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Abstract

Background: Anti-programmed cell death protein-| immunotherapy has been approved as a new treatment option for advanced
hepatocellular carcinoma (HCC) based on the promising results of several studies. Methods: This retrospective study included
71 patients with advanced HCC treated with anti-programmed cell death protein-l1 immunotherapy between June I, 2017 and
September 30, 2020 at the First Affiliated Hospital of Anhui Medical University. Responses to pulmonary metastases were
evaluated. Results: The median follow-up duration was 7.73 months (95% confidence interval (Cl), 4.48-10.98). Of 71 patients,
the overall response rate (ORR) and disease control rate (DCR) were 32% (23/71) and 73% (52/71), respectively. The median
progression-free survival (PFS) and overall survival (OS) were 4.90 (95% ClI, 2.71-7.09) and 20.23 (95% ClI, 6.87-33.59) months,
respectively. Forty-two patients had HCC pulmonary metastases, whereas 29 did not have pulmonary metastasis. No significant
differences were observed in the ORR (38% [16/42] vs. 24% [7/29], P = 0.22) and DCR (74% [31/42] vs. 72% [21/29], P = 0.90)
between groups. In patients with pulmonary metastases, the median disease control duration of pulmonary lesions was signifi-
cantly longer than extrapulmonary lesions (Not Reached vs. 12.37 months, P = 0.048). Pulmonary metastases were not associated
with an increased incidence of adverse events (67% vs. 62%, P = 0.69). Conclusions: Anti-programmed cell death protein-|
immunotherapy showed promising efficacy and safety in patients with advanced HCC, with good responses observed in
pulmonary metastases. The mechanism underlying the differences in responses between pulmonary and extrapulmonary
metastases requires further investigation.
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Introduction 78% of HCCs are caused by chronic viral infections, most
commonly due to hepatitis B virus (HBV).>* The intrinsic
immune tolerance of liver leads to the “immune evasion” of
HCCs through multiple pathways. Specifically, the pro-
grammed cell death protein-1 (PD-1)/programmed cell death

Hepatocellular carcinoma (HCC) accounts for 90% of all can-
cers in the liver and has become the third leading cause of
cancer-related mortality worldwide.' In China, more than
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ligand-1 (PD-L1) pathway mediates immunosuppression
through the negative regulation of CD8" T cell activity.’
Therefore, the anti-PD-1 antibodies, pembrolizumab, nivolu-
mab, and camrelizumab, have displayed antitumor activity
with good safety in patients with advanced HCC in clinical
trials®® as well as in real-world settings. Furthermore, immu-
notherapy in combination with targeted anti-angiogenesis ther-
apy for advanced HCC has shown efficacy in preliminary
findings from several clinical trials.’'

The recurrence or metastasis of advanced HCC generally
involves intrahepatic and extrahepatic lesions. The lung is the
most common extrahepatic site of metastasis in advanced
HCCs."! Studies have confirmed that the immune microenvir-
onment in the liver is different to that in other organs. Based on
previous clinical work, we observed organ-specific responses to
immunotherapy, particularly in the lung. The aim of the present
study was to evaluate the clinical outcomes, including efficacy
and adverse events of anti-PD-1 immunotherapy in patients with
advanced HCC and compare the efficacy of immunotherapy
between pulmonary and extrapulmonary metastases.

Methods

Study Design and Patients

This retrospective study included patients with advanced HCC
who received anti-PD-1 immunotherapy at the First Affiliated
Hospital of Anhui Medical University between June 1, 2017
and September 30, 2020.All data were retrospectively collected
and included patient demographics, laboratory results, and
radiological information. The efficacy of anti-PD-1 immu-
notherapy in patients with or without pulmonary metastases
was compared and analyzed, and the efficacy of of immu-
notherapy in lung lesions in patients with pulmonary metas-
tases was evaluated separately. This study was approved by the
Medical Ethics Committee of the First Affiliated Hospital of
Anhui Medical University (PJ 2020-15-35). Considering the
retrospective nature of this work, the requirement for informed
consent was waived for individual participants as per the com-
mittee standards.

