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Simple Summary: Randomized clinical trials show a survival benefit associated with immuno-
molecular therapy (IMT) use in metastatic or recurrent cervical cancer. This study investigated IMT
use and survival in stage IVB cervical cancer patients in Commission on Cancer® (CoC)®-accredited
facilities. Patients diagnosed with stage IVB cervical cancer in the National Cancer Database and
treated with first-line therapy with chemotherapy alone or with radiotherapy + IMT were studied.
Adjusted risks of death were estimated in patients treated with =IMT after applying a propensity
score analysis to balance the clinical covariates. There were 3164 evaluable patients, including 31%
who were treated with IMT. The use of IMT increased from 11% in 2013 to 46% in 2019. In propensity-
score-balanced patients, the median survival was 5 months longer with vs. without IMT. The adjusted
risk of death was 28% lower following treatment with vs. without IMT. IMT was associated with
a consistent survival benefit in real-world patients in (CoC)®-accredited facilities with stage IVB

cervical cancer.
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Abstract: Purpose: To investigate IMT use and survival in real-world stage IVB cervical cancer
patients outside randomized clinical trials. Methods: Patients diagnosed with stage IVB cervi-
cal cancer during 2013-2019 in the National Cancer Database and treated with chemotherapy
(CT) + external beam radiation (EBRT) =+ intracavitary brachytherapy (ICBT) £ IMT were studied.
The adjusted hazard ratio (AHR) and 95% confidence interval (CI) for risk of death were estimated
in patients treated with vs. without IMT after applying propensity score analysis to balance the
clinical covariates. Results: There were 3164 evaluable patients, including 969 (31%) who were treated
with IMT. The use of IMT increased from 11% in 2013 to 46% in 2019. Age, insurance, facility type,
sites of distant metastasis, and type of first-line treatment were independently associated with using
IMT. In propensity-score-balanced patients, the median survival was 18.6 vs. 13.1 months for with
vs. without IMT (p < 0.001). The AHR was 0.72 (95% CI = 0.64-0.80) for adding IMT overall, 0.72
for IMT + CT, 0.66 for IMT + CT + EBRT, and 0.69 for IMT + CT + EBRT + ICBT. IMT-associated
survival improvements were suggested in all subgroups by age, race/ethnicity, comorbidity score,
facility type, tumor grade, tumor size, and site of metastasis. Conclusions: IMT was associated with a
consistent survival benefit in real-world patients with stage IVB cervical cancer.

Keywords: cervical cancer; survival; immunotherapy; chemotherapy; radiation; targeted therapy;
stage IVB; external beam radiation; intracavitary brachytherapy; first-line treatment

1. Introduction

Stage IVB cervical cancer is rare, accounting for approximately 5% of all cervical
cancer diagnoses. The American Joint Committee on Cancer (AJCC) and International
Federation of Gynecology and Obstetrics (FIGO) define stage IVB cervical cancers as
those extending beyond the pelvis with spread to distant lymph nodes £ organs [1,2].
In practice, treatment for this rare and diverse group of patients varies greatly, with a
range of first-line treatment options, including chemotherapy (CT), radiotherapy (RT),
immunotherapy, targeted therapy, or surgical resection [3]. First-line chemotherapy may
include a combination of Cisplatin, Carboplatin, Topotecan, Paclitaxel, Bevacizumab,
and/or Pembrolizumab [3]. RT may include external beam radiation (EBRT) alone or
with intracavitary brachytherapy (ICBT) [3]. Surgery may or may not be used to treat
cervical cancer. Despite these multiple therapeutic options, the prognosis for patients
presenting with metastatic disease remains poor [4-13]. Definitive surgery is likely never a
major consideration for patients with metastatic cervical cancer. Wang et al. [14] showed
that the 5-year survival remained below 20% in the National Cancer Database (NCDB)
for patients with stage IVB cervical cancer diagnosed between 2004 and 2015 and treated
with either CT alone or CT + RT, with a median survival of 18.5 months for CT + EBRT vs.
27.5 months for CT + EBRT + ICBT.

