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LESSONS LEARNED

• Recruitment of patients with advanced hepatocellular carcinoma and Child-Pugh B for sorafenib treatment and additional
pharmacokinetic studies is challenging.

• Patients with Child-Pugh B liver cirrhosis have high rates of cirrhosis-related adverse events.

ABSTRACT

Background. Few data are available on the pharmacokinet-
ics (PK) of sorafenib in patients with advanced hepatocellu-
lar carcinoma (HCC) and Child-Pugh B liver cirrhosis. This
study aimed to explore the sorafenib PK and its relationship
with efficacy and toxicity in these patients.
Methods. Patients with advanced HCC and Child-Pugh B7-8
liver function were prospectively recruited at a tertiary center.
Adverse events (AEs), progression-free survival (PFS), and over-
all survival (OS) were recorded. Patients received a starting dose
of 200 b.i.d. with toxicity-adjusted dose escalation to a target
dose of 400mg b.i.d.with PK sampling at fixed time points.
Results. Between May 2014 and March 2017, 12 patients
were screened, of whom 7 progressed to a terminal stage
during the screening (n = 6) or shortly after recruitment
(n = 1). The five included patients had median PFS of
3.8 months (range, 1.7–10.8) and OS of 7.4 months (range,
1.7–25.8). Three patients had severe AEs and one patient
had a partial response with an OS of 25.8 months. In 2017,
the trial was aborted for lack of accrual.
Conclusion. Because of low accrual, no conclusion can be
drawn on the sorafenib PK in patients with advanced HCC
and Child-Pugh B liver cirrhosis. The poor survival and fre-
quent cirrhosis-related AEs suggest limited benefit for most
of these patients. The Oncologist 2020;25:e1274–e1279

DISCUSSION

Sorafenib, a tyrosine kinase inhibitor, is recommended for
patients with advanced hepatocellular carcinoma (HCC)
and Child-Pugh class A liver function [1–3]. Nonetheless,
real-life studies showed that sorafenib is still commonly
(12%–44%) prescribed to patients with Child-Pugh B
liver function [4–14]. Sorafenib undergoes hepatic metabo-
lism and biliary excretion, which could potentially be
influenced by concomitant liver cirrhosis [15]. Prior studies
analyzing the association between hepatic impairment and
sorafenib’s pharmacokinetics (PK) had small Child-Pugh B
subgroups (n < 20) [16–19]. The present study aimed to
prospectively recruit 45 patients to study sorafenib PK
parameters and identify potential predictors for sorafenib
exposure (i.e., bilirubin, CYP3A4 activity) and its relation-
ship with toxicity, progression-free survival (PFS), and over-
all survival (OS).

Patients with advanced HCC, an Eastern Cooperative
Oncology Group performance status (ECOG PS) 0–2, and a
Child-Pugh score of B7 or 8 were recruited at a large refer-
ral center. Patients received a starting dose of 200 b.i.d.
with ramp-dosing to a target dose of 400 mg b.i.d. with PK
sampling at fixed time points [20].
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Despite extensive accrual efforts for almost 3 years
(May 2014 to March 2017), our study had to be terminated
prematurely after inclusion of 5 patients. Foremost, there
were competing studies also recruiting patients with Child-
Pugh B7 (i.e., SORAMIC trial and STOP-HCC trials [21, 22]),
which were prioritized by patients and physicians. The
accrual was further hampered by a rapidly deteriorating
liver function (Child-Pugh ≥B9) or clinical condition (ECOG
PS ≥3) in 7 of 12 (58%) screened patients who had a median
OS of 2.5 months (range 0.5–5.7 months). Six of these
patients progressed to a terminal stage during the screen-
ing period, whereas one patient had a variceal bleeding and
progressive ascites 5 days after starting sorafenib. The
patient characteristics are summarized in Table 1.

Unfortunately, this incomplete study is limited in draw-
ing definitive conclusions on the impact of Child-Pugh B
liver function on sorafenib PK, efficacy, and safety. This is
the second study in patients with Child-Pugh B patients
treated with sorafenib that had to be terminated due to
slow enrollment [23]. This reflects the difficulty in recruiting
and treating these patients, mainly due to the higher risk of
cirrhosis-related adverse events.

