
Original Investigation | Oncology

Bevacizumab and Platinum Choice in Pembrolizumab-Treated
Advanced Cervical Cancer
Alberto Farolfi, PhD; Chiara Casadei, MD; Emanuela Scarpi, BSc; Eleonora Paoletti, BSc; Caterina Gianni, MD; Michela Palleschi, PhD; Nicola Gentili, BSc;
Marita Mariotti, MD; Sara Testoni, BSc; Giandomenico Di Menna, MD; Francesca Rusconi, PhD; Alice Andalò, PhD; Olga Serra, BSc; Filippo Merloni, MD;
Marianna Sirico, MD; Roberta Maltoni, MD; Lorenzo Cecconetto, MD; Samanta Sarti, MD; Antonino Musolino, PhD

Abstract

IMPORTANCE Pembrolizumab plus chemotherapy, with or without bevacizumab, improves
overall survival (OS) in advanced cervical cancer (ACC), but platinum choice and bevacizumab use
remain discretionary.

OBJECTIVE To compare OS by platinum agent and bevacizumab use among patients with ACC
receiving first-line pembrolizumab plus chemotherapy in a clinical setting.

DESIGN, SETTING, AND PARTICIPANTS This comparative effectiveness study used a retrospective
multinational cohort with propensity score matching in the TriNetX Global Collaborative Network.
Participants included adults with ACC (International Statistical Classification of Diseases, 10th
Revision, Clinical Modification, code C53) treated between January 1, 2015, and October 31, 2024.
Patients with prior cancer or contraindications to bevacizumab therapy were excluded. Matching was
performed on age, race and ethnicity, body mass index, smoking status, and prior
chemoradiotherapy. Data were analyzed from November 19 to 28, 2024.

EXPOSURES Cisplatin or carboplatin, with or without bevacizumab, both combined with first-line
pembrolizumab plus paclitaxel.

MAIN OUTCOMES AND MEASURES Two comparisons were analyzed: cisplatin vs carboplatin and
bevacizumab vs no bevacizumab. The primary outcome was OS, defined as time from treatment
initiation to death from any cause. Secondary outcomes were adverse events of special interest,
including fistula, bowel perforation, and pulmonary embolism.

RESULTS Among the 1931 patients receiving first-line pembrolizumab with paclitaxel (mean [SD]
age, 54.0 [13.2] years), 623 matched pairs of cisplatin-treated patients (n = 719) and carboplatin-
treated patients (n = 1212) were included. The mean (SD) age was 51.2 (12.7) years for cisplatin-
treated patients and 50.8 (12.7) years for carboplatin-treated patients; the median follow-up was
10.8 (IQR, 3.7-18.0) months and 9.9 (IQR, 2.5-17.2) months, respectively. The median OS was 25.1
(IQR, 9.2 to not reached) months in both groups (HR, 0.98 [95% CI, 0.81-1.18]; P = .35).
Bevacizumab-treated patients (n = 803) and those not receiving bevacizumab (n = 667) yielded 455
matched pairs. The mean (SD) age was 53.6 (13.3) years in the bevacizumab-treated group and 54.3
(13.3) years in the group not receiving bevacizumab; the median follow-up was 11.3 (IQR, 4.4-18.2)
months and 8.4 (IQR, 1.6-15.1) months, respectively. Twelve-month OS was 74.8% (95% CI, 70.4%-
79.2%) vs 64.5% (95% CI, 59.8%-69.2%), respectively; 24-month OS was 56.2% (95% CI,
50.9%-61.5%) vs 54.0% (95% CI, 48.7%-59.3%), respectively. No increased risk of fistula (odds ratio
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Abstract (continued)

[OR], 0.94 [95% CI, 0.63-1.40]; P = .76), bowel perforation (OR, 1.21 [95% CI, 0.52-2.82]; P = .67), or
pulmonary embolism (OR, 0.62 [95% CI, 0.38-1.01]; P = .052) was observed.

