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Camrelizumab —targeting a novel PD-1 epitope to treat
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Hepatocellular carcinoma (HCC) is the fourth leading
cause of cancer-related death rating sixth in incidence
worldwide (1). Whereas non-alcoholic fatty liver disease
(NAFLD) and subsequent non-alcoholic steatohepatitis
(NASH) related HCC is emerging in Western society,
hepatitis B (HBV) and C viral (HCV) infections still
remain the leading global risk factors for HCC (2). HCC
patients frequently get diagnosed at advanced-stage disease
subjecting them to systemic therapies including the kinase
inhibitors sorafenib and regorafenib that have only shown
limited overall survival benefit up to now (3). Immune
checkpoint blockade (ICB), (re)invigorating T cell-mediated
anti-tumour immune responses via reversing PD-1
pathway-mediated intra-tumoural immunosuppression
[Figure 1 (4,5)], has been shown to have anti-tumour activity
in advanced HCC leading to accelerated FDA-approval of
the anti-PD-1 monoclonal antibodies (mAb) nivolumab and
pembrolizumab for patients with sorafenib-resistant HCC.
Recently, Qin and colleagues reported their findings
on camrelizumab, a novel humanised, high-affinity, IgG4/
isotype anti-PD-1 mAb, in the treatment of therapy-
resistant advanced HCC in a population majorly consisting
of HBV-related HCC (6). The open-label, parallel-
group, phase 2 trial included 217 adult patients (83%
HBYV seropositive) from 13 Chinese sites enrolled between
November 2016 and November 2017. The study cohort
consisted of histologically or cytologically proven HCC
patients with Child-Pugh score <7 and radiologically
proven progressive disease (PD) upon or intolerance to
previous systemic treatment. Patients were randomised
1:1 to receive 3 mg/kg camrelizumab intravenously
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once every 2 or 3 weeks (group A and B, resp.) until
investigator-assessed disease progression was noted as
defined by RECIST 1.1, unacceptable toxicity, withdrawal
of consent, or study completion. Coprimary endpoints
were blinded independent central review (BICR) assessed
objective response (OR) rate (ORR) and 6-month overall
survival (OS).

At the data cut-off on November, 2018, median follow-
up was 12.5 months (IQR 5.7-15.5). OS at 6 months was
74.7% (75.9% and 73.0% in group A and B, resp.). OR
was observed in 32/217 (14.7%; 97.5% CI: 9.8-21.0)
patients, with a median time to response of 2.0 months IQR
1.9-3.4) and consisting of partial responses only. Median
progression-free survival (PFS) was 2.1 months (95% CI:
2.0-3.2). Median duration of response was not reached (IQR
3.7-14.0) as 18 responders were still on treatment at data
cut-off.

Most common treatment-related adverse events (TRAE)
observed were reactive cutaneous capillary endothelial
proliferation [RCCEP; 145 (67%)], increased aspartate
aminotransferase [AST; 55 (25%)], increased alanine
aminotransferase [ALT; 51 (24%)], and proteinuria [50
(23%)]. Grade 3-4 TRAEs occurred in 47/217 (22%)
patients, mainly consisting of increased AST [10 (5%)]
and decreased neutrophil count [7 (3%)]. Two patients
experienced treatment-related death due to liver dysfunction
and multiple organ failure, respectively. Immune-mediated
AEs were observed in 181 (83.4%) patients, including
RCCEP (66.8%), hypothyroidism (9.2%), and immune-
related hepatitis (7.4%). During follow-up 46 patients
showed increased HBV-DNA of which 74% occurred after
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Figure 1 Tumour cell and CD8 T cell interaction. HCC harbours an immunosuppressive tumour microenvironment (TME). Compared

to tumour-free (TF) surrounding liver tissues, intratumoural immune infiltrates have increased proportions of immunosuppressive
regulatory T cells (Tregs) and decreased proportions of proinflammatory natural killer (NK-), NKT, and cytotoxic CD8" T cells (4). PD-1

is upregulated on tumour-infiltrating helper and CD8" T cells (5). Tumour cells and tumour-infiltrating myeloid cells express PD-1-Ligand

(PDL-1) and suppress T cell functionality via downstream inhibition of T cell receptor (TCR) and costimulatory (B7-1/-2-CD?28) signalling

through the interaction of PDL-1 with PD-1. Immunosuppression via PD-1 is abrogated by anti-PD-1 blocking antibodies (e.g., nivolumab,

pembrolizumab, camrelizumab), that prevent PD-1/PDL-1 ligation, restoring CD8" T cell-mediated antitumour immune responses.

