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Hepatocellular carcinoma (HCC) patients with macrovascular invasion (MVI)
have dismal prognosis and there are no standard perioperative therapies. This
phase 2 trial (ChiCTR2000036385) aimed to investigate the activity and safety
of perioperative tislelizumab plus intensity modulated radiotherapy (IMRT)
for resectable HCC with MVI. Thirty treatment-naive patients with MVI
received 3 cycles of tislelizumab intravenously (200 mg, every three weeks)
and concurrent IMRT (45 Gray in 15 fractions). Primary endpoints were the
overall response rate (ORR) and overall survival (OS). Secondary endpoints
were the proportion of patients with a complete or major pathological
response (pCR or MPR), recurrence-free survival (RFS) and safety. Of patients
enrolled, 15 (50%) underwent curative surgery followed by adjuvant tislelizu-
mab. The ORR was 30.0% (90% Cl 16.6%-46.5%) and the median OS was 18.7
months. Of the 15 patients underwent surgical resection, 10 (66.7%) achieved
pCR or MPR and 8 (53.3%) remained recurrence-free. The median RFS were not
reached with a median follow-up of 21.77 months (95% CI 12.50-31.03) post-
surgery. 4 (13.3%) patients experienced grade 3 treatment-related adverse
events. The most common events were thrombocytopenia, leukopenia, and
anemia. The trial has met the pre-specified endpoints, and these results sup-
port further studies of perioperative immunotherapy plus radio-

therapy in HCC.

Hepatocellular carcinoma (HCC) is the sixth most common cancer
globally and the third leading cause of cancer-related mortality'. HCC
displays a distinct ability to invade and grow within the hepatic vas-
culature and form tumor thrombus in the portal or hepatic vein, which
is also called macrovascular invasion (MVI). About 20% of patients have
MVI at diagnosis and are designated as advanced disease, with a
median survival ranging from 2 to 5 months with best supportive care’.
Recently, the combination of atezolizumab and bevacizumab has

exhibited substantial antitumor efficacy and was approved for
advanced HCC®. However, only about 30% of patients with HCC benefit
from immune checkpoint-based therapies®.

Guidelines of Asian-Pacific’ and China® also recommended local
therapies for HCC with MVI. Among which, radiotherapy demon-
strated promising clinical efficacy’. Furthermore, combining radio-
therapy with immune checkpoint inhibitors (ICls) is a potentially
effective strategy®’. Two randomized trials have shown that the
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addition of radiotherapy to immunotherapy improves distal response
rates, progression-free survival, and overall survival in patients with
metastatic non-small cell lung cancer (NSCLC)'*". Several clinical stu-
dies also reported the promising efficacy of combining ICI and radio-
therapy in advanced HCC'", On the other hand, surgical resection was
also shown to provide survival benefits for patients with MVI*%,
However, the postoperative recurrence rate is high and the long-term
survival is poor in these patients. What's noteworthy is that neoadju-
vant radiotherapy can reduce the extent of MVI and improve post-
operative survival rate at 12 months', indicating the efficacy of peri-
operative radiotherapy in improving the survival of patients with MVI.

Tislelizumab is an monoclonal IgG4 antibody targeting pro-
grammed death receptor-1 (PD-1) in humans, has demonstrated anti-
tumor activity in patients with advanced tumors, including HCC”*, In
the RATIONALE 301 trail, in patients with unresectable HCC, first-line
tislelizumab monotherapy demonstrated noninferior OS versus sor-
afenib, with favored results shown in ORR and duration of response’.
Positive results of the study has led to the approval of tislelizumab as
first-line treatment for unresectable HCC in China.

In this work, we evaluated the efficacy and safety of perioperative
tislelizumab plus IMRT in resectable HCC with MVI. Perioperative
tislelizumab plus IMRT demonstrated promising efficacy and man-
ageable safety profiles, providing a potential option for HCC with MVI.

Results

Patient characteristics

Between October 21, 2020, and February 15, 2023, 31 patients under-
went eligibility screening. One patient withdrew consent, and 30
patients were enrolled and received 3 cycles of tislelizumab and con-
current IMRT. After response evaluation, 15 patients with unresectable
HCC withdrew from the study. The other 15 patients were considered
eligible and underwent curative surgery followed by adjuvant tisleli-
zumab. At the time of data cutoff, 6 patients relapsed within 1 year, 1
patient relapsed after 1 year, and 8 patients had completed the study
treatment without recurrence (Fig. 1).

Surgically resectable HCC with macrovascular invasion
n=31
[ 1 withdrew consent
Tislelizumab (3 cycles)+ IMRT
n=30
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Fig. 1| Trial profile. Response was evaluated per RECIST version 1.1. HCC, hepa-
tocellular carcinoma; IMRT, intensity modulated radiotherapy; PR, partial
response; SD, stable disease; PD, progressive disease; pCR, pathological complete
response; MPR, major pathological response.

The baseline characteristics of the intention-to-treat population
are summarized in Table 1. Most of the patients were male, under age
60 and were classified as Child-Pugh score A. Hepatitis B Virus (HBV)
infection was the most common etiology of HCC (96.7%). All partici-
pants were treatment-naive and exhibited tumors with MVI (Supple-
mentary Table 1). The median follow-up was 20.35 months (95% CI
14.17-26.52).

