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Objective: To evaluate the association between pre-treatment neutrophil-to-lymphocyte ratio (NLR) and survival
outcomes among patients with recurrent/metastatic cervical cancer treated with PD-1/PD-L1 inhibitors.
Methods: A retrospective analysis of patients with recurrent/metastatic cervical cancer treated with PD-1/PD-L1
inhibitors from 2016 to 2021 was conducted. Progression free survival (PFS) and overall survival (OS) outcomes
were assessed for patients stratified by NLR (<8 vs > 8) utilizing Kaplan-Meier method. Univariable analysis was
performed to compare baseline characteristics between the two groups.

Results: A total of 49 patients were included in analysis. A majority of patients had squamous cell histology
(57%), were PD-L1 positive (55%), received < 1 prior lines of systemic therapy (57%), and had distant metastatic
disease at the time of treatment (69%). The groups were well-balanced with respect to age, race, histology,
smoking status, PD-L1 positivity, prior lines of treatment (<1 vs > 1), prior radiation therapy, ECOG performance
status, and disease distribution for patients with a NLR < 8 (n = 35) compared to those with a NLR > 8 (n = 14).
A pre-treatment NLR of < 8 was associated with improved survival (p < 0.01), with 57% (95% CI: 41%, 78%)
probability of survival at one year compared to 26% (95% CI: 10%, 66%) for those with NLR > 8. No statistically
significant differences in probability of PFS at 1 year were seen between NLR < 8 compared to those with NLR >
8 (p = 0.70).

Conclusions: Pre-treatment NLR may hold prognostic value for patients with metastatic/recurrent cervical cancer
treated with PD-1/PD-L1 inhibitors, with NLR < 8 associated with improved survival.

1. Introduction

Cervical cancer is the third most common gynecologic malignancy in
the United States with an estimated 14,480 new cases of invasive cer-
vical cancer diagnosed in 2020 (Siegel et al., 2021). While only 15% of
patients present with distant disease at initial diagnosis, 15-61% of
women will develop recurrent disease, typically within the first two
years of completing primary treatment (Surveillance, Epidemiology, and

End results, 2009-2018; Rose et al., 1999). In the setting of distant
recurrence or metastatic disease, cervical cancer is largely considered
incurable with a 5-year survival rate of only 17.6% (Surveillance,
Epidemiology, and End results, 2009-2018). Historically, standard sys-
temic therapy for primary or recurrent metastatic disease involved
platinum-based therapy and bevacizumab (Tewari et al., 2017). More
recent phase 3 data have resulted in FDA-approval of the incorporation
of pembrolizumab, a PD-1 inhibitor, in the front-line setting for patients
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whose tumors exhibit positive PD-L1 expression with an improvement in
overall survival observed (Colombo et al., 2021). Pembrolizumab was
initially FDA-approved in 2018 for the treatment of PD-L1 positive
recurrent/metastatic cervical cancer that had progressed after primary
platinum-based therapy based on findings from KEYNOTE-158 which
demonstrated a favorable objective response rate of 14.6% compared to
other therapies in the second-line setting(Chung et al., 2019). Similar
favorable response rates have since been observed in the second-line
setting for other PD-1 inhibitors (Naumann et al., 2019; Tewari et al.;
O’Malley et al., 2021).

While PD-L1 tumor positivity is currently the FDA-approved indi-
cation for use of PD-1 inhibitors in both the first- and second-line setting,
it is an imperfect biomarker with responses observed irrespective of PD-
L1 expression in some studies (Colombo et al., 2021; Tewari et al.). Thus,
efforts have focused on identifying other potential predictive markers
for response to treatment. These studies have examined tumor muta-
tional burden, tumor infiltrating lymphocytes (CD8 + to CD4 -+ ratios)
as well as pretreatment blood parameters as candidates (Otter et al., Dec
2019; Marabelle et al., 2020).