Table 1. Patient characteristics

Characteristic Number

Gender

Male 5

Female 0

Age, years, median (range) 69 (63–79)

HCC etiology

Alcohol 5

Other 0

ECOG performance status

0 1

1 4

Child-Pugh classification

B7 4

B8 1

BCLC stage

Intermediate stage (BCLC-B) 1

Advanced stage (BCLC-C) 4

Received prior treatment

No 4

Yes: TACE 1

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern
Cooperative Oncology Group; HCC, hepatocellular carcinoma; TACE,
transarterial chemoembolization.

TRIAL INFORMATION

Disease Hepatocellular carcinoma

Stage of Disease/Treatment Advanced/palliative

Prior Therapy No designated number of treatments

Type of Study – 1 Phase II

Type of Study – 2 Single arm

Primary Endpoint Sorafenib exposure

Secondary Endpoint Toxicity/adverse events

Secondary Endpoint Progression-free survival

Secondary Endpoint Overall survival

Additional Details of Endpoints or Study Design

The main endpoint was sorafenib and N-oxide sorafenib exposure as a marker of the PK. The population PK analysis was
planned to be done using nonlinear mixed effects modelling (NONMEM). Power calculations are not possible in NONMEM.
As a rule of thumb, 40 patients allow one to identify approximately three clinically significant correlations between PK
parameters and patients characteristics. To be sure to have 40 evaluable patients, we aimed to recruit 45 patients.

Investigator’s Analysis Poor accrual in fragile population. High rates of cirrhosis-
related adverse events. Sorafenib is unlikely to be beneficial for
most patients with Child-Pugh B.

DRUG INFORMATION

Drug 1

Generic/Working Name Sorafenib

Trade Name Nexavar

Company Name Bayer

Drug Type Small molecule

Drug Class Tyrosine Kinase inhibitor
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Dose 400 mg b.i.d.

Route oral (p.o.)

Schedule of Administration Starting dose: 200 mg b.i.d. with ramp-dosing to the maximum
dose of 400 mg b.i.d.

PATIENT CHARACTERISTICS

Number of Patients, Male 5

Number of Patients, Female 0

Age Median (range): 69 years (63–79 years)

HCC Etiology Alcohol: 5; other: 0

ECOG Performance Status 0 — 1
1 — 4

Child-Pugh Classification Child-Pugh score: B7, 4; B8, 1

BCLC Stage Intermediate stage (BCLC-B), 1; advanced stage (BCLC-C), 4

Received Prior Treatment No: 4; Yes: 1 (TACE)

PRIMARY ASSESSMENT METHOD

Number of Patients Screened 12

Number of Patients Enrolled 5

Number of Patients Evaluable for PK Analysis 4

Number of Patients Evaluable for Toxicity 5

Number of Patients Evaluated for PFS 5

Number of Patients Evaluable for OS 5

Radiological Evaluation Method mRECIST

Radiological Response Complete response: n = 0 (0%)
Partial response: n = 1 (20%)
Stable disease: n = 3 (60%)
Progressive disease: n = 0 (0%)
Response unknown: n = 1 (20%)

Median Duration Assessments PFS 3.8 months (range, 1.7–10.8)

Median Duration Assessments OS 7.4 months (range, 1.7–25.8)

Median Duration of Treatment 13 weeks (range, <1–46)

Median Total Tolerated Dose 400 mg (range, 200–600)

ADVERSE EVENTS, ACCORDING TO CTCV4.03
Variable, n All grades Grade 1–2 Grade 3–4

Any adverse events 5 2 3

Fatigue/asthenia 3 3 0

Diarrhea 3 3 0

Vomiting 1 1 0

Constipation 1 1 0

Hand-foot skin syndrome 3 2 1

Mucositis 2 2 0

Other

Sepsis 1 0 1

Hyperkalemia 1 1 0

Hyponatremia 1 0 1
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Neuropathy 1 1 0

