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Abstract

Background: Combined therapy with tyrosine kinase inhibi-
tors (TKIs) and anti-PD-1 antibodies has shown high tumor re-
sponse rates for patients with unresectable hepatocellular car-
cinoma (HCC). However, using this treatment strategy to con-
vert initially unresectable HCC to resectable HCC was not
reported. Methods: Consecutive patients with unresectable
HCC who received first-line therapy with combined TKl/anti-
PD-1 antibodies were analyzed. Tumor response and resect-
ability were evaluated via imaging every 2 months (+2 weeks)
using RECIST v1.1. Resectability criteria were (1) RO resection
could be achieved with sufficient remnant liver volume and
function; (2) intrahepatic lesions were evaluated as partial re-
sponses or stable disease for at least 2 months; (3) no severe or
persistent adverse effects occurred; and (4) hepatectomy was
not contraindicated. Results: Sixty-three consecutive patients
were enrolled. Of them, 10 (15.9%) underwent RO resection in

3.2 months (range: 2.4-8.3 months) after the initiation of com-
bination therapy. At baseline, these 10 patients had a median
largest tumor diameter of 9.3 cm, 7 had Barcelona Clinic Liver
Cancer stage C (vascular invasion) disease, 2 had stage B, and 1
had stage A. Before surgery, 6 patients were evaluated as a par-
tial response, 3 stable disease, and 1 partial response in the in-
trahepatic lesion but a new metastatic lesion in the right adre-
nal gland. Six patients (60%) achieved a pathological complete
response. One patient died from immune-related adverse ef-
fects 2.4 months after hepatectomy. After a median follow-up
of 11.2 months (range: 7.8-15.9 months) for other 9 patients, 8
survived without disease recurrence, and 1 experienced tumor
recurrence. Conclusions: Combination of TKl/anti-PD-1 anti-
bodies is a feasible conversion therapy for patients with unre-
sectable HCC to become resectable. This study represents the
largest patient cohort on downstaging role of combinational
systemic therapy on TKI and PD-1 antibody for HCC.
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Background

Primary liver cancer is the second leading cancer-related
cause of death in China [1]. Although the incidence and
mortality of liver cancer are decreasing in China [2, 3], they
are increasing in the USA and Europe [4]. Over 90% of pri-
mary liver cancers are hepatocellular carcinomas (HCCs),
and life expectancy following a diagnosis of HCC is lower
than many other cancers [4]. One contributing factor to this
poor prognosis is that the majority of patients with HCC are
diagnosed at an advanced stage at which they have already
missed the opportunity for curative resection [5]. There-
fore, systemic therapy is the standard of care for most pa-
tients with HCC. In recent years, a number of novel anti-
cancer agents have shown effectiveness for the treatment of
advanced or unresectable HCC in terms of tumor response
and patient survival. However, overall survival (OS) re-
mains poor for patients with HCC receiving systemic ther-
apy [6].

Conversion therapy aims to achieve tumor downstaging
and provide patients with initially unresectable or border-
line resectable malignancies a chance to receive curative re-
section. This approach is an established treatment strategy
for a number of solid tumors including colorectal cancer,
pancreatic carcinoma, gastric cancer, and esophagogastric
junction cancer. Conversion therapy for patients with HCC
was reported over 2 decades ago [7, 8]. However, until re-
cently, no systemic therapy with potent anti-tumor activity
against HCC existed, and few patients were able to achieve
downstaging and receive curative surgery following sys-
temic therapy [9]. Other approaches for conversion thera-
pies have mainly included portal vein embolism (PVE), as-
sociating liver partition and portal vein ligation for staged
hepatectomy [10], and transcatheter arterial chemoembo-
lization [11], which mainly aim to improve feasibility of
liver resection.

Although sorafenib has been shown to improve survival
for patients with advanced HCC, it is associated with a low
tumor response rate (approximately 5%), and therefore,
few patients have undergone curative surgery following
sorafenib therapy [12-14]. Since 2017, novel agents, espe-
cially combination treatment using anti-angiogenic thera-
pies and anti-programmed cell death protein 1 (PD-1) an-
tibody, have been shown to induce higher tumor response
rates than sorafenib (=30%) [15]. For example, the combi-
nation of lenvatinib with anti-PD-1 antibodies pembroli-
zumab or nivolumab showed objective response rates
(ORRs) of 36 and 54.2%, respectively, in early-phase clinical
trials [16, 17]. These high tumor response rates have revived
the idea of conversion therapy for HCC.

