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Purpose: Conversion therapy gives some patients with initially unresectable hepatocellular carcinoma (HCC) access to surgery. The 
purpose of this study was to evaluate the safety and efficacy of hepatectomy after conversion therapy and how it differed from those 
who undergoing direct hepatectomy.
Patients and Methods: From January 2018 to April 2022, 745 patients underwent hepatectomy for HCC were enrolled. Among 
them, 41 patients of unresectable HCC underwent hepatectomy after conversion therapy. A demographically and clinically comparable 
cohort was created from the remaining patients in a 1:1 ratio using propensity score matching.
Results: The median duration of conversion therapy was 108 (42–298) days, 8 patients achieved complete response (CR) and 33 achieved 
partial response (PR). Conversion therapy resulted in some degree of myelosuppression, but liver function index remained good. Compared 
with the direct hepatectomy group, the conversion group had more blood loss (600 mL vs 400 mL, p=0.015), longer operative time (270 min 
vs 240 min, p=0.02), higher blood transfusion rates, and longer hospital stay (8 days vs 11 days, p<0.001). Patients in the conversion group 
had significantly more complications of any grade (82.9% vs 51.2%, p=0.002) and grade 3/4 (26.8% vs 4.9%, p=0.013), and 6 patients 
developed post-hepatectomy liver failure (PHLF). There were no deaths in either group. All patients achieved R0 resection, 6 (6/41, 14.6%) 
achieved pathological complete response (pCR), 14 achieved major pathologic responses (MPR). During a median follow-up of 12.8 
months, 14 patients in the conversion group experienced recurrence or metastasis, no deaths.
Conclusion: Hepatectomy after conversion therapy was more difficult than direct hepatectomy, but accurate preoperative assessment 
could ensure the safety of the surgery. The damage of liver function after conversion therapy was more severe than expected, PHLF 
should be prevented and treated. Hepatectomy was effective and necessary, postoperative pathological examination could provide 
guidance for adjuvant therapy.
Keywords: hepatocellular carcinoma, conversion therapy, hepatectomy, post-hepatectomy liver failure, pathological complete 
response

Introduction
Hepatocellular carcinoma (HCC) is the sixth most common cancer and the third leading cause of cancer death worldwide 
in 2020.1 For patients with early-stage HCC, hepatectomy is the treatment of choice, yielding the best outcomes, with a 5 
years survival of 70–80%.2,3 However, in China most patients were initially diagnosed in the intermediate or advanced 
stage and lost the opportunity to receive radical surgery, so-called “unresectable” HCC (u-HCC).4,5 Resection after HCC 
has been shrunk or downstaged is one of the important ways for patients to achieve radical cure and long-term survival. 
Relevant studies have shown that for these patients, if the opportunity for surgical resection is obtained through 
treatment, the postoperative survival rate is also better than non-surgical treatment.6,7
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The aim of conversion therapy is to convert unresectable or borderline HCC into resectable tumors. In the era of lack 
systemic therapy, transcatheter arterial chemoembolization (TACE) is the main method of conversion therapy for 
u-HCC.8 In recent years, combinations of tyrosine kinase inhibitors (TKIs) and immune checkpoint inhibitors (ICIs) 
for the treatment of advanced or u-HCC can achieve an ORR of about 30%.9–11 At the same time, with the advancement 
of drugs and technology, local regional therapy, such as TACE, hepatic artery infusion chemotherapy (HAIC), radio-
therapy, etc. have shown better anti-tumor effects than before. The combination of locoregional and systemic treatments 
is option for u-HCC.12 In the past two years, triple therapy of TACE/HAIC, TKIs, and ICIs have been tried with 
encouraging results.13,14 An increasing number of patients with initially unresectable HCC were successfully undergoing 
radical surgery after conversion therapy.15,16

Every coin has two sides. It is undeniable that conversion therapy has certain side effects, which include not only the 
effects on liver function but also the effects on the whole body. Therefore, do these adverse factors affect the safety of 
liver resection? How does hepatectomy after conversion therapy differ from untreated direct hepatectomy? What should 
we focus on? In this study, we reported a group of 41 patients with initially u-HCC who underwent hepatectomy after 
triple combination conversion therapy (HAIC/TACE, tyrosine kinase inhibitors and programmed cell death protein-1), to 
explored the impact of conversion therapy on hepatectomy and how it differed from untreated direct hepatectomy.

