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A B S T R A C T

Objective: To assess the performance of pembrolizumab for the treatment of Gestational Trophoblastic Neoplasia 
(GTN).
Methods: The Medical Subject Headings related to immunotherapy/pembrolizumab and GTN were used alone or 
in combination to retrieve relevant articles. The authors searched in EMBASE, MEDLINE/PubMed, Elsevier’s 
Scopus, and Web of Science until November/2024. The authors included any randomized controlled trials, 
cohort studies, case series, and case reports focusing on pembrolizumab treatment in GTN. Meta-analysis of 
proportions was carried out employing a random-effects model. The meta-analysis employed the inverse variance 
method, with the arcsine link function for the analysis of proportional data. All analyses were performed using 
Stata 18. For all analyses, a p-value < 0.05 indicated statistical significance. This study was registered on 
PROSPERO (CRD42023493329).
Results: A total of 550 studies were identified after a literature search among which 15 original studies were 
included in the systematic review and in the meta-analysis. Pembrolizumab induced complete sustained 
remission in 71.59% (95% CI 53.27‒84.78%; I2 

= 0.00%, H2 
= 1.00, p = 0.90) of cases. The subgroups meta- 

analysis showed pembrolizumab had similar performance, regardless of age (< 40 vs. ≥ 40-years-old, p = 0.38), 
GTN histopathology (Placental Site Trophoblastic Tumor [PSTT], Epithelioid Trophoblastic Tumor [ETT]/ 
noninvasive mole/others versus invasive mole/choriocarcinoma, p = 0.48), time from diagnosis to the beginning 
of immunotherapy (< 4 vs. ≥ 4-years, p = 0.84), pembrolizumab combined with chemotherapy (yes vs. no, p =
0.66).
Conclusions: Pembrolizumab seems an effective treatment for patients with high-risk GTN with chemoresistant or 
relapsed disease, including cases of PSTT/ETT, notwithstanding patient age, time to initiate immunotherapy and 
whether or not it was associated with chemotherapy.

Introduction

Gestational trophoblastic neoplasia refers to malignancies derived 
from the proliferative trophoblastic allograft, affecting approximately 
20,000 women per year worldwide.1,2 The broad expression of paternal 

antigens on the cell surface of these tumors,3 combined with the pres
ence of a biological marker that allows monitoring of treatment (human 
Chorionic Gonadotropin – hCG),4 allows for a high cure rate of GTN.5

Furthermore, the categorization of low- and high-risk GTN, according to 
the criteria of the International Federation of Gynecology and 
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Obstetrics, allows treating most patients with lower toxicity regimens in 
cases at low-risk for chemoresistance, reserving chemotherapy con
taining multiple agents for high-risk GTN, in which there is an increased 
risk for resistance to monochemotherapy.6,7

Nevertheless, more advanced cases of GTN with multi metastatic 
presentation, chemoresistance, more aggressive histopathological forms 
(such as choriocarcinoma, Placental Site Trophoblastic Tumor – PSTT, 
Epithelioid Trophoblastic Tumor – ETT), delays in initiating chemo
therapy, remote residence from a trophoblastic disease Reference Center 
(RC), or treatment initiation outside of an RC are associated with 
lethality from this disease.8,9 In these challenging situations, the 
development of new therapies is urgent and necessary to mitigate the 
risk of death for these patients.

The successful introduction of immunotherapy for solid tumors in 
gynecologic oncology has now extended to the treatment for GTN, 
especially in cases of high-risk and chemoresistance/relapse dis
ease.10-13 Among the immunotherapeutics reported for use in GTN, 
pembrolizumab has been the best described. Pembrolizumab acts by 
inhibiting programmed cell death Protein-1 (PD-1) receptors on lym
phocytes, blocking the ligands that would otherwise deactivate effector 
T-cells and prevent an immunological response. Ubiquitous PD-L1 
expression in the trophoblast,14 coupled with the allograft nature of 
the placenta, makes GTN an ideal therapeutic target for 
pembrolizumab.12

Although reports and small case series have presented encouraging 
results from the early international experience with pembrolizumab in 
GTN, it is essential not only to summarize the effectiveness of this 
treatment but also to delineate both areas of success and areas of un
certainty, especially identifying possible GTN profiles that may be un
responsive to this immunotherapy.