Initial Experience of Conversion Therapy
for Unresectable HCC

Here, we report 10 patients with initially advanced or
unresectable HCC who received anti-angiogenic tyrosine
kinase inhibitor (TKI) and anti-PD-1 antibody combina-
tion therapy, followed by RO resection. To our knowledge,
this represents the largest reported cohort of patients with
unresectable HCC to undergo RO resection following sys-
temic therapy.

Patients and Methods

Patients

Consecutive patients with unresectable or advanced HCC re-
ceived first-line systemic therapy with combined TKI/anti-PD-1 an-
tibodies were retrospectively analyzed. HCC was diagnosed based
on standard imaging examinations, with or without elevated serum
tumor markers, alpha-fetoprotein, and/or protein induced by vita-
min K absence-II, based on local and international guidelines [18,
19]. Tumors were considered unresectable either because they were
already advanced-stage HCC, intermediate stage, or because of in-
sufficient remnant liver volume after liver resection (<40% for pa-
tients with liver cirrhosis; <30% for patients without liver cirrhosis).
The study protocol, including treatment regimen and data collec-
tion, was complied with the ethical guidelines of the World Medical
Association Declaration of Helsinki and was approved by Zhong-
shan Hospital Research Ethics Committee (Approval Number:
B2020-177R), and all patients provided written informed consent
before receiving combined TKI/anti-PD-1 antibody treatment and
before surgery.

Systemic Therapy

When we designed this study, the combination of lenvatinib (a
multi-target TKI) with pembrolizumab [20] or the combination of
apatinib (a VEGFR2 TKI) with camrelizumab [21] showed high
ORRs and acceptable safety profiles for advanced HCC in early-
phase clinical trial. Most recently, the combination of lenvatinib
and nivolumab also showed similar anti-tumor activities [16]. A
number of regimens were used in this study because of local prac-
tice and research protocol. The TKIs used in this study were len-
vatinib (8 mg/day regardless of patient body weight) or apatinib
[22] (250 mg/day). Anti-PD-1 antibodies were intravenously ad-
ministered as follows: nivolumab 3 mg/kg, or camrelizumab [23]
200 mg, every 2 weeks or pembrolizumab 200 mg, or sintilimab
[24] 200 mg, every 3 weeks.

All patients were treated and monitored regularly. Briefly, com-
plete blood count, liver, renal, thyroid, adrenal and cardiac functions,
and tumor markers were monitored every 2-3 weeks before each
anti-PD-1 antibody treatment cycle. Tumor response and resectabil-
ity were evaluated via contrast-enhanced magnetic resonance imag-
ing/computed tomography (MRI/CT) and chest CT every 2 months
(2 weeks). Tumor response was assessed according to RECIST v1.1
and modified RECIST criteria [25, 26]. Adverse events were assessed
and graded using the National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events v4.0.

Liver Resection
Preoperative assessment included blood tests and imaging. Pa-
tients were classified as unresectable if R0 resection is impossible, or
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63 patients treated as first-line
systemic therapy

51 patients did not meet
the criteria of RO resection

12 patients meet
the criteria of RO resection

10 underwent surgery

2 did not underwent surgery

Fig. 1. Patient flowchart.

1 unresolved adverse effects
1 refused surgery

remnant liver volume is below 30% in non-cirrhotic patients or 40%
in cirrhotic patients, or tumor stage is Barcelona Clinic Liver Cancer
(BCLC) stage B and up-to-seven criteria out [27], or stage C, or tu-
mor recurrence is diagnosed within 12 months after initial resection.
Except in the first patient, liver biopsies were performed to assess the
severity of liver necroinflammation to exclude latent hepatotoxicity
induced by combination therapy. Patients were classified as having
resectable HCC if (1) RO resection could be achieved with sufficient
remnant liver volume and function, (2) intrahepatic lesions were
evaluated as partial response (PR) or stable disease (SD) for at least 2
months, (3) no severe or persistent adverse effects occurred from
systemic therapy, and (4) no contraindications for hepatectomy ex-
isted.

