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Abstract
Background: Patients with advanced hepatocellular carcinoma (HCC) who received 
second line sorafenib plus doxorubicin following disease progression on sorafenib 
were shown retrospectively to have improved progression free survival (PFS) and 
overall survival (OS). Sorafenib plus doxorubicin combination may synergistically 
promote ASK-1 mediated apoptosis in cancer cells through RAF-1 inhibition. Thus, 
we conducted this phase II study of sorafenib and doxorubicin combination follow-
ing progression on sorafenib.
Methods: Patients with histologically confirmed advanced HCC, confirmed radi-
ologic progression on sorafenib, Karnofsky performance status (KPS) ≥70%, and 
Child-Pugh A liver cirrhosis were eligible. Patients received sorafenib 400 mg twice 
daily and doxorubicin 60  mg/m2 once every 3-weeks. The primary endpoint was 
OS at 6  months (OS6). Secondary endpoints included safety, PFS, OS, response 
rate (RR) by RECIST 1.1. Additional endpoints included baseline and on-treatment 
tumor ASK-1 and pERK expression levels by immunohistochemistry (IHC) and the 
correlation with PFS, RR, and OS.
Results: Thirty patients were enrolled in the study, 86% were male, median age 
was 64 years. OS6 was 76.6% (95%CI: 57.2%-88.1%). Median OS was 8.6 (95%CI: 
7.3-12) months, and median PFS reached 3.9 (95%CI: 2.4-4.6) months. Three (11%) 
partial responses were observed and 17 patients (61%) had stable disease. Pertinent 
grade 3-4 adverse events that occurred in more than 10% of patients included neu-
tropenia (16%), febrile neutropenia (10%), anemia (10%), thrombocytopenia (10%), 
elevated AST (23%) and ALT (10%), hypophosphatemia (10%), and fatigue (10%). 
No association with the difference in baseline and post-treatment ASK-1 and pERK 
level of expression by IHC and survival outcomes was detected.

www.wileyonlinelibrary.com/journal/cam4
https://orcid.org/0000-0002-7029-4310
https://orcid.org/0000-0002-8076-9199
mailto:
https://orcid.org/0000-0002-1522-8054
http://creativecommons.org/licenses/by/4.0/
mailto:abou-alg@mskcc.org


7454 |   EL DIKA Et AL.

1 |  INTRODUCTION

At the time of this study conception and initiation, there 
was an imminent need for the identification of second 
line therapies in patients with advanced hepatocellular 
carcinoma (HCC). The combination of doxorubicin and 
sorafenib was initially evaluated as first line therapy in a 
multinational, phase II, randomized, double-blind study. In 
this study, 96 patients with advanced HCC were random-
ized to doxorubicin plus sorafenib, and doxorubicin plus 
placebo, as sorafenib was not yet a proven standard of care.1 
Median OS was 13.7 months (95% CI, 8.9--not reached) for 
the doxorubicin sorafenib and 6.5  months (95% CI, 4.5-
9.9; P  =  .006) for doxorubicin alone. PFS was improved 
from 2.7 months (95% CI, 1.4-2.8) to 6 months (95% CI, 
4.6-8.6) in the combination arm (P = .006). Given the fa-
vorable outcomes observed in the initial prospective phase 
II study, a retrospective analysis of 14 patients with HCC 
who received sorafenib and doxorubicin after progression 
on sorafenib demonstrated potential clinical activity. Five 
patients (36%) had stable disease (SD) for longer than 
4 months duration. Median PFS was 3.4 months (95% CI 
2.30-8.36), and OS was 10.1 months (95% CI 4.34-11.45).2 
Based on the above, a national multicenter phase III ran-
domized study of sorafenib vs sorafenib and doxorubicin in 
untreated patients with HCC (CALGB 80 802) followed.3 
CALGB 80 802 was not reported at the time of this study 
conception. Ultimately, of 356 patients accrued on the 
study, the median OS was 9.3 months (95%CI 7.1-12.9) for 
sorafenib and doxorubicin, and 10.5 months (95% CI 7.4-
14.3) for sorafenib monotherapy, hazard ratio (HR) 1.06 
(95% CI 0.8-1.4). Median PFS was 3.6 (95% CI 2.8-4.6) 
and 3.2 months (95% CI 2.3-4.1) respectively (HR = 0.90, 
95% CI 0.72-1.2). The addition of doxorubicin to sorafenib 
was associated with high toxicity and no improvement in 
OS or PFS outcomes.3,4