Methods
Patients
Between January 2018 and April 2022, 745 patients diagnosed with HCC who received hepatectomy at the Department of 
Hepatobiliary Surgery of The First Affiliated Hospital of Nanchang University were reviewed for eligibility. After excluding 
133 cases of invalid data, a total of 612 were included in this study. Among them, 571 patients did not receive any treatment 
before surgery, 41 patients had initially unresectable HCC and were successfully resected after triple combination conversion 
therapy. These 41 patients were evaluated as unresectable HCC by the multidisciplinary team (MDT) of HCC conversion 
therapy in our hospital. There are two reasons why HCC is unresectable, one is unresectable in the surgical sense and the other 
is unresectable in the oncological or biological sense. The former includes liver function that cannot tolerate surgery or 
insufficient postoperative residual liver volume (<40% for patients with liver cirrhosis; <30% for patients without liver 
cirrhosis); the latter refers to technical resection, but after resection, it cannot obtain better curative effect than non-surgical 
treatment. We collected each hospitalization records of these patients during conversion therapy and surgery. The Propensity 
score matching (PSM) method was used to create a demographically and clinically comparable cohort of patients. Patients in 
the hepatectomy after conversion therapy group were matched at a 1:1 ratio with patients treated with direct hepatectomy. 
Demographic, clinical, and pathological data of these patients were recorded and analyzed. The flowchart of the entire process 
was shown in Figure 1. This study was approved by the Ethics Committee of the First Affiliated Hospital of Nanchang 
University, No. (2022) CDYFYYLK (06–009).

Conversion Therapy
The conversion therapy regimen used a triple combination conversion therapy, including regional treatment (HAIC or 
TACE) plus TKIs and programmed cell death protein-1 (PD-1) inhibitors. HAIC and TACE were administered every 3–6 
weeks. TKIs in this study were sorafenib, apatinib and lenvatinib, and PD-1 inhibitors were camrelizumab, stintilimab 
and tislelizumab. The dose of these agents was administrated according to the guidelines, which would also be adjusted 
according to the performance status, liver function, and treatment tolerance. Hepatitis B-positive patients receive oral 
antiviral drugs at the same time. Before each PD-1 inhibitors treatment cycle, monitor the patient’s blood routine, liver, 
adrenal, thyroid, cardiac function and tumor markers. Efficacy was assessed by enhanced CT or MRI every 2 months. 
The results of each efficacy evaluation of the patients were discussed by the MDT and the next therapeutic regimen was 
formulated for the patients. After the tumor has been shrunk or downstaged and stabilized for a period of time 
(1–2 months), MDT would select the appropriate timing of surgery based on tumor response. Tumor response was 
assessed according to modified response evaluation criteria in solid tumors (mRECIST). Averse events (AE) were 
assessed and graded using the National Cancer Institute Common Terminology Criteria for Adverse Events v5.0.
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Hepatectomy and Complications
Preoperative evaluation included routine blood tests, blood biochemistry, thyroid function, cardiac function, pulmonary 
function tests, and imaging examinations. In order to ensure the safety and thoroughness of the operation, the premise of 
surgery was (1) achieve R0 resection; (2) preserve sufficient residual liver volume; (3) no serious AEs during conversion 
therapy; (4) patients had no contraindications to surgery. Patients in the conversion group needed to discontinue for a period of 
time before surgery according to the instructions for use of TKIs and PD-1 inhibitors.

A total of 82 patients in both groups underwent open hepatectomy. After tracheal intubation anesthesia, a 25cm “J” shaped 
incision in the middle of upper abdomen was made into enterocoelia. The corresponding perihepatic ligaments were divided 
for liver mobilization and prepared porta hepatis tourniquet. Hepatic portal occlusion (Pringle maneuver) was performed 
during liver transection to control blood loss if necessary. The liver parenchyma was transected at least 1cm (ensure R0 
resection) from the tumor margin with an ultrasonic scalpel, in combination with electrocoagulation to hemostasis. The ends of 
small vessels and bile ducts were clipped with titanium clips or Hem-o-lock. Intraoperative attention should be paid to the 
separation and anatomy of hepatic veins, and anatomical hepatectomy should be performed as far as possible. The principle of 
no tumor was ensured throughout the operation. Hilar or retroperitoneal lymph nodes were dissected as needed. Non- 
absorbable sutures (Prolene) were used to ligate and suture the ducts in the liver section to avoid bile leakage and bleeding. 
Postoperative complications were classified according to the Clavien-Dindo grading system.

