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Abstract: Hepatocellular carcinoma (HCC) recurrence, which encompasses both true recurrence resulting from cancer spread and de 
novo tumors developing within the same cancer-prone liver, presents a complication in approximately 70% of cases within a 5-year 
timeframe. The efficacy of neoadjuvant therapy for recurrence after hepatectomy for hepatocellular carcinoma is still unclear. We 
report a case of recurrent massive advanced hepatocellular carcinoma with pathological complete remission was treated by continuous 
hepatic arterial infusion chemotherapy (HAIC) and sequential transcatheter arterial embolization (TAE) combined with secondary 
operation. One month after resection, the patient recurred (massive type 141mm×76mm). After 4 times of HAIC sequential TAE 
conversion therapy, the tumor shrank significantly (70mm×29mm), alpha-fetoprotein(AFP) and protein induced by vitamin K absence 
or antagonist-II (PIVKA-II) levels decreased significantly, residual liver volume[left half liver accounted for 39.85% of standard liver 
volume(left half liver + right anterior lobe) accounted for 80.17% of standard liver volume] and Indocyanine green 15-minute retention 
(ICG R15 8.0%) complies with surgical requirement.The second operation was performed, and the tumor was completely resected 
after hepatic blood flow occlusion Requirement. The postoperative pathological results showed complete remission (PCR) of the 
tumor, and no recurrence was found during the follow-up of 16 months. In this case, HAIC sequential TAE conversion therapy has 
good short-term effect on patients with postoperative recurrence of hepatocellular carcinoma, tumor burden is significantly reduced, 
the second surgery pathology achieves complete remission, safety and tolerance, it is worthy of study and promotion. 
Keywords: hepatocellular carcinoma, recurrence after resection, two-stage hepatectomy, complete remission, sequential therapy

Background
Hepatocellular carcinoma (HCC) is a common malignant tumor with a high morbidity and mortality in the world.1 

According to epidemiological investigation, Guangxi is a high incidence area of HCC in China.2,3 The occurrence of 
HCC was significantly associated with high risk factors such as hepatitis B virus (HBV) and hepatitis C virus (HCV) 
infection,4–6 Alcohol,7 metabolic and endocrine diseases,8 and high exposure to aflatoxin B1 (AFB1) exposure.9–12 

Radical surgery is still the most common and effective treatment for HCC, but the main problem is the 5-year recurrence 
rate is around 50% to 70% after surgery.13 There are many treatment options available for HCC recurrence after surgery, 
including systemic chemotherapy, hepatic arterial infusion chemotherapy, transcatheter arterial chemoembolization, 
Radiofrequency Ablation and surgery.14–29 The treatment choice hinges on the extent of tumor thrombosis, the severity 
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of underlying cirrhosis, and the patient’s performance status, all of which can impact the prognosis. Nevertheless, there 
are currently no guidelines stipulating the preferred non-surgical treatment based on the available evidence.

Currently, research into neoadjuvant therapy for hepatocellular carcinoma (HCC) is still in its nascent stages.30 In a 
study conducted at Kaohsiung Veterans General Hospital, Mok et al observed limited benefits associated with hepatect-
omy when compared to multimodal therapies involving transcatheter arterial embolization (TAE) or HAIC for patients 
with giant HCC.31 Nonetheless, massive HCC is often associated with compromised liver reserve function, a heightened 
risk of intrahepatic metastasis, and vascular invasion, rendering it unsuitable for surgical resection. Consequently, 
transcatheter arterial embolization/chemoembolization (TAE/TACE) has been acknowledged as a palliative treatment 
option for unresectable large HCC.32 However, prior research has indicated that TACE may be less effective in managing 
extensive HCC, with TACE-related mortality rates ranging from 6.5% to 20%.31 Hepatic Arterial Infusion Chemotherapy 
serves as an alternative palliative treatment option for inoperable advanced HCC. It involves the direct injection of a high 
concentration of chemotherapeutic agents into the liver through the hepatic artery, aiming to maximize the anti-tumor 
effect at the tumor site. Furthermore, this approach is expected to result in fewer systemic side effects owing to the liver’s 
first-pass effect. Nevertheless, its efficacy is often limited, necessitating the combination with systemic therapy to 
enhance its effectiveness. The combination of HAIC with Transcatheter Arterial Embolization (TAE) can optimize the 
local concentration and duration of chemotherapeutic drugs through arterial infusion chemotherapy, effectively enhan-
cing the cytotoxic impact of chemotherapy. In this context, we present a case of a patient with recurrent massive 
hepatocellular carcinoma after hepatectomy who underwent successful HAIC followed by TAE, subsequently leading to 
resection and achieving a pathological complete response (PCR).