Preclinical studies have shown that anthracycline 
cytotoxicity is mediated by the pro-apoptotic apopto-
sis signal-regulating kinase 1 (ASK-1), one of the major 
MAP3Ks.5 Raf-1 binds to and neutralizes ASK1, which is 
required for endothelial cells apoptosis and chemother-
apy cytotoxic effect, preventing the cells from undergo-
ing apoptosis. Sorafenib inhibits Raf-1 which is expected 
to increase ASK1 and tumor cells chemosensitivity to 

doxorubicin. This might elucidate a potential synergistic 
effect of both drugs.

Immunohistochemical study analysis of HCC tumors have 
demonstrated that mitogen-activated protein kinase (MAPK) 
kinase/extracellular signal regulated kinase (MEK/ERK) sig-
nal transduction pathway has a significant role in the patho-
genesis of HCC.6 In the phase II study of sorafenib for HCC,7 
tumor cell staining for phosphorylated ERK (pERK) was cor-
related with time to disease progression. Patients with higher 
tumor cell pERK immunostaining intensity demonstrated 
a longer median time to progression (P = .00034, n = 15). 
These results suggested that higher expression levels of pERK 
at baseline was predictive of response to sorafenib therapy.

Thirdly, in vitro studies have shown that sorafenib appears 
to decrease the expression of multidrug resistance (MDR) 
protein gene, which leads to re-sensitizing cells to certain 
chemotherapy such as gemcitabine and doxorubicin.8

Our study aimed to explore this potential synergy between 
sorafenib and doxorubicin. We also worked on characterizing 
the pERK and ASK-1 expression levels and immunostaining 
profiles in tumor samples obtained pre- and post-treatment.

2 |  METHODS

This study was approved by the institutional review boards at 
Memorial Sloan Kettering Cancer Center and was registered 
at ClinicalTrials.gov (NCT 01840592). Written informed 
consent was obtained from all patients.

2.1 | Patients

Patients 18 year of age or older diagnosed with histologically 
confirmed HCC were eligible. Eligible patients must have 
confirmed RECIST 1.1 radiologic progression on sorafenib, 
Eastern Cooperative Oncology Group (ECOG) performance 
status of 0 or 1 or KPS ≥ 70%, at most Child-Pugh A liver 
cirrhosis, and adequate hematological, hepatic, cardiac, and 
renal function. Prior local therapies such as radiation or em-
bolization were allowed except for doxorubicin drug eluting 
beads trans-arterial chemo-embolization, in fear of systemic 
release of doxorubicin and lack of understanding how to ac-
count of such exposure to cumulative lifetime exposure to 

Conclusion: Sorafenib plus doxorubicin following progression on sorafenib did not 
show any improved outcome. We do not recommend further development or use of 
this combination in HCC.
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doxorubicin. Patients with HBV or HCV infection were con-
tinued on antiviral therapy except for interferon.

2.2 | Trial design

This was a nonrandomized, open label, single institution 
phase II study. Patients received sorafenib at 400 mg twice 
a day and doxorubicin 60  mg/m2 on first day of 3-week 
cycle. Doses were adjusted according to baseline hepatic 
and renal function. For bilirubin up to 1.2  mg/dL within 
one week from Day 1 of Cycle 1 of therapy, patients re-
ceived sorafenib at standard dose of 400  mg orally twice 
daily, or last tolerated dose from previous sorafenib based 
therapy, and doxorubicin 60  mg/m2 intravenously on Day 
1 of each 3-week cycle. For patients with bilirubin between 
1.3 and 3  mg/dL within one week from start of therapy, 
sorafenib was administered at 400 mg orally once daily, or 
last tolerated dose from previous sorafenib based therapy, 
and doxorubicin 30  mg/m2 IV on first day of each cycle. 
Doxorubicin was administered for a maximum cumulative 
dose of 360 mg/m2. In circumstances of continued benefit 
and continued normal ejection fraction (≥50%) prior to each 
additional dose of doxorubicin, doxorubicin was allowed up 
to 450 mg/m2, followed by sorafenib given as a single agent. 
Treatment was continued until clinical or radiological dis-
ease progression, development of unacceptable toxicity, or 
withdrawal of content. A multigated acquisition (MUGA) 
scan or echocardiogram was performed every three cy-
cles, up to the maximum cumulative dose of 360 mg/m2 of 
doxorubicin, then before every cycle thereafter up to the 
maximum total cumulative dose of 450 mg/m2. Continued 
normal ejection fraction (≥50%) was required before each 
additional dose of doxorubicin above 360 mg/m2.

