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Summary
Background Synergistic antitumor effects of immunotherapy and chemotherapy have been demonstrated in several
solid tumors. However, this combination strategy has not been addressed in gestational trophoblastic neoplasia
(GTN) cases. We therefore compared the safety and therapeutic effect of anti-programmed cell death 1 (PD-1) therapy
combined with chemotherapy versus anti-PD-1 monotherapy among high-risk chemorefractory or relapsed GTN
patients.

Methods This retrospective cohort study was conducted at three teaching hospitals in China. Chemorefractory or
relapsed GTN cases receiving anti-PD-1 therapy combined with chemotherapy or anti-PD-1 monotherapy were
selected from each center between August 2018 and March 2022. Study endpoints included objective response
rate (ORR), treatment duration, overall survival (OS) and progression-free survival (PFS). The nature, prevalence
and severity of treatment-related adverse events (TRAEs) were evaluated.

Findings This work enrolled 66 cases. Thirty-five and 31 patients received anti-PD-1 therapy alone and combined with
chemotherapy, respectively. The combined treatment dramatically increased the objective response rate from 62.9%
(22/35) to 96.8% (30/31) (p < 0.001). The median durations until complete response were 2.2 (interquartile range
[IQR], 1.4–4.2) and 2.8 (IQR, 1.8–2.8) months in the anti-PD-1 monotherapy and combined treatment cohorts,
respectively (P = 0.299). The complete response rate (CRR) for anti-PD-1-refractory patients to salvage
chemotherapy was 84.6% (11/13). No significant difference in OS [HR 0.50 (95% CI 0.07–3.24), p = 0.499] was
detected between anti-PD-1 cohort and anti-PD-1 plus chemotherapy cohort. The PFS in combined group was
significantly longer than in anti-PD-1 group [HR 0.06 (95% CI 0.02–0.16), p < 0.001]. TRAEs were observed in 27
(77.1%) and 25 (80.6%) patients receiving anti-PD-1 therapy monotherapy and combined therapy, respectively
(p = 0.729).

Interpretation Anti-PD-1 therapy combined with chemotherapy exhibits sustainably improved antitumor effect and
tolerable toxic effects among high-risk chemorefractory or relapsed GTN cases. Patients not responding to PD-1
inhibitors can be effectively rescued with salvage chemotherapy.
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Research in context

Evidence before this study
We searched PubMed on October 1st 2022 for all clinical trials
or investigations using the term related to “gestational
trophoblastic neoplasia (GTN)”, “chemotherapy”,
“immunotherapy” and “anti-PD-1 therapy”. No language
restrictions were applied. Two ongoing clinical trials on
immunotherapy/chemotherapy in GTN patients were found
(NCT05139095 and NCT04396223). There were no studies
concerning about chemotherapy synergizing with PD-1
inhibitors offering improved anti-tumor effect in gestational
trophoblastic neoplasia compared with anti-PD-1 alone. Only
limited investigations of small sample size about anti-PD-1
alone showed favorable clinical benefit for patients with
chemotherapy-resistant or refractory GTN.

Added value of this study
To our knowledge, this is the first cohort study to investigate
the effect of anti-PD-1 therapy plus chemotherapy in patients
with chemotherapy-resistant or refractory GTN. The

combination of PD-1 inhibitor and chemotherapy provides a
more significant improvement in antitumor activity
compared with PD-1 inhibitor alone. Patients with no
response to anti-PD-1 treatment could have a complete
response to salvage chemotherapy regimens, even those
which had previously been unsuccessful.
Similar incidences of grade 3–4 treatment-related adverse
events were observed in patients with anti-PD-1
monotherapy or combined therapy.

Implications of all the available evidence
This multicenter retrospective study showed anti-PD-1
therapy plus chemotherapy can significantly improve the
complete and overall response rates compared with anti-PD-1
therapy alone for patients with high-risk chemorefractory or
relapsed GTN. PD-1 inhibitors could also restore sensitivity to
following salvage chemotherapy. However, these data should
be further confirmed with prospective clinical trials.
Introduction
Gestational trophoblastic neoplasia (GTN) represents a
group of gynecological malignancies related to preg-
nancy, which originates from placental trophoblasts,
including choriocarcinoma, malignant invasive mole,
epithelioid trophoblastic tumor (ETT) as well as
placental site trophoblastic tumor (PSTT). For effective
chemotherapeutics have been applied, the overall
response rate was over 90% in GTN patients, and a large
proportion of cases achieving complete remission are
treated by chemotherapy alone.1–3 Nonetheless, some
patients develop chemorefractory tumors or have mul-
tiple recurrences after a period of chemotherapy. Sub-
sequently, 0.5–5.0% of deaths occur because of
multiple-drug resistance (MDR), resulting in the
dismal prognostic outcome in patients with GTN.4

Therefore, it is urgently needed to search for novel
treatments for such cases.