Case Presentation
Our study received approval from the ethics committee of The First Affiliated Hospital of Guangxi Medical University 
(Ethics No:2023-E572-01). Written informed consent was obtained from the patient for participation in this study.

The patient, a 47-year-old male, was admitted to our hospital complaining of “right upper abdominal pain for ten 
days”. Initial diagnosis indicated a hepatic space-occupying lesion, and the patient reported a history of hepatitis B 
without any other significant medical history. Following comprehensive examinations, the diagnosis of HCC was 
confirmed.

On March 11, 2021, the patient underwent robot-assisted hepatectomy, cholecystectomy, and diaphragm repair. The 
postoperative diagnosis identified S6 segment HCC, with a Child-Pugh Score of 5 points, BCLC-A (Barcelona Clinical 
Liver Cancer), and CNLC I b (Chinese Liver Cancer) staging.

One month later, multiple lesions were observed in the S5 and S6 segments of the liver, with the largest measuring 
14.7 cm×7.6 cm. Serum alpha-fetoprotein (AFP) levels were measured at 14.02 ng/mL, and abnormal prothrombin 
(PIVKA-II) levels were 38.77 mAU/mL, indicating postoperative recurrence of HCC. Subsequently, HAIC sequential 
TAE treatments were administered in June, July, September, and October 2021. Following these treatments, serum AFP 
levels decreased to 2.48 ng/mL, and PIVKA-II levels decreased to 7.06 ng/mL. Upper-abdominal enhanced computed 
tomography (CT) scans revealed a reduction in the tumor size to 7.0 cm×2.9 cm. The remaining liver volume was 
assessed to be suitable for surgical resection. On December 6, 2021, a surgical resection was performed, and post-
operative pathology confirmed a complete response to treatment.

Treatment Process
The first operation took place on March 8, 2021, when the patient was admitted due to “right upper abdominal pain 
persisting for 10 days”. A CT scan was conducted in the outpatient department of our hospital, which raised the suspicion 
of S6 segment liver cancer (Figure 1), The patient’s AFP level was measured at 381.74 ng/mL, and the PIVKA-II level 
was 9,997.07 ng/mL. A preliminary diagnosis of HCC was made (S6 Child -A 5 points, CNLC stage I b) based on these 
findings. Preoperative assessment was completed, and on March 11, 2021, a robot-assisted hepatectomy, cholecystect-
omy, and diaphragm repair were performed under general anesthesia in our hospital’s operating room. Postoperative 
pathology indicated that the shape of the mass in S6 was consistent with moderately differentiated hepatocellular 
carcinoma, with invasive tumor growth and no evidence of microvascular invasion (MVI) (grade = M0). The tumor 

https://doi.org/10.2147/PGPM.S426791                                                                                                                                                                                                                               

DovePress                                                                                                                            

Pharmacogenomics and Personalized Medicine 2023:16 950

Chen et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


was located adjacent to the surgical margin, with a margin distance of less than 1mm. The GS grade was G1S1, and the 
Ishak score showed 3 points for inflammation and 2 points for fibrosis (Figure 2). Immunohistochemistry was not 
performed due to the patient’s discharge. Postoperative diagnosis: 1. HCC (S 6, Child-A grade 5 points, BCLC-A, 
CNLC-I b); 2. Gallstones; 3. Clonorchiasis?

The treatment for postoperative recurrence commenced on June 10, 2021, following an outpatient reexamination of 
the upper abdomen using enhanced CT. The CT scan revealed multiple space-occupying lesions in segments S5/6/7, 
tumor thrombus formation in the right branch of the portal vein, and possible involvement of the hepatic flexure of the 
colon and right peritoneum. Additionally, there was enlargement of hepatic hilar and paraaortic lymph nodes, with 
metastasis not being ruled out. Laboratory examination indicated an AFP level of 77.5 ng/mL, PIVKA-II level of 910.35 
AU/L, and a hepatitis B virus DNA level of 5.71 × 10^3.