CONCLUSIONS AND RELEVANCE In this comparative effectiveness study of patients with ACC in a
clinical setting, cisplatin and carboplatin treatment were associated with similar effectiveness when
combined with pembrolizumab. Bevacizumab was associated with early OS benefit, which
attenuated over time. These findings warrant prospective validation.

JAMA Network Open. 2026;9(7):e2623166. doi:10.1001/jamanetworkopen.2026.23166

Introduction

Cervical cancer remains a significant cause of cancer-related mortality worldwide. Although
preventable through human papillomavirus vaccination,1 advanced cervical cancer (ACC) at
presentation or recurrence after initial treatment continues to challenge oncologists globally.2

Early-stage disease (International Federation of Gynecology and Obstetrics [FIGO] stages IA-IB2)
can be cured in most patients with surgery, with or without adjuvant radiotherapy, whereas
those with locally advanced cervical cancer (FIGO stages IB3-IVA) are typically treated with
concurrent chemoradiotherapy followed by intracavitary brachytherapy, as recommended by
international guidelines.3

Recently, the INTERLACE trial4 showed that induction chemotherapy with 6 weekly cycles of
carboplatin and paclitaxel followed by standard chemoradiotherapy significantly improved both
progression-free survival (PFS) and overall survival (OS) in patients with locally advanced cervical
cancer. Similarly, the KEYNOTE-A18 trial5 demonstrated that adding pembrolizumab to
chemoradiotherapy significantly improved PFS and OS. These findings are reshaping the treatment
landscape for locally advanced cervical cancer.

However, patients with metastatic ACC (FIGO stage IVB) or recurrent disease after
chemoradiotherapy require systemic therapy.3 For decades, platinum-based chemotherapy was the
backbone of treatment, with paclitaxel plus cisplatin demonstrating superior response rates and
PFS.6,7 The JCOG0505 trial8 demonstrated noninferiority of carboplatin-paclitaxel compared with
cisplatin-paclitaxel in terms of efficacy, although in the chemotherapy-naive subgroup, cisplatin-
based chemotherapy appeared to offer a modest survival advantage.

The GOG 240 trial9 established bevacizumab as standard of care in ACC, demonstrating OS
improvement (median, 17.0 vs 13.3 months), albeit with increased severe adverse events including
gastrointestinal fistula and thromboembolic complications. Most recently, the KEYNOTE-826 trial10

randomized 617 patients with ACC, demonstrating that pembrolizumab combined with platinum-
based chemotherapy with or without bevacizumab significantly prolonged PFS and OS. Patients
receiving first-line immunotherapy-based treatment typically receive the following: (1) platinum-
based chemotherapy administered as 6 weekly cycles of either cisplatin (75 mg/m2) or carboplatin
(area under the receiver operating characteristics curve, 5-6) administered intravenously, with each
cycle lasting 21 days (total duration, approximately 18-24 weeks); (2) paclitaxel 175 mg/m2

administered on the same days as platinum agents; (3) pembrolizumab, administered as a 200-mg
intravenous infusion on day 1 of each 3-week cycle, continued for as long as 24 months if tolerated;
and (4) bevacizumab (when added), administered as a 15-mg/kg intravenous infusion every 3 weeks,
typically initiated concurrently with chemotherapy and continued for a maximum 15 months after
chemotherapy completion. These treatments target tumor vasculature, block immune checkpoints,
and promote tumor cell death through multiple mechanisms. Notably, both platinum choice and
bevacizumab use were left to physician discretion. Exploratory subgroup analyses showed that
pembrolizumab significantly improved median OS in patients treated with carboplatin-based
chemotherapy (246 patients treated with pembrolizumab and 249 with placebo), and in those
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who received bevacizumab (196 treated with pembrolizumab and 193 with placebo), but not in those
treated with cisplatin-based regimens (61 treated with pembrolizumab and 59 with placebo).11 This
heterogeneity in treatment combinations raises the question of whether all regimens provide
equivalent benefit in clinical settings. Notably, no randomized clinical trials have specifically
evaluated platinum agent choice (cisplatin vs carboplatin) or bevacizumab addition in combination
with immunotherapy for the first-line treatment of ACC. To address this gap and complement the
findings from randomized clinical trials, we conducted a comparative effectiveness analysis using
the TriNetX Global Collaborative Network12 to assess how treatment combinations—platinum choice
and bevacizumab use—are associated with OS and serious adverse events in patients with ACC in
clinical settings.

