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Abstract

Background: The treatment of hepatocellular carcinoma (HCC) requires diverse and multidisciplinary approaches.

In recent years, new agents with good antitumor effects have emerged for systemic chemotherapy, and conversion
surgery (CS) after systemic chemotherapy is expected to be an effective treatment strategy for unresectable HCC. We
herein report a case of unresectable HCC with portal vein tumor thrombus (PVTT) in which atezolizumab plus bevaci-
zumab therapy induced PVTT regression, followed by CS with RO resection.

Case presentation: The patient was a 79-year-old man with 52/53 HCC who was referred to our department due
to tumor re-growth and PVTT after two rounds of transcatheter arterial chemoembolization. The PVTT extended
from the left portal vein to the main trunk, and it was determined that the resection of the left portal vein would be
difficult to perform with RO status. Based on the diagnosis of unresectable HCC, treatment with atezolizumab plus
bevacizumab was initiated. After two courses of treatment, contrast-enhanced computed tomography showed that
the PVTT had regressed to the peripheral side of the left portal vein, and RO resection became possible. The patient
developed grade 3 skin lesions as an immune-related adverse event, and it was determined that the continuation of
chemotherapy would be difficult. Four weeks after the second course of atezolizumab plus bevacizumab administra-
tion, left lobectomy was performed. Intraoperative ultrasonography was used to confirm the location of the tumor
thrombus in the left portal vein during the resection, and a sufficient surgical margin was obtained. The histopatho-
logical findings showed that primary tumor and PVTT were mostly necrotic with residues of viable tumor cells
observed in some areas. The liver background was determined as A1/F4 (new Inuyama classification). The resection
margins were negative, and RO resection was confirmed. There were no postoperative complications. No recurrence
was observed as of five months after surgery.

Conclusions: CS with atezolizumab plus bevacizumab therapy has potential utility for the treatment of unresectable
HCC with PVTT.
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Background

The treatments for hepatocellular carcinoma (HCC),
including hepatectomy, radiofrequency ablation, tran-
scatheter arterial chemoembolization (TACE), and sys-
temic chemotherapy are diverse and multidisciplinary.
The portal vein tumor thrombus (PVTT) is a strong
postoperative prognostic factor for hepatectomy, and
PVTT at or near the main trunk or contralateral branch
is generally considered to be inoperable or difficult for
hepatectomy. In contrast, if the PVTT is reduced and
RO resection becomes feasible after prior systemic
chemotherapy, conversion surgery (CS) may become
possible.

Sorafenib has been used for standard systemic chem-
otherapy; however, its antitumor effect is limited [1].
In recent years, chemotherapy agents with good treat-
ment outcomes such as lenvatinib [2] and atezolizumab
plus bevacizumab [3] have emerged. These agents have
demonstrated superior antitumor efficacy to that of
sorafenib. Therefore, CS for unresectable HCC pre-
ceded by systemic chemotherapy with one of these
agents may be a promising treatment strategy. There
are a limited number of case reports on CS with len-
vatinib [4-7], and atezolizumab plus bevacizumab
[8, 9]. However, to our knowledge, there are no case
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reports on CS with atezolizumab plus bevacizumab for
HCC with PVTT.

We herein report a case of unresectable HCC with
PVTT in which atezolizumab plus bevacizumab ther-
apy induced PVTT regression, followed by CS with RO
resection.

Case presentation

A 79-year-old man was referred to our department for
TACE-refractory HCC in the S2/3 area after two TACE
treatments failed to control the disease. In August 2021,
the contrast-enhanced computed tomography (CT)
showed re-enlargement of the TACE-treated area of the
S2/3 (Fig. 1A) and appearance of PVTT (Fig. 1B, C). The
PVTT extended from the left portal vein to the main
trunk, and it was determined that the resection of the left
portal vein would be difficult to perform with RO status.
The patient was diagnosed with unresectable advanced
HCC of stage IIIB (T 4 N 0 M 0) based on the eighth
edition of the Union for International Cancer Control.
Alpha-fetoprotein (AFP) and des-gamma-carboxypro-
thrombin (DCP) levels were 3.2 ng/ml and 20 mAU/ml,
respectively. The patient’s condition was graded as fol-
lows: Barcelona clinic liver cancer stage C, Child-Pugh
class A (6 points), and Eastern Cooperative Oncology
Group Performance Status 0. He was started on a 3-week

