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Abstract

BACKGROUND

In the translational therapy of giant hepatocellular carcinoma (HCC), hepatic
arterial infusion chemotherapy (HAIC) combined with anti-PD-1 immunotherapy
and tyrosine kinase inhibitors (TKI) after laparoscopic portal vein ligation (PVL) is
extremely rare. This is a dual conversion therapy that combines surgery and
oncology. Here, we report two cases of successful surgical completion after dual
conversion therapy.

CASE SUMMARY

We report that a 54-year-old man and a 69-year-old woman were diagnosed with
primary HCC combined with hepatitis B cirrhosis (case 2 also combined with fatty
liver) on physical examination. Due to the insufficient residual liver volume
assessed before surgery, laparoscopic right PVL was performed, followed by
HAIC combined with anti-PD-1 immunotherapy and TKI. Finally, surgical
resection was successfully completed, and pathology confirmed that the tumor
was mostly necrotic (90%) in one case, and no live tumor tissue was found in the
other case.

CONCLUSION

In the process of surgical transformation, our treatment plan takes into account
the control and transformation of oncology at the same time, which is expected to
provide more opportunities for radical hepatectomy and improve the prognosis of
patients with large liver cancer.

Key Words: Giant hepatocellular carcinoma; Laparoscopic right portal vein ligation;
hepatic arterial infusion chemotherapy; Anti-PD-1 immunotherapy; Tyrosine kinase
inhibitor; Case report
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Core Tip: There have been many clinical studies on translational therapy for giant hepatocellular carcinoma, but simply
seeking surgical transformation always carries the risk of tumor progression. There's a combination of control and
transformation in oncology either immunotherapy, targeted therapy, or a combination of both. In addition, we added hepatic
arterial infusion chemotherapy to seek better prognosis. In addition to the success of surgical transformation in the 2 patients
reported by us, the postoperative pathology also suggested good oncology control and transformation. This treatment
regimen is promising to provide more opportunities for radical hepatectomy and better prognosis for patients with large liver
cancer.

Citation: Gao Q, Zhu GZ, Han CY, Ye XP, Huang HS, Mo ST, Peng T. Dual transformation therapy for giant hepatocellular
carcinoma: Two case reports and review of literature. World J Gastrointest Surg 2023; 15(9): 2089-2097

URL: https://www.wjgnet.com/1948-9366/full/v15/19/2089.htm

DOI: https://dx.doi.org/10.4240/wjgs.v15.19.2089

INTRODUCTION

The incidence and mortality rate of hepatocellular carcinoma (HCC) are comparable, making it one of the most common
malignant tumors worldwide. According to global cancer statistics data in 2020, there were 600000 new cases of HCC
worldwide, with over half of the cases occurring in China[1,2]. Surgical resection remains the first choice for HCC
treatment, but the recurrence rate after surgery can be as high as 70%[3]. Some HCC patients may not be suitable for
extensive liver resection due to insufficient future liver remnant (FLR) volume[4]. According to the results of the BRIDGE
study, 64% of liver cancer patients in China are diagnosed at CNLC-Stage II and III [Barcelona Clinic Liver Cancer
(BCLC) Stage B and C], with a median survival period of approximately 2 years[5,6]. Most patients in the advanced stages
are not suitable for surgical resection and should receive mainly local and systemic treatments. In recent years, non-
surgical treatments for liver cancer have made significant progress. Drug therapy, especially the combination of anti-
angiogenic drugs and immune therapy, can achieve an objective response rate of about 30% and a median survival period
of around 20 mo in the treatment of advanced or unresectable liver cancer[7-9].