Post-hepatectomy liver failure was diagnosed and graded based
on an increased international normalized ratio of prothrombin time
and hyperbilirubinemia on or after postoperative day 5 as proposed
by the International Study Group of Liver Surgery [28]. Postopera-
tive complications were classified using the Clavien-Dindo classifica-
tion [29]. A standard 7-point baseline sampling protocol were ap-
plied for resected tumor specimen [30]. If no viable tumor cells were
found, the whole tumor specimen were completely sampled. Patho-
logical complete response (pCR) was defined as no residual viable
tumor cells on hematoxylin and eosin staining on slide sections from
completely resected primary tumors, tumor thrombosis, and meta-
static lesions.

Postoperative Management

Combination therapy was resumed 4-6 weeks post-surgery, after
postoperative complications were resolved. Follow-up imaging ex-
aminations (contrast-enhanced MRI/CT or abdominal ultrasound)
were performed every 2-3 months or when tumor recurrence was
suspected based on elevated serum tumor biomarkers. Post-recur-
rence treatments were administered according to local guidelines
[18].

322 Liver Cancer 2021;10:320-329

DOI: 10.1159/000514313

Statistical Analyses

Statistical analyses were performed using PASW Statistics v.18.0
for Windows (IBM Corp., Armonk, NY, USA). OS was defined as the
interval between the date that combination therapy was initiated and
the date of the patient’s death. Recurrence-free survival was defined
as the interval between the date of surgery and the date of diagnosis
of tumor recurrence or patient death from any cause. Kaplan-Meier
analysis was used to determine the survival rates at each time points.

Results

Patients and Treatment

From September 2018 to December 2019, 63 consecu-
tive patients who received TKI plus anti-PD-1 antibody
treatment as first-line systemic therapy were analyzed. Of
them, 10 patients (15.9%) underwent RO resection. Other 2
patients were evaluated as resectable after achieving a PR of
the original tumor (e.g., met the first and second criterion
of resection as mentioned above) but did not undergo liver
resection. One experienced unresolved adverse effect from
anti-PD-1 antibody treatment (grade I myocarditis), and 1
refused surgery (Fig. 1).

The demographics and baseline characteristics of all 63
patients who received combination therapy are summa-
rized in Table 1. No patients with extrahepatic spread
(n = 20) underwent surgery after treatment, whereas 10
out of 43 patients without extrahepatic spread underwent
surgery (p = 0.023). All 10 patients who underwent sur-
gery were men, with a median age of 52 years (range: 44—

Zhu/Huang/Shen/Ji/Ge/Qu/Chen/Shi/Li/
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Table 1. Baseline patient demographics and disease characteristics

Characteristics Patients who Patients who did not p values

underwent surgery  undergo surgery

(n=10) (n=53)*
Sex (male/female), n 10/0 46/7 0.352
Median age, years (range) 52 (44-72) 57 (25-74) 0.547
ECOG performance status (0/1/2), n 5/5/0 12/33/8 0.155
Etiology of HCC (HBV/HCV/non-viral), n 10/0/0 51/0/2 1.000
BCLC stage (A/B/C), n 1/2/7 1/13/39 0.466
China liver cancer stage (Ib/Ila/IIb/1I1a/IIIb), n 1/1/1/7/0 1/1/12/19/20 0.087
Macrovascular invasion (yes/no), n 713 27/26 0.319
Portal vein tumor thrombus (Vp0/Vp1-2/Vp3/Vp4), n 5/0/2/3 28/1/10/14 1.000
Hepatic vein tumor thrombus (Vv0-1/ Vv2/Vv3), n 8/1/1 46/1/6 0.538
Extrahepatic disease (yes/no), n 0/10 20/33 0.023
Child-Pugh class (A/B), n 10/0 50/3 1.000
Baseline AFP, median (range), ng/mL 1,122 (17.5-60,500) 860 (1-60,500) 0.807
Baseline AFP 2400 ng/mL, n (%) 7 (70.0) 32 (60.4) 0.729
Baseline PIVKA-II, median (range), mAU/mL 3,927 (111-75,000) 16,245 (43-75,000)  0.194
Baseline PIVKA-II >1,000 mAU/mL, n (%) 8 (80.0) 35 (66.0) 0.481

ECOG, Eastern Cooperative Oncology Group; HCC, hepatocellular carcinoma; HBV, hepatitis B; HCV,
hepatitis C; BCLC, Barcelona Clinic Liver Cancer; AFP, alpha-fetoprotein; PIVKA-II, protein induced by vitamin
K absence-II. * Including 2 patients who met the criteria for RO resection but not did not undergo surgery.