The aim of this systematic review and meta-analysis is to assess the 
overall effectiveness of pembrolizumab, as well as its performance in 
different scenarios where there is doubt as to whether this treatment is 
equally effective in GTN. There are doubts about whether the response 
to pembrolizumab is influenced by the patient’s age, the histopathology 
of GTN, the number of previous lines of chemotherapy, or even the time 
of initiation of this treatment. Given the small case series and cohorts 
reported to date, a meta-analysis of pembrolizumab is especially 
important because this treatment is considered one of the last oppor
tunities to cure patients with GTN who no longer respond to any line of 
chemotherapy, yet there are still crucial doubts about the limits and 
possibilities for this new approach.

Methods

Design

The methodological approach to evidence searching and synthesis 
followed the Preferred Reporting Items for Systematic Review and Meta- 
Analysis Protocols (PRISMA) recommendations15 as well as the MOOSE 
(Meta-analyses of Observational Studies in Epidemiology) Checklist.16

This study was registered at PROSPERO (December 27, 2023), the In
ternational Prospective Register of Systematic Reviews, at the University 
of York (CRD42023493329).17

Eligibility criteria for included studies

This review aimed to include Randomized Controlled Trials (RCTs), 
cohort studies, case series, and case reports focusing on pembrolizumab 
use in GTN. Studies were selected based on their relevance to the review 
questions, with no restrictions on study size or follow-up duration. 
Exclusion criteria included non-English language studies, animal 
studies, and abstracts or presentations without full-text availability (e.g., 
conference abstracts, and posters).

For systematic review and meta-analysis of studies on risk factors 
and prognosis, that respond to the question: What is the efficacy of 

pembrolizumab in high-risk gestational trophoblastic neoplasia the acronym 
PICO was used, which corresponds to the areas P (population), I 
(intervention), C (comparison) and O (outcome): 

1. Population: Women who had high-risk GTN (both in cases of first- 
line treatment and in cases of chemoresistance or relapse, as well 
as PSTT or ETT);

2. Intervention: Immunotherapy with pembrolizumab;
3. Comparison: Resistance to pembrolizumab with disease progression 

and/or death;
4. Outcome: Remission after immunotherapy (attested by 3-weekly 

hCG levels < 5 IU/L, or in cases of PSTT/ETT, also the radio
graphic resolution of disease).

Search methods for identifying studies

The keywords and Medical Subject Headings related to immuno
therapy/pembrolizumab and GTN, used alone or in combination (and 
with synonyms and closely related words) to retrieve relevant articles: 
(("gestational trophoblastic disease" [All fields]) OR ("gestational 
trophoblastic neoplasia" [All fields])) ("choriocarcinoma" [All fields]) 
OR ("placental site trophoblastic tumor" [All fields]) OR ("epithelioid 
trophoblastic tumor" [All Fields])) AND ("immunotherapy" [MeSH 
Terms]) AND (("remission" [All fields]) OR ("persistent" [All fields]) OR 
("progression")) AND (("chemoresistant") OR ("refractory" [All fields]) 
OR ("resistant"[All fields]) OR ("non-respondent" [All fields]) AND 
((“relapse” [All fields]) OR (“recurrence” [ All fields])). The authors 
searched in Excerpta Medica Database (EMBASE), Medical Literature 
Analysis and Retrieval System Online (MEDLINE)/PubMed, Elsevier’s 
Scopus and Web of Science up to November 28th, 2024. The authors also 
screened reference lists of relevant studies and reviews for additional 
articles. There was no publication year restriction. The search strategy 
developed for each database are available in the supplemental files 
(Supplemental Table 1).