The reasons for unresectability of liver cancer can be divided into two levels. One level is unresectability from a
surgical perspective, including patients who cannot tolerate surgical trauma due to their overall condition, cannot tolerate
liver dysfunction, or have insufficient FLR volume, which is considered unresectable from a surgical perspective. The
other level is technically resectable, but the postoperative efficacy is not better than non-surgical treatment, which is
considered unresectable from an oncological or biological perspective. The goal of conversion therapy is to eliminate
these two reasons and achieve conversion from unresectable to resectable liver cancer[10]. The main methods of surgical
conversion therapy for insufficient FLR volume include associating liver partition and portal vein ligation for staged
hepatectomy (ALPPS), portal vein ligation (PVL), and portal vein embolization (PVE), but there is still a risk of tumor
progression while the residual liver volume is growing. In our previous clinical study of 30 cases of conversion resection
with insufficient FLR volume in HCC using PVL combined with apatinib (anti-VEGFR2) and camrelizumab (anti-PD1),
the median preoperative estimated FLR/standard liver volume (SLV) was 32.9% (19.1%-39.9%). According to mRECIST, 4
cases (13.3%) achieved complete response (CR) and 8 cases (26.7%) achieved partial response (PR). Twenty-three cases
(76.7%) met the criteria for second-stage surgery, and 20 of them (66.7%) completed second-stage liver tumor resection.
Double conversion therapy had better clinical outcomes than simple surgical conversion. However, the control of tumors
after PVL in our systemic therapy (objective response rate of 40%, disease control rate of 76.7%) was comparable to that of
targeted immunotherapy. Considering the promising results of local combined systemic therapy in tumor control, we
added hepatic arterial infusion chemotherapy (HAIC) on the basis of PVL combined with targeted immunotherapy.

Here, we report two cases of successful treatment of large liver cancer patients at our center. After PVL, the patients
underwent HAIC combined with targeted immunotherapy, and finally successfully completed right hepatectomy.

CASE PRESENTATION

Chief complaints

Case 1: A 54-year-old Chinese male was admitted to the Department of Hepatobiliary Surgery due to upper abdominal
discomfort for 2 wk.

Case 2: A 69-year-old Chinese woman was admitted to the hepatobiliary surgery clinic for 20 d due to physical
examination.

History of present illness
Case 1: The patient reported right upper abdominal discomfort without obvious inducement more than half a month ago,
presenting intermittent dull pain, each lasting 1-2 min.
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Case 2: The patient reported a solid space occupying lesion in the liver during abdominal computed tomography (CT)
examination 20 d ago.

History of past illness

Case 1: Hepatitis B cirrhosis for more than 30 years without systematic treatment.

Case 2: Hepatitis B cirrhosis for more than 30 years without systematic treatment; He had a history of fatty liver 3 years
ago and was treated regularly with drugs.

Personal and family history
The patient denied any family history of malignant tumours.

Physical examination
There were no positive signs in either.

Laboratory examinations

Case 1: Laboratory tests indicated that AFP was 876.62 ng/mL and PIVKA-II was 12943.43 mAU/mL. Liver function,
blood routine, prothrombin time, and international normalized ratio were all within normal ranges. AFP and PIVKA-II
were 6.16 ng/mL and 114.89 mAU/mL before right hemihepatectomy.

Case 2: Laboratory tests showed no abnormalities.

Imaging examinations

Case 1: The outer edge of the liver was not smooth, and the proportion of each lobe was disordered. Irregular masses
with slightly low density were seen in S5, 6, and 8 segments of the liver, with the size of about 6.7 cm x 6.5 cm X 7.5 cm,
complete capsule and small difficult vessels were seen, and the density was not uniform. After enhancement, three stages
of scanning were performed: The lesion enhancement was obvious in the arterial stage, but decreased in the portal and
equilibrium stages, and the density was lower than that of liver parenchyma. Diagnosis: S5, 6, 8 segments of liver
occupying, massive liver cancer was considered. Cirrhosis of the liver (Figure 1A and B). The preoperative SLV was
estimated to be 1370.52 mL, and the FLR was estimated to be 418.39 mL using a three-dimensional CT reconstruction
system. FLR/SLV was 30.5% (Figure 1C).