Major advances in the treatment of patients with metastatic and recurrent cervical
cancer have occurred over the last three decades. The transitions in the first-line treatment
of advanced-stage cervical cancer, from Cisplatin monotherapy established in GOG-43 in
1985 [15] to combination Cisplatin-based therapy with Ifosfamide in GOG-110 in 1995 [16],
paclitaxel in GOG-169 in 2004 [17], Topotecan in GOG-179 in 2005 [18], and Paclitaxel in
GOG-204 in 2009 [19], have resulted in an extension in median survival from 7.1 months to
8.3,9.7,9.4, and 12.9 months, respectively. First-line therapy with Cisplatin and Paclitaxel
+EBRT =+ ICBT was the most common standard-of-care treatment for metastatic cervical
cancer prior to 2014 [20], with the survival advantage to be suggested based on the multi-
modality regimens [17,19,21,22]. In 2014, Bevacizumab, a monoclonal antibody targeting
vascular endothelial growth factor (VEGF), was FDA-approved for use for metastatic and
recurrent cervical cancer following the completion of the randomized phase III trial, GOG-
240 [23]. The addition of Bevacizumab to CT for the treatment of advanced-stage cervical
cancer further increased the median survival to 17.0 months [23,24].
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Additional survival improvements have also been achieved with advances in radi-
ation techniques, as well as the addition of immunotherapy and antibody drug conju-
gates [14,25-38]. This includes the randomized phase III BEATcc (GOG-3030/ENGOT
cx10/GEICO 68-C/JGOG-1084) trial [26] showing the benefit of Atezolizumab with CT and
Bevacizumab in metastatic and recurrent cervical cancer, with a median survival of 32.1
vs. 22.8 months. The KEYNOTE-826 trial [27] documented the survival benefit associated
with Pembrolizumab plus CT =+ bevacizumab in patients with metastatic, persistent, or
recurrent cervical cancer, with a median survival of 24.4 months vs. 16.5 months. The
Empower Cx/GOG-3016/ENGOT cx9 trial [37] reported the benefit of Cemilimab in re-
current cervical cancer, with a median survival of 12.0 vs. 8.5 months. The InnovTV
205/GOG-3024/EnGOT-CxS trial [36] demonstrated the manageable safety and encour-
aging antitumor activity of Tisotumab Vedotin plus Carboplatin, plus Pembrolizumab or
plus Bevacizumab in metastatic or recurrent cervical cancer. The KEYNOTE A18/GOG-
3047 /ENGOT-cx11 trial is evaluating the addition of Pembrolizumab to CT and RT in
locally advanced cervical cancer.

Musa et al. [39] recently reported on a trend in treatment patterns and costs, including
the use of immune therapy and a relatively short duration of immune therapy in advanced
cervical cancer. The study by Kim et al. [40] investigated funding decisions in Australia and
the United Kingdon, focusing on the cost-effectiveness and financial risks associated with
immunotherapy, which raised important considerations regarding the challenges in the
equitable deployment of costly multimodality regimens in under-resourced settings and
for patients with limited resources.

This study aimed to estimate the use of immuno-molecular therapy (IMT) with
CT =+ RT over the past decade and its impact on survival in patients with stage IVB
cervical cancer in clinical care settings outside of RCTs. We utilized the NCDB, representing
70% of incident cancer diagnoses in the United States (U.S.) across 1500+ Commission on
Cancer (COC)®-accredited facilities, to provide a hospital-based cancer registry view of
trends to serve as a reference for future studies in non-COC® facilities within the U.S.,
and in both developed and under-developed nations around the world. Assessments of
treatment trends and survival outside RCTs are necessary as new standards of care are
deployed to identify the factors that impact the treatment utilization and survival outcomes
in clinical care facilities, which may merit further research or require extra resources and
policy changes to achieve more equitable care and outcomes nationally and internationally
for patients with metastatic diseases.

2. Methods
2.1. Study Design and Patient Selection Criteria

A retrospective cohort study was performed in patients who were diagnosed with
stage IVB primary cervical cancer between 2013 and 2019 in the NCDB and who did not
undergo surgery but did start first-line treatment within 60 days of diagnosis. The WCG
Institutional Review Board made an exempt determination for this study under Protocol
#14-1679, as these data were derived from a publicly accessible database with deidentified
patient information. This study followed STROBE reporting guidelines.

Stage IVB was defined using the American Joint Committee on Cancer (AJCC)’s
clinical staging system, seventh or eighth edition when available, or Collaborative Stage
Site-Specific Factor 1 when the AJCC clinical stage was missing. Clinical covariates in-
cluded age at diagnosis, race and ethnicity, year of diagnosis, comorbidity score, status of
insurance, type of treatment facility, median neighborhood-derived income, geographic
region, histologic subtype, tumor grade, tumor size, and distant site of metastasis as defined
by the NCDB (see the footnotes for Table 1 for additional details).
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Table 1. Demographic and clinical characteristics of patients with or without the addition of immuno-
molecular therapy (IMT) to the first-line therapy in the original cohort and the propensity-score-
balanced cohort.