Efficacy

The ORR was 30.0% (90%Cl 16.6-46.5%) and the disease control rate
(DCR) was 36.6%. Nine patients (30%) achieved PR, 2 (6.7%) patients
had SD, and 19 (63.3%) patients had PD (Table 2). Regression in the
target lesions was observed in 26 (86%) patients. Among those with PD,
14 patients developed new lesions in the liver and 3 patients developed
extrahepatic metastasis (Fig. 2A). The detailed information of
response, progression and resectability of patients were listed in
Supplementary Table 6. The median OS was 18.7 months. The OS rate
at 6-, 12- and 24-month was 79%, 58% and 47%, respectively (Fig. 2B).
Patients who underwent surgery after evaluation had a significantly
longer median OS compared to those who were considered unre-

Table 1 | Baseline Characteristics of Patients

Feature No.(%)
Age(years)

260 6(20.0)

<60 24(80.0)
Gender

Male 26(86.7)

Female 4(13.3)
Etiology

HBV 29(96.7)

HCV 1(3.3)
ECOG Performance status

0 29(96.7)

1 1(3.3)
Child-Pugh

A 28(93.3)

B 2(6.7)
Tumor Numbers

1 26(86.7)

2 2(6.7)

3 1(3.3)

4 1(3.3)
Tumor Size(cm)*

<5 4(13.3)

>5 and <10 13(43.3)

>10 13(43.3)
Macrovascular Invasion’

2 7(23.3)

3 8(26.7)

4 15(50)
AFP(ug/L)

<400 14(46.7)

2400 16(53.3)

HBV hepatitis B virus, HCV hepatitis C virus, ECOG eastern cooperative oncology group, AFP
alpha-fetoprotein.

*Tumor size was presented as the sum of longest diameters of the tumors.

*MVI grade was modified based on the MVI grading system by the Liver Cancer Study Group of
Japan; patients with Vp1, Vp2 or Vp3/Vv1 were classified as grade 1, 2 or 3 MVI, respectively;
patients with Vp4, Vv2, Vv3, or both portal (Vp1-4) and hepatic vein invasion (Vv1-3) were
classified as grade 4 MVI; Vp portal vein invasion, Vv hepatic vein invasion.
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Table 2 | Radiographic and Pathological Responses

Radiographic response n=30 No.(%)
ORR 9(30.0)
PR 9(30.0)
SD 2(6.7)
PD 19(63.3)
DCR 11(36.6)
Pathological Response n=15 No.(%)
Response 10(66.7)
PCR 4(26.7)
MPR 6(40.0)
No Response 5(33.3)

ORR objective response rate, PR partial response, SD stable disease, PD progressive disease, DCR
disease control rate, pCR pathological complete response, MPR major pathological response.
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Fig. 2 | Tumor responses and survival. A Waterfall plot showing the percentage
change in target lesions from baseline (n =30), according to treatment response
per RECIST version 1.1. B Kaplan-Meier analysis of overall survival (n =30).

sectable (not reached versus 7.0 months, p=0.025) (Fig. 2C). Fur-
thermore, cox regression also revealed a significant correlation
between surgery and OS (Hazard ratio [HR] 0.30 [0.09-0.91];
p=0.034) (Supplementary Table 2).

In 15 patients who underwent surgical resection, 10 (66.7%)
patients achieved a significant pathological response (pCR or MPR)
(Table 2). The median RFS was not reached after a median follow-up of
21.77 months (95% CI 12.50-31.03) post-surgery. The RFS rate at 6-, 12-
and 24-month was 67%, 60% and 53%, respectively (Fig. 3A). Univariate
analyzes demonstrated that alpha-fetoprotein (AFP) levels at baseline
(=400 pg/L versus <400 pg/L, HR 9.61 [1.13-81.81]; p=0.038), AFP
reduction (>90% or Low [AFP <400 pg/L at baseline] versus <90%, HR
0.11[0.01-0.69]; p = 0.019), and significant pathological response (yes
versus no, HR 0.18 [0.04-0.88]; p=0.034) were significantly asso-
ciated with RFS (Supplementary Table 3). Kaplan-Meier analysis also
revealed a remarkably improved RFS in patients with low baseline AFP
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C Kaplan-Meier analysis revealed an improved overall survival in patients with
surgery, p-value was compared via a two-sided log-rank test. Source data are pro-
vided as a Source Data file. OS, overall survival.
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Fig. 3 | Recurrence-free survival. A Kaplan-Meier analysis of recurrence-free sur-
vival (n =15). B-D Kaplan-Meier analysis revealed a remarkably improved recurrence-
free survival in patients with low baseline AFP levels (<400 pg/L), significant AFP
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reduction (>90% or Low) and significant pathological response (MPR/pCR), p-value
was compared via a two-sided log-rank test. Source data are provided as a Source Data
file. AFP, alpha-fetoprotein; RFS, recurrence-free survival.

levels (<400 pg/L versus >400 pg/L, not reached versus 2.2 months,
p=0.013), AFP reduction (=90% or Low versus <90%, not reached
versus 2.2 months, p=0.005), or a significant pathological response
(yes versus no, not reached versus 2.2 months, p = 0.02) (Fig. 3B-D).
Moreover, we investigated the correlation between baseline char-
acteristics and radiographic and pathological response (Supplemen-
tary Table 4 & 5). The findings demonstrated a noteworthy reduction in
AFP levels was linked to the significant pathological response
(p=0.022) (Supplementary Table 5).

