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Pseudocirrhosis caused by regorafenib in an advanced
rectal cancer patient with multiple liver metastases
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Abstract. A 70-year-old man who was diagnosed with
unresectable advanced rectal cancer with multiple liver
metastases, received oxaliplatin-based treatment with beva-
cizumab as first-line chemotherapy and irinotecan-based
treatment with bevacizumab as second-line chemotherapy
for a total of 17 months. The patient was treated with rego-
rafenib (160 mg/day for 3 weeks) as third-line chemotherapy.
Following completion of one course of regorafenib treatment,
the patient complained of abdominal distension. Computed
tomography (CT) examination identified liver atrophy and
massive ascites, while no such symptoms were observed
prior to the regorafenib treatment. Blood testing revealed
increases in the aspartate aminotransferase (AST), alanine
aminotransferase (ALT) and alkaline phosphatase (ALP)
levels. The patient was admitted to the Aizu Medical Center
(Aizuwakamatsu, Japan). Approximately 2,000 ml of ascitic
fluid were aspirated daily for 1 week by abdominal punc-
ture. The patient was administered oral diuretics, including
20 mg/day of furosemide and 25 mg/day of spironolactone.
Albumin was administered to correct the albumin deficit. The
levels of AST, ALT and ALP were decreased from the peak
value reported on admission and the patient was discharged
from our hospital 16 days following treatment initiation. The
CT examination after 1 month revealed that the volume of
the liver had been restored and the ascites had disappeared.
Furthermore, almost all the liver metastases were reduced in
size. The carcinoembryonic antigen level, which was elevated
prior to regorafenib treatment, also decreased to normal.
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Introduction

Chemotherapy with molecular-targeted drugs improves the
survival rate of patients with unresectable advanced colorectal
cancer (CRC). Although chemotherapy is effective for a subset
of patients with CRC, the incidence of adverse events (AEs) often
affects treatment continuity. Regorafenib (1), which is an oral
multikinase inhibitor, is commonly used as third- or fourth-line
chemotherapy in refractory CRC patients (2). Several clinical
trials (2-4) have demonstrated the efficacy of regorafenib for
refractory CRC patients. The most frequent regorafenib-related
AEs of grade =3 in the CORRECT trial were hand-foot skin
reaction, fatigue, diarrhea, hypertension and rash or desqua-
mation (2). Regarding the incidence of regorafenib-related
hepatotoxicity, including hyperbilirubinaemia and elevation
of aspartate aminotransferase (AST) and alanine aminotrans-
ferase (ALT) levels, it was relatively low in a non-Japanese
population, while it was high in a Japanese population (5). These
results were supported with the CONCUR trial (3), which was
performed by institutions in Asia.

The present study reports the case of a CRC patient with
multiple liver metastases, who developed liver atrophy and
massive ascites following regorafenib treatment. To the best of
our knowledge, this is the first report of a rare AE induced by
regorafenib treatment.

Case report

A 70-year-old man, who was diagnosed with advanced rectal
cancer with multiple liver metastases (Fig. 1A), received chemo-
therapy withoutsurgical treatmentfrom November,2013 onwards.
First, the patient was treated with XELOX + bevacizumab
(2,000 mg/day capecitabine on days 1-14 and 150 mg oxaliplatin
on day 1+150 mg bevacizumab on day 1) for three cycles. The
regimen was changed to SOX + bevacizumab (100 mg/day S-1
on days 1-14, 150 mg oxaliplatin on day 1+150 mg bevacizumab
on day 1) due to severe AEs, including hand-foot syndrome.
Ten cycles of the SOX treatment were administered over
10 months, achieving stable disease, until the carcinoembryonic
antigen (CEA) level was elevated to 8.5 ng/ml (normal range,
<5.0 ng/ml) (Fig. 2). IRIS + bevacizumab (100 mg/day S-1 on
days 1-14, 150 mg irinotecan on day 1+150 mg bevacizumab on
day 1) treatment was subsequently administered. However, the
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Figure 1. Abdominal computed tomography (A) at the time of initial diagnosis; (B) prior to administration of regorafenib; (C) following one cycle of rego-

rafenib administration; and (D) 1 month after discharge.

