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Hepatocellular carcinoma (HCC) is the most common 
primary tumor of the liver. It usually arises from a 

background of chronic liver disease and has an poor prog-
nosis.[1] In the treatment of early stage disease, local abla-
tive therapies (radiofrequency ablation (RFA), microwave 
ablation (MWA), transarterial chemoembolization (TACE) 
and bland embolization, transarterial radioembolization 
(TARE), stereotactic body radiation therapy (SBRT)) are suc-

cessfully applied in addition to surgery.[2] In advanced dis-
ease (unresectable or metastatic), systemic therapies (tyro-
sine kinase inhibitors (TKI), immune checkpoint inhibitors, 
conventional chemotherapy) are used.[3,4]

Sorafenib is a multikinase inhibitor. It acts by inhibiting Raf-
1 and B-Raf serine-threonine kinases and receptor tyrosine 
kinase activity of vascular endothelial growth factor recep-
tors (VEGFRs) 1, 2, 3 and platelet-derived growth factor re-
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patients. We aim to reveal the relationship between sorafenib treatment and pancreatic atrophy.
Methods: The study was designed as a retrospective, single-center study. Patients with HCC who had a CT scan within 
1 month before and 6 months after treatment were included in the study. Patients receiving 6 months of sorafenib were 
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ceptor β (PDGFR-β).[5,6] Sorafenib has been successfully used 
in the treatment of HCC for a long time in the treatment of 
HCC following the results of SHARP, Asia-Pacific and GIDE-
ON studies.[7-9] However, it causes many side effects includ-
ing diarrhea, fatigue, nausea and vomiting, rash, hand-foot 
skin reaction, stomatitis and hypertension[7-8]

Pancreatic atrophy is characterized by a reduction in pan-
creatic volume and may occur in various conditions such 
as aging, malnutrition, chronic pancreatitis, and diabetes. It 
can lead to a range of exocrine and endocrine insufficiency 
symptoms, including steatorrhea, weight loss, malabsorp-
tion, vitamin deficiencies, and diabetes.[10,11] Tyrosine kinase 
inhibitors (TKIs) are thought to contribute to pancreatic at-
rophy by inducing hypoxia through their anti-angiogenic 
effects and by suppressing cellular proliferation.[12,13]

Despite many new treatments for HCC, survival is still not 
as expected. In countries with limited availability of other 
therapies, sorafenib is still used as first-line treatment. 
In addition, sorafenib is used as an important alternative 
in second-line treatment after progression in patients in 
whom immunotherapies are used in the first-line setting. 
In this respect, the side effects of sorafenib should be clear-
ly defined. The data in the literature regarding whether 
sorafenib induces pancreatic atrophy are limited. Based 
on this, we aim to investigate the potential association be-
tween sorafenib treatment and pancreatic atrophy.

Methods

Study Population and Data Collection
The study was designed as a retrospective, single-center 
study. Patients who received treatment for HCC at the Med-
ical Oncology Clinic of Marmara University Pendik Training 
and Research Hospital between 01.01.2016 and 31.12.2024 
were included in the study. Data of the patients were ana-
lyzed using patient files and hospital electronic informa-
tion system. Sorafenib treatment was started at 800mg/
day peroral. According to side effects, dose titration was 
performed as 600mg and 400mg, respectively.

Child-Pugh score, total bilirubin (1 point: <2 mg/dL, 2 points: 
2-3 mg/dL, 3 points: >3 mg/dL), albumin (1 point: >3.5 g/dL, 
2 points: 2.8-3.5 g/dL, 3 points: <2.8 g/dL), International Nor-
malized Ratio (INR) (1 point: <1. 7, 2 points: 1.7-2.3, 3 points: 
>2.3), ascites (1 point: none, 2 points: mild, 3 points: moderate-
severe) and hepatic encephalopathy (1 point: none, 2 points: 
grade 1-2, 3 points: grade 3-4). According to the Child-Pugh 
classification, a total score of 5–6 points corresponds to class 
A, 7–9 points to class B, and 10–15 points to class C. Perfor-
mance scores were calculated using the Eastern Cooperative 
Oncology Group Performance Score (ECOG PS). 