Programmed cell death 1/programmed cell death
ligand 1 (PD-1/PD-L1) inhibitors have been developed
for reinvigorating T cells and interrupting immuno-
suppression through PD-1/PD-L1 pathway within tu-
mor microenvironment (TME),5 and they exerted
anticancer effect on different cancers. Previous studies
have demonstrated high PD-L1 expression within
healthy placentas and diverse GTN subtypes, indepen-
dent of International Federation of Gynecology and
Obstetrics (FIGO) score, chemoresistance, or poorer
clinical outcomes.6,7 Inhibitors targeting PD-1/PD-L1
among chemorefractory GTN cases have been quite
popular recently, with successful therapeutic outcomes
being attained in several series.8–10 A prospective study
assessing avelumab, a PD-L1 inhibitor, treatment in
GTN cases not responding to single-agent chemo-
therapy reported a complete response rate of 53.3% (8/
15).11 As a new therapeutic strategy, the clinical practice
guidelines released by the National Comprehensive
Cancer Network (NCCN) recommend PD-1/PD-L1 in-
hibitors as an option in the treatment of patients with
GTN resistant to chemotherapy.12

Evidence shows that treatment effectiveness is
approximately 50% among chemorefractory or relapsed
GTN cases after PD-1/PD-L1 inhibitor monotherapy.13 A
combination strategy has recently been investigated to
achieve optimal treatment effects. One phase-2 open-
label, open-label, prospective trial conducted at Peking
Union Medical College Hospital assessed the effective-
ness of camrelizumab (PD-1 inhibitor) combined with
apatinib (vascular endothelial growth factor receptor
inhibitor) on chemorefractory or relapsed GTN.14 In
total, 50% (10/20) of the included cases attained com-
plete remission after combined treatment. Notably, five
of the 7 (71.4%) patients who subsequently received
salvage chemotherapy after discontinuation from treat-
ment for disease progression had a complete remission
without recurrence, which offered another potential
instructive combination of chemotherapy and anti-PD-1
therapy. Preclinical and clinical studies suggest the
www.thelancet.com Vol 59 May, 2023
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synergistic antitumor effects of immunotherapy plus
conventional chemotherapy in several tumors.15–17

However, only few studies assess immunotherapy
combined with chemotherapy among GTN cases.
Therefore, we conducted a retrospective analysis to
describe whether immunotherapy combined with
chemotherapy was effective and safe in patients with
high-risk chemorefractory or relapsed GTN from three
study centers in China and aimed to provide a novel
treatment option for these patients.
Methods
Study design and subjects
We carried out the present retrospective cohort study in
three tertiary teaching hospitals: Peking Union Medical
College Hospital (PUMCH), China Medical University
Affiliated to Shengjing Hospital, and Obstetrics and
Gynecology Hospital of Fudan University. Patient in-
clusion criteria were shown below: (1) aged 18–60 years,
(2) having chemorefractory (<50% reduction or elevation
of serum human chorionic gonadotrophin [hCG] con-
tent after 2 or more continuous multidrug chemo-
therapy cycles) or relapsed (elevation of serum hCG
content twice without pregnancy following normal hCG
content [< 5 IU/L] for 4 weeks or longer after multidrug
chemotherapy) GTN, and (3) having the FIGO score ≥7.
Patients conforming to the standards below were
excluded: prior or active inflammatory or autoimmune
diseases; underlying or out-of-control diseases; or prior
application of systemic immune-stimulator, immune
checkpoint blockade, and/or systemic immunosup-
pressive agents and active infections.