Tinnitus 1 1 0

Hiccups 1 1 0

Cirrhosis-related adverse events

Ascites 3 1 2

Hypoalbuminemia 2 1 1

Hyperbilirubinemia 5 4 1

Thrombocytopenia 4 4 0

Variceal bleeding 1 0 1

PHARMACOKINETICS/PHARMACODYNAMICS

Analysis not feasible because of small number of patients

ASSESSMENT, ANALYSIS, AND DISCUSSION

Completion Study terminated before completion

Terminated reason Did not fully accrue

Investigator’s Assessment High rates of cirrhosis-related adverse events. Sorafenib is
unlikely to be beneficial for most patients with Child-Pugh B

Advanced stage hepatocellular carcinoma (HCC) bears a
poor prognosis with an expected median survival of 6–8
months without treatment [24]. Sorafenib, a multi-tyrosine
kinase inhibitor, was the first treatment showing a modest
survival benefit in these patients. Two randomized phase III
studies showed that sorafenib improved the overall survival
with 2–3 months compared with placebo [25, 26]. In these
landmark studies, enrollment was restricted to patients with
Child-Pugh class A liver function, regardless of presence or
absence of underlying liver cirrhosis. International guidelines
therefore recommend sorafenib treatment for patients with
advanced HCC (Barcelona Clinic Liver Cancer [BCLC] stage C
and Child-Pugh A only [1–3]. Nonetheless, several real-life
studies showed that sorafenib is still commonly (12%–44%)
prescribed to patients with Child-Pugh B liver function [4–14].

Although prior studies suggested similar adverse event
profiles in patients with Child-Pugh B liver function [7, 10,
13], there is currently no data showing that sorafenib offers a
significant survival benefit in Child-Pugh B patients. Sorafenib
undergoes hepatic metabolism (predominantly CYP3A4) and
biliary excretion, which could potentially be influenced by the
presence of underlying liver disease [15]. Eight sorafenib
metabolites have been identified of which pyridine N-oxide,
the main circulating metabolite of sorafenib in plasma, has
shown in vitro potency similar to that of sorafenib [15]. Prior
studies describing the impact of the severity of hepatic
impairment on sorafenib’s pharmacokinetics (PK) did not find
significant differences in the PK profile of sorafenib or the N-
oxide metabolite in patients with decreased liver function
[16–19]. In these preliminary studies, subgroups with Child-
Pugh B were small (n < 20). In order to assess the tolerability
and potential efficacy of sorafenib treatment in patients with
advanced HCC and Child-Pugh B liver cirrhosis, the main aim

of our study was to explore the PK of sorafenib and its metab-
olites. This prospective, open-label observational study aimed
to recruit 45 patients to study various PK parameters (i.e.,
exposure and variability of sorafenib and N-oxide sorafenib)
and identify potential predictors for sorafenib exposure (i.e.,
bilirubin, CYP3A4 activity). Secondary aims were to correlate
PK parameters with sorafenib toxicity and progression-free
survival (PFS).

Between May 2014 and March 2017, patients were
recruited at a large referral center for patients with HCC
(Amsterdam University Medical Center, Meibergdreef, Amster-
dam). Patients were eligible for the study in case of advanced
HCC (BCLC-C) with a preserved Eastern Cooperative Oncology
Group performance status (ECOG PS) 0–2 and a Child-Pugh
score of B7 or 8. Patients received a starting dose of 200 b.i.d.
with ramp-dosing to a target dose of 400 mg b.i.d. with PK
sampling at fixed time points [20].

Despite the clear study design targeting a clinically rele-
vant study population with a well-known systemic treatment
(sorafenib), our study met some major obstacles and had to
be terminated prematurely within 3 years after inclusion of
5 patients. Foremost, it proved difficult to recruit enough
patients due to competing studies in advanced HCC that also
recruited patients with Child-Pugh B7 for combined selective
internal radiation therapy (SIRT) with sorafenib treatment (i.e.,
the SORAMIC trial and STOP-HCC trials [21, 22]). Understand-
ingly, these studies were prioritized by patients and physicians.
One patient refused the study due to the burden of hospital
visits for sorafenib treatment and the additional PK sampling.
For logistical reasons, expansion to a multicenter study was
not feasible. Efforts to improve the accrual, including promot-
ing the study on patient information websites and referral of
potential candidates within the national study collaboration
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(Dutch Hepatocellular & Cholangiocarcinoma Group [DHCG]),
did not lead to a sufficient increase in accrual. In addition,
the accrual was further hampered by a rapidly deteriorating
liver function (Child-Pugh ≥B9) or clinical condition (ECOG
PS ≥3) in 7 of 12 (58%) screened patients. Six of these
patients progressed to a terminal stage (BCLC-D) during the
screening period, whereas one patient was admitted with
a variceal bleeding and progressive ascites 5 days after
starting sorafenib, leading to permanent sorafenib discon-
tinuation in this case. These patients died after a median of
2.5 months (range 0.5–5.7), indicating a poor prognosis if
patients with advanced HCC develop decompensated liver
cirrhosis.