Pathological Examination
The resected tumor specimens were all examined by pathology. Pathological complete response (pCR) was defined as the 
absence of any viable tumor cells after a complete assessment of the resected specimen, including all sampled regional 
lymph nodes, tumor thrombi, and distant metastases, and review of all sections. Major pathologic responses (MPR), 
a reduction in the proportion of viable tumors below the clinically significant threshold. (In studies of lung cancer and 
malignant melanoma, MPR is defined as ≤10% of surviving tumors. There is currently no definition in HCC, and we 
have provisionally adopted 10% as the standard.)

Propensity Score Matching
The PSM method was used to control selection bias and to create demographically and clinically comparable cohorts. 
Propensity score of each patient was analyzed by multivariate logistic regression including gender, age, liver cirrhosis, 
maximum tumor diameter, Child–Pugh grade, resection range and name of surgical operation. A 1:1 match without 

Figure 1 The flowchart of article.
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replacement was performed through the nearest available matching, setting the caliper as 0.05. PSM analysis was 
conducted with SPSS 26.0 software (SPSS Inc., Chicago, IL).

Statistical Analysis
Categorical variables in the baseline characteristics were compared using the Pearson’s χ2 test or Fisher’s exact test. Continuous 
variable distribution was described using mean ± standard error (SE) or standard deviation (SD) for normally distributed values, 
and median and range were used for non-normally distributed values. A two-tailed p value <0.05 was considered statistically 
significant. All data analyses were performed using SPSS 26.0 software (SPSS Inc., Chicago, IL) and GraphPad Prism (version 
9.0; GraphPad, Inc.).

Results
Patients and Conversion Therapy
From January 2018 to April 2022, a total of 745 patients with HCC who underwent hepatectomy at The First Affiliated 
Hospital of Nanchang University. After excluding 133 invalid data, the remaining patients were divided into hepatectomy 
after conversion therapy group (conversion group, n = 41) and direct hepatectomy group (direct group, n = 571). Table 1 
shows the characteristics of these 41 patients. These initially unresectable HCC patients had tumors staged as Barcelona 
Clinic Liver Cancer (BCLC) stage B or C, with a high tumor burden, half of them had vascular invasion and a few had 
regional lymph node metastases. All these patients achieved tumor shrinkage or downstaging after our triple combination 
conversion therapy, and regained the opportunity for surgery (Table 2 shows the regimen and efficacy of conversion 
therapy). The median time from conversion therapy to surgery for these patients was 108 days, 8 patients achieved 

Table 1 Clinical Characteristics of Patients in the Conversion 
Group

Characteristics N. (%)

Gender

Male 33 (80.5)

Female 8 (19.5)

Age (years)

≤50 17 (41.5)

>50 24 (58.5)

ECOG PS

0 40 (97.6)

1 1 (2.4)

Etiology of HCC

HBV 38 (92.7)

HCV 1 (2.4)

Non-viral 2 (4.9)

Liver cirrhosis

Absent 6 (14.6)

Present 35 (85.4)

(Continued)
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Table 1 (Continued). 

Characteristics N. (%)

Total bilirubin (μmol/L)

≤20 27 (65.9)

>20 14 (34.1)

Albumin (g/L)

<40 25 (61.0)

≥40 16 (39.0)

AFP (ng/mL)

≤400 17 (41.5)

>400 24 (58.5)

Child-Pugh classification

A 39 (95.1)

B 2 (4.9)

BCLC stage

B 15 (36.6)

C 26 (63.4)

CNLC stage

IIa 2 (4.9)

IIb 13 (31.7)

IIIa 20 (48.8)

IIIb 6 (14.6)

Size of largest nodule (cm)

<10 17 (41.5)

≥10 24 (58.5)

Tumor number

Solitary 17 (41.5)

Multiple 24 (58.5)

Tumor distribution

Uni-lobar 29 (70.7)

Bi-lobar 12 (29.3)

Macrovascular invasion

Absent 20 (48.8)

Present 21 (51.2)

(Continued)
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Table 2 Conversion Therapeutic Regimen and Efficacy

Conversion Therapy No. (%)/ Median (Range)

Locoregional therapy

HAIC 24 (58.5)

TACE 17 (41.5)

TKIs+ICIs regimen

Lenvatinib+Camrelizumab 20 (48.8)

Lenvatinib+ Stintilimab 4 (9.8)

Lenvatinib+ Tislelizumab 1 (2.4)

Sorafenib+ Camrelizumab 10 (24.4)

Sorafenib+ Stintilimab 2 (4.8)

Apatinib+ Camrelizumab 4 (9.8)

HAIC/TACE treatment cycle 3 (1–6)

ICIs treatment cycle 4 (1–6)

Duration of TKIs treatment (days) 100 (36–289)

Best response according mRECIST criteria

PR 33 (80.5)

CR 8 (19.5)

Time from initial treatment to surgery (days) 108 (42–298)

Preoperative TKI withdrawal time (days) 4 (3–8)

Preoperative ICI withdrawal time (days) 33 (19–50)

Abbreviations: HAIC, hepatic arterial infusion chemotherapy; TACE, transcatheter arterial chemoembolization; TKI, 
tyrosine kinase inhibitor; ICI, immune checkpoint inhibitor; mRECIST, modified response evaluation criteria in solid 
tumors.

