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Summary
Background In an interim analysis of this phase 2 trial, adding the GX-188E vaccine to pembrolizumab resulted in
manageable toxicity with antitumor activities in patients with recurrent or advanced cervical cancer. Here, we
report the final safety and efficacy results after a long-term follow-up at the study’s completion.

Methods This open-label, single-arm, phase II trial was conducted in nine hospitals in South Korea (ClinicalTrials.gov
identifier, NCT03444376). Eligible patients were aged ≥18 years with recurrent or advanced inoperable cervical
cancer, Eastern Cooperative Oncology Group Performance status of 0 or 1, and positivity for HPV 16/18, who
failed the available standard-of-care therapy. Patients received intramuscular 2 mg GX-188E at weeks 1, 2, 4, 7, 13,
19, and 46 and intravenous 200 mg pembrolizumab every 3 weeks for up to 2 years or until disease progression.
The primary endpoint was the objective response rate (ORR) within 24 weeks.

Findings Between June 19, 2018, and December 24, 2021, 65 patients were enrolled and received at least one dose of
the study treatment. Sixty patients received combination treatment with GX-188E and pembrolizumab and
underwent efficacy analysis. After a median follow-up of 14.72 months, the confirmed ORR was 35.0% (95% CI,
23.1–48.4). Five patients (8.3%) had a complete response, and 16 (26.7%) had a partial response. In addition,
patients with PD-L1-positive and PD-L1-negative tumors had an ORR of 38.9% (95% CI, 23.1–56.5) and 29.2%
(95% CI, 12.6–51.1), respectively. The median duration of response of all the patients was 12.3 months (95% CI,
5.3–not reached [NR]). For those with PD-L1-positive tumors, it was 12.3 months (95% CI, 3.5–NR), and for those
with PD-L1-negative tumors, it was NR (95% CI, 2.4–NR). The median progression-free survival of the 60 patients
was 4.4 months (95% CI, 2.1–8.3), and the median overall survival was 23.8 months (95% CI, 14.0–NR). 22
(33.8%) of 65 patients had treatment-related adverse events (TRAEs) of any grade and four (6.2%) had grade 3–4
TRAEs. No treatment-related deaths occurred.

Interpretation The GX-188E vaccine combined with pembrolizumab in recurrent or advanced HPV-positive cervical
cancer was safe and showed a promising overall survival and clinical response rate. This combination therapy might
provide a new potential treatment option for patients with recurrent or advanced cervical cancer.
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Research in context

Evidence before this study
We searched PubMed through November 30, 2023, for
recurrent or advanced cervical cancer trials using the terms
“HPV-positive”, “checkpoint inhibitor”, “PD-L1”, “ORR, “OS”,
and “clinical trial” without language restriction.
Most clinical trials using checkpoint inhibitors alone or in
combination showed favorable ORR in PD-L1-positive
patients, and only a few trials reported a limited ORR in PD-
L1-negative patients. Therefore, it is crucial to explore
alternative therapeutic options for recurrent or advanced
cervical cancer regardless of PD-L1 expression.

Added value of this study
This study demonstrates that the combination of the GX-
188E vaccine with pembrolizumab for treating recurrent or
advanced HPV-positive cervical cancer is a safe treatment
modality that may offer promising overall survival rates and
clinical response rates regardless of PD-L1 expression.

Implications of all the available evidence
If further studies confirm these findings, this combination
therapy might provide a new potential treatment option for
patients with recurrent or advanced cervical cancer.
Introduction
Cervical cancer is the fourth most frequently diagnosed
and fourth leading cause of cancer-related death in
women.1 Persistent Human papillomavirus (HPV) is
associated with >95% of all cervical cancer cases, and
HPV-16 and HPV-18 genotypes are associated with 71%
of cervical cancer cases.2–4

For patients with recurrent or advanced cervical can-
cer, the use of platinum-containing doublet combina-
tions, either with or without bevacizumab, has been
established as the current standard first-line systemic
therapy.5–7 Furthermore, recent research has demon-
strated that immunotherapy, such as pembrolizumab
and atezolizumab, when combined with platinum-based
chemotherapy, with or without bevacizumab, as first-
line therapy offers clinically significant improvements
in both PD-L1-positive and -negative patients with
recurrent or metastatic cervical cancer.8,9 However, there
is still a high unmet need regarding this disease, given its
dismal prognosis and the scarcity of effective treatment
options after the failure of first-line systemic therapies.