Lastly, the focus of this trial on patients with Child-Pugh
B7-8 exposed the limitations of the Child-Pugh score as a tool
for patient selection. Prior studies have reported up to 12.1%
discrepancies in Child-Pugh score, caused by interobserver var-
iation of subjective parameters (severity of ascites, encepha-
lopathy) or incorrect categorization of continuous parameters
(albumin, bilirubin, prothrombin-time) [6]. Small fluctuations
in serum test can also lead to migration of patients across
Child-Pugh classes.

In total, 5 male patients were enrolled with a median
age of 69 years (range 63–79 years). Patients were treated
for a median of 13 weeks (range, 5 days to 46 weeks) with a
median tolerated daily dose of 400 mg (range 200–600 mg).
All patients died, with a median PFS of 3.8 months (range
1.7–10.8 months) and OS of 7.4 months (range 1.7–25.8
months). Three patients experienced severe adverse events,
including one patient admitted with a variceal bleeding and
refractory ascites, 1 patient with grade 3 hyperbilirubinemia
and refractory ascites, and 1 patient with grade 3–4 hand-
foot syndrome complicated by a sepsis with grade 3 hypo-
albuminemia and grade 3 hyponatremia.

Unfortunately, this incomplete study is limited in drawing
definitive conclusions on impact of Child-Pugh B liver func-
tion on sorafenib PK, efficacy, and safety. This is the second
study in patients with Child-Pugh B patients treated with
sorafenib that had to be terminated prematurely due to slow
enrollment [23]. This reflects the difficulty in recruiting and
treating these patients, mainly due to the higher risk of cir-
rhosis-related adverse events. In a prior study, we extensively
discussed this topic and pled for adherence to the current

guidelines and restriction of sorafenib to patients with Child-
Pugh A liver function [9]. Interestingly, one patient with a
partial response to sorafenib had an OS of 26 months, show-
ing that longer survival is possible in patients with Child-Pugh
B and underscoring limitations of Child-Pugh as a prognostic
tool when considering sorafenib. Novel algorithms, such as
the recently proposed “Prediction of Survival in Advanced
Sorafenib-treated HCC” (PROSASH) score have refined survival
prediction based on prognostic and predictive clinical features
[27, 28]. This approach offers an individualized survival pre-
diction with a higher accuracy than the Child-Pugh score and
BCLC-algorithm [29]. These algorithms may improve clinical
decision making and optimize the prognostic stratification of
future clinical studies in which sorafenib is the control arm.
Further studies in the mechanisms leading to the onset of
sorafenib toxicity and treatment effect are needed to find
additional biomarkers that may aid in improved survival pre-
diction and patient-tailored treatment.

In conclusion, patients with Child-Pugh B liver function
are unlikely to benefit from sorafenib treatment due to a
higher risk of cirrhosis-related adverse events. Further stud-
ies in the mechanisms leading to the onset of sorafenib tox-
icity and treatment effect are needed to find additional
biomarkers that may aid in improved survival prediction
and patient-tailored treatment.

ACKNOWLEDGMENTS

This research was funded in part by an unrestricted research
grant from Bayer (no grant numbers apply). We would like to
acknowledge the support of our collaborators within the Dutch
Hepato & Cholangio Carcinoma Group (DHCG). The study was
designed and conducted by academic investigators.