PVTT, portal vein tumor thrombosis

Fig. 1 Contrast-enhanced CT findings. A Neoplastic lesion in S2/3 (yellow arrows). B, C Tumor thrombus from the left portal vein to the main trunk
(red arrows). D Decreased extent of intratumoral arterial enhancement (yellow arrows). E The PVTT in the portal trunk regressed to the peripheral
side (red arrow). F Reperfusion of blood flow was observed at the central portion of the left portal vein (red arrows). CT, computed tomography;
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course of atezolizumab (1200 mg) plus bevacizumab (15
mg/kg) therapy. Contrast-enhanced CT after the second
course showed reduced extent of intratumoral arterial
enhancement without reduction of tumor size (Fig. 1D),
and the PVTT had regressed from the main trunk to
the peripheral side of the left portal vein (Fig. 1E, F).
The patient was diagnosed with the stable disease based
on the response evaluation criteria for solid tumors
(RECIST), and partial response to the modified RECIST.
RO resection of the left portal vein was considered feasi-
ble with enough surgical margin. At the same time, the
patient developed a grade 3 skin disorder as an immune-
related adverse event, and it was judged that continuation
of chemotherapy would be difficult. His tumor marker
levels remained within normal range (AFP 6.4 ng/ml and
DCP 24 mAU/ml). With the consent of the patient, hepa-
tectomy was planned. Preoperative liver function was
graded as Child-Pugh class A (6 points). CT volumetry
showed a liver volume of 861 ml, an effective liver resec-
tion rate of 19.6%, and a residual liver volume of 692 ml.
Four weeks after the second course of atezolizumab plus
bevacizumab administration, in October 2021 left lobec-
tomy was performed. During the left portal vein resec-
tion (Fig. 2A), intraoperative ultrasonography was used
to confirm the location of the tumor thrombus, and a
sufficient surgical margin was obtained. The duration
of surgery was 5 h 43 min, blood loss was 2030 ml, and
intraoperative and postoperative blood transfusions (red
blood cells: 6 units and fresh frozen plasma: 10 units)
were performed. The resected specimen showed that the
left lobe of the liver was atrophic owing to TACE and the
PVTT (Fig. 2B). The PVTT was located approximately
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1.5 cm from the resection line of the left portal vein
(Fig. 2C). The pathological diagnosis was moderately dif-
ferentiated HCC. The histopathological findings showed
that the primary tumor (Fig. 3A, B) and the PVTT
(Fig. 3C, D) were mostly composed of necrotic lesions
with residues of viable tumor cells observed in some
areas. The liver background was A1/F4 (new Inuyama
classification). The resection margins were negative, and
RO resection was confirmed. The patient was discharged
15 days after surgery without postoperative complica-
tions. There was no recurrence through 5 months after
surgery.

Discussion

We report a case of unresectable advanced HCC with
PVTT in which atezolizumab plus bevacizumab therapy
resulted in the regression of the PVTT and CS with RO
resection. To our knowledge, this is the first report on
this specific therapeutic approach.

Hepatectomy is effective for HCC; however, PVTT is
a strong indicator of poor postoperative prognosis. The
surgical prognosis becomes worse as the tumor throm-
bus extends to the main trunk or contralateral branch of
the portal vein [10]. The median survival time after sur-
gery according to the extent of PVTT was as follows: 4.13
years for the third-order branch, 2.49 years for the sec-
ond-order branch, 1.58 years for the first-order branch,
and 0.19 years for the main trunk/contralateral branch.
The prognosis for hepatectomy up to the first-order
branch is better than that for non-liver resection. During
surgery for HCC with PVTT, the portal vein containing
the tumor thrombus is generally resected in combination
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Fig. 2 A Surgical findings. B Resected specimen. C Tumor thrombus (