Pembrolizumab has been approved by the US Food
and Drug Administration (FDA) for patients with
recurrent or advanced cervical cancer with disease pro-
gression after one or more previous chemotherapies for
programmed death ligand 1 (PD-L1)-positive tumors.
The approval was granted based on the KEYNOTE-158
trial results, which demonstrated a higher objective
response rate (ORR) of 14.3% in PD-L1-positive patients
compared to other systemic therapies, which have
shown an ORR of less than 15%.10 Cemiplimab has
been approved by the European Medicines Agency
(EMA) for the treatment of adult patients with recurrent
or metastatic cervical cancer and disease progression on
or after platinum-based chemotherapy based on
EMPOWER-cervical 1 trial results, which demonstrated
improved overall survival (OS) in the intention to treat
population, and also in PD-L1 negative tumors.11
It has been indicated that the expression of PD-L1 in
cervical cancer ranges from 16.7% to 34.4%.12 Given that
pembrolizumab monotherapy is only approved for pa-
tients whose tumors express PD-L1, and that cemipli-
mab monotherapy also has a limited ORR of
approximately 10% in PD-L1-negative patients, it is
crucial to explore alternative therapeutic options for
cervical cancer in patients with negative PD-L1
expression.

GX-188E (tirvalimogene teraplasmid), a therapeutic
DNA vaccine that encodes HPV-16 and HPV-18 E6 and
E7 proteins, is designed to enhance the processing and
presentation of HPV E6/E7 antigens by dendritic cells
through the co-expression of Fms-like tyrosine kinase-3
ligand.13 Previous studies on various HPV therapeutic
vaccines alone or with other therapies (conventional
chemotherapies or immunotherapies) observed T-cell-
induced immunity, yielding antitumor activity in HPV-
infected tumor cases.14 In previously reported interim
results of this phase 2 trial, the administration of GX-
188E and pembrolizumab yielded promising anti-
tumor activities, with a confirmed ORR of 42%. The
treatment was generally safe and well-tolerated, with
manageable adverse events.15 Herein, we present the
final efficacy and safety results, including the primary
endpoint (ORR) of this combination therapy in the
treatment of recurrent or advanced cervical cancer that
has been previously treated.
Methods
Study design and participants
This was a multicenter, open-label, single-arm phase II
study (ClinicalTrials.gov identifier, NCT03444376). Pa-
tients were recruited from nine hospitals in Korea: the
National Cancer Center, Asan Medical Center, Catholic
University of Seoul St. Mary’s Hospital, Seoul National
University Bundang Hospital, Samsung Medical
www.thelancet.com Vol 74 August, 2024
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Center, Keimyung University Dongsan Medical Center,
Yonsei University College of Medicine, Inje University
Busan Paik Hospital, and Korea University Guro
Hospital.

Eligible patients were women aged 18 years or older
and had histologically confirmed recurrent or advanced
cervical cancer with HPV infection (HPV-16 and/
or −18); had progressed on or were intolerant to first or
later lines of chemotherapy; had measurable disease
based on the Response Evaluation Criteria in Solid Tu-
mors (RECIST version 1.1), as evaluated by the blinded
independent central review (BICR); and had an Eastern
Cooperative Oncology Group (ECOG) performance sta-
tus of 0 or 1. Patients with a history of active central
nervous system metastases or active autoimmune dis-
ease, an allogeneic solid organ or bone marrow trans-
plant, or a diagnosis of immunodeficiency were
excluded.

Ethics
The trial protocol and other materials were approved by
the institutional review boards or ethics committees of
the nine hospitals described above subsection, and the
Ministry of Food and Drug Safety (MFDS), the compe-
tent authority in Korea. Written informed consent was
obtained from all participants. The full protocol is
available in Supplementary Material. The trial was con-
ducted in accordance with the International Conference
on Harmonization Good Clinical Practice guidelines
and the principles of the Declaration of Helsinki.

Procedures
GX-188E (2 mg) was administered intramuscularly
either into deltoid or lateralis muscles using electropo-
ration (TriGrid Delivery System, Ichor Medical Systems,
Inc.) at weeks 1, 2, 4, 7, 13, and 19 with one optional
dose at week 46. The vaccination schedule was consis-
tent with the administration schedule of pem-
brolizumab, except for an additional dose administered
at week 2 to induce a T-cell response as soon as possible.
Pembrolizumab (200 mg) was administered using an
intravenous infusion on day 1 of each 3-week treatment
cycle. In case of grade 3 or higher hematological or non-
hematological adverse events defined as dose-limiting
toxicity, the patients were advised to skip the GX-188E
treatment at week 2 and have their pembrolizumab
treatment interrupted or reduced. The duration
of treatment was approximately 2 years or until disease
progression.

