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Abstract

Background: Monoclonal antibodies targeting programmed death ligand 1 (PD-L1) signaling currently approved
for defective mismatch repair (dAMMR)/microsatellite instability high (MSI-H) tumors must be delivered by intravenous
infusion. Envafolimab, a humanized single-domain anti-PD-L1 antibody fused to an Fc fragment, represents a poten-
tial advance because it can be conveniently administered subcutaneously.

Methods: This open-label, single-arm, phase 2 study evaluated the efficacy and safety of envafolimab in patients
with previously treated advanced dMMR/MSI-H tumors from 25 clinical sites across China. Adults with histologically
confirmed locally advanced or metastatic malignant dMMR/MSI-H solid tumors received weekly 150 mg subcutane-
ous envafolimab injections in a 28-day treatment cycle. The primary efficacy endpoint was the objective response rate
(assessed by a blinded independent review committee). Secondary efficacy outcomes were disease control rate, dura-
tion of response, progression-free survival, and overall survival.

Results: One hundred and three patients (65 with colorectal cancer, 18 with gastric cancer, and 20 with other solid
tumors) were enrolled. Median follow-up was 11.5 months. The objective response rate was 42.7% (95% confidence
interval [Cl] 33.0-52.8), and the disease control rate was 66.0% (95% Cl 56.0-75.1). Median duration of response was
not reached; the duration of response rate at 12 months was 92.2% (95% Cl 77.5-97.4). Median progression-free
survival was 11.1 months (95% CI 5.5 to not evaluable). Overall survival at 12 months was 74.6% (95% Cl 64.7-82.1).
Sixteen patients (16%) had at least one grade 3 or 4 related treatment-emergent adverse event. No grade 5 treat-
ment-emergent adverse events related to envafolimab were reported. Injection site reactions, all grade 1-2, were
reported in nine patients (9%), but there were no infusion reactions. Eight patients (8%) had grade 3 or 4 immune-
related adverse events.

Conclusions: This is the first pivotal phase 2 study to examine the efficacy and safety of a single-domain immune
checkpoint antibody in the treatment of cancer. Envafolimab was effective and had acceptable safety in the treat-
ment of previously treated advanced dMMR/MSI-H solid tumors. As the first single-domain PD-L1-targeting antibody
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administered by rapid subcutaneous injection, envafolimab has the potential to be a significant advance in the treat-

ment of cancer.

Trial registration ClinicalTrials.gov, NCT03667170. Registered 10 September 2018—Retrospectively registered, https://

clinicaltrials.gov/ct2/show/NCT03667170.
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Background

Immune checkpoint inhibitors targeting programmed
cell death protein 1 (PD-1) and programmed death
ligand 1 (PD-L1) have emerged as attractive treatment
options for various cancers. One of their applications is
in the treatment of microsatellite instability high (MSI-
H) tumors, in which microsatellite sequences accumulate
mutations due to defective mismatch repair (dIMMR).
MSI-H tumors carry a high mutation burden, typically
express cancer-specific neoantigens, and are sensitive to
PD-1/PD-L1 blockade [1, 2]. The prevalence of dMMR/
MSI-H varies according to cancer type. Cancers with the
highest rates of MSI-H (>10%) include colorectal cancer
(CRC) and gastric cancer (GC) [2, 3].

In previously treated advanced dMMR/MSI-H cancers,
improved treatments have been needed because of lim-
ited treatment options and poor prognosis [4-9]. PD-1/
PD-L1-targeting monoclonal antibodies represent a sig-
nificant advance in the treatment of these tumors. Two
PD-1-targeting monoclonal antibodies, pembrolizumab
and nivolumab, have been approved in the USA for the
treatment of metastatic dMMR/MSI-H CRC in patients
who have failed standard chemotherapy with fluoropy-
rimidine, oxaliplatin, and irinotecan [10, 11]. Pembroli-
zumab has also been approved as a first-line treatment
for patients with advanced dMMR/MSI-H CRC and in
patients with other dMMR/MSI-H solid tumor types
who have failed at least one prior systemic treatment, and
was the first drug granted a tumor-agonistic indication
by the US Food & Drug Administration. In multicenter
phase 2 clinical trials in patients with advanced dMMR/
MSI-H cancers, pembrolizumab [12-14] and nivolumab
[11, 15] have shown acceptable toxicity and promising
efficacy, with objective response rates (ORRs) of 28—36%.
However, pembrolizumab, nivolumab, and all other
approved PD-1/PD-L1-targeting monoclonal antibodies
are administered by intravenous infusion, which can be
inconvenient for patients and increase utilization of med-
ical resources, and in a minority of patients can cause
life-threatening infusion reactions [10, 11].

