancer from our study and Ota et al. [27] further corroborate this theory and highlight 
a consistent trend of short OS in these patients with TMB-high tumors. The underlying biology 
of TMB-high tumors may contribute to their aggressiveness and resistance to conventional 
therapies [31]. TMB-high tumors are characterized by increased mutations and complex 
genetic profiles, which can lead to enhanced tumor heterogeneity and the emergence of 
treatment-resistant clones [32,33]. This heightened genomic instability may render TMB-high 
tumors less responsive to traditional non-immunotherapeutic approaches [34], potentially 
resulting in shorter OS. These mechanistic insights underscore the importance of considering 
both treatment-related factors and tumor biology when interpreting study findings and 
designing therapeutic strategies for patients with advanced cervical cancer.
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This study was performed using extensive samples, and the results are based on a reliable 
analysis from a single institution that implements consistent standardized treatment. 
Detailed patient-level clinical data were collected, and the distribution of the baseline 
demographic and clinical characteristics were consistent with published country-specific 
characteristics of patients with cervical cancer; thus, eliminating potential selection bias. 
However, this retrospective study has several limitations. First, the sampling process did not 
generate a random sample of all patients with advanced cervical cancer treated at the Asan 
Medical Center, thereby limiting generalizability of findings. Second, because patients were 
from large tertiary teaching hospitals, it is conceivable that tumor samples may represent 
more severe cases of advanced cervical cancer compared with the broader patient population. 
Third, requiring 11 slides may select for a population with only available and sufficient tissue 
samples, possibly characterizing an earlier stage of disease during which resection and 
transplantation were more likely. Furthermore, if the biomarker status changed over the 
course of disease due to internal and/or external factors, the biomarker data generated from 
this study may not be reflective of the later disease course; this limitation may reduce the 
generalizability of the data. Fourth, the variability in follow-up time relative to treatment may 
impact the evaluation of OS. Fifth, the heterogeneity of the study cohort, comprising 83.9% 
and 75.4% of patients who received prior first-line and second-line treatment, respectively, 
may impact the evaluation of the prognostic role of PD-L1 expression and TMB status. Lastly, 
the rwPFS outcome should be interpreted with caution given that the data were collected in 
routine clinical practice and analyzed retrospectively outside of a formal clinical trial.

The findings of this analysis suggest PD-L1 expression has no prognostic value for OS and 
TMB ≥175 mutations/exome showed a trend toward shorter OS in patients with advanced 
cervical cancer treated with non-immunotherapy standard of care therapy. Given the 
increasing use of immunotherapy, including PD-1/PD-L1 inhibitors, for the treatment of 
patients with advanced cervical cancer, prevalence data can help better understand the 
patient population potentially benefiting from this type of treatment. The current study 
exploring the association between TMB and clinical outcomes with non-immunotherapy are 
necessary to demonstrate prognostic value of PD-L1 expression and TMB, to help identify 
potential unmet medical needs based on a patient’s biomarker status, and to inform the 
management and treatment of patients with advanced cervical cancer.

In conclusion, this retrospective study observed a higher prevalence of PD-L1 expression 
(CPS ≥1) and TMB ≥175 mutations/exome (concordant with ≥10 mut/Mb) status in SCC versus 
AC/ASC advanced cervical cancer. PD-L1 CPS ≥1 was not associated with OS, whereas TMB 
≥175 mutations/exome trended toward a shorter OS compared with TMB <175 mutations/
exome. Future prospective studies are warranted to confirm these findings and elucidate the 
predictive and prognostic value of potential immune biomarkers in cervical cancer.
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SUPPLEMENTARY MATERIALS

Fig. S1
Patient eligibility and data profile.

Fig. S2
OS from (A) first-line therapy initiation and (B) second-line therapy initiation by PD-L1 CPS.

Fig. S3
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