Safety profile

During this study, 28 (93.3%) patients had at least one treatment related
adverse event (TRAE) (Table 3 and Supplementary Table 10). The most
common TRAEs of any grade were thrombocytopenia (n =25, 83.3%),
leukopenia (n =18, 60.0%) and anemia (n =16, 53.3%). During the pre-
operative therapy, TRAEs of any grade occurred in 27 patients. The
three most frequent TRAEs were thrombocytopenia (n=22, 73.3%),
leukopenia (n=15, 50%) and anemia (n=13, 43.3%) (Table 3). Grade 3

TRAEs only occurred in 3 patients (10%), including leukopenia and
thrombocytopenia, which resolved after symptomatic treatment with-
out the need for corticosteroid treatment. The postoperative compli-
cations were summarized in Supplementary Table 9. Postoperative
complications were observed in 8 of 15 (53.3%) patients. Most compli-
cations were grade 1, which included ascites (20%), pleural effusion
(26.7%) and biliary leakage (6.7%). Whereas only 1 (6.7%) patient had
grade 2 complication, which was transient liver dysfunction and was
promptly managed. No grade 3 or higher complications occurred.
During adjuvant therapy, the three most frequent TRAEs were leuko-
penia (n=3, 20.0%), thrombocytopenia (n=3, 20.0%) and anemia
(n=23,20.0%) (Table 3). Grade 3 TRAEs only occurred in 1 patient (6.7%),
which was ALP increased. All adverse events resolved after symptomatic
treatment without the need of corticosteroids treatment.

Subsequent treatments
In addition, subsequent treatments for patients who had PD were listed
in Supplementary Table 7. Of the 15 patients who were assessed as
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Table. 3 | Treatment-Related Adverse Events

TRAE (n,%) Preoperative treatment n=30

ALL Grades Grade 1 Grade 2 Grade 3
Any TRAEs 27(90%) 26(86.7%) 14(46.7%) 3(10%)
Leukopenia 15(50.0%) 2(6.7%) 11(36.7%) 2(6.7%)
Anemia 13(43.3%) 10(33.3%) 3(10.0%) 0
Thrombocytopenia 22(73.3%) 14(46.7%) 6(20%) 2(6.7%)
TSH increased 4(13.3%) 4(13.3%) 0 0
Hypothyroidism 1(3.3%) 1(3.3%) 0 0
ALT increased 1(3.3%) 1(3.3%) 0 0
AST increased 3(10%) 2(6.7%) 1(3.3%) 0
ALP increased 0 0 0 0
LDH increased 3(10%) 3(10%) 0 0
TBIL increased 0 (] 0 0
GGT increased 0 (] 0 0
INR increased 0 0 0 0
Gastrointestinal bleed  4(13.3%) 4(13.3%) 0 0
Rash 2(6.7%) 2(6.7%) 0 0]
Fever 1(3.3%) 1(3.3%) 0 (0]
TRAE (n,%) Adjuvant treatment n=15

ALL Grades Grade 1 Grade 2 Grade 3
Any TRAEs 9(60%) 9(60%) 5(33.3%) 1(6.7%)
Leukopenia 3(20.0%) 0 3(20.0%) 0
Anemia 3(20.0%) 2(13.3%) 1(6.7%) (0]
Thrombocytopenia 3(20.0%) 3(20.0%) 0 0
TSH increased 2(13.3%) 2(13.3%) 0 0
Hypothyroidism 2(13.3%) 2(13.3%) 0 0
ALT increased 0 0 0 0
AST increased 1(6.7%) 0 1(6.7%) 0
ALP increased 1(6.7%) 0 0 1(6.7%)
LDH increased 1(6.7%) 1(6.7%) 0 0
TBIL increased 2(13.3%) 1(6.7%) 1(6.7%) (0]
GGT increased 1(6.7%) 1(6.7%) 0 0
INR increased 2(13.3%) 2(13.3%) 0 0
Gastrointestinal bleed 0 0 0 0
Rash 0 0 0 0
Fever 0 (] 0 0

TRAEs treatment-related adverse events, TSH thyroid stimulating hormone, ALT alanine transa-
minase, AST aspartate amino transferase, ALP alkaline phosphatase, LDH lactate dehydrogenase,
TBIL total bilirubin, GGT gamma-glutamyl transpeptidase, INR international normalized ratio.

unresectable, 8 patients received a combination of tislelizumab plus
lenvatinib with or without transarterial chemoembolization (TACE),
and 2 patients received lenvatinib or TACE. Of the 7 patients relapsed
during adjuvant tislelizumab treatment, 6 received subsequent treat-
ments, including the combination of tislelizumab plus lenvatinib with
or without TACE (n=3), the combination of atezolizumab plus bev-
acizumab with TACE (n=1), lenvatinib (n=1) and HAIC (n=1).

Discussion

In this trial, perioperative tislelizumab plus IMRT is viable for resect-
able HCC with MVI, yielded an ORR of 30% and a median OS of 18.7
months. Among the patients enrolled, half of them underwent surgery
followed by adjuvant tislelizumab, with 10 (66.7%) patients achieved
significant pathological responses and resulting in a remarkably
improved RFS in these patients. Grade 3 TRAEs were observed in 13.3%
of patients, while there was no grade 4 TRAE or grade 3/4 post-
operative complication occurred. The encouraging efficacy and
acceptable safety profiles suggested that perioperative tislelizumab
plus IMRT could be a potential option for HCC with MVI.