Pretreatment neutrophil-to-lymphocyte ratio (NLR) has been pro-
posed as a potential prognostic marker for survival outcomes in cancer
patients treated with immunotherapy. A significant association has been
observed between high NLR and worse survival outcomes in melanoma,
non-small cell lung cancer, gastrointestinal, breast, and gynecologic
cancers treated with immunotherapy (Criscitiello et al., 2020; Kartolo
et al., 2020; Valero et al., 2021). A well-established hallmark of cancer is
its ability to evade the immune system. The NLR is an attractive po-
tential biomarker not only because it is easily available in clinical
practice, but also because it may provide a surrogate measure of the
tumor microenvironment balance between inflammatory response and
adaptive immune surveillance. The role of NLR as a possible predictive
marker for response to immune checkpoint inhibitors (ICIs) is also of
particular interest as ICIs target this particular mechanism of cancer
immune evasion.

The objective of the current study is to determine the association of
pre-treatment neutrophil-to-lymphocyte ratio with response to treat-
ment, PFS, and OS for patients with recurrent/metastatic cervical cancer
treated with PD-1/PD-L1 checkpoint inhibitors.

2. Methods

A single-institution retrospective study of all patients with
advanced/recurrent cervical cancer treated with a PD-1 or PD-L1 in-
hibitor from June 2016 to August of 2021 was conducted. All data was
collected after approval by the institutional review board
(#2021C0152) with a waiver of consent. Baseline demographic data,
smoking status, performance status, tumor histology, PD-L1 status, type
of recurrence, previous radiation treatment, and previous lines of sys-
temic therapy were obtained from the medical record.

Pre-treatment NLR was calculated by dividing the absolute neutro-
phil count by the absolute lymphocyte count obtained through routine
blood work collected within one week of initiating immunotherapy. An
ideal cutoff for NLR has not yet been established, thus, various NLR
cutoffs were evaluated in this study. A standard cutoff of 6 was evaluated
as well as a cutoff based on the top 20th percentile of the current cohort
(cutoff of 8). Ultimately, a cutoff of 8 was utilized in final analysis with a
high NLR characterized as > 8 and a low NLR characterized as < 8. The
rationale for this decision was based on previous published literature
which has demonstrated relative heterogeneity among different cancer
subtypes in regards to baseline NLR and given the relatively high value
compared to other disease sites, it was felt this was most representative
of the group which had the worst prognosis.

Univariable analysis was performed to assess differences in baseline
characteristics between the two groups with respect to age, race,
smoking status, ECOG performance status, histology, previous radiation
treatment, PD-L1 positivity, recurrence type/location, number of

Table 1
Baseline characteristics.
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Characteristic Total Pre-treatment Pre-treatment P-
(n= NLR' < 8 NLR > 8 value”
49) (n = 35) n=14)
Age in years, mean (SD) 51 51 (13) 50 (11) >0.9
12)
Race
Non-Hispanic white 41 31 (88) 10 (72) 0.2
84
Non-Hispanic Black 3(6) 2 (6) 1)
Hispanic 2(4) 13 1)
Asian 1(2) 0 (0) 1)
More than one race 12 0 (0) 1)
Unknown/not reported 1(2) 103 0 (0)
Smoking status 0.6
Never 23 15 (43) 8 (57)
(47)
Former 12 10 (29) 2014
(24)
Current 14 10 (29) 4 (29)
29)
ECOG performance status 0.9
0 24 17 (49) 7 (50)
(49)
1 20 15 (43) 5 (36)
(41)
2 24) 113 1@7)
Unknown 3(6) 2(6) 1)
Histology 0.7
Squamous cell 28 18 (51) 10 (71)
carcinoma (57)
Adenocarcinoma 15 12 (34 3(21)
31
Adenosquamous 2(4) 2 (6) 0 (0)
carcinoma
Other 4(8) 309 1)
Previous radiation 0.5
Yes 37 25 (71) 12 (86)
(76)
No 12 10 (29) 2014
24
PD-L1 status >0.9
Positive 27 19 (54) 8 (57)
(55)
Negative 10 7 (20) 3(21)
(20)
Unknown 12 9 (26) 3(21)
24
Recurrence type/location 0.9
Pelvic confined 5(10) 309 2(14)
Retroperitoneal lymph 4(8) 309 1@
nodes
Peritoneal disease 6(12) 4 (11) 2 (14)
Distant metastases 34 25 (71) 9 (64)
(69)
Number of metastatic sites 0.3
<5 11 6 (17) 5 (36)
(22)
>5 38 29 (83) 9 (64)
(78)
Number of previous lines 0.5
of systemic therapy
<1 28 21 (60) 7 (50)
(57)
>1 21 14 (40) 7 (50)
(43)
Immunotherapy agent 0.4
Pembrolizumab 31 22 (63) 9 (64)
(63)
Nivolumab 13 8(23) 5 (36)
27)
Atezolizumab 5(10) 504 0 (0)
Therapy type >0.9
Monotherapy 36 26 (74) 10 (71)
(73)
Combination 13 9 (26) 4 (29)
27)
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All variables displayed as n (%) unless otherwise noted.