IRIS + bevacizumab treatment was not effective for the patient,
reflected by the increase in the CEA level to 13.2 ng/ml (Fig. 2).
The primary rectal cancer almost disappeared during chemo-
therapy. The RAS status could not be examined. Regorafenib
(160 mg/day for 3 weeks) was then administered as third-line
chemotherapy. Following completion of one course, the patient
complained of abdominal distension. Although no abnormal
findings were observed on computed tomography (CT) exami-
nation prior to the regorafenib treatment (Fig. 1B), liver atrophy
and massive ascites were identified (Fig. 1C). The blood tests
after regorafenib treatment revealed elevated levels of AST,
ALT and alkaline phosphatase (ALP) to 55 IU/I (normal
range, 12-32 1U/I), 40 TU/l (normal range, 6-30 1U/I) and
505 TU/1 (normal range, 109-335 [U/1), respectively (Table I). For
the evaluation of liver function, ®™Tc-galactosyl human serum
albumin scintigraphy, which reflects the number and function
of hepatocytes, was performed. The uptake ratio of the liver to
the liver plus heart at 15 min was 0.77. The estimated value of
indocyanine green clearance was 21%. Endoscopic examination
of the esophagus revealed mild esophageal varices without
red color sign. The patient was admitted to the Aizu Medical
Center (Aizuwakamatsu, Japan) and ~2,000 ml of ascitic fluid
were aspirated daily for 1 week by abdominal puncture. The
patient was administered oral diuretics, including 20 mg/day
of furosemide and 25 mg/day of spironolactone. Albumin was
administered to correct the albumin deficit. The levels of AST,
ALT and ALP decreased from the peak values observed on
admission (Fig. 3). The patient was discharged from the hospital
16 days after the treatment. The CT examination after 1 month
revealed that the volume of the liver had recovered and the
ascites had disappeared (Fig. 1D). Furthermore, almost all the
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Figure 2. Time course of the changes in the CEA level with different chemo-
therapeutic regimens. CEA, carcinoembryonic antigen; BV, bevacizumab.

liver metastases were reduced in size. The CEA level, which
was elevated prior to regorafenib treatment, was reduced to
normal (Fig. 2).

Discussion

The present study reported the case of a CRC patient with liver
atrophy and massive ascites induced by regorafenib treatment.
The patient had received oxaliplatin-based and irinotecan-based
chemotherapy prior to regorafenib. Although accumulation of
these chemotherapeutic agents may be associated with liver
dysfunction, liver atrophy was observed following administration
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Table 1. Blood test results following regorafenib treatment.

Parameters Values
WBC count 4.320/ul
RBC count 4.01x10%/ul
Hemoglobin 12.4 g/dl
Hematocrit 39.4%
PLT count 6.2x10%/ml
Total protein 5.0 g/dl
Albumin 1.8 g/dl
AST 551U/
ALT 40 TUN
LDH 328 1U/1
ALP 505 1U/1
v-GTP 80 IU/1
Total bilirubin 0.6 mg/dl
BUN 27.4 mg/dl
Creatinine 1.29 mg/dl
Na 134 mEq/1
K 4.7 mEq/1
Cl 106 mEq/1
HPT 91.6%
PT 100 %
PTINR 1.0
APTT 31.5 sec
Fibrinogen 209.3 mg/dl
ATIIT 69%
FDP 109 pg/ml
D-dimer 5.8 ug/ml
Ammonia 65 pg/dl

WBC, white blood cell; RBC, red blood cell; PLT, platelet; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; LDH,
lactate dehydrogenase; ALP, alkaline phosphatase; y-GTP, y-glutamyl
transpeptidase; BUN, blood urea nitrogen; HPT, heparin protamine
titration; PT, prothrombin time; PTINR, prothrombin time/interna-
tional normalized ratio; APTT, activated partial thromboplastin time;
ATIII, antithrombin III; FDP, fibrin degradation products.

of regorafenib alone and the size of the liver was restored
following discontinuation of regorafenib treatment. Therefore,
regorafenib was considered to be the cause of liver atrophy and
massive ascites in the present case. To the best of our knowledge,
this is the first report of atrophic changes of the liver and massive
ascites caused by regorafenib treatment in a CRC patient with
multiple liver metastases. Recently, chemotherapeutic agents,
including molecular-targeted drugs, antivascular endothelial
growth factor antibodies, anti-epidermal growth factor receptor
antibodies and multikinase inhibitors, have been administered
to refractory CRC patients and have improved their survival
rate. However, careful observation for AEs is required during
chemotherapeutic treatment. The most frequent regorafenib-
related AEs of grade =3 in the CORRECT trial were
hand-foot skin reaction, fatigue, diarrhea, hypertension and rash
or desquamation (2). Drug-induced hepatotoxicity is a common
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Figure 3. Changes in the AST, ALT and ALP levels during regorafenib
treatment. AST, aspartate aminotransferase; ALT, alanine aminotransferase;
ALP, alkaline phosphatase.

AE, although the frequency and the type of drug-induced
liver damage differ depending on the drugs administered.
Regarding hepatotoxicity caused by regorafenib, the incidence
of all-grade hepatotoxicity, including hyperbilirubinaemia (8%),
AST elevation (2%) and ALT elevation (<1%), was relatively
low in a non-Japanese population, while the incidence of
hyperbilirubinaemia (15%), AST elevation (19%) and ALT
elevation (12%) was high in a Japanese population (5). These
results were supported by the CONCUR trial (3), a clinical
trial on non-Japanese Asian patients. The incidence of
hyperbilirubinemia, AST elevation and ALT elevation was
48.5,31.6 and 31.6%, respectively. In the present case, the blood
tests associated with liver function revealed an increase and a
peak at 4 weeks after the initiation of regorafenib treatment,
which corresponded to grade 1 hepatotoxicity, according
to the Common Terminology Criteria for Adverse Events,
version 3.0 (https://ctep.cancer.gov/protocolDevelopment/
electronic_applications/docs/ctcaev3.pdf). Other AEs, including
hand-foot skin reaction, fatigue, diarrhea, hypertension and rash
or desquamation, were not observed at that time. Therefore, it
would be difficult to detect liver damage only from the results
of the blood tests if the patient had not complained of abdominal
distension.

In general, drug-induced liver injury (DILI) is classified into
intrinsic and idiosyncratic liver injury. The former is induced
by drug toxicity in a dose-dependent manner, whereas the latter
is further divided into allergic and metabolic idiosyncratic
liver injuries, which are associated with host factors, including
immune response and metabolism associated with genetic poly-
morphisms. The majority of DILIs are idiosyncratic. The area
under the curve of regorafenib treatment varied for intake of
the same dose, depending on the individual. Regorafenib was
metabolized to M-2 and M-5, which act through CYP3A4 (6).
UGT1ADQ9 is associated with the inactivation of these products
through glucuronate conjugation (6). Therefore, the UGT1A9
gene polymorphism may be associated with the toxicity of rego-
rafenib. Sorafenib is also a multikinase inhibitor, which has a
similar structure to regorafenib (7). Sorafenib is also metabolized
by CYP3A4-mediated oxidation and UGT1A9-mediated gluc-
uronidation. Ye et al (8) reported that sorafenib metabolism was
significantly altered in the liver tumor tissue of a hepatocellular
carcinoma patient, due to an evident decrease of the expression
level of CYP3A4 and UGT1A9. Boudou-Rouquette et al (9)
reported that the UGT1A9 polymorphism (rs17868320) was
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significantly associated with grade >2 diarrhea in patients treated
with sorafenib. Although there were no data confirming that the
patient had the UGT1A9 polymorphism, it was hypothesized
that these genetic polymorphisms confer a clinical benefit but
induce severe toxicity in the patient.

Similar changes on imaging were previously reported in
breast cancer with multiple liver metastases (10,11) and other
cancers with multiple liver metastases, including pancreatic (12),
esophageal (13) and thyroid cancer (14). The morphological
changes of the liver in these cases are referred to as ‘pseudocir-
rhosis’. Pseudocirrhosis is a radiological term that indicates a
shape similar to that of macronodular cirrhosis in the absence of
the typical histopathological findings of cirrhosis, and it occurs
in cancer patients with multiple liver metastases during chemo-
therapy. The progression and regression of liver metastases
may cause pseudocirrhosis. Although the precise mechanism
underlying the development of pseudocirrhosis remains
unknown, the response to systemic chemotherapeutic agents
may induce cirrhotic changes with tumor shrinkage following
chemotherapy. Previous reports (10-12) have indicated that
pseudocirrhosis may be associated with nodular regenerative
hyperplasia (NRH) caused by chemotherapy-induced hepatic
injury. NRH is characterized by widespread transformation of
normal liver parenchyma into hyperplastic regenerative nodules
without bridging fibrosis, a characteristic that distinguishes this
entity from liver cirrhosis (15). This injury is characteristically
asymptomatic in its early phases, with only mild elevations in
transaminase levels (16). Oxaliplatin is a well-known causative
drug for the development of NRH (17). Previous studies on breast
cancer reported that multiple liver metastases worsened when
atrophic changes occurred in the liver (10,11). Kang er al (12)
reported a reversible change in a pancreatic cancer patient with
multiple liver metastases, who received 8 cycles of chemotherapy
with gemcitabine and 5-fluorouracil. When liver atrophy was
observed during treatment, the values of the liver enzymes were
elevated, while the level of carbohydrate antigen 19-9 was mark-
edly decreased. This was also the case in our patient, although
the chemotherapeutic agents were different. In the present case,
the volume of the liver was markedly decreased, with a mild
elevation of the aminotransferase levels. Following withdrawal
of regorafenib, the volume of the liver was almost completely
restored to that prior to the initiation of regorafenib treatment.
Furthermore, the CEA level returned to normal following treat-
ment with regorafenib. The majority of cancer patients with
pseudocirrhosis have a poor prognosis due to progression of
liver metastases. However, effective treatment may also induce
cirrhotic changes due to the potent antitumor effect.

Symptomatic treatment was administered for the liver
dysfunction, in addition to withdrawal of regorafenib, according
to the treatment for cirrhosis with ascites. In the present case,
the patient survived after severe regorafenib-induced hepatic
injury. The course of treatment in the present as well as another
case (12) suggests that pseudocirrhosis with a mild elevation of
aminotransferase levels during chemotherapy may be reversed
by discontinuation of the chemotherapeutic agents. In such cases,
where the chemotherapeutic agents administered are potent
enough to induce liver injury and reversible pseudocirrhosis,
potent antitumor effects may also be expected. This study pres-
ents an extremely rare case of recovery from pseudocirrhosis;
however, the majority of cancer patients with pseudocirrhosis

induced by chemotherapeutic agents eventually succumb due to
cancer progression. Clinicians should be aware that regorafenib
may induce atrophic changes of the liver and generate massive
ascites in CRC patients with multiple liver metastases.
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