Radiotherapy is important in the treatment of patients with MVI
due to the radiosensitivity of MVI cells to irradiation?’. Radiotherapy
may be a potent immunomodulator that enhances the efficacy of ICIs
via multiple mechanisms, including induction of immunogenic cell
death with release of neoantigens, upregulation of major histo-
compatibility complex and enhanced antigen presentation, activation
of dendritic cells, and increasing T cell infiltration into the tumor. Fur-
thermore, accumulating evidences suggests that the combination of
radiotherapy and immunotherapy has synergistic effects on both local
and distant tumor control” >, Synergistic effects between radiotherapy
and immunotherapy were also reported in HCC*?*. Moreover, the
antitumor effects induced by immunotherapy are more likely to occur
when there is a large burden of primary tumor (including rich tumor
antigens to be targeted by the immune system) prior to surgery®.

A preclinical study of colon cancer in mice indicated that
sequential treatment with anti-PD-L1 mAb 7 days after radiotherapy
was ineffective in enhancing OS as compared to concurrent anti-PD-L1
mAb and radiotherapy on day 1. Further analysis suggested that while
radiotherapy causes an acute increase in PD-1 expression on T cells,
delaying PD-1/PD-L1 blockade after radiotherapy may be ineffective,
potentially due to the deletion or anergy of tumor-reactive CD8"
T cells”. In addition, a subgroup analysis of the PACIFIC study suggests
that patients with unresectable stage Il NSCLC have better outcomes if
immunotherapy is given concurrently with, or soon after radiotherapy,
compared to starting immunotherapy later after radiotherapy®.
Similarly, a multicentric retrospective study for patients with brain
metastases of NSCLC also reported that patients with the interval
between stereotactic body radiation therapy (SBRT) and immu-
notherapy <7 days had a longer survival compared with the interval
>7 days®. In HCC, recent clinical studies also demonstrates that con-
current immunotherapy and radiotherapy is safe and offers promising
efficacy in patients**°?, In this study, radiotherapy was initiated the
day after the first tislelizumab injection. The simultaneous adminis-
tration of immunotherapy and radiotherapy not only ensured the
efficacy and safety but also allowed the patients to be assessed and
resected as soon as possible, as all patients enrolled in this study were
at high risk of rapid intra- or extrahepatic tumor spread. Indeed,
perioperative tislelizumab plus IMRT achieved an ORR of 30% and a
median OS of 18.7 months, preliminarily demonstrating the synergistic
effects and feasibility of our treatment strategy.

Retrospective studies have demonstrated that surgery can
improve survival in selected patients with MVI when compared to
nonsurgical treatments®**. Nevertheless, the survival benefits offered
by surgery alone remain limited and optimal perioperative therapy to
improve survival is still an unsolved issue for patients with MVL. In a
phase 2 trial conducted in patients with resectable HCC (14% of
patients had stage C disease), it was found that 4 (20%) patients had
significant tumor necrosis (>70% necrosis) after two cycles of
neoadjuvant cemiplimab followed by surgical resection®. Another
phase I trial evaluated the efficacy and safety of perioperative cam-
relizumab in combination with apatinib in patients with intermediate
to advanced stage HCC. The findings revealed that out of the 17
patients who underwent surgical resection, 4 (23.5%) patients achieved
MPR/pCR?*. In a phase 2 trial of patients with early to intermediate
stage HCC, perioperative nivolumab alone and nivolumab plus ipili-
mumab demonstrated a major pathological response (> 70% necrosis)
of 30%”. Another single-arm study with locally advanced HCC (of
which 27% had MVI) revealed that neoadjuvant cabozantinib plus
nivolumab resulted in MPR/pCR in 5 of 12 patients (41.6%)*. In con-
trast, in our study, 10 (66.7%) patients achieved MPR/pCR with perio-
perative ICI plus IMRT. The high rate of pathological response
confirmed the potent efficacy of ICI plus IMRT. Additionally, 8 (53.3%)
patients remained relapse-free with a median follow-up of
21.77 months post-surgery, further suggesting that perioperative ICI
plus IMRT not only effectively induce tumor-cell death, but also elicit

Nature Communications | (2024)15:9350


www.nature.com/naturecommunications

Article

https://doi.org/10.1038/s41467-024-53704-5

durable anti-tumor responses by eliminating potential tumor residual
or micro-metastasis.