Case 2: A round mixed low-density mass with a size of 8.0 cm X 7.5 cm x 6.2 cm was seen in the right lobe of liver (S7/8
segment), with a clear margin. The third stage of enhancement scan showed that the edge of the disease showed
continuous enhancement, mainly marginal enhancement, with a density slightly lower than that of open parenchyma,
and patchy non-enhancement lesions were still seen in the equilibrium stage. The remaining hepatic parenchyma density
was normal and no abnormal enhancement was observed. Diagnosis: right lobe of liver mass, primary liver cancer (mixed
type?) was considered (Figure 2A and B). The preoperative SLV was estimated to be 913.5 mL, and the FLR was estimated
to be 310.59 mL using a three-dimensional CT reconstruction system. FLR/SLV was 34% (Figure 2C).

FINAL DIAGNOSIS

Case 1
Combined with the patient’s medical history, the final diagnosis was HCC (CNLC Ib stage, BCLC A grade, Child-Pugh A
grade); hepatitis B cirrhosis.

Case 2
Combined with the patient’s medical history, the final diagnosis was HCC (CNLC Ib stage, BCLC A grade, Child-Pugh A
grade); hepatitis B cirrhosis; fatty liver.

TREATMENT
PVL

Both patients in this series underwent complete laparoscopic right PVL surgery. The surgical steps were as follows: The
patient was placed in a supine position, and pneumoperitoneum was established with trocar placement. Intraoperative
ultrasound was used to confirm the location and boundaries of the tumor. The right portal vein branch near the first porta
hepatis was dissected within the Glisson's sheath, and then titanium clips or No. 7 sutures were used for ligation. An
electrocautery hook was used to mark the ischemic line on the liver surface (Figure 3). Case 1 and case 2 completed PVL
on July 12 and 29, 2022, respectively.
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Figure 1 Image data of case 1. A: Arterial phase; B: Portal stage; C and D: 3D imaging before and after treatment.

HAIC combined with targeted immunotherapy

Case 1: The patient underwent a total of 4 cycles of HAIC combined with targeted immunotherapy, using the FOLFOX
regimen for 46 h. The microcatheter is pushed into the hepatic artery and the drug is transfused through the hepatic
artery. Oxaliplatin, 130 mg/m? before 2 h on day 1, calcium folinate, 400 mg/m? from 2-3 h on day 1, fluorouracil 400
mg/m? at 3 h on day 1, 2400 mg/m? over 24 h. On the following dates: July 15, 2022; August 8, 2022; September 6, 2022;
and October 13, 2022. Bevacizumab was administered intravenously at a dose of 200 mg on July 18, 2022; August 11, 2022;
September 9, 2022; and October 16, 2022. In addition, the patient received oral lenvatinib starting from July 18, 2022, until
prior to surgery. After discontinuation of the medication for four weeks, the FLR to SLV ratio was reevaluated and found
to be 60.5% (Figure 1D). Right hemihepatectomy was performed on November 25, 2022.

Case 2: On August 12 and September 16, 2022, the patient received HAIC treatment using the same protocol as before. On
September 19, Carfilzomib was administered intravenously at a dose of 200mg. After a four-week drug holiday, the FLR/
SLV was re-evaluated and found to be 47% (as shown in Figure 2D). On October 26, right hepatectomy was performed to
remove the right half of the liver.

Right hemihepatectomy

Case 1: During the initial surgical exploration, left liver hypertrophy was easily observed (Figure 4). After separation of
adhesions, right hepatic pedicle was dissected intrafascially. Then, the liver parenchyma was continuously separated
along the previously marked ischemic line using an ultrasonic knife. The right hepatic vein was transected with a stapling
closure device until complete removal of the diseased liver. There were no major complications during the postoperative
recovery period. Histopathological examination of the tumor confirmed that the majority of the tumor was necrotic (90%
necrosis), with some residual viable tumor tissue at the periphery. The tumor was classified as HCC grade II, with a
nodular pattern, with approximately 40% of tumor cells showing clear cell changes and approximately 40% of tumor cells
showing macrovesicular fatty changes. Fibrous tissue proliferation with foam cell and multinucleated giant cell reactions
were observed, along with deposition of hemosiderin and infiltration of lymphocytes. No satellite nodules or neural
bundle invasion were observed, and the microvascular invasion was graded as MO. There was no tumor involvement in
the liver capsule or surgical margins. The surrounding liver tissue showed chronic hepatitis changes, with a CS grade of
C3S3 (Figure 5A).