portal vein

arrowhead) located approximately 1.5 cm from the resection line of the left
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Fig. 3 Pathological findings. Hematoxylin and eosin staining. A Primary tumor composed of viable cancer cells (V) with necrosis (N). B At a higher
magnification, the infiltration of inflammatory cells and necrosis of cancer cells were observed. C Portal vein tumor thrombus (arrows). The majority
of the thrombotic cancer cells are necrotic. D At a higher magnification, the residual cancer cells were observed (arrows)

with resection of the portal vein-dominated liver [11,
12]. However, this method often requires the resection
of a large volume of liver and is difficult to perform for
patients with poor liver function. In the present case, the
tumor thrombus extended to the main trunk of the portal
vein, making it difficult to perform RO left lobectomy; a
radical resection at that point would have entailed a high
risk of postoperative complications, early recurrence, and
a poor prognosis.

In contrast, several new agents with excellent antitu-
mor effects have been approved for systemic chemo-
therapy in recent years, and CS for unresectable HCC
is expected to increase in the future. Sorafenib has been
the standard anticancer drug for HCC for a long time;
although it prolonged overall survival (OS) (median OS
of 10.7 months in the sorafenib group vs. 7.9 months in
the placebo group) [1], the antitumor effect was weak
and the success of subsequent CS was low. In 2018, the
REFLECT trial showed that lenvatinib was not inferior to
sorafenib based on OS, and was superior based on antitu-
mor efficacy (18.8% response rate in the lenvatinib group
vs. 6.5% in the sorafenib group) [2]. Lenvatinib followed
by CS reportedly has an RO resection rate of 8.4% [13]
and there are several reports of CS cases [4-7]. In addi-
tion, in 2020, prolonged OS and superior antitumor effi-
cacy of atezolizumab plus bevacizumab versus sorafenib

were demonstrated in the IMbravel50 trial (median OS
not reached in the atezolizumab plus bevacizumab group
vs. 13 months in the sorafenib group; response rate 27%
in the atezolizumab plus bevacizumab group vs. 12% in
the sorafenib group) [3]. In response, the 2021 Clini-
cal Practice Guidelines for HCC in Japan recommends
atezolizumab plus bevacizumab for first-line treatment
of unresectable HCC in the absence of autoimmune dis-
ease and sorafenib or lenvatinib for patients with autoim-
mune disease. To date, there is a limited number of case
reports on CS with atezolizumab plus bevacizumab [8,
9]. Komatsu et al. reported a case of PVTT in the main
trunk in which atezolizumab plus bevacizumab therapy
resulted in a marked reduction of the PVTT [14]. In the
present case, regression of the PVTT was also obtained,
enabling RO left lobectomy. Histopathological findings
showed that most of the PVTT was necrotic, indicating
the favorable therapeutic efficacy of atezolizumab plus
bevacizumab for PVTT. The fact that atezolizumab plus
bevacizumab did not cause a decrease in performance
status or liver function was advantageous for the conduct
of CS.

When RO hepatectomy can be performed in CS, a
good therapeutic prognosis can be expected. Shindou
et al. performed a prospective analysis of patients with
unresectable HCC who received lenvatinib therapy
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[13]. Twelve of 107 patients underwent CS with cura-
tive intent, and RO resection was performed for 9 of 12
patients (RO achievement rate: 8.4%). Furthermore, at a
median observation period of 27.4 months, the median
survival was 19, 8.9, and 11.1 months for the RO resection
group, R2 resection group, and no intervention group,
respectively. The treatment prognosis was superior in the
group that received lenvatinib followed by RO resection
with CS. There are several case reports of CS enabled by
lenvatinib [4-7]. Among these cases, lenvatinib report-
edly reduced the size of HCC with arterioportal shunt
[4], HCC with preceding TACE treatment for its rupture
[5], PVTT in the main trunk and contralateral branch
[6], and intrahepatic recurrent HCC [7]. However, case
reports on CS enabled by atezolizumab plus bevaci-
zumab are limited [8, 9]. Wang et al. reported the first
case of CS with atezolizumab plus bevacizumab. Accord-
ing to their report, 15 courses of atezolizumab plus
bevacizumab therapy reduced the size of HCC but the
patient later experienced disease progression and then
underwent CS [8]. Hoshino et al. reported a case of HCC
with adrenal metastasis and inferior vena cava invasion
in which nine courses of atezolizumab plus bevacizumab
therapy enabled CS, and pathological complete response
was achieved [9]. RO resection without postoperative
recurrence was achieved in all of these CS case reports.
In the present case, atezolizumab plus bevacizumab
resulted in regression of PVTT, and the patient was suc-
cessfully given CS with RO resection without postopera-
tive recurrence.