It is worth noting that our study found no correlation between
radiographic response and pathological response (p=1.0) or RFS
(p =0.870), but patients with pathological responses exhibited notable
improved RFS. The discrepancies between standard radiological
assessment (RECIST v1.1) and pathological response may be attribu-
table to that early necrosis within the tumor may not lead to significant
tumor shrinkage®. Enough or longer treatment duration may result in
significant tumor necrosis as well as consistent tumor shrinkage.
However, the longer periods of preoperative therapy might increase
the likelihood of perioperative toxicity and the risk of losing the
opportunity of resection due to progression®. In this study, all patients
enrolled were at high risk of intra- or extrahepatic tumor spread.
Therefore, the duration needs to ensure that preoperative therapy can
take effect while patients can be assessed and resected on schedule.
Previously, in a study from our center, resectable HCC with portal vein
tumor thrombus (PVTT) were evaluated and underwent surgery
4 weeks after neoadjuvant radiotherapy with an ORR of 20.7%". In
addition, the median time to response of tislelizumab was 2.2 months
(about 9 weeks) in patients with advanced HCC". Thus, 9 weeks of
tislelizumab plus IMRT was enough and would induce sufficient tumor
response. As expected, after 9 weeks of treatment, among 15 patients
who underwent surgery, 10 (66.7%) achieved a significant pathological
response, suggesting that it was reasonable to perform response
assessment 9 weeks after the initiation of tislelizumab.

Previous experience with colorectal cancer liver metastasis
showed that pCR was achieved in approximately 70% of patients who
underwent liver resection, and that over half of patients would relapse
if the disappeared liver metastases were not resected”. On the other
hand, it is challenging to confirm MPR or pCR in tumor until it is
surgically removed. Additionally, it remains uncertain whether the
remaining viable tumor cells will eventually perish or develop resis-
tance to treatment and give rise to relapse or metastasis in the future.
Recent studies on immune-based neoadjuvant or conversion therapy
further support the benefits of surgical intervention in patients with
advanced HCC***°. The START-FIT trial with sequential TACE and ste-
reotactic body radiotherapy followed by immunotherapy as conver-
sion therapy for locally advanced unresectable HCC (included 64%
patients with MVI) resulted in 55% of patients becoming amenable to
curative treatment and achieved an OS of 30.3 months*. Accordingly,
following perioperative ICI plus IMRT therapy, half of patients in our
study underwent curative resection. Notably, four patients who were
still eligible for curative surgery despite a BOR of PD after periopera-
tive treatment were not precluded from curative surgery. Of the four
patients, 2 achieved MPR and were still tumor-free for over 20 months.
Thus, at current stage, it is necessary to surgically eradicate the tumor
after perioperative treatment whenever possible.

The other 2 patients who did not achieve MPR had a RFS of
0.72 months and 2.5 months, an OS of 7.5 months and 5.03 months,
respectively. Meanwhile, they were also accompanied with no sig-
nificant AFP reduction after preoperative treatment, indicating the
potential correlation between AFP reduction and postoperative out-
come. AFP is one of the most widely used serum biomarker in HCC and
elevated AFP levels was considered to be associated with a more
aggressive tumor biology and burden*. Alternation in AFP changes
(275% decrease or <10% increase) after initiating the combination
therapy of atezolizumab and bevacizumab has been reported to be
associated with prolonged OS and PFS in patients, suggesting that AFP
could be a surrogate biomarker for treatment response®. Another
recent study reported that early AFP reduction (>10%) was the inde-
pendent predictor of ORR in patients treated with nivolumab or
pembrolizumab**. Indeed, in this study, we found a significant corre-
lation between the notable reduction in AFP levels and RFS or patho-
logical response, indicating the value of AFP reduction as a surrogate

biomarker for predicting pathological response and postoperative
outcome in patients with elevated AFP levels at baseline.

Several studies have reported improved responses for MVl com-
pared to intrahepatic lesions in patients receiving systematic thera-
pies, including tyrosine kinase inhibitors or immunotherapy*“¢. Thus,
we further defined the response of MVI based on the downstaging (PR)
or upstaging (PD) of MVI extent (Supplementary Table 8)'. The results
demonstrated no significant correlation of responses between MVI
and the primary tumors (p=0.402), and the ORR for MVI was com-
parable with that for primary tumors (33.3% versus 30.0%). However,
the DCR for MVI was higher than that for intrahepatic tumors (93.3%
versus 36.6%), which may be explained by the radiosensitivity of MVI
cells to irradiation®, or the higher intrahepatic tumor burden and the
unfavorable immunosuppressive microenvironment of the liver*’.

Meanwhile, effective adjuvant therapies are urgently needed to
prevent recurrence in patients with HCC***°, Immunotherapy could
prevent immune escape via PD-1/PD-L1 pathway and induce necrosis of
residual microsatellite lesions in the liver®’. Immunotherapy has also
been reported to reduce the risk of postoperative recurrence in
patients with HCC. In 2015, a systematic review of adjuvant treatment
options for HCC also showed that immunotherapy may prevent
recurrence of resected HCC* and was included in National Compre-
hensive Cancer Network (NCCN) guidelines Version 1.2024. A study
conducted on HCC with high-risk of recurrence after curative resec-
tion or ablation (IMbrave 050) demonstrated the efficacy of atezoli-
zumab plus bevacizumab in reducing recurrence®. Moreover, in
another randomized phase 2 trial, adjuvant treatment with a single PD-
1 inhibitor significantly prolonged RFS compared with active
monitoring®. Despite of the promising results, there is currently no
approved standard adjuvant intervention. The patients enrolled in this
study were HCC with MVI and were all at high risk of recurrence®.
Furthermore, early recurrence within the first year after resection
accounts for more than 60% of HCC recurrences™. Consequently, in
the current study, in order to reduce the risk of recurrence, patients
were administered with adjuvant tislelizumab for a duration of one
year. The findings showed that 1 (6.7%) patient relapsed after 1 year,
and 8 (53.3%) patients remained relapse-free with a median follow up
of 21.77 months post-surgery, preliminarily demonstrating the efficacy
of adjuvant tislelizumab.