Table 2. Characteristics of surgical and postoperative features

Patient Intrahepatic Number of BCLC CNLC Vascular TKI Anti-PD-1 Tumor Tumor
No tumor size, intrahepatic stage stage invasion used antibody  response,by  response, by
cm tumors used RECISTvl.1 mRECIST
1 10.2 1 C IITa Vp4 Len Niv PR CR
2 9.0 >3 C IITa Vp4 Len Pem SD SD
3 11.6 >3 B IIb - Len Pem PR PR
4 9.0 >3 C IITa Vp4 Len Sin PR CR
5 4.2 2 B IIa - Len Pem SD SD
6 17.6 >3 C IITa Vp3 Apa Sin PR PR
7 9.6 1 C Ia Vv2 Len Pem SD SD
8 6.8 1 C IITa Vv3 Apa Cam PR PR
9 15.4 1 C Ila Vp3 Apa Sin PD PD
10 7.3 1 A Ib - Len Pem PR CR

BCLC, Barcelona Clinic Liver Cancer; CNLC, Chinese Liver Cancer Stage; TKIs, tyrosine kinase inhibitors; Len, lenvatinib; Apa,
apatinib; Niv, nivolumab; Pem, pembrolizumab; Sin, sintilimab; Cam, camrelizumab; CR, complete response; PR, partial response; SD,

stable disease; PD, progressive disease.

72 years), 7 had BCLC Stage C disease with macrovascular
invasion, including Vp3 in 2 patients, Vp4 in 3 patients
according to Liver Cancer Study Group of Japan (LCSGJ)
classification [31], invasion of the hepatic vein in 1 patient
(Vv2 by LCSGJ classification [31]), and invasion of the
inferior vena cava/right atrium (Vv3) in 1 patient. Two
patients had BCLC stage B HCC, and 1 had BCLC stage A

Initial Experience of Conversion Therapy
for Unresectable HCC

disease with insufficient future remnant liver volume if
resected. The median diameter of the largest liver nodule
was 9.3 cm (range: 4.2-17.6 cm), and 5 patients had mul-
tiple lesions in the liver (up-to-seven criteria out) (Ta-
ble 2).

The TKIs and the anti-PD-1 antibodies of the 10 patients
received are listed in Table 2. Tumor responses evaluated
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Fig. 2. Two representative cases. a Patient 4 was diagnosed with
multiple HCCs involving the right liver lobe and invading the
main branch of the portal vein (BCLC stage C). The patient re-
ceived lenvatinib 8 mg/day and sintilimab 200 mg every 3 weeks
for 9 weeks. Following systemic therapy, the primary tumors
showed no arterial enhancement on contrast-enhanced MRI, and
the portal vein tumor thrombosis regressed. Curative liver resec-
tion was performed. H&E staining of the surgically resected speci-
men showed a pCR. b Patient 10 was diagnosed with a solitary
HCC lesion involving the right hepatic vein, middle hepatic vein,
and right pedicle (BCLC stage A). However, the tumor was unre-
sectable because the ratio of the remnant liver volume was insuf-
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ficient (the ratio of left external liver lobe volume to standard liver
volume was 18.7%). The patient received PVE and lenvatinib 8 mg/
day and pembrolizumab 200 mg every 3 weeks. Nine weeks after
treatment initiation, the ratio of the residual to standard liver vol-
ume increased to 31.5%, and curative liver resection was per-
formed. H&E staining of the surgically resected specimen showed
a pCR. HCC, hepatocellular carcinoma; H&E, hematoxylin and
eosin; MR, magnetic resonance; CT, computed tomography;
BCLC, Barcelona Clinic Liver Cancer; PVE, portal vein embolism;
PCR, pathological complete response; MHV, middle hepatic vein;
RHYV, righ hepatic vein; RPV, right portal vein.