Methods

Data Source
This comparative effectiveness study used a retrospective cohort from the TriNetX Global
Collaborative Network.13 TriNetX is a federated clinical data analytics platform that aggregates
deidentified electronic health record data from 143 health care organizations across North America,
Europe, and Asia, representing approximately 130 million patient records. The platform captures
longitudinal clinical data including diagnoses (International Statistical Classification of Diseases, 10th
Revision, Clinical Modification [ICD-10-CM] codes), procedures, medications, laboratory values, and
outcomes. TriNetX infrastructure is identical across geographic regions, using standardized data
extraction protocols and common data model structures. Data collection, processing, and
transmission were conducted in accordance with data protection regulations applicable to each
participating health care organization, including the European Union’s General Data Protection
Regulation and the US Health Insurance Portability and Accountability Act (HIPAA). Only aggregated,
nonidentifiable results are returned to the TriNetX platform, and no personal data leave the
originating institution. The institutional review boards at the participating health care organizations
approved the study protocol or deemed it exempt from review owing to the use of data that were
deidentified in accordance with HIPAA standards; the need for informed consent was waived due to
the deidentified data and the retrospective study design. This study followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) and International Society for
Pharmacoeconomics and Outcomes Research (ISPOR) reporting guidelines.

Study Population
We identified adult patients diagnosed with cervical cancer within the TriNetX Global Collaborative
Network who received first-line systemic treatment for advanced, recurrent, or metastatic ACC.
Inclusion criteria required diagnosis of cervical cancer (ICD-10-CM code C53) and administration of
pembrolizumab (200 mg) in combination with paclitaxel (175 mg/m2) and a platinum agent (either
cisplatin or carboplatin), with or without bevacizumab. Patients were excluded if they had received a
previous diagnosis of breast (ICD-10-CM code C50), kidney (ICD-10-CM code C64), melanoma (ICD-
10-CM code C43-C44), lung (ICD-10-CM code C34), or bladder (ICD-10-CM code C67) cancer. Patients
were categorized into 2 comparison groups. The platinum agent comparison included 719 patients
treated with cisplatin, excluding carboplatin (cohort A) and 1212 patients treated with carboplatin,
excluding cisplatin (cohort B). The bevacizumab comparison included 803 patients treated with
bevacizumab (initiated within 60 days of the index date), in addition to platinum, paclitaxel, and
pembrolizumab (cohort C), and 667 patients treated without bevacizumab (cohort D).The index date
was defined as the date of first-line treatment initiation. Patients were ascertained within the
database from January 1, 2015, through October 31, 2024, and follow-up was extended from the
index date to death or the last available encounter in TriNetX. Follow-up was completed November
15, 2024. A study flow diagram is provided in eFigure 1 in Supplement 1.
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Propensity Score Matching
To reduce confounding due to baseline differences, propensity score matching (PSM; 1:1 nearest-
neighbor method; caliper width, 0.1 SDs) was applied separately for each comparison. The following
covariates were included in the matching model: age, race and ethnicity, body mass index (BMI),
smoking status, prior chemoradiotherapy with cisplatin, bevacizumab use (for the first comparison),
or platinum type (for the second comparison).

Race and Ethnicity Classification
Race and ethnicity data were obtained from electronic health records within the TriNetX Global
Collaborative Network. Classifications were based on self-report by patients or documentation by
health care personnel during clinical encounters. Racial and ethnic categories included in analyses
were Asian, Black or African American, White, and other or unknown. These categories reflect the
standardized classifications available within the TriNetX database structure and were used as
covariates in the PSM model because it is a well-established factor associated with differences in
cervical cancer presentation, access to care, treatment delivery, and clinical outcomes.