Tumor PD-L1 expression was analyzed at a central
laboratory using the IHC 22C3 pharmDx assay (Agilent
Technologies, Carpinteria, CA) and was considered
positive when the combined positive score (CPS) was
≥1. Peripheral blood samples were taken from the pa-
tients at screening and weeks 1, 4, 7, 10, 16, 22, and 46
for IFN-r ELISpot assays (BD Biosciences, Franklin
Lakes, USA). To study the cellular immune response to
www.thelancet.com Vol 74 August, 2024
GX-188E, we analyzed HPV-16 and HPV-18 E6-specific
and E7-specific T-cell responses. T-cell responses to
HPV E6 and E7 were determined by comparing the
signals with baseline levels. Reports indicate that a 3-
fold increase in IFN-γ ELISpot signals over baseline is
considered positive.

Outcomes
The primary endpoint was the ORR within 24 weeks
based on the BICR at screening according to RECIST
version 1.1. Confirmatory scans were acquired for all
determinations of objective response (partial response
[PR] or complete response [CR]), stable disease, and
disease progression (PD). To evaluate tumor response,
radiographical evaluations of tumor burden were per-
formed every 9 weeks during the treatment period or
more frequently if clinically indicated and at the end of
the study if disease progression was confirmed radio-
graphically. The secondary endpoints included, but were
not limited to, the best overall response rate (BORR)
based on RECIST v1.1 and RECIST for Immunothera-
peutics, time-to-best response (TTR), duration of
response (DOR), progression-free survival (PFS; 6-
month PFS rate and median PFS time), overall sur-
vival (OS; 6-month OS rate and median OS time), and
disease control rate (DCR).

An efficacy analysis was also performed in the safety
population as a sensitivity analysis. The ORR and DCR
were also assessed in pre-specified subgroups (Age,
HPV type, histology type, prior bevacizumab, ECOG
performance status, and PD-L1 status) using a statistical
analysis plan. Analysis of the ORR based on prior
radiotherapy, previous surgical treatment, and previous
lines of the systemic regimen was conducted post hoc.

The safety and tolerability of the study treatment
regimen was also evaluated. Safety analyses included all
participants who received at least one dose of the study
treatment. The adverse events (AEs) experienced by
patients were comprehensively evaluated. The in-
vestigators evaluated the severity of the AEs based on
the Common Terminology Criteria for Adverse Events
(CTCAE v4.03) by the National Cancer Institute.

Statistics
The data cutoff was June 9, 2023. Sixty-five patients were
enrolled and received at least one dose of the study
treatment for this phase Ib/II trial, defined as the safety
population. Sixty patients were defined as the efficacy
evaluable population based on having at least one post-
baseline tumor assessment with at least 45 days of
study treatment. The primary and secondary efficacy
endpoints were analyzed in safety and efficacy evaluable
populations, respectively. The study size of 60 partici-
pants in Part C was determined using the ORR in the
total population reported in the Keynote-158 study
(pembrolizumab monotherapy in patients who had
progressed with the standard-of-care systemic therapy)
3
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as a historical control. With a null hypothesis for the
ORR set at P0 = 12.2% and an alternative hypothesis for
ORR of Pa = 37%, the sample size of 60 participants was
calculated considering a two-sided significance level of
0.05, 97% power, and a 25% dropout rate. The primary
endpoint of the ORR was estimated as the binomial
proportion of the best overall response of a confirmed
PR or CR within the first 24 weeks of treatment and
reported using a two-sided, 95% Wilson score confi-
dence interval (CI). Kaplan–Meier methods were used to
estimate medians and 95% CIs for the PFS and OS.
Descriptive statistics were used to summarize trial re-
sults, and categorical variables were summarized using
counts and percentages. The Cox regression analyses for
both PFS and OS were conducted post-hoc. P-values
were based on log-rank test for PD-L1-positive and
PD-L1-negative groups.

AEs were coded according to the MedDRA adverse
event dictionary. The results were tabulated to examine
their frequency, the organ systems they affected, and
their relationship to the study treatment. Efficacy results,
including ORR, were analyzed using descriptive statistics.