Data collection

Two independent researchers (AB and JMM) evaluated all titles and 
abstracts for the initial screening of the studies. A third author adjudi
cated any discrepancy (SYS). All selected articles were read in full to 
assess the eligibility of the studies according to the inclusion and 
exclusion criteria to be considered in the systematic review. The re
searchers extracted all data from the retrieved articles, independently, 
using a standardized data extraction sheet.

In case of duplicate publications and more than one publication of a 
preliminary study, the authors attempted to maximize the use of infor
mation by simultaneous evaluation of all available data but did not 
include the same group of patients more than once in the analysis.

The following information was extracted for each study (when 
available): 

1. Study characteristics: title, author, year of publication, country, 
sample size;

2. Population characteristics: age, the origin of GTN, histopathology 
form, time to initiate immunotherapy, FIGO score, hCG level pre- 
immunotherapy, immunotherapy combined with chemotherapy, 
indication for immunotherapy, number of previous chemotherapy 
lines, and number of consolidations cycles.

3. Outcomes: remission or progression/death.

Quality and evidence assessment

The quality assessment was performed using the Newcastle Ottawa 
scale for case series and case reports that can be categorized into four 
domains: selection, ascertainment, causality, and reporting.18 These 
four domains with leading explanatory questions are summarized in 
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Supplemental Figure 1. Two independent researchers assessed the 
quality and the evidence (AB and JMM), independently, a third author 
adjudicated any discrepancy (SYS).

Likewise, the quality assessment was performed using the Grading of 
Recommendations Assessment, Development and Evaluation (GRADE) 
to rate the quality of the body of evidence retrieved.19 Two independent 
researchers assessed the quality and the evidence (AB and SYS); inde
pendently, a third author adjudicated any discrepancy (JMM).

Statistical analysis

Meta-analysis of proportions was carried out employing a random- 
effects model, as previously described.18,20 Heterogeneity was quanti
fied using restricted maximum likelihood as the variance estimator. The 
meta-analysis employed the inverse variance method, with the arcsine 
link function for the analysis of proportion data. A continuity correction 
of 0.5 was adopted in studies with zero cell frequencies (only used to 
calculate individual study results) to avoid computational issues. All 
analyses were performed using Stata 18. For all analyses, a p-value <
0.05 indicated statistical significance.

Heterogeneity among the included studies was assessed using the I2 

and H2 statistics. Even though there is no universal rule to grade het
erogeneity based on H2, I2 values show a good correlation with the 
heterogeneity of studies and should be interpreted as follows: up to 40%, 
might not be important; 30% to 60%, moderate heterogeneity; 50% to 
90%, substantial heterogeneity; and 75% to 100%, considerable 
heterogeneity.21

The authors anticipated that most of the cases would be case reports 
and case series. For this analysis, the authors followed Murad et al. 

recommendations for case reports/case series meta-analysis.18 Although 
less common, this method, with minor variations, has been reported in 
extensive literature, while the performance of meta-analysis of pro
portions could be an alternative approach to deal with the absence of 
clinical trials.20

Subgroup analyses

Factors collected for the included studies were used to stratify groups 
in subgroup analyses, supporting the investigation of potential sources 
of heterogeneity or inconsistencies. These factors included age, origin of 
GTN, histopathology forms of GTN, number of previous chemotherapy 
lines, indication for immunotherapy, time to initiate immunotherapy, 
immunotherapy combined with chemotherapy, and number of consoli
dation cycles. The rationale for selecting these factors was based on their 
potential clinical relevance and impact on treatment outcomes.

Sensitivity analysis

The authors conducted a sensitivity analysis using a leave-one-out 
approach to check the robustness of the results while iteratively 
removing one study at a time. This approach allowed us to assess the 
influence of individual studies on the overall pooled estimate and 
determine if the findings were heavily dependent on any single study. 
Potential limitations of this approach, such as reduced statistical power, 
were considered when interpreting the results.