Figure 1 Computed tomography (CT) scans before the first operation. A mass (red arrow) measuring 4.6×4.3×5.3 cm in S5/6 junction of right lobe of liver was showed on 
CT scans. (A) plain scan; (B) arterial phase; (C) portal venous phase; (D) venous phase.

Figure 2 The first surgical specimens and histopathology images. (A) Resection of liver tumor specimens assisted by robot; (B and C) Pathological examination of tissue 
sections; (B) 100×magnification; (C) 400× magnification.

Pharmacogenomics and Personalized Medicine 2023:16                                                                      https://doi.org/10.2147/PGPM.S426791                                                                                                                                                                                                                       

DovePress                                                                                                                         
951

Dovepress                                                                                                                                                            Chen et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Following an intra-group evaluation, it was determined that the patient had experienced a recurrent massive HCC 
post-operation and was not suitable for a secondary operation. The treatment plan involved primary percutaneous HAIC, 
with the second stage of treatment awaiting surgical consideration.

Relevant examinations were completed, and HAIC (FOLFOX 48h protocol) in combination with TAE was adminis-
tered in June, July, September, and October 2021, respectively. The sequential treatment regimen comprised oxaliplatin at 
85mg/m2 intra-arterial infusion for 2 hours, calcium folinate at 400mg/m2 intra-arterial infusion for 1 hour, or oxaliplatin 
at 130mg/m2 intra-arterial infusion for 3 hours, calcium folinate at 200mg/m2 intra-arterial infusion for 2 hours, followed 
by combined 5-fluorouracil at 400mg/m2 intra-arterial infusion and 5-fluorouracil at 2400mg/m2 intra-arterial infusion 
over 46 hours. After the infusion, transcatheter arterial tumor embolization was performed, with a treatment cycle lasting 
for 4 days and repeated every 3–4 weeks.

Serum AFP and PIVKA-II levels were monitored during each treatment cycle, and CT enhancement of the upper 
abdomen was performed every 8 weeks until meeting the surgical indication criteria (sufficient remaining liver volume 
after radical resection and no evidence of distant metastasis). The Lipiodol deposition area of the tumor after the fourth 
conversion treatment was significantly reduced (> 75%) compared to the first conversion treatment, The change is shown 
in the Figure 3. On October 12, during the reexamination with enhanced CT of the upper abdomen, it was observed that 
the liver segments S5/6/7 had partially fused into a mass, and the tumor diameter had decreased from 141mm to 70mm. 
According to the RECIST v1.1 standard, the tumor exhibited a reduction of 50.3%, thereby achieving a partial response. 
See Figure 4. AFP and PIVKA-II levels exhibited a continuous decrease throughout the course of treatment, and they 
returned to normal after the first two HAIC sequential TAE conversion treatments, as shown in Figure 5.

On December 8, 2021, After the preoperative CT and MR imaging evaluation (see Figures 6 and 7), the second 
hepatectomy was performed. Intraoperatively, it was determined that the tumor was located in liver segments S5/6/7, 
with multiple tumors present. The larger tumor, after fusion, measured approximately 7.0cm × 2.3cm. Notably, the tumor 

Figure 3 Tumor lipiodol deposition angiography image. The area of Lipiodol deposition decreased from 2720mm measured after the first conversion treatment (depicted by 
the blue line) to 5289mm after the fourth conversion treatment. (A) the first time 2021-06-21; (B) the second time 2021-07-22; (C) the third time 2021-09-10; (D) Fourth 
2021-10-28.
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appeared to be adhering to the diaphragm muscle, which exhibited hardness and thickening. There was suspicion that the 
tumor had invaded the diaphragm muscle. Consequently, a portion of the diaphragm was excised during the surgery, and 
the excised tissue was sent for frozen pathology examination, which indicated the absence of cancer. No abnormalities 
were detected in the remaining tissue. Given the patient’s history of HCC recurrence after the initial resection and the 
high risk of recurrence and metastasis, a right hepatectomy was initially planned based on preoperative assessment. 
However, during the surgery, the residual liver volume following a right hepatectomy was estimated to be approximately 
39%. To make a final determination, an intraoperative indocyanine green (ICG) measurement was conducted. The liver 
function of the remaining left liver was assessed after temporarily blocking the right hepatic pedicle. The retention rate of 
ICG at 15 minutes was found to be 37.7%. Consequently, it was decided to proceed with the surgical resection plan, 