Table 1 (Continued). 

Characteristics N. (%)

Extrahepatic metastasis

Absent 35 (85.4)

Present 6 (14.6)

Unresectable reason

Surgical 23 (56.1)

Oncological 18 (43.9)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance 
Status; HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis C virus; 
AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer stage; CNLC, Chinese 
Liver Cancer Stage.
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complete response (CR), the remaining patients were partial response (PR). The median time to discontinuation in our 
patients was 4 days for TKIs and 33 days for PD-1 inhibitors. After PSM, excluding tumor stage, all remaining clinical 
features were well balanced between the conversion group (clinical data before surgery after successful conversion 
therapy) and direct group (Table 3). Conversion therapy was well tolerated in all patients. Most of the AEs were mild or 
curative after treatment, the incidence of grade 3/4 AEs were 2.4%. The top three most common treatment-related AEs 
were elevated ALT, elevated AST, and fatigue, respectively.

Preoperative Examinations
Before surgery, we analyzed the results of biochemical indicators of the included patients. We also compared the relevant 
indicators before initial treatment and before surgery in the conversion group (Figure 2). The results showed that among 
the 41 patients who were successfully converted, conversion therapy had little effect on liver function, and the 

Table 3 Baseline Characteristics After Propensity Score Matching Between the Two Groups

Characteristics Direct Group (n=41) Conversion Group (n=41) p value

Gender 1.000

Male 33 (80.5) 33 (80.5)

Female 8 (19.5) 8 (19.5)

Age (yrs) 0.823

≤50 18 (43.9) 17 (41.5)

>50 23 (56.1) 24 (58.5)

Etiology of HCC 1.000

HBV 38 (92.7) 39 (95.1)

HCV 1 (2.4) 0

Non-viral 2 (4.9) 2 (4.9)

Liver cirrhosis 1.000

Absent 5 (12.2) 4 (9.8)

Present 36 (87.8) 37 (90.2)

Child-Pugh classification 1.000

A 39 (95.1) 40 (97.6)

B 2 (4.9) 1 (2.4)

Maximum tumor diameter (cm) 7.9±3.5 8.4±3.5 0.470

Resection range 0.656

Major 17 (41.5) 19 (46.3)

Minor 24 (58.5) 22 (53.7)

ASA grade 0.494

3 41 (100) 39 (95.1)

4 0 2 (4.9)

Abbreviations: HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis C virus; ASA, American Society of 
Anesthesiologists grade,
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differences were not statistically significant (all p>0.05). However, conversion therapy had certain effects on the blood 
system. We observed substantial reductions in leukocytes (p<0.001) and platelets (p<0.001) in patients after conversion 
therapy. These effects also resulted in statistically significant differences in preoperative albumin, hemoglobin, leuko-
cytes and platelets between the two groups of patients (All p<0.05).

Perioperative Outcomes
After PSM, the age, gender, extent of liver resection, liver function, maximum tumor diameter, presence of liver cirrhosis 
and American Society of Anesthesiologists (ASA) grading of the two groups of patients were basically balanced and 
were clinically comparable.

There were no significant differences in the incidence of intra-abdominal focal necrosis, ascites, approach of hepatectomy 
(anatomical or non-anatomical), hepatic hilar lymph node dissection, postoperative ICU transfer between the two groups. 
Compared with the direct group, the operation time (270 min vs 240 min, p=0.02) and blood loss (600 mL vs 400 mL, 
p=0.015) were significantly higher in the conversion group. After abdominal entry, we observed that the incidence of abdominal 
adhesions (85.4% vs 22.0%, p<0.001) and cholecystitis (65.9% vs 7.3%, p<0.001) was significantly higher in the conversion 
group (Table 4). Remarkably, both the intraoperative RBC transfusion rate (48.8% vs 19.5%, p=0.005) and the FFP transfusion 
rate (51.2% vs 0, p<0.001) were significantly higher in the conversion group than in the direct group. In terms of postoperative 
blood transfusion rate in the two groups, the conversion group was 26.8%, while the direct group was 0, with a significant 
difference (p<0.001). The difference was also reflected in the length of postoperative hospital stay, which was significantly shorter 
in the direct group compared with the conversion group (8 days vs 11 days, p<0.001). Except for 1 patient in the conversion group 
who underwent second operation due to postoperative bleeding, there was no death in the two groups during hospitalization and 90 
days after surgery.

