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factor and PAI-1 [11-13,15-17]. Our data presented here also support
these previous reports.

In conclusion, r'TM could significantly reduce HMGBI and PAI-
1 levels after HSCT. Additionally, patients who received preventive
r'TM exhibited significantly lower frequencies of VOD and/or TMA,
as well as aGVHD compared to patients who did not receive rT'M.
Therefore, the results of our multi-institutional study suggest that
tr'TM is beneficial when used as a preventive therapy for established
TAC after HSCT.
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Abstract: Primary splenic lymphoma is rare as non-Hodgkin lymphomas. Splenic infiltration of lymphoma cells may
cause splenomegaly in many cases. However, splenomegaly is caused not only by tumor involvement but also by
non-tumorous disorders. One of the most prevalent non-neoplastic causes is portal hypertension mostly due to liver
cirrhosis. On the other hand, liver cirrhosis may underlie various extrahepatic manifestations including development
of B-cell non-Hodgkin lymphomas. Here, we report a case of primary follicular lymphoma of the spleen in a patient
with liver cirrhosis related to hepatitis C and alcohol. The lymphoma was incidentatlly found in an enlarged spieen
resected palliatively to alleviate symptomatic pancytopenia of the patient. The main characteristic of our case is an
incidental finding of a rare situation brought by careful pathological examination. Our case illustrates the impor-
tance to recognize a possibility of co-occurrence of chronic liver disease and extrahepatic lymphoma.

Keywords: Follicular lymphoma, spleen, alcohol, hepatitis C, liver cirrhosis

Introduction

Primary splenic lymphoma is rare, occurring in
no more than 1% of cases of non-Hodgkin lym-
phoma [1]. Among primary splenic lymphoma in
Japanese patients, follicular lymphoma (FL)
comprises 5.98% of them [2].

FL is a subtype of low grade B-cell lymphoma
[3]. Its postulated normal counterparts are cen-
trocytes inside germinal centers (GC) of sec-
ondary lymphoid follicles in lymph nodes. FL
consists of follicle-like structures composed of
centrocyte-like tumor cells expressing CD10
and BCL2 protein. Expression of BCL2 proteins
in FLs is a consequence of 1(14;18)(q32;921)
chromosomal translocation, in which BCL2
locus is under the control of IGH promoter. FL
manifests itself not only as nodal but also as
extranodal lesions including splenic one. Pure
extranodal presentations are uncommon (9%
in one survey) [4].

Splenic infiltration of lymphoma cells may
cause splenomegaly in many cases. However,
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splenomegaly is caused not only by primary or
secondary involvement of tumors, but also by
non-tumorous disorders. One of the prevalent
causes for splenomegaly is portal hypertension
associated with liver cirrhosis or other hepatic
disorders. Splenomagaly may cause symptom-
atic pancytopenia, in which case palliative sple-
nectomy may be chosen. On the other hand,
liver cirrhosis may underlie various extrahepatic
manifestations including development of B-cell
non-Hodgkin lymphomas.

Here, we report a case of primary follicular lym-
phoma of the spleen in a patient with liver cir-
rhosis related to hepatitis C and alcohol. The
lymphoma was incidentally found in an enlarged
spleen resected palliatively to alleviate symp-
tomatic pancytopenia of the patient.

Case report

A 56-year-oid Japanese female was admitted to
our hospital for splenectomy. She had been suf-
fering from liver cirrhosis related to alcohol and
infection with hepatitis C virus (HCV) (Figure 1).
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Figure 1. Histological image of the liver cirrhosis.
Regenerative nodules are completely encircled by
bridging fibrosis, which is stained blue with Azan Mal-
lory method. Original maghnification: x 40, Bar: 1. mm,

Physical examination and abdominal computer-
ized tomography (CT) with contrast enhance-
ment revealed cirrhotic liver and enlarged
spleen (around 17 x 8 cm in size) with vague
nodularity (Figure 2A). Peripheral blood exami-
nation showed pancytopenia with 39.7 x 10?%/
ul of white blood cell count (normal range:
40-90), 10.3 g/dL of hemoglobin (normal
range: 11.5-15), and 6.7 x 10%/uL of platelet
count (normal range: 15-35). Her pancytopenia
was considered to be attributed to hypersplen-
ism caused by portal hypertension due to liver
cirrhosis. Palliative splenectomy was chosen to
relieve her symptomatic pancytopenia.

Pathological examination of the resected
spleen revealed apparent increase in number
of lymphoid follicles (white pulps). At low power
maghnification, multiple follicle-like structures
were observed (Figure 2B). The density of the
follicle-like structrures appeared to be incr-
eased compared with follicles observed in the
normal spleen. This was not typical as the
spleen of cirrhotic patients, where lymphoid fol-
licles in the white pulp are often atrophied due
to chronic congestion. Careful examination
revealed slightly ambiguous polarity in GC-like
structures in these follicle-like lesions (Figure
2C). That is, centrocyte-like cells in the follicle-
like lesions were homogeneous in morphology
and size, compared with centrocytes observed
in the normal GCs (Figure 2D). Moreover, tingi-
ble body macrophages were not apparent in
the GC-like structures (Figure 2C).

Immunohistochemistry revealed that centro-
cyte-like cells in the GC-like structures with the
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unclear polarity were stained positive for CD20
(Figure 3A), CD79a (data not shown), CD10
(Figure 3C), and BCL2 (Figure 3D), while they
were negative for CD3 (Figure 3B), CD23 (data
not shown), and Cyclin D1 (data not shown).
Centroblast-like cells were not apparent.
Preservation of normal reactive GCs was not
evident. Diagnosis of FL, grade 1, in the spleen
was made. *F-fluorodeoxyglucose-positron
emission tomography (FDG-PET)/CT examina-
tion after the splenectomy revealed several
para-aortic lymph nodes up to 8 mm in size, but
no significant uptake of FDG was detected
(data not shown). No other hotspots of FDG
uptake were detected, including the bone mar-
row (data not shown). The patient was carefully
followed up without chemotherapy. During
2-year follow-up by FDG-PET/CT after the diag-
nosis, there have been no significant changes
in size of these lymph nodes without significant
uptake of FDG. These results confirmed that
the final diagnosis of the splenic lesion was pri-
mary FL of the spleen at clinical stage I.

After the diagnosis of follicular lymphoma,
interferon therapy for the liver cirrhosis was ini-
tiated. During the course of the therapy, multi-
ple space-occupying lesions were pointed out
in the liver by gadoxetic acid-enhanced mag-
netic resonance imaging. They were diagnosed
as hepatocellular carcinomas by needle biopsy
(data not shown), and were treated by radiofre-
quency ablation and/or transcatheter arterial
chemoembolization.

Discussion

In this paper, we reported a case of primary FL
of the spleen incidentally found in a patient
with alcohol- and HCV-related liver cirrhosis.
Mollejo M et al. reported clinicopathological
characteristics of 32 cases of primary splenic
FL [5]. They described that splenic FL consists
of 2 subgroups with different clinicopathologi-
cal characteristics: (a) classical FL with t(14;
18) and CD10 expression, usually diagnosed at
advanced stages, and (b) BCL2-negative FL
cases, with higher histologic grade and more
frequently initially seen as disease restricted to
the spleen [5]. The lymphoma in our case is his-
topathologically designated as classical FL, but
is considered to be localized to the spleen. The
cause of the discrepancy may be related to a
particular clinical background of this patient,
that is, alcohol- and HCV-related liver cirrhosis,
which was not described by Mollejo M et al. [5].

Int J Clin Exp Pathol 2014;7(7):4484-4488
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Figure 2. Radiological and histological views of the spleen. A. Abdominal CT with contrast enhancement. An en-
larged spleen is shown in the right half of the figure. Bar: 20 cm. B-D. Representative HE images of the resected
spleen. B. At low power magnification, multiple follicle-like structures are observed. Original magnification: x 20,
Bar: 2 mm. C. At high power maghnification, the follicle-like structure is composed of homogeneous proliferation of
small lymphoid cells. Polarization observed in the normal germinal center (GC) appears unclear. Original magnifica-
tion: x 100, Bar: 200 ym. D. Tumor cells are centrocytes-like in normal GCs. Apparently no centroblast-like cells are
observed. Original magnification: x 1000, Bar: 20 ym.

It is generally known that liver cirrhosis is not
only a risk factor for hepatocellular carcinoma
but also associated with a variety of extrahe-
patic abnormalities. There have been several
retrospective cohort studies on malignancies
associated with liver cirrhosis [6, 7]. According
to one study, the frequency of lymphomas was
ranked as the third, following lung and breast
cancers [6]. In the case of HCV-related liver dis-
ease, marginal zone lymphoma (in particular
splenic marginal zone lymphoma), lymphoplas-
macytic lymphoma, diffuse large B-cell lympho-
ma were reported to be frequently associated
[8, 9]. Other than these lymphomas and FL,
Mollejo M et al. recently described previously
underrecognized histological patterns of HCV-
associated lymphoproliferative disorders [10].
In addition, there are case reports on primary
effusion lymphoma-like lymphomas associated
with HCV-related liver cirrhosis [11].