PD or last dose before PD. HBV-DNA increase did not
lead to treatment interruption nor discontinuation.

Qin and colleagues suggest camrelizumab might
represent a novel second-line treatment option for advanced
HCC, having shown antitumour activity, potential survival
benefit, and manageable safety profiles. These results
observed in a Chinese cohort of patients with treatment-
resistant advanced HCC should be interpreted with caution.

Phase 2 clinical trials are designed to test for efficacy
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and AEs. Researchers in the current phase 2 trial were not
blinded to dosage regimen and no discrepancies between
the two regimens were described. Notably, nivolumab and
pembrolizumab have failed to meet their primary endpoints
in subsequent phase 3 clinical trials (7,8), despite having
shown promising antitumour effects in early phase clinical
trials (9,10). Therefore, before generally stating that
camrelizumab might be a suitable second-line treatment,
therapeutic effectiveness should be tested in larger sample

Ann Transl Med 2020;8(23):1614 | http://dx.doi.org/10.21037/atm-2020-115



Annals of Translational Medicine, Vol 8, No 23 December 2020

double-blinded phase 2/3 clinical trials, proving superiority
or non-inferiority to placebo control or standard treatment.
Nevertheless, based on this trial’s results one might find
some support for camrelizumab to be used as second-line
treatment as all included patients were demonstrated to
have progressive disease or intolerance to prior systemic
therapy and tumour response was observed in some
patients.

Qin et al. have used 6-month OS as coprimary endpoint.
Though OS remains the gold-standard for measuring
therapeutic benefit, one should be careful interpreting the
data from the current study. Forty percent (87/217) of the
patients received additional treatment after camrelizumab
discontinuation, including targeted, systemic, and local
therapies. Additionally, in the current study 95 of 161
(59%) patients with PD continued camrelizumab after PD
was observed, either as monotherapy or in combination
with other therapies. Therefore, the actual clinical benefit
of camrelizumab beyond PD, might have been influenced
by these sequential treatments, undermining the value of
OS to fairly prove the therapeutic benefit of camrelizumab
monotherapy (11). Radiological surrogate endpoints (e.g.,
ORR, PFS) are useful when assessing early signs of efficacy
prior to application of any other subsequent therapeutic
regimen (11,12). Notably, Qin and colleagues reported a
median PFS of 2.1 months. As recommended by the EASL
guidelines, advanced HCC radiological assessment should
preferably be interpreted using both conventional RECIST
1.1 and modified RECIST (mRECIST) criteria, measuring
viable tumour as well (12). Systemic therapies might cause
treatment-induced intratumoural necrosis without reducing
tumour diameter. mRECIST has proven to capture higher
ORR and has shown to be independently associated with
improved OS. However, Qin and colleagues have used
conventional RECIST 1.1, thus potentially underestimating
the actual therapeutic benefit of camrelizumab. It should
be noted that in previous trials studying the effects of
nivolumab and pembrolizumab in advanced HCC both
radiological response criteria were used (8,9). Besides
radiological surrogate endpoints, on-target immune
monitoring (e.g., circulating ki67* CD8 T cell enhancement
relative to tumour burden) might be a relevant approach
to specifically detect and monitor treatment-related
immunological effects predicting early clinical responses,
as was demonstrated for melanoma patients treated with
PD-1-blockade (13).

Since the majority of therapy-resistant advanced HCC
patients does not seem to benefit from camrelizumab,
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identifying responders using a biomarker is deemed crucial.
Due to limited sample size, unfortunately no conclusion
could be drawn on PD-L1 expression as predictive
biomarker for camrelizumab. So far, combined PD-L1
expression on tumour cells and leukocytes has only shown
a trend towards higher response rates to pembrolizumab
in HCC (10). As a substantial number of PD-L1-negative
patients also respond to anti-PD-1 therapies, it remains
elusive whether ligand expression is a suitable predictive
biomarker.