Procedures
To determine the stage and FIGO risk factor score, all
patients were evaluated comprehensively before study
by performing medical history assessment, physical
examination, blood test evaluation, thoracic CT,
abdominal-pelvic contrast-enhanced CT or MRI scans.
Patients with lung metastasis or neurological symptoms
would also have brain contrast-enhanced CT or MRI
scans. The pathologic slides of PSTT and ETT were
reviewed and confirmed by at least two experienced
pathologists. PD-1 inhibitor was administered intrave-
nously with the following doses: 200 mg camrelizumab
at 2-week intervals, 200 mg pembrolizumab at 3-week
intervals, 240 mg toripalimab at 3-week intervals, and
200 mg sintilimab at 3-week intervals. In addition to
immunotherapy, 20 patients received 250 mg apatinib
through oral administration once a day, which was re-
ported in our previous study.14

The patients from combined treatment group received
chemotherapy during immunotherapy. Chemotherapy
regimens included floxuridine, dactinomycin, and
vincristine; etoposide, methotrexate, dactinomycin/cyclo-
phosphamide, and vincristine (EMA/CO); floxuridine,
www.thelancet.com Vol 59 May, 2023
dactinomycin, etoposide, and vincristine (FAEV); pacli-
taxel and cisplatin (TP); and paclitaxel, cisplatin/pacli-
taxel, and etoposide (TP/TE). Prophylactic application of
G-CSF was not routinely given. When neutrophil count
was <1.0 × 109/L at routine checkup, G-CSF was
administered at the discretion of the treating physician.
After a complete response was achieved, patients were
recommended to receive at least two cycles of combined
treatment for consolidation. At least six months of anti-
PD-1 treatment after combined treatment was sug-
gested to be a maintenance therapy until progressive
disease or intolerable toxicity events occurred.

Serum hCG contents were determined weekly in the
key laboratory. Radiographic evaluation was conducted
by CT at intervals of 2 treatment cycles. Routine blood,
renal and hepatic functions were tested at 2-week in-
tervals. Additional hematological, endocrinological,
biochemical, urine, and fecal tests were performed in
each cycle. TRAEs were scored in line with National
Cancer Institute Common Terminology Criteria or
Adverse Events version 5.0.

Endpoints
Serum hCG content was determined to evaluate disease
remission at intervals of 2 cycles (four or six weeks
depending on the type of PD-1 antibodies) by a
researcher. This study deemed complete remission (CR)
as the normal hCG level detected 3 weeks consecutively,
whereas partial remission (PR) as ≥50% reduction of
hCG content at 2 cycles later compared with baseline
level. Non-responders were patients with elevation of
serum hCG content at 2 cycles later compared with
baseline level or with novel metastases. For the hCG
response profile with anti-PD-1 treatment remains
poorly understood, experimental therapy could be
continued when patients had reduction of hCG content
at first two cycles of treatment. Non-responders would
switch to chemotherapy approximately 2 weeks later due
to severe disease conditions. The response definition
was previously reported in our clinical trial.14 Primary
outcome was the ORR, which indicated CR or PR pa-
tient percentage based on the serum hCG content. The
secondary outcomes included treatment duration, which
indicated the duration between immunotherapy initia-
tion and CR or time of discontinuation from PD-1-based
treatment due to the absence of response; overall sur-
vival (OS), which suggested the duration between the
experimental treatment start and death or last follow-up;
and safety outcomes; progression-free survival (PFS),
which indicated the duration between treatment start
and disease progression in line with serum hCG content
or death.

Ethics statement
This work gained approval from ethics committees from
each institution involved. Due to the retrospective na-
ture of the study, written informed consent was waived.
3
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Statistical analyses
Categorical data were represented by frequencies and
percentages, while continuous data by median (inter-
quartile range [IQR]). Shapiro–Wilk test was used to
confirm the normality. Wilcoxon rank-sum test was
utilized to compare continuous data, whereas categori-
cal data were compared by chi. When the expected count
was less than 5, categorical data were analyzed by
Fisher’s exact test. CR, ORR, and safety outcomes were
assessed as the proportion in each treatment group, and
the difference between the two groups was tested using
Fisher’s exact or Pearson’s χ2 test.