Outcomes
The primary outcome was OS, defined as the time from index date to death from any cause.
Secondary outcomes included the incidence of adverse events of special interest, specifically:
gastrointestinal fistulae (ICD-10-CM code N82), bowel perforation (ICD-10-CM code K63.1), or
pulmonary embolism (ICD-10-CM code I26).

Statistical Analysis
Data were analyzed from November 19 to 28, 2024. Continuous variables were summarized by
descriptive statistics (number of cases, mean, SD, median, minimum, maximum), whereas
categorical variables were summarized using counts of patients and percentages. A 1-to-1 matching
(without replacement) by propensity score was performed by using nearest-neighbor method with a
caliper width equal to 0.1 SDs. We examined balance in the baseline covariates in the matched data
by using standardized differences. OS was estimated using the Kaplan-Meier method; hazard ratios
(HRs) and 95% CIs were calculated using a Cox proportional hazards regression model.

To validate the robustness of the results, adjusted Cox proportional hazards regression analyses
were also performed on the unmatched cohorts, controlling for the same covariates used in PSM.
Proportions of treatment-related complications (fistula, bowel perforation, and pulmonary
embolism) were compared between treatment groups using logistic regression to derive odds ratios
(ORs) with 95% CIs. We additionally used the χ2 test or Fisher exact test as appropriate based on cell
frequency to test for independence between treatment and adverse event occurrence. P values from
χ2 or Fisher exact tests and ORs from logistic regression are both reported, providing complementary
statistical perspectives on adverse event differences. All statistical analyses were conducted within
the TriNetX platform using the integrated analytics tools. Two-sided P < .05 was considered
statistically significant.

Results

Cisplatin- vs Carboplatin-Based Chemotherapy
A total of 1931 patients with ACC patients were identified, including 719 treated with cisplatin and
1212 treated with carboplatin (mean [SD] age, 54.0 [13.2] years). In terms of race and ethnicity, 180
patients (9.3%) were Asian, 196 (10.2%) were Black, 1066 (55.2%) were White, and 489 (25.3%)
were of other or unknown race or ethnicity. Before PSM, cisplatin-treated patients were younger
(mean [SD] age, 50.7 [12.7] vs 56.0 [13.7] years) (P < .001) (standardized mean difference [SMD],
0.40), with a higher proportion of Asian (83 [11.5%] vs 97 [8.0%]; P = .01) and a lower proportion of
Black (54 [7.5%] vs 142 [11.7%]; P = .003) patients. Prior chemoradiotherapy was more common in
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the cisplatin group (452 [62.9%] vs 360 [29.7%]) (P < .001). BMI and bevacizumab use also differed
between groups (Table 1).

After PSM, 623 pairs were retained (Table 1); the mean (SD) age was comparable between
groups (51.2 [12.7] years for cisplatin-treated patients vs 50.8 [12.7] years for carboplatin-treated
patients) (SMD, 0.03). The matching procedure achieved good balance across baseline variables
(eFigure 2 in Supplement 1), with most SMDs less than 0.10. Table 2 reports patient demographics
and baseline clinical characteristics after PSM.

With a median follow up of 10.8 (IQR, 3.7-18.0) months for the cisplatin group and 9.9 (IQR,
2.5-17.2) months for the carboplatin group, the median OS was 25.1 (IQR, 9.2 to not reached) and 25.1
(IQR, 9.1 to not reached) months, respectively (HR, 0.98 [95% CI 0.81-1.18]) (P = .35), with 12-month
OS rates of 66.9% (95% CI, 66.8%-66.9%) for both groups and 24-month OS rates of 51.1% (95% CI,
51.0%-51.2%) and 50.2% (95% CI, 50.1%-50.3%), respectively (eFigure 3 in Supplement 1). To

Table 1. Patient Characteristics for Cisplatin- vs Carboplatin-Based Cohorts Before and After PSM

Characteristic

Before PSM, No. (%) After PSM, No. (%)
Cisplatin-based
(n = 719)

Carboplatin-based
(n = 1212) SMD

Cisplatin-based
(n = 623)