The irradiation dose predominantly depends on the tolerable dose
for peripheral normal tissues but not tumor burden’. In addition, to
enable repair of the collateral damage to the normal tissue, radiation is
usually given in multiple fractions, usually of 2-5 Gray**”’. Guidelines for
the diagnosis and treatment of primary liver cancer of China (2022
Edition) recommended an irradiation dose of 50-75 Gray for conven-
tional fractionation radiotherapy®’. Two recent phase Il trials which
evaluated the efficacy of neoadjuvant IMRT (50-60 Gray in 25-30
fractions) or immunotherapy plus bevacizumab combined with radio-
therapy (30-50 Gray in 10 fractions) in HCC all demonstrated promising
responses with acceptable safety profiles®*°. Accordingly, the pre-
scribed dose for the planning target volume (PTV) was 45 Gray in 15
fractions over 3 weeks in our study, primarily based on the dose-volume
constraints for organs at risk (OARs), while still delivering an effective
cumulative dose. As a result, 9 of 30 patients (30.0%) achieved PR, and
MPR was achieved in 6 patients (40%) and pCR in 4 patients (26.7%), and
grade 3 TRAEs only occurred in 4 patients (13.3%), suggesting that our
dose and fractionation ensured both efficacy and safety.

In the combination therapy of atezolizumab plus bevacizumab for
unresectable HCC, 43% patients had grade 3/4 TRAEs, and 2% patients
had grade 5 TRAEs®. The 6 grade 5 TRAEs were all bleeding events®. In
the study of camrelizumab plus apatinib in surgical resectable HCC,
Xia et al observed that the proportion of grade 3 or 4 TRAEs was 16.7%
before surgery and 38.5% post-surgery, with hypertension being the
most common TRAE*. Of note, anti-angiogenesis agents like bev-
acizumab or apatinib might increase the risk of perioperative bleeding
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and postoperative complications, and extend the waiting period
before surgical resection after the combination therapy. Conversely,
TRAEs of perioperative ICI plus IMRT were generally tolerated, and
surgery was not delayed or precluded by TRAEs, demonstrating the
safety of this combination.

Furthermore, it has been reported that radiotherapy could induce
tumor thrombus shrinkage and solidification, leading to the occur-
rence of spontaneous portal vein embolization (PVE) in some patients
with HCC. This additional safety measure enhances the feasibility of
subsequent surgical interventions®™. Notably, it is worth noting that
irradiated solidified MVI induced spontaneous PVE in three patients in
this study, and they all underwent successful resection subsequently,
further underscoring the potential benefits of IMRT in the periopera-
tive management of certain patients with MVL.

Despite the favorable ORR observed in perioperative treatment,
half of patients were still deprived of the opportunity of surgery due to
treatment failure. Although 15 patients were assessed surgically unre-
sectable and withdraw from study, their median OS (7.0 months (95%
Cl 5.2-8.7)) was comparable with previously results reported in
patients with PVTT who had undergone surgery (median OS: 6.0-
7.8 months)®*>, Moreover, subsequent lines of treatment which
included immunotherapy plus tyrosine kinase inhibitors or bev-
acizumab also did not improve their survival (Supplementary Table 7),
indicating the fact that they were not only resistant to immunotherapy
plus radiotherapy, but were also probably non-responders to the cur-
rent main treatment strategies. Biomarkers to identify non-responders
and new treatment regimens are urgently needed for these patients.

This study had several limitations. First, it was a single-arm, phase
II trial, the effectiveness of the regimen should be further confirmed
through comparative control groups, such as the first-line atezolizu-
mab plus bevacizumab group, tislelizumab monotherapy group or
IMRT alone group. Secondly, to provide long-term evidence of benefit
(0S) in addition to short-term evidence of efficacy (ORR) in this study,
OS was also included in the primary study endpoints. However, the
sample size was calculated based only on ORR. Thus, the data related
to OS in this trial may not be adequately powered. Thirdly, the exact
synergistic effect between ICI and IMRT remains unclear, and further
mechanism investigations are needed. Also, over 96% of patients in
this study had chronic hepatitis B, which may restrict the general-
izability of the finding to patients with different etiologies.

In conclusion, perioperative tislelizumab plus IMRT demonstrated
promising efficacy for HCC with MVI. However, further investigation,
including randomized trials is required before adoption of this
approach, and we believe that this treatment strategy could also be a
potential option for patients with early and intermediate-stage HCC.

