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Aim: To study the impact of All-trans-retinoic acid (ATRA) plus FOLFOX4 compared to FOLFOX4 alone in patients with advanced
hepatocellular carcinoma (HCC) with pulmonary metastasis.
Methods: The data of patients with advanced HCC who underwent systemic chemotherapy using FOLFOX4 or ATRA plus
FOLFOX4 at the Eastern Hepatobiliary Surgery Hospital, First Hospital of Jilin University, Zhejiang Sian International Hospital
and Fujian Cancer Hospital were retrospectively analyzed. The survival outcomes in the 2 groups were compared.
Results: From May 2014 to July 2020, 66 patients were suitable to enter into this study. The median survival (14.0 vs 8.0 months,
p=0.012), and the median time to progression in the ATRA plus FOLFOX4 group were both significantly longer than those in the
FOLFOX4 group (8.7 vs 3.2 months, p=0.002). The 6 month-, 1 year- and 2 year- overall survival rates were also significantly better
in the ATRA plus FOLFOX4 group (100.0%, 64.7% and 20.5%; respectively) than the FOLFOX4 group (59.4%, 21.9%, and 12.5%,
respectively; p<0.001). Leukocytopenia, fatigue, anorexia, nausea, were the most common acute toxicities, but these were mostly NCI
CTCAE Grade 1 or 2. There was no significant difference in adverse events between the two groups.
Conclusion: ATRAplus FOLFOX4 significantly improved the survival outcomes in patients with advancedHCCwith pulmonarymetastasis.
Keywords: hepatocellular carcinoma, pulmonary metastasis, chemotherapy, ATRA

Introduction
Hepatocellular carcinoma (HCC) is the sixth most common neoplasm and the third most common cause of cancer-related
deaths worldwide.1 The morbidity and mortality rates of HCC ranked fourth and third, respectively, among all malignant
tumors reported in China.2 Due to the unsatisfactory progress in effective strategies for early diagnosis and treatments,
70% to 80% of patients are diagnosed at an advanced stage, which includes extrahepatic metastasis (EHM) according to
the Barcelona Clinic Liver Cancer (BCLC) staging system. The presence of EHM is a major cause of the death of HCC
patients, and the expected median survival time is only 6 to 10 months.3,4 The lung is considered the most favorable
organ for HCC metastatic colonization, accounting for 51% of all EHMs (followed by lymph nodes, bones, and adrenal
glands).5–7 The results from a large-scale population study showed that the 1-year overall survival (OS) was 12.8% in
patients diagnosed with HCC pulmonary metastasis (PM).8
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There are limited data for subgroup analysis in HCC patients with PM; thus, the efficacy of systemic agents is still
unknown. Therefore, there are no specific treatment options for PM other than the recommendations under the guidelines
for advanced HCC. Moreover, it has been reported9,10 that HCC patients with PM could not benefit from sorafenib due to
the high drug resistance rate. Immune-based therapy might be one of the possible ways in the future but lack of enough
evidences.11–13 Further investigation of systemic agents for PM is still urgently needed.

In contrast to the results in other solid cancers, systemic chemotherapy has widely been regarded as ineffective in
HCC. A recent study, known as the EACH Study,14 showed that FOLFOX4 (oxaliplatin plus fluorouracil/leucovorin) had
some effect on selected patients with advanced HCC, although the partial response (PR) rate was only 8.15%.
Chemotherapy combined with other treatments may be one of the ways to solve chemotherapy resistance of
HCC.15,17,18 All-trans retinoic acid (ATRA), a key metabolite of vitamin A, is regarded as the first effective targeted
therapy for acute promyelocytic leukemia (APL), and its effects have rarely been reported in solid cancers.16 Our
previously reported study17,18 showed that all-trans retinoic acid (ATRA) significantly improved the treatment efficacy of
cisplatin on HCC in vivo and in vitro, which could at least partially be attributed to the effect of ATRA-induced
differentiation of HCC tumor-initiating cells with a resultant decrease in the chemo-resistant subpopulation.

Therefore, our study aimed to determine the efficacy and safety of ATRA plus FOLFOX4 compared to FOLOFX4
monotherapy in HCC patients with PM.