Single-domain antibodies lacking the immunoglobulin
light chain are a possible alternative to full monoclonal
antibodies. Although they tend to have a short half-life
due to rapid renal clearance, they are more soluble and
stable than full monoclonal antibodies and, importantly,

more rapidly penetrate tissues; collectively, these prop-
erties enable subcutaneous administration [16]. The
first single-domain antibody received US Food & Drug
Administration approval in 2019 [17, 18], but single-
domain antibodies have not yet been approved for the
treatment of cancer.

Envafolimab is a humanized camel-derived single-
domain anti-PD-L1 antibody fused to a human immuno-
globulin F_ fragment to prolong its half-life [19]. It has the
potential to be a major advance in the treatment of can-
cer because it would be the first subcutaneous PD-1/PD-
L1-targeting single-domain antibody for treating cancer.
The full therapeutic dose of envafolimab (150 mg) can be
delivered as a single 0.75-ml subcutaneous injection in
under 30 s due to the high solubility of the fusion protein
(200 mg/mL). Across phase 1 dose-escalation studies in
advanced cancers, confirmed response rates ranged from
14 to 18%, and no infusion reactions and only two grade 3
treatment-related adverse events (AEs) were reported
[20-22]. Pharmacokinetic analyses of envafolimab mono-
therapy showed that 150 mg once weekly would provide
a sufficient exposure in cancer patients [23]. Here, we
describe the results of a pivotal phase 2 study of the effi-
cacy and safety of envafolimab in adults with advanced
dMMR/MSI-H solid tumors.

Methods

Overall study design and ethics

This is a multicenter, open-label, single-arm phase 2
study (ClinicalTrials.gov number, NCT03667170) to eval-
uate the efficacy and safety of envafolimab in adults with
locally advanced or metastatic dMMR/MSI-H malignant
solid tumors who have failed at least one prior systemic
therapy. Initiated in August 2018, the study is being con-
ducted at 25 sites in China, where pembrolizumab and
nivolumab are unavailable for the treatment of previ-
ously treated dMMR/MSI-H cancers. Enrolled patients
received weekly subcutaneous injections of envafolimab
150 mg in a 28-day treatment cycle until disease progres-
sion, death, intolerable toxicity, or withdrawal of consent.
Tumor imaging and assessment of objective response
according to RECIST version 1.1 were performed every
8 weeks (7 days). A blinded independent review com-
mittee (BIRC) was established for central assessments,
the results of which were not communicated to the
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investigators, who had sole responsibility for treatment
decisions. Safety follow-up was performed 30 days after
the last dose of envafolimab and survival follow-up every
12 weeks from disease progression or the last dose of
envafolimab. A data monitoring committee reviewed the
safety data periodically.

The study was approved at each site by the local
independent ethics committee and was conducted in
compliance with the Declaration of Helsinki, Interna-
tional Council for Harmonisation Good Clinical Prac-
tice guidelines, and applicable laws and regulations. All
enrolled patients provided signed, informed consent for
participation.

Patients

Eligible patients were aged>18 years with histologi-
cally confirmed locally advanced or metastatic malignant
solid tumors. They had MSI-H confirmed by PCR by a
central laboratory (CRC and GC) or dMMR confirmed
by immunohistochemistry by a local laboratory (other
solid tumors),>1 measurable lesion (RECIST version
1.1), and failure of>1 prior systemic therapy. Patients
also had to have adequate organ and bone marrow func-
tion, an expected survival of > 12 weeks, and an Eastern
Cooperative Oncology Group performance status of 0 or
1. Patients who had previously received immune check-
point inhibitor therapy were excluded. Other exclusion
criteria are listed in Additional file 1: Table S1.