Fig. 1. Prisma 2009 Flow Diagram.
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Results

Systematic review

The study selection process is illustrated in the PRISMA flow diagram 
(Fig. 1). A total of 15 studies, presented in Table 1, including 21 patients’ 
individual data and 18 remission reports, were included in the meta- 
analysis.10,13,22-34

Supplemental Table 2 provides an overview of the sample results 
from the included studies. The mean age of the women studied was 38- 
years-old, with older maternal age among those who did not respond to 
immunotherapy (50-years-old), compared to those who achieved 
remission (35.5-years-old, p = 0.05). Choriocarcinoma was the most 
prevalent tumor histopathology (9/21%‒42.9%), although there was no 
significant difference associated with histopathology with respect to 
remission after immunotherapy. The median time to initiate immuno
therapy was 35 days and, although the hCG level pre-immunotherapy 

was higher among those who did not respond to immunotherapy 
(2468 UI/L) compared to those who went into remission (38.1 IU/L), 
this difference was not significant (p = 0.07). Although there were 2 
cases of pembrolizumab indicated as first-line treatment for high-risk 
GTN (9.52%), the vast majority were for treatment of chemoresistant 
(42.86%) or relapsed disease (47.61%).

Meta-analysis

A meta-analysis was conducted to estimate the pooled proportion of 
GTN remission after pembrolizumab for the 15 studies included. The 
random-effects model yielded a pooled proportion estimate of 0.7159 
(95% CI 0.53; 0.84), suggesting that the efficacy of pembrolizumab in 
the population of this study is approximately 71.59% (within the range 
of 53.27% to 84.78%), as can be seen in Fig. 2.

Heterogeneity among the included studies was assessed using several 
measures. The between-study variance (tau-squared) and its square root 

Table 1 
Characteristics of the studies and clinical and oncologic outcomes of patients treated with pembrolizumab for Gestational Trophoblastic Neoplasia (GTN) included in 
this study.

Study Year Country Remission Age Origin of 
GTN

Histopathology Time to 
initiate 
Im 
(weeks)

FIGO 
score

hCG 
pre Im

Im 
+

Ch

Indication 
for Im

Number 
of 
previous 
Ch lines

Number of 
consolidation 
cycles

Ghorani 
et al.

2017 UK 
Sweden

Yes 42 ‒ Choriocarcinoma 36 17 80 No Relapse 6 5
Death 52 ‒ Mixed PSTT6/ 

ETT7
192 8 2468 No Relapse 2 *

Yes 48 ‒ PSTT6 132 20 73 No Resistance 4 5
Yes 37 ‒ Choriocarcinoma 7 6 118 No Relapse 6 5

Huang 
et al.

2017 US Yes 26 AD Choriocarcinoma 6 18 700 No Resistance 3 2a

Choi et al. 2019 South 
Korea

Yes 39 ‒ PSTT 37 15 67 No Resistance 3 13
Yes 26 ‒ ETT 73 14 57 No Resistance 2 4b

Clair et al. 2020 US Yes 30 CHM Choriocarcinoma 35 1 4527 No Relapse 6 Not reported
Goldfarb 

et al.
2020 US Progression 50 ‒ Choriocarcinoma 39 ‒ 480 No Relapse 6 3

Pisani 
et al.

2021 Malta Yes 49 AD ETT 204 ‒ 0 No First line 0 Not reported

Bell et al. 2021 US Yes 47 ‒ ETT 156 ‒ 9 No Resistance 1 c

Porter 
et al.

2021 US/UK Yes 34 AD PSTT 7 ‒ 55 Yes Resistance 2 Not reportedd

Polnaszek 
et al.

2021 US Yes 23 Abortion PSTT 2 ‒ 440 No First line 0 0e

Paspalj 
et al.

2022 Austria Yes 31 AD Choriocarcinoma 10 10 2115 No Resistance 3 3

Wong 
et al.

2022 US Yes 44 ‒ Choriocarcinoma ‒ 13 26 No Relapse 3 f

Braga 
et al.

2023 Brazil Yes 26 CHM ‒ 22 5 17,000 No Relapse 3 3
Yes 29 CHM Invasive mole 21 2 ‒ No Relapse 4 5
Yes 41 Abortion ‒ 14 8 ‒ No Resistance 3 3

Lehmann 
et al.