Materials and Methods
Patients
Patients with histologically, cytologically, or clinically diagnosed unresectable HCC treated at the Eastern Hepatobiliary
Surgery Hospital (Shanghai, China), First Hospital of Jilin University (Changchun, China), Fujian Cancer Hospital
(Fuzhou, China) and Zhejiang Sian International Hospital (Jiaxing, China) from May 2014 to July 2020 were enrolled in
this study. The inclusion criteria were as follows: patients diagnosed with HCC based on histopathological findings or
from noninvasive assessment according to the American Association for the Study of Liver Diseases criteria for patients
with confirmed cirrhosis and classified as Barcelona Clinic Liver Cancer (BCLC) stage C with pulmonary metastasis that
had at least one measurable lesion; liver functional status of Child–Pugh Grade A; WBC count ≥3.5 ˟109 cells/L,
hemoglobin ≥ 90 g/L, platelet count ≥70 ˟109 cells/L; and life expectancy of ≥12 weeks. The exclusion criteria were
hemorrhagic disorders or active bleeding; sepsis; CHF NYHA class > 2; active CAD or cardiac ischemia; uncontrolled
cardiac arrhythmias even with anti-arrhythmic therapy; and patients who had undergone any anti-HCC therapy within 4
weeks. This study was approved by the Ethics Committee of Eastern Hepatobiliary Surgery Hospital.

Systemic Chemotherapy
In the control group, only FOLFOX4 (oxaliplatin or OXA at 85 mg/m2 intravenously [IV] on Day 1, leucovorin (LV) at
200 mg/m2 IV from hour 0 to 4 on Day 1, and 5-fluorouracil (5-FU) at 400 mg/m2 IV bolus at hour 4, followed by
600 mg/m2 over 40 hours on Days 1 and 2, once every two weeks) was given. In the ATRA plus FOLFOX4 (ATFOX)
group, the treatment regimen consisted of oral administration of 20 mg ATRA 3 times/day for 3 days prior to initiation of
FOLFOX4. ATRAwas discontinued at the end of FOLFOX4. All doses of the medications were calculated in milligrams
of each drug per square meter of body surface area (BSA) as measured at baseline (mg/m2). BSA was recalculated when
the body weight changed by 5%.

Evaluation and Follow-Up
All patients were evaluated after chemotherapy and then followed-up. Abdominal ultrasound (USG), chest X-ray, liver
function tests, and analysis of alpha fetoprotein (AFP) levels were carried out at each of the follow-up visits and every
month thereafter. Chest computed tomography (CT) was carried out once every 2 months. If the diseases progressed, any
available effective treatment was administered, and if liver failure or massive ascites occurred, the best supportive care
was given. Overall survival (OS) was defined as the interval between the date of start of chemotherapy and the date of
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death. Time to progression (TTP) was defined as the interval between the date of start of chemotherapy and the date of
tumor progression. The response was determined by an independent radiologist using modified RECIST (mRECIST).

Drug toxicities were assessed by vital signs, physical examination, electrocardiogram, echo, clinical laboratory tests
and special medical imaging (chest X-ray, CT, MRI, bone scan). All adverse events were evaluated according to the NCI
CTCAE (Version 4.0).

Statistical Analysis
Continuous variables are expressed as medians (range) and were compared using the unpaired t test. The v2 test was used
for categorical data, including treatment-related morbidity. The survival curves for the two groups were generated by the
Kaplan–Meier method and calculated by the log rank test. A p value<0.05 was considered to be statistically significant.
Statistical analyses were performed using SPSS 16.0 software.

Results
Patient Characteristics
From May 2014 to July 2020, 66 HCC patients with PM were enrolled in this study. All patients had Child-Pugh A liver
function and an Eastern Cooperative Oncology Group performance status of 0 or 1. There were 54 males and 12 females.
The median age was 51.5 years (range 25–71 years). Chronic hepatitis B virus infection was the predominant cause of
underlying liver diseases (n =58, 87.9%). The median cycle of chemotherapy was 4.5 (range 1–12 cycles). There were 34
patients who received ATRA plus FOLFOX4 and 32 with FOLFOX4 only. Their baseline characteristics are summarized
in Table 1. The median follow-up was 24 months (range 6–74 months).

Survival
The median OS was 8.0 months and 14.0 months for the FOLFOX4 group and the ATRA+ FOLFOX4 group,
respectively (p<0.001). The corresponding 6-month, 1-year, 2-year and 3-year survival rates were 59.40%, 21.90%,
12.50%, and 9.4% and 100%, 64.7%, 20.5%, and 14.7%, respectively (Figure 1). The median TTP was 3.2 months and
8.7 months for the FOLFOX4 group and the ATRA+ FOLFOX4 group, respectively (p<0.001). The corresponding
6-month, 1-year, 2-year and 3-year TTP rates were 15.6%, 9.4%, 0.0%, and 0.0% and 44.1%, 26.5%, 8.8%, and 8.8%,
respectively (Figure 2).

