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Abstract Although allogeneic hematopoietic stem cell
transplantation (HSCT) is an established treatment for
Philadelphia chromosome-positive acute lymphoblastic
leukemia (ALL), the prognosis of patients who relapse
after allogeneic HSCT has been extremely poor. Dasatinib,
a second-generation tyrosine kinase inhibitor, is a prom-
ising agent for the treatment of Ph-ALL. We report on a
Ph-ALL patient who relapsed early after the first allogeneic
HSCT, but achieved complete molecular remission with
dasatinib alone. She remains in molecular remission
12 months after the second allogeneic HSCT. Dasatinib
was generally well tolerated, but she developed myalgia,
nausea and positive cytomegalovirus antigenemia. In
addition, sudden-onset bloody diarthea was observed
10 days after the second HSCT, which was possibly
associated with the use of dasatinib in addition to the effect
of the conditioning regimen and graft-versus-host disease.
In conclusion, dasatinib is an effective agent for Ph-ALL
with a poor prognosis, but may be associated with specific
adverse events including opportunistic infection and gas-
trointestinal bleeding. '
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1 Introduction

Although Philadelphia chromosome-positive acute lym-
phoblastic leukemia (Ph-ALL) has been associated with the
most unfavorable prognosis among leukemias, the intro-
duction of tyrosine kinase inhibitor (TKI) has led
to a marked improvement in the treatment outcome of
Ph-ALL. Recently, overall survival for this disease has
been reported to range from 40 to 50% [1]. However, the
observation duration is still not long enough and allogeneic
hematopoietic stem cell transplantation (HSCT) still has an
important role in the management of Ph-ALL. The use of
imatinib in remission induction therapy and post-remission
therapy has increased the number of patients who can
undergo allogeneic HSCT for Ph-ALL in first remission
[2]. Especially, the best prognosis has been observed in
patients who received allogeneic HSCT in molecular
remission. However, some patients are imatinib resistant or
intolerant and experience an undesirable clinical course
even after allogeneic HSCT. The prognosis of patients who
relapse after allogeneic HSCT has been extremely poor.

Dasatinib is a second-generation TKIs that inhibits a
wider range of tyrosine kinases than imatinib, including
BCR-ABL and SRC family kinases. Dasatinib has also
been predicted to bind to multiple conformations of the
ABL kinase and is 300-fold more potent than imatinib [3].
A phase 2 study of dasatinib at 140 mg in patients with
imatinib-resistant or -intolerant Ph-ALL, including 15 post-
HSCT patients, was reported [4]. With a2 minimum follow-
up of 8 months, major hematologic response and complete
cytogenetic response were achieved in 42 and 58% of the
36 enrolled patients, respectively. However, various
adverse events have been observed with the use of dasat-
inib, including myelosuppression, bleeding-related events
and fluid retention [3].
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We report on a patient who had a relapse of Ph-ALL
early after the first allogeneic HSCT. She achieved a
complete molecular response after salvage therapy with
dasatinib alone and is still in complete molecular response
1 year after the second HSCT. Here, we describe the
clinical course and discuss the efficacy and toxicity of
dasatinib.

2 Case report

A 15-year-old female developed persistent fever and
headache, and blood examination revealed hyperleukocy-
tosis with a white blood cell (WBC) count of 610 x 10°/L
with 96% blast cells. An immunophenotypic analysis
showed that bone marrow blast cells were positive for
CD10, CD19, CD79a and HLA-DR. She was diagnosed to
have Ph-ALL based on the detection of t(9;22)(q34;q11.2)
translocation by a chromosomal analysis and ela2 minor
BCR-ABL fusion transcript by reverse transcriptase-
polymerase chain reaction (RT-PCR). She received imati-
nib-combined induction therapy and achieved complete
hematological and cytogenetic remission [5]. After con-
solidation therapies containing imatinib, the BCR-ABL
fusion transcript was still positive by qualitative nested
PCR, although quantitative PCR became negative. The
patient was scheduled for her first allogeneic HSCT from
an HLA-matched sibling donor in September 2008. During
these treatments, she was taking imatinib with a reduced
dose of 300 or 400 mg/day due to severe nausea, but
sometimes vomited the tablets within 30-60 min of taking
imatinib. Therefore, the actual average bioavailable daily
dose may have been lower.

The conditioning regimen consisted of total body irradi-
ation with a total dose of 12 Gy divided into 6 fractions, and
cyclophosphamide at a total dose of 120 mg/kg divided over
2 days. Bone marrow cells collected from the HLA-matched
sibling donor were infused without ex vivo manipulation.
The number of infused nucleated cells was 3.17 x 108
cells’kg of recipient body weight. Prophylaxis against
graft-versus-host disease (GVHD) was performed with the
continuous infusion of cyclosporine at 3 mg/kg/day with a
target concentration of 500 ng/ml and short-term metho-
trexate (MTX) at 10 mg/m? on day 1 and 7 mg/m? on days 3
and 6 [6]. Neutrophil engraftment, defined as the first of 3
consecutive days with an absolute neutrophil count of at
least 0.5 x 10%/L, was documented on day 14. Grade I acute
GVHD of the skin only was observed, but did not require
treatment. Cytomegalovirus (CMV) antigenemia was
detected with a maximum of 13 positive cells per 2 slides
by C10/11 on day 49, but became negative 3 weeks later
without antiviral treatment.