Carboplatin-based
(n = 623) SMD

Age, mean (SD), y 50.7 (12.7) 56.0 (13.7) 0.40 51.2 (12.7) 50.8 (12.7) 0.03

Race and ethnicity

Asian 83 (11.5) 97 (8.0) 0.12 74 (11.9) 61 (9.8) 0.07

Black or African American 54 (7.5) 142 (11.7) 0.14 49 (7.9) 50 (8.0) 0.01

White 381 (53.0) 685 (56.5) 0.07 330 (53.0) 336 (53.9) 0.02

Other or unknown 201 (28.0) 288 (23.8) 0.12 170 (27.3) 176 (28.3) 0.05

Smoker 123 (17.1) 144 (11.9) 0.15 97 (15.6) 93 (14.9) 0.02

Prior CRT 452 (62.9) 360 (29.7) 0.71 357 (57.3) 359 (57.6) 0.01

BMI

<18.5 42 (5.8) 55 (4.5) 0.06 36 (5.8) 34 (5.5) 0.01

18.5-24.9 224 (31.2) 434 (35.8) 0.14 199 (31.9) 205 (32.9) 0.003

25.0-30.0 224 (31.2) 308 (25.4) 0.02 188 (30.2) 191 (30.7) 0.01

>30.0 229 (31.8) 415 (34.2) 0.05 200 (32.1) 193 (31.0) 0.02

Bevacizumab use 179 (24.9) 185 (15.3) 0.24 137 (22.0) 126 (20.2) 0.04

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); CRT, chemoradiotherapy; PSM, propensity score matching; SMD,
standardized mean difference.

Table 2. Patient Demographic and Disease Characteristics at Baseline After PSM

Characteristic

Cisplatin vs carboplatin regimen, No. (%) Bevacizumab vs no bevacizumab regimen, No. (%)
Cisplatin-based
(n = 623)

Carboplatin-based
(n = 623) P value

Bevacizumab
(n = 455)

No bevacizumab
(n = 455) P value

Age, mean (SD), y 51.2 (12.7) 50.8 (12.7) .59 53.6 (13.3) 54.3 (13.3) .44

Race and ethnicity

Asian 74 (11.9) 61 (9.8) .24 43 (9.5) 41 (9.0) .82

Black or African American 49 (7.9) 50 (8.0) .92 42 (9.2) 32 (7.0) .23

White 330 (53.0) 336 (53.9) .73 254 (55.8) 260 (57.1) .69

Other or unknown 170 (27.3) 176 (28.3) .70 116 (25.5) 122 (26.8) .65

Prior CRT 357 (57.3) 359 (57.6) .91 148 (32.5) 95 (20.9) <.001

Metastatic site

Lymph nodes 150 (24.1) 149 (23.9) .95 61 (13.4) 64 (14.1) .77

Peritoneum 30 (4.8) 33 (5.3) .70 15 (3.3) 24 (5.3) .14

Lung 32 (5.1) 22 (3.5) .16 11 (2.4) 10 (2.2) .88

Bone 21 (3.4) 19 (3.0) .75 10 (2.2) 11 (2.4) .88

Liver 13 (2.1) 12 (1.9) .84 10 (2.2) 10 (2.2) >.99

Bevacizumab use 137 (22.0) 126 (20.2) .45 NA NA NA

Abbreviations: CRT, chemoradiotherapy; NA, not applicable; PSM, propensity score matching.
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validate the robustness of PSM results, adjusted Cox proportional hazards regression analyses were
performed on the unmatched cohorts, controlling for the same covariates used in PSM. Results from
these sensitivity analyses were consistent with PSM-derived findings (eTable 1 in Supplement 1). No
significant differences were observed in adverse events between cisplatin vs carboplatin groups:
fistulae (OR, 1.07 [95% CI, 0.78-1.47]), bowel perforation (OR, 1.00 [95% CI, 0.41-2.42]), or
pulmonary embolism (OR, 1.56 [95% CI, 0.77-1.73]) (eFigure 4 in Supplement 1).