The inclusion criteria were as follows: age of at least
18 years; histologically or clinically confirmed advanced pri-
mary HCC according to the Guidelines for the Diagnosis and
Treatment of Primary Liver Cancer in China'?; Eastern Coop-
erative Oncology Group performance score, 0-2; Child-Pugh
class, A or B; HBV DNA load, normal range (<1000 copies/ml
or <500 [U/ml); monotherapy with at least 2 doses of anti-PD-1
antibodies (pembrolizumab, nivolumab, camrelizumab, sintili-
mab, or tislelizumab) or combination therapy of anti-PD-1
antibodies with anti-angiogenesis drugs(sorafenib, lenvatinib,
or apatinib).

The exclusion criteria were as follows: other concomitant
malignant tumors; insufficient information on the antitumor
efficacy of anti-PD-1 immunotherapy, such as lack of data on
follow-up imaging, loss to follow-up (the minimum follow-up
duration was 1.5 months), or death before response assessment;

previously or concurrently administered immunotherapy,
including those targeting PD-L1, PD-L2, or cytotoxic
T lymphocyte antigen (CTLA-4); concurrent administration
of chemotherapy or local treatment, including radiofrequency
ablation, microwave ablation, and transcatheter arterial che-
moembolization (TACE).

Study Outcomes

Efficacy outcomes included the following: 1) overall response
rate (ORR) and disease control rate (DCR) as evaluated by
study investigators or attending clinicians using the Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1'3;
2) response rate of pulmonary metastases with assessment of
individual pulmonary lesions according to RESIST 1.1;
3) progression-free survival (PFS) measured from the date of
first dose to the date of radiographic or clinical evidence of
disease progression, overall survival (OS) measured from the
date of first dose to the date of death from any cause; and
4) disease control duration of pulmonary and extrapulmonary
metastases measured from the date of first dose to the date of
radiographic evidence of progression of pulmonary and extra-
pulmonary lesions.

Safety outcomes were the rates of all immune-related
adverse events (irAEs), those leading to the interruption and
discontinuation of treatment, and those requiring steroids,
which were graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events [CTCAE]
version 4.03.

Statistical Analysis

Baseline demographics, treatment characteristics, and irAEs
were analyzed using descriptive statistics. PFS, OS, and disease
control duration were estimated using the Kaplan-Meier
method and compared by the log-rank test. The analysis for
ORR was based on best overall response and compared by the
chi-square test. All statistical analyses were performed using
IBM SPSS Statistics version 20 (Chicago, IL, USA) and Graph-
Pad Prism version 8. A P value of < 0.05 was considered to
indicate statistical significance.

Results

Patients

During the study period, 106 patients receiving anti-PD-1
immunotherapy either as monotherapy or combination therapy
as first- or second-line treatment of advanced HCC in the First
Affiliated Hospital of Anhui Medical University were
screened. The final analyses included 71 patients fulfilling the
inclusion and exclusion criteria (Figure 1). All patients had a
history of HBV infection. Forty-two patients had pulmonary
metastases, whereas 29 did not have lung metastasis. The base-
line demographic and clinical characteristics of all patients and
the 2 groups are summarized (Table 1).
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Figure 1. Inclusion and exclusion criteria flowchart.

The anti-PD-1 antibodies used as systemic first- or second-
line immunotherapy included pembrolizumab, nivolumab,
camrelizumab, sintilimab, and tislelizumab in 16 (22%),
3 (4%), 36 (51%), 7 (10%), and 9 (13%) patients, respectively.
Combination therapy with anti-angiogenesis drugs adminis-
tered in 37 (52%) patients included sorafenib, lenvatinib, and
apatinib in 7 (19%), 12 (32%), and 18 (49%) patients,
respectively.