Postoperative Complications
Compared with the direct group, the conversion group had a significantly higher rate of postoperative complications 
(82.9% vs 51.2%, p=0.002), especially grade III–IV complications (26.8% vs 4.9%, p=0.013). The most common 

Figure 2 Effects of conversion therapy on biochemical indexes of patients and comparison between preoperative and direct hepatectomy groups. Group A: Patients in the 
conversion group before receiving treatment; Group B: Patients in the conversion group before undergoing hepatectomy; Group C: Patients in direct hepatectomy group. *P 
< 0.05, ***P < 0.001, ****P < 0.0001. 
Abbreviations: ns, no significance; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; PT, prothrombin time.
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complications in the conversion group were pulmonary infection, fever, hyperbilirubinemia and coagulation dysfunction. 
Correspondingly, the direct group was pulmonary infection, fever and hyperbilirubinemia (Table 5). However, we found 
that post-hepatectomy liver failure (PHLF) (14.6% vs 0, p=0.026), coagulation disorders (19.5% vs 0, p=0.005), and 
pulmonary complications (41.5% vs 14.6%, p=0.007), especially massive pleural effusion, were more likely in the 
conversion group (Figure 3). Although there was no statistical difference, patients in the conversion group also had more 
transient liver dysfunction, abdominal infection, hyperbilirubinemia, and use of vasoactive agents after surgery. The 
incidence of postoperative bleeding and postoperative bile leakage was low in both groups. Patients with PHLF were 
graded as either grade A (n = 3) or B (n = 3).17 These patients were treated with symptomatic support, including fresh 
frozen plasma to improve coagulation function, albumin infusion, and diuresis. One of the patients had a continuous 
increase in bilirubin of up to 128.9 umol/L after surgery, which was considered to be autoimmune liver disease. Bilirubin 
decreased after steroid pulse therapy (it was worth noting that the use of steroid therapy in the acute phase of hepatitis 

Table 4 Comparison of Perioperative Data Between the Two Groups

Perioperative Index Direct Group (n=41) Conversion Group (n=41) p value

Abdominal adhesion 9 (22.0) 35 (85.4) 0.000

Intra-abdominal focal necrosis 1 (2.4) 3 (7.3) 0.616

Ascites 13 (31.7) 10 (24.4) 0.461

Cholecystitis 3 (7.3) 27 (65.9) 0.000

Anatomical hepatectomy 25 (61.0) 20 (48.8) 0.267

Hepatic hilar lymph node dissection 1 (2.4) 3 (7.3) 0.616

Median operative time (min) 240 (105–300) 270 (190–510) 0.002

Median estimated blood loss (mL) 400 (100–3000) 600 (50–4600) 0.015

Intraoperative RBC transfusion 8 (19.5) 20 (48.8) 0.005

RBC ≤3 units 4 (9.8) 11 (26.8)

RBC >3 units 4 (9.8) 9 (22.0)

Intraoperative FFP transfusion 0 21 (51.2) 0.000

FFP ≤ 200mL 0 1 (2.4)

FFP > 200mL 0 20 (48.8)

Postoperative transfer to ICU 0 2 (4.9) 0.494

Postoperative blood transfusion 0 11 (26.8) 0.000

RBC ≤3 units 0 3 (7.3)

RBC >3 units 0 3 (7.3)

FFP ≤ 200mL 0 2 (4.9)

FFP > 200mL 0 9 (22.0)

Second operation 0 1 (2.4) 1.000

Median postoperative hospital stays (ds) 8 (5–15) 11 (6–36) 0.000

Mortality 0 0 NA

90 days Mortality 0 0 NA

Abbreviations: RBC, red blood cell; FFP, fresh frozen plasma; NA, not applicable.
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may lead to fulminant hepatitis). A small number of patients in both groups had transient liver dysfunction, which may be 
related to the small-for-size syndrome (SFSS) after extensive liver resection, manifested as postoperative bilirubin 
elevation and cholestasis. Liver function returned to normal quickly in these patients after hepatic functional protection, 