Methods

Study design and participants

This study was a single-arm, phase 2 trial conducted at Eastern Hepa-
tobiliary Surgery Hospital (EHBH) to investigate the efficacy and safety
of tislelizumab plus IMRT in patients with resectable locally advanced
HCC with macrovascular invasion (MVI). This trial was registered with
Chinese Clinical Trial Registry, ChiCTR2000036385, on 22 August
2020, and has met the endpoints. The study was conducted following
the Declaration of Helsinki (as revised in 2013) and received approval
by the Institutional Ethics Committee of EHBH. Between October 21,
2020, and February 15, 2023, 31 patients underwent eligibility screen-
ing. Both male and female patients were eligible for enrollment and sex
was self-reported. Data was reported disaggregated for sex and gen-
der. Prior to participation, each patient provided written informed
consent. The diagnosis of HCC was based on the clinical criteria of the
European Association for the Study of Liver guidelines. The major
inclusion criteria were age 18-70 years and having treatment-naive,
surgically resectable HCC with MVI, but no extrahepatic metastasis;
with the diagnosis confirmed by radiographic or clinical features, and

measurable disease defined by Response Evaluation Criteria in Solid
Tumors, version 1.1 (RECIST version 1.1); ECOG PS 0-1 points; adequate
liver function (Total bilirubin (TBIL)<1.5 times the upper limit of
normal value (ULN); aspartate aminotransferase (AST) or alanine
aminotransferase (ALT) levels <1.5 times the ULN; Serum albumin >
30¢g/L; international standardized ratio (INR) or activated partial
thromboplastin time (APTT)<1.5xULN), platelet (Platelet count
>100 x 10°/L) and adequate vital organ function. The complete list of
eligibility criteria is provided in the supplementary materials.

Procedures

Eligible patients would receive 3 cycles of tislelizumab (200 mg by
intravenous infusion every three weeks). IMRT was conducted during
the interval between the first and the second cycle of tislelizumab
injection. The total dose of IMRT to the tumor and MVI was 45 Gray,
delivered in 3 Gray x 15 fractions over 3 weeks (5 fractions per week).
After 3 cycles of tislelizumab and IMRT (9 weeks after the first dose of
tislelizumab), the treatment responses and tumor resectability were
evaluated, and surgery was scheduled in eligible patients. The
response was evaluated per RECIST version 1.1, which includes com-
plete response (CR), partial response (PR), stable disease (SD) and
progressive disease (PD). ORR was calculated by the proportion of
patients with CR or PR. Disease control rate (DCR) was calculated by
the proportion of patients with CR, PR or SD. Patients were suitable for
radical surgery with curative intent would undergo surgical resection.
The response of MVI was evaluated based on the downstaging or
upstaging of MVI extent. Thus, we further defined the response of MVI
via downstaging (PR) or upstaging (PD), while the other was SD'°.

The criteria of resectable HCC were as follows: (1) no extrahepatic
metastasis; (2) sufficient remnant liver volume after liver resection; (3)
adequate liver function (Child-Pugh score: A or B grade); (4) radical
surgical resection (RO) can be satisfied: A. the tumor is confined to the
ipsilateral liver; the tumor thrombosis were confined to the ipsilateral
liver; B. the tumor thrombosis extension to, or beyond, the main portal
vein bifurcation, but can be treated with en bloc vascular resection,
repair, and reconstruction; C. the tumor thrombosis in the hepatic vein
or inferior vena cava, but can be entirely removed in the event of total
hepatic blood flow obstruction.

Two weeks post-surgery, patients would be administered with
adjuvant tislelizumab every 3 weeks for 1 year, unless PD or intolerable
toxic reaction. Participants who were deemed to be unsuitable for
curative surgery would withdraw from the study. The participants
underwent baseline tumor imaging by contrast-enhanced magnetic
resonance imaging (MRI) scans of the liver and positron emission
tomography-computed tomography (PET-CT) to exclude extrahepatic
metastasis at screening. Tumor imaging including CT scans of the
chest and abdomen, and contrast-enhanced MRI scans of the liver were
repeated following 3 cycles of tislelizumab and IMRT, one-month post-
surgery and subsequently every 2 months unless confirmed PD or
patients withdrew from the study. Peripheral bloods samples were
collected from patients either at baseline or during the first response
evaluation. Surgical resected tumor samples were collected for
pathological examinations.

Radiotherapy

IMRT was conducted during the interval between the first and the sec-
ond dose of tislelizumab. Gross tumor volume (GTV) was defined as the
tumor volume enhanced in the arterial phase combined with the PVTT
volume, which was shown as a filling defect in the portal venous phase of
the computed tomography (CT) scan®. Clinical tumor volume (CTV)
was defined as the gross tumor volume plus a 1.0-cm margin. The
planning target volume (PTV) was expanded to include a 0.5-cm margin
in the anterior-posterior and left-right directions and a 1.0-cm margin in
the cranial-caudal direction from the CTV to compensate for internal
physiologic movements and variations in size, shape, and position of the
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CTV®. The Department of Radiation Oncology used Surface Dosage
gamma 3.0 for analytical validation, with a pass rate> 95%. IMRT was
performed for all patients. The dose-volume histogram (DVH) was used
to evaluate the dose. The planned total dose to the PTV was 3 Grayx15
fractions (with a fractional size of 3 Gray at five fractions per week),
ensuring that at least 97% of the tumor volume is covered by more than
95% of the prescribed dose, and that dose points greater than 110% of
the prescribed dose account for less than 3% of the tumor volume.