1 NLR = neutrophil to lymphocyte ratio.

2 Using Fisher’s exact test for categorical variables and two-sample t-test for
continuous variables.

Table 2
Response rates by NLR group.
NLR < 8 NLR > 8
(n=21)' n=9)
Best Response Category
Complete response 2(9.5%) 0 (0%)
Partial response 8 (38.1%) 1(11.1%)
Stable disease 11 (52.4%) 3(33.3%)
Died prior to first disease assessment 0 (0%) 5 (35.7%)”

! Displayed as n (%).
2 This group included those without disease assessment available (all 14
patients).

metastatic sites, prior lines of treatment (<1 vs > 1), immunotherapy
agent utilized, and whether or not therapy was utilized as monotherapy
or combination therapy. Pearson’s chi-squared test was performed to
compare disease response by imaging and clinical assessment at the time
of first assessment between those with a high versus low NLR. The
Kaplan-Meier method was performed to assess progression free survival
(PFS) probability and overall survival (OS) probability for those with a
high NLR compared to those with a low NLR. P-values < 0.05 were
considered statistically significant and all confidence intervals are
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presented at their nominal levels. All analyses were performed in R
version 4.1.2.

3. Results

A total of 49 patients with metastatic/recurrent cervical cancer
treated with a PD-1/PD-L1 inhibitor were included. Most had squamous
cell histology (57%), were PD-L1 positive (55%), had received < 1 prior
lines of systemic therapy (57%), had received prior radiation treatment
(76%), and had distant metastatic disease at the time of treatment
initiation (69%). Most patients were treated with pembrolizumab (63%)
and received monotherapy (73%). Those with a NLR < 8 and those with
a NLR > 8 were well-balanced in regard to their baseline characteristics
(Table 1).

Patients were assessed for response per provider discretion or as
dictated by clinical trial with imaging (CT/MRI/PET). Best response was
determined per RECIST criteria for those patients enrolled in clinical
trial or clinician assessment of imaging for those not enrolled on clinical
trial.

The overall response rate was 11.1% (1/9 evaluable patients) for
those with a NLR > 8 compared to 28.6% (10/35) for those with a NLR
< 8. The clinical benefit rate was 44.4% (4/9 evaluable patients) and
60% (21/35), respectively. Of those patients with a NLR > 8, 35.7% (5/
14) died within 1-4 months after initiating therapy, before disease
response could be assessed (Table 2). In regards to receipt of combina-
tion therapy, 28.6% (4/14) of the patients with NLR > 8 received
combination therapy compared to 23% (8/35) of the patients with NLR
< 8. With an ORR of 0% and 33.3% observed in these subgroups,

Kaplan-Meier plot of time to death for cervical cancer patients
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Fig. 1. Survival probability based on various NLR cutoffs. NLR = neutrophil to lymphocyte ratio.
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Kaplan-Meier plot of time to progression for cervical cancer patients
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Fig. 2. Progression free survival probability. NLR = neutrophil to lymphocyte ratio.

respectively.

Survival probability was assessed at various NLR values based on a
previously established cutoff of 6 as well as a cutoff of 8 based on the top
20th percentile of the current cohort. Fig. 1 demonstrates survival
probability utilizing three different groups (NLR < 6, NLR 6-8, and NLR
> 8). Ultimately a cutoff of 8 was utilized for final survival analyses
based on the top 20th percentile of the cohort.

PFS at one year did not differ significantly between those with a NLR
> 8 and those with a NLR < 8, with 1-year PFS probability of 36% (95%
CIL: 15%, 100%) and 40% (95% CIL: 26%, 62%), respectively (Fig. 2).

A significant improvement in the probability of survival at one year
was observed for patients with a NLR < 8 (57% [95% CL: 41%, 78%])
compared to a NLR > 8 (26% [10%, 66%]) (Fig. 3).