Zhu/Huang/Shen/Ji/Ge/Qu/Chen/Shi/Li/
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Pretreatment
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-

Patient 8

Patient 9

Patient 7

Fig. 3. Pretreatment MR or CT scan showed that the patients (ex-
cept patients 4 and 10) had a unresectable HCC before systemic
treatment and imaging scan before surgery. The major reason of
unresectability were tumor invasion into major portal vein (pa-
tients 1 and 2), into the first branch of the portal vein (patients 6
and 9), into middle hepatic vein (patient 7), or into right atrium
(patient 8; the intrahepatic nodule was not shown on this image)
(red arrows); multiple intrahepatic lesions (yellow arrows) (pa-

via pre-hepatectomy imaging were PR (n = 6), SD (n = 3),
and progressive disease (n = 1; the intrahepatic tumor was
evaluated as a PR; however, a new metastatic lesion was
found in the right adrenal gland during systemic therapy).

Figure 2 shows 2 representative cases. Patient 4 (Fig. 2a)
was diagnosed with BCLC stage C HCC, as tumor invaded
into main branch of the portal vein. After the treatment
with lenvatinib plus sintilimab for 9 weeks, significant ne-
crosis was found in the portal vein thrombosis by MRI
study. No viable tumor cell can be found in the resected
liver lesion and tumor thrombus by pathological study. Pa-
tient 10 (Fig. 2b) received a PVE to enlarge the future liver
volume before initiation of combination therapy (lenva-

Initial Experience of Conversion Therapy
for Unresectable HCC

tients 3 and 5) (only 1 nodule was shown on this image for patient
5). Before surgery, obvious tumor regression was observed in all
the cases, except sustained stable disease were seen for patient 2,
and partial response in the intrahepatic lesion but a new metastat-
ic lesion in the right adrenal gland (green arrow) for patient 9.
HCC, hepatocellular carcinoma; MR, magnetic resonance; CT,
computed tomography.

tinib plus pembrolizumab) because the baseline remnant
liver volume was 18.7%. Nine weeks after the initiation of
combination therapy, the remnant liver volume was in-
creased to 31.5%. The patient then received right trisectio-
nectomy. pCR was also diagnosed by pathological study.
MR/CT scans before systemic treatment and before surgery
for other 8 patients are shown in Figure 3.

Surgery and Perioperative Findings

The median interval between initiation of systemic ther-
apy and surgery was 3.2 months (range: 2.4-8.3 months).
For patients with BCLC stage C disease, only those with
vascular invasion (7 out of 34 patients) could be converted
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Table 3. Patient characteristics before and after surgery

Patient Days from TKI withdrawal Anti-PD-1 antibody Major PHLF' Postoperative  Postoperative =~ pCR
No. systemic therapy days before withdrawal days resection complication”  hospital stay,
to surgery surgery before surgery days
1 73 7 19 Y y \% 68 y
2 128 7 64 Y n 0 11 n
3 185 9 24 Y n IIIa 14 y
4 73 8 39 Y y 0 22 y
5 127 7 43 N y 0 13 n
6 95 8 37 Y y I 26 y
7 99 7 34 N n 0 11 n
8 79 7 36 N n [ITa 14 y
9 251 8 183* N y 0 14 n
10 73 7 31 Y n IIIa 18 y

PHLF, post-hepatectomy liver failure; TKIs, tyrosine kinase inhibitors; pCR, pathological complete response. * Classified according
to the International Study Group of Liver Surgery. T Clavien-Dindo criteria. * Patient 9 had a G3 immune-related dermatitis and stopped

sintilimab therapy.

to resectable disease, whereas none of those with extrahe-
patic metastasis (n = 20) could be converted (Table 1). All
the patients underwent surgery were classified as Child-
Pugh A before surgery. As shown in Table 3, 7 patients un-
derwent a major liver resection (=3 segments), with a mean
intraoperative blood loss of 950 + 746 mL. The median
postoperative hospital stay was 14 days (range: 11-68 days).
The prevalence of post-hepatectomy liver failure was 50.0%,
with grade A failure experienced by 4 patients and grade C
by 1 patient. Five patients experienced postoperative com-
plications, including 1 patient with grade I (bile leakage), 3
with grade IIla (subphrenic collection requiring additional
puncture), and 1 with grade V, who died from immune-
related adverse effects (patient 1).