4486
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In the case of HCV-associated B-cell lympho-
mas, three pathological mechanisms have
been elaborated for lymphomagenesis [9].
First, continuous stimulation of B cells by viral
antigen leads to their consecutive excessive
proliferation, just as illustrated by mucosa
associated lymphoid tissue (MALT) lymphoma
cells stimulated by Helicobacter pylori. Immu-
nological abnormalities may play primary roles
in extrahepatic lymphoma development [9].
Second, since HCV is potentially B-lymphotropic
[12, 13], HCV replication in B cells may mediate
oncogenic effects by intracellular viral proteins,
which has been controversial [9]. Third, it has
been proposed that HCV infection may induce a
high mutation frequency of cellular genes [14],
which has also been controversial. Interestingly,
one of the most convincing evidences for caus-
al relationships between these lymphomas and
HCV is the observation that eradication of HCV

Int J Clin Exp Pathol 2014;7(7):4484-4488
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Figure 3. Immunohistochemical analysis of the tumor cells in the spleen. (A) CD20, (B) CD3, (C) CD10, (D) BCL2.
Tumor cells are positive for CD20 (A), CD10 (C), and BCL2 (D), but negative for CD3 (B). Original magnification: x
400, Bar: 100 pm.

by antiviral and/or interferon therapy leads to
remission of these lymphomas [9, 15]. In our
case, no relapse of the lymphoma was appar-
ently observed during interferon therapy
against HCV-related liver cirrhosis. It is tempt-
ing to speculate that the FL in our case respond-
ed to the interferon therapy. On the other hand,
in anthracycline-based chemotherapy coupled
with rituximab for B-cell non-Hodgkin lympho-
mas, care should be taken not only to reactiva-
tion of clinically silent HCV but also to hepato-
toxicity of the drugs [9].

In conclusion, to our knowledge, our paper is
the first report on primary FL of the spleen inci-
dentally found in splenectomy specimen of a
patient with alcohol- and hepatitis C-related
liver cirrhosis. The low-power view of the spleen
mimicked reactive lymphoid hyperplasia; how-
ever this was not typical as the spleen of cir-
rhotic patients, where lymphoid follicles in the
white pulp are often atrophied due to chronic
congestion. Careful examination led to the cor-
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rect diagnosis of FL of the spleen. One of the
lessons from this case will be that it is clinically
important to recognize a possibility of co-occur-
rence of chronic liver disease and extrahepatic
lymphoma. Close collaboration between hepa-
tologists and hematologists will be desired for
appropriate management of patients with liver
cirrhosis.

Acknowledgements

We thank all the colleagues in the Department

of Surgical Pathology, Hyogo College of
Medicine for preparation of pathological
specimen.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Seiichi Hirota,
Department of Surgical Pathology, Hyogo College of
Medicine, 1-1 Mukogawa-cho, Nishinomiya, Hyogo

Int J Clin Exp Pathol 2014;7(7):4484-4488



Follicular lymphoma incidentally found in a cirrhotic patient

663-8501, Japan. Tel: +81-798-45-6666; Fax: +81-
798-45-6671; E-mail: hiros@hyo-med.ac.jp

References

(1]

(2]

(3]

(4]

Brox A, Shustik C. Non-Hodgkin's lymphoma of
the spleen. Leuk Lymphoma 1993; 11: 165-
171.

Shimizu-Kohno K, Kimura Y, Kiyasu J, Miyoshi
H, Yoshida M, Ichikawa R, Niino D, Ohshima K.
Malignant lymphoma of the spleen in Japan: a
clinicopathological analysis of 115 cases.
Pathol Int 2012; 62: 577-582.

Harris NL, Swerdlow SH, Jaffe ES, Ott G, Nath-
wani BN, de Jong D, Yoshino T, Spagnolo D. Fol-
licular lymphoma. In: Swerdlow SH, Campo E,
Harris NL, Jaffe ES, Pileri SA, Stein H, Thiele J,
Vardiman JW, eds. World Health Organization
Classification of Tumours of Haematopoietic
and Lymphoid Tissues. 4th edition. Lyon: Inter-
national Agency for Research on Cancer (IARC);
2008. pp. 220-226.

Harris NL, de Leval L, Ferry JA. Follicular lym-
phoma. In: Jaffe ES, Harris NL, Vardiman JW,
Campo E, Arber DA, eds. Hematopathology.
Philadelphia, PA: Saunders/Elsevier; 2011.
pp. 267-290.

Mollejo M, Rodriguez-Pinilla MS, Montes-More-
no S, Algara P, Dogan A, Cigudosa JC, Juarez R,
Flores T, Forteza J, Arribas A, Piris MA. Splenic
follicular lymphoma: clinicopathologic charac-
teristics of a series of 32 cases. Am J Surg
Pathol 2009; 33: 730-8.

Berman K, Tandra S, Vuppalanchi R, Ghabril
M, Sandrasegaran K, Nguyen J, Caffrey H, Li-
angpunsakul S, Lumeng L, Kwo P, Chalasani N.
Hepatic and extrahepatic cancer in cirrhosis: a
longitudinal cohort study. Am J Gastroenterol
2011; 106: 899-906.

[7] Kodama K, Tokushige K, Hashimoto E, Taniai
M, Shiratori K. Hepatic and extrahepatic malig-
nancies in cirrhosis caused by nonalcoholic
steatohepatitis and alcoholic liver disease. Al-
cohol Clin Exp Res 2013; 37 Suppl 1: E247-52.

4488

-171 -

[8]

[11]

[12]

[13]

[14]

[15]

Hartridge-Lambert SK, Stein EM, Markowitz AJ,
Portlock CS. Hepatitis C and non-Hodgkin lym-
phoma: the clinical perspective. Hepatology
2012; 55: 634-41.

Peveling-Oberhag J, Arcaini L, Hansmann ML,
Zeuzem S. Hepatitis C-associated B-cell non-
Hodgkin lymphomas. Epidemiology, molecular
signature and clinical management. J Hepatol
2013; 59: 169-77.

Mollejo M, Menéarguez J, Guisado-Vasco P,
Bento L, Algara P, Montes-Moreno S, Rodri-
guez-Pinilla MS, Cruz MA, Casado F, Montal-
ban C, Piris MA. Hepatitis C virus-related lym-
phoproliferative  disorders encompass a
broader clinical and morphological spectrum
than previously recognized: a clinicopathologi-
cal study. Mod Pathol 2014; 27: 281-93.
Ascoli V, Lo-Coco F. Body cavity lymphoma.
Curr Opin Pulm Med 2002; 8: 317-22.
Zignego AL, Giannini C, Monti M, Gragnani L.
Hepatitis C virus lymphotropism: lessons from
a decade of studies. Dig Liver Dis 2007; 39:
S$38-845.

Conca P, Tarantino G. Hepatitis C virus lym-
photropism and peculiar immunological phe-
notype: effects on natural history and antiviral
therapy. World J Gastroenterol 2009; 15:
2305-2308.

Machida K, Cheng KT, Sung VM, Shimodaira S,
Lindsay KL, Levine AM, Lai MY, Lai MM. Hepa-
titis C virus induces a mutator phenotype: en-
hanced mutations of immunoglobulin and pro-
tooncogenes. Proc Natl Acad Sci U S A 2004;
101: 4262-4267.

Vallisa D, Bernuzzi P, Arcaini L, Sacchi S, Callea
V, Marasca R, Lazzaro A, Trabacchi E, Anselmi
E, Arcari AL, Moroni C, Berté R, Lazzarino M,
Cavanna L. Role of anti-hepatitis C virus (HCV)
treatment in HCV-related, low-grade, B-cell,
non-Hodgkins lymphoma: a multicenter Italian
experience. J Clin Oncol 2005; 23: 468-473.

IntJ Clin Exp Pathol 2014;7(7):4484-4488



@

Bone Marrow Transplantation (2014) 49, 254-257
© 2014 Macmillan Publishers Limited Al rights reserved 0268-3369/14

www.nature.com/bmt

ORIGINAL ARTICLE

Etoposide-containing conditioning regimen reduces
the occurrence of hemophagocytic lymphohistiocytosis

after SCT

R Kobayashi', J Tanaka? S Hashino? S Ota®, Y Torimoto®, Y Kakinoki®, S Yamamoto®, M Kurosawa’, N Hatakeyama®,

Y Haseyama®, H Sakai'®, K Sato'' and T Fukuhara'?

Hemophagocytic lymphohistiocytosis (HLH) is a rare life-threatening disease of severe hyperinflammation caused by uncontrolled
proliferation of activated lymphocytes and macrophages that secrete high amounts of inflammatory cytokines. HLH occurring after
SCT is difficult to diagnose. It is characterized by severe clinical manifestations and high mortality. Despite current therapeutic

approaches, outcomes remain poor. We analyzed the incidence and risk factors of HLH after SCT and the response to treatment and
prognosis of 554 patients with HLH after SCT. The cumulative incidence of HLH after SCT was 4.3% (24/554). Use of etoposide in the
conditioning regimen was only factor that reduced HLH after SCT (P=0.027), All patients who received autologous transplantation
were successfully treated. Patients with liver dysfunction (for example, high total bilirubin level, prolonged prothrombin time and
high level of fibrinogen degradation products) had a poor response to treatment for HLH. Physicians should be cautious of HLH,

while not using etoposide for conditioning regimen.