Figure 4 Comparison of CT results before and after four times of conversion therapy. (A–D) On June 10, 2021, the maximum extent of S5/6/7 tumor was about 
14.1cm×7.6cm, (A) plain scan period; (B) arterial phase; (C) venous phase; (D) Delay period. (E–H) August 24, 2021, the maximum tumor size was about 7.5 cm × 4.7 cm, 
and the lymph nodes in the hepatic portal region and abdominal aorta were smaller than before, (E) plain scan period; (F) arterial phase; (G) venous phase; (H) Delay 
period. (I–L) On October 12, 2021, the tumor size was reduced to 7.0×2.9 cm, (I) plain scan period; (J) arterial phase; (K) venous phase; (L) Delay period.

Figure 5 Dynamic changes of tumor marker levels during treatment. (A) The reduction in levels of alpha-fetoprotein and (B) des-gamma-carboxyprothrombin reflects a 
reduction in tumor burden.
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which involved partial resection of liver segment S5 and complete resection of segments S6 and S7. The Pringle 
maneuver was employed during the liver surgery to minimize blood loss. For short periods of use, it is very effective in 
reducing intraoperative blood loss.

The closest distance from the tumor to the surgical margin was measured to be 2cm (as demonstrated in Figure 8) 
when the specimen was examined in vitro. Postoperative pathology analysis revealed that all specimens and masses 
obtained after the radical operation for HCC following interventional therapy were sectioned and examined. Under the 
microscope, multiple necrotic nodules were observed within the tumor. Additionally, the surrounding area showed signs 

Figure 6 Computed tomography (CT) scans before the second operation. Necrotic focus fused into a mass (red arrow), with a maximum area of about 7.0cm×2.9cm (A) 
plain scan; (B) arterial phase; (C) portal venous phase; (D) venous phase.

Figure 7 Magnetic resonance imaging showing the Multiple patchy nodules of different sizes were seen on S 5/6/7 in segment V of liver, (A) Diffusion-weighted imaging; (B) 
T1-weighted image; (C) T2-weighted image; (D) arterial phase; (E) portal phase; (F) equilibrium period.
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of fibroplasia, lymphocyte infiltration, and a foam cell reaction. Notably, no residual tumor cells were detected under the 
microscope, indicating a complete response to treatment. Furthermore, the evaluation of microvascular invasion (MVI) 
indicated a grade of M0, signifying the absence of microvascular invasion. Upon palpation, no evidence of cancer was 
detected at the surgical margin. The surrounding liver tissue displayed chronic inflammatory changes, with a G2S1 
classification. The Ishak score for inflammation was 4 points, and for fibrosis, it was 2 points. The results of special 
staining for Ag (silver) and PAS (Periodic Acid-Schiff) supported the aforementioned diagnosis. Pathological results 
showed complete response (PCR) as shown in Figure 9. Considering the high risk of recurrence and metastasis following 
the second operation, HAIC combined with TAE consolidation therapy was administered once more, one month after the 
surgery. The patients were subsequently monitored for a period of 18 months. AFP levels remained negative, and there 
was no evidence of recurrence or metastasis upon reexamination through an enhanced CT scan of the upper abdomen.

Discussion
Hepatocellular carcinoma is a leading cause of cancer-related mortality globally, ranking as the third most prevalent 
cancer in men and the seventh most common in women.33,34 The recurrence and metastasis rates of hepatocellular 
carcinoma remain elevated even five years after hepatectomy, posing a significant clinical challenge and closely linked to 
poor patient prognosis. It is widely acknowledged that conversion therapy following a relapse is pivotal in enhancing 
both the quality of life and the survival duration of patients. In recent years, minimally invasive interventional therapies 
have expanded the treatment options for cases of massive HCC where immediate surgical intervention is not feasible. 
Only a limited number of patients can undergo neoadjuvant conversion therapy to stimulate compensatory proliferation 
in the remaining healthy liver tissue, thereby increasing liver reserve capacity and potentially enabling subsequent 
curative surgery. Despite the absence of robust high-level evidence to firmly establish the role of neoadjuvant therapy in 
HCC, the exploration of novel strategies is essential given the high rates of metastasis and postoperative recurrence 
associated with HCC. It’s worth noting that TACE stands as the standard treatment for unresectable HCC.35–37but the 
long-term efficacy of TACE is not satisfactory for patients with tumors>10 cm in diameter, with a disease control rate 

Figure 8 The second hepatectomy specimen. (A and B) show part of liver in segment V and all of segment VI and VII.