Pancreatic volume measurements were performed using a 
semi-automated software (Philips IntelliSpace Portal, Ver-
sion 5.0, Philips Healthcare, A msterdam, Netherlands) from 
images with a slice thickness of 5 mm obtained in the por-
tal venous phase with a 256- and 128-slice CT scanner.

Study Design
Patients with HCC who had a CT scan within 1 month before 
and 6 months after treatment were included in the study. 
Patients who had received sorafenib for at least 6 months 
were included in the sorafenib group. A control group was 
randomly assigned to patients who had never received 
sorafenib and received chemotherapy or immunotherapy 
and/or bevacizumab. Delta (∆) value was found by subtract-
ing the baseline pancreatic volume from the 6th month pan-
creatic volume. Baseline, 6-month and Delta pancreatic vol-
umes were compared between the two groups.

Statistical Analysis
SPSS version 22.0 (IBM corp.) was analyzed for all statistics. 
While evaluating the study data, the conformity of the param-
eters to normal distribution was evaluated by Kolmogorov-
Smirnov and Shapiro Wilks tests. In the analysis of continuous 
variables between two groups, Independent Samples t-test 
was used if the data were normally distributed and Mann-
Whitney U Test was used if the data were not normally dis-
tributed. Significance was evaluated at p<0.05 level.

Results
A total of 190 HCC patients were screened. There were 32 
patients who received sorafenib for 6 months or longer. Of 
these, 22 patients had CT scans taken before and 6 months 
after treatment. The sorafenib group included 22 patients 
and the control group included 22 patients. The median 
age was 64 years in the sorafenib group and 63 years in the 
control group. There were 12 males in the sorafenib group 
and 13 males in the control group.

Hepatitis B virus (HBV) was diagnosed in 63.6% (n=14) in 
the sorafenib group and 59.1% (n=13) in the control group. 
Hepatitis C virus (HCV) was diagnosed in 9.1% (n=2) in the 
sorafenib group and 13.6% (n=3) in the control group. HBV 
and Hepatitis D virus (HDV) together were diagnosed in 
4.5% (n=1) in both groups. The number of cases with un-
known cause was 22.7% (n=5) in the sorafenib group and 
18.1% (n=4) in the control group. There was no statisti-
cally significant difference between the two groups for 
all these variables. In the sorafenib arm, 12 patients had 1 
dose reduction (600mg) and 4 patients had 2 dose reduc-
tions (400mg). Baseline characteristics of the patients are 
displayed in Table 1. In the control group, 18 patients re-
ceived atezolizumab plus bevacizumab, 3 patients received 
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tremelimumab plus durvalumab and 1 patients received 
chemotherapy.

Fatigue (45.4%), diarrhea (31.8%), nausea and vomiting 
(22.7%), rash (18.1%), thyroiditis (13.6%), hand-foot syn-
drome (9.1%), hoarseness (4.5%), stomatitis (4.5%) and 
proteinuria (4.5%) were observed in patients receiving 
sorafenib. These findings are shown in Table 2.

Baseline and 6-month pancreatic volume measurements 
and volume changes of the patients according to the 
groups are displayed in Figure 1. The baseline pancreas 
volume was 82.92±14.89 cm3 in the sorafenib group and 
83.29±13.58 cm3 in the control group. The 6th month pan-
creas volume was 70.23±15.83 cm3 in the sorafenib group 
and 82.18±13.83 cm3 in the control group. There was no 
statistically significant difference between the two groups 
for these two variables (p=0.559, p=227; p>0.05, respec-
tively). Delta pancreas volume was 12.69±12.96 cm3 in the 
sorafenib group and 1.10±2.83 in the control group and 
this difference was statistically significant (p<0.001). The 
changes in pancreatic volume in an sample patient are dis-
played in Figure 2. These findings are displayed in Table 3.