2.3 | Endpoints and assessments

Cross-sectional imaging was obtained every three cy-
cles. Responses were documented by Response Evaluation 
Criteria in Solid Tumors  version 1.1 (RECIST 1.1).9 The 
primary endpoint was OS at 6 months. Secondary endpoints 
included PFS, OS, response rate by RECIST 1.1, and associa-
tions between duration of exposure to first line sorafenib and 
OS and PFS.

2.4 | Correlative endpoints

Baseline and post-treatment biopsy tissue samples were ob-
tained and examined for correlative studies evaluating pERK 
and ASK-1 expression levels in tumor tissue. Post-treatment 
biopsy was obtained after three cycles of treatment. The 

intensity of IHC staining (0+-3+) and the percent of tumor 
cells staining (0%-100%) for nuclear pERK IHC expression 
and cytoplasmic ASK1 IHC expression were recorded by the 
study independent pathologist. A Histo (H) score which takes 
into account the intensity of staining and the percentage of 
tumor cells within the examined specimen, was generated for 
each stain.10

2.5 | Statistical design

Simon's two-stage minimax design was utilized with an un-
acceptable OS6 of 50%, an acceptable OS6 of 72%, a type I 
error of 5%, and type II error of 20%. Initially, 15 patients 
were to be enrolled in the first study stage. If seven or less 
patients are alive at 6 months, the trial was to be terminated, 
and if eight or more patients were alive at 6 months, an addi-
tional 15 patients were to be accrued for a total of 30 partici-
pants. If 20 or more of the 30 patients were alive at 6 months 
of treatment, then further investigation with a larger number 
of patients would be warranted. All evaluations were based 
on an intent-to-treat analysis. Patients who were removed 
from study were monitored for survival, unless consent for 
continued follow-up was withdrawn. PFS was calculated 
from study entry to documented disease progression or death 
from any cause, whichever occurred first. OS was calculated 
from study entry to death or last follow-up. PFS and OS were 
estimated using the Kaplan-Meier methodology. The docu-
mented response rate and exact 95% confidence intervals 
(CI) were calculated. Toxicity rate was reported by category 
and grade of severity according to the NCI common toxicity 
criteria version 3.11 Among patients with pre- and post-bi-
opsy tissues available for analysis, the difference in the mean 
distributions of pERK and ASK-1 expression scores were 
evaluated using signed-rank test.12,13 The association with 
the change of pERK and ASK-1 expression levels with OS 
and PFS was performed using a landmark survival analysis14 
with 9  weeks from treatment as a landmark time. Patients 
with follow-up less than 9  weeks were excluded from the 
landmark analysis. All statistical analyses were performed 
using SAS Version 9.4 (SAS Institute, INC.). All P-values 
were two-sided. P-values of < .05 were considered to indi-
cate statistical significance.

3 |  RESULTS

3.1 | Demographics

Thirty patients were enrolled during the period between 
April 2013 and June 2016. The majority of patients were 
male (86%) and the median age was 64  years (range 24-
82). Most patients had extrahepatic metastasis (86%), and 
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50% of patients had elevated alpha-fetoprotein (AFP) level 
exceeding 400  ng/mL. Baseline demographics and clinical 
characteristics are summarized in Table 1. Median doses of 
doxorubicin and sorafenib received on study were 94 and 
380 mg respectively.

3.2 | Outcomes

At the time of study analysis, median follow-up among 
survivors was 40.2 [range: 28-57] months. Twenty-three 
patients were alive at 6  months, OS6 was 77% [95% (CI): 
57.2%-88.1%]. Median OS was 8.6 [95% CI: 7.3-12] months 
(Figure  1), and PFS was 3.9 [95%CI: 2.5-4.6] months 
(Figure 2). There were 3 (10.7% [95%CI: 2.2%-28.2%]) par-
tial responses and 17 (60.7% [95%CI: 40.5%-78.4%) stable 
disease per RECIST1.1 (Figure 3) of 28 evaluable patients. 
Median duration of previous single agent sorafenib treat-
ment was 3.3 [range: 0.9-27] months. Comparing one patient 
who was treated 1 month longer on first line sorafenib to an-
other, no association of either OS [HR 0.92 95%CI: 0.83-
1.02, P = .11] or PFS [HR 0.94 95%CI: 0.87-1.02, P = .15] 

with 1 month increase of duration of exposure to first line 
sorafenib was detected.