Total Original Cohort Propensity-Score-Balanced Cohort !
All Cases No IMT IMT 8 No IMT IMT 8 SMD
N =3164 N =2195 N =969 p Value ) N =2103 N =910
Age at Diagnosis (years)
[Mean (SD)] [54.2 (12.7)] [54.7 (129)] [53.0 (12.1)] 0.0002 [54.2 (12.8)] [54.4 (12.3)] 2.4%
Race/Ethnicity (%) 2 0.005
Non-Hispanic White 64.2 63.2 68.4 64.1 64.4 0.5%
Non-Hispanic Black 17.7 18.6 15.7 17.9 18.8 2.4%
Hispanic 10.9 11.8 9.1 10.9 10.5 0.2%
Asian/Pacific Islander 4.0 3.8 4.4 4.0 3.8 1.0%
Others/Unknown 3.1 3.5 24 3.1 2.6 2.5%
Year of Diagnosis (%) <0.0001
2013 114 14.8 3.9 114 10.7 1.0%
2014 12.8 14.7 8.6 12.9 12.6 0.8%
2015 14.0 154 10.8 14.0 134 1.8%
2016 153 154 15.3 15.3 15.6 0.1%
2017 16.2 15.9 16.8 16.0 16.5 0.7%
2018 15.8 12.8 22.7 16.0 16.3 0.2%
2019 144 11.2 21.9 14.4 14.9 0.7%
Comorbidity Score (%) b 0.495
0 80.7 80.6 80.8 80.5 80.0 1.5%
1 13.7 13.5 14.2 13.8 14.3 1.7%
>2 5.6 59 5.0 5.7 5.7 0.0%
Insurance Status (%) © 0.001
Private Insurance 40.4 38.5 44.8 40.4 399 1.8%
Medicare 219 229 19.5 21.6 21.3 0.8%
Medicaid 26.6 26.6 26.4 26.9 28.5 3.9%
Uninsured 8.7 9.6 6.5 8.6 8.0 1.5%
Unknown 2.5 24 2.8 2.5 24 0.7%
Facility Type (%) ¢ 0.230
Pro‘;‘;ariemic/ Research 39.0 385 404 39.4 40.1 1.3%
Non-Academic/Research 47.3 48.3 45.0 47.2 471 0.1%
Other/Unknown 13.7 13.3 14.7 13.5 129 1.7%
Neighborhood Income (%) € 0.174
<USD 40,227 22.3 229 211 222 22.3 0.7%
USD 40,227 to USD 50,353 21.6 214 22.0 21.6 21.3 0.8%
USD 50,354 to USD 63,332 19.9 19.3 21.3 19.7 19.0 2.1%
>USD 63,333 224 23.2 20.5 224 23.1 1.9%

Unknown 13.8 13.2 15.2 14.1 14.4 0.3%
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Table 1. Cont.

Total Original Cohort Propensity-Score-Balanced Cohort !
All Cases No IMT IMT 8 No IMT IMT & SMD
N =3164 N =2195 N =969 p Value " N =2103 N =910
Geographic Region (%) f 0.027
Northeast 17.5 17.9 16.6 17.5 16.6 2.5%
Midwest 20.2 19.0 229 20.2 20.5 0.2%
South 35.3 36.8 321 35.5 374 4.0%
West 13.3 13.1 13.7 13.3 12.7 1.4%
Unknown 13.7 13.3 14.7 13.5 129 1.7%
Histologic Type (%) <0.0001
Squamous Cell Carcinoma 64.7 63.0 68.6 64.5 63.5 2.7%
Adenocarcinoma 16.1 15.5 17.4 16.2 16.3 0.5%
Adenosquamous Carcinoma 3.7 3.0 52 3.7 3.7 0.0%
Other Histologic Types 15.5 18.5 8.8 15.6 16.5 4.2%
Tumor Grade (%) 0.441
1-2 21.2 21.5 20.5 21.2 22.0 1.4%
3 425 417 442 424 42.0 0.9%
Not Graded 36.3 36.8 35.3 36.4 36.0 0.3%
Tumor Size (%) 0.387
<4.0 cm 5.7 5.5 6.2 55 5.0 2.6%
4.0-5.9 cm 13.9 13.6 14.6 13.6 13.8 0.2%
6.0-7.9 cm 17.3 17.5 16.7 17.3 17.7 1.2%
>8.0 cm 17.1 17.9 154 17.1 16.7 0.8%
Unknown 46.0 45.5 47.2 46.5 46.9 0.8%
Site of Distant Metastasis (%) <0.0001
Distant Lymph Node 26.8 28.4 23.2 26.5 242 4.5%
Distant Organ 34.7 34.9 34.4 35.2 36.5 21%
Orgzifta“t Lymph Node and 28.4 25.4 35.0 282 292 1.6%
Unknown 10.1 11.3 74 10.1 10.1 0.9%
First-Line Therapy <0.0001
CT 38.1 329 49.9 38.0 38.2 0.5%
CT and EBRT 42.7 44.2 39.3 42.8 44.2 2.2%
CT and EBRT and ICBT 19.2 22.8 10.8 19.2 17.6 2.3%