Kaplan–Meier (KM) analysis stratified by treatment
was conducted for survival analysis. The log-rank test
was performed to compare patient survival between
different groups. The Cox proportional hazards regres-
sion model was used to analyze the variables that may
influence the survival of patients. A subgroup analysis to
compare the 1-year progression-free survival between
anti-PD-1 monotherapy and anti-PD-1 plus chemo-
therapy was planned for clinically relevant subgroups.
Hazard ratios were estimated using univariable Cox
regression model. The test of interaction (Wald test)
between each variable and treatment was done. Statis-
tical analyses were completed with R version 4.2.2 and
SPSS22.0.

Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report. The corresponding authors had full access
to all the data in the study and had final responsibility
for the decision to submit for publication.
Results
Between August 2018 and March 2022, the present
work included 66 cases developing chemorefractory or
relapsed GTN receiving anti-PD-1 monotherapy (n = 35)
or combined treatment (n = 31) (Fig. 1). For anti-PD-1
therapy alone cohort, 15 (42.9%) and 20 (57.1%) pa-
tients received anti-PD-1 monotherapy and anti-PD-1
combined with apatinib, respectively. The majority had
choriocarcinoma (59/66, 89.4%), and seven had inter-
mediate trophoblastic tumors (three, ETT; four, PSTT).
The 7 patients with PSTT/ETT were all occasionally
found on a D&C, hysterectomy or thoracic meta-
stasectomy due to the low hCG level and atypical clinical
symptoms. Choriocarcinoma was occasionally seen on a
D&C in eleven patients and metastasectomy in eleven
patients. Twenty-one patients had surgeries when hCG
was controlled after chemotherapy and twelve of them
had histological confirmation for choriocarcinoma.
Eight patients had pervious pathological diagnosis of
hydatidiform mole. Only seven patients did not receive
any surgery. Table 1 shows basic patient features. The
median hCG concentrations before treatment in
anti-PD-1 monotherapy and combined treatment co-
horts were 255.67 (IQR, 74.44–3022.97) and 290 (IQR,
58.96–5454.00) IU/L, respectively (p = 0.954). Seven
patients had a serum hCG concentration higher than
10,000 IU/L. The details of previous chemotherapies
including regimens and courses each patient received
are listed in Table S1. There was no significant differ-
ence in most characteristics, such as age, FIGO stage,
FIGO score, Eastern Cooperative Oncology Group per-
formance status, prior surgical treatment, previous
multidrug chemotherapy, or metastasis sites, at the start
of subsequent anti-PD-1 treatment with or without
chemotherapy, only with discrepancy for type of anti-
PD-1 antibodies (p = 0.008). The most common
chemotherapy regimens used in patients combined with
chemotherapy were FAEV (11 [35.5%] patients), TP/TE
(9 [29.0%] patients), and EMA/CO (4 [12.9%] patients).

As of October 20, 2022, the median follow-up dura-
tions were 37.6 (IQR, 31.7–39.0) and 14.4 (IQR,
11.4–26.0) months for patients receiving anti-PD-1
monotherapy and combined treatment, separately. CR
rate of combined treatment group (27 [87.1%] of 31
patients) was higher than anti-PD-1 monotherapy group
(19 [54.3%] of 35 patients) (p = 0.007, Table 2). Com-
bined treatment dramatically increased the ORR from
62.9% (22/35) to 96.8% (30/31) (p < 0.001, Table 2). The
median durations until complete response were 2.2
(IQR, 1.4–4.2) and 2.8 (IQR, 1.8–2.8) months in the anti-
PD-1 monotherapy and combined treatment cohorts,
respectively (p = 0.299).

As for anti-PD-1 therapy alone cohort, 19 (54.3%)
cases attained CR, followed with consolidation of PD-1
antibodies (median: 6.5 courses, IQR 5.0–7.8). 3
(8.6%) patients attained PR, while 13 (37.1%) dis-
continued anti-PD-1 treatment due to absence of
response. All 13 patients subsequently received salvage
chemotherapy. The median interval between previous
chemotherapy and salvage chemotherapy was 6.1
months (IQR, 3.1–9.2). Eleven (84.6%) of them attained
CR, including 7 (63.6%) with CR to previously unre-
sponsive chemotherapy regimens. Only one case who
achieved a complete response via salvage chemotherapy
experienced a recurrence 6 months later, and she died 3
years after withdrawing anti-PD-1 treatment. Those two
other patients failed to respond to subsequent multiline
chemotherapy and died 7 and 16 months after with-
drawing anti-PD-1 treatment, respectively. Three pa-
tients achieving PR to anti-PD-1 therapy also received
salvage chemotherapy. One patient showed complete
response after FAEV and lobectomy. One death was
reported due to progressive disease (PD) at 8 months
following drug withdrawal. The remaining patient was
still in a partial response status and received anti-PD-1
combined with carboplatin in last follow-up.