Outcomes
The primary efficacy endpoint was the confirmed ORR
(complete or partial response) of envafolimab mono-
therapy according to RECIST version 1.1, as assessed by
the BIRC. Secondary efficacy endpoints included inves-
tigator-assessed ORR, disease control rate (DCR; com-
plete or partial response, or stable disease [>6 weeks
for BIRC assessments, no minimum duration for inves-
tigator assessments]), duration of response (DoR: time
between the date of response and progression or death),
progression-free survival (PES: time between the first
dose of envafolimab and progression or death) accord-
ing to RECIST version 1.1, and overall survival (OS: time
between the first dose of envafolimab and death).
Treatment-emergent adverse events (TEAEs) were
collected from the first dose of envafolimab until the
safety follow-up 30 days after the last dose. Serious
adverse events (SAEs) occurring within 30 days after
the last dose of envafolimab were followed up until 90
(£7) days after the last dose of envafolimab or the ini-
tiation of other anti-tumor therapy. TEAEs were assessed
for severity (graded according to NCI CTCAE ver-
sion 4.03), relationship to envafolimab, seriousness, and
action taken regarding envafolimab (dose interruption,
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discontinuation). Injection site reactions involving pain,
reaction, discomfort, pruritus, swelling, and hypersensi-
tivity were assessed as AEs of special interest.

Eleven categories of treatment-emergent immune-
related adverse events (irAEs), identified using an algo-
rithm developed with data from clinical studies of
envafolimab monotherapy, were assessed based on guide-
lines from the Chinese Center for Drug Evaluation (Addi-
tional file 1: Table S2).

Statistical analysis
Statistical analyses were performed using SAS 9.4 (SAS
Institute Inc., Cary, NC).

Efficacy and safety analyses were conducted for the full
analysis set, which comprised all enrolled patients who
received > 1 dose of envafolimab. The analyses included
data collected up until June 19, 2020. The primary effi-
cacy population (PEP) comprised patients with GC or
with CRC previously treated with triplet therapy of fluo-
rouracil, oxaliplatin, and irinotecan. Additional efficacy
analyses were based on the overall study population,
patients with CRC previously treated with fluorouracil
plus oxaliplatin or fluorouracil plus irinotecan doublet
therapy, all patients with CRC, and patients with solid
tumors other than GC or CRC.

ORR and DCR were calculated based on best over-
all response. Two-sided 95% confidence intervals (Cls)
were calculated using the Clopper—Pearson method. The
protocol-specified success threshold for ORR was a lower
95% CI bound >15%. DoR, PFS, OS, and proportions of
patients with DoR, PFS, and OS of at least 12 months
were estimated by the Kaplan—Meier method. The corre-
sponding 95% Cls were calculated using the Greenwood
formula [24] with log-log transformation. For DoR and
PFES, patients without disease progression or death were
censored at the date of the last on-study tumor assess-
ment. For OS, patients were censored at the date when
they were last known to be alive. Safety outcomes were
summarized using descriptive statistics.

Results

Patients

Between August 2018 and December 2019, the study
enrolled 103 patients, all of whom received envafolimab
(Fig. 1). For the overall population, median follow-up—
defined as the median duration between the date of the
first dose and the last date the patients were alive and
followed for survival—was 11.5 months (the minimum
follow-up for the last patient was 6.5 months). Fifty-five
patients (53.4%) discontinued treatment with envafoli-
mab, mostly due to disease progression. Three patients
(2.9%) discontinued treatment because of toxicity of
envafolimab.
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Screened N=380

Not Enrolled: N=277
No dMMR or MSI-H: N=205
Inadequate bone marrow or organ function: N=18
Withdrawal of consent: N=16
No histologically confirmed locally advanced or metastatic
malignant solid tumor or no previous systemic therapy: N=7
No measurable lesion (RECIST version 1.1): N=5
Uncontrollable ascites, pleural fluid, or pericardial effusion:
N=5
Other reasons: N=21

Enrolled 4| N=103

. .