Abbreviations: chemotherapy alone (CT); external beam radiotherapy (EBRT); intracavitary brachytherapy (ICBT);
immuno-molecular therapy (IMT). # Race and ethnicity were defined based on the race and Hispanic ethnicity
variables coded by Cancer Registrars in the National Cancer Database (NCDB). ® The comorbidity score in
the NCDB was measured using the Charlson-Deyo scoring system and categorized as 0 or >1. © Insurance
status in the NCDB was categorized as uninsured, Medicaid, Medicare, or private insurance. Patients with
missing insurance data were included. 9 Facility type was categorized in the NCDB as Academic/Research,
Comprehensive Cancer Center, Integrated Network Cancer Center, Community Cancer, or Other/Unknown.
¢ Neighborhood income in the NCDB was indicated using the median household income for each patient’s
area of residence by matching the zip code against files derived from the 2016 American Community Survey
data. Patients with missing neighborhood income data were included. f Geographic region in the NCDB was
categorized as Northeast, Midwest, South, West, Unknown. & Immuno-molecular therapy treatment (IMT) started
to be recorded in the NCDB in 2013 and includes antibody-based therapies such as bevacizumab. ! Difference in
demographic and clinical variables across the three groups were compared using Chi-square test for categorical
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variables and an ANOVA test for average age at diagnosis. ! Propensity score analysis was applied using inverse
probability of treatment weighting to balance the clinical covariates including age, race/ethnicity, year of diagnosis,
comorbidity score, insurance status, facility type, median neighborhood income, geographic region, histology,

grade, tumor size, and site of distant metastasis by treatment with CT alone, CT + EBRT, or CT + EBRT + ICBT.
j Standardized mean difference (SMD) was calculated to examine the balance, with a value < 10% considered
to be well balanced. Max SMD represents the largest SMD observed from the pairwise comparison (no IMT

vs. IMT).

IMT was defined in the NCDB as the first-course treatment, consisting of biological or
chemical agents that alter the immune system or change the host’s response to tumor cells.
These included immuno-molecular targeting agents such as immune checkpoint inhibitors
and biologic response modifiers, and in 2013, the NCDB started recording antibody-based
agents like bevacizumab as IMTs. The CT group included those patients who were treated
with single-agent or multi-agent chemotherapy; patients who received an unspecified
number of chemotherapy agents were excluded. The RT group included patients who
were treated with external beam radiotherapy (EBRT) or external beam radiotherapy
plus intracavitary brachytherapy (EBRT + ICBT); patients treated with radioisotopes or
unspecified types of radiation were not included. EBRT represented EBRT delivered during
phase [ without any boost during a later phase. EBRT + ICBT referred to EBRT delivered
during phase I and an ICBT boost at a later phase. Patients with hormonal therapy or other
treatments were not included in this study. Patients with unknown status of IMT were
excluded from the analysis. Patients for whom the initial treatment started beyond 60 days
after diagnosis were also excluded.

2.2. Statistical Methods

All statistical analyses were conducted on SAS version 9.4 (SAS Institute, Cary, NC,
USA) using two-sided tests, with significance set at p < 0.05. Adjustments were not made
for multiple testing. Differences in demographic and clinical variables between the IMT
and non-IMT groups were evaluated using Chi-square test (for categorical variables) or
t-test (for age at diagnosis). A stepwise logistic regression analysis (stratified by year of
diagnosis and geographic region) was performed to estimate the adjusted odds ratio (OR)
and 95% confidence interval (CI) for clinical factors that were independently associated
with the use of IMT.

Overall survival was calculated from the date of diagnosis to death or last contact.
Survival distributions were estimated using Kaplan-Meier methods and compared using
log-rank test. The relationship between the use of IMT and survival was initially evaluated
using a multivariate Cox model, stratified by year of diagnosis and geographic region and
adjusted for covariates including age at diagnosis, race/ethnicity, comorbidity score, status
of insurance, type of treatment facility, median neighborhood-derived income, histologic
subtype, tumor grade, tumor size, distant site of metastasis, and type of first-line therapy.