For combined treatment group, 27 cases achieved
CR following the median 2.8-month treatment and
proceeded with several courses for consolidation
www.thelancet.com Vol 59 May, 2023
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Fig. 1: Flow diagram of the study.
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(median: 4 courses, IQR 3.5–4). After completion of the
combined therapy, these patients subsequently received
anti-PD-1 monotherapy as maintenance treatment, and
the median duration was 7.6 (IQR, 4.8–10.2) months.
The hCG concentrations of the three patients with par-
tial response did not fall to the normal range by the end
of follow-up. Only one patient showed disease progres-
sion after five cycles of FAEV plus anti-PD-1 treatment
and died 6 months after treatment initiation.

A swimmer plot showing the survival of each patient
is shown in Fig. 2. At the time of analysis, only one
patient in anti-PD-1 cohort was under treatment of anti-
PD-1 combined with chemotherapy. Seven patients in
combined group were still receiving anti-PD-1 mono-
therapy for maintaining by the cutoff date. The PFS and
OS data were not mature in the two cohorts. In a post
hoc analysis, the 1-year OS rates were 88.6% (95%
confidence interval [CI], 74.1–95.5) and 96.8% (95% CI,
83.8–99.4) in the anti-PD-1 monotherapy and combined
treatment cohorts, respectively. The 1-year PFS rate was
54.3% (95% CI, 38.2–69.5) of anti-PD-1 monotherapy
group, while 96.8% (95% CI, 83.8–99.4) in combined
treatment group, respectively. No significant difference
in OS [HR 0.50 (95% CI 0.07–3.24), p = 0.499] was
detected between anti-PD-1 cohort and anti-PD-1 plus
chemotherapy cohort. The PFS in combined group was
significantly longer than in anti-PD-1 group [HR 0.06
(95% CI 0.02–0.16), p < 0.001] (Fig. S1). Multivariable
analysis adjusting for potential confounders clarified
that treatment with anti-PD-1 plus chemotherapy was
significantly associated with longer PFS than anti-PD-1
monotherapy (Table S2). In most clinical subgroups,
www.thelancet.com Vol 59 May, 2023
consistent longer PFS with anti-PD-1 plus chemo-
therapy compared with anti-PD-1 monotherapy was
confirmed (Table 3).

TRAEs occurred in 27 (77.1%) and 25 (80.6%) pa-
tients receiving anti-PD-1 monotherapy and combined
treatment, respectively (Table 4). Grade 3–4 TRAEs with
higher occurrence frequency included leukopenia
(25.8%, combined treatment; 11.4%, anti-PD-1 mono-
therapy) and increased alanine aminotransferase level
(9.7%, combined treatment; 5.7%, anti-PD-1 mono-
therapy) in all cohorts. One patient experienced
anaphylactic shock during the fourth cycle of combined
treatment. The patient was administered dexametha-
sone (5 mg) and adrenaline (0.3 mg) with rapid
correction of shock. Cetirizine was administered to
resolve allergic events, and treatment was resumed.
Drug-related death was not reported in any groups.
Discussion
This retrospective study examined whether PD-1 in-
hibitor combined with chemotherapy and anti-PD-1
monotherapy were effective and safe in high-risk che-
morefractory or relapsed GTN cases. The combined
treatment had a significantly higher CR rate and ORR
than anti-PD-1 therapy alone. The combined treatment
induced more grade 3–4 TRAEs, but all of them could
be managed.