Table 5 Comparison of Postoperative Complications Between the Two Groups

Perioperative Index Direct Group (n=41) Conversion Group (n=41) p value

Post-operative complications 21 (51.2) 34 (82.9) 0.002

Grade I–II 19 (46.3) 23 (56.1) 0.377

Grade III–IV 2 (4.9) 11 (26.8) 0.013

Fever 3 (7.3) 8 (19.5) 0.105

Abdominal infection 1 (2.4) 4 (9.8) 0.359

Liver failure* 0 6 (14.6) 0.026

Transient liver dysfunction 2 (4.9) 6 (14.6) 0.264

Coagulation disorders 0 8 (19.5) 0.005

Hyperbilirubinemia 3 (7.3) 9 (22.0) 0.061

Massive ascites 0 2 (4.9) 0.494

Pulmonary complications 6 (14.6) 17 (41.5) 0.007

Massive pleural effusion 2 (4.9) 7 (17.1)

Pulmonary infection 4 (9.8) 10 (24.4)

Bile leakage 1 (2.4) 1 (2.4) 1.000

Postoperative bleeding 0 1 (2.4) 1.000

Invasive mechanical ventilation 0 2 (4.9) 0.494

Vasoactive agents 0 4 (9.8) 0.116

Notes: *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.

Figure 3 Comparison of postoperative complications between the two groups.
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jaundice reduction, and decreasing the pressure of portal veins. As for the patients with dyspnea caused by massive 
pleural effusion, the symptoms were improved after B-ultrasound-guided thoracentesis and catheter drainage, albumin 
supplementation and diuresis. The remaining patients recovered well after symptomatic treatment and were discharged 
from hospital.

Pathological Examination
The resected tumor specimens were all examined by pathology. All patients had no residual tumor at the resection margin 
and achieved R0 resection. Seven patients in the conversion group achieved pCR. Microscopically, the tumor compo-
nents were completely necrotic, and only the remains of the hepatocyte cords were seen, surrounded by fibrous tissue 
proliferation, the bile ducts were dilated, and chronic inflammatory cells (mostly lymphocytes) were infiltrated. In some 
necrotic tissues, deposition of yellow particles (hemosiderosis) and accumulation of foamy histiocytes were seen. The 
remaining patients of conversion group had a tumor necrosis rate of 60–99%,14 achieved MPR (only small clusters of 
cancer cells remain under the microscope). (Figure 4 shows intraoperative and pathological images of a patient who 
achieved pCR after conversion therapy.)

Postoperative Adjuvant Therapy and Follow Up
Most of the patients (28/41) in the conversion group continued to receive adjuvant HAIC/TACE plus PD-1 and TKIs 
according to the postoperative pathological results. Nine patients continued adjuvant therapy with PD-1 and TKIs. As of 
August 2022, with a median follow-up of 12.8 months (4–24 months), 14 patients in the conversion group experienced 
recurrence or metastasis, and no deaths occurred. (Figure 5 shows the images of the tumor changes during the conversion 
therapy. The surgical planning was planned with 3D reconstruction before surgery, and there was no recurrence 13 
months after the surgery.)

Figure 4 A 51-year-old male patient was diagnosed multiple HCC with maximum tumor diameter 14.7*11.6cm (BCLC B stage). Patients received 4 cycles of HAIC 
combined with systemic therapy (lenvatinib 8 mg/day and camrelizumab 200 mg every 3 weeks for 5 cycles). After 110 days of conversion therapy, the patient underwent S5, 
S6, S7 segments hepatectomy. H&E staining of the surgically resected specimen showed a pCR. (A) after entering the abdominal cavity, mild abdominal adhesion was 
observed; (B) gallbladder inflammation was obvious; (C) section of the liver after tumor resection; (D) resected specimen; (E) H&E staining of resected specimen 
(magnification ×100); (F) H&E staining of resected specimen (magnification ×200). 
Abbreviations: HCC, hepatocellular carcinoma; BCLC, Barcelona Clinic Liver Cancer stage; HAIC, hepatic arterial infusion chemotherapy; H&E, hematoxylin and eosin; 
pCR, pathological complete response.
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Discussions
According to the BRIDGE study, 64% of HCC patients in China were initially diagnosed with BCLC B and C stages.18 

Most of these patients had lost the chance for radical surgery, and the median survival time was only 2 years.4,19 Relevant 
studies have shown that for these initially unresectable HCC patients, if the tumor is shrunk or downstaged and then the 
opportunity for surgery is regained, it may be as effective as resection of early HCC, allowing the patients to achieve 
long-term survival.20 The triple-combination conversion therapy protocols show a strong anti-tumor effect, but it will 
bring a heavy burden to liver function and body. Whether these adverse factors affect hepatectomy after successful 
conversion therapy is unknown. Previous studies have shown hepatectomy after conversion therapy with PD-1 inhibitors 
plus tyrosine kinase inhibitors was effective and safe for advanced hepatocellular carcinoma.21,22 Our study focused on 
the impact of triple conversion therapy on subsequent hepatectomy and how hepatectomy after conversion therapy differs 
from direct hepatectomy.