Previously, phase 1/2 trials studying ICB using anti-PD-1
mADbs reported similar results, supporting that only a minor
subset of advanced HCC patients seem to benefit from
anti-PD-1 therapy. In sorafenib-experienced patients, best
overall complete and partial response (CR and PR, resp.)
of the intention-to-treat (ITT) population was shown to be
limited to 3% (5/145) and 15% (22/145) for nivolumab and
1% (1/104) and 16% (17/104) for pembrolizumab (9,10).
In general, OS rates of camrelizumab were comparable to
both nivolumab [6-mo OS 74.4% (95% CI: 68.0-79.7%) vs.
83.0% (95% CI: 78.0-88.0%), resp.] and pembrolizumab
[12-mo OS 55.9% (95% CI: 48.9-62.2%) vs. 54% (95% CI:
44-63%)] (9,10).

Qin and colleagues highlight the importance of testing
ICB-efficacy among patients infected with HBV. Related
to aetiology, genomic profiles of HCC in Asian countries
are substantially different from non-Asian countries (2,14).
Evidence of enhanced disease progression in HBV-mediated
HCC remains weak. Yet, it is hypothesized to harbour
impaired 7z situ anti-tumour immune responses based on
molecular and histopathological features, potentially making
ICB less efficacious in these patients (15,16). Similar to
previous trials, Qin, et 2/. have demonstrated that anti-PD-1
therapy can be safely applied in the Asian population with
similar clinical response rates as non-Asian HCC patients
(9,10,17). However, all current studies were underpowered
to statistically compare outcomes of HBV-mediated to non-
infectious HCC.

Camrelizumab displayed similar rates of grade 3-4
TRAEs compared to nivolumab and pembrolizumab,
ranging 22-25% of the I'TT populations. Strikingly,
RCCEP was observed more frequently compared to
nivolumab and pembrolizumab (67.0% wvs. 2.4%) (18). Qin
et al., hypothesize that this might be attributed to the novel
PD-1 binding epitope that is targeted by camrelizumab as a
means to achieve ICB-optimization, potentially disrupting
the balance between pro- and anti-angiogenic growth

factors (19).
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ICB-optimization via binding epitope-selection is
hypothesized to be crucial in improving binding efficiency
or specificity, potentially leading to increased anti-
PD-1 efficacy and decreased TRAEs. Nivolumab and
pembrolizumab have partly overlapping binding epitopes
interacting with the flexible N- and C’D-loops of the PD-1
molecule, respectively (20). Instead, camrelizumab is said
to interact with the unique glycosylated ASNS58 position of
the PD-1 molecule via its CDRH2 domain. Data regarding
another novel anti-PD-1 mAb (MW11-h317) confirms that
glycosylation dependent binding to ASN58 provides high
affinity binding to the PD-1 molecule. However, it does not
show any superiority to nivolumab when comparing in vitro
binding affinity to PD-1, inhibitory effects, and pre-clinical
in vivo antitumour effects (20). Pharmacodynamics data
from human phase 1 trials on camrelizumab and nivolumab
support these pre-clinical data revealing comparable PD-1
binding affinity (Kp 3.31x10” M vs. 3.65x10™ M, resp.) and
receptor occupancy on circulating T lymphocytes (85% wvs.
70%, resp.) (20-22).

In summary, the study from Qin and colleagues
suggests that camrelizumab represents an alternative for
nivolumab and pembrolizumab in Chinese sorafenib-
resistant advanced HCC patients. Despite its binding to a
novel PD-1 epitope, results are largely similar to those of
nivolumab and pembrolizumab for both infectious and non-
infectious HCC. However, subsequent phase 3 clinical trials
of these agents in similar patient populations have failed to
meet their primary endpoints (7,8). Yet, any comparative
trial results on camrelizumab have not been reported so far.
Since recently improved clinical effectiveness is achieved
with combinatorial approaches using ICB and anti-
angiogenic therapies (23,24), positive phase 3 data may be
expected from the announced international multi-centre
randomised trial comparing camrelizumab plus apatinib
[vascular endothelial growth factor-receptor 2 inhibitor
(VEGFR21)] versus sorafenib alone (NCT03764293), albeit
in a first line setting.
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