Role of the funding source
The sponsor of the study had a role in study design, data
collection, data analysis, data interpretation, and writing
of the report. The corresponding author had full access
to all data in the study and had final responsibility for
the decision to submit for publication.
Results
Patients
Between June 19, 2018, and December 24, 2021, 65 fe-
male patients were enrolled and received at least one
dose of the study treatment. Sixty patients underwent at
least 45 days of treatment with GX-188E and pem-
brolizumab and efficacy analysis (Fig. 1). The baseline
demographic and disease characteristics of the study
population are summarized in Table 1. The median age
was 52 years (range, 27–79 years). Thirty-nine patients
(60.0%) had PD-L1-positive tumors (CPS ≥1), and 26
(40.0%) had PD-L1-negative tumors. The histologic
types were squamous cell carcinoma (SCC) (n = 50,
76.9%) and adenocarcinoma (AC) (n = 15, 23.1%).
Thirty-two SCCs (64% of all SCCs) and eight ACs
(53.3% of all ACs) were PD-L1-positive. Forty-nine pa-
tients had HPV-16, and 16 had HPV-18 or both.

At the time of data cutoff, two (3.1%) patients were
still undergoing the study treatment, and the median
follow-up period for all 65 patients was 14.72 months.

Efficacy
The confirmed ORR of the 60 patients based on the effi-
cacy analysis within 24 weeks were 35.0% (95% CI,
23.1–48.4) and included five CRs (8.3%) and 16 PRs
(26.7%) (Table 2). The BORR of the 60 patients (efficacy
population) was also 35.0% (95% CI, 23.1–48.4) and
included seven CRs (11.7%) and 14 PRs (23.3%).
Although there was a difference in the number of CRs
because two responders changed from PR to CR after 24
weeks, there was no difference in the response rate within
24 weeks or the best ORR for the entire period. Therefore,
the term ORR was unified and indicated as ORR.

For sensitivity analysis, the ORR of the 65 patients
(safety population) was 32.3% (95% CI, 21.2–45.1). The
tumor assessment of five patients not included in the
efficacy evaluable population included one SD, one PD,
and three ‘Not Evaluables’ because three patients did not
undergo post-baseline tumor assessment.

In addition, patients with PD-L1 (+) and (−) tumors
had ORRs of 38.9% (95% CI, 23.1–56.5%) and 29.2%
(95% CI, 12.6–51.1%), respectively. The durability and
timing of the objective responses are presented accord-
ing to PD-L1-positive and PD-L1-negative tumors and
illustrated in Fig. 2A. All 17 of the 21 patients exhibited
an objective response within 3 months, and the median
TTR was 2.1 months (95% CI, 2.07–3.02). Six out of
seven patients with CR continued to have a complete
response until the end of the study, and the remaining
one with CR had new lesions with stable disease at 9
months. The median DOR of all the patients was 12.3
months (95% CI, 5.3–not reached [NR]). For those with
PD-L1-positive tumors, it was 12.3 months (95% CI,
3.5–NR), and for those with PD-L1-negative tumors, it
was NR (95% CI, 2.4–NR).

The best change from baseline in target lesion size
and changes in tumor burden over time for all the pa-
tients are illustrated in Fig. 2B. The best changes from
the baseline did not show any statistical differences
among the CR, PR, SD, and PD groups when sub-
grouped into PD-L1-positive and PD-L1-negative tumor
groups (Appendix 1). Among the responders, the
ongoing confirmed DOR ≥6 months and ≥12 months
were 61.9% (95% CI, 38.4–81.9) and 42.9% (95% CI,
21.8–66.0), respectively. Additionally, we analyzed the
overall response rate according to the pre-specified
subgroups, and the results did not show any statistical
differences according to the number of variables
(Appendix 2), including age, histology, PD-L1 status,
HPV types, number of previous systemic chemother-
apies, history of bevacizumab use, ECOG status, history
of treatment-related surgery, and surgery types (mini-
mally invasive or open surgery).

The median PFS of the 60 patients was 4.4 months
(95% CI, 2.1–8.3), and the Kaplan–Meier estimate of the
probability of PFS ≥6 months was 45.0% (95% CI,
32.1–58.4) (Table 2 and Fig. 3). The median OS was 23.8
months (95% CI, 14.0–NR), and the Kaplan–Meier es-
timates of the probability of OS ≥ 6 and ≥ 12 months
were 90.0% (95% CI, 79.5–96.2) and 58.3% (95% CI,
44.9–70.9), respectively. The effect of the combination
therapy on the median PFS and OS according to the
PD-L1 expression status is illustrated in Fig. 3. The
www.thelancet.com Vol 74 August, 2024
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65 included in safety analysis

5 excluded
2 had progressive disease before post-baseline

tumor assessment at week 10
1 withdrew due to investigator decision
1 had adverse event
1 withdrew consent

60 treated and included in efficacy analysis

65 patients enrolled and received at least one 
dose of GX-188E or pembrolizumab

2 on treatment at data cutoff

Fig. 1: Trial profile and patient disposition.