Bone Marrow Transplantation (2014) 49, 254-257; doi:10.1038/bmt.2013.145; published online 16 September 2013

Keywords: hemophagocytic lymphohistiocytosis; transplantation; etoposide

INTRODUCTION

Hemophagocytic lymphohistiocytosis (HLH) is a rare life-threatening
disease of severe hyperinflammation caused by uncontrolled
proliferation of activated lymphocytes and macrophages that
secrete high amounts of inflammatory cytokines." Although HLH is
rare in adults, this disease is sometimes observed in children. HLH is
usually fatal without treatment. Typical clinical findings include
hepatosplenomegaly and prolonged fever that is usually
unresponsive to antibiotic therapy. Lymphadenopathy, different
kinds of rash, edema and jaundice are less frequent manifestations.
Laboratory findings include cytopenias (usually beginning with
thrombocytopenia and evolving into severe pancytopenia),
hyperferritinemia, elevated transaminases, hypofibrinogenemia,
hypertriglyceridemia, hypoalbuminemia and  hyponatremia.'
Additional immunological findings include elevated soluble IL-2
receptor and reduced Natural Killer cell cytotoxicity. Many patients
with HLH show signs of disseminated intravascular coagulation.
Hemophagocytosis can be absent in the early stages of the
disease, > but serial BM aspirations may reveal hemophagocytosis
later in the course, It is important to note that the diagnosis of HLH
does not depend on this morphological finding. HLH occurring after
SCT is particularly difficult to diagnose. It is characterized by severe
clinical manifestations and high mortality.*” Despite current
therapeutic approaches, outcomes remain poor. The present study
analyzed HLH after SCT in patients in Hokkaido prefecture in Japan.

PATIENTS AND METHODS
Patients

A total of 554 patients (310 males, 244 females) with different hematological
malignancies, solid tumor, metabolic abnormalities and immunodeficiencies
underwent SCT between January 2007 and December 2011 at one of 11
institutes in Hokkaido prefecture. The ages of the patients at transplantation
ranged from 0 to 73 years (median, 49 years). In all, 167 patients had non-
Hodgkin's lymphoma, 119 had AML and 76 had ALL. in all, 192 patients had
other diseases, including 61 with multiple myeloma, 37 with myelodysplastic
syndrome, 20 with solid tumors, 13 with aplastic anemia (AA), 13 with
Hodgkin’s lymphoma, 11 with CML, 10 with adult T-cell leukemia and 27 with
other diseases, including metabolic diseases and immunodeficiency.

Treatment protocols

The origin of the stem cells was as follows: 219 patients received BMT, 232
patients underwent PBSC transplantation and 103 patients received cord
blood SCT (CBT). The transplantation donors were related donors in 126
cases and unrelated donors in 240 cases, and autologous transplantation
was performed in 188 cases. The conditioning regimen contained BU for
149 patients, etoposide for 183 patients, fludarabine for 208 patients,
melphalan for 151 patients, CY for 288 patients and anti-thymocyte
globulin for 10 patients. In addition, TBI was used as part of the
conditioning regimen for 309 patients. Reduced intensity conditioning SCT
was used for 242 patients, and myeloablative conditioning SCT was
selected for 312 patients. Prophylaxis for GYHD was performed with
cyclosporine for 147 patients, tacrolimus for 208 patients, MTX for 294
patients, methylprednisolone for 22 patients and mycophenolate mofetil
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for 9 patients. Data were analyzed as of 1 July 2012. Median follow-up time
was 12.9 months from SCT. The analysis protocol of the present study was
approved by the Institutional Review Board of Sapporo Hokuyu Hospital.

Definition of HLH

We used the criteria for HLH after SCT that were described by Takagi et al.”
A diagnosis of SCT-HLH required both major criteria, or one major and all
four minor criteria. The first major criterion was engraftment failure, delayed
engraftment or secondary engraftment failure after SCT, and the second
major criterion was histopathological evidence of hemophagocytosis. The
four minor criteria were high-grade fever, hepatosplenomegaly, elevated
ferritin and elevated serum lactate dehydrogenase. Although progressive
cytopenia has formed the backbone of the previous criteria, this criterion
was not used in this study, considering the post-SCT setting.

Statistical analysis

A Mann-Whitney U-test or y* test was used to compare patients who did
versus those who did not develop HLH. Analysis of survival was performed
using the Kaplan-Meier method, with differences compared by log-rank test.
Cox proportional hazards regression analysis was used for analysis of risk
factor of HLH. Statistical analyses were performed using Dr SPSS Il for
Windows (release 11.0.1J, IBM Japan, Inc, Tokyo, Japan) and R (The R
Foundation for Statistical Computing), EZR on R commander (programmed
by Y Kanda).

RESULTS
Incidence and onset of HLH

The cumulative incidence of HLH after SCT was 4.3% (24 out of
554). In 24 patients with HPS, 10 patients were male and 14 were
female. The age of patients ranged from 4 to 64 years (median, 51
years). HPS occurred in seven patients with non-Hodgkin's
lymphoma, four with AML, four with multiple myeloma, three
with myelodysplastic syndrome, two with ALL, two with adult
T-cell leukemia and one with CML and AA. The origin of stem cell
was BMT in 10 patients, PBSC transplantation in 8 patients and
CBT in 6 patients. A related donor was used for 3 patients, an
unrelated donor was used for 15 patients and 6 patients
underwent auto-transplantation. The median time from the date
of transplant to onset of HLH was 21 days (range: 10-267 days).
The onsets of many patients with HLH were before 30 days after
SCT. Patients who had HLH after day +30 were 6 out of 24
patients. (day + 36, +41, +49, +81, +175, +267). No patient
was proved as evident viral infection.

Risk factors for HLH

Factors predicting HLH after transplantation were analyzed.
Univariate analysis showed no difference in age at transplant,
gender, original disease, stem cell source and donor between
patients with HLH and no HLH (Table 1). In terms of the conditioning
regimen, use of etoposide was the only factor that reduced HLH
after SCT (P = 0.027). Other therapies, including BU, fludarabine, anti-
thymocyte globulin and TBI, were not related to the occurrence of
HLH. Moreover, reduced intensity conditioning or myeloablative
condition was not associated with HLH. All three patients who
developed complicated HLH despite the use of an etoposide-
containing conditioning had undergone autologous transplantation
and were alive at the time of analysis. Occurrence rate of HLH with
or without etoposide is shown in Figure 1. In patients who had
undergone SCT without etoposide-containing regimen, incidence of
HLH was 6.26% at 1 year after SCT. On the other hand, incidence
was 1.66% in those with etoposide-containing regimen, and they
were statistically significant (P= 0.0235). Moreover, we performed
Cox proportional hazards regression analysis treated death as a
time-dependent covariate. This analysis revealed etoposide was
statistically significant factor of HLH (P=0.03472).

We also analyzed by onset day of HLH (early onset: under 30
days after SCT, late onset: over 30 days after SCT). In characteristics
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Table 1. Comparison of patients with HLH and those without HLH
HLH no HLH P-value
(n=24) (n=1530)
Age (median), years 51 48 0.785
Gender (M/F) 10/14 300/230 0.206
Disease 0.298
ALL 2 74
AML 4 115
NHL 7 160
HL 0 13
ATL 2 8
MM 4 57
AA 1 12
Other 4 91
Source 0.600
BM 10 209
PB 8 224
CcB 6 97
Donor 0.388
Autologous 6 182
Allogeneic 18 348
Related 3 123 0.130
Unrelated 15 225
Conditioning
BU 5 144 0.640
TBI 13 291 1.000
VP16 3 180 0.027
Flu 12 196 0.203
L-PAM .7 144 0.817
cy 1 277 0.677
ATG 1 9 0.360
CBDCA 3 40 0.287
MCNU 3 81 0.421
RIST 13 229 0.301
MAST 11 301
GVHD prophylaxis in patients with allogeneic transplantation
Cyclosporine 8 139 0.479
Tacrolimus 10 198 0.672
MTX 13 281 1.000
Methyl prednisolone 0 22 0.616
MMF 0 9 1.000
aGVHD (grade II-V) 4 107 0.601
Abbreviations: AA=aplastic anemia; ATG =anti-thymocyte globulin;
ATL=adult T-cell leukemia; CB=cord blood; CBDCA = carboplatin;
F=female; Flu=fludarabine; HL=Hodgkin's lymphoma; HLH=
hemophagocytic lymphohistiocytosis; L-PAM = melphalan; M= male;
MCNU =methyl chloroethyl nitroso urea; MM =multiple myeloma;
MMF = mycophenolate mofetil; MAST =myeloablative conditioning SCT;
NHL = non-Hodgkin’s lymphoma; PB = peripheral blood; RIST =reduced
intensity conditioning SCT; VP16 = etoposide. Bold indicates P<0.05.

of patients, all six patients were female in the late onset group.
However, other factors, age, original diseases, stem cell source,
conditioning regimen and GVHD prophylaxis, were not different in
the two groups. Survival rate of both groups was also not
different.

Treatment and outcomes after HLH

Treatment analysis was performed using data from 23 patients
with HLH (one patient was excluded because of insufficient data).
Of these patients, 21 patients were treated with prednisolone or
methylprednisolone. Four patients were treated with cyclosporine,
two were treated with mycophenolate mofetil, one was treated
with etoposide, and one was treated with foscarnet. Two patients
underwent re-transplantation for the purpose of treating HLH.
We compared factors at diagnosis of HLH between patients
who were successfully treated and those who failed treated
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Figure 1. Occurrence rate of HLH with or without etoposide. In
patients who had undergone SCT without etoposide-containing
regimen, incidence of HLH was 6.26% at 1 year after SCT. On the
other hand, incidence was 1.66% in those with etoposide-containing
regimen and they were statistically significant (P = 0.0235).