3.3 | Correlatives

Baseline pERK expression was positive in 9 of 13 cases as 
determined by IHC. Intensity was labeled as 0 (n = 4), 1+ 
(n = 2), 2+ (n = 2), and 3+ (n = 5). Post-treatment pERK 
staining was positive in 9 of the 11 examined specimens. 
Intensity was 2+ (n  =  1), and 3+ (n  =  8). Baseline ASK1 
staining was evaluable in 13 samples, intensity was 0 (n = 6), 
1+ (n = 5), and 2+ (n = 2). Post-treatment ASK1 intensity 
was 0 (n = 4), 1+ (n = 3), and 2+ (n = 4) in 11 evaluable 
samples. Matched pre- and post-treatment tumor biopsies 
from 11 patients were available for the preplanned correla-
tive analysis. We used Histo (H) score to take into considera-
tion the percentage of tumor cells in the studied specimen. 
There was no difference in the distributions of pERK and 
ASK-1 before and after treatment (Table 2). In addition, there 

T A B L E  1  Patients characteristics

N (%)

Median age (range) 65 (24-82)

Male 26 (87%)

Female 4 (13%)

White 20 (66%)

Asian 6 (20%)

N/A 4 (13%)

KPS 70 2 (7%)

80 26 (86%)

90 2 (7%)

Child Pugh score A 30 (100%)

B 0

Locally advanced 8 (27%)

Metastatic 22 (73%)

Extrahepatic Disease 26 (86%)

Portal Vein Invasion Yes 10 (24%)

No 20 (66%)

AFP < 400 ng/mL 15 (50%)

≥400 ng/mL 15 (50%)

Hepatitis B 4 (13%)

Hepatitis C 9 (30%)

Hepatitis B & C 3 (10%)

NAFLD 8 (26%)

Alcoholic Cirrhosis 2 (6%)

None 4 (13%)

F I G U R E  1  Overall survival

F I G U R E  2  Progression free survival
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was no significant association between changes with pERK 
and ASK-1 markers and survival outcomes.

3.4 | Adverse events

All grade adverse events are detailed in Table 3. Pertinent 
grade 3-4 adverse events occurring in more than 10% of 
patients included neutropenia (16%), fever and neutropenia 
(10%), anemia (10%), thrombocytopenia (10%), elevated 
AST (23%), elevated ALT (10%), hypophosphatemia (10%), 
and fatigue (13%). Two patients (6%) developed grade 2 de-
crease in left ventricular ejection fraction, and 1 (3%) patient 
developed grade 2 myocarditis. There were no deaths attrib-
uted to study treatment.

4 |  DISCUSSION

The addition of doxorubicin to sorafenib therapy after dis-
ease progression using front-line sorafenib in patients in need 
for systemic therapy for HCC demonstrated an OS6 of 76.6% 
(95%CI: 57.2%-88.1%). While we may claim that we met 
the prespecified threshold of activity, median OS and PFS 
were limited to 8.6 (95% CI: 7.3-12) and 3.6 (95%CI: 2.4-
4.4) months respectively. This study was developed prior to 

the advent of all new systemic therapies in the second line 
setting,15-19 and in retrospect the combination fared worse 
compared to historical controls where OS in second line set-
ting ranges around 9 months, in addition to the notable toxic-
ity.20 The three patients with radiographic partial responses 
(RECIST 1.1) on the study are intriguing. One may wonder 
if these responses might be attributed to the doxorubicin 
and sorafenib combination or to the antiangiogenic effect of 

F I G U R E  3  Response rates per RECIST 1.1
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T A B L E  2  Difference between pre- and post-treatment p-ERK and 
ASK1 stains

Pre-
treatment
H-score 
[Mean 
(SD)]