PD-L1 expression maintains gestational tolerance
during pregnancy.18 PD-L1 is strongly expressed in
GTN.7,19 Targeting programmed cell PD-1 inhibitory
signaling is considered a potential strategy for
5
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Characteristics Anti-PD-1 (n = 35) Anti-PD-1 plus chemotherapy (n = 31) P value

Age (y)

Median 34 (28–55) 32.5 (23–53) 0.521

Pathological type 0.999

Choriocarcinoma 31 28

ETT + PSTT 4 3

ECOG performance status 0.517

0 14 14

1 21 17

FIGO stage 0.530

I-II 1 3

III 24 15

IV 10 13

FIGO score 0.852

7 to 12 20 17

>12 15 14

Site of metastases

Lung 30 22 0.234

Brain 5 6 0.743

Liver 3 4 0.999

Antecedent pregnancy 0.784

Hydatidiform mole 10 7

Abortion 10 12

Term 15 12

Pretreatment hCG concentration, IU/L 0.480

<103 24 18

103 to 10⁴ 7 10

>10⁴ 4 3

Interval from antecedent pregnancy to anti-PD-1 treatment, years 0.765

<1 2 3

1 to <3 13 11

3 to <6 14 14

≥6 6 3

Lines of previous multidrug chemotherapy 0.165

1 2 8

2 14 7

3 10 10

4 5 4

5 4 2

Previous surgery

Hysterectomy 19 12 0.253

Thoracic metastasectomy 12 9 0.715

Other metastasectomy 5 8 0.244

Type of anti-PD-1 antibodies 0.008

Camrelizumab 21 16

Sintilimab 3 5

Toripalimab 2 9

Pembrolizumab 9 1

PD-1 = programmed death-1. ETT = epithelioid trophoblastic tumor. PSTT = placental site trophoblastic tumor. ECOG = Eastern Cooperative Oncology Group. FIGO =
International Federation of Gynecology and Obstetrics. hCG = human chorionic gonadotrophin.

Table 1: Baseline characteristics stratified by treatment.
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chemorefractory or relapsed GTN. This is practical in
patients with GTN with chemoresistance under several
small series.8,9,20 Although the response rate was rela-
tively higher than that in other solid tumors, exploratory
studies on alternative treatments to complement the
PD-1 inhibitor attribute are required. A preclinical study
has demonstrated that conventional chemotherapeutic
drugs, such as oxaliplatin, could cause immunogenic
www.thelancet.com Vol 59 May, 2023
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Response to treatment Anti-PD-1 (n = 35) Anti-PD-1 plus chemotherapy (n = 31) P value

Patients Treatment duration (months) Patients Treatment duration (months)

Complete response 19 (54.3%) 2.2 (IQR, 1.4–4.2) 27 (87.1%) 2.8 (IQR, 1.4–2.8) 0.007

Partial response 3 (8.6%) 3 (9.7%)

Objective response rate 22 (62.9%, 95%CI 39.4–95.2) 30 (96.8%, 95%CI 65.3–138.2) ＜0.001

No response 13 (37.1%) 1 (3.2%)

*P value indicates the comparison of response rates. PD-1 = Programmed death-1. IQR = interquartile range. CI = confidence interval.

Table 2: Response to treatment in two cohorts.

Articles
cell death and promote the anticancer immunity.21

Moreover, chemotherapy can also directly enhance the
endogenous immune response by strengthening the
functions of effector immune cells and inhibiting
immunosuppressive cells to recover immuno-
surveillance.22,23 It is confirmed through clinical trials
where immune checkpoint inhibitors administered with
chemotherapy show great anticancer effect and
controllable toxicity in different cancers including non-
small cell lung cancer (NSCLC), esophageal and breast
cancers.15,24,25 According to clinical trial results, pem-
brolizumab combined with chemotherapy was approved
for squamous NSCLC in 2018 by the Food and Drug
Fig. 2: Swimmer plot for patients treated with

www.thelancet.com Vol 59 May, 2023
Administration (FDA). In 2021, nivolumab in combi-
nation with chemotherapy was approved to treat cases
with metastatic or advanced gastric cancer (GC).26

Chemotherapy combined with PD-1 inhibitors has
become a first-line therapy in certain cancers. However,
research on anti-PD-1 plus chemotherapy in GTN is
lacking.

In our work, 27 (87.1%) of 31 refractory cases
receiving anti-PD-1 therapy combined with chemo-
therapy achieved a complete response with no evidence
of relapse during follow-up. In anti-PD-1 therapy group,
the complete response rate was 54.3% (19/35). Patients
with or without apatinib administration presented
anti-PD-1 with or without chemotherapy.