Table 2. Comparison of patients with HLH in which treatment was
effective versus those in which treatment was not effective

Effective Non-effective P-value
(n=14) (n=29)
Age (median), years 53 45 0.231
Gender (M/F) 717 2/7 0.228
Donor (allo/auto) 8/6 9/0 0.048
Onset (days) 21 18 0.636
WBC (% 109/1,) 0.48 017 0.177
Plt (< 107/L) 23 9 0.156
T.Bil (mg/dL) 0.65 2.0 0.046
AST (IU/L) 20 27 0.328
LDH (1U/L) 1735 258.5 0.172
Ferritin (ng/mL) 2048 5340 0.165
PT (s) 114 13.2 0.027
Fib (mg/dL) 437 416 0.372
FDP (ug/mL) 5.05 16 0.046
Treatment
Steroid hormone 13 8 1.000
Cyclosporine 0 4 0.014
MMF 0 2 0.142
Repeated SCT 1 1 1.000

Abbreviations: AST =aspartate aminotransferase; Fib = fibrinogen; FDP =
fibrin/fibrinogen degradation products; LDH=lactate dehydrogenase;
MMF = mycophenolate mofetil; PT=prothrombin time; T.Bil=total
bilirubin; WBC = white blood cell. Bold indicates P<0.05.

(Table 2). All patients who received autologous transplantation
were successfully treated. Patients with liver dysfunction (for
example, high total bilirubin level, prolonged prothrombin time
and high level of fibrinogen degradation products) had a poor
response to treatment for HLH. Cyclosporine was used in many
patients with ineffective results. However, cyclosporine may be
used because of resistance to steroid hormone. The survival rate
was markedly lower in patients with HLH when compared with
those who did not develop HLH (14.5% versus 50.9%, P<0.0001,
Figure 2). However, there was no difference between survival rate
of successfully treated patients and that of failed patients (data
not shown).

DISCUSSION

Various studies have described HLH occurring after autologous
or allogeneic SCT®2* The frequency of HLH after SCT was
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Figure 2. Overall survival curve for patients with and without HLH
who received SCT. Patients without HLH had significantly higher
overall survival (50.94% versus 14.91%) when compared with
patients with HLH.

reported as 4.1% in patients who had undergone autologous and
allogeneic SCT® and was reported as 16.8% in patients who
underwent CBT.” In the present study, the cumulative incidence of
HLH was 4.3% in all patients and was 5.8% in patients who
underwent CBT.

Although some studies have described HLH occurring after SCT,
there are few data regarding risk factors for HLH after SCT. Takagi
et al’” reported that fewer infused CD34" cells are a significant
risk factor for the development of HLH, and Aldelkefi et al®
reported that HLH after SCT was observed in many patients with
allogeneic SCT and AA. Unfortunately, multicenter analysis did not
include data on CD34 + cells in our study. Moreover, AA was not
risk factor of HLH in our analysis. In our analysis, a conditioning
regimen containing etoposide was the only factor associated with
a reduction in HLH. Although HLH was observed in more patients
who had undergone allogeneic SCT when compared with
those who had undergone autologous SCT, this difference did
not reach the level of statistical significance. Because etoposide is
known as a therapeutic agent for HLH, we think it is very
interesting that a conditioning regimen containing etoposide
resulted in a reduction in the development of HLH after SCT2°
The manuscript as risk factor including use of etoposide about
HLH was never seen until now. The clear reason conditioning
regimen containing etoposide controls development of HLH is not
known. Most, but not all, studies suggest that the activated
macrophage in patients with HLH is of donor origin.?'® Therefore,
it is possible that an etoposide-containing condition regimen
results in a decrease in macrophage activity, thereby reducing the
risk of HLH. Previous studies of HLH after SCT have not included
many patients who received an etoposide-containing condition
regimen.®'%?* Indeed, none of the patients in the report by
Takagi et al. received an etoposide-containing condition regimen.®
These facts may also serve to support our speculation. Moreover,
all three patients who developed complicated HLH despite the use
an etoposide-containing condition regimen were alive at the time
of analysis. Although all of these patients underwent autologous
transplantation, use of etoposide as conditioning agent may
improve the effectiveness of treatment for HLH after SCT.

In our analysis, many patients were treated with steroids.
Etoposide, which is an effective therapeutic agent for HLH, was
used in only one patient. However, treatment was more effective
in patients who underwent autologous transplantation and in
those with normal hepatic function. In patients who underwent
autologous transplantation, HLH were known as good prognosis
compared with patients who underwent allogeneic transplanta-
tion. However, the grade of liver dysfunction was not known as a
prognostic factor in the treatment of HLH. In patients with HLH,
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liver dysfunction is likely to progress. Therefore, early diagnosis
and treatment is very important in patients with HLH.

Although about half of patients had a favorable response to
steroids, the overall survival rate in patients with HLH was
statistically lower than that for patients without HLH. It is possible
that administration of steroids depresses GVHD and thereby
increases the risk of relapse.

Some viruses (for example, CMV, Epstein-Barr virus) may be
associated with HLH after SCT. Although, none of the patients
developed viral infections in the present study, we cannot exclude
the possibility that certain viruses are related to the risk of HLH.
Regardless, etoposide-containing conditioning regimens will be
effective in preventing HLH after SCT.

In conclusion, we find that etoposide-containing conditioning
regimens reduce the occurrence of HLH after SCT. Other risk
factors for HLH after SCT were not identified. Physicians should be
cautious of HLH, while not using etoposide for conditioning
regimen.
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__Key Points

* Pretransplant imatinib
improved both relapse and
nonrelapse mortality in
patients with BCR-
ABL—positive acute
lymphoblastic leukemia.

2 We aimed to evaluate the impact of pretransplant imatinib administration on the outcome
1 of allogeneic hematopoietic stem cell transplantation (allo-HSCT) in adults with Philadelphia
chromosome-positive (Ph™") acute lymphoblastic leukemia (ALL). We retrospectively anal-
yzed 738 patients with Ph™ ALL that underwent alio-HSCT between 1990 and 2010 using
data from the Transplant Registry Unified Management Program of the Japan Society of
Hematopoietic Cell Transplantation, We compared the allo-HSCT outcomes between 542
patients who received imatinib before allo-HSCT during the initial complete remission
period (imatinib cohort) and 196 patients who did not receive imatinib (non-imatinib cohort).
The 5-year overall survival after allo-HSCT was significantly higher in the imatinib cohort

than in the non-imatinib cohort (59% vs 38%; 95% confidence interval [Cl], 31-45%; P < .001). Multivariate analysis indicated that
pretransplant imatinib administration had beneficial effects on overall survival (hazard ratio [HR], 0.57; 95% Cl, 0.42-0.77; P<.001), relapse
(HR, 0.66; 95% Cl, 0.43-0.99; P = .048), and nonrelapse mortality (HR, 0.55; 95% Cl, 0.37-0.83; P = .005). In conclusion, our study showed
that imatinib administration before allo-HSCT had advantageous effects on the clinical outcomes of allo-HSCT in patients with Ph* ALL.

(Blood. 2014;123(15):2325-2332)

Introduction

The treatment of Philadelphia chromosome-positive (Ph™) acute
lymphoblastic leukemia (ALL) has changed dramatically since the
introduction of imatinib. Most imatinib-treated patients achieve com-
plete remission (CR), and hematopoietic stem cell transplantation
(HSCT) can be performed in a substantial proportion of patients who
have achieved major or complete molecular remission."* Several
studies have shown improvements in overall survival (OS) since the
incorporation of imatinib-based therapy.” However, the possible
benefits of imatinib administration before HSCT have not been
extensively examined. In Japan, imatinib was initially used to treat
Ph™ ALL in the Japan Adult Leukemia Study Group (JALSG)
ALL202 study, which began in February 2002, and has been
widely used since 2005.* A comparison of the clinical outcomes of
the 60 patients enrolled in the JALSG ALL202 study with those of
patients from the pre-imatinib era strongly suggested that Ph™ ALL
patients who received imatinib before allogeneic HSCT (allo-HSCT)

during the initial CR period had significantly improved OS compared
with those who did not receive imatinib.'® In the present study, we
used data from the Transplant Registry Unified Management Program
of the Japan Society of Hematopoietic Cell Transplantation (JSHCT) to
perform a large retrospective analysis of the clinical impact of imatinib
administration before allo-HSCT. "2

Methods

Data source and patient selection criteria

For this retrospective observational study, patient data were provided by the
JSHCT, the Japan Marrow Donor Program, and the Japan Cord Blood Bank
Network."" In the Transplant Registry Unified Management Program, patient
survival, disease status, and long-term complications, including chronic
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Table 1. Characteristic of 738 patients with Pht ALL who received
allo-SCT

Non-imatinib Imatinib
cohort cohort
Characteristic (n = 196) (n = 542) P
Age at SCT, years (%)

=29 48 (24) 99 (18)

30-54 140 (71) 365 (67)

=55 8 (4) 78 (14)