4. Discussion

The current study demonstrated a significant association between a
low pre-treatment NLR (<8) and improved overall survival for patients
with metastatic/recurrent cervical cancer treated with PD-1/PD-L1 in-
hibitors. This finding is consistent with previously published data in
other disease sites such as melanoma and non-small cell lung carcinoma
(NSCLC) which demonstrated improved PFS and OS with a low NLR
(<5) (Kartolo et al., 2020). An additional study by Criscitiello et al
similarly demonstrated improved PFS and OS with a low derived NLR
(<3) in multiple disease sites including gynecologic cancers (Criscitiello
et al., 2020).

The question of what constitutes a ‘high’ NLR versus a ‘low’ NLR has
not been extensively explored. Several different established cutoffs have

been utilized previously in the literature, with a median cutoff of 4
utilized in solid tumors (Coleman et al., 2021). Other studies have uti-
lized cutoffs based on percentiles with the top 20th percentile being
characterized as a ‘high’ NLR within each cancer subtype (Kartolo et al.,
2020). When assessing the NLR based on percentiles, it has been
demonstrated that there is relative heterogeneity among different can-
cer sites as to what would constitute a ‘high” NLR (Criscitiello et al.,
2020; Kartolo et al., 2020; Valero et al., 2021). One strength of the
current study was assessing the NLR specifically in patients with cervical
cancer and evaluating survival in three different groups based on a
standard cutoff of 6 as well as a cutoff of > 8, which in our cohort was
consistent with the top 20th percentile.

The role of NLR as a predictive marker for response to treatment with
immunotherapy remains less clear. While Valero et al demonstrated
significantly worse response rates and clinical benefit rates among those
with high NLR, other studies, including our own, did not demonstrate a
significant association (Criscitiello et al., 2020; Kartolo et al., 2020;
Valero et al., 2021). While the ORR was not significantly different be-
tween the two groups, it is worth noting that 5 of the patients in the
group with a NLR > 8 died prior to obtaining any assessment for disease
response (within 1-4 months of initiating treatment). This left only 9
patients who were evaluable for response. Of those 9 patients, only one
had a partial response. This brings up another limitation of the current
study which is the small sample size making it difficult to draw con-
clusions about the utility of NLR as a predictive marker at this time.

Although this study demonstrated an association between NLR and
survival in patients with metastatic/recurrent cervical cancer treated
with PD-1/PD-L1 inhibitors, more data is required to determine the
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Kaplan-Meier plot of time to death for cervical cancer patients
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Fig. 3. Overall survival probability. NLR = neutrophil to lymphocyte ratio.

optimal use for this information. Additional studies are necessary to
determine whether or not a high pre-treatment NLR is reflective of worse
survival outcomes in patients treated with immunotherapy alone, or
holds prognostic value for all patients, regardless of the treatment uti-
lized. Assessing the prognostic value of pre-treatment NLR across mul-
tiple therapies is of particular interest as it has the potential to impact
treatment decisions. For example, with the recent FDA approval of
tisotumab vedotin (TV) in the second-line setting, it could help guide
decisions regarding patients who have progressed after standard cyto-
toxic therapy, as to whether or not to recommend pembrolizumab with a
response rate of 15% and the possibility of a durable response versus TV
which has a response rate of 24% but perhaps a less durable response
(median DOR of 8.3 months) (Chung et al., 2019; Coleman et al., 2021).
Not only do these decisions have clinical implications in regards to
toxicity profiles but are also important as it relates to cost of therapies as
well.

Limitations of the current study include the small sample size and
retrospective nature of the study. Due to the small sample size, addi-
tional comorbidities that may confound the effect of NLR could not be
controlled for in this study.

Despite these limitations, the current study provides further support
that pre-treatment NLR holds prognostic value in regards to survival in
patients with metastatic/recurrent cervical cancer treated with immu-
notherapy. With the recent approval of pembrolizumab in the front-line
setting in combination with cytotoxic chemotherapy, we may soon have
greater opportunity to discern the potential predictive value of NLR in
this setting as well.

These findings warrant further evaluation and validation of the

prognostic value and possible predictive value of NLR in larger studies
both in the front-line treatment setting, as well as in the second-line
setting compared to other cytotoxic therapies.
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