MSI-H status assessed by central laboratory dMMR status assessed by local laboratory by
by PCR-based method immunohistochemistry-based method
N=83 N=20
GC CRC
N=18 N=65
CRC with
failure of
triplet therapy
N=41
Received Study Drug Al PEP: GCor CRC with Other Solid
Participants CRC with Failure of Tumors
N=103 Failure of Doublet N=20
Triplet Therapy
Therapy N=24
N=59
Discontinued Discontinued Discontinued Discontinued
Treatment: N=55 Treatment: N=35 Treatment: N=9 Treatment: N=11

Disease ™ Disease > Disease B Disease
progression: N=37 progression: N=23 progression: N=8 progression: N=6
Death: N=5 Death: N=4 Toxicity: N=1 Patient decision
Patient decision Patient decision N=2
N=5 N=3 Use of other anti-
Toxicity: N=3 Toxicity: N=2 cancer drugs: N=2
Use of other anti- Other reasons: Death: N=1
cancer drugs: N=2 N=3
Other reasons:
N=3

A
On Treatment at Data Cut-off N=48 | N=24 | N=15 | | N=9 |

Fig. 1 Patient disposition. CRC, colorectal cancer; dMMR, defective mismatch repair; GC, gastric cancer; MSI-H, microsatellite instability high; PEP,
primary efficacy population

In the overall population, median age was 53.0 years, patients), hepatocellular cancer (2 patients), and hepa-
and 63% of patients were male (Table 1). Most patients  tocholangiocarcinoma (2 patients). Eastern Coopera-
were Han Chinese (95%) and had a diagnosis of CRC  tive Oncology Group performance status was 0 in 26%
(63%). Eighteen patients had GC. The most frequent of patients and 1 in 74%. Participants had received a
types of other solid tumors were endometrial cancer (6  median of two prior systemic treatments (range 1-7).
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Table 1 Baseline demographic and clinical characteristics
Characteristic CRC Non-CRC Overall
study
> 2 Prior 1 Prior Total GC Other solid tumors  Total population
therapies therapy (N=65) (N=18) (N=20) (N=38) (N=103)
(N=41) (N=24)
Age (vears)
Median 480 505 49.0 61.0 56.0 585 53.0
Range 25-77 22-76 22-77 34-72 36-75 34-75 22-77
Sex, n (%)
Male 30(73) 13 (54) 43 (66) 14 (78) 8 (40) 22 (58) 65 (63)
Female 11(27) 11 (46) 22 (34) 4(22) 12 (60) 16 (42) 38(37)
Ethnicity, n (%)
Han Chinese 39 (95) 21(87.5) 60 (92) 18 (100) 20 (100) 38(100)  98(95)
Other 2(5) 3(12.5) 5(8) 0 0 0 5(5)
ECOGPS, n (%)
0 10 (24) 7 (29) 17 (26) 3(17) 7(35) 10 (26) 27 (26)
1 31(76) 17.(71) 48 (74) 15 (83) 13 (65) 28 (74) 76 (74)
Cancer diagnosis, n (%)
Colorectal cancer 41 24 65 - - - 65 (63)
Gastric/gastroesophageal junction cancer - - - 18 - 18 18(17)
Other solid tumors - - - - 20 20 20 (19)
Endometrial cancer - - - - 6 6 6 (6)
Hepatocellular cancer - - - - 2 2 2(2)
Hepatocholangiocarcinoma - - - - 2 2 2(2)
Bladder cancer - - - - 1 1 (1)
Cervical cancer - - - - 1 1 1(1)
Cholangiocarcinoma - - - - 1 1 1N
Esophageal cancer - - - - 1 1 1(1)
Non-small cell lung cancer - - - - 1 1 1(1)
Osteosarcoma - - - - 1 1 1(1)
Prostate cancer - - - - 1 1 1(1)
Renal pelvic carcinoma - - - - 1 1 1(1)
Urothelial carcinoma - - - - 1 1 1(1)
Uterine sarcoma - - - - 1 1 1(1)
Number of prior systemic treatments
Median 3 2 3 2 2 2 2
Range 1-7 1-4 1-7 1-4 1-5 1-5 1-7

CRC with > 2 prior therapies included patients previously treated with a fluoropyrimidine-, oxaliplatin-, and irinotecan-containing regimen

CRC with 1 prior therapy included patients previously treated with a fluoropyrimidine- and oxaliplatin- or fluoropyrimidine- and irinotecan-containing regimen

CRC, colorectal cancer; ECOG, Eastern Cooperative Oncology Group; GC, gastric cancer; PS, performance status