Post-
treatment
H- score 
[Mean 
(SD)] Difference

P-
value

Difference 
(post-pre)-
pERK score

0.17 (0.24) 0.54 (0.64) 0.34 .15

Difference 
(post-pre) 
ASK Score

0.23 (0.34) 0.49 (0.55) 0.19 .35

T A B L E  3  Adverse events

Table 2: Adverse 
events

All 
Grades

G3,4, any 
relationship

G3,4, 
related

General

Fatigue 28 (93%) 6 (20%) 4 (13%)

Nausea 20 (67%) 2 (7%) 2 (7%)

Anorexia 16 (53%) 0 (0%) 0 (0%)

Diarrhea 16 (53%) 2 (7%) 2 (7%)

Vomiting 10 (33%) 1 (3%) 1 (3%)

Mucositis 10 (33%) 2 (7%) 1 (3%)

Colitis 2 (7%) 0 (0%) 0 (0%)

Weight loss 9 (30%) 0 (0%) 0 (0%)

Edema 16 (53%) 2 (7%) 0 (0%)

Alopecia 12 (40%) 0 (0%) 0 (0%)

Palmar-plantar 
erythrodysesthesia

10 (33%) 2 (7%) 2 (7%)

Confusion 5 (17%) 0 (0%) 0 (0%)

Hematological

Neutropenia 10 (33%) 7 (23%) 7 (23%)

Febrile neutropenia 3 (10%) 3 (10%) 2 (7%)

Thrombocytopenia 24 (80%) 4 (13%) 4 (13%)

Anemia 7 (23%) 4 (13%) 3 (10%)

Increased INR 17 (57%) 1 (3%) 0 (0%)

Liver

AST elevation 30 (100%) 9 (30%) 3 (10%)

ALK PHOS 
elevation

24 (80%) 1 (3%) 1 (3%)

ALT elevation 21 (70%) 3 (10%) 3 (10%)

Bilirubin elevation 15 (50%) 6 (20%) 1 (3%)

Low albumin 28 (93%) 0 (0%) 0 (0%)

Cardiac

Decrease in LVEF 2 (6%) 0 0

Chest 
pain(myocarditis)

1 (3%) 0 0

Other

Creatinine 5 (17%) 0 (0%) 0 (0%)

Ascites 10 (33%) 1 (3%) 0 (0%)

Increased lipase 16 (53%) 4 (13%) 2 (7%)

Increased amylase 8 (27%) 1 (3%) 0 (0%)

Hyperglycemia 29 (97%) 2 (7%) 0 (0%)
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sorafenib after a brief interruption. Regardless we do not en-
vision or support the use or to further evaluate the combina-
tion of sorafenib and doxorubicin.

RAF-1 binds to ASK1 and may prevent apoptosis. 
Sorafenib, by inhibiting RAF-1 pathway, could promote 
apoptosis and sensitize HCC tumor cells to doxorubicin. 
This hypothesis was tested through the study correlatives 
herein. The baseline and on-treatment tumor tissue stain-
ing for pERK and ASK1 failed to confirm this hypothesis. 
There was no significant change in the biomarker expres-
sion after treatment with the combination or correlation 
between level of ASK-1 and pERK expression with clinical 
outcomes. It was speculated that adding doxorubicin to 
sorafenib would induce response by promoting apoptosis, 
however, there was no increase in ASK1 marker of apop-
tosis5 after treatment to support this theory. Furthermore, 
longer exposure to sorafenib as determined by duration 
of sorafenib as first line is anticipated to cause more pro-
found RAF-1 inhibition and increase the response to the 
combination, which was not demonstrated based on cor-
relation of OS and PFS to duration of sorafenib, HR of 
0.92 and 0.94 respectively. In our study, pERK levels did 
not correlate with response to treatment with sorafenib 
and doxorubicin, as previously shown with sorafenib 
alone.7

The study is limited by the small sample size, nonran-
domized and open-label design and the number of patients 
who declined post-treatment biopsy. This did not permit any 
subgroup analysis based on any demographics. Tumor bi-
opsy was suboptimal for evaluation in some cases due to low 
tumor content and low cellularity.

Doxorubicin, based on this study and recently reported 
CALGB 80802,4 proved to have limited activity in HCC. The 
current landscape of HCC treatment has shifted from cyto-
toxic chemotherapy to tyrosine kinase inhibitors15,16,21,22 and 
checkpoint inhibitor therapy,17,18 both providing positive out-
comes as single agents or in combinations.
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