The association between the use of IMT and survival was further assessed after apply-
ing propensity score analysis. Propensity score analysis was performed as described by
Kucera et al., with inverse probability of treatment weighting to balance the clinical covari-
ates [41]. Specifically, a logistic model was applied to estimate each patient’s propensity
to receive the IMT, conditional on age, race and ethnicity, year of diagnosis, comorbidity
score, insurance status, facility type, neighborhood income, geographic region, histologic
subtype, tumor grade, tumor size, metastatic site, and type of first-line therapy, with a
patient with IMT assigned a weight of [1/propensity] and a patient without IMT assigned
a weight of [1/(1 — propensity)] [42]. The quality of balance between the two groups was
examined using the standardized mean difference, with a value of <10% considered to be
well balanced [42].

The adjusted survival for IMT vs. non-IMT patients was estimated in the propensity-
score-balanced cohort using the weighted Kaplan-Meier method, and adjusted hazard ratio
(HR) for risk of death was estimated using a weighted multivariate Cox model, with 95% CI
calculated using robust sandwich variance [43]. Adjusted survival for patients treated by [1]
CT with vs. without IMT, [2] CT + EBRT with or without IMT, or [3] CT + EBRT + ICBT with
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or without IMT were estimated by reapplying the propensity score analysis, respectively.
Subgroup analyses were also performed to explore whether the effect of IMT was consistent
in different subgroups by age, race and ethnicity, comorbidity score, facility type, histologic
subtype, tumor grade, tumor size, or metastatic site. Subgroup analyses were conducted
using the original cohort by extending the multivariate Cox model with an interaction term.

3. Results

In total, there were 3164 patients with stage IVB cervical cancer who were diagnosed
between 2013 and 2019 who met the study criteria (Figure 1). There were 836 patients who
were excluded from this study, including 53 patients who were treated with hormonal
or other first-line treatment, 117 patients who were treated with an unspecified num-
ber of chemotherapy agents, 4 patients with missing immuno-molecular therapy status,
and 662 patients who started first-line treatment beyond 60 days after diagnosis.

A total of 4000 patients were diagnosed between 2013 and 2019 with stage IVB cervical cancer and did
not have definitive surgery but were treated by CT + EBRT + ICBT £ IMT in the National Cancer Database

In total, 836 patients were excluded for the following reasons.

» There were 53 (6.3%) patients treated with hormonal or
other treatments.

» Therewere 117 (14.0%) cases treated with an unspecified
number of chemotherapy agents.

Y

v

A 4

» There were 4 (0.5%) patients missingimmuno-molecular
therapystatus.

» There were 662 (79.2%) patientswho started initial
treatment >60 days from diagnosis or the start date for
initial treatment was notreported.

A total of 3164 patients were eligible for analysis, including 969 with addition of immuno-molecular
therapy (IMT) to first-line therapy vs. 2,195 without addition of IMT to first-line therapy.

Figure 1. Schema for study selection and exclusions. Abbreviations: chemotherapy alone (CT); external
beam radiotherapy (EBRT); intracavitary brachytherapy (ICBT); immuno-molecular therapy (IMT).

Table 1 shows the clinical characteristics and first-line treatment that was provided to
the patients with stage IVB cervical cancer. The mean age (standard deviation) was 54.2
(12.7) years old. The racial and ethnic distribution of the cohort was 64.2% non-Hispanic
White, 17.7% non-Hispanic Black, 10.9% Hispanic, and 4% Asian and Pacific Islander
patients. There were 19.3% of the patients who had a comorbidity score > 1, 21.9% with
Medicare, 26.6% with Medicaid, and 8.7% who were uninsured. Only 39% of patients
were cared for in an Academic/Research Program, and 63.8% had a neighborhood-derived
income < USD 63,333. The distribution by histology and disease spread included 64.7%
of patients with squamous cell carcinoma, 16.1% with adenocarcinoma of the cervix, and
28.4% with both distant lymph node and organ metastases.
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Of the first-line treatments utilized, 38.1% of patients were treated with CT alone,
42.7% with CT + EBRT, and 19.2% with CT + EBRT + ICBT. IMT was added to the first-line
therapy for 969 (30.6%) patients. None of these patients were treated with surgery. The
median follow-up was 49 months, and 2304 deaths had occurred at the time of analysis.
The median survival time was estimated to be 14.9 months, with a survival rate of 58.8% at
1 year, 34.7% at 2 years, 26.3% at 3 years, and 19.8% at 5 years after diagnosis.