Figure 5 A 46-year-old male patient was diagnosed with giant HCC (24*15.2cm) involving the left lobe and right anterior segment of liver with left portal vein tumor 
thrombus (BCLC C stage). Patients received 6 cycles of HAIC combined with systemic therapy (lenvatinib 12 mg/day and camrelizumab 200 mg every 3 weeks for 6 cycles). 
After 166 days of conversion therapy, the patient underwent hepatectomy. The Operative programme was planned through 3D reconstruction preoperatively, and an 
extended left hemihepatectomy was performed. HAIC combined with camrelizumab and lenvatinib was continued as adjuvant therapy after surgery, and no tumor 
recurrence was observed until August 2022. (A) (B) Prior treatment MRI; (C) Preoperative CT; (D) Preoperative 3D reconstructed images; (E) CT image at 1 month after 
surgery; (F) CT image at 13 months after surgery. 
Abbreviations: HCC, hepatocellular carcinoma; BCLC, Barcelona Clinic Liver Cancer stage; HAIC, hepatic arterial infusion chemotherapy; MRI, magnetic resonance 
imaging; CT, computed tomography.
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Good liver function is a prerequisite for the treatment of HCC, and triple combination conversion therapy means 
higher requirements for liver function. We found that the Child-Pugh classification of patients remained unchanged after 
conversion therapy, some patients even improved their Child-Pugh scores and the corresponding biochemical indicators 
also showed that the effect of conversion therapy on liver function was small. Related studies have shown that 
maintaining the Child-Pugh score during chemotherapy was beneficial for the prognosis of patients with advanced 
HCC, even in patients with adequate hepatic reserve.23,24 Conversion therapy has caused certain adverse effects on the 
blood system, and toxic effects include neutropenia, thrombocytopenia, and anemia. This requires us to strictly monitor 
the toxic and side effects during chemotherapy. Surgical safety is an important content to be assessed before conversion 
resection.25 In addition to liver function and blood system, preoperative assessment of other organ functions is also 
necessary. The potential effects of systemic therapy on the body are wide-ranging, and any carelessness can have 
unintended consequences.

As for the timing of surgery, our center prefers to continue TKIs and PD-1 inhibitors for a period of time after the 
patient achieves objective response or downstaging, and performs radical surgery after keeping the lesion stable (1–2 
months). The timing of discontinuation of preoperative systemic therapy is inconclusive, and continued preoperative 
medication does not increase the incidence of postoperative complications.26 We believe that the preoperative drug 
withdrawal time should be strictly in accordance with the medication instructions to minimize the impact on the surgery. 
If serious adverse drug reactions occur during targeted therapy or immunotherapy, surgery should be performed after the 
body has returned to normal.

After abdominal entry, we found that most of the patients in the conversion group had abdominal adhesions of 
varying degrees, a few patients had necrotic foci, and the incidence of cholecystitis was significantly higher. This may be 
related to the chemo-inflammation caused by TACE/HAIC infusion chemotherapy drugs. As we expected, the conversion 
group had significantly longer operative times and more blood loss. These reasons included (1) the presence of adhesions 
during liver dissociation, and the inflamed gallbladder needed to be removed at the same time, which takes longer; (2) the 
fragility of blood vessels and liver tissue increased after conversion therapy, resulting in more bleeding and more difficult 
hemostasis; (3) bone marrow suppression caused by preoperative chemotherapy reduces platelet function and number; 
(4) after conversion therapy, it was easy to cause liver edema, resulting in unclear anatomical relationship of the pipeline 
structure, increasing the difficulty of surgery. This also indirectly leaded to higher intraoperative blood transfusion rates 
and longer postoperative hospital recovery time.