2023 Austria Yes 32 AD Choriocarcinoma 140 5 2598 Yes Relpase 3 12

Niimi 
et al.

2023 Japan Progression 38 Abortion Choriocarcinoma 25 6 48,000 No Resistance 6 *

Helbig 
et al.

2023 Germany Yes 46 AD ETT 11 ‒ 7 No Relapse 1 Not reported

Im, Immunotherapy; FIGO, International Federation of Gynecologists and Obstetricians; hCG, Human Chorionic Gonadotropin (UI/L); Ch, Chemotherapy; AD, After 
Delivery; PSTT, Placental Site Trophoblastic Tumor; ETT, Epithelioid Trophoblastic Tumor.

* Not applicable as there was no remission.
a Need to reduce the dosage of the 2 consolidation cycles of pembrolizumab in 50% due to toxicity.
b The institution’s tumor board decided to continue treatment with pembrolizumab, even after remission.
c The authors did not specify the number of pembrolizumab cycles until remission and consolidation cycles. However, after 29 cycles of pembrolizumab, with 

remission for 12-months, the patient continued immunotherapy.
d Although the number of consolidation chemotherapy cycles with pembrolizumab was not reported, the authors reported that they used, in addition to pem

brolizumab, 5 consolidation cycles with the EP/EMA regimen, replacing cisplatin to carboplatin in the last cycle due to toxicity (thrombocytopenia, ototoxicity and 
tinnitus). Finally, the authors reported that she is still on consolidation treatment with pembrolizumab.

e This patient was scheduled for 4 pembrolizumab consolidation cycles, which were not administered once the patient became pregnant.
f The patient achieves remission after 2 cycles of pembrolizumab (followed by 5 consolidation cycles). However, she relapsed after 6 months and was again treated 

with pembrolizumab. The report was unclear but suggested that the patient achieved remission after 4 further cycles of pembrolizumab, followed by 21 consolidation 
cycles. The patient was still undergoing consolidation chemotherapy at the time of publication of the case report, with no evidence of disease and with normal hCG 
levels after 2-months of the end of immunotherapy.
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Fig. 2. Forest plot and pooled proportion of patients with sustained remission after pembrolizumab for gestational trophoblastic neoplasia.

Fig. 3. Forest plot and pooled proportion of various subgroups of factors that may influence the efficacy of pembrolizumab treatment.
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(tau) were both estimated to be 0, suggesting no observed between- 
study variance. The I2 statistic for inconsistency was 0.00%, and the 
H2 statistic was 1.00 (p = 0.90), indicating no observed heterogeneity 
among the studies included in the sensitivity analysis. This suggests that 
the variation in the estimated proportions was consistent with sampling 
variability rather than differences in study populations or interventions.

Subgroup analysis

The subgroups meta-analysis (Fig. 3) assessed the influence of 
various factors on the efficacy of pembrolizumab treatment, including 
age (< 40 vs. ≥ 40-years-old, p = 0.38), the origin of GTN (non-molar vs. 
molar, p = 0.75), histopathologic type of GTN (PSTT/ETT/noninvasive 
mole/others versus invasive mole/choriocarcinoma, p = 0.48), number 
of previous chemotherapy lines (≤ 3 vs. ≥ 4 lines, p = 0.77), time from 
diagnosis to the beginning of immunotherapy (< 4 vs. ≥ 4-years, p =
0.84), pembrolizumab combined with chemotherapy (yes vs. no, p =
0.66), and number of consolidation immunotherapy cycles (≤ 3 vs. ≥ 4 
cycles, p = 0.69). This in-depth analysis found that these factors did not 
significantly affect treatment success, suggesting pembrolizumab’s 
uniform effectiveness across different patient subgroups.

Sensitivity analysis

The leave-one-out sensitivity analysis (Fig. 4) indicated that the 
meta-analysis findings were robust and not overly dependent on any 
single study. The efficacy rate remained relatively stable, ranging from 
approximately 69% to 72% across different iterations, with all p-values 
indicating statistical significance. This finding suggests that the overall 
pooled estimate is not heavily influenced by any individual study and 

provides further confidence in the robustness of the results.
The meta-analysis of case series data (Fig. 5) confirmed the primary 

analysis’s findings, showing an overall success rate of 83% (95% CI 
61%‒105%).