Bevacizumab Use
Before PSM (Table 3), patients treated with bevacizumab (n = 803) were generally younger than
those without bevacizumab (n = 667), with a mean (SD) age of 52.5 (13.3) and 58.2 (13.5) years,
respectively (P < .001) (SMD, 0.42), had a lower proportion Black/ patients (67 [8.3%] vs 95 [14.2%])
(P < .001), and greater prior use of chemoradiotherapy (365 [45.5%] vs 113 [16.9%]) (P < .001).
Compared with patients who did not receive bevacizumab, those who were treated with
bevacizumab were more frequently underweight (BMI <18.5; 18 [2.7%] vs 53 [6.6%]) (P = .001) and
overweight (BMI 25-30; 179 [26.8%] vs 253 [31.5%]) (P = .05) (Table 3).

PSM generated 455 pairs of patients with ACC with good balance (SMD <0.10) (Table 3), with a
mean (SD) age of 53.6 (13.3) vs 54.3 (13.3) years (P = .44). Racial and ethnic distribution, smoking
status, and BMI categories were also well balanced. However, prior chemoradiotherapy
demonstrated residual imbalance (148 [32.5%] vs 95 [20.9%]) (SMD, 0.27), exceeding the
conventional threshold of 0.10 for adequate balance. To address this residual imbalance, we
performed post hoc sensitivity analyses using a rematched cohort in which prior chemoradiotherapy
was included as a mandatory balanced covariate (eFigure 5 and eTable 2 in Supplement 1). Table 2
reports patient demographics and baseline clinical characteristics after PSM.

With a median follow-up of 11.3 (IQR, 4.4-18.2) months for the bevacizumab group and 8.4 (IQR,
1.6-15.1) months for the group without bevacizumab, the median OS was 33.2 (IQR, 12.7 to not
reached) and 33.4 (IQR, 7.4 to not reached) months, respectively (HR, 0.77 [95% CI, 0.61-0.97])
(P = .01), with 12-month OS rates of 74.8% (95% CI, 70.4%-79.2%) and 64.5% (95% CI,
59.8%-69.2%) and 24-month OS rates of 56.2% (95% CI, 50.9%-61.5%) and 54.0% (95% CI,
48.7%-59.3%), respectively (eFigure 6 in Supplement 1). In the post hoc rematched analyses,
12-month OS rates were 72.5% (95% CI, 68.0%-76.5%) for bevacizumab-treated patients and 67.5%
(95% CI, 62.7%-71.8%) for those without bevacizumab; 24-month OS rates were 57.3% (95% CI,
51.9%-62.6%) and 58.7% (95% CI, 52.6%-64.7%), respectively (eFigure 7 in Supplement 1).

Table 3. Characteristics of Patients With ACC Treated With or Without Bevacizumab Before and After PSM

Characteristic

Before PSM, No. (%) After PSM, No. (%)
Bevacizumab
(n = 803)

No bevacizumab
(n = 667) SMD

Bevacizumab
(n = 455)