3.1. Factors Influencing Immuno-Molecular Therapy Use

The use of IMT increased over time from 10.5% in 2013 up to 46.4% in 2019 (Figure 2).
Table 2 shows the clinical factors that were independently associated with the use of
IMT in patients with stage IVB cervical cancer, including age, insurance status, facility
type, sites of distant metastasis, and type of first-line treatment. Each 5-year increase
in age at diagnosis was associated with a 10% reduction in the use of IMT (adjusted
OR = 0.90, 95% CI =0.85-0.95 p < 0.0001). Compared with patients with private in-
surance, those with Medicaid insurance were 26% less likely to receive IMT (adjusted
OR =0.74, 95% CI = 0.60-0.91, p = 0.005), whereas uninsured patients were 40% less likely
to receive IMT (adjusted OR = 0.60, 95% CI = 0.43-0.83, p = 0.002). Patients treated at
Non-Academic/Research Facilities were 25% less likely to receive IMT (adjusted OR = 0.75,
95% CI = 0.63-0.90, p = 0.002) than those at Academic/Research Facilities. Patients with
both distant lymph node and organ metastases were more likely to receive IMT (adjusted
OR =1.27,95% CI = 1.01-1.59, p = 0.042) than those with only distant lymph node disease.
Patients treated with CT + EBRT were 39% less likely to be treated with IMT (adjusted
OR =0.61, 95% CI = 0.51-0.73, p < 0.0001), while those treated with CT + EBRT + ICBT were
75% less likely to be treated with IMT (adjusted OR = 0.25, 95% CI = 0.19-0.33, p < 0.0001)
compared with patients who were treated with CT.

Distribution

100%

80%

60%

40%

20%

0%

MW IMT ONo IMT

89.5

10.5

2013

56.1 53.6

69.5 68.1
79.6 76.2

n B

2014 2015 2016 2017 2018 2019

Year of Diagnosis

Figure 2. Use of immuno-molecular therapy (IMT) in patients diagnosed from 2013 to 2019 with
stage IVB cervical cancer in the National Cancer Database.
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Table 2. Factors associated with the use of immuno-molecular therapy in patients with stage IVB

cervical cancer diagnosed between 2013 and 2019.

Clinical Characteristics OR (95% CI) 2 p-Value Adjusted OR (95% CI) P p-Value
Age

Each 5-Year Increase 0.91 (0.88-0.95) <0.0001 0.90 (0.85-0.95) <0.0001
Insurance Status

Private Reference Reference

Medicare 0.85 (0.65-1.12) 0.253 0.85 (0.65-1.12) 0.253

Medicaid 0.74 (0.60-0.91) 0.005 0.74 (0.60-0.91) 0.005

Uninsured 0.60 (0.43-0.83) 0.002 0.60 (0.43-0.83) 0.002
Facility Type

Academic/Research Reference Reference

Non-Academic/Research 0.83 (0.70-0.99) 0.035 0.75 (0.63-0.90) 0.002
Site of Distant Metastasis

Distant Lymph Node Reference Reference

Distant Organ 0.97 (0.78-1.19) 0.739 0.88 (0.71-1.10) 0.258

Distant Lymph Node and Organ 1.49 (1.20-1.84) 0.0003 1.27 (1.01-1.59) 0.042
First-Line Treatment

CT Reference Reference

CT and EBRT 0.66 (0.56-0.79) <0.0001 0.61 (0.51-0.73) <0.0001

CT and EBRT plus ICBT 0.32 (0.25-0.40) <0.0001 0.25 (0.19-0.33) <0.0001

Abbreviations: chemotherapy alone (CT), chemotherapy and external beam radiotherapy (CT and EBRT),
chemotherapy and external beam radiotherapy plus intracavitary brachytherapy (CT and EBRT plus ICBT).
2 Odds ratio (OR) and 95% confidence interval (CI) of favoring the use of immuno-molecular therapy (IMT) were
estimated from unadjusted logistic regression model. ® Clinical factors independently associated with the use of
IMT were identified from multivariate analysis using a stepwise logistic regression model, stratified by year of
diagnosis and geographic region and adjusted for age, insurance status, facility type, site of distant metastasis, and
first-line treatment, with the association expressed using adjusted OR and 95% CI. Race and ethnicity, comorbidity
score, neighborhood income, histology, grade, and primary tumor size were less significant and excluded during
the stepwise regression.

3.2. Relationship between Immuno-Molecular Therapy and Survival in
Propensity-Score-Balanced Patients

Table 1 summarizes the demographic and clinical characteristics in patients who were
treated with vs. without IMT in the original cohort and after applying propensity score
analysis. The standardized mean difference for each of these clinical covariates was <10%,
indicating that the covariates between the two treatment groups were well balanced.

The median survival time in propensity-score-balanced patients who were treated
with IMT was 18.6 months, compared to 13.1 months for those who were not treated
with IMT (Figure 3A). The addition of IMT to a first-line therapy with CT + RT signifi-
cantly improved survival, with a 28% reduction in the risk of death (adjusted HR = 0.72,
95% CI = 0.64-0.80, p < 0.0001).