The reasons for treatment discontinuation were disease
progression, adverse events, patient decision, liver trans-
plantation, and complications leading to death in 19
27%), 8 (11%), 7 (10%), 1 (1%), and 2 (3%) patients,
respectively. At the data cut-off date, 34 (48%) patients
were still on immunotherapy and 17 (24%) patients were
maintaining response.

Efficacy

All 71 patients underwent at least one follow-up radiographic
examination and were evaluated for treatment efficacy. The
overall response and the response rate of pulmonary metas-
tases are shown in Table 2. There were no significant differ-
ences in the ORR (38% vs. 24%, P = 0.22) and DCR (74% vs.
72%, P = 0.90) between patients with and without pulmonary
metastases of HCC. In 6 patients with only pulmonary metas-
tases, the ORR and DCR were 50% and 83%, respectively.
The median PFS and OS of these 6 patients were 15.17
(95%CI, 0.00-34.15) months and Not Reached (NR),
respectively.

The median follow-up duration of the overall cohort was
7.73 (95% CI, 4.48-10.98) months. The median PFS and OS
of the study cohort was 4.90 (2.71-7.09) and 20.23 (6.87-33.59)
(Figures 2 and 3), respectively (Table 2). In patients with pul-
monary metastases, the median disease control duration of
pulmonary and extrapulmonary lesions was NR vs. 12.37
(95% CI, 0.00-24.85) months, respectively (P = 0.048)
(Figure 4).

Table 1. Baseline Demographic and Clinical Characteristics.

Systemic line of

Treatment programs

immunotherapy

Hepatitis B virus status

CPS

ECOG

Sex

Median

Combination

age
(Years)

Negative Unknown First-line Second-line Monotherapy therapy

Positive

B

0-1

Female

Male

37 (52%)
22 (52%)

50 (70%) 21 (30%) 34 (48%)
24 (57%) 18 (43%) 20 (48%)

1 2%)

48 (68%) 18 25%) 5 (7%)

29 (69%) 12 (29%)

37 (88%) 5 (12%) 56 (28-76) 40 (95%) 2 (5%) 40 (95%) 2 (5%)

All patients (n = 71) 64 (90%) 7 (10%) 56 (28-77) 67 (94%) 4 (6%) 65 (92%) 6 (8%)

HCC with

pulmonary
Metastases (n = 42)

HCC without

14 (48%) 15 (52%)

3 (10%)

6 (21%) 4 (14%) 26 (90%)

61 (33-77) 27 (93%) 2 (%) 25 (86%) 4 (14%) 19 (65%)

27 (93%) 2 (1%)

pulmonary
metastases
(n =29)

Abbreviations: HCC, hepatocellular carcinoma; ECOG, Eastern Coorperative Oncology Group performance status; CPS, Child-Pugh Class.
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Table 2. Tumor Responses and Survival Data.?

All patients HCC with pulmonary Pulmonary HCC without pulmonary
n=71) metastases (n = 42) lesions metastases (n = 29)
Overall response 23 (32%) 16 (38%) 12 (28%) 7 (24%)
Complete response 3 (4%) 1 2%) 1 2%) 2 (%)
Partial response 20 (28%) 15 (36%) 11 (26%) 5 (17%)
Stable disease 29 (41%) 15 (36%) 24 (57%) 14 (48%)
Progressive disease 19 27%) 11 (26%) 6 (15%) 8(28%)
Disease control 52 (73%) 31 (74%) 36 (85%) 21 (72%)
Median progression-free survival, 4.90 (2.71-7.09) 12.37 (0.10-24.63) / 3.90 (0.61-5.19)
months (95% CI)
Median overall survival, months 20.23 (6.87-33.59) NR / 9.83 (7.76-11.91)

(95% CI)

Abbreviations: CI, confidence interval; NR, not reached.