Efficacy

BIRC-assessed confirmed ORR, the primary endpoint,
was 42.7% (95% CI 33.0-52.8) for the overall study pop-
ulation (N=103), 43.1% (95% CI 30.8-56.0) for all CRC
patients (N=65), 31.7% (95% CI 18.1-48.1) for CRC
patients who had failed triplet therapy (N=41), 62.5%
(95% CI 40.6—81.2) for CRC patients who had failed dou-
blet therapy (N=24), 44.4% (95% CI 21.5-69.2) for GC
(N=18), and 40.0% (95% CI 19.1-63.9) for other solid
tumors (N=20) (Table 2). For the PEP (N=59), the ORR

was 35.6% (95% CI 23.6—49.1). Investigator-assessed ORR
was 41.7% (95% CI 32.1-51.9) for the overall study popu-
lation and 35.6% (95% CI 23.6—49.1) for the PEP.

BIRC-assessed DCR was 66.0% (95% CI 56.0-75.1) for
the overall study population (Table 2) and 66.1% (95% CI
52.6-77.9) for the PEP. Investigator-assessed DCR was
72.8% (95% CI 63.2—81.1) for the overall study population
and 74.6% (95% CI 61.6—85.0) for the PEP.

Median DoR was not reached for the overall study pop-
ulation or the other populations, including the PEP. The
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CRC Non-CRC Overall study
population
> 2 Prior 1 Prior therapy  Total GC Other solid Total (N=103)
therapies (N=24) (N=65) (N=18) tumors (N=38)
(N=41) (N=20)
BIRC
ORR
n (%) 13(31.7) 15(62.5) 28(43.1) 8 (44.4) 8(40.0) 16 (42.1) 44 (42.7)
95% Cl 18.1-48.1 40.6-81.2 30.8-56.0 21.5-69.2 19.1-63.9 26.3-59.2 33.0-52.8
DCR
n (%) 24 (58.5) 16 (66.7) 40 (61.5) 15(83.3) 13 (65.0) 28(73.7) 68 (66.0)
95% Cl 42.1-73.7 44.7-84.4 486-73.3 58.6-96.4 40.8-84.6 56.9-86.6 56.0-75.1
DoR
Range, months 105+1t0 1659+ 2764101498+ 1871014984+ 1.05+1t01659+ 3754+t014.724+ 105+t01659+ 1.05+4t0 1659+
>12months,% 746 100.0 884 100.0 100.0 100.0 922
(95% Cl) (39.8-91.1) (100.0-100.0) (68.0-96.1) (100.0-100.0) (100.0-100.0) (100.0-100.0) (77.5-97.4)
PFS
Median (95% Cl), 4.9 (1.9-9.9) NR (1.8-NE) 7.2 (3.5-NE) NR (11.1-NE) NR (1.9-NE) NR (5.5-NE) 11.1 (5.5-NE)
months
Range, months 0.85t0 16.76 4+ 0.76t0 18.27 4+ 0.76t0 18274+ 141101843+ 003+t0 16624 003+t01843+ 0.03+4to 1843+
% at 12 months  32.1(18.1-47.0) 62.5(403-784) 437 (31.2-554) 580(183-84.0) 526(28.7-71.9) 57.7(373-735) 485(37.8-583)
(95% ClI)
oS
Median (95% Cl), NR (10.3-NE) NR (NE-NE) NR (NE-NE) NR (NE-NE) NR (5.9-NE) NR (NE-NE) NR (NE-NE)
months
% at 12 months  64.7 (47.7-774)  87.1(652-95.7)  729(60.1-82.2) 83.3(56.8-943) 75.0(50.0-887) 789(62.1-838) 746 (64.7-82.1)
(95% Cl)

CRC with > 2 prior therapies included patients previously treated with a fluoropyrimidine-, oxaliplatin-, and irinotecan-containing regimen

CRC with 1 prior therapy included patients previously treated with a fluoropyrimidine- and oxaliplatin- or fluoropyrimidine- and irinotecan-containing regimen

BIRC, blinded independent review committee; Cl, confidence interval; CRC, colorectal cancer; DCR, disease control rate; DoR, duration of response; GC, gastric cancer;
NE, not evaluable; NR, not reached; ORR, objective response rate; OS, overall survival; PFS, progression-free survival

*For ORR, DCR, and DoR, each complete response and partial response as the best overall response was confirmed 4 weeks later (per RECIST Version 1.1)

* Censored

BIRC-assessed DoR rate at 12 months was 92.2% (95%
CI177.5-97.4) for the overall study population and 82.5%
(95% CI 54.7-94.0) for the PEP (Table 2 and Fig. 2a). For
patients with other solid tumors who achieved an objec-
tive response, the DoR rate at 12 months was 100.0%
(Table 2 and Additional file 1: Figure S1).