Surprisingly, 6 patients in the conversion group developed PHLF, 3 of which were grade B PHLF. Preoperative liver 
function tests were normal and adequate liver volume was preserved postoperatively, but the incidence of PHLF in 14.6% 
(6/41) did require vigilance. We think that the toxicity of conversion therapy to the liver was not as mild as we previously 
estimated, and a single Child-Pugh classification does not reflect the whole picture of liver reserve function. The effects 
of chemotherapeutic drugs on the physiological function of the liver are multi-faceted, the most common being steatosis 
and hepatic sinusoidal vascular changes;27–29 targeted drugs can lead to direct injury of liver cells, cholestasis or steatosis 
of liver cells;30 and immune checkpoint inhibitors are prone to cause hepatocellular liver injury or cholestatic liver 
injury.31 Published studies have shown that inflammation and immune responses after hepatectomy promote liver 
parenchyma cells (hepatocytes, vascular endothelial cells, hepatic sinusoidal endothelial cells, etc.) and non- 
parenchymal cells in the liver to secrete a variety of active substances, such as interleukin 6 (IL-6), tumor necrosis 
factor (TNF), hepatocyte growth factor (HGF), etc.32–34 These active substances act on the whole body through blood 
circulation, and together trigger the regeneration of residual liver. The effect of conversion therapy on liver regeneration 
and the changes in the levels of related cytokines are still unclear, which are issues worthy of further investigation.

A variety of perioperative risk factors can also contribute to the occurrence of postoperative liver failure, including (1) 
insufficient residual liver function; (2) intraoperative hemorrhage leading to circulatory disturbance and liver failure 
functional failure; (3) intraoperative hepatic blood flow obstruction leads to ischemia-reperfusion injury to the remaining 
liver; (4) postoperative internal environment, liver function damage caused by water, electrolyte, acid-base imbalance. 
Therefore, adequate preoperative surgical evaluation is required to reduce the occurrence of postoperative liver failure. 
For example, preoperative indocyanine green (ICG) excretion test is used to assess the reserve function of the liver. 
Digital 3D reconstruction technology is worth applying. The 3D visualization technology can measure the preoperative 
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liver volume, reconstruct the intrahepatic blood vessels and bile ducts, and accurately display the spatial anatomical 
relationship between the intrahepatic duct system and the tumor; perform virtual surgical analysis, optimize the surgical 
plan, and maximize the preservation of liver parenchyma.35

All patients achieved R0 resection with a pCR rate of 17.1%, and tumor necrosis rates in the remaining patients 
ranged from 60% to 99%, 14 patients achieved MPR (14/41,34.1%). Tumor cells were not completely necrotic in most 
patients, surviving tumor cells may be the source of recurrence or metastasis, this also illustrates the necessity of radical 
surgical resection after conversion therapy. Studies have shown that patients with pathological response after HCC 
conversion and resection have longer postoperative tumor-free survival, and patients with pCR or MPR have better 
postoperative survival than those without pCR or MPR.20,36 It also raises the question, do we need to wait until the tumor 
is necrotic enough (MPR or CR) to perform a hepatectomy? In addition, pathological examination can prove whether 
tumor cells are sensitive to conversion therapy, and can provide guidance for postoperative adjuvant therapy.37

There were several limitations in this study. First, this was a single-center retrospective study, and even if we use 
PSM method, selection bias was inevitable Second, we included a small sample size, and the postoperative follow-up 
period was short, and the final outcome of the patients was unknown. Third, the conversion therapy regimens were not 
uniform, which may have different effects on the surgery. At the same time, the surgery was not completed by the same 
group of surgeons, which may have a certain impact on the surgical results. Fourth, the majority of participants in this 
study had a background of post-hepatitis B cirrhosis, and it was unknown whether the results apply to other populations. 
Subsequent studies are needed to reveal the potential impact of conversion therapy on the liver and the body, whether it 
will bring adverse factors to the safety and efficacy of liver resection, and whether initially unresectable patients can 
really benefit from radical surgery.

Conclusion
We reported 41 patients with initially unresectable HCC who underwent successful R0 resection after conversion therapy 
with local regional therapy (HAIC/TACE) combined TKIs and PD-1 inhibitors. It is more and more common in clinical 
practice to obtain the opportunity for surgery through conversion therapy for u-HCC. However, there is a lack of 
evidence-based data on the timing of surgery, surgical methods, postoperative complications, postoperative recurrence 
time, and survival in these patients. Although hepatectomy after conversion therapy is more difficult than direct 
hepatectomy, we believe that accurate preoperative assessment, precise intraoperative operation, and attention to control 
of bleeding can ensure the safety of the operation. Attention should be paid to the prevention and treatment of PHLF, and 
further follow-up is required for postoperative recurrence and long-term survival of patients. Postoperative pathological 
analysis can provide guidance for subsequent adjuvant therapy.
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