Discussion
Sorafenib has been utilized frequently as a systemic multi-
kinase inhibitor in patients with advanced HCC and various 
side effects have been observed with its long-term use. In 
our study, sorafenib treatment was associated with the de-
velopment of pancreatic atrophy after 6 months in patients 
with advanced HCC. The majority of clinical symptoms ob-
served in HCC patients are due to the primary liver disease 

Table 1. Baseline Characteristics 

  Sorafenib Group (n=22) Control Group (n=22) P

Age (min-max) 64 (43-85) 63 (51-78) 0.274*
Gender (%)   
 Male 12 (54.5) 13 (59)   0.764**
 Female 10 (45.5) 9 (41) 
Etiology (%)   
 HBV 14 (63.6) 13 (59.1) 0.719**
 HCV 2 (9.1) 3 (13.6) 
 HBV and HDV 1 (4.5) 1 (4.5) 
 Alcohol 0 (0) 1 (4.5) 
 Unknown 5 (22.7) 4 (18.1) 
Child-Turcotte-Pugh Score (%)   
 5 16 (72.7) 17 (77.2) 0.871**
 6 4 (18.1) 4 (18.1) 
 7 2 (9.1) 1 (4.5) 
ECOG PS (%)   
 0-1 19 (86.3) 20 (90.1) 0.962**
 2 3 (13.6) 2 (9.1) 
Sorafenib Treatment Line (%)     -
 First Line 8 (36.3) - 
 Second Line 14 (63.6) - 
Sorafenib Dose Reduction (%)   -
 800mg 6 (27.2) - 
 600mg 12 (54.5) - 
 400mg 4 (18.1) - 

*Independent Samples Test; ** Mann-Whitney U Test; HBV: Hepatitis B Virus; HCV: Hepatitis C Virus; HDV: Hepatitis D Virus; ECOG PS: Eastern Cooperative 
Oncology Group Performance Status.

Table 2. Sorafenib-related adverse events

  n=22, (%)

Fatigue 10 (45.4)
Diarrhea 7 (31.8)
Nausea and vomiting 5 (22.7)
Rash 4 (18.1)
Thyroiditis 3 (13.6)
Hand-foot syndrome 2 (9.1)
Hoarseness 1 (4.5)
Stomatitis 1 (4.5)
Proteinuria 1 (4.5)
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itself or tumor progression, and the potential adverse effects 
of sorafenib may be masked by this condition. Therefore, it is 
important to consider changes in pancreatic morphology in 
the routine evaluation of patients on sorafenib, especially for 
early recognition of possible treatment-related complications.

Previous studies have demonstrated the development of 
pancreatic atrophy in patients receiving sorafenib.[14–16] 
In one such study compared pancreatic volume changes 
across three groups: sorafenib, bevacizumab plus chemo-
therapy, and chemotherapy alone. Significant pancreatic 

Figure 1. Alterations in pancreatic volumes in sorafenib and control groups.

Table 3. Pancreas Volume Measurement Results

  Sorafenib Group (n=22) Control Group (n=22) p
  Mean±SD Mean±SD

Baseline Pancreas Volume (cm3) 82.92±14.89 83.29±13.58  0.559*
Post Sorefenib Pancreas Volume (cm3) 70.23±15.83 82.18±13.83 0.227*
Delta (∆) Pancreas Volume (cm3) 12.69±12.96 1.10±2.83 <0.001**