DISCLOSURES

Bart Takkenberg: Gore WL, Bayer, Norgine (H), The Netherlands
Organisation for Health Research and Development, The
Netherlands Society for Gastroenterology (RF), Gilead, Norgine
(SAB); Otto van Delden: Cook Medical (C/A); Heinz-Josef Klümpen:
Ipsen, Sirtex (SAB). The other authors indicated no financial
relationships.
(C/A) Consulting/advisory relationship; (RF) Research funding; (E) Employment; (ET) Expert

testimony; (H) Honoraria received; (OI) Ownership interests; (IP) Intellectual property rights/

inventor/patent holder; (SAB) Scientific advisory board

REFERENCES

1. EASL clinical practice guidelines: Manage-
ment of hepatocellular carcinoma. J Hepatol
2018;69:182–236.

2. Heimbach JK, Kulik LM, Finn RS et al. AASLD
guidelines for the treatment of hepatocellular
carcinoma. Hepatology 2018;67:358–380.

3. Vogel A, Cervantes A, Chau I et al. Hepatocel-
lular carcinoma: ESMO Clinical Practice Guide-
lines for diagnosis, treatment and follow-up. Ann
Oncol 2018;29:iv238–iv255.

4. Abou-Alfa GK, Amadori D, Santoro A et al.
Safety and efficacy of sorafenib in patients with
hepatocellular carcinoma (HCC) and Child-Pugh A
versus B cirrhosis. Gastrointest Cancer Res 2011;
4:40–44.

5. DA Fonseca LG, Barroso-Sousa R, Bento AD
et al. Safety and efficacy of sorafenib in patients
with Child-Pugh B advanced hepatocellular carci-
noma. Mol Clin Oncol 2015;3:793–796.

6. Edeline J, Blanc JF, Johnson P et al. A multi-
centre comparison between child pugh and
albumin-bilirubin scores in patients treated with
sorafenib for hepatocellular carcinoma. Liver Int
2016;36:1821–1828.

7. Hollebecque A, Cattan S, Romano O et al.
Safety and efficacy of sorafenib in hepatocellular
carcinoma: The impact of the Child-Pugh score.
Aliment Pharmacol Ther 2011;34:1193–1201.

8. Iavarone M, Cabibbo G, Piscaglia F et al.
Field-practice study of sorafenib therapy for
hepatocellular carcinoma: A prospective

multicenter study in italy. Hepatology 2011;54:
2055–2063.

9. Labeur TA, Ten Cate DWG, Bart Takkenberg R
et al. Are we SHARP enough? The importance of
adequate patient selection in sorafenib treat-
ment for hepatocellular carcinoma. Acta Onco-
logica 2018;57:1467–1474.

10. Marrero JA, Kudo M, Venook AP et al.
Observational registry of sorafenib use in clinical
practice across Child-Pugh subgroups: The GID-
EON study. J Hepatol 2016;65:1140–1147.

11. Ogasawara S, Chiba T, Ooka Y et al. Sorafenib
treatment in Child-Pugh A and B patients with
advanced hepatocellular carcinoma: Safety, efficacy
and prognostic factors. Invest New Drugs 2015;33:
729–739.

© 2019 Amsterdam UMC.
The Oncologist published by Wiley Periodicals, Inc. on behalf of AlphaMed Press.

Sorafenib in Patients with Child-Pugh B Liver Functione1278



12. Pinter M, Sieghart W, Graziadei I et al.
Sorafenib in unresectable hepatocellular carcinoma
from mild to advanced stage liver cirrhosis. The
Oncologist 2009;14:70–76.

13. Pressiani T, Boni C, Rimassa L et al. Sorafenib
in patients with Child-Pugh class A and B advanced
hepatocellular carcinoma: A prospective feasibility
analysis. Ann Oncol 2013;24:406–411.

14. Worns MA, Weinmann A, Pfingst K et al.
Safety and efficacy of sorafenib in patients with
advanced hepatocellular carcinoma in consider-
ation of concomitant stage of liver cirrhosis.
J Clin Gastroenterol 2009;43:489–495.

15. Bayer Schering Pharma AG B, Germany. EU
summary of product characteristics for nexavar,
21 july 2011. 2011.

16. Abou-Alfa GK, Schwartz L, Ricci S et al.
Phase II study of sorafenib in patients with
advanced hepatocellular carcinoma. J Clin Oncol
2006;24:4293–4300.