The survival benefit associated with the addition of IMT to the first-line treatment
was also suggested in all subgroups categorized by age, race and ethnicity, comorbidity
score, facility type, tumor grade, tumor size, site of distant metastasis groups, and year of
diagnosis (Figure 3B). Interestingly, the addition of IMT was associated with a significant
survival improvement in patients with squamous cell carcinoma (adjusted HR = 0.68,
95% CI = 0.60-0.77, p < 0.0001), while patients with adenocarcinoma had a smaller non-
significant survival improvement (adjusted HR = 0.81, 95% CI = 0.65-1.02).
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Figure 3. Survival following treatment with or without immuno-molecular therapy (IMT) added to
chemotherapy alone or chemotherapy with or without radiation (CT £ RT) in propensity-score-
balanced patients diagnosed between 2013 and 2019 with an embedded adjusted hazard ratio
(AHR) and 95% confidence interval (CI) for patients treated with CT £ RT plus IMT compared
with CT £ RT (A). Forest plot for all patients with stage IVB cervical cancer diagnosed between 2013
and 2019 and subgroups of these patients showing the reduced AHR (95% CI) following first-line
treatment with CT £ RT plus IMT compared with CT £ RT (B).

The adjusted survival for IMT vs. no IMT patients was further analyzed accord-
ing to the type of first-line therapy. The benefit of adding IMT to CT alone (adjusted
HR =0.72,95% CI = 0.61-0.84; Figure 4A), CT + EBRT (adjusted R = 0.66, 95% CI = 0.56-0.78;
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Figure 4B), or CT + EBRT + ICBT (adjusted HR = 0.69, 95% CI = 0.45-1.04; Figure 4C) was
generally consistent. The best survival was seen in the group of patients who received
CT + EBRT + ICBT + IMT, with a survival rate of 52% at 5 years after diagnosis and a
median survival time that was not reached as of the analysis.
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Figure 4. Impact of immune-molecular therapy (IMT) on survival with embedded adjusted haz-
ard ratio (AHR) and 95% confidence interval (CI) in propensity-score-balanced patients diag-
nosed with stage IVB cervical cancer between 2013 and 2019 and treated with first-line therapy
with chemotherapy (CT) alone (A), CT and external beam radiation (CT + EBRT) treatment (B),
or CT + EBRT and intracavitary brachytherapy (ICBT) treatment (C).
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4. Discussion

In this real-world study using hospital-based cancer registry data from the NCDB, we
demonstrated the survival benefits associated with the addition of IMT to first-line treat-
ments in patients with stage IVB cervical cancer. This survival benefit was demonstrated in
patients treated with CT & RT overall and within the subsets treated with CT, CT + EBRT,
or the multimodality CT + EBRT + ICBT combination. The superior survival in stage IVB
patients treated with vs. without IMT persisted after applying propensity score analysis to
balance the clinical covariates that varied between these two treatment groups. Moreover,
the survival benefit that was associated with the addition of IMT to the first-line treatment
was suggested across all subgroups by age, race—ethnicity, comorbidity score, facility type,
squamous histology, grade, and the site of metastasis.

The incremental survival benefit in patients with stage IVB with the addition of IMT af-
ter applying propensity score analysis extends to prior retrospective studies [5,10,16,20,21,23]
and is consistent with results from phase Il and phase III clinical trials [23,24,26-29,31-37,44,45].
Outside of clinical trials, Perkins et al. [25] reported a 24-month improvement in overall
survival following CT + EBRT (whole pelvic radiation) vs. CT in a small multi-site retro-
spective cohort study with a median follow-up of 9 months. The study by Wang et al. [14]
showed a 3.6-month improvement in median survival for stage IVB patients who were
diagnosed between 2004 and 2015 and treated with CT + RT compared with CT alone,
with 5-year survival rates reported to be <20% using the NCDB. Our study included pa-
tients who were diagnosed through 2019 and found that patients who were treated with
CT + EBRT + ICBT =+ IMT had a 5-year survival rate between 40 and 55%. This doubling in
5-year survival likely reflects improvements associated with the use of intensity-modulated
RT, stereotactic body RT, and high-dose ICBT [14,20-22,30,46,47] and the addition of be-
vacizumab, pembrolizumab, antibody drug conjugates, biologic response modifiers, and
immune checkpoint inhibitors in the treatment of metastatic, recurrent, and persistent
cervical cancer [23,24,26-38,48]. The study by Musa et al. [39] showed that immunotherapy
use has been increasing, but only a small subset of patients stayed on immunotherapy
for prolonged periods, suggesting a need for more therapeutic options for first-line and
second-plus-line treatments for metastatic, recurrent, or persistent cervical cancer.