BIRC-assessed median PFS was 11.1 months (95% CI
5.5 to not evaluable) for the overall study population
and 7.5 months (95% CI 3.5 to not evaluable) for the PEP
(Table 2 and Additional file 1: Figure S2). For both the
overall study population and the PEP, median OS was not
reached (Table 2 and Fig. 2b). For the overall study popu-
lation, OS was 74.6% (95% CI 64.7—82.1) at 12 months.

Safety

Ninety-nine patients (96%) had at least one TEAE, and 38
(37%) had at least one grade 3 or 4 TEAE (Table 3). Three
grade 5 TEAEs were reported (lower gastrointestinal

perforation, cholestatic jaundice, and death), none of
which were considered to be related to envafolimab.

Eighty-seven patients (84%) had at least one envafoli-
mab-related TEAE, and 16 (16%) had at least one grade
3 or 4 related TEAE. The most frequent related TEAEs
(>10% of patients) were decreased white blood cell
count (17%), asthenia (17%), rash (16%), hypothyroid-
ism (16%), hyperthyroidism (12%), decreased neutrophil
count (12%), and anemia (12%) (Table 3). Related TEAEs
leading to treatment interruption occurred in 20 patients
(19%).

Twenty-seven patients (26%) had at least one SAE, and
10 (10%) had at least one related SAE. The related SAEs
were anemia (n=3), abnormal hepatic function (n=2),
and hepatitis, immune-mediated hepatitis, diarrhea,
esophageal obstruction, gastric hemorrhage, decreased
appetite, decreased platelet count, myocarditis, and
nephritis (n=1 each).
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Forty-four patients (43%) had treatment-emergent
irAEs (Additional file 1: Table S3). Eight patients (8%)
had grade 3 or 4 irAEs. The most frequent irAEs were
endocrine disorders, with 23 patients (22%) expe-
riencing hypothyroidism-related AEs and 21 (20%)

hyperthyroidism-related AEs. Seven patients (7%) expe-
rienced immune-related adverse skin reactions, includ-
ing rash (n=4) and allergic dermatitis, eczema, and
urticaria (n=1 each). Grade 3 immune-related hepa-
titis occurred in four patients (4%). Treatment was
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Table 3 Summary of adverse events (overall study population)

Outcome Number of patients (%)
N=103
Allgrades Grade3or4 Grade5
TEAEs 99 (96) 38(37) 3(3)
Study drug-related TEAEs 87 (84) 16 (16) 0
Related TEAEs with rate > 10%
Decreased white blood cell count 17 (17) 0 0
Asthenia 17(17) 0 0
Rash 16 (16) (1) 0
Hypothyroidism 16 (16) 0 0
Hyperthyroidism 12(12) 0 0
Decreased neutrophil count 12(12) 1(1) 0
Anemia 12(12) 5(5) 0
SAEs 27 (26) 20(19) 3(3)
Related SAEs 10(10) 9(9) 0
Related TEAEs leading to discon- 3(3) 3(3) 0
tinuation
iIrAEs 44 (43) 8(8) 0
irAEs leading to discontinuation 3(3) 3(3) 0
Injection site reactions 9(9) 0 0
Injection site pain 2(2) 0 0
Injection site reaction 6 (6) 0 0
Injection site swelling 1(1) 0 0

AE, adverse event; irAE, immune-related adverse event; SAE, serious adverse
event; TEAE, treatment-emergent adverse event

permanently discontinued in three of these patients, one
of whom also had grade 2 immune-related myocarditis.
One patient experienced grade 3 immune-related diar-
rhea, and another patient experienced grade 3 immune-
related pancreatitis (asymptomatic amylase increase).
No immune-related pneumonitis, immune-related coli-
tis, immune-related nephritis, immune-related throm-
bocytopenia, or immune-related neurological AEs were
reported.