Median : 39 42 <.001
Gender (male/female) 109/87 293/249 .708
Donor status (%) e

Related 121 (62) 178 (33)

Unrelated 75 (38) 364.(67) . <.001
HLA disparity (%)

Matched 139 (71) 330 (61)

Mismatched 56 (29) 211 (39)

Unknown 10 1) ol0
Stem cell source (%)

Bone marrow : 151.(77) 1345 (64)

Peripheral blood 36 (18) 86 (16)

Cord blood 9 ) 111 (20) . <.001
PS at SCT (%)

0o : 70 (36) 311 (57)

1-4 45 (23) 218 (40)

Unknown : 81(41) 13(2). . .632
Days from dlagnosrs to SCT (%)

<180 94(48) 286 (59)

=180 98 (50) 255 (47)

Unknown - 42 10 352
BCR-ABL subtype (%)

Major 24 (12) 70 (13)

Minor 69 (35) 352 (65)

Major and minor ; 1.(0) 18 (3) {

Unknown 102 (52) 102 (19) .039
Donor recipient gender match (%)

Male-male 43 (22) 180 (33)

Male-female - 38 (19) 129 (24)

Female-male 35 (18) 7 (18)

Female-female i 33 (17) 111 (20)

Unknown 47 (24) 25 (5) 463
Conditioning regimen (%) S Shm

Reduced intensity 1(1) 44 (8)

Myeloabrative : 121 (62) 479 (88)

Unknown 74 (38) 19 (4) <.001
WBC at diagnosis (%) - : T ;

<30 000/l 109 (56) 288 (53)

=30000/pL - 74 (38) 247 (46) ;

Unknown 13 (7) 7(1) 178
GVHD prophylaxis (%) P

CyA/methotfexate 133 (68) 228 (42)

Tacrorimus/methotrexate 46 (23) 266 (49)

Other/unknown 17 (9) 48 (9) <.001
Cytogenetics (%)

(9;22) only 180 (92) 461 (85)

Other abnormality 16 (8) 81.(15) .016
ABO blood type disparity (%)

Match 65 (33) 266 (49)

Minor 24 (12) 119 (22)

Major 37 (19) 152 (28)

Unknown 70 (36) 5(1) 747
Transplant year (%)

1990-2005 183 (93) 139 (26)

2006-2010 13 (7) 403 (74) <.001
MRD status at SCT

Positive 44 (22) 144 (27)

Negative 23 (12) 256 (47)  <.001

CyA, cyclospoline.
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graft-versus-host disease (GVHD) and secondary malignancies, are reviewed
annually using follow-up forms.'? Ph* ALL was diagnosed by the presence
of the Ph chromosome using cytogenetics and/or fluorescence in situ hy-
bridization analysis and the determination of BCR-ABL fusion transcript
positivity via real-time quantitative polymerase chain reaction (PCR) analysis.
Grafts from unrelated donors were exclusively bone marrow derived because
peripheral blood stem cell donation from unrelated donors was not approved
in Japan during the study period. The timing and procedure of allo-HSCT,
including the conditioning regimens, GVHD prophylaxis, and BCR-ABL
transcript level assessments, were determined at each institution. BCR-
ABL transcript levels were not compensated with a correction factor. In
most laboratories, BCR-ABL mRNA copy numbers were normalized relative
to glyceraldehyde-3-phosphate dehydrogenase mRNA copy numbers and ex-
pressed as copies per microgram of RNA. The quantification threshold was
50 copies/lg RNA, which corresponded to a minimal sensitivity of 1075
nondetection of BCR-ABL or samples below this threshold was designated
as “not detected” or “<<50 copies/p.g” (presented herein as PCR negative).
Minimum residual disease (MRD) was evaluated using real-time quantitative
PCR within a 30-day period before transplantation. Therapeutic decisions
regarding tyrosine kinase inhibitor (TKI) administration after allo-HSCT
were made at each institution. This study was approved by the data man-
agement committees of the JSHCT, the Japan Marrow Donor Program, and
the Japan Cord Blood Bank Network and by the Institutional Review Board of
the Fujita Health University. This study was conducted in accordance with
the Declaration of Helsinki.

Patient selection

To attain an adequate level of comparability in terms of the allo-HSCT
regimens, the following inclusion criteria were used: (1) presence of de novo
Ph™ ALL; (2) age of 16 to 59 years; (3) allo-HSCT during the first CR; and
(4) initial HSCT between 1990 and 2010. Additional data on pretransplant
imatinib administration and MRD at the time of allo-HSCT were also collected
for this study. Of the 865 patients who fulfilled these criteria, information on
pretransplant imatinib administration was available for 739 patients. One patient
was excluded because of missing information on the date of relapse. Finally, 738
patients with Ph™ ALL who underwent allo-HSCT during the initial CR were
analyzed.

Statistical considerations

The primary end point of our study was OS after allo-HSCT. Secondary end
points included the incidence of nonrelapse mortality (NRM) and relapse. The
observation periods for OS were calculated from the date of transplantation
until the date of the event or the last known date of follow-up. The OS
probabilities were estimated according to the Kaplan-Meier product limit
method. The cumulative relapse and NRM incidences were estimated while
considering the competing risk, as described elsewhere.'> For each estimate
of the cumulative event incidence, death without an event was defined as
acompeting risk. Risk factors were evaluated using a combination of univariate
and multivariate analyses. The following variables were evaluated: imatinib use
before HSCT (yes vs no), age group in years (40-54 and 55-59 vs <40), donor
and stem cell source (bone marrow from unrelated donor, peripheral blood
from related donor or cord blood vs bone marrow from related donor), human
leukocyte antigen (HLA) disparity (matched [HLA identical siblings or
6/6 allele-matched unrelated] vs mismatched), performance status (PS) at
allo-HSCT (0 vs 1-4), time from diagnosis to allo-HSCT (<180 vs =180
days), BCR-ABL subtype (major vs minor vs major and minor), donor-
recipient gender match (male-male vs male-female vs female-male vs female-
female), conditioning regimen (decreased intensity vs myeloablative), white
blood cell (WBC) count at diagnosis (<30 000/uL vs =30 000/pL), GVHD
prophylaxis (CyA/methotrexate vs tacrolimus/methotrexate), cytogenetics
[t(9;22) only vs more/other abnormalities], and ABO blood type compatibility
(match, minor mismatch, or major mismatch). Continuous CR was defined as
the absence of any hematological recurrence. We defined the following dosages
as decreased-intensity regimens: busulfan, <9 mg/kg; melphalan, <140 mg/m?;
and total body irradiation, <500 c¢Gy (single or fractionated) or 500 to 800 cGy
(fractionated),14 Donor and recipient pairs were considered matched when the
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Figure 1, Effects of imatinib administration before

stem cell transplantation on the overall survival of 1.00
patients with Ph* ALL who underwent allo-HSCT
during the initial CR period.
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HLAs were matched at the A, B, and DRBI loci, as determined by low-
resolution HLA typing in allo-SCT from a related donor or cord blood, For
unrelated allo-HSCT, matching at the HLA-A, B, Cw, and DRB1 loci in HLA
high-resolution molecular typing was considered matched cases. Mismatches
were defined by the presence of =1 disparity among these loci. Univariate
analysis was performed using Cox regression models or a log-rank analysis.
Multivariate analysis was performed using the Cox proportional hazards
regression model or the competing risk regression model,"” as appropriate.
Demographic differences among groups were evaluated using the x* or
Wilcoxon rank-sum tests as appropriate. All statistical analyses were performed
with STATA 11 software (STATA Corp., College Station, TX).

Results
Patient characteristics

The 738 study patients included 402 men and 336 women with a
median age of 41 years (range, 16-59 years). HLA matching infor-
mation was not available for 2 patients. The donor sources included
HIA-identical sibling donors (n = 280), unrelated donors (n = 439),
and other related donors (n = 19). There were no significant differ-
ences between the imatinib and non-imatinib cohorts with respect to
gender, PS at allo-HSCT, interval between diagnosis and allo-HSCT,
donor-recipient gender match, WBC count at diagnosis, or donor-
recipient ABO compatibility, whereas significant differences were
observed with respect to the age distribution at allo-HSCT, donor
status, HLA disparity, stem cell source, BCR-ABL subtype, condi-
tioning regimen, GVHD prophylaxis, and cytogenetics (Table 1). Of
the 196 patients in the non-imatinib cohort, 183 (93%) underwent
allo-HSCT between 1990 and 2005. In contrast, 403 of the 542 (74%)
patients in the imatinib cohort underwent allo-HSCT between 2006
and 2010.

Outcomes

Overall survival. The median follow-up duration of the allo-
HSCT survivors was 1551 days (range, 66-6648 days), and the 3- and
S-year OS rates for all patients were 59% (95% confidence interval
[CI1, 55-63%) and 53% (95% CI, 49-56%), respectively. The 5-year

H T T T

3 4 5 6 7

Time Since Transplant (years)

2 10

OS in the imatinib cohort was 59% (95% ClI, 54-63%), which was
significantly higher than that in the non-imatinib cohort (38%;
95% CI, 31-45%; P < .001; Figure 1). Table 2 shows the OS risk
factor analysis. Imatinib administration before allo-HSCT had a
significantly favorable effect on OS, as revealed by univariate analysis
(hazard ratio [HR], 0.56; 95% CI, 0.45-0.70; P < .001] and confirmed
by multivariate analysis (HR, 0.57; 95% CI, 0.42-0.77; P < .001). In
addition, age, interval between diagnosis and HSCT, and WBC count
at diagnosis were significant prognostic factors for OS in the multi-
variate analysis.