*Independent Samples Test; ** Mann-Whitney U Test.
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volume reduction was observed in patients treated with 
sorafenib or bevacizumab-containing regimens, whereas 
this change was not statistically significant in those re-
ceiving chemotherapy alone.[17] A separate investigation 
focused on the occurrence of malabsorption in HCC pa-
tients under sorafenib, its possible link to pancreatic in-
sufficiency, and the therapeutic role of pancreatic enzyme 
supplementation. The study found that approximately 
10% of patients experienced malabsorption associated 
with pancreatic insufficiency, and enzyme supplementa-
tion led to complete symptom resolution and stabiliza-
tion of pancreatic volume.[18] Another study, overall sur-
vival was found to be longer in hepatocellular carcinoma 
(HCC) patients who developed pancreatic atrophy after 
more than two years of sorafenib treatment, compared 
to those who did not.[16] In our study, we also observed 
a significant reduction in pancreatic volume among pa-
tients treated with sorafenib compared to other treat-
ment groups. Pancreatic atrophy and insufficiency should 
be considered, particularly in patients presenting with 
gastrointestinal symptoms.

Sorafenib causes numerous adverse events including 
hand-foot syndrome, diarrhea, loss of appetite, nausea, 
vomiting, hypertension, thrombocytopenia, leukopenia, 
hepatotoxicity, hypothyroidism, fatigue and proteinuria.
[7,8,19] Although various adverse events are manageable, 
11.4% of 149 patients treated with sorafenib in the Asia-
Pacific study required dose reduction due to hand-foot skin 
reaction and 7.4% due to diarrhea.[8] In the SHARP study, 
treatment was discontinued in 38% patients due to ad-
verse events, while dose reduction was performed in 26% 
patients.[7] In our study, dose reduction was performed in 
72% patients. Sorafenib is a difficult treatment to tolerate 
and management of adverse events is very crucial. In this 
respect, adverse events should be defined.

In the IMBRAVE-150 study evaluating the efficacy of at-
ezolumab plus bevacizumab combination in patients 
with advanced HCC who had not received systemic 
treatment before, progression free survival (PFS) was 
6.8 months and overall survival (OS) was 19.2 months in 
the atezolumab plus bevacizumab arm, while PFS was 
4.3 months and OS 13.4 months in the sorafenib arm.
[20] In the HIMALAYA study conducted in advanced HCC 
patients who had not received systemic therapy before, 
PFS was 3.78 months and OS 16.4 months with tremeli-
mumab + durvalumab, while PFS was 4.07 months and 
OS 13.8 months with sorafenib.[21] In the CheckMate 459 
study, there was no difference in OS between nivolumab 
and sorafenib in patients with advanced HCC who did not 
receive systemic therapy (16.4 months vs 14.7 months).[22] 
Although the successful results of the IMBRAVE-150 study 
put the combination of atezolumab plus bevacizumab 
ahead of sorafenib, no significant difference was found 
between the survival differences in other studies. There-
fore, sorafenib continues to be used as first-line treatment 
in low-income countries due to medication costs. For 
these considerations, we believe that sorafenib is still a 
treatment that should not be disregarded.

In the DECISION study, the efficacy of sorafenib in Ra-
dioactive Iodine-Resistant Differentiated Thyroid Cancer 
(DTC) was investigated and PFS was found to be 10.8 
months versus 5.8 months.[23] In other studies, sorafenib 
was found superior to chemotherapy in patients with 
DTC.[24] In a study investigating the efficacy of sorafenib 
in desmoid tumors, 2-year PFS was found to be 81%.[25] 
In patients with longer expected survival, more attention 
should be paid to sorafenib side effects, especially pan-
creatic atrophy.

The limitations of our study were the limited number of pa-
tients and the inability to calculate the cumulative doses 

Figure 2. Alteration in pancreatic volume in patient.
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of all patients. Especially because of the limited number of 
patients, the characteristics of patients with pancreatic at-
rophy and the factors that may affect atrophy could not be 
analyzed in detail. In addition, the long-term effects of atro-
phy could not be demonstrated because only HCC patients 
were included in our study and because of the expected 
survival in HCC patients.

In conclusion, since HCC is a disease with a highly aggres-
sive course, numerous adverse events that may develop 
may be masked by the clinic of the primary disease. Espe-
cially in patients receiving sorafenib who are in favorable 
condition and have a longer survival expectancy, attention 
should be paid in terms of pancreatic atrophy.
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