Case 2: The postoperative pathological examination revealed extensive necrosis with no residual viable tumor tissue.
Fibrous tissue proliferation with abundant lymphocyte and plasma cell infiltration, hemosiderin deposition, and foam cell
reaction were observed around the necrotic tissue, consistent with changes after interventional treatment. Microvascular
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Figure 2 Image data of case 2. A: Arterial phase; B: Portal stage; C and D: 3D imaging before and after treatment.

Figure 3 Complete laparoscopic right portal vein ligation surgery. A: Dissection of the right branch of the portal vein within the Glisson's sheath at the
first porta hepatis; B: Occlusion with titanium clip or ligation with No. 7 silk suture; C: Marking of the ischemic line on the surface of the liver with an electrocautery
hook.

invasion and nerve bundle invasion could not be assessed due to the absence of viable tumor components. There was no
tumor involvement in the liver capsule or surgical margins. The surrounding liver tissue showed chronic hepatitis with a
grade of G2S2 (Figure 5B).

OUTCOME AND FOLLOW-UP

Cases 1 and 2: As of July 2023, the patient is still alive and has no recurrence.

DISCUSSION

Currently, international centers have similar criteria for determining the required liver reserve function for safe liver
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Figure 4 Right hemihepatectomy. A: Intraoperative exploration revealed hypertrophied left lobe of the liver and a marked ischemic line; B: Postoperative left
lobe of the liver; C: Surgical section; D: Tumor specimen.

resection, which includes normal liver function (Child-Pugh Class A) with a retention rate of indocyanine green at 15 min
(ICG-R15) of 20% to 30%; patients with chronic liver disease or liver parenchymal damage (including cirrhosis, severe
fatty liver, and liver damage related to chemical drug treatment) require a FLR to SLV ratio of > 40%; for patients with
impaired liver function, a higher FLR is required (e.g., ICG-R15 of 10% to 20%, and patients with chronic liver disease and
cirrhosis require FLR/SLV > 50%)[10,11]. Insufficient FLR is an important criterion for unresectable liver cancer, and the
goal of conversion therapy is to achieve a sufficient FLR.

In 1990, Makuuchi et al[12] reported the first series of PVE in 14 patients with hilar cholangiocarcinoma, demonstrating
the safety and feasibility of this technique in reducing postoperative liver failure. PVE has been used in clinical practice
for a long time, with a conversion success rate of 60% to 80% and a complication rate of 10% to 20%. The time required for
residual liver hypertrophy after PVE is relatively long (usually 4 to 6 wk, during which time tumor progression may
occur). In addition, more than 20% of patients may lose the opportunity for surgery due to tumor progression or
insufficient volume of residual liver hypertrophy[13-15]. This has prompted exploration of alternative techniques. There
is no significant difference in the induction of FLR hypertrophy between PVE and PVL (relative increase in FLR volume:
PVE 43.2%, PVL 38.5%). The induction of FLR hypertrophy with PVL also takes 4 to 8 wk. However, the resection rate
with PVL is higher than with PVE, resulting in significantly fewer patients who have to cancel surgery due to insufficient
FLR hypertrophy. There is no statistically significant difference in the incidence of postoperative complications and
mortality between the two techniques[16,17].

In 2012, ALPPS was first described as a surgical technique for increasing FLR in patients with liver tumors[18]. It is a
more radical method of portal vein occlusion and elimination of collateral vessels from FLR to the diseased segment,
resulting in faster and more extensive FLR enhancement. ALPPS can induce FLR hypertrophy of up to 47% to 192%
within 1-2 wk, which is much higher than PVE. Due to the short interval between the two-stage surgeries, it can minimize
the risk of tumor progression, with a tumor resection rate of 95% to 100%[19]. The main limitation of this technique is its
high morbidity and mortality rates. Compared to PVE, the 90-d mortality rate remains at 8%-9%[20], and both mortality
and morbidity rates are increased[21]. These findings were initially attributed to increased invasiveness of the surgery
and subsequent bile leakage, with bile leakage occurring in 20% of the cases reported by Schnitzbauer et al[18].

