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Abstract: Surgical resection remains one of the most effective curative therapies for HCC. However, the majority of patients have
advanced unresectable diseases upon presentation. It is of paramount importance to raise the resectability of patients with HCC. The
remarkable objective response rate reported by Phase III IMbravel50 trial has led to the concept of “Atezo/Bev followed by curative
conversion (ABC conversion)” for initially unresectable HCC. With this revolutionary treatment strategy, the concept of surgical
resection for HCC should be amended. The current opinion illustrated three extended surgical concepts, which could be integrated into
clinical practice in the era of immune checkpoint inhibitors (ICI).
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Introduction

As the most common primary malignancy of the liver, hepatocellular carcinoma or HCC is associated with morbidity and
mortality. It ranks the 6th most common cancer worldwide, and in 2020, HCC has an estimated mortality of approxi-
mately 830,000 globally."* In Taiwan, HCC is the second most common cause of death secondary to cancer leading to
over 7300 deaths annually.>® Surgical resection, one of the most effective curative therapies for HCC, can achieve 5-year
survival rate of around 70% in selected patients.>’* However, the majority of patients have advanced unresectable
diseases upon presentation. A previous study showed that only 5% to 40% of HCC patients in the absence of cirrhosis
could undergo liver resection, and this number was even much lower if the patients are complicated with chronic liver
disease or overt cirrhosis.’ In order to improve the prognosis of this dismal malignancy, it is therefore of urgent need to
raise the resectability of patients with HCC.

Together with poor liver reserve, clinically relevant portal hypertension, and poor performance status, tumor factors also
contribute significantly to this low resectable rate. The presence of major vascular invasion or multifocal bilobar disease is
considered unresectable by most major clinical guidelines.'®'" The long-term survivals of these subgroups of patients are
unsatisfactory after upfront liver resections. However, these patients in the meanwhile usually are not candidates for liver
transplantations, and their treatment response to other locoregional therapies such as ablations or transarterial chemoemboliza-
tions (TACE) is generally poor. Fortunately, the advent of novel systemic therapies has revolutionized the treatment paradigm of
unresectable HCC. The phase III IMbrave150 trial demonstrated that the use of atezolizumab in addition to bevacizumab (Atezo/
Bev combination) could substantially prolong the disease-free survival (DFS) and overall survival (OS) of patients with
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unresectable HCC when compared with sorafenib.'>'* The objective response rate (ORR) reached 30% overall and 44% in
patients with intermediate-stage HCC.'>'* The remarkable “tumor shrinkage” effect achieved by Atezo/Bev has led to the
concept of “Atezo/Bev followed by curative conversion (ABC conversion)” coined by Professor Masatoshi Kudo.'>'® This new
concept has been verified by a recent study that 35% of unresectable and TACE-unsuitable intermediate-stage HCC achieved
complete response (CR) after ABC conversion, and 23% of patients overall were drug-free and recurrence-free.!” With this
revolutionary treatment strategy, the concept of surgical resection for HCC should be amended. We believe that in the era of
immune checkpoint inhibitors (ICI), three extended surgical concepts should be integrated into our daily clinical practice. The
following paragraphs would describe and exemplify these promising surgical strategies.

Case Presentation
Neoadjuvant Therapy

A 64-year-old female patient with underlying diseases of hypertension and diabetes mellitus suffered from body weight loss of
around 3 kg within 1 month. Contrast-enhanced computed tomography (CT) revealed a 4.83 x 3.73 cm infiltrative and
hypervascular mass at liver S5. The mass had invaded her gallbladder and encased the right hepatic artery (Figure 1A and B).
Her serum alpha-fetoprotein (AFP) was 65,197.5 ng/mL. Locally advanced HCC was diagnosed. Surgery was not absolutely
contraindicated but adequate safety margin may be more difficult to achieve. Systemic therapy with immune checkpoint
inhibitors (ICI) was suggested. She received intravenous nivolumab 100mg as her first induction therapy. Unfortunately,
intolerable adverse events of diffuse skin rash, fever, diarrhea, and general weakness developed after the first dose of ICI

2.21cm

Figure | Imaging studies before and after ICI therapy. (A and B) A 4.83%3.73 cm hypervascular mass at liver S5. The mass had invaded her gallbladder and encased the right
hepatic artery. (A) Arterial phase, (B) delayed phase; (C and D) after nivolumab, the tumor decreased from 4.83 cm to 3.2 cm (>30% reduction). The major vessels
including right hepatic artery were spared from tumor invasion. (C) Arterial phase, (D) delayed phase.
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treatment, and further administrations were cancelled. Magnetic resonance imaging (MRI) found decreased tumor size (from
4.83 cm to 3.21 cm, >30% reduction) and AFP (1604.7 ng/mL). The major vessels including right hepatic artery were spared
from tumor invasion (Figure 1C and D). Partial response per RECIST 1.1 was impressed. Due to reduced tumor size and resolved
vessel invasion, conversion surgery with en bloc right lobectomy, partial S4b resection, and cholecystectomy was performed 22
days after nivolumab administration. Pathological examination revealed a moderately differentiated HCC with 90% tumor
necrosis, ypT1bNOMO, stage 1. The section margin was 0.5cm wide. The postoperative recovery was uneventful, and she was
discharged on the 9th postoperative day (POD). AFP returned to normal after the operation and there was no evidence of tumor
recurrence till 23 months after surgery.