Nine patients (9%) had injection site reactions, all of
which were grade 1 or 2 (Table 3). No infusion-related
reactions were reported.

Discussion

The current study was the first pivotal phase 2 trial to
examine the efficacy and safety of a single-domain anti-
body in the treatment of cancer [18]. This study showed
that envafolimab, a single-domain anti-PD-L1 antibody
fusion protein administered by subcutaneous injection,
was effective and had acceptable safety for the treat-
ment of previously treated advanced dMMR/MSI-H
solid tumors. Efficacy of envafolimab was similar to that
reported in phase 2 trials for the intravenously admin-
istered monoclonal antibodies pembrolizumab and
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nivolumab in previously treated metastatic dMMR/
MSI-H CRC [13, 15] and for pembrolizumab in previ-
ously treated dMMR/MSI-H non-CRC [14]. In addition
to demonstrating the safety and efficacy of a subcutane-
ously administered single-domain antibody for treating
cancer, the current study is the first to provide evidence
that a single-domain anti-PD-L1 antibody has similar
efficacy as full anti-PD-1 monoclonal antibodies in treat-
ing dAMMR/MSI-H cancer.

Overall rates of grade 3 and 4 irAEs and drug-related
AEs were in line with expectations for a monoclonal anti-
body targeting PD-L1 signaling [13, 15]. The most com-
monly reported drug-related TEAEs included decreased
white blood cell count, asthenia, rash, hypothyroid-
ism, and decreased neutrophil count, which have been
reported for other PD-1/PD-L1 inhibitors [13, 15, 25, 26].
There were no infusion reactions, and injection site reac-
tions were infrequent and of mild or moderate severity.
Importantly, no cases of immune-related pneumonitis or
colitis were reported in this study as of the data cutoff.

Since their initial approval in 2014, PD-1/PD-L1-target-
ing monoclonal antibodies have rapidly become a pillar
of cancer treatment across many tumor types. However,
because they are administered by intravenous infusion,
infusion reactions can occur. Subcutaneous injection of
envafolimab avoids the infusion reactions, though infre-
quent, seen with pembrolizumab and nivolumab [10, 11].
Also, envafolimab takes less than 30 s to administer, com-
pared with 30 min or longer for intravenous infusion of
currently available PD-1/PD-L1-targeting monoclonal
antibodies. These represent significant advantages for
patients and medical staff. They are expected to improve
patient compliance and reduce medical resource utiliza-
tion and are pertinent during the ongoing pandemic.

These advantages of envafolimab are expected to grow,
because PD-1/PD-L1-targeting monoclonal antibod-
ies are moving into first-line and adjuvant/neoadjuvant
treatment across tumor types where chronic dosing is
common. It is therefore noteworthy that, for patients
with CRC in the present study, efficacy outcomes (includ-
ing ORR and PFS) tended to be better for those who had
failed one prior line of therapy than for those who had
failed at least two prior lines of therapy. This suggests
that envafolimab may be more effective in earlier-line
treatment of advanced dMMR/MSI-H CRC, as reported
for pembrolizumab [13, 27]. However, these observations
should be interpreted with caution due to the limited
numbers of patients.

The ORR and DoR were generally similar across tumor
types, despite the different test methods applied (local
versus central), an observation also made for pem-
brolizumab [28] and nivolumab [29]. Time to response
and temporal response patterns for envafolimab were
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also consistent with pembrolizumab and nivolumab in
dMMR/MSI-H solid tumors [13—-15]. The results of this
study support dMMR/MSI-H status as a valid tumor-
agnostic biomarker for PD-L1 inhibitors. However, limi-
tations of the study include the single-arm design, small
sample for tumor types other than CRC and GC, and
potential negative impact on efficacy due to possible
heterogeneity of MSI-H status not detected by available
tests.

Conclusions

As the first single-domain PD-L1-targeting antibody
administered by rapid subcutaneous injection, envafoli-
mab has the potential to be a significant advance in the
treatment of cancer. To confirm the current findings and
generate more data for underrepresented tumor types
in a larger population, the study is being expanded to
become a confirmatory trial enrolling at least 200 patients
with advanced dMMR/MSI-H solid tumors. Envafolimab
is also being developed in other cancer indications where
PD-1/PD-L1-targeting monoclonal antibodies have been
shown to be effective.
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