No bevacizumab
(n = 455) SMD

Age, mean (SD), y 52.5 (13.3) 58.2 (13.5) 0.42 53.6 (13.3) 54.3 (13.4) 0.05

Race and ethnicity

Asian 85 (10.6) 52 (7.8) 0.10 43 (9.5) 41 (9.0) 0.02

Black or African American 67 (8.3) 95 (14.2) 0.19 42 (9.2) 32 (7.0) 0.08

White 455 (56.7) 360 (54.0) 0.05 254 (55.8) 260 (57.1) 0.03

Other or unknown 196 (24.4) 160 (24.0) 0.02 116 (25.5) 122 (26.8) 0.02

Smoker 120 (14.9) 63 (9.4) 0.17 51 (11.2) 52 (11.4) 0.01

Prior CRT 365 (45.5) 113 (16.9) 0.65 148 (32.5) 95 (20.9) 0.27

BMI

<18.5 53 (6.6) 18 (2.7) 0.19 13 (2.9) 16 (3.5) 0.04

18.5-24.9 248 (30.9) 244 (36.6) 0.23 198 (43.5) 184 (40.4) 0.05

25.0-30.0 253 (31.5) 179 (26.8) 0.10 116 (25.5) 127 (27.9) 0.06

>30.0 249 (31.0) 226 (33.9) 0.06 128 (28.1) 128 (28.1) <0.001

Abbreviations: ACC, advanced cervical cancer; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); CRT, chemoradiotherapy; PSM,
propensity score matching; SMD, standardized mean difference.
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Adjusted Cox proportional hazards regression analyses, including prior chemoradiotherapy, showed
no association with mortality risk between bevacizumab-treated and untreated patients (eTable 3
in Supplement 1).

Considering the adverse events of special interest, fistulae were found in 53 of 455 patients
(11.6%) in the group with bevacizumab and 56 of 455 (12.3%) in the group without bevacizumab (OR,
0.94 [95% CI, 0.63-1.40]) (P = .76). The rate of bowel perforation in the bevacizumab-treated group
was similar to that in the group without bevacizumab (16 of 455 [3.5%] vs 12 of 455 [2.6%]; OR, 1.21
[95% CI, 0.52-2.82]) (P = .67). The rate of pulmonary embolism was 29 of 455 (6.4%) in
bevacizumab-treated patients and 45 of 455 (9.9%) in patients without bevacizumab, representing
a difference that did not reach statistical significance (OR, 0.62 [95% CI, 0.38-1.01]) (P = .05)
(eFigure 4 in Supplement 1).

Discussion

In this comparative effectiveness study, we compared ACC outcomes with pembrolizumab
plus chemotherapy by platinum agent (cisplatin vs carboplatin) and bevacizumab use. No OS
differences were observed between cisplatin and carboplatin, supporting platinum
interchangeability when combined with pembrolizumab, consistent with JCOG0505 trial
findings of carboplatin noninferiority.8

Bevacizumab showed early OS benefit at 12 months (74.8% vs 64.5%) that attenuated by 24
months (56.2% vs 54.0%), suggesting subset-specific early advantage. Notably, bevacizumab did
not increase the risk of fistula, bowel perforation, or pulmonary embolism, challenging trial data
showing increased thromboembolic complications. The contribution of anti–vascular endothelial
growth factor to vascular adverse events remains debated; arterial events are well-established,14 but
venous association is more inconsistent across trials.15-17 By effectively reducing tumor burden,
bevacizumab may indirectly mitigate the risk of thromboembolic events, thereby potentially
counterbalancing its inherent prothrombotic vascular effects.

Our median OS aligns with the BEATcc trial18 with atezolizumab and bevacizumab and the
KEYNOTE-826 trial.19 Unlike the KEYNOTE-826 trial (OS with no bevacizumab, 17.1 months), our
no-bevacizumab cohort showed superior survival, potentially due to differences in prior treatments
or patient characteristics.

Notably, while the KEYNOTE-826 trial did not randomize patients between cisplatin and
carboplatin, our analysis provides additional insight into this clinical decision, supporting the
flexibility of platinum choice in combination with pembrolizumab. Furthermore, our study included a
substantial cohort of patients often underrepresented in clinical trials, such as Asian patients (9.3%
of our population). Post hoc exploratory analyses in this subgroup confirmed the efficacy of
pembrolizumab even in Asian populations,20,21 and our study—where race and ethnicity were
included as a covariate in the matching model—reinforces this observation. These comparisons
underscore the consistent effectiveness of pembrolizumab across varied clinical context, while
simultaneously emphasizing the complexities involved in regimen optimization and toxicity
management in a clinical setting.