Univariate analysis showed that ATRA (p = 0.018), CLIP score (p=0.029), total bilirubin (p=0.019) and HBV-DNA
level (p = 0.009) were independent prognostic factors of OS, whereas multivariate analysis showed that only ATRA (p =
0.020) was an independent prognostic factor of OS.

The response rate (RR) of the ATRA+ FOLFOX4 group was 29.4%, including 3 patients with complete remission
(CR), and the disease control rate (DCR) was 58.8%. The RR of the FOLFOX4 group was 9.4%, including no patients
with CR, and the DCR was 25.0% (Table 2).

Adverse Events
Table 3 summarizes the toxicities of NCI CTCAE grades 3–4 for the two groups of patients. Headache occurred in 4 patients
in the combined group (NCI CTCAE Grade 1/2), and NSAIDs were effective. Leukocytopenia, anorexia, nausea/vomiting
and fatigue were the most common acute toxicities in both groups, but these were mostly NCI CTCAE grade 1 or 2. Nine
patients (26.5%) in the FOLFOX4 group and 9 patients (28.1%) in the FOLFOX4 group developed NCI CTCAE grade 3–4
leukocytopenia. All the patients suffering leukocytopenia recovered after chemotherapy. One patient in the FOLFOX4 group
suffered NCI CTCAE grade 3 ALT elevation. No treatment-related deaths were observed in this study.

Discussion
In HCC patients with PM, ATRA plus FOLFOX4 showed more benefits than FOLFOX4 alone, resulting in significantly
longer OS and ORR. There were 3 cases with CR (8.8%) in the combined treatment group but none in the control group.
The combined therapy did not cause more adverse events than FOLFOX4 alone.
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Table 1 The Clinicopathological Features of All Patients (n =66)

Variables FOLFOX
(n=32)

ATRA+FOLFOX
(n=34)

P value

Age 0.339

≤50 17 22

>50 15 12
Sex 0.450

Male 25 29

Female 7 5
HBsAg 0.265

Negative 2 5
Positive 30 29

α-Fetoprotein 0.464

≤400 15 19
>400 17 15

ALT 0.923

≤44 22 23
>44 10 11

TB 0.321

>17.1 8 5
≤17.1 24 29

PLT 0.246

≥100 28 26
<100 4 8

WBC 0.510

≥4000 24 23
<4000 8 11

Hepatic tumor

diameter

0.087

>5 16 10

≤5 16 24

Hepatic tumor
number

0.336

>3 16 13

≤3 16 21
Lung metastasis

number

0.397

>3 27 31
≤3 5 3

HBV-DNA 0.136

Positive 13 8
Negtive 19 26

CLIP score 0.085

<2 17 25
≥2 15 9

Okuda stage 0.670

I 23 26
II 9 8

Abbreviations: ATRA, all-trans-retinoic acid; FOLFOX4, infusional fluorouracil, leu-
covorin, and oxaliplatin; HBsAg, hepatitis B surface antigen; ALT, alanine aminotransfer-
ase; TB, total bilirubin; PLT, platelet; HBV-DNA, Hepatitis B virus DNA.
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Successful treatment of pulmonary metastases is beneficial to HCC patients with PM,19 but there are no standard
treatments for these patients. According to the BCLC staging system, HCC with PM is classified as an advanced stage
(BCLC C), and sorafenib/lenvatinib is recommended as the first-line treatment. However, several studies9,10 have
revealed that PM could not benefit from sorafenib due to the high rate of drug resistance. A recent single-arm study20

reported the effects of apatinib on HCC patients with PM. For the 41 patients with lung metastasis, the median mPFS was
5 months, with an mOR rate (mORR) of 22.0% (9/41). Local control of PM, such as pulmonary metastasectomy (PMT),

Figure 1 Kaplan–Meier curve of overall survival in the two groups.

Figure 2 Kaplan–Meier curve of disease-free survival in the two groups.
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might result in better survival, but it is not suitable for multifocal lesions (>3), which account for the majority of PMs.21

Additionally, patients who receive PMT are at high risk of recurrence. Therefore, the development of systemic therapy
for this subgroup of patients is urgently needed.