Relapse.  Relapse after allo-HSCT occurred in 116 (21%) and
66 (34%) patients in the imatinib and non-imatinib cohorts, respec-
tively, after median periods of 232 (range, 19-2560 days) and 258
days (range, 42-2350 days), respectively. In the imatinib cohort, the
estimated 3-year cumulative incidence of relapse was 23% (95% CI,
20-27%), which was significantly lower than that in the non-imatinib
cohort (39%; 95% CI, 31-47%; P < .001; Figure 2). Table 3 shows
the relapse risk factor analysis. Imatinib administration before allo-
HSCT had a significantly favorable effect on relapse, as determined
by univariate analysis (HR, 0.52; 95% CI, 0.39-0.71; P < .001) and
confirmed by multivariate analysis (HR, 0.66; 95% CI, 0.43-0.99;
P = .048). In addition, the following were significant prognostic
factors for relapse: age, 30 to 54 years; HLA disparity; and female-
male donor-recipient matching.

NRM. Overall, 207 (38%) patients in the imatinib cohort and
131 (67%) in the non-imatinib cohort died after allo-HSCT within
median periods of 178 (range, 8-2935 days) and 177 days (range,
5-4549 days), respectively. Of these, 124 (23%) and 71 (36%) deaths
in the former and latter cohorts, respectively, were not related to relapse
after allo-HSCT. The major causes of all deaths and their respective
frequencies in the imatinib and non-imatinib cohorts were as follows:
relapse (40% vs 47%), infection (18% vs 9%), organ failure (12%
vs 9%), interstitial pneumonia (6% vs 4%), GVHD (5% vs 9%),
transplantation-associated thrombotic microangiopathy (2% vs 2%),
bleeding (2% vs 5%), sinusoidal obstruction syndrome (1% vs 5%),
and others (13% vs 11%). The estimated cumulative incidence of
NRM at 3 years was significantly lower in the imatinib cohort (22%;
95% Cl, 18-26%) than in the non-imatinib cohort (30%; 95% CI,
24-37%; P = .002; Figure 2). Table 4 shows the NRM risk factor
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Table 2. Results of univariate and multivariate analysis of overali

survival among 738 patients with Ph™ ALL

Univariate analysis

Multivariate analysis

Variable RR (95% Cl) P RR (95% Cl) P
Imatinib use before ;

SCT

No 1 (Reference) 1 (Reference)

Yes : 0.56 (0.45-0.70) ~ '<.001  ~0.57 (0.42-0.77) = <.001
Age at SCT (regression)  1.02 (1.01 —1.03) .002 1.02 (1.01-1.03) <.001
HLA disparity ‘

Matched 1 (Reference) 1 (Reference)

Mismatched - - 0.89 (0.71-1.11) 30 0.89 (0.66-1.20) | .430
Stem cell source

Related bone marrow 1 (Reference) 1 (Reference)

Unrelated bone 0.81 (0.62-1.10) 13 0.92 (0.63-1.33) .640

marrow

Related peripheral 1.08 (0.79~1.48) 64 1.27 (0.90-1.78) 180

Cord blood 0.86 (0.61-1.22) 39 1.25(0.78-2.0) .360
PS at SCT : ~ i ; i

0 1 (Reference) 24 1 (Reference)

1-4 1.15 (0.91-1.47) 1.05.(0.82-1.36) - .690
Duration from

diagnosis to SCT

>180 days k 1 (Reference) 1 (Referénce)

=180 days 1.26 (1.02-1.57) .03 1.31(1.03-1.67)  .030
BCR-ABL subtype k : :

Major 1 (Reference) 1 (Reference)

Minor -~ 0.77 (0.36-1.66) - .51 NA

Major and minor 0.90 (0.44-1.83) .78
Donor recipient gender : '

match

Male-male 1 (Reference) 1 (Reference)

Male-female 0.83 (0.61-1.11) 21 0.78 (0.57-1.06) .110

Female-male 0.78 (0.56-1.08) 13 0.77 (0.55-1.07) 120

Female-female 0.71(0.51-0.98) .03 * °0.70 (0.50-0.98) . .040
Conditioning regimen

Reduced intensity 1 (Reference) 1-(Reference)

Myeloabrative 0.96 (0.60-1.53) .87 1.04 (0.64-1.70) 150
WBC at diagnosis ; e

<30 000/l 1 (Reference) 1 (Reference)

=30 000/uL 1.29 (1.04-1.61) .02 1.07 (0.99-1.14) . .053
GVHD prophylaxis

CyAMTX 1 (Reference) 1 (Reference)

Tacrorimus/MTX 0.78 (0.62-0.98) .03 0.98 (0.73-1.31) .899
Cytogenetics : i RN

(9;22)only 1 (Reference) 1 (Reference)

Other abnormality 0.97 (0.71-1.34) .87 CNA
ABO blood type

disparity

Match 1 (Reference) 1 (Reference). -

Minor 1.12 (0.83-1.51) .48 NA

Major 1.21 (0.93-1.59) 16 NA

CyA, cyclospoline; NA,

not applicable; RR, relative risk.

analysis. Imatinib administration before allo-HSCT had a significantly
favorable effect on NRM, as determined by univariate (HR, 0.65; 95%
CI,0.49-0.88; P < .001) and multivariate analyses (HR, 0.55; 95% CI,
0.37-0.83; P = .005). Age was also found to be a significant prognostic
factor in multivariate analysis.

MRD. Data regarding MRD status before allo-HSCT were
available for 67 (34%) patients in the non-imatinib cohort and 400
(74%) patients in the imatinib cohort (Table 1). Among the 467
patients, the MRD negativity rate before allo-HSCT was signifi-
cantly higher in the imatinib cohort than in the non-imatinib cohort

BLOOD, 10 APRIL 2014 - VOLUME 123, NUMBER 15

(64%;95% C1, 59-69% vs 34%; 23-47%; P < .001). The estimated
cumulative incidence of relapse at 3 years was significantly lower
in the MRD-negative patients than in the MRD-positive patients
(20%; 95% CI, 15-25% vs 32%; 95% CI, 25-40%, respectively;
P = .0017), and this tendency was significant in the imatinib cohort
(19%; 95% CI, 15-25% vs 34%; 95% CI, 25-42%, respectively;
P = .0016), but not in the non-imatinib cohort (27%; 95% CI,
10-48% vs 28%; 95% CI, 15-43%, respectively; P = .566). There
was no significant difference in NRM between the MRD-negative
and MRD-positive patients (19%; 95% CI, 14-24% vs 22%;
95% CI, 16-28% at 3 years, respectively; P = .0642).

Discussion

Although many studies have confirmed the beneficial effects of
imatinib on the clinical outcomes of patients with Ph* ALL,'6 the
potential benefits of pretransplant imatinib administration has not
been investigated in a sufficient number of patients. In our study,
which is the largest of its type to date, we analyzed the records of
738 patients during a long-term follow-up period to analyze the
benefits of pretransplant imatinib administration in patients with
Ph™ ALL. We observed significant improvements in the relapse
rate and NRM in patients who received imatinib before allo-HSCT
compared with those who did not receive imatinib (23% vs 39%;
P < .001 and 22% vs 30%; P = .002, respectively). In the MVA,
pretransplant imatinib administration was shown to have a significant
favorable effect on both relapse and NRM after allo-HSCT.

Some investigators have reported that MRD before HSCT can
serve as a powerful predictor of a lower relapse rate. In an analysis of
the outcomes of 95 patients with Ph™ ALL who received pretrans-
plant imatinib-based therapy, Lee et al showed that the strongest
predictor of relapse was the patient’s MRD status at the end of 2
courses of pretransplant imatinib-based chemotherapy.'® In the present
study, patients who were MRD negative before HSCT had a signi-
ficantly lower relapse rate after HSCT compared with those who were
initially MRD positive (20.0% vs 32%, P = .0017), and this tendency
was remarkable in the imatinib cohort (19% vs 34%, P = .0016).
Moreover, the MRD negativity rate for BCR-ABL patients before allo-
HSCT was significantly higher in the imatinib cohort than in the non-
imatinib cohort (62% vs 37%, P < .001). These data suggest that in
the imatinib cohort, the powerful antileukemia activity associated with
pretransplant imatinib administration extensively decreased the MRD
before allo-HSCT and prevented subsequent relapse after allo-HSCT.