While rates of adverse events were generally balanced between treatment groups, clinically
meaningful patterns merit discussion. In the cisplatin vs carboplatin comparison, cisplatin-treated
patients demonstrated numerically higher pulmonary embolism risk compared with carboplatin-
treated patients, consistent with cisplatin’s known thrombotic associations,22 although this did not
reach statistical significance in the adverse-event analysis shown in eFigure 4 in Supplement 1. In the
bevacizumab analysis, bevacizumab-treated patients had lower odds of pulmonary embolism than
patients who did not receive bevacizumab. These findings warrant prospective monitoring and
suggest that careful patient selection for bevacizumab and platinum choice based on thrombotic risk
may optimize safety profiles.
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Strengths and Limitations
The strengths of this study include the large, multi-institutional dataset, the adjustment for
several baseline characteristics through propensity score matching, and the focus on relevant
clinical questions not addressed in randomized trials. The observed outcomes in this unselected
clinical population underline the broad applicability of pembrolizumab, reinforcing its role as a
cornerstone in the management of ACC and highlighting the need for continued efforts to
integrate molecular, clinical, and patient-centered factors into treatment decision-making to
validate optimal patient selection for bevacizumab addition. Finally, most of the patients in our
analysis had previously received chemoradiotherapy. Pembrolizumab is now being incorporated
into the management of earlier-stage disease and is currently part of the treatment paradigm
for locally advanced cervical cancer.5 Consequently, patients will increasingly relapse after
prior immunotherapy, raising the question of whether rechallenge with an immune checkpoint
inhibitor would be feasible or effective. Fortunately, several antibody-drug conjugates are
currently under investigation and may represent promising new treatment options for this
patient population.

This study also has several limitations. First, there was residual confounding by indication:
bevacizumab is clinically withheld in patients with high fistula risk, extensive pelvic invasion, severe
comorbidities, or poor performance status, which are independently associated with poor prognosis.
Thus, the observed HR of 0.77 may partially reflect selection bias by indication rather than true
benefit. We attempted mitigation through restricting the bevacizumab exposure window to 60 days
of treatment initiation, including prior chemoradiotherapy, in matching, and performing stratified
analyses; however, inability to directly measure performance status, tumor burden, or pelvic invasion
extent represents unmeasured confounding. Second, although PSM achieved excellent balance on
most covariates, prior chemoradiotherapy demonstrated residual imbalance in the bevacizumab
analysis. Sensitivity analyses including post hoc adjusted Cox proportional hazards regression models
and rematched cohorts with prior chemoradiotherapy as mandatory balance criterion demonstrated
consistent findings on early bevacizumab effectiveness, diminishing over time and suggesting
robustness despite this imbalance.

Other potential residual confounding factors are the lack of ECOG performance status, tumor
histology, and combined positive score (CPS) status and incomplete capture of adverse events
outside hospital settings.23 However, pembrolizumab approval requires CPS of 1 or greater. CPS
testing could not be consistently performed in all health care settings, particularly resource-limited
regions. The proportion of patients with CPS-positive vs CPS-negative findings is unknown,
representing potential unmeasured confounding affecting treatment selection and outcomes. For
the adverse event ascertainment, analyses were limited to inpatient or structured ICD-10-CM
diagnoses; mild, outpatient, or undocumented events might have been missed. However, it is
improbable that a fistula or a bowel perforation would be treated outside of a hospital environment.
Also, geographic location (Europe, North America, or Asia) could not be included as a propensity
score covariate due to TriNetX privacy restrictions; however, race and ethnicity served as a proxy for
health care system differences, with excellent balance achieved after matching.

Conclusions

In this comparative effectiveness study of patients with ACC treated in a clinical setting, cisplatin and
carboplatin was associated with comparable effectiveness when combined with pembrolizumab,
supporting platinum flexibility based on comorbidities and logistical considerations. Bevacizumab
addition was associated with early OS benefit in appropriate patients, with a manageable safety
profile. These hypothesis-generating observational findings support selective bevacizumab use in
carefully selected patients and justify prospective validation. However, findings derive from
retrospective observational analysis and cannot establish causality. Rather, these results inform
future hypothesis-generating research and complement randomized trial evidence. As
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pembrolizumab incorporation into earlier-stage cervical cancer management expands, continued
integration of molecular, clinical, and patient-centered factors into personalized treatment decision-
making remains essential for optimizing outcomes.
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