#“Pulmonary lesions” means the lung metastatic lesions of patients with pulmonary metastases; Objective response=complete response+ partial response;

Disease control=objective response+ stable disease.
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Figure 2. Kaplan-Meier curve showing progression-free survival in all patients.

Safety

The irAEs observed in all patients are shown (Table 3). At least
one irAE occurred in 46 (65%) of the 71 participants; irAEs
were graded 3-4 in 13 (18%) patients and severe in 10 (14%)
patients. The incidence of irAEs did not differ between patients
with and without pulmonary metastases (67% vs. 62%,
P = 0.69). Two patients who developed immune pneumonia
were without pulmonary metastases.

During the follow-up period, the causes of death were
disease progression, obstructive jaundice, and spon-
taneous peritonitis in 15 (21%), 1 (1%), and 1 (1%)
patient, respectively. Importantly, no patient died because
of an irAE.

Discussion

Several anti-PD-1 antibodies are currently available for clinical
use in China. All anti-PD-1 antibodies used in the present study
are either recommended by the Guidelines for the Diagnosis
and Treatment of Primary Liver Cancer in China'? or effective
in clinical trials. We demonstrated that different anti-PD-1
antibodies showed promising efficacy and manageable toxicity
in patients with advanced HCC. The incidence of irAEs was
similar to that observed in previous reports. In our study, one
patient developed immune hepatitis, immune cystitis, and urin-
ary tract infection successively, then recovered after steroid
and symptomatic treatment, and is still responding to
immunotherapy.



Zhao et al

5
100=
=
= 75+
[
=
E L il 1
D 50+ | MR )
w
L]
@
>
O 254
Median overall survival 20.23months
(95%CI) (6.87- 33.59)
O || 1 | | | | 1 | | | | | 1
0 3 6 8 12 15 18 21 24 27 30
Time since anti-PD-1 immunotherapy(months)
numberatrisk 71 €2 35 23 14 12 N 7 3 1
Figure 3. Kaplan-Meier curve showing overall survival in all patients.
100
IS
Y
E 75
§ L L il
= Louas 1
& 50+
[&]
Q L1 L )
®
& 254 Median disease control time(95%Cl)
o —— pulmonary lesions NR
- extrapulmonary lesions  12.37months (0.00-24.85)
0 || ] || ] || || 1 || 1 1
0 3 6 9 12 15 18 21 24 27 30
number at risk Time since anti-PD-1 immunotherapy(months)
pulmonary lesions 42 40 22 15 12 11 10 6 2 1
extrapulmonary lesions 42 28 16 14 11 9 7 5 2 1

Figure 4. Kaplan-Meier curve showing disease control duration of lung lesions and extrapulmonary lesions in patients with pulmonary

metastases.

We found that the median PFS (12.37 vs. 3.90 months,
P =0.049) and OS (NR vs. 9.83 months, P = 0.26) of patients
with pulmonary metastases were longer than those of patients
without pulmonary metastases. Given the difference in
follow-up times (median follow-up time 10.07 vs. 5.13 months,
P = 0.002) between groups, this difference may not be mean-
ingful. But we separately analyzed the response of lung lesions
and extrapulmonary lesions in patients with pulmonary metas-
tases and observed significant differences. The median disease

control duration was significantly longer for pulmonary lesions
than for extrapulmonary lesions (NR vs. 12.37 months,
P = 0.048). A previous study found that apatinib, an
anti-angiogenesis drug, was particularly effective for advanced
HCC with pulmonary metastases.'* One potential mechanism
underlying the efficacy of apatinib is the normalization of
abnormal tumor vasculature, which potentially transforms the
tumor microenvironment and activates hepatic and pulmonary
immune systems, thereby preventing lung metastases from the
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Table 3. Adverse Events.