The Ph chromosome is an adverse prognostic factor in patients
with ALL, and only allo-HSCT offers a curative option for patients
with Ph ALL. However, the probability of NRM in patients who
undergo transplantation during the initial CR is relatively high;
therefore, methods to decrease NRM were investigated. Recently,
the UKALLXII/ECOG2993 study confirmed the superiority of allo-
geneic transplantation over chemotherapy on the basis of prospective
outcome data from 267 unselected adult patients and reported that
high NRM remained a significant problem in the pre-imatinib era.'’
Patient age, donor status, and HLA disparity are well-known prog-
nostic factors for NRM after allo-HSCT."*7"!° In the present study,
the risk of NRM was significantly lower in the imatinib cohort than in
the non-imatinib cohort (P = .002), despite the former comprising
significantly larger proportions of older recipients and unrelated and/
or HLA-mismatched donors (P < .001, P < .001, and P = .01,
respectively). Imatinib-based therapy has increased the proportion of
patients who achieve sustained remission, thus providing additional
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Figure 2. Cumulative incldence of relapse- or
nonrelapse-related mortality of patients with Ph* A
ALL who underwent allo-HSCT during the initial CR
period. (A) Relapse mortality. (B) NRM.
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time for suitable donor selection and allo-HSCT and enabling
individualized treatment approaches.' These secondary benefits
may have contributed to the lower NRM in the imatinib cohort.
Moreover, several recent studies have reported improved NRM
following the incorporation or dose escalation of imatinib before
allo-HSCT.'3?? Given these findings, we believe that imatinib
administration has allowed more patients with Ph* ALL to
undergo allo-HSCT while in a better condition, resulting in the
achievement of a lower NRM.

Over the last few decades, there have been many attempts to
improve patient outcomes after allo-HSCT, including changes in the
conditioning regimens and donor selection and the prophylaxis and
treatment of organ complications, GVHD, and infectious diseases.
In Japan, the period of 1990 to 2005 marked a pioneering era of cord
blood transplantation, during which the relevance of cell doses and
HLA matching had not yet been recognized. Laport et al reported
their experiences with 79 patients with Ph™ ALL who underwent
allo-SCT with matched sibling donors; in these patients, the 5-year
OS and NRM were examined according to the decade in which
SCT was performed (1985-1995 vs 1996-2005), and no significant
difference were observed between these 2 time periods.® In Japan,
Kurosawa et al used a nationwide registry database of >6000 patients
to retrospectively assess changes in the incidence and causes of NRM

i ¥ ¥ T H T Y

2 5 4 5 8 7 8 9 10
Years after HSCT

during 3 consecutive 4-year periods (1997-2000, 2001-2004, and
2005-2008).** The authors reported that the incidence of NRM after
allo-HCT had significantly decreased during the entire 12-year
period, which led to improvements in OS and decreases in NRM in
subgroups comprising older patients (50-70 years of age) and/or
those who received unrelated bone marrow transplants.>* According
to the present study, patients who underwent allo-HSCT with alter-
native donors and/or elderly patients would benefit from recent
improvements in transplantation procedures, and this progress in
transplantation may have partly contributed to the improved NRM
in the imatinib cohort.

A strength of the present study was its large sample size; this
permitted a more accurate estimation of the end points and added
statistical power to the analyses. However, because this was a
retrospective multicenter study, our results may be susceptible to
the disadvantages of any retrospective study, such as heterogeneity
in the treatment strategies selected by the physicians. With regard
to patient selection bias, changes in patient selection and trans-
plantation procedures throughout the study period (1990-2010)
should also be considered. In Japan, the widespread use of
alternative donors after 2000 facilitated the extension of allo-
HSCT eligibility. Furthermore, cord blood cells were more
frequently used in the imatinib cohort (20%) than in the non-imatinib
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Table 3. Results of univariate and multivariate analysis of relapse
among 738 patients with Ph* ALL

Univariate analysis

Multivariate analysis

Variable RR (95% CI) P RR (95% CI) P
Imatinib use before SCT - .
No 1 (Reference) 1 (Reference)
Yes 0.52 (0.39-0.71) - - <.001 - .0.66 (0.43-0.99) = .048
Age at SCT (years)
=29 1 {Reference) 1 (Reference)
30-54 0.58 (0.42-0.81) 001 0.63 (0.45-0.89) .009
=55 0.60 (0.36-1.03) .062° 0.71 (0.40-1.30) -..250
HLA disparity
Matched 1 (Reference) 1 (Reference)
Mismatched 0.52 (0.3-0.74) <.001 0.48 (0.29-0.80) .005
Stem cell source : ’ ‘ o
Related bone marrow 1 (Reference)
Unrelated bone marrow 0.50 (0.35-0.70) . <.001 - 0.76 (0.48-1.21) " .251
Related peripheral blood 0.76 (0.50-1.16) 202 0.91(0.58-1.42) .670
Cord blood ©0.51(0.31-0.84)  .008 " 1.2(0.58-25): .618
PS at SCT
0. 1 (Reference) 1 (Reference)
1-4 1.038 (0.75-1.44) .821 NA
Days from diagnosis to i :
scT S : :
>180 days 1 (Reference) 1 (Reference)
=180 days 0.91 (,68-1.22)' .538 ~ 1.16 (0.84-1.61) -.366
BCR-ABL subtype
Major .~ 1 (Reference) 1 (Reference)
Minor 0.61 (0.20-1.91) 400 NA
Major and minor 1.22 (0.44-3.39) 703 NA
Donor recipient gender
match
Male-male 1 (Réference) 1 (Reference)
Male-female 0.95 (0.65-1.40) 790 1.02 (0.69-1.52) .908
Female-male 0.59 (0.37-0.93) ©.024 0.51(0.32-0.81) 004
Female-female 0.49 (0.30-0.80) .004 0.53(0.33-0.87) .013
Conditioning regimen
Reduced intensity 1 (Reference) 1 (Reference)
Myeloabrative 1.15 (0.61-2.17) .675 - 0.95(0.51-1.79) - .864
WBC at diagnosis
<30 QOO/;LL 1 (Reference) 1 (Reference) :
=30 000/l 1.39 (1.03-1.87) .029  1.08 (1.00-1.16) .057
GVHD prophylaxis i ' FE
CyA/MTX 1 (Reference) 1 (Reference)
Tacrorimus/MTX 0.56 (0.40-0.77) - <.001 - 0.74 (0.50-1.09) 1135
Cytogenetics
(9;22) only 1 (Reference) 1 (Reference)
Other abnormality 1.01 (0.65-1.57) .955 NA
ABO blood type disparity SR :
Match 1 (Reference) 1 (Reference)
" Minor 0.75 (0.49-1.16) 199 NA :
Major 0.86 (0.59-1.24) 413 NA

CyA, cyclospoline; NA, not applicable; RR, relative risk.

cohort (5%). These discrepancies resulted in different donor
status, HLA disparity, and stem cell source frequencies in the

present study.

An important difference in the pretransplant chemotherapy
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Therefore, the influence of pretransplant chemotherapy appears to be
limited.

In conclusion, our study involving a large number of patients
observed over along-term follow-up period clearly demonstrates that
imatinib administration before allo-HSCT had advantageous effects on
the clinical outcomes of patients with Ph™ ALL. This finding en-
courages us to consider allo-HSCT for patients with Ph™ ALL even
during the imatinib era; however, we should continue to investigate

regimens should also be noted. Although detailed information about
pretransplant chemotherapy was not available, the majority of the
non-imatinib cohort was likely treated according to the JALSG
ALL93% or JALSG ALL97 protocols,?® whereas most of the imatinib
cohort was likely to be treated according to the JALSG ALIL202
protocols,* in which the chemotherapeutic regimen was similar to that
used in the earlier protocols, except for the use of imatinib, because
these were widely used regimens in Japan during the study period.

Table 4. Results of univariate and multivariate analysis of NRM
among 738 patients with Ph™ ALL

Univariate analysis

Multivariate analysis

Variable RR (95% Cl) P RR (95% Cl) P
Imatinib use before

SCT )

No 1 (Reference) 1 (Reference)

Yes. 0.65 (0.49-0.88)  '<.001 ' 0.55 (0.37-0.83) * = .005
Age at SCT (years)

=29 A (Réference) i 1.08 (1.02-1.05) - <.001

30-54 1.77 (1.16-2.70) .008 (Regression)

=55 i 2,54 (1.51-4.30) = <.001
HLA disparity

Matched 1 (Referencé)y : 1 (Reference) :

Mismatched 1.15 (0.86-1.54) 330 1.27 (0.87-1.87) 219
Stem cell source S : : G

Related bone marrow 1 (Reference) 1 (Reference)

Unrelated bone 1.47 (1.01-2.13) 044 - 1.32 (0.76-2.32) 327

marrow . St
Related peripheral 1.37 (0.87-2.14) 174 1.55 (0.95-2.53) .081
blood

Cord blood 1.49 (0.93-2.38) .097 . 1.59 (0.81-3.11) : 181
PS at SCT

0 1 (Reference) 1 (Reference)

1-4 1.04 (0.76-1.42) .810  0.90 (0.64-1.26) .542
Days from diagnosis to o :

SCT % L

>180 days 1 (Reference) 1 (Reference)

=180 days . 1.60 (1.20-2.13) 001135 (0.97-1.88) - .075
BCR-ABL subtype

Majdf ; 1 (Hefelfenqe) 1 (Reference)

Minor 1.20 (0.40-3.62) 750 NA

Major and minor -~ - 0.96 (0.33-2.76) 940 NA
Donor recipient gender

match

Male-male - 1 (Reference) 1 (Reference)

Male-female 0.83 (0.55-1.25) .380 0.73 (0.48-1.12) 150

Female-male 1.01(0.67-1.51) . .970  1.07.(0.71-1.62) . .737

Female-female 0.95 (0.63-1.42) .790  0.85 (0.55-1.30) 446
Conditioning regimen i Lo

Reduced intensity 1 (Reference) 1 (Reference)

Myeloabrative 0.76 (0.44-1.31) 328 0.93 (0.52-1.67) 819
WBC at diagnosis

<30 000/ul 1 (Reference) 1 (Reference)

=30000/pL 1.04 (0.78-1.38) .810  1.03 (0.94-1.14) 468
GVHD profiraxis

CyA/MTX 1 (Reference) 1 (Reference)

Tacrorimus/MTX 1.19 (0.89-1.60) 250 1.23 (0.84-1.81) 287
Cytogenetics

1(9;22) only 1 (Reference) 1 (Reference)

Other abnormality 1.03 (0.68-1.54) .900 NA
ABO blood type

disparity

Match 1 (Reference) 1 (Reference)

Minor 1.31 (0.89-1.92) 170 NA

Major 1.28 (0.91-1.82)  .160 NA

CyA, cyclospoline; NA, not applicable; RR, relative risk.