Qualitative nested PCR for BCR-ABL fusion transcript
was persistently positive even after the first transplantation,
and furthermore, quantitative PCR became positive at
2.5 x 10* copies/pig RNA on day 112. Immunosuppressive
agent was rapidly reduced to harness graft-versus-leukemia,
but hematological relapse was confirmed on day 159 with a
blast cell count of 12% in the peripheral blood and 37.6% in
the bone marrow.

The clinical course of the patient after relapse is shown
in Fig. 1. Imatinib at 800 mg/day was started again as soon
as hematological relapse was observed, but she could not
tolerate imatinib due to nausea and vomiting. Therefore,
dasatinib at 140 mg/day was substituted for imatinib on
day 167. She noted general myalgia, nausea, headache and
eruption 2 days after starting dasatinib. However, these
symptoms quickly disappeared upon the addition of pred-
nisolone at 0.5 mg/kg/day, except for persistent low-grade
fever, which improved thereafter upon administration of
cefepime. CMV antigenemia became positive with a
maximum count of 222 positive cells per 2 slides, and
ganciclovir at 10 mg/kg/day was required [7]. Otherwise,
she tolerated dasatinib well and a complete molecular
response was achieved on day 258.

We performed the second transplantation from the same
donor 266 days after the first HSCT following a conditioning
regimen that consisted of fludarabine (25 mg/m*day for
5 days), etoposide (200 mg/m*/day for 4 days), cytarabine
(140 mg/m?*/day for 4 days) and melphalan (140 mg/m*day
for 1 day). Dasatinib was stopped 1 day before the start of the
conditioning regimen. A total of 4.01 x 10® nucleated cells/
kg of recipient body weight were infused. GVHD prophylaxis
was performed by the continuous infusion of cyclosporine at
3 mg/kg/day. Neutrophil engraftment was observed on day
11. She developed sudden-onset bloody diarrhea of 1500 ml
per day on day 10. Total colonoscopy on day 15 revealed
markedly edematous mucosa with diffuse redness and
bleeding (Fig. 2). Pathological examination showed lym-
phocyte infiltration and apoptosis in the mucous membrane.
We made a diagnosis of gastrointestinal acute GVHD and
started methyl-prednisolone at 2 mg/kg/day. The gastroin-
testinal symptoms mostly disappeared within 2 weeks. CMV
antigenemia of 21 positive cells per 2 slides was detected on
day 18 and ganciclovir was started on day 20. The number of
CMYV antigenemia-positive cells increased to 820 per 2 slides,
but no CMV disease was observed. CMV antigenemia
became negative several weeks later. On day 139, the patient
complained of a lower abdominal pain, pollakiuria, pain with
urination and macroscopic hematuria. PCR of a urine sample
revealed adenovirus infection, and thus a diagnosis of hem-
orrhagic cystitis caused by adenovirus was made. The symp-
toms gradually improved with supportive care and by
decreasing the dose of immunosuppressants.
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Fig. 1 Clinical course of the
patient after relapse of leukemia
and until the second allogeneic
hematopoietic stem cell
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Fig. 2 Endoscopic findings
included markedly edematous
mucosa and diffuse spotty
bleeding, which were
compatible with gastrointestinal
acute GVHD

We started imatinib at 400 mg/day on day 57 as pro-
phylaxis for relapse of Ph-ALL and, unexpectedly, this
time she tolerated imatinib. We did not choose dasatinib,
since she had high-grade CMV antigenemia. Complete
molecular remission was confirmed 12 months after the
second HSCT.

3 Discussion

In the present case, minimal residual disease was detected
by qualitative nested PCR after chemotherapy with imati-
nib and even after the first allogeneic HSCT, but thereafter
complete molecular remission was obtained with dasatinib
alone, which was started after the hematological relapse.
Sustained complete molecular remission was observed for

@ Springer

more than 12 months after the second HSCT. The clinical

course strongly suggested that dasatinib showed much
stronger anti-leukemic activity than imatinib in this patient,
although the actual dose of imatinib might have been
insufficient due to adverse events. Surprisingly, she was
able to tolerate imatinib at 400 mg/day after the second
HSCT and this may partly contribute to her ability to
maintain molecular response.

Dasatinib was well tolerated in this patient and could be
continued until the second HSCT. While myalgia, nausea,
headache and eruption were observed just after dasatinib
was started, these symptoms soon disappeared on the
addition of prednisolone. Myelosuppression was mild and
dose reduction was not required. However, CMV antige-
nemia after dasatinib was started at a higher level than that
after the first HSCT, even though all immunosuppressants
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had been discontinued. This suggested that dasatinib might
have an immunosuppressive effect, although the addition
of steroid was partly responsible for the development of
CMV antigenemia. Recently, Fei et al. [8] showed that
dasatinib inhibits the proliferation of CD8+ T cells in a
dose-dependent manner with a decreased secretion of
interferon-gamma and granzyme B. The inhibitory effect of
dasatinib on SRC and T-cell receptor signaling transduc-
tion was >100-fold greater than that of imatinib.