When the tumor volume is too large, involves critical ducts, or cannot achieve an R0 resection, tumor reduction
through anti-tumor treatment can be achieved before surgery to further improve long-term outcomes. Treatment options
include local therapy, systemic therapy, and combination therapy[11].

In clinical practice, there is no consensus on which systemic treatment regimen to choose for potentially resectable liver
cancer patients. Based on current clinical research data on first-line systemic treatment for liver cancer, lenvatinib has a
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Figure 5 Histopathological image. A: Case 1; B: Case 2.

higher objective response rate (ORR) than sorafenib[22]. Combination targeted therapy and immunotherapy (targeted
immunotherapy combination)[7,8,23,24], represented by lenvatinib combined with pembrolizumab, nivolumab combined
with ramucirumab, and bevacizumab, and atezolizumab combined with cetuximab, has an ORR > 20% for treating
unresectable liver cancer, with stronger potential for conversion. Zhu et al[25] reported a conversion resection rate of
23.8% in 101 cases of initially unresectable liver cancer patients treated with PD-1 inhibitors combined with tyrosine
kinase inhibitors (TKIs)[25]. Zhu et al[26] reported a conversion resection rate of 15.9% in 63 cases of initially unresectable
liver cancer patients treated with PD-1 inhibitors combined with TKIs. At the 2022 Annual Meeting of the American
Association for the Study of Liver Diseases, we reported the effectiveness and safety of hepatic portal vein ligation (PVL)
combined with apatinib (anti-VEGFR2) + camrelizumab (anti-PD1) (also known as double A combination) in treating
insufficient FLR volume HCC. According to mRECIST, among them, 4 cases (13.3%) achieved CR, 8 cases (26.7%)
achieved PR, 11 cases (36.7%) had stable disease (SD), and 7 cases (23.3%) had progressive disease (PD), with an ORR of
40% and a disease control rate (DCR) of 76.7%. This is a dual conversion regimen that considers both surgical and
oncological aspects. The results of this study suggest that PVL combined with apatinib and camrelizumab may become a
potential treatment option for insufficient FLR volume HCC.

In Asia, particularly in Japan and South Korea, HAIC has been used to improve the prognosis of advanced HCC and
has been incorporated into treatment guidelines[27]. In a randomized phase III study (9810) announced at ESMO 2020,
the surgical conversion rate of unresectable HCC with HAIC (oxaliplatin, fluorouracil, and folinic acid) was 23.8% in the
HAIC group compared to 11.5% in the transarterial chemoembolization group (P < 0.004). Furthermore, the study also
found that the ORR of advanced HCC treated with HAIC plus targeted therapy and immune therapy according to
mRECIST criteria was 67.6%[28]. The results of clinical studies by Luo et al[29] and Zhang et al[30] at their respective
centers, using HAIC in combination with targeted immunotherapy for advanced liver cancer, were encouraging, with
objective tumor response rates of 57.2% and 96%, respectively, and good safety profiles. These studies demonstrate that
combined systemic and local treatment can lead to better tumor response, providing new options for future HAIC-based
conversion therapies.

In the two cases reported in our study, the main feature was the increase in FLR volume after PVL combined with
systemic and local treatment. FLR increased by 30% and 13% in case 1 and case 2, respectively, with time intervals of 17
wk and 12 wk, respectively. Postoperative pathology confirmed that the majority of the tumor in case 1 had necrotized
(90% necrosis), and the tumor in case 2 had completely necrotized, with both cases showing good recovery during follow-
up. Dual conversion in terms of surgical and oncological outcomes was achieved, indicating that PVL combined with
HAIC and targeted immunotherapy is a safe and effective dual conversion treatment approach.

CONCLUSION

Our treatment approach aims to achieve surgical conversion while also addressing tumor control and conversion,
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offering potential opportunities for curative liver resection in patients with advanced HCC and improving their
prognosis. However, research in this area is limited at present. Further studies are needed to confirm the safety,
feasibility, and efficacy of our approach.
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