Chemotherapy for HCC is considered ineffective. With constant progress in chemotherapeutic drugs, this treatment
can now be used for advanced HCC. FOLFOX4 has been approved by the National Medical Products Administration
(NMPA) for the treatment of advanced HCC,22 although the effect is not satisfactory. In the EACH study,14 the PR rate of
FOLFOX4 was only 8.15%, and there were no patients with CR. Chemoresistance is still the leading cause of treatment
failure and the most urgent problem to be solved to improve the efficacy of systemic chemotherapy in HCC.

Increasing evidence has shown that liver cancer stem cells (LCSCs) to be responsible for the failure of
chemotherapy.23 Although systemic chemotherapy can kill a majority of HCC cells, it may ultimately fail because it
does not eliminate LCSCs, which survive to regenerate new HCCs. Many LCSC phenotypes24–29 have been reported to
be related to chemoresistance in HCC, including CD133+, ALDH, CD13, EPCAM, OV6 and ICAM-1. Thus, specific
therapies targeting LCSCs might enhance the effect of chemotherapy.

ATRA is an active natural metabolite of vitamin A that regulates various biological processes. This metabolite has
also been shown to exert antitumor properties. ATRA could simultaneously block multiple Pin1-regulated cancer-driving
pathways in acute promyelocytic leukemia (APL), breast cancer and melanoma,16,30 which is an attractive property for
treating aggressive and drug-resistant tumors. In addition, a series of previous studies17,18 by our research group revealed
that ATRA therapy promoted the effect of chemotherapy by inducing the differentiation of LCSCs via the TSC2/AKT
pathway. Hence, ATRA and chemotherapy have different mechanisms of action, supporting their augmented activity

Table 2 Disease Response of the Two Groups of Patients

Parameter ATRA+FOLFOX4(n=34) FOLFOX4(n=32) P

No. % No. %

RR† 10 29.4% 3 9.4% 0.041

DCR‡ 20 58.8% 8 25.0% 0.005
CR 3 8.8% 0 0 0.085

PD 14 41.2% 24 75.0% 0.005

Notes: †Defined as complete response (CR), plus partial response (PR). ‡Defined as omplete response (CR),
plus partial response (PR), plus stable disease (SD).
Abbreviations: ATRA, all-trans-retinoic acid; CR, complete response; DCR, disease control rate;
FOLFOX4, infusional fluorouracil, leucovorin, and oxaliplatin; PD, progressive disease; RR, response rate.

Table 3 Adverse Events of Patients with Advanced HCCWho
Underwent Chemotherapy

Adverse Event No.ofPatientswithCTCAEGrade3/4(n)

FOLFOX4 ATRA+FOLFOX

Headache – –
Fatigue – –

Nausea 2 2

Vomit 2 1
Diarrhea – –

Thrombocytopenia – –

Leukocytopenia 9 9
ALT increase 1 –

Bilirubin increase – –

Hypoalbuminemia – –

Abbreviations: ATRA, all-trans-retinoic acid; FOLFOX4, infusional fluorouracil,
leucovorin, and oxaliplatin.
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when administered together. In this study, the response rate of 29.4% for this combination in patients with PM was very
encouraging and was higher than that reported in previous literature. Drug resistance is also an important reason for the
failure of targeted therapy and immunotherapy, our study might offer a possible solution for such situations. In the case
of combination therapy has become the trend now as the effectiveness of mono-therapy has reached a bottleneck. The
combination of ATRA with targeted therapy or immunotherapy is our next research focus.

After comparing the incidence of adverse events (AEs) between the two groups, we found that ATRA did not
significantly increase the incidence of AEs. Headache is a specific side effect of ATRA, but there were no grade 3/4
patients, and no patients required a dose reduction in the combined group. Leukocytopenia and gastrointestinal AEs were
the most common AEs in the two groups and could recover without treatment after chemotherapy.

This study also has some limitations. Firstly, the sample size of our study was small due to difficulties in enrollment.
But the study contains patients from 4 different centers and the results are somewhat representative. Secondly, the
retrospective design determines that the study might have some bias, but we have balanced the baseline of the two groups
as much as possible. Moreover, we cannot assess the impact of chemotherapy on the quality of life (QOL) of these
patients. Thirdly, concomitant therapies were inevitable for the retrospective study. Further studies with larger sample
sizes and randomized control groups are required to validate the efficacy and safety of ATRA plus FOLFOX4 in the
treatment of HCC patients with PM.

In conclusion, combined therapy with ATRA/FOLFOX4 was more effective than FOLFOX4 alone in the treatment of
HCC patients with PM. Combined treatment could be given without severe adverse side effects.
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