In addition, the patient experienced severe gastrointes-
tinal bleeding after the second HSCT. Although the effects
of the conditioning regimen and gastrointestinal acute
GVHD might play a major role in the gastrointestinal
damage, the sudden-onset bloody diarrhea was atypical,
since gastrointestinal symptoms due to the conditioning
regimen and acute GVHD usually begin with watery
diarrhea that gradually becomes bloody. Therefore, we
considered that the use of dasatinib before the conditioning
regimen might have adversely affected the gastrointestinal
damage just after the second HSCT. Although several
studies have shown that the use of second-generation TKIs
before HSCT did not increase transplant-related toxicity,
most of the patients in these studies had chronic myelog-
enous leukemia (CML) in the chronic phase {9-11]. The
adverse effects of dasatinib may vary depending on the
phase of the underlying leukemia. During treatment with
dasatinib for CML, for example, bleeding occurred in 12%
of patients in the chronic phase, whereas 31 and 35% of
patients in the accelerated phase and blast phase, respec-
tively, developed bleeding [12]. Furthermore, 81% of the
bleeding episodes affected the gastrointestinal tract. With
regard to Ph-ALL, Revandi et al. [13] reported the inci-
dence of adverse events during treatment with dasatinib
plus HyperCVAD for Ph-ALL. Four of 35 and 11 of 31
patients in induction therapy and subsequent cycles,
respectively, developed grade 3—4 hemorrhage, and 11 of
these episodes were gastrointestinal bleeding. Therefore,
the risk of gastrointestinal bleeding due to dasatinib may be
higher in patients with Ph-ALL or CML in an advanced
phase compared to those with CML in the chronic phase.

Bleeding episodes were often observed in patients with a
platelet count of >30 x 10%L [12]. In fact, the platelet
count of the current patient at the onset of gastrointestinal
bleeding was greater than 30 x 10°/L. Recently, the effect
of dasatinib on platelet function was studied in detail.
Platelet aggregation upon stimulation with arachidonic
acid, epinephrine or both was impaired in 70, 85 and 59% of
patients who were receiving dasatinib, respectively,
whereas 85% of patients on bosutinib, 100% of those on
nilotinib and 33% of those on imatinib had normal platelet
aggregation [14]. It is not clear why most episodes of
bleeding were observed in the gastrointestinal tract. Possi-
ble explanations include the oral administration of dasatinib

and a major route of elimination in the feces [15]. The
expansion of clonal large granular lymphocytes may also be
associated with the development of colitis during dasatinib
treatment [16).

In conclusion, dasatinib induced complete molecular
remission in a patient who had a relapse of Ph-ALL early
after the first allogeneic HSCT. This suggested that da-
satinib has a strong anti-leukemic activity against Ph-ALL
and, therefore, the use of dasatinib not only as salvage
therapy but also as prophylaxis against relapse of Ph-ALL
may be beneficial for patients after allogeneic HSCT for
Ph-ALL. However, caution should be paid to the possibility
of adverse effects of dasatinib, especially infectious com-
plications and gastrointestinal bleeding. Prospective studies
on dasatinib in these settings are warranted.
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Retrospective Evaluation of the Area Over the
Neutrophil Curve Index to Predict Early Infection in
Hematopoietic Stem Cell Transplantation Recipients
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We investigated the impact of neutropenia on the development of early bloodstream and pulmonary
infections in hematopoietic stem cell transplantation (HSCT) recipients, and evaluated the utility of an index
(D-index) that reflects both the intensity and duration of neutropenia. Fifty-eight patients (23 autologous, 35
allogeneic HSCT recipients) were enrolled in this retrospective study. The D-index was defined as the area
over the neutrophil curve during neutropenia. We also evaluated the utility of the cumulative D-index from
the start of neutropenia until the development of infection (c-D-index), which may enable real-time assess-
ment of the risk for infection. The patients showed 12 and 7 episodes of bloodstream and pulmonary infec-
tion, respectively. The D-index, days of neutropenia (<500/pL) and days of profound neutropenia (< 100/pL)
had at least a nearly significant impact on the development of both bloodstream and pulmonary infections.
On the other hand, the c-D-index, cumulative days of neutropenia, and cumulative days of profound neutro-
penia significantly affected pulmonary infection, but not bloodstream infection. The c-D-index had a high
negative predictive value of 97.4% for pulmonary infection with a cutoff of 5500, but the area under the
receiver operating characteristic curve was similar to that of the cumulative days of neutropenia and
profound neutropenia. Our results showed that although the c-D-index may be useful for identifying patients
who are at low risk for early pulmonary infection after HSCT, its performance was similar to that of the
simple duration of neutropenia.

Biol Blood Marrow Transplant 16: 1355-1361 (2010) © 2010 American Society for Blood and Marrow Transplantation
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Pulmonary infection

INTRODUCTION

Infection remains the leading cause of morbidity
and mortality in the early period after hematopoietic
stem cell transplantation (HSCT) [