Publication bias

Considering the quality assessment performed by the Newcastle 
Ottawa scale for case series and case reports,18 the authors observed that 
there was a low-risk of bias in 9/15 (60%) of the studies included in this 
meta-analysis, with none of the other studies having any score that 
signaled a high risk of bias in the analyzed domains (Supplemental 
Fig. 1).

Regarding the GRADE assessment,19 the overall quality of the evi
dence is considered low, as further research is very likely to have an 
important impact on confidence in the estimate of effect and may change 
the estimate. This classification is mainly due to the nature of the studies 
included in this meta-analysis composed mainly of case reports and 
small case series.

A funnel plot was generated to visually assess publication bias 
(Supplemental Fig. 2). Although some asymmetry was observed, further 
analysis using the linear regression test of funnel plot asymmetry pro
vided additional insights. The test statistic (t) was -0.68, with 13 degrees 
of freedom (df) and a p-value of 0.50. The bias estimate was -0.94 with a 
Standard Error (SE) of 1.39, and the intercept was 2.40 with an SE of 
2.17. These results indicate no statistically significant evidence of funnel 
plot asymmetry (p = 0.50). The multiplicative residual heterogeneity 
variance (tau2) was 0.28.

Fig. 4. Forest plot and pooled proportion of patients with sustained remission after pembrolizumab considering the leave-one-out sensitivity analysis.
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Discussion

This meta-analysis indicates that pembrolizumab is effective in the 
treatment of high-risk GTN, with no differences in remission rates in 
cases of resistant or relapsed disease. The pooled proportion estimate of 
71.59% for the efficacy of pembrolizumab in high-risk GTN is a key 
finding, as it provides evidence of the potential clinical utility of this 
immunotherapy in a challenging patient population. The low hetero
geneity observed among the included studies further supports the con
sistency of this finding.

Likewise, the results of this study point to the effectiveness of pem
brolizumab in cases of high-risk GTN, regardless of the patient’s age, the 
histopathological type of GTN, or the previous number of lines of 
chemotherapy used. Furthermore, the good response to pembrolizumab 
was maintained notwithstanding the time to initiate immunotherapy 
and irrespective of whether it was simultaneously combined with 
chemotherapy or not.

Since the first reports of immunotherapy for the treatment of high- 
risk GTN were presented in the literature,10,22,23 most with successful 
outcomes, this innovative treatment has been the hope of a cure for 
women affected by this tumor, with less toxicity.12,13,35 Among the 
immunotherapeutics prescribed in GTN, pembrolizumab has been the 
most used,10,13,22-34 justifying its choice for this meta-analysis.

Although a previous systematic review reported a lower response to 
pembrolizumab in patients with advanced maternal age (over 40 years 
of age),13 the present meta-analysis, with the inclusion of new studies, 
did not report this difference. This data is especially important since 
advanced maternal age is often associated with GTN chemoresistance,6,7

even though more recent studies have not supported this association.36

In spite of the fact there are speculations about immunosenescence or 
even age-dependent responses to immunotherapy,37,38 the results of this 
meta-analysis are potentially encouraging for its use in GTN, regardless 
of the patient’s age.

GTN is a highly chemosensitive disease with 80%‒90% of high-risk 
cases attaining a cure.8,35,39,40 However, cases of high-risk GTN with 
chemoresistance or even relapse constitute a major therapeutic chal
lenge. Notwithstanding the fact that cases of chemoresistance appear to 
have a more unfavorable prognosis than cases of relapse,40 both are 
treated with toxic chemotherapy regimens containing multiple 
agents.1,35,39 The favorable results of pembrolizumab both for cases of 
chemoresistance and relapse, establish a new opportunity for a cure for 
the most aggressive cases refractory to standard chemotherapy 
treatment.