Characteristic Patients (N = 65)

Age, years

Median (range) 52 (27–79)

PD-L1 expression status

Positive (CPS ≥ 1) 39 (60.0)

Negative (CPS < 1) 26 (40.0)

Histologic type

Squamous cell carcinoma 50 (76.9)

Adenocarcinoma 15 (23.1)

HPV type

HPV-16 49 (75.4)

HPV-18 or botha 16 (24.6)

Number of previous systemic therapies

0 2 (3.1)

1 31 (47.7)

2 21 (32.3)

3 11 (16.9)

Previous bevacizumab use

Yes 45 (69.2)

No 20 (30.8)

Previous surgery

Yes 38 (58.5)

No 27 (41.5)

ECOG performance status score

0 34 (52.3)

1 31 (47.7)

Abbreviations: CPS, Combined positive score; ECOG, Eastern Cooperative
Oncology Group performance; PD-L1, Programmed death ligand-1. Note: Data
are presented as No. (%) unless indicated otherwise. aBoth HPV-16 and -18.

Table 1: Baseline demographic and disease characteristics.
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patients with CPSs ≥1 and < 1 exhibited median PFSs of
5.1 months and 2.2 months, respectively (Hazard ratio
[HR], 0.72; 95% CI, 0.40–1.31). The median OS of the
patients with CPSs ≥1 and < 1 were 28.2 months and
14.0 months, respectively (HR, 0.56; 95%, CI,
0.27–1.18). No statistically significant findings were
found in the univariate Cox regression model for PFS
and OS with PD-L1 expression (P > 0.1). Additionally,
no statistically significant findings were observed in the
multivariate Cox regression model with PD-L1 expres-
sion and HPV type (P > 0.1).

In the pre-specified exploratory analysis, HPV 16- or/
and 18-E6/E7-specific T-cell responses induced by GX-
188E, IFN-γ ELISpot was analyzed. Exactly 100 PBMC
samples from 50 patients at screening and 4 weeks after
the first injection were available. The paired sample t-test
analysis revealed the increase in HPV 16- and HPV 18-E6/
E7-specific T-cell responses after 4 weeks from the first
GX-188E administration among responders with statisti-
cal significance (P = 0.036), but not among non-
responders (P = 0.355). Statistical differences were
observed among responders and non-responders between
antigen-specific responses at 4 weeks after the first injec-
tion and at screening (IFN-γ ELISpot analysis at 4 weeks
after the first injection and at screening) (Appendix 3).

Safety
Twenty-two patients (33.8%) had TRAEs of any grade.
The most common TRAEs of any grade were hypothy-
roidism (13.8%), diarrhea (3.1%), nausea (3.1%), vom-
iting (3.1%), urticaria (3.1%), and increased blood
5
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Response of the patients included in efficacy analysis Patients (n = 60) Patients (n = 65)

Objective response rate within 24 weeks (%, 95% CI) 21 (35.0, 23.1–48.4) 21 (32.3, 21.2–45.1)

Best overall response within 24 weeks

Complete response (CR) 5 (8.3) 5 (7.7)

Partial response (PR) 16 (26.7) 16 (24.6)

Stable disease (SD) 13 (21.7) 14 (21.5)

Progression of disease (PD) 26 (43.3) 27 (41.5)

Not Evaluable (NE) 0 3 (4.6)

Best objective response rate (%, 95% CI) 21 (35.0, 23.1–48.4) 21 (32.3, 21.2–45.1)

Best overall response for the entire period

Complete response (CR) 7 (11.7) 7 (10.8)

Partial response (PR) 14 (23.3) 14 (21.5)

Stable disease (SD) 13 (21.7) 14 (21.5)

Progression of disease (PD) 26 (43.3) 27 (41.5)

Not Evaluable (NE) 0 3 (4.6)

Disease control ratea 34 (56.7, 43.2–69.4) 35 (53.8, 41.0–66.3)

Median (95% CI) duration of response (months)b 21 (12.3, 5.3-NR) 21 (12.3, 5.3–NR)

Ongoing confirmed response ≥6 months (95% CI) 61.9% (38.4–81.9) 61.9% (38.4–81.9)

Ongoing confirmed response ≥12 months (95% CI) 42.9% (21.8–66.0) 42.9% (21.8–66.0)

Median (95% CI) time-to-best response (months)c 21 (2.1, 2.07–3.02) 21 (2.1, 2.07–3.02)

Median (95% CI) progression-free survival (months) 4.4 (2.1–8.3) 4.3 (2.1–8.3)

6-months progression-free survival rate (95% CI) 45.0% (32.1–58.4) 42.9% (30.5–56.0)

Median (95% CI) overall survival (months) 23.8 (14.0-NR) 17.2 (12.0-NR)