All patients (N = 71)

Any grades Grade 3-4

irAEs leading to interruption 5 (7%) 5 (7%)
irAEs leading to discontinuation 8 (11%) 6 (8%)
irAEs requiring steroids 7 (10%) 5 (T%)
Treatment-related deaths 0 0
irAEs

Fatigue 4 (6%) 0
Rash 4 (6%) 0
Pruritus 4 (6%) 0
Diarrhea 2 (3%) 0
Nausea 1 (1%) 0
Decreased appetite 5 (7%) 0
RCCEP 6 (8%) 0
Immune pneumonia 2 (3%) 0
Immune cystitis 1 (1%) 0
Urinary tract infection 1 (1%) 1 (1%)
Immune hepatitis 6 (8%) 6 (8%)
Myelosuppression 3 (4%) 1 (1%)
Hypothyroidism 10 (14%) 0

Abbreviations: irAEs, immune-related Adverse Events; RCCEP, reactive cuta-
neous capillary endothelial proliferation.

liver and reducing the size and number of metastatic pulmonary
lesions.'>'” In our study, 22 patients with pulmonary metas-
tases received anti-PD-1 immunotherapy in combination with
anti-angiogenesis drugs. On the other hand, several studies
have demonstrated that heterogeneous tumor immune micro-
environments of various organs and different gene expression
profiles of multiple tumor types may affect tumor growth and
responses to anticancer treatments.'® For example, studies have
found that several characteristics of the immune environment,
such as the density of CD8" T cells and PD-L1 expression,
were different in paired primary and metastatic renal cell car-
cinoma and lung cancer specimens.'®?! Lu ef al retrospectively
analyzed the data of 75 patients with advanced HCC who
received ICIs and found that tumor responses varied consider-
ably depending on the tumor site, specifically in lung meta-
static lesions (ORRs of hepatic tumors, lung, lymph node, and
other intra-abdominal metastases were 22.4%, 41.2%, 26.3%,
and 38.9%, respectively). The study found that of the 16
patients with evaluable tumors in the liver and lungs at base-
line, 8 had disease control in the lungs while PD in the liver,
and none experienced disease control in the liver while PD in
the lungs (P = 0.005). The study hypothesized that it may be
related to the imbalance of tumor burden among different
organs.>' Another retrospective study published recently also
described organ-specific responses (OSR) to first-line lenvati-
nib plus anti-PD-1 antibodies in 60 patients with unresectable
HCC. The data showed that the OSR of macrovascular tumor
thrombi was 54.5% and the OSR of extrahepatic lung metas-
tases (37.5%) was higher than that of intrahepatic tumors
(32.8%) and lymph node metastases (33.3%).>> However,

information on the immunological characteristics of metastatic
HCC lesions in different organs is lacking and warrants further
investigation.

Although this was a retrospective study and lacked a con-
trol group, its main strength was the inclusion of real-world
data on patients with advanced HCC receiving anti-PD-1
immunotherapy. Future studies will include the evaluation
of biopsy specimens from pulmonary metastases of patient
with advanced HCC to elucidate the potential mechanisms
underlying the differences observed in the response of pul-
monary lesions to anti-PD-1 immunotherapy. Additionally,
future investigations should increase participant numbers in
studies and extend the follow-up period to balance the
follow-up time and determine the efficacy and safety of
anti-PD-1 immunotherapy.

Abbreviations

CI, confidence interval; CTCAE, National Cancer Institute Common
Terminology Criteria for Adverse Events; CTLA-4, cytotoxic T lym-
phocyte antigen; DCR, disease control rate; HBV, hepatitis B virus;
HCC, hepatocellular carcinoma; irAEs, immune-related adverse
events; NR, Not Reached; PD-1, programmed cell death protein-1
(PD-1); PD-L1/PD-L2, programmed cell death ligand-1/ligand-2;
PFS, progression-free survival; ORR, overall response rate; OS, over-
all survival (OS); RECIST, Response Evaluation Criteria in Solid
Tumors; TACE, transcatheter arterial chemoembolization.
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