7
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Variable 1-year progression-free survival (95% CI) HR for progression (95% CI)a Pinteraction

Anti-PD-1 (n = 35) Anti-PD-1 plus chemotherapy (n = 31)

Age (y) 0.941

<40 52.2 (31.1–72.6) 95.7 (76.0–99.8) 0.07 (0.01–0.55)

≥40 50.0 (22.2–77.7) 100.0 (59.8–100.0) 0.02 (0.00–13.30)

FIGO score 0.914

7 to 12 55.0 (32.1–76.2) 100.0 (77.1–100.0) 0.02 (0.00–3.34)

>12 50.0 (22.3–72.6) 92.9 (64.2–99.6) 0.10 (0.01–0.83)

Pretreatment hCG concentration, IU/L 0.414

<103 50.0 (29.7–70.4) 100.0 (78.1–100.0) 0.02 (0.00–1.70)

103 to 10⁴ 42.9 (11.8–80.0) 90.0 (54.1–99.5) 0.02 (0.01–1.06)

>10⁴ 75.0 (21.9–98.7) 100.0 (31.0–100.0) 0.10 (0.01-)

Lines of previous multidrug chemotherapy 0.927

≤2 62.5 (35.9–83.7) 100.0 (74.7–100.0) 0.02 (0.00–11.11)

>2 42.1 (21.1–66.0) 93.8 (67.7–99.7) 0.08 (0.01–0.61)

Type of anti-PD-1 antibodies 0.875

Camrelizumab 52.4 (30.3–73.6) 100.0 (75.9–100.0) 0.02 (0.00–2.49)

Others 50.0 (24.0–76.0) 93.3 (66.0–99.7) 0.14 (0.02–0.94)

All patients 51.4 (34.3–68.3) 96.8 (81.5–99.8) 0.05 (0.01–0.39)

Subgroup analysis of progression-free survival. An unstratified univariable Cox model was used to estimate HR. A Wald test of interaction was done between variables and
treatment groups. PD-1 = programmed death-1. FIGO=International Federation of Gynecology and Obstetrics. hCG = human chorionic gonadotrophin. HR = hazard ratio.
CI = confidence interval. aReference category: Anti-PD-1.

Table 3: Subgroup analysis of progression-free survival.
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similar baseline characteristics, response rates and
TRAEs (Tables S3−S5). It is worth noting that 11
(84.6%) of 13 patients not responding to anti-PD-1
therapy achieved CR to salvage chemotherapy regi-
mens. Seven (63.6%) of the 11 cases attained CR to
Number of patients with adverse events Anti-PD-1 (n = 35)

Grade 1-2

Fever 12 (33.3%)

Fatigue 3 (8.6%)

Hyperthyroidism 6 (17.1%)

Hypothyroidism 4 (11.4%)

Gastrointestinal system

Diarrhea 5 (14.3%)

Nausea or vomiting 6 (17.1%)

Increased alanine aminotransferase 8 (22.8%)

Increased aspartate aminotransferase 6 (17.1%)

Increased amylase or lipase 0

Skin

Rash or pruritus 7 (20.0%)

RCCEP 7 (20.0%)

Blood suppression

Anaemia 4 (11.4%)

Thrombocytopenia 4 (11.4%)

Leukopenia 12 (34.3%)

PD-1 = programmed death −1. RCCEP = Reactive cutaneous capillary endothelial prolife

Table 4: Treatment-related adverse events.
previously unresponsive chemotherapy regimens.
Consequently, anti-PD-1 may modulate the immune
system and restore sensitivity to chemotherapy. Several
retrospective studies have shown a promising response
rate of salvage chemotherapy after PD-1/PD-L1 inhibitor
Anti-PD-1 plus chemotherapy
(n = 31)

Grade 3-4 Grade 1-2 Grade 3-4

0 10 (32.3%) 0

0 3 (9.7%) 0

0 0 0

0 4 (12.9%) 0

0 4 (12.9%) 0

0 7 (22.6%) 0

2 (5.7%) 8 (25.8%) 3 (9.7%)

4 (11.4%) 7 (22.6%) 1 (3.2%)

0 1 (3.2%) 0

0 4 (12.9%) 2 (6.5%)

0 8 (25.8%) 0

0 3 (9.7%) 1 (3.2%)