Good responses to immune checkpoint inhibitors are
known to be associated with immune-related adverse
events [15]. In the present case, a grade 3 skin disor-
der was observed as an immune-related adverse event
caused by atezolizumab, and CS was performed instead
of continuing the treatment. The histopathological find-
ings demonstrated that primary tumor and PVTT were
predominantly replaced with necrotic lesions. We thus
consider that the patient was showing a good response to
atezolizumab.

Bevacizumab has a suppressive effect on wound heal-
ing. The appropriate interval between the cessation of
administration and surgery is unknown. The estimated
half-life of bevacizumab is 20 days. Periods of 4 weeks
[16] and 6-8 weeks [17] have been recommended for
suspension prior to surgery. In the present study, we
withheld bevacizumab for 4 weeks before surgery and
there were no surgical-wound complications. However,
we acknowledge that the appropriate interval should be
determined for each individual case.

There is no consensus by experts on the appropri-
ate timing of CS. The decision is made by the surgeon
based on a combination of factors, including a reduction
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in AFP/DCP levels on blood tests, imaging findings that
suggest RO resection, general condition, liver function,
and side effects of chemotherapy, as in the present case.

Conclusions
Here, we describe a case of unresectable HCC with
PVTT, which was successfully treated with CS after ate-
zolizumab plus bevacizumab therapy. This therapeutic
approach may enhance outcomes for patients with unre-
sectable HCC.

Abbreviations

AFP: Alpha fetoprotein; CS: Conversion surgery; CT: Computed tomography;
DCP: Des-gamma-carboxyprothrombin; HCC: Hepatocellular carcinoma; OS:
Overall survival; PVTT: Portal vein tumor thrombus; RECIST: Response evalua-
tion criteria in solid tumors; TACE: Transcatheter arterial chemoembolization.

Acknowledgements
The authors would like to thank Editage (www.editage.jp) for English language
editing.

Authors’ contributions

YH and MH: conception of reporting case and drafting. YH, MT, RD, and MK:
acquisition and analysis of data. YH, ST, and TO: revising the manuscript. All
authors read and approved the final manuscript.

Funding
The authors did not have any sponsors for this work.

Availability of data and materials
The datasets obtained during the current study are available from the cor-
responding author on reasonable request.

Declarations

Ethics approval and consent to participate
Written consent for participation was obtained. No ethics approval was
required.

Consent for publication
Written consent for publication of images and necessary data was obtained.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Surgery, Tanegashima Medical Center, 7463 Nishinoomote,
Nishinoomote, Kagoshima 891-3198, Japan. 2Depar‘[ment of Pathology, Field
of Oncology, Kagoshima University Graduate School of Medical and Dental
Sciences, Kagoshima University, 8-35-1 Sakuragaoka, Kagoshima 890-8520,
Japan. >Department of Digestive Surgery, Breast and Thyroid Surgery, Gradu-
ate School of Medical and Dental Science, Kagoshima University, 8-35-1
Sakuragaoka, Kagoshima 890-8520, Japan.

Received: 22 April 2022 Accepted: 30 June 2022
Published online: 12 July 2022

References

1. Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF, et al. Sorafenib
in advanced hepatocellular carcinoma. N Engl J Med. 2008;359:378-90.
https://doi.org/10.1056/NEJM0a0708857 PMID: 18650514.