In our trial, the dose of IMRT (45 Gray in 15 fractions) was within
acceptable ranges for critical organs. During IMRT planning, a minimal
number of radiation fields, generally 3 to 4 fields, were selected along
with reasonable radiation beam direction to minimize the dose and
volume of normal liver tissue irradiated. Mean dose to the normal liver
(total liver volume minus gross tumor volume) was limited to <24 Gray,
and the dose-volume histogram of the normal liver was within the tol-
erance area: the normal liver volume receiving a dose >5 Gray (V5) was
<86%; V10 < 68%; V15 < 59%; V20 < 49%; V25 < 35%; V30 < 28%; V35 < 25%;
and V40 < 20%. The maximum allowable point dose to the stomach was
<54 Gray; V45 <25%, V50 <2%. The maximum allowable point dose to
the duodenum was <60 Gray; V45 < 33%. The maximum allowable point
dose to colon was <55 Gray; V45 <25%, V50 < 2%. The maximum point
dose of spinal cord was <40 Gray. The maximum allowable point dose to
the kidney was <20 Gray; V23 <100%, V30 < 67%, V50 <33%. To ensure
the repeatability of the stomach and duodenum positions, all patients
were asked to fast for 4 h before simulation or radiotherapy. Before each
treatment session, patients received image-guided radiotherapy with
cone-beam CT. Respiratory gating technique was used to reduce dose
delivered to healthy tissues and surrounding organs. Abbreviation: V:
volume receiving a dose > Gray; Volumes and doses were expressed as
percentage (%) and absolute values (Gray).

Macrovascular invasion grading
MVI was confirmed radiographically and was graded based on the MVI
grading system from the Liver Cancer Study Group of Japan®. Briefly,
MVl in the portal vein (Vp) was divided into five grades: VpO0, no tumor
thrombosis in the portal vein; Vpl, tumor thrombosis presence distal
to the second-order branches of the portal vein or more peripheral
portal branch; Vp2, tumor thrombosis in the second branch of the
portal vein; Vp3, tumor thrombosis in the first portal branch; Vp4,
tumor thrombosis in the main portal trunk. Hepatic vein tumor
thrombosis (Vv) was divided into three grades: Vv1, tumor thrombosis
in the peripheral hepatic vein; Vv2, tumor thrombosis in the major
hepatic vein; Vv3, tumor thrombosis in the inferior vena cava.
Patients with Vpl, Vp2 or Vp3/Vvl MVI were classified as grade 1,2 or
3 MV, respectively; patients with Vp4, Vv2, Vv3, or both portal (Vpl-4)
and hepatic vein invasion (Vv1-3) were classified as grade 4 MVI. Detailed
classification of MVI was provided in Supplementary Table 1.

Outcomes

The primary endpoints were ORR according to RECIST version 1.1 after
perioperative treatment and OS. OS was defined as the duration
between the initiation of tislelizumab treatment and death from any
cause. The secondary endpoints were: pathological response which
included pathological complete response (pCR), defined as no residual
viable tumor cells in the resected tumor and major pathological
response (MPR), defined as the percentage of viable tumor cells out of
the total tumor area is less than 10%; recurrence-free survival (RFS),
defined as the duration from radical resection to the date of the first
documented tumor recurrence or death from any cause, whichever
occurred first; and safety. TRAEs was evaluated according to Common
Terminology Criteria for version 5.0 (National Cancer Institute)®.
Postoperative complications were assessed and classified using the
Clavien-Dindo classification®’. Additionally, the exploratory endpoints
included biomarker correlates of radiographic and pathological
response which included AFP at baseline or reduction in AFP levels.

AFP reduction was measured by comparing AFP levels after perio-
perative therapy with baseline; the patients whose AFP were <400 pg/L
at baseline were denoted as AFP “Low”.

Statistical analysis

The study was designed in 2020. Sorafenib remained one of the
standard treatments for advanced HCC in 2020, with an ORR of 5%°%°°.
Immunotherapy represented by PD-1 monoclonal antibody shows
good application prospects in the treatment of advanced HCC, with an
ORR of 14.7-18.30%. It was assumed that IMRT plus tislelizumab will
improve ORR to 19.5%, with 1-sided a=0.05 as the threshold of sig-
nificance. Thus, to achieve a power of 80%, the minimum sample size is
28, which was estimated using the Power Analysis and Sample Size
software, version 15.0.5 (NCSS LLC). With the assumed drop-out rate of
5%, this study requires a sample size of 30 cases. Survival was estimated
using the Kaplan-Meier method, and the p-values were compared via
the log-rank test. The median follow-up was calculated using the
reverse Kaplan-Meier method. The percentages and 90% confidence
intervals for ORR were estimated using the Clopper-Pearson method.
Univariate Cox proportional hazards regression analysis was utilized to
compute hazard ratios (HR) and corresponding p-values. Categorical
characteristics were compared using the Fisher’s exact test, and two-
sided p-values were provided. All statistical analyzes were conducted
using SPSS 26.0 software and p <0.05 was deemed statistically sig-
nificant. All patients enrolled who have received any study treatment
were included in the intention-to-treat population and analyzed for the
primary and secondary endpoints.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Clinical datasets are not publicly available due to involving patient
privacy but can be requested 1 year after publication from the corre-
sponding authors Ruoyu Wang (E-mail: wangruoyul213@126.com) or
Wen Sun (E-mail: sunwen_sw@aliyun.com) for 3 years. Individual de-
identified patient data will be available for clinical study purposes after
being reviewed by the institutional review board. Requests for data
access will be processed within a timeframe of 3 months, and access
will be granted for a duration of 1 year. A study protocol synopsis is
available in the Supplementary Information file. The remaining data
are available in the Article, Supplementary Information, or Source Data
file. Source data are provided with this paper.
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