6-months overall survival rate (95% CI) 90.0% (79.5–96.2) 86.2% (75.3–93.5)

12-months overall survival rate (95% CI) 58.3% (44.9–70.9) 55.4% (42.5–67.7)

24-months overall survival rate (95% CI) 23.3% (13.4–36.0) 21.5% (12.3–33.5)

Note: Data are presented as No. (%) unless indicated otherwise. Abbreviations: CI, Confidence interval; NR, Not reached. aDefined as proportion of patients with a confirmed
CR, PR, or SD without progression for at least 24 weeks. bEvaluated in patients who had a CR or PR (n = 21). cTime from treatment initiation to the best objective response
achieved. This endpoint is only determined for subjects who have a PR or CR.

Table 2: Tumor response assessment by blinded independent central review (BICR).
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thyroid stimulating hormone levels (3.1%) (Table 3).
The overall incidence of ≥ grade 3 TRAEs was 6.2% with
increased aspartate aminotransferase (AST) levels,
increased alanine aminotransferase (ALT) levels,
decreased neutrophil count, and syncope. Syncope
occurred after the administration of GX-188E (on week
4 day 1) in one participant and resolved within 1 min.
This adverse event was not considered dose-limiting
toxicity (DLT) because it did not occur within the DLT-
evaluation period based on the DLT definition in the
protocol (Supplementary Material). Moreover, one pa-
tient had a TRAE that led to study discontinuation due
to increased AST (grade 3) and ALT (grade 4) levels but
recovered to normal levels after drug administration was
discontinued. Therefore, no TRAE-related deaths
occurred. Immune-related AEs (irAEs) were observed in
14 patients (21.5%) (Appendix 4). No irAE-related deaths
occurred, and other irAEs were stomatitis (1.5%), pru-
ritis (1.5%), and pyrexia (1.5%).
Discussion
In this phase 2 trial of the GX-188E DNA vaccine plus
pembrolizumab for HPV 16- and/or 18- positive, PD-L1
all-comer pretreated recurrent and advanced cervical
cancer, we observed clinical activity in patients treated
after the failure of at least one line of systemic therapy.
The ORR was 35.0%, including 8.3% of the patients who
experienced a CR following the combination therapy.
We found that targeting HPV through combination
therapy with pembrolizumab led to clinical improve-
ments in the size of target lesions among patients with
recurrent, advanced cervical cancer. In addition, we
found that clinically meaningful activity resulted from
increasing the median OS (23.8 months) irrespective of
several variables, including PD-L1 expression and HPV
type.

Currently, there is no established subsequent ther-
apy after the failure of frontline treatment, as previous
research on the monotherapy of several anti-cancer
treatments has demonstrated low response rates.16,17

Even though this study included a higher proportion
of heavily treated patients, with 16.9% of the patients
undergoing more than three lines of systemic therapies,
our study demonstrated substantially improved clinical
outcomes in terms of ORR (35%) and median OS (23.8
months). Furthermore, when GX-188E was combined
with pembrolizumab, it exhibited favorable ORR and
www.thelancet.com Vol 74 August, 2024
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Fig. 2: Antitumor activity. (A) Swimmer’s plot of duration of response (DOR) for the patients with 7 complete responses and 14 partial
responses after treatment with GX-188E and pembrolizumab. Each bar represents a patient. The star or triangle closest to the Y-axis indicates
the first response. Light gray bars indicate PD-L1 positive patients (CPS ≥1), and the dark gray bars indicate PD-L1 negative patients (CPS < 1).
(B) Best change from baseline in target lesion size among the total efficacy evaluable population (60 patients) assessed by RECIST v1.1.
Abbreviations: DOR, Duration of response; PD-L1, Programmed death ligand 1; CPS, Combined positive score; RECIST, the Response Evaluation
Criteria in Solid Tumors; CR, Complete response; PR, Partial response; SD, Stable disease; PD, Progression of disease; FU, follow up.