Patient 1 died 2.4 months post-surgery after experienc-
ing immune-related adverse effects that began from post-
operative day 7 in the liver, skin, lung, and pancreas, dem-
onstrated via liver and skin biopsies. Preoperative labora-
tory examination did not show any sign of liver
inflammation. His liver function was classified as Child-
Pugh A6 without ascites or hepatic encephalopathy, serum
total bilirubin was 13.8 umol/L, serum albumin was 33 g/L,
international normalized ratio was 1.14, serum alanine
transaminase was 9 U/L, aspartate aminotransferase was 19
U/L, y-glutamyl transferase was 71 U/L, serum HBV-DNA
was undetectable, the shockwave elastography of liver pa-
renchyma was 21.0 kPa, and the ratio of future liver volume
to standard liver volume was 44.6%. The last dosage of anti-
PD-1 antibody (nivolumab) was given 19 days before sur-
gery and last dose of TKI (lenvatinib) was given 7 days be-
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fore surgery. Retrospective analysis of the surgical specimen
revealed an active inflammation of the liver parenchyma.
Thereafter, all the other patients underwent liver biopsies
before surgery to exclude active inflammation in the liver
parenchyma. We did not encounter any prominent liver
inflammation in the following liver biopsy, and no im-
mune-related adverse events were observed in the subse-
quent 9 patients following hepatectomy.

Six patients (60%) achieved a pCR in all surgical speci-
mens. For patient 7, a pCR was found in the resected tumor
thrombosis in the middle hepatic vein, but viable tumor
cells were found in the intrahepatic lesion, indicating a
downstaging from BCLC stage C to stage A.

Follow-Up

The cutoff date for the present analysis was November
3,2020. One patient died from multisystemic immune-re-
lated adverse events without tumor recurrence (patient 1).
After a median follow-up of 11.2 months (range: 7.8-15.9
months), the other 9 patients remained alive. Tumor recur-
rence was detected in 1 patient, who received locoregional
therapy plus combination therapy with lenvatinib and anti-
PD-1 antibodies and remained tumor-free at the last fol-
low-up; the other 8 patients are tumor-free. All surviving
patients received combination therapy and regular surveil-
lance. The 12-month survival rate of the 10 patients after
the initiation of combination therapy was 90.0% (standard
error, 9.5%), and 12-month recurrence-free survival rate
after surgery was 80.0% (standard error, 12.6%).

Zhu/Huang/Shen/Ji/Ge/Qu/Chen/Shi/Li/
Zhu/Tan/Tang/Zhou/Fan/Sun



Discussion

The present study showed that conversion therapy al-
lowed successful RO resection in 15.9% (10/63) of the pa-
tients with initially unresectable HCC. The results suggest
that combination therapy with an anti-angiogenic TKI and
anti-PD-1 antibodies is a feasible conversion therapy for
patients with unresectable HCC to achieve a successful re-
section with potential long-term recurrence-free survival.

Macrovascular invasion is not indicated for resection as
recommended by BCLC guideline, while some Asian guide-
lines or consensus recommends surgical resection to pa-
tients with portal vein invasion [18, 32, 33], and RO resec-
tion has been achieved in highly selected patients meeting
these criteria. However, the median recurrence-free surviv-
al for these patients following upfront surgery is around 6
months, and the median OS is approximately 1 year [34].
One study found that in patients with HCC who received
adjuvant apatinib therapy following surgery, the median
recurrence-free survival was 7.6 months [35]. So, the out-
comes of surgery with or without postoperative adjuvant
therapy for patients with vascular invasion are unsatisfac-
tory, especially in the era of agents with high anti-tumor
efficacy, by which the median survival of HCC patients in
advanced stage has been extended to over 20 months [17,
36, 37]. The treatment sequence (systemic therapy followed
by liver resection, or liver resection followed by systemic
therapy) needs to be updated, as suggested by the present
study.