This study also provides additional insights regarding the factors that impact the
utilization of IMT in patients with stage IVB cervical cancer compared with prior stud-
ies [4-14,17,19,21,24,25,30,48-53]. We found that patients with Medicaid insurance or no
insurance, older age, or either distant lymph node or distant organ metastasis but not with
both, and those treated at Non-Academic/Research Facilities or with CT + EBRT & ICBT
were significantly less likely to receive IMT. Additional attention and research are required
to study these structural barriers and develop strategies to mitigate these inequities. Pothuri
et al. [54] are acknowledged for releasing the joint statement from the GOG Foundation and
SGO regarding inclusion, diversity, equity, and access (IDEA) in gynecologic clinical trials.
Efforts also need to extend to practices outside of clinical trials to ensure equity, access, and
outcomes nationally and globally.

Our study was subject to the inherent limitations of a retrospective investigation of the
NCDB, including missing or incomplete data [55]. In addition, the NCDB does not provide
the opportunity to review or verify pathology or imaging reports or to access CT details
regarding agents delivered (name and doses), particularly including specifics on which IMT
was delivered. The IMT variable utilized by NCDB merges multiple classes of immuno-
molecular targeting agents together, including immune checkpoint inhibitors, biologic
response modifiers, molecular targeting agents like Bevacizumab, and antibody drug
conjugates, making it impossible for us to evaluate the individual impact of these classes
of agents independently. Our subset analysis in Figure 3B by year of diagnosis suggests a
larger survival benefit trend following the addition of IMT in patients diagnosed between
2013 and 2015, 2016 and 2017, and 2018 and 2019, which is likely associated with the
approved addition of bevacizumab in 2014 and, ultimately, immune checkpoint inhibitors
and antibody drug conjugates starting in 2018 for the treatment of patients with metastatic
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and recurrent cervical cancer. The NCDB provided general characteristics and first-line
treatment information for analysis but lacked additional details regarding the patient’s
medical, screening, treatment, and surveillance histories to support more in-depth analyses.
In addition, this study only focused on patients with stage IVB disease without surgery and
did not include resected stage IVB patients or those with locally advanced or metastatic
stage III or IVA disease, who also deserve attention. A lack of data regarding treatment
for recurrent, persistent, or progressive disease were other limitations. In this study, we
did not examine the effect of facility volume or evaluate the impact of intensity-modulated
radiotherapy or three-dimensional planning at different facilities on outcomes, which are
other opportunities for future investigations. With the change in cervical cancer staging in
2018, our data should be interpreted with caution, as patients were evaluated using two
different staging criteria (~70% with seventh-edition and 30% with eight-edition AJCC
stage criteria). Additional studies are needed to evaluate the benefit of IMT in squamous
cell carcinoma vs. adenocarcinoma of the cervix to determine if the lack of benefit of IMT
in adenocarcinoma was specific to those with stage IVB disease or more generalizable. We
were also not able to correct for prior hysterectomy or classify patients by type of high-risk
HPYV infection, pathogenic alterations, PD-L1 staining, or other molecular features which
may affect prognosis, nor did we have access to data regarding the progression-free survival
or cause of death. The lack of patient-level income and education data and measures of
structural determinants of health, smoking, diet, exposures, and nutrition were additional
limitations of this study. Despite the large sample size of the NCDB and robust clinical data
that are available to support retrospective hospital-based investigations, NCDB results may
not be generalizable to the U.S. population or populations outside the U.S., as our data were
derived exclusively from COC®-accredited facilities in the U.S. The NCDB also does not
make all the clinical covariates associated with treatment assignment in stage IVB cervical
cancer patients available for analysis [56]. Although the application of propensity score
analysis to an observational cohort study provides more accurate survival estimates than
conventional multivariate Cox modeling [42], it is not able to correct for bias associated
with unmeasured variables, and our propensity scores may still result in an overestimation
of treatment effects [56]. Despite these limitations, our study was strengthened by its large
number of captured patients, with a geographically, racially, and ethnically diverse patient
population, and the use of robust statistical methods that yielded results that are consistent
with clinical trials [57].

5. Conclusions

The use of immuno-molecular targeted agents, labeled as IMT in the NCDB, increased
steadily from 11% in 2013 to 46% in 2019 in stage IVB cervical cancer patients in COC®-
accredited facilities. The addition of IMT appears to improve survival when added to the
first-line treatment of stage IVB cervical cancer overall and in all subgroups, including
those who were treated with CT, CT + EBRT, or CT + EBRT + ICBT, but not in patients with
stage IVB adenocarcinoma.
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