0 2 (6.5%) 0

4 (11.4%) 6 (19.4%) 8 (25.8%)

ration.
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treatment, which was almost up to that of first-line
chemotherapy.27,28 This indicates that patients with no
response to PD-1 inhibitors should be treated with
caution, as anti-PD-1-refractory patients showed a
remarkable response to salvage chemotherapy again.
Further studies with larger cohorts are required to
investigate how these responders can be selected.
However, the sustainability of complete remission after
anti-PD-1 therapy plus chemotherapy treatment merits
attention. Data from PUMCH showed that 80% of high-
risk chemorefractory or relapsed GTN cases relapsed in
6 months following salvage chemotherapy.29 According
to our results, cases attaining CR to combined treatment
exhibited durable complete remission to the cutoff date.
Hence, chemotherapy might be compatible with PD-1
inhibitors to achieve both rapid and long-term tumor
control. However, we cannot completely rule out the
possibility that the resensitisation was caused by re-
retreatment after an interval between 1st and 2nd
chemotherapy treatment lines. Further basic researches
to dive in to the tumor microenvironments are war-
ranted and much more prospective clinical studies are
needed for understanding the exact reason behind this
phenomenon before we can really draw firm
conclusions.

ETT and PSTT are histologically defined as inter-
mediate trophoblastic tumors that respond poorly to
conventional chemotherapy regimens.30 There were
three patients with ETT and one with PSTT in anti-PD-1
therapy alone group, whereas three patients with PSTT
in combined treatment group. Complete response rates
were 50% (2/4) and 66.6% (2/3), respectively. According
to a previous study, pembrolizumab showed effective-
ness in advanced-stage PSTTs.8 Hence, intermediate
trophoblastic tumors may benefit from antibodies
blocking PD-1, with or without chemotherapy. However,
our results must be confirmed with a large sample size.

As suggested by data regarding whether anti-PD-1
therapy combined with chemotherapy was safe, AEs
conformed to those reported in previous publications on
other cancers.26,31 Grade 3–4 TRAEs with the highest
frequency included leukopenia and increased alanine
aminotransferase level. The combined treatment group
had a slightly increased incidence of certain TRAEs
compared with anti-PD-1 therapy alone, but most of the
immune-associated AEs were manageable.

This study has some limitations. First, the results
needed to be carefully interpreted, given the retro-
spective and nonrandomized nature of this study. The
selection of combined or single-agent treatment was
determined by doctors in charge after comprehensive
consideration, which varied between professors in the
absence of a recognized criteria for treatment options,
thus it was hard to define the standard for case selec-
tion. Second, our study had a small sample size
because the disease is rare. Besides, sample counts in
www.thelancet.com Vol 59 May, 2023
the two cohorts yielded unavoidable selection bias, as
indicated by the difference in types of PD-1 antibodies
between the treatment groups. However, the baseline
characteristics were generally similar between the two
groups, which made the two treatment modalities
generally comparable. Additionally, the possibility of
an initial increase in hCG concentration (may be
pseudoprogression) before the hCG decline and sub-
sequent normalization could not be fully ruled out.
Nevertheless, pseudoprogression was not observed in
previous reports concerning GTN.11,14 Finally, confir-
mation of GTN was mainly based on serum hCG
concentration and clinical features, whereas patholog-
ical diagnosis was not mandatory. The evaluation of
tumor tissue focusing on immune characteristics was
difficult to conduct in this study. Despite these limi-
tations, this is the largest reported analysis of patients
with GTN receiving anti-PD-1 treatment with or
without chemotherapy. A phase-II trial conducted in
our institutions is currently recruiting patients for the
assessment of the combination of anti-PD-1 therapy
(NCT05139095). Another ongoing clinical trial aims to
compare the efficacy of PD-L1 antibody Avelumab
plus methotrexate in low-risk GTN patients
(NCT04396223). In the future, they might be able to
provide evidence with higher level for this patient
population.

To sum up, our results suggest that the combined
treatment significantly improves anticancer effect rela-
tive to PD-1 inhibitor monotherapy. Considering its
acceptable tolerability, the combined treatment is
favored over anti-PD-1 therapy alone in high-risk che-
morefractory or relapsed GTN cases. Further prospec-
tive studies should be conducted for evaluating long-
time survival benefits of combined treatment in heavi-
ly treated high-risk GTN cases.
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