Although the value of resection in patients with objec-
tive response needs more study, the pCR rate of 9.5%
(6/63) or 60% (6/10) in the patients who received resec-
tion is definitely very encouraging. In comparison, previ-
ous reports have shown that nivolumab or nivolumab
plus ipilimumab in patients with early HCC yields a pCR
of 24% [38]. These finding supports the efficacy of sys-
temic treatment in HCC. However, it may raise a question
on why we still need to remove the tumor. We believe that
tumor must be completely removed whenever feasible
because tiny cluster of viable tumor cells could be left and
become a source of relapse, and it is almost impossible to
guarantee pCR before resection. Experience from pa-
tients with colorectal cancer liver metastasis shows that a
pCR is achieved by approximately two-thirds of patients
with resected liver metastasis, and if the disappearing liv-
er metastasis leaves unresected, more than half will expe-
rience recurrence [39]. Therefore, patients with tumor
responses evaluated by imaging are likely to benefit from
resection of the residual lesions to achieve a longer term
of tumor-free survival.

Initial Experience of Conversion Therapy
for Unresectable HCC

The present study also demonstrated that major hepa-
tectomy after the combination treatment is safe. The inci-
dence of postoperative complications was similar to the
previous reports [40, 41]. One patient died following hepa-
tectomy, which was attributed to severe immune-related
adverse effects (liver tissue necrosis) began on postopera-
tive day 7, as demonstrated via liver biopsy. Subsequently,
the patient experienced immune-related adverse effects on
the skin as indicated by skin biopsies, lungs, pancreas and
pituitary gland, and the onset of type 1 diabetes. The patient
eventually died from multisystem failure on postoperative
day 72. Following this case, pre-hepatectomy liver biopsies
became mandatory to exclude active inflammation in the
liver parenchyma in all the other patients. Further studies
are warranted to fully examine the value of liver biopsies
before surgery, particularly following downstaging with
immune therapy.

Only a small proportion of patients with unresectable
HCC are able to achieve downstaging and undergo resec-
tion following sorafenib [42] because the ORR associated
with sorafenib treatment is <10% [43, 44]. Recent advances
in systemic therapies for HCC have made conversion ther-
apy possible [6]. For example, lenvatinib monotherapy is
associated with an ORR of 18.8% [45], and results from ear-
ly-phase clinical trials of combined anti-angiogenic thera-
pies and anti-PD-L1/PD-1 antibodies have shown potent
anti-tumor activity. In 2 phase Ib clinical trials, lenvatinib
plus pembrolizumab or nivolumab yielded ORRs of 36.0
and 54.3%, respectively, with a PD rate of <10% [16, 17]. In
addition, the combination of apatinib and camrelizumab
yielded an ORR of 50% in 16 patients with HCC [21]. Most
recently, a Phase III trial of the combination of bevacizum-
ab (an anti-VEGFA antibody) and atezolizumab (an anti-
PD-L1 antibody) reported an ORR of 27% [36]. Given the
high ORRs and low PD rates associated with these combi-
nation therapies, patients with borderline resectable tumors
may be ideal candidates for conversion therapy. Most pa-
tients will respond to combination therapy (tumor shrink-
age) and few patients will lose the opportunity of surgery
because of tumor progression. Notably, in the present anal-
ysis, 1 patient underwent PVE and achieved a significant
increase in remnant liver volume while receiving combina-
tion therapy, suggesting that combination therapy did not
significantly affect liver parenchymal proliferation in this
case, and that combination therapy may be further investi-
gated in selected cases.

This study had several limitations that should be dis-
cussed. First, the postoperative follow-up period was rela-
tively short, and therefore the long-term outcomes are un-
known. Second, all patients had an etiology of HBV infec-
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tion in this study. The efficacy and safety of the combination
therapy in patients with other etiological factors are un-
known. Third, the combination of TKIs and anti-PD-1 an-
tibodies used in this study were not unified. All anti-PD-1
antibodies were off-label therapies for HCC and cannot be
reimbursed in China; therefore, patients’ choice will be an
important consideration (mostly the cost and updated in-
formation from clinical trials). So far, no evidence showed
the effects of these anti-PD-1 antibodies were different.

In summary, we reported the outcomes of 10 patients
with initially unresectable HCC who received successful
conversion therapy with combined TKI/anti-PD-1 antibod-
ies. The findings show that this conversion therapy strategy
is feasible for HCC, and subsequent liver resection is effec-
tive and safe given careful preparation and patient assess-
ment. Although the outcomes for patients who underwent
resection seems better than for those who did not undergo
resection, the exact role of liver resection in patients who
achieve downstaging from systemic therapy requires further
investigation in a prospective controlled study.
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