17. Jain L, Woo S, Gardner ER et al. Population
pharmacokinetic analysis of sorafenib in patients
with solid tumours. Br J Clin Pharmacol 2011;72:
294–305.

18. Lettieri JT, Mazzu AL, Huang L et al. Effect of
hepatic impairment on sorafenib pharmacokinetics:

Results of a multicenter, open-label, single-dose,
phase I trial. J Clin Oncol 2011;29:2580a.

19. Miller AA, Murry DJ, Owzar K et al. Phase I
and pharmacokinetic study of sorafenib in patients
with hepatic or renal dysfunction: CALGB 60301.
J Clin Oncol 2009;27:1800–1805.

20. Klümpen HJ, Samer CF, Mathijssen RH et al.
Moving towards dose individualization of tyrosine
kinase inhibitors. Cancer Treat Rev 2011;37:251–260.

21. Ricke J, Malfertheiner P. Evaluation of
sorafenib in combination with local micro-
therapy guided by GD-EOB-DTPA enhanced MRI
in patients with inoperable hepatocellular carci-
noma. NCT01126645. Available at https://
clinicaltrials.gov/ct2/show/study/NCT01126645.
Accessed August 26, 2019.

22. BTG International Inc. Efficacy evaluation of
therasphere in patients with inoperable liver
cancer (STOP-HCC). NCT01556490. Available at
https://clinicaltrials.gov/ct2/show/NCT01556490.
Accessed August 26, 2019.

23. Daniele B, Perrone F, Gallo C et al. Sorafenib in
first-line treatment of advanced B child hepatocellu-
lar carcinoma (BOOST). NCT01405573. Available at
https://clinicaltrials.gov/ct2/show/NCT01405573.
Accessed August 26, 2019.

24. Cabibbo G, Enea M, Attanasio M et al. A
meta-analysis of survival rates of untreated
patients in randomized clinical trials of hepatocel-
lular carcinoma. Hepatology 2010;51:1274–1283.

25. Cheng AL, Kang YK, Chen Z et al. Efficacy
and safety of sorafenib in patients in the Asia-
Pacific region with advanced hepatocellular car-
cinoma: A phase III randomised, double-blind,
placebo-controlled trial. Lancet Oncol 2009;10:
25–34.

26. Llovet J, Ricci S, Mazzaferro V et al.
Sorafenib in advanced hepatocellular carcinoma.
N Engl J Med 2008;359:378–390.

27. Berhane S, Fox R, García-Fiñana M et al. Using
prognostic and predictive clinical features to make
personalised survival prediction in advanced hepa-
tocellular carcinoma patients undergoing sorafenib
treatment. Br J Cancer 2019;121:117–124.

28. Bruix J, Cheng AL, Meinhardt G et al. Prognos-
tic factors and predictors of sorafenib benefit in
patients with hepatocellular carcinoma: Analysis of
two phase III studies. J Hepatol 2017;67:999–1008.

29. Labeur TA, Berhane S, Edeline J et al.
Improved survival prediction and comparison of
prognostic models for patients with hepatocellu-
lar carcinoma treated with sorafenib. Liver Int
2019 [Epub ahead of print].

Click here to access other published clinical trials.

© 2019 Amsterdam UMC.
The Oncologist published by Wiley Periodicals, Inc. on behalf of AlphaMed Press.

www.TheOncologist.com

Labeur, Achterbergh, Takkenberg et al. e1279

https://clinicaltrials.gov/ct2/show/study/NCT01126645
https://clinicaltrials.gov/ct2/show/study/NCT01126645
https://clinicaltrials.gov/ct2/show/NCT01556490
https://clinicaltrials.gov/ct2/show/NCT01405573
http://theoncologist.alphamedpress.org/cgi/collection/clinical-trial-results

	 Sorafenib for Patients with Hepatocellular Carcinoma and Child-Pugh B Liver Cirrhosis: Lessons Learned from a Terminated Study
	Discussion
	Trial Information
	Drug Information
	Patient Characteristics
	Primary Assessment Method
	Pharmacokinetics/Pharmacodynamics
	Assessment, Analysis, and Discussion
	Acknowledgments
	Disclosures
	References