Figure 9 The second surgical resection of pathological specimens and histopathological images. (A) The open resected specimen with liver tumor; (B and C) Pathological 
examination of tissue sections; (B) 100×magnification; (C) 400×magnification.
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(DCR) of <50% and a median overall survival (OS) of 6.5–9.1 months.38,39 In recent years, hepatic arterial infusion 
chemotherapy with the FOLFOX regimen has seen rapid advancements, with its therapeutic efficacy gaining recognition. 
In comparison to TACE, HAIC is administered over multiple days, leading to a significantly prolonged local retention 
time of chemotherapy drugs and an enhanced drug concentration within the effective range. According to Gourd40 and 
other clinical data analysis, the OS of patients in FOLFOX-HAIC group was significantly longer than that of patients in 
TACE group (23.10 months vs 16.07 months, P<0.01), the incidence of treatment-related serious adverse events was also 
lower (19% vs 30%, P=0.03), and the proportion of patients in FOLFOX-HAIC group receiving radical surgical resection 
after conversion therapy was also significantly higher (23.8% vs 11.5%, P=0.004). The results of the study further 
confirmed the value of FOLFOX-HAIC as a means of HCC transformation therapy. Although FOLFOX-HAIC has 
obvious advantages over conventional methods as a translational therapy, its overall transformation success rate for 
unresectable HCC is still less than 30%. Although Dr. W Guo’s retrospective study41 from 2015 to 2016 has already 
explored the efficacy of TAE+HAIC, the contribution of this case report lies in the modification of the sequential 
treatment steps by adopting a method of first perfusion and then embolization, using iodized oil as the embolic agent. Our 
rationale is as follows: 1. Embolizing first may potentially occlude tumor peripheral vessels, affecting the subsequent 
penetration of chemotherapy drugs into the tumor, thereby impacting drug efficacy; 2. Embolization after perfusion 
chemotherapy can, on one hand, block the vessels, reducing the possibility of chemotherapy drug reflux, lowering drug 
concentration, and minimizing chemotherapy drug side effects. On the other hand, iodized oil is phagocytosed by tumor 
macrophages, aiding in imaging CT assessment of treatment efficacy, enabling the evaluation of tumor boundaries, and 
diagnosing subfocus, among other benefits. It is these characteristics that make this combination therapy more effective, 
achieving complete tumor pathologic remission, warranting further research with larger sample sizes and animal 
experiments for validation. If the results are indeed significant, it is worth considering further clinical application. 
Performing iodized oil embolization therapy after continuous arterial infusion chemotherapy in patients leverages the 
advantages of arterial infusion chemotherapy to the fullest extent, extending the onset time of high-concentration 
chemotherapy drugs as much as possible, providing a better environment for chemotherapy drugs to target tumor 
cells. Monitoring the levels of AFP and PIVKA-II during the course of salvage therapy is helpful in evaluating the 
efficacy of the HCC system. The assessment of systemic treatment efficacy requires a comprehensive consideration of 
tumor markers and imaging. The trend of tumor markers may not always align with imaging system assessments 
throughout the process, suggesting that a certain period may be needed to achieve a response to transition therapy.

In summary, the customization and integration of our existing treatment strategies into a potent tool for effectively 
eradicating tumors while safeguarding patients is an ongoing subject that demands continuous research and exploration. 
This case demonstrates that the combination of hepatic arterial infusion chemotherapy (HAIC) followed by transcatheter 
arterial embolization (TAE) as preoperative adjuvant therapy for recurrent massive hepatocellular carcinoma is both safe 
and feasible, showcasing effectiveness and potential as a novel approach in liver cancer treatment. However, further 
validation of the efficacy of this treatment approach requires a substantial number of randomized controlled trials in the 
future.

Abbreviations
HAIC, hepatic arterial infusion chemotherapy; TAE, transcatheter arterial embolization; AFP, alpha-fetoprotein; PIVKA- 
II, protein induced by vitamin K absence or antagonist-II; PCR, pathological complete remission; HCC, Hepatocellular 
carcinoma; HBV, hepatitis B virus; AFB1, aflatoxin B1; CT, computed tomography; FOLFOX, fluorouracil combined 
with folic acid and oxaliplatin; OS, overall survival; Ag, silver; PAS, Periodic Acid-Schiff.
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