Negative Selection

A 47-year-old female had been relatively healthy until she was found to have one 10.32 x 7.15 cm hypervascular
tumor at S6 of liver (Figure 2A). She received laparoscopic hepatectomy to remove the tumor. The final pathology
was moderately differentiated HCC, pTIbNOMO, stage 1. Her serum PIVKA-II dropped from 1615 mAU/mL to 9
mAU/mL after the operation. She was enrolled to IMbrave 050 clinical trial and was randomized to the active
surveillance group. One year after the operation, CT found recurrent HCCs at S1 (2.82 c¢cm) and S6 (1.29 cm) of
liver (Figure 2B and C). The tumor at S6 was ablated by radiofrequency, and she underwent serial Atezo/Bev
combination therapy per trial protocol. The tumor at S1 demonstrated partial response after 8 cycles (from 2.82 cm
to 1.94 cm). However, the tumor was found to enlarge at cycle 13 (from 1.94 cm to 2.43 cm) (Figure 2D).
Concerning risk of disease progression, conversion therapy was suggested. Since there were no new lesions, liver
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Figure 2 Imaging studies before and after ICI therapy. (A) A 10.32%7.15 cm hypervascular tumor was found at S6 of liver. (B and C) Recurrent HCCs were found at S6
(1.29 cm) (B) and S| (2.82 cm) (C) of liver. (D) The tumor at S| demonstrated partial response after 8 cycles (from 2.82 cm to 1.94 cm). However, it enlarged at cycle |3
(from 1.94 cm to 2.43 cm).
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resection was recommended and she received laparoscopic caudate lobectomy to remove the recurrent tumor. The
patient was discharged 4 days after surgery, and she remained disease free for at least 10 months after surgery.

Downstaging

A 64-year-old male HBV carrier was found to have a huge liver tumor when being examined for his upper abdominal pain.
CT furthered disclosed a huge conglomerate tumor (18 x 14 x 10 cm) at the right inferior lobe of liver with obliteration of
right portal vein (Figure 3A and B). His serum AFP level was 3418 ng/mL. Advanced HCC, cT4ANOMO, stage I1Ib, was
impressed. His Child-Pugh class was A (5 points), and Eastern Cooperative Oncology Group Performance Status was 0.
Atezo/Bev combination therapy was administered every 3 weeks to control the disease. The tumor reduced from 18 cm to
12 cm after 7 cycles (30% reduction in size), and it further decreased to 9.44 x 5.66 cm after 14 cycles (nearly 50%
reduction). No serious immune-related adverse events occurred during treatment. The tumor remained stationary in size after
17 cycles of Atezo/Bev, and the right PVTT also regressed (Figure 3C and D). Serum AFP level was <2 ng/mL. The disease
was successfully down-staged, and conversion surgery with laparoscopic right hepatectomy was conducted. The pathological
examination showed extensive tumor necrosis without identifiable residual carcinoma. The patient was discharged 9 days
after surgery, and there was no evidence of disease recurrence for at least 8 months after surgery.

Discussion
Neoadjuvant Therapy

Although large tumors (>5cm) or tumors in close proximity to major vessels are not absolutely contraindicated for
surgical resection, surgery under these scenarios may still pose a stress for surgeons. In addition, in order not to injure

5.66cm

Figure 3 Imaging studies before and after ICl therapy. (A and B) A huge conglomerate tumor (18x14x10 cm) at the right inferior lobe of liver with obliteration of right
portal vein. (C and D) The tumor reduced to 9.44x5.66 cm in size after |7 cycles of Atezo/Bev, and the right portal vein tumor thrombus (PVTT) also regressed.
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major vessels, a wider safety margin may not be always obtained. With the aid of immune check inhibitors (ICI) such as
Atezo/Bev combination therapy, significant “tumor shrinkage” becomes possible. Liver resection can be carried out after
serial Atezo/Bev sessions when tumor size reduced or distance from major vessels furthered (Figure 4). A wider safety
margin can be obtained, and surgeons can conduct the operations less stressful. Furthermore, it may potentially reduce
the risk of early recurrence following liver resections. This “neoadjuvant therapy” was rarely described for HCC since no
effective regimen has been discovered before the advent of Atezo/Bev. As for standardized neoadjuvant protocols, strong
evidence is still lacking and further prospective studies are warranted. For the time being, we would suggest one to three
cycles of neoadjuvant immunotherapy and liver resections can then be conducted by experienced liver surgeons.