The possibility of bringing forward immunotherapy, with equal and 
positive results in more advanced cases of chemoresistance, where more 
chemotherapy regimens have been used, allows a treatment with a 
lower risk for immediate or late toxicity to be offered to these patients.41

This is potentially encouraging given successful reports of pregnancy 

subsequent to immunotherapy for GTN,13,29,42 making earlier initiation 
of this treatment feasible and potentially safe.

Patients with high-risk GTN with multidrug-resistant disease or 
relapse, especially those with exposure to etoposide above a cumulative 
dose of 2 g/m2 or those in whom treatment with chemotherapy con
taining multiple agents exceeds 6-months,41-44 may especially benefit 
from pembrolizumab. The most established polychemotherapy regi
mens for the treatment of high-risk GTN contain etoposide (among 
which: EMA/CO, EP/EMA, TP/TE, escalated EP, high dose chemo
therapy with Carbo-EC-T or ICE regimen – Supplemental Table 3).1,2,4

The possibility of sequencing the initiation of pembrolizumab after 
chemoresistance to one of these regimens is interesting, notably in cases 
of toxicity, without necessarily having to follow all these lines to use 
immunotherapy.41

The results of pembrolizumab for PSTT and ETT, equally good and 
comparable to choriocarcinomas, represent a new frontier for these tu
mors that are historically poorly chemo-sensitive and which, in general, 
present greater lethality.45,46 It was especially interesting that the 
response to pembrolizumab extended beyond 4 years of disease which 
normally carries a dismal prognosis for cases of PSTT/ETT.45,46 In 
exceptional situations, where the standard treatment for these cases, 
hysterectomy, is not accepted by the patient due to her reproductive 
desire, the use of pembrolizumab as a fertility-sparing strategy has been 
successfully used in cases of PSTT (which potentially could also be 
applied to the ETT).29

The combination of immunotherapy with standard-of-care chemo
therapy is already supported for a number of malignant diseases47 and 
appears to be safe and effective in GTN. Although anti-PD-1 therapy 
combined with chemotherapy in GTN has been reported to have shown 
improved antitumor effects and tolerable toxic effects, the immuno
therapy used was camrelizumab (PD-1 inhibitor) combined with apati
nib.48 Pembrolizumab associated with escalated EP, in an initial 
associated regimen, followed only by treatment with pembrolizumab 
facilitated the cure of a patient with choriocarcinoma with brain 
metastasis and chemoresistant to multiple lines of chemotherapy, with a 
disease-free survival of 14-months at the time of publication of the 
seminal case report of this regimen.32

This meta-analysis included studies from Europe, Asia, South 
America, and North America, indicating that this may allow the results 
to be globally generalizable. In addition, the involvement in this study of 
authors recognized as experts in GTN may enhance the conduct of the 
study and the interpretation of results. The main limitation of this paper 
is the rarity of GTN cases treated with immunotherapy, causing almost 
exclusively case reports to be included in this systematic review. How
ever, there are already models and references for meta-analyses carried 
out exclusively with case reports, in the absence of RCTs or more robust 
studies, which is a common situation in rare diseases, which validates 
the present study in light of the available evidence in rare diseases.49,50

Fig. 5. Forest plot and pooled proportion of patients with sustained remission after pembrolizumab considering only case series analysis.
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The authors should also emphasize the small number of cases in which 
there was no response to pembrolizumab, which may constitute a pub
lication bias. This has a special impact on the meta-analysis of the 
evaluated subgroups, meaning that small samples in some subgroups 
may limit the power to detect significant differences. Furthermore, 
subgroup analyses were exploratory in nature and should be interpreted 
with caution. Future studies with larger samples and pre-specified sub
group analysis are needed to confirm these findings and further inves
tigate possible predictors of treatment response. Another aspect that 
should be highlighted is the lack of some treatment details and the short 
follow-up time after remission that may have limited the diagnosis of 
GTN relapse, especially when evaluating the number of necessary 
consolidation cycles of pembrolizumab. Finally, it should be noted that 
the exclusion of articles written in a non-English language, as well as 
abstracts/presentations without full-text availability, is also a limitation 
of the study.