Articles
longer median OS compared to existing anti-cancer
treatments. According to previous studies, the ORR
for gemcitabine was 5%,18 that for pembrolizumab was
14.3%,10 that for cemiplimab was 16.4%,11 that for tiso-
tumab vedotin was 17.8%,19 and that for cadonilimab
was 33%. The respective median OS durations for each
therapy were 6.5 months, 9.4 months, 12.0 months, 11.5
months, and 17.5 months. In a recent study, various
combination therapies incorporating immunotherapy,
including anti-CTLA4 with anti-PD-1/PD-L1 and anti-
TIGIT with anti-PD-1/PD-L1, showed encouraging re-
sults in patients with recurrent and metastatic cervical
cancer. One notable example is the treatment involving
nivolumab, either alone or in combination with
A B

Fig. 3: Antitumor activity in the total population. Kaplan–Meier curves
trial population (black), the population with CPS > 1 (green), and the pop
described. Tick marks indicate censored data. Abbreviations: PD-L1,
Progression-free survival; OS, Overall survival; HR, Hazard ratio; mo, mon

www.thelancet.com Vol 74 August, 2024
ipilimumab, which demonstrated an ORR of 38.4% and
a median OS of 21.6%. Notably, when administered as
1st- and 2nd-line treatments, this combination therapy
displayed distinct ORRs of 40.6% and 34.9%, respec-
tively.20 Furthermore, the ORR for balstilimab with
zalifrelimab was reported to be 25.6%,21 while that for
pembrolizumab with vibostolimab ranged between 15%
and 23%.22

Our study population exhibited a higher prevalence
of adenocarcinoma histology among patients with cer-
vical cancer who received pembrolizumab-based thera-
pies (23.1%) compared to the findings of other studies
(5.1–18.2%).23 Adenocarcinoma is typically associated
with a more unfavorable prognosis and higher rates of
for progression-free survival (A) and overall survival (B) in the overall
ulation with CPS < 1 (purple) are shown. The median PFS and OS are
Programmed death ligand 1; CPS, Combined positive score; PFS,
ths.
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Treatment-related adverse events (n = 65) Grade 1-2 Grade 3 Grade 4 Grade 5

Endocrine disorders 10 (15.4) 0 0 0

Hypothyroidism 9 (13.8) 0 0 0

Thyroiditis 1 (1.5) 0 0 0

Gastrointestinal disorders 6 (9.2) 0 0 0

Diarrhoea 2 (3.1) 0 0 0

Nausea 2 (3.1) 0 0 0

Vomiting 2 (3.1) 0 0 0

Gastrointestinal pain 1 (1.5) 0 0 0

Stomatitis 1 (1.5) 0 0 0

Skin and subcutaneous tissue disorder 4 (6.2) 0 0 0

Pruritus 1 (1.5) 0 0 0

Rash 1 (1.5) 0 0 0

Urticaria 1 (1.5) 0 0 0

Eczema asteatotic 1 (1.5) 0 0 0

Investigations 3 (4.6) 2 (3.1) 1 (1.5) 0

Alanine aminotransferase increased 1 (1.5) 0 1 (1.5) 0

Aspartate aminotransferase increased 1 (1.5) 1 (1.5) 0 0

Blood thyroid stimulating hormone increased 2 (3.1) 0 0 0

Tri-iodothyronine increased 1 (1.5) 0 0 0

Neutrophil count decreased 0 1 (1.5) 0 0

Musculoskeletal and connective tissue disorders 4 (6.2) 0 0 0

Back pain 1 (1.5) 0 0 0

Myalgia 1 (1.5) 0 0 0

Pain in extremity 1 (1.5) 0 0 0

Joint stiffness 1 (1.5) 0 0 0

Polyarthritis 1 (1.5) 0 0 0

Nervous system disorder 2 (3.1) 1 (1.5) 0 0

Syncope 0 1 (1.5) 0 0

Dizziness 1 (1.5) 0 0 0

Peripheral sensory neuropathy 1 (1.5) 0 0 0

General disorders and administration site conditions 3 (4.6) 0 0 0

Asthenia 1 (1.5) 0 0 0

Injection site reaction 1 (1.5) 0 0 0

Pyrexia 1 (1.5) 0 0 0

Infections and infestations 1 (1.5) 0 0 0

Respiratory, thoracic and mediastinal disorders 1 (1.5) 0 0 0

Vascular disorders 1 (1.5) 0 0 0

Metabolism and nutrition disorders 1 (1.5) 0 0 0

Note: Data are presented as No. (%) unless indicated otherwise.

Table 3: Treatment-related adverse events that occurred in patients included in the safety analysis.
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distant recurrence when compared to SCC.23,24 The
positive clinical outcomes, including improved OS,
observed in this study among patients with a higher
prevalence of adenocarcinoma histology types are highly
promising.