Negative Selection

Based on the updated BCLC guideline, patients with multinodular disease (>3) were not appropriate for liver resection.'
Similarly, upfront surgery was generally not recommended for those with bilobar multicentric HCC. The rationale supporting
nonsurgical treatment is that either multinodular or bilobar disease may indicate intrahepatic metastasis. The risk of early
recurrence is high even if the primary tumors are completely resected.'® The latest guidelines have therefore preferred systemic
therapy with Atezo/Bev for this subgroup of unresectable and TACE-unsuitable intermediate-stage HCC.'*!" Given satisfactory
ORR and disease control rate (44% ORR in intermediate-stage HCC), a substantial proportion of patients would respond to or
maintain stable after serial cycles of Atezo/Bev therapies. Nevertheless, these patients would eventually develop progressive
disease (PD) if Atezo/Bev is continued to be administered.'>'” Conversion therapy should therefore be considered. Since “no”
new lesions have occurred during treatment period, intrahepatic metastasis becomes less likely and the disease may be treated as
a localized disease. Under this circumstance, conversion surgery would be a reasonable treatment modality. Atezo/Bev
combination therapy thus serves as a gatekeeper to “select” those who do “not” have new lesions after therapy. We name this
process as “negative selection” (Figure 5). Since complete tumor response occurred between 5.5 and 7 months after initiation of
Atezo/Bev therapy and most PD was observed after 7-9 months of treatment, we would suggest comprehensive tumor
reassessment at 6-9 months after first Atezo/Bev to select candidate responders for conversion surgery.'**° As for the tools for
tumor assessment, we would recommend the combination of imaging (CT or MRI) and serum biomarker (AFP and PIVKA-II)
studies to determine the response. Conversion surgery can be considered once the response steadies.

Downstaging

Liver resection for HCC with Vp3 portal vein tumor thrombus (PVTT) carries higher risks of recurrence and is not suggested
by major guidelines.?' Due to superior survival outcome over sorafenib, Atezo/Bev is the recommended first-line therapy for
this subgroup of advanced-stage HCC.'%'""'*'* The ORR could reach 27%, and the adverse events were mostly tolerable.
Only 12-16% of patients had elevated liver enzymes and only 2% of patients experienced abnormal hepatic functions.'
Given well-preserved liver functions after serial treatments, it is therefore possible to switch to locoregional therapies
including surgery once maximal tumor response has been achieved. If the tumor shrinks and PVTT disappears, the disease is

successfully down-staged and surgery can subsequently be performed (Figure 6). The “downstaging” strategy, although
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Figure 4 Neoadjuvant therapy with ICl or Atezo/Bev combination.
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Figure 5 Negative selection by ICl or Atezo/Bev combination.
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Figure 6 Downstaging by ICl or Atezo/Bev combination.

rather straightforward for cancer surgery, is hardly practicable for HCC until the advent of Atezo/Bev combination therapy.
The optimal surgical timing varies and should be individualized. In the meanwhile, based on time to response and disease
progression, we would suggest tumor reassessment and surgical consideration for responders at 6-9 months of Atezo/Bev
therapy. Continued Atezo/Bev therapy can be considered for those with deep response and tolerable adverse events. Surgery
can be performed when the tumor is successfully downstaged and treatment response steadies.

Conclusion

The combination of Atezo/Bev showed promising results for unresectable HCC. The notable tumor response may convert
unresectable disease into resectable disease. Conversion surgery under the concepts of “neoadjuvant therapy”, “negative
selection”, and “downstaging” should therefore be considered for selected patients responsive to Atezo/Bev therapy. The
treatment goal is to achieve “cancer free” and “drug free” status, as promoted by Professor Masatoshi Kudo. In the meanwhile,
the surgical concepts and treatment strategy proposed herein are preliminary. The appropriate treatment duration and timing of
conversion surgery are still undetermined. Moreover, although statistically superior to sorafenib, the 30% ORR obtained by
Atezo/Bev is still unsatisfactory. The precise selection of potential responders for the administration Atezo/Bev therapy thus
warrants further investigations. The novel genetic signatures or panels predictive of treatment response, although promising,

are yet not universally validated.”>** The management for those unresponsive to Atezo/Bev combination therapy, for the time
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being, is unaddressed, either. Further large scale well-designed prospective studies are therefore necessary to validate and
consolidate our proposals.
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