
Abstract. Hepatitis B virus (HBV) reactivation is a known
risk in cancer patients receiving cytotoxic or
immunosuppressive therapy; however, the risk associated
with newer molecularly-targeted agents has not been well-
quantified. Imatinib, a small molecule inhibitor directed
against BCR-ABL, CKIT, and other tyrosine kinases, has
been associated with HBV reactivation primarily in patients
treated for chronic myelogenous leukemia. Herein we present
the first reported case of a patient who developed HBV
reactivation while receiving imatinib therapy for a
gastrointestinal stromal tumor (GIST) in the adjuvant setting.
This eventually resulted in fulminant liver failure and was
effectively treated with living-related donor liver transplant
and anti-viral medication. Currently, no guidelines exist for
HBV screening prior to imatinib therapy. This report
emphasizes the need for such guidelines and supports the
idea that viral reactivation is a risk in all imatinib-treated
patients, regardless of the underlying disease.

Patients with chronic hepatitis B virus (HBV) infection who
receive cytotoxic or immmunosuppressive therapies are at
risk of viral reactivation that can potentially result in
fulminant hepatic failure (1, 2). The Centers for Disease
Control updated their recommendations in 2008 regarding
serological testing of HBV for select individuals undergoing
such cancer treatment; specifically, routine testing was
recommended for persons born in countries with an HBV
surface antigen (HBsAg) prevalence of ≥2%, injection drug
users, and HIV-infected individuals (3). Those who test

positive for HBsAg should then receive prophylactic anti-
viral therapy to prevent reactivation. 

However, cancer therapies vary widely in their degree of
associated immunosuppression, and little is known about the
risk of HBV reactivation associated with targeted agents such
as oral tyrosine kinase inhibitors (TKI). We herein report the
case of a patient who underwent resection of a primary
gastrointestinal stromal cell tumor (GIST) of the stomach
followed by adjuvant treatment with imatinib, who developed
HBV reactivation and fulminant liver failure rescued by liver
transplant.

Case Report

A 62-year-old man with no significant past medical history
presented in March 2009 with epigastric discomfort.
Diagnostic workup at that time included esophago-
gastroduodenoscopy and computed tomography of the
abdomen, which identified a mass in the greater curvature of
the stomach (Figure 1). Fine needle aspiration revealed
GIST, and he underwent laparoscopic wedge resection of the
tumor with an uncomplicated post-operative course.
Pathological examination demonstrated a 5.2×4.4 cm tumor
with negative margins, 2 mitotic figures per 100 high-
powered fields, and strong immunohistochemical staining for
CD117 (C-KIT) and CD34. Recurrence risk was classified
as low-intermediate, based on the Armed Forces Institute of
Pathology guidelines (4).

The patient began adjuvant imatinib 400 mg per os daily
in May 2009. At the time of treatment initiation, his hepatitis
B status was unknown. Of note, he was of Chinese descent,
was born in southeast Asia, and came to the United States in
2000. Laboratory tests two months into treatment revealed
normal liver function, with AST 33 U/L (normal range 16-41
U/L) and ALT 30 U/L (normal range 12-59 U/L). However,
follow-up labs in November showed new transaminase
elevation (AST 163 U/L, ALT 252 U/L). Imatinib was held
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and the patient was subsequently confirmed to be positive for
HBsAg, at which time entecavir was initiated. Repeat blood
tests one week later showed a continued upward trend of his
transaminases, with an AST now measuring 666 U/L and
ALT 942 U/L, accompanied by increasing nausea,
intermittent emesis, and confusion. He was admitted to his
local Hospital on 12/5/09, at which time liver function testing
revealed AST 994 U/L, ALT 2121 U/L, INR 3.6 (normal
range=0.9-1.2), alkaline phosphatase 202 U/L (normal
range=29-111 U/L), and total bilirubin 19.4 mg/dL (normal
range=0.3-1.3 mg/dL). Ultrasound exam demonstrated no
biliary dilatation. He was diagnosed with fulminant hepatic
failure and subsequently transferred to our institution for
consideration of emergency liver transplant. 

At the time of transfer, he was noted to have grade III
hepatic encephalopathy. He was intubated, started on
continuous veno-venous hemodialysis, and received
infusions of fresh-frozen plasma, factor VII, and prophylactic
broad-spectrum antibiotics. Serologies were obtained and
returned positive for HBV core antibody (anti-HBc) but
negative for the IgM fraction of anti-HBc, and negative for
HBV surface antibody (HBsAb). HBV DNA level was
56,600 IU/mL. On 12/10/09, the patient underwent
orthotopic liver transplant (OLT), with his 43 year-old wife
serving as donor. Pathologic analysis of the explant liver
revealed massive necrosis (>60% hepatic parenchyma loss)
with positive HBsAg staining in hepatocytes, consistent with
HBV reactivation (Figure 2). 

The patient’s postoperative course was complicated by
transient renal insufficiency and biliary stricture which resolved
after endoscopic retrograde cholangiopancreaticogram (ERCP)
with endobiliary stent placement. His initial immuno-
suppression regimen consisted of tapering doses of prednisone
together with mycophenolic acid and tacrolimus. For hepatitis
prophylaxis, he was continued on entecavir and received a 6-
day course of HBV immunoglobulin (HBIg). He was
discharged on 12/16/09. The risks of additional imatinib therapy
were weighed with regard to GIST recurrence versus HBV
reactivation, and the decision was made not to resume imatinib. 

In February 2010, the patient experienced HBV viral
breakthrough, which was effectively treated with HBIg and
upward titration of his entecavir dose. He has since been
maintained on mycophenolic acid, entecavir, and HBIg every
14 weeks and has developed no subsequent viral
breakthrough. Moreover, he has demonstrated no evidence of
GIST recurrence on most recent surveillance imaging
obtained 53 months after initial resection. 

Discussion

Reactivation of hepatitis B viral replication (defined as an
increase in HBV DNA levels ≥10-fold compared to baseline,
or an absolute increase of HBV DNA level exceeding

1,000×106 genome equivalents/mL) (2) is a well-known
consequence of immunosuppressive or cytotoxic therapy, and
has been reported in 20-50% of viral carriers receiving such
regimens without HBV prophylaxis (1, 2, 5). In such
patients, the suppression of a chronic anti-viral immune
response leads to unrestricted viral replication and extensive
hepatocyte infection. Cessation of immunosuppression then
leads to a vigorous immune response and destruction of
infected hepatocytes (6), in some cases resulting in massive
hepatic necrosis and fulminant liver failure. 

In patients receiving targeted-therapies such as oral
tyrosine kinase inhibitors (TKI), rates of HBV reactivation
may be lower, due to this class of agents generally being
associated with a less severe degree of immunosuppression.
Imatinib (Gleevec, Novartis; Basel, Switzerland), a TKI with
activity against the BCR-ABL fusion protein, C-KIT, and
platelet-derived growth factor receptor (7-9), was initially
approved by the FDA in 2001 for Philadelphia chromosome-
positive chronic myelogenous leukemia (CML). It was
subsequently shown to be effective in the treatment of C-
KIT-positive advanced or metastatic GIST (10, 11) and was
approved for this indication the following year. Later studies
of GIST further established efficacy of imatinib in the
adjuvant setting (12, 13), providing the rationale for our
patient receiving treatment with this agent following
resection of his primary tumor (14).

To our knowledge, this is the first case of HBV viral
reactivation in a patient with GIST receiving imatinib
monotherapy, although isolated cases have previously been
reported in patients treated with imatinib for CML (15-20) and
desmoid tumor (21). Interestingly, the immunosuppressive
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Figure 1. Abdominal CT imaging showing a rounded soft tissue lesion
associated with the anterior greater curvature of the stomach (white
arrows), biopsy-confirmed to represent GIST. 



profile of imatinib may differ between patients treated for CML
versus solid tumors such as GIST. In independent phase II
studies of imatinib 400 mg daily, grade 3-4 neutropenia was
observed in 35.1% of CML patients (22) and only 6.8% of GIST
patients (10), suggesting that the severity of myelosuppression
in CML may be related to the pathophysiology of the leukemic
bone marrow. However, mounting evidence supports that
imatinib may also affect the immune system in a clinically
significant manner through a variety of other mechanisms,
independent of underlying disease type. Imatinib inhibits the Src-
family tyrosine kinase Lck (23), which regulates T-cell
development, and has been shown to interfere with T-cell
activation and proliferation in vitro and in vivo (24-27). It also
inhibits the differentiation and function of CD34+ dendritic cells
in vitro (28). In addition to hepatitis B reactivation, reported
infectious complications of imatinib-related immunosuppression
include cases of tuberculosis (29), candidal pneumonia (30),
Epstein Barr Virus-positive lymphoproliferative disease (31, 32),
and herpes zoster infection (33, 34). 

When our patient developed transaminitis, it was
reasonable first to consider that this was due to imatinib-
related hepatotoxicity, a well-characterized adverse event
associated with this drug (rates of grade ≥3 hepatotoxicity
were roughly 5% for imatinib-treated patients in randomized
phase III trials of both GIST (11) and CML (35)). However,
his positive hepatitis B serology studies and the progression
of hepatic dysfunction even after drug withdrawal made
direct drug-induced liver injury less likely. Acute HBV
infection was another possibility on the differential
diagnosis, but the patient did not describe any recent

exposure risks. Furthermore, the patient’s HBV serological
profile was suggestive of reactivation of chronic disease
rather than incident acute hepatitis. In a retrospective study
by Kumar et al., the combination of high levels of HBV
DNA (>0.5 pg/mL or ~28,600 IU/mL) with low titers of IgM
anti-HBc (<1:1,000, including reported negative IgM anti-
HBc) yielded positive and negative predictive values of
96.3% and 100%, respectively, for diagnosing an
exacerbation of chronic hepatitis as opposed to acute
hepatitis (36). Thus, medical history, serological data, and
pathologic examination of the explant liver all supported the
diagnosis of reactivated HBV leading to fulminant liver
failure in this patient.

When HBV reactivation occurs, it should be treated with
anti-viral therapy and urgent referral to a transplant center if
the clinical course is progressive. Several anti-viral options
exist: use of lamivudine is well established and most
extensively studied, while newer drugs like entecavir and
tenofovir are more potent and have lower rates of drug
resistance. Even with treatment, however, the mortality of
chemotherapy-related HBV reactivation is roughly 20% (37).
Thus, anti-viral treatment should be given prophylactically
whenever possible, as benefits of treatment are greater when
administered prior to a reactivation flare. In one study,
prophylactic lamivudine administration was shown to reduce
risk of viral reactivation and HBV-related hepatitis by ≥79%
(38). In the provisional clinical opinion on HBV screening
for patients receiving chemotherapy, however, the American
Society of Clinical Oncology found insufficient evidence to
determine the net benefits and harms of routine screening
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Figure 2. a: Liver explant, showing ballooned (arrow) and necrotic (arrowhead) hepatocytes (original magnification, ×400). b: Liver explant showing
positive staining for Hepatitis B surface antigen (original magnification, ×200). 



(39). The decision to screen is currently left to the discretion
of treating physicians, with testing encouraged for those at
heightened risk for chronic HBV infection or receiving
highly immunosuppressive therapy, including hematopoietic
cell transplantation and regimens containing rituximab. The
most recent National Comprehensive Cancer Network
guidelines for GIST (40) or CML (41) do not address routine
HBV screening when starting imatinib therapy. Furthermore,
even had our patient’s HBV status been checked prior to
initiating imatinib, prophylactic use of lamivudine or another
antiviral agent may not necessarily have been recommended
given the perceived low risk of clinically significant
immunosuppression. 

As demonstrated in this case report, hepatitis B
reactivation can occur in previously asymptomatic patients
at any point in the course of anticancer treatment. When
fulminant hepatitis develops, the decision to proceed with
OLT is complicated for cancer patients in whom prognosis
may already be limited. However, since the presented
patient had undergone complete surgical resection of his
GIST and was categorized as low-to-intermediate risk of
recurrence, and his wife was a compatible and willing
donor, he was felt to be a suitable candidate for
transplantation. While the currently accepted duration of
adjuvant imatinib for resected GIST is one or three years
(depending on tumor size and mitotic count) (13, 14) the
patient received only 6 months of treatment prior to
discontinuation. Imatinib was not restarted post-transplant,
as the risk of recurrent viral reactivation due to prolonged
immunosuppression was deemed greater than the marginally
increased risk of GIST recurrence with suboptimal duration
of treatment with imatinib. Gratifyingly, the patient remains
disease free at most recent follow up, nearly 5 years after
initial resection. 

In summary, this is the first reported case of imatinib-
related hepatitis B reactivation in a patient treated for GIST.
This phenomenon has been previously reported on several
occasions in patients with CML, in which viral reactivation
poses a higher risk compared to GIST patients given the
greater severity of imatinib-related immunosuppression.
However, the presented case supports the hypothesis that
HBV reactivation represents a potential risk in all imatinib-
treated patients, regardless of underlying disease. A greater
understanding of this conferred risk may lead to modified
screening and treatment guidelines for imatinib-treated
patients deemed to be at high risk for HBV infection. 

References

1 Lok AS, Liang RH, Chiu EK, Wong KL, Chan TK and Todd D:
Reactivation of hepatitis B virus replication in patients receiving
cytotoxic therapy. Report of a prospective study. Gastroenterology
100: 182-188, 1991.

2 Yeo W, Chan PK, Zhong S, Ho WM, Steinberg JL, Tam JS,
Hui P, Leung NW, Zee B and Johnson PJ: Frequency of
hepatitis B virus reactivation in cancer patients undergoing
cytotoxic chemotherapy: a prospective study of 626 patients
with identification of risk factors. J Med Virol 62: 299-307,
2000.

3 Weinbaum CM, Williams I, Mast EE, Wang SA, Finelli L,
Wasley A, Neitzel SM and Ward JW: Recommendations for
identification and public health management of persons with
chronic hepatitis B virus infection. MMWR Recomm Rep 57: 1-
20, 2008.

4 Miettinen M and Lasota J: Gastrointestinal stromal tumors:
pathology and prognosis at different sites. Semin Diagn Pathol
23: 70-83, 2006.

5 Nakamura Y, Motokura T, Fujita A, Yamashita T and Ogata E:
Severe hepatitis related to chemotherapy in hepatitis B virus
carriers with hematologic malignancies. Survey in Japan, 1987-
1991. Cancer 78: 2210-2215, 1996.

6 Perrillo RP: Acute flares in chronic hepatitis B: The natural and
unnatural history of an immunologically mediated liver disease.
Gastroenterology 120: 1009-1022, 2001.

7 Schindler T, Bornmann W, Pellicena P, Miller WT, Clarkson B
and Kuriyan J: Structural Mechanism for STI-571 Inhibition of
Abelson Tyrosine Kinase. Science 289: 1938-1942, 2000.

8 Heinrich MC, Griffith DJ, Druker BJ, Wait CL, Ott KA and
Zigler AJ: Inhibition of c-kit receptor tyrosine kinase activity by
STI 571, a selective tyrosine kinase inhibitor. Blood 96: 925-
932, 2000.

9 Buchdunger E, Cioffi CL, Law N, Stover D, Ohno-Jones S,
Druker BJ and Lydon NB: Abl Protein-tyrosine kinase inhibitor
STI571 inhibits in vitro signal transduction mediated by c-Kit
and platelet-derived growth factor receptors. J Pharmacol Exp
Ther 295: 139-145, 2000.

10 Demetri GD, von Mehren M, Blanke CD, Van den Abbeele AD,
Eisenberg B, Roberts PJ, Heinrich MC, Tuveson DA, Singer S,
Janicek M, Fletcher JA, Silverman SG, Silberman SL,
Capdeville R, Kiese B, Peng B, Dimitrijevic S, Druker BJ,
Corless C, Fletcher CD and Joensuu H: Efficacy and safety of
imatinib mesylate in advanced gastrointestinal stromal tumors.
N Engl J Med 347: 472-480, 2002.

11 Blanke CD, Rankin C, Demetri GD, Ryan CW, von Mehren M,
Benjamin RS, Raymond AK, Bramwell VH, Baker LH, Maki
RG, Tanaka M, Hecht JR, Heinrich MC, Fletcher CD, Crowley
JJ and Borden EC: Phase III randomized, intergroup trial
assessing imatinib mesylate at two dose levels in patients with
unresectable or metastatic gastrointestinal stromal tumors
expressing the kit receptor tyrosine kinase: S0033. J Clin Oncol
26: 626-632, 2008.

12 Nilsson B, Sjölund K, Kindblom L-G, Meis-Kindblom JM,
Bümming P, Nilsson O, Andersson J and Ahlman H: Adjuvant
imatinib treatment improves recurrence-free survival in patients
with high-risk gastrointestinal stromal tumours (GIST). Br J
Cancer 96: 1656-1658, 2007.

13. Dematteo RP, Ballman KV, Antonescu CR, Maki RG, Pisters
PW, Demetri GD, Blackstein ME, Blanke CD, von Mehren M,
Brennan MF, Patel S, McCarter MD, Polikoff JA, Tan BR and
Owzar K: Adjuvant imatinib mesylate after resection of
localised, primary gastrointestinal stromal tumour: a
randomised, double-blind, placebo-controlled trial. Lancet 373:
1097-1104, 2009.

ANTICANCER RESEARCH 34: 3629-3634 (2014)

3632



14 Joensuu H, Eriksson M, Sundby Hall K, Hartmann JT, Pink D,
Schütte J, Ramadori G, Hohenberger P, Duyster J, Al-Batran SE,
Schlemmer M, Bauer S,Wardelmann E, Sarlomo-Rikala M,
Nilsson B, Sihto H, Monge OR, Bono P, Kallio R, Vehtari A,
Leinonen M, Alvegård T and Reichardt P: One vs three years of
adjuvant imatinib for operable gastrointestinal stromal tumor: a
randomized trial. JAMA 307: 1265-1272, 2012.

15 Ikeda K, Shiga Y, Takahashi A, Kai T, Kimura H, Takeyama K,
Noji H, Ogawa K, Nakamura A, Ohira H, Sato Y and Maruyama
Y: Fatal hepatitis B virus reactivation in a chronic myeloid
leukemia patient during imatinib mesylate treatment. Leuk
Lymphoma 47: 155-157, 2006.

16 Thia TJK, Tan HH, Chuah THC, Chow WC and Lui HF:
Imatinib mesylate-related fatal acute hepatic failure in a patient
with chronic myeloid leukaemia and chronic hepatitis B
infection. Singapore Med J 49: e86-89, 2008.

17 Kang BW, Lee SJ, Moon JH, Kim S-N, Chae YS, Kim JG,
Hwang YJ and Sohn SK: Chronic myeloid leukemia patient
manifesting fatal hepatitis B virus reactivation during treatment
with imatinib rescued by liver transplantation: case report and
literature review. Int J Hematol 90: 383-387, 2009.

18 Kim SG, Chun JM, Jin R, Kim JY, Won DI and Hwang YJ:
Living donor liver transplantation for acute hepatic failure
caused by reactivation of hepatitis B virus infection after
chemotherapy for hematologic malignancy: case reports.
Transplant Proc 42: 843-845, 2010.

19 Wang Y-D, Cui G-H, Li M, Gowrea B, Xia J and Hu Y: Hepatitis
B virus reactivation in a chronic myeloid leukemia patient treated
with imatinib mesylate. Chin Med J 125: 2636-2637, 2012.

20 Lai G-M, Yan S-L, Chang C-S and Tsai C-Y: Hepatitis B
reactivation in chronic myeloid leukemia patients receiving
tyrosine kinase inhibitor. World J Gastroenterol 19: 1318-1321,
2013.

21 Lakhani S, Davidson L, Priebat DA and Sherker AH:
Reactivation of chronic hepatitis B infection related to imatinib
mesylate therapy. Hepatol Int 2: 498-499, 2008.

22 Kantarjian H, Sawyers C, Hochhaus A, Guilhot F, Schiffer C,
Gambacorti-Passerini C, Niederwieser D, Resta D, Capdeville
R, Zoellner U, Talpaz M, Druker B, Goldman J, O'Brien SG,
Russell N, Fischer T, Ottmann O, Cony-Makhoul P, Facon T,
Stone R, Miller C, Tallman M, Brown R, Schuster M, Loughran
T, Gratwohl A, Mandelli F, Saglio G, Lazzarino M, Russo D,
Baccarani M and Morra E: Hematologic and cytogenetic
responses to imatinib mesylate in chronic myelogenous
leukemia. N Engl J Med 346: 645-652, 2002.

23 Fabian MA, Biggs WH 3rd, Treiber DK, Atteridge CE,
Azimioara MD, Benedetti MG, Carter TA, Ciceri P, Edeen PT,
Floyd M, Ford JM, Galvin M, Gerlach JL, Grotzfeld RM,
Herrgard S, Insko DE, Insko MA, Lai AG, Lélias JM, Mehta SA,
Milanov ZV, Velasco AM, Wodicka LM, Patel HK, Zarrinkar PP
and Lockhart DJ: A small molecule-kinase interaction map for
clinical kinase inhibitors. Nat Biotechnol 23: 329-336, 2005.

24 Dietz AB, Souan L, Knutson GJ, Bulur PA, Litzow MR and
Vuk-Pavlovic S: Imatinib mesylate inhibits T-cell proliferation
in vitro and delayed-type hypersensitivity in vivo. Blood 104:
1094-1099, 2004.

25 Cwynarski K, Laylor R, Macchiarulo E, Goldman J, Lombardi
G, Melo JV and Dazzi F: Imatinib inhibits the activation and
proliferation of normal T lymphocytes in vitro. Leukemia 18:
1332-1339, 2004.

26 Seggewiss R, Loré K, Greiner E, Magnusson MK, Price DA,
Douek DC, Dunbar CE and Wiestner A: Imatinib inhibits T-cell
receptor-mediated T-cell proliferation and activation in a dose-
dependent manner. Blood 105: 2473-2479, 2005.

27 Chen J, Schmitt A, Giannopoulos K, Chen B, Rojewski M,
Döhner H, Bunjes D and Schmitt M: Imatinib impairs the
proliferation and function of CD4+CD25+ regulatory T cells in a
dose-dependent manner. Int J Oncol 31: 1133-1139, 2007.

28 Appel S, Boehmler AM, Grünebach F, Müller MR, Rupf A,
Weck MM, Hartmann U, Reichardt VL, Kanz L, Brümmendorf
TH and Brossart P. Imatinib mesylate affects the development
and function of dendritic cells generated from CD34+ peripheral
blood progenitor cells. Blood 103: 538-544, 2004.

29 Daniels JMA, Vonk-Noordegraaf A, Janssen JJWM, Postmus
PE and van Altena R: Tuberculosis complicating imatinib
treatment for chronic myeloid leukaemia. Eur Respir J 33: 670-
672, 2009.

30 Speletas M, Vyzantiadis T-A, Kalala F, Plastiras D, Kokoviadou
K, Antoniadis A and Korantzis I: Pneumonia caused by Candida
krusei and Candida glabrata in a patient with chronic myeloid
leukemia receiving imatinib mesylate treatment. Med Mycol 46:
259-263, 2008.

31 Bekkenk MW, Vermeer MH, Meijer CJ, Jansen PM, Middeldorp
JM, Stevens SJ and Willemze R: EBV-positive cutaneous B-cell
lymphoproliferative disease after imatinib mesylate. Blood 102:
4243-4243, 2003.

32 Leguay T, Foucaud C, Parrens M, Fitoussi O, Bouabdallah K,
Belaud-Rotureau MA, Tabrizi R, Marit G, Pigneux A and
Milpied N: EBV-positive lymphoproliferative disease with
medullary, splenic and hepatic infiltration after imatinib
mesylate therapy for chronic myeloid leukemia. Leukemia 21:
2208-2210, 2007.

33 Mattiuzzi GN, Cortes JE, Talpaz M, Reuben J, Rios MB, Shan J,
Kontoyiannis D, Giles FJ, Raad I, Verstovsek S, Ferrajoli A and
Kantarjian HM: Development of Varicella-Zoster virus infection
in patients with chronic myelogenous leukemia treated with
imatinib mesylate. Clin Cancer Res 9: 976-980, 2003.

34 Durosinmi MA, Ogbe PO, Salawu L and Oyekunle AA: Herpes
zoster complicating imatinib mesylate for gastrointestinal
stromal tumour. Singapore Med J 48: e16-18, 2007.

35 Druker BJ, Guilhot F, O'Brien SG, Gathmann I, Kantarjian H,
Gattermann N, Deininger MW, Silver RT, Goldman JM, Stone
RM, Cervantes F, Hochhaus A,Powell BL, Gabrilove JL,
Rousselot P, Reiffers J, Cornelissen JJ, Hughes T, Agis H,
Fischer T, Verhoef G, Shepherd J, Saglio G, Gratwohl A, Nielsen
JL, Radich JP, Simonsson B, Taylor K, Baccarani M, So C,
Letvak L and Larson RA: Five-year follow-up of patients
receiving imatinib for chronic myeloid leukemia. N Engl J Med
355: 2408-2417, 2006.

36 Kumar M, Jain S, Sharma BC and Sarin SK: Differentiating
acute hepatitis B from the first episode of symptomatic
exacerbation of chronic hepatitis B. Dig Dis Sci 51: 594-599,
2006.

37 Yeo W and Johnson PJ: Diagnosis, prevention and management
of hepatitis B virus reactivation during anticancer therapy.
Hepatology 43: 209-220, 2006.

38 Loomba R, Rowley A, Wesley R, Liang TJ, Hoofnagle JH,
Pucino F and Csako G: Systematic review: the effect of
preventive lamivudine on hepatitis B reactivation during
chemotherapy. Ann Intern Med 148: 519-528, 2008.

Walker et al: Imatinib-induced HBV Reactivation in GIST

3633



39 Artz AS, Somerfield MR, Feld JJ, Giusti AF, Kramer BS, Sabichi
AL, Zon RT and Wong SL: American Society of Clinical Oncology
provisional clinical opinion: chronic hepatitis B virus infection
screening inpatients receiving cytotoxic chemotherapy for
treatment of malignant diseases. J Clin Oncol 28: 3199-3202, 2010.

40 Demetri GD, Benjamin RS, Blanke CD, Blay JY, Casali P, Choi
H, Corless CL, Debiec-Rychter M, DeMatteo RP, Ettinger DS,
Fisher GA, Fletcher CD, Gronchi A, Hohenberger P, Hughes M,
Joensuu H, Judson I, Le Cesne A, Maki RG, Morse M, Pappo
AS, Pisters PW, Raut CP, Reichardt P, Tyler DS, Van den
Abbeele AD, von Mehren M, Wayne JD and Zalcberg J: NCCN
Task Force report: management of patients with gastrointestinal
stromal tumor (GIST)--update of the NCCN clinical practice
guidelines. J Natl Compr Cancer Netw 5(Suppl 2): S1-29, 2007.

41 National Comprehensive Cancer Network. Chronic Myelogenous
Leukemia NCCN Guidelines (Version 3.2014). http://
www.nccn.org/professionals/physician_gls/pdf/cml.pdf. Accessed
February 13, 2014.

Received May 7, 2014
Revised May 23, 2014

Accepted May 26, 2014

ANTICANCER RESEARCH 34: 3629-3634 (2014)

3634