Conclusions

Pembrolizumab seems to be an effective immunotherapy for the 
treatment of patients with high-risk GTN with chemoresistant or 
relapsed disease, including cases of PSTT and ETT. The good response to 
pembrolizumab was maintained in a wide range of patients, regardless 
of their age, origin of GTN, time to initiate immunotherapy, number of 
chemotherapy regimens used before immunotherapy, and whether or 
not it was associated with chemotherapy.

With its good clinical response, it is expected that pembrolizumab 
will be increasingly used in clinical practice in cases of high-risk GTN, 
PSTT, or ETT that do not respond to standard chemotherapy, as well as 
in relapsed diseases or in scenarios where, due to side effects or imme
diate or late toxicity to antineoplastics, a treatment with better tolera
bility is preferred. These results are promising and warrant further 
investigation in larger, prospective studies to confirm the efficacy of 
pembrolizumab in high-risk GTN.
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38. Machiraju D, Schäfer S, Beckhove P, Roth J, Schulz C, Hassel JC. Rapid disease 
progression on immune checkpoint inhibitors in young patients with stage IV 
melanoma. Front Med (Lausanne). 2023;10, 1117816.

39. Alazzam M, Tidy J, Osborne R, Coleman R, Hancock BW, Lawrie TA. Chemotherapy 
for resistant or recurrent gestational trophoblastic neoplasia. Cochrane Database Syst 
Rev. 2016;2016(1), CD008891.

40. Powles T, Savage PM, Stebbing J, Short D, Young A, Bower M, et al. A comparison of 
patients with relapsed and chemo-refractory gestational trophoblastic neoplasia. Br 
J Cancer. 2007;96(5):732–737.

41. Savage P, Cooke R, O’Nions J, Krell J, Kwan A, Camarata M, et al. Effects of single- 
agent and combination chemotherapy for gestational trophoblastic tumors on risks 
of second malignancy and early menopause. J Clin Oncol. 2015;33(5):472–478.

42. You B, Bolze PA, Lotz JP, Massardier J, Gladieff L, Joly F, et al. Avelumab in patients 
with gestational trophoblastic tumors with resistance to single-agent chemotherapy: 
cohort A of the TROPHIMMUN phase II trial. J Clin Oncol. 2020;38(27):3129–3137.

43. Kollmannsberger C, Beyer J, Droz JP, Harstrick A, Hartmann JT, Biron P, et al. 
Secondary leukemia following high cumulative doses of etoposide in patients 
treated for advanced germ cell tumors. J Clin Oncol. 1998;16(10):3386–3391.

44. Hennah L, Seckl M, Ghorani E. Novel approaches to managing gestational 
trophoblastic tumors in the age of immunotherapy. Int J Gynecol Cancer. 2023;33(3): 
414–419.

45. Horowitz NS, Goldstein DP, Berkowitz RS. Placental site trophoblastic tumors and 
epithelioid trophoblastic tumors: biology, natural history, and treatment modalities. 
Gynecol Oncol. 2017;144:208–214.

46. Burkett WC, Soper JT. A review of current management of placental site 
trophoblastic tumor and epithelioid trophoblastic tumor. Obstet Gynecol Surv. 2022; 
77:101–110.

47. Emens LA, Middleton G. The interplay of immunotherapy and chemotherapy: 
harnessing potential synergies. Cancer Immunol Res. 2015;3(5):436–443.

48. Wang X, Cang W, Liu X, Cheng Y, Wan X, Feng F, et al. Anti-PD-1 therapy plus 
chemotherapy versus anti-PD-1 therapy alone in patients with high-risk 
chemorefractory or relapsed gestational trophoblastic neoplasia: a multicenter, 
retrospective study. EClinicalMedicine. 2023;59, 101974.

49. Jackson D, Daly J, Saltman DC. Aggregating Case reports: a Way For the Future of 
Evidence-Based Health care?. 2. Clin Case Rep; 2014:23–24.

50. Sampayo-Cordero M, Miguel-Huguet B, Pardo-Mateos A, Malfettone A, Pérez- 
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