2. Kudo M, Finn RS, Qin S, Han KH, lkeda K, Piscaglia F, et al. Lenvatinib
versus sorafenib in first-line treatment of patients with unresectable


http://www.editage.jp
https://doi.org/10.1056/NEJMoa0708857
http://www.ncbi.nlm.nih.gov/pubmed/18650514

Hidaka et al. World Journal of Surgical Oncology

(2022) 20:228

hepatocellular carcinoma: a randomised phase 3 non-inferiority trial.
Lancet. 2018;391:1163-73. https://doi.org/10.1016/S0140-6736(18)30207-
1 PMID: 29433850.

Finn RS, Qin S, Ikeda M, Galle PR, Ducreux M, Kim TY, et al. Atezolizumab
plus bevacizumab in unresectable hepatocellular carcinoma. N Engl J
Med. 2020;382:1894-905. https://doi.org/10.1056/NEJMoa1915745 PMID:
32402160.

Sato N, Beppu T, Kinoshita K, Yuki H, Suyama K, Chiyonaga S, et al. Conver-
sion hepatectomy for huge hepatocellular carcinoma with arterioportal
shunt after chemoembolization and lenvatinib therapy. Anticancer Res.
2019;39:5695-701. https://doi.org/10.21873/anticanres.13768 PMID:
31570469.

Naganuma A, Suzuki Y, Hoshino T, Yasuoka H, Tamura Y, Naruse H, et al.

A case of conversion hepatectomy for huge ruptured hepatocellular
carcinoma after transarterial embolization and lenvatinib therapy. Clin

J Gastroenterol. 2022;15:177-84. https://doi.org/10.1007/512328-021-
01558-5 Epub 2021 Nov 22. PMID: 34811701.

Takahashi K, Kim J, Takahashi A, Hashimoto S, Doi M, Furuya K; et al.
Conversion hepatectomy for hepatocellular carcinoma with main portal
vein tumour thrombus after lenvatinib treatment: a case report. World J
Hepatol. 2021;13:384-92. https://doi.org/10.4254/wjh.v13.i3.384 PMID.
PMCID: PMC8006080.

Yokoo H, Takahashi H, Hagiwara M, lwata H, Imai K, Saito Y, et al. Suc-
cessful hepatic resection for recurrent hepatocellular carcinoma after
lenvatinib treatment: A case report. World J Hepatol. 2020;12:1349-57.
https://doi.org/10.4254/wjh.v12.i12.1349 PMID. PMCID: PMC7772741.
WangY, Lu LC, Guan Y, Ho MC, Lu S, Spahn J, et al. Atezolizumab plus
bevacizumab combination enables an unresectable hepatocellular
carcinoma resectable and links immune exclusion and tumor dedifferen-
tiation to acquired resistance. Exp Hematol Oncol. 2021;10:45. https://doi.
0rg/10.1186/540164-021-00237-y PMID: 34399826, PMCID: PM(C8365942.
Hoshino T, Naganuma A, Furusawa A, SuzukiY, Hirai K, Sakamoto |, et al.

A case of conversion hepatectomy for huge hepatocellular carcinoma
with adrenal metastasis and vascular invasion after atezolizumab-beva-
cizumab treatment. Clin J Gastroenterol. 2022. https://doi.org/10.1007/
$12328-022-01644-2 [Epub ahead of print]. PMID: 35585285.

Kokudo T, Hasegawa K, Matsuyama Y, Takayama T, Izumi N, Kadoya M,

et al. Survival benefit of liver resection for hepatocellular carcinoma
associated with portal vein invasion. J Hepatol. 2016;65:938-43. https://
doi.org/10.1016/j,jhep.2016.05.044 Epub 2016 Jun 4. PMID: 27266618.

. Wu CC, Hsieh SR, Chen JT, Ho WL, Lin MC, Yeh DC, et al. An appraisal of

liver and portal vein resection for hepatocellular carcinoma with tumor
thrombi extending to portal bifurcation. Arch Surg. 2000;135:1273-9.
https://doi.org/10.1001/archsurg.135.11.1273 PMID: 11074879.
Matsumoto T, Kubota K, Aoki T, Iso Y, Kato M, Shimoda M. Clinical impact
of anatomical liver resection for hepatocellular carcinoma with pathologi-
cally proven portal vein invasion. World J Surg. 2016;40:402-11. https://
doi.org/10.1007/500268-015-3231-1 PMID: 26306893.

Shindoh J, Kawamura Y, Kobayashi Y, Kobayashi M, Akuta N, Okubo S, et al.
Prognostic impact of surgical intervention after lenvatinib treatment for
advanced hepatocellular carcinoma. Ann Surg Oncol. 2021;28:7663-72.
https://doi.org/10.1245/510434-021-09974-0 Epub 2021 Apr 26. PMID:
33904001.

Komatsu S, Fujishima Y, Kido M, Kuramitsu K, Goto T, Yanagimoto H, et al.
Significant response to atezolizumab plus bevacizumab treatment in
unresectable hepatocellular carcinoma with major portal vein tumor
thrombus: a case report. BMC Gastroenterol. 2021;21:470. https://doi.org/
10.1186/512876-021-02053-4 PMID. PMCID: PMC8672589.

Das S, Johnson DB. Immune-related adverse events and anti-tumor effi-
cacy of immune checkpoint inhibitors. J Immunother Cancer. 2019;7:306.
https://doi.org/10.1186/540425-019-0805-8 PMID. PMCID: PMC6858629.
5.2 Surgery and Wound Healing Complications. In: Full Prescribing Infor-
mation. Genentech; 2021. http://www.gene.com/medical-professionals/
medicines/avastin. Accessed 8 June 2022.

Zhang H, Huang Z, Zou X, Liu T. Bevacizumab and wound-healing
complications: a systematic review and meta-analysis of randomized
controlled trials. Oncotarget. 2016;7:82473-81. https://doi.org/10.18632/
oncotarget.12666 PMID: 27756883, PMCID: PMC5347706.

Page 6 of 6

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/S0140-6736(18)30207-1
https://doi.org/10.1016/S0140-6736(18)30207-1
http://www.ncbi.nlm.nih.gov/pubmed/29433850
https://doi.org/10.1056/NEJMoa1915745
http://www.ncbi.nlm.nih.gov/pubmed/32402160
https://doi.org/10.21873/anticanres.13768
http://www.ncbi.nlm.nih.gov/pubmed/31570469
https://doi.org/10.1007/s12328-021-01558-5
https://doi.org/10.1007/s12328-021-01558-5
http://www.ncbi.nlm.nih.gov/pubmed/34811701
https://doi.org/10.4254/wjh.v13.i3.384
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8006080
https://doi.org/10.4254/wjh.v12.i12.1349
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7772741
https://doi.org/10.1186/s40164-021-00237-y
https://doi.org/10.1186/s40164-021-00237-y
http://www.ncbi.nlm.nih.gov/pubmed/34399826
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8365942
https://doi.org/10.1007/s12328-022-01644-2
https://doi.org/10.1007/s12328-022-01644-2
http://www.ncbi.nlm.nih.gov/pubmed/35585285
https://doi.org/10.1016/j.jhep.2016.05.044
https://doi.org/10.1016/j.jhep.2016.05.044
http://www.ncbi.nlm.nih.gov/pubmed/27266618
https://doi.org/10.1001/archsurg.135.11.1273
http://www.ncbi.nlm.nih.gov/pubmed/11074879
https://doi.org/10.1007/s00268-015-3231-1
https://doi.org/10.1007/s00268-015-3231-1
http://www.ncbi.nlm.nih.gov/pubmed/26306893
https://doi.org/10.1245/s10434-021-09974-0
http://www.ncbi.nlm.nih.gov/pubmed/33904001
https://doi.org/10.1186/s12876-021-02053-4
https://doi.org/10.1186/s12876-021-02053-4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8672589
https://doi.org/10.1186/s40425-019-0805-8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6858629
http://www.gene.com/medical-professionals/medicines/avastin
http://www.gene.com/medical-professionals/medicines/avastin
https://doi.org/10.18632/oncotarget.12666
https://doi.org/10.18632/oncotarget.12666

	Conversion surgery for hepatocellular carcinoma with portal vein tumor thrombus after successful atezolizumab plus bevacizumab therapy: a case report
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation
	Discussion
	Conclusions
	Acknowledgements
	References