Our results showed that combining GX-188E and
pembrolizumab yielded clinical efficacy regardless of
the PD-L1 expression. PD-1/PD-L1 inhibitors that are
clinically in use or under trials for recurrent, advanced
cervical cancer are mostly effective for tumors express-
ing PD-L1 (CPS ≥ 1).10,17 Combination therapies of anti-
PD-1/PD-L1 with other therapeutic means have been
used to overcome this limitation and enhance the effi-
cacy.21 In this study, the proportion of patients with CPS
≥ 1 was 60.0%, comparable to that in some previous
studies (ranges, 56.8–88.6%).11,21 The ORR for all the
patients, those with CPS < 1, and those with CPS ≥1
was 35% (21/60), 29.2% (7/24) and 38.9% (14/36),
respectively. The responses were consistent between the
CPS < 1 and CPS ≥ 1 groups (Appendix 2). The tumor
microenvironment (TME) is enriched with chemokines,
cytokines, and immune modulators secreted by both
tumor and stromal cells and plays a critical role in HPV-
related tumorigenesis.25,26 Previous studies suggested
www.thelancet.com Vol 74 August, 2024

http://www.thelancet.com


Articles
that converting “immune-cold” tumors into “immune-
hot” ones could enhance the sensitivity of the HPV-
infected TMEs to immunotherapies.27,28

A biomarker is important for evaluating treatment
response or fitting the treatment effects. The explorative
immunological analysis revealed that the differences in
IFN-gamma (γ) levels between antigen-specific re-
sponses at 4 weeks after the first injection and screening
exhibited statistical significance among responders and
non-responders. Nevertheless, the increase in antigen-
specific T-cell responses was observed regardless of
PD-L1 expression (p > 0.05, Mann–Whitney U test).
This implies that the combination therapy can benefit all
patients regardless of the PD-L1 status. Our study
showed a significant increase in IFN-γ levels among the
responders who received the combination therapy of
GX-188E and pembrolizumab. In a previous study, the
responders who underwent GX-188E monotherapy
consistently demonstrated a substantial increase in IFN-
γ serum levels.29 This finding may suggest that high
IFN-γ levels are associated with better response rates in
combination therapy and potentially serve as a prog-
nostic biomarker.

The combination therapy was associated with mini-
mal adverse effects. Patients who underwent this ther-
apy experienced thyroiditis and colitis, consistent with
the side effects known to be associated with PD-L1/PD-1
inhibitors. However, common side effects of conven-
tional chemotherapy, such as anemia, fatigue, diarrhea,
and peripheral neuropathy, were not significantly
observed in this study.10,11 In this study, side effects
related to GX-188E injection with electroporation were
observed, with local and transient pain, mostly well-
tolerated with a short duration, as the primary side ef-
fect. This finding aligns with those of previous
studies.13,15

Recent trials with novel agents as the second-line
systemic therapy have resulted in an improvement in
response rates for patients with cervical cancer.10,11,19 In
2018, the FDA approved pembrolizumab based on the
Keynote-158 study for patients with recurrent or meta-
static cervical cancer with disease progression on or
after chemotherapy whose tumors express PD-L1 (CPS
≥1).10 However, there were no responses in PD-L1-
negative patients, preventing its approval in patients
with CPS < 1. In 2021, the FDA also approved tisotumab
vedotin-tftv for adult patients with recurrent or meta-
static cervical cancer with disease progression on or af-
ter chemotherapy with 24% ORR, regardless of the PD-
L1 expression. Most recently, cadonilimab was approved
in China in June 2022 for use in patients with relapsed
or metastatic cervical cancer that had progressed on or
after platinum-based chemotherapy with 33% ORR,
regardless of PD-L1 expression. Although these thera-
pies have improved the median OSs to >1 year (ranging
from 12.0 to 17.5 months) compared to the conventional
chemotherapeutic agents,10,11,19,30 novel effective
www.thelancet.com Vol 74 August, 2024
therapies with modest response rates and longer OSs
are still needed.

This study had several limitations. First, we did not
perform an indirect cross-trial comparison between pa-
tients treated with the GX-188E and pembrolizumab
combination therapy and those treated with pem-
brolizumab alone. Second, exploratory analyses of the
tumor microenvironment concerning HPV status were
not conducted and warrant further investigation. Addi-
tionally, the global efficacy and safety of the combination
therapy should be explored in broader patient pop-
ulations across various geographical regions. Despite
these limitations, our findings provide valuable insights
into the potential of combination therapies in the
treatment of cervical cancer and offer a foundation for
future research endeavors in this field.

In summary, the combination therapy of GX-188E
and pembrolizumab was safe, showed an extended
overall survival, and yielded a substantially improved
clinical outcome (ORR, 35%). Furthermore, it demon-
strated promising effectiveness against tumors irre-
spective of PD-L1 expressions, indicating its potential as
a therapeutic agent targeting oncogenic HPV genes.
Given the lack of effective second-line therapies for
recurrent, advanced cervical cancer, the combination
therapy is a promising novel regimen.
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