-181 -



From bloodjournal.hematologylibrary.org at MEDICAL LIBRARY OF NAGOYA UNIV on April 20, 2014, For personal use

only,
BLOOD, 10 APRIL 2014 » VOLUME 123, NUMBER 15

alternative treatment options for patients who are not eligible for allo-
HSCT because of older age and/or comorbidity, For example, in
recent years, MRD monitoring has been increasingly used as an
independent prognostic factor in response to a number of studies that
have demonstrated its importance. Ravandi et al analyzed the clinical
outcomes of patients with Ph™ ALL treated with TKI combined
chemotherapy without allogeneic SCT and demonstrated that the
achievement of a major molecular response status at 3 months (and
beyond) after treatment initiation was associated with a decreased
likelihood of relapse and a longer 0S.*” Bachanova et al used data
from the Center for International Bone Marrow Transplant Research
to analyze 197 patients with Ph™ ALL and reported that the achieve-
ment of a MRD-negative status may lead to a low relapse rate and
prolonged survival in response to either myeloablative conditioning
or decreased-intensity conditioning HSCT. They also reported that
MRD status may be more helpful than a predefined age cutoff in
guiding decisions regarding the conditioning intensity before allo-
HSCT.*® In the TKI era, the potential of MRD monitoring via PCR
was demonstrated; this technique allows us to identify patients who
would benefit from treatment intensification and to select continued
therapy without transplantation in older patients with poorer con-
ditions. In addition, recent studies have shown that imatinib therapy
before autologous HSCT is also beneficial.”*® The clinical relevance
of autologous HSCT in patients with Ph™ ALL should also be
investigated as an alternative stem cell source in the TKI era.
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Summary

To evaluate haematopoietic stem cell transplantation (HSCT) in children
and adolescents, we reviewed the records of 47 patients who were
<18 years, had relapsed or refractory anaplastic large cell lymphoma, and
received HSCT between 1990 and 2010. At HSCT, complete remission
(CR) was less common in allogeneic HSCT recipients (n = 24) than in
autologous HSCT recipients (n = 23) (P = 0-01). The autologous and allo-
geneic HSCT groups differed in terms of 5-year event-free survival (EFS)
(38% vs. 50%, P = 0-63), cumulative incidence of progress or relapse (49%
vs. 28%, P =0:25), and treatment-related mortality (12% vs. 25%,
P = 0-40). However, these differences were not significant. Patients with
non-CR at autologous HSCT had a significantly lower EFS rate (14% vs.
48%, P = 0-03). Conversely, although those with non-CR at allogeneic
HSCT had a lower EFS rate, this was not significant (44% vs. 63%,
P = 0-26). Reduced-intensity conditioning regimens were used for three of
the 16 allogeneic HSCTs received by patients with non-CR. These three
patients achieved CR, surviving 32-65 months after HSCT. These results
demonstrated that allogeneic HSCT might be a treatment option for
patients who do not achieve CR through conventional chemotherapy.

Keywords: anaplastic large cell lymphoma, children, adolescents, haemato-
poietic stem cell transplantation, reduced-intensity conditioning,
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Anaplastic large cell lymphoma (ALCL) is rare in children,
accounting for 10-15% of childhood non-Hodgkin
lymphoma cases (Murphy, 1994). The event-free survival
(EFS) rate is 65~75% in children and adolescents receiving a
first-line strategy based on short-pulse chemotherapy over a
period of 3-6 months (Brugieres et al, 1998, 2009a; Seide-
mann et al, 2001; Le Deley ef al, 2010). Accordingly, the
relapse rate is approximately 30% in most study series. The
treatment of relapsed and refractory ALCL remains a matter
of debate. Patients with relapsed ALCL have a 30-60%
chance of survival under current treatment strategies, which
include high-dose chemotherapy with haematopoietic stem
cell transplantation (HSCT) and long-term treatment with
vinblastine (Brugitres ef al, 2000, 2009b; Williams et al,
2002; Mori ef al, 2006; Woessmann et al, 2006; Stockklaus-
ner et al, 2008; Gross et al, 2010). In contrast, patients who
experience ALCL progression during first-line chemotherapy
have extremely poor outcomes (Woessmann ef al, 2006) and
autologous or allogeneic HSCT is required as the most
appropriate therapy.

Some evidence is available regarding the roles of autolo-
gous and allogeneic HSCT in paediatric ALCL. However,
data are limited to several HSCT case series and case
reports. In particular, few reports have been published
regarding allogeneic HSCT for paediatric ALCL. We previ-
ously reported a retrospective analysis of 26 paediatric
patients with recurrent ALCL in Japan (Mori et al, 2006).
In that study, only three of the eight patients who received
autologous HSCT while in their second complete remission
(CR) survived without further relapse. In contrast, all six
patients who received allogeneic HSCT while in their
second CR survived without further relapse. However, our
previous study included too few patients for us to discuss
the efficacy of HSCT for relapsed or refractory childhood
ALCL.

In the present study, we sought to evaluate the efficacy of
HSCT for relapsed or refractory ALCL in children and ado-
lescents. We performed a further retrospective analysis of 47
patients who received autologous or allogeneic HSCT for
relapsed or refractory ALCL between 1990 and 2010.

Patients and methods

Patients and transplantations

This study was approved by the institutional ethics committee
of National Kyushu Cancer Centre. Data on patients who had
undergone HSCT were collected from the registries belonging to
the Transplant Registry Unified Management Program system
of the Japan Society for Hematopoietic Cell Transplantation.
The study included 47 patients who had a diagnosis of relapsed
or refractory ALCL and received HSCT at age <18 years
between March 1990 and September 2010. Twenty-three
patients received autologous HSCT and 24 patients received
allogeneic HSCT. Refractory disease was defined as progression
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during fist-line treatment. Reduced-intensity conditioning
(RIC) regimens were defined as (a) total body irradiation of
<500 cGy as a single fraction or <800 cGy if fractionated, (b)
<9 mg/kg of busulfan, (¢) <180 mg/m2 of melphalan, (d)
<10 mg/kg of thiotepa, or (e} the BEAM regimen (carmustine,
etoposide, cytarabine and melphalan), according to previous
reports (Yaniv & Stein, 2008; Giralt et al, 2009; Ohta et al, 2010;
Luger et al, 2012). All other conditioning regimens were defined
as myeloablative conditioning (MAC) regimens.

Statistical analysis

Overall survival (OS), EFS, cumulative incidences of relapse
and treatment-related mortality (TRM) were estimated using
the Kaplan-Meier method. The Mann-Whitney U test, x>
test, and Fisher’s exact test were used to assess differences in
patient characteristics. The level of statistical significance was
set at P < 0-05. All analyses were performed using spss ver-
sion 11.0 (SPSS Inc., Chicago, IL, USA).

Results

Autologous HSCT

The patients’ characteristics are shown in Table I. Twenty-
three patients received autologous HSCT for relapsed or
refractory disease as their first transplantation. The median
follow-up duration for survivors after autologous HSCT was
154 (range: 9-224) months. The median age at HSCT was 15
(range: 7—18) years. Sixteen patients had achieved CR at HSCT
and seven patients had residual disease. Bone marrow and
peripheral blood were the stem cell sources in three and 20
patients, respectively. Engraftment was observed in 23 (100%)
cases, occurring at a median of 12 d. The 5-year cumulative
incidence of relapse was 49% =+ 11% (Fig 1A). Treatment-
related death occurred in three of the patients who received
autologous HSCT and the 5-year cumulative incidence of
TRM was 12% = 9% (Fig 1B). Two of the three patients died
of infectious complications and one patient died of multiple
organ failure. The 5-year OS and EFS rates were 51% =+ 11%
and 38% == 10%, respectively (Fig 2A, B). We observed 5-year
EFS rates of 48% =+ 13% and 14% =+ 13% for patients with
CR and non-CR, respectively, at autologous HSCT (Fig 3A),
which constituted a significant difference (P = 0-03).

Allogeneic HSCT

Twenty-four patients received allogeneic HSCT for relapsed
or refractory disease (Table I). The median follow-up
duration for survivors after allogeneic HSCT was 68 (range:
32-212) months. The median age at HSCT was 13-5 (range:
3-18) years. Of the 24 patients, four had received previous
autologous HSCT. Eight patients had achieved CR at HSCT
and 16 patients had residual disease (Table I). The sources of
stem cells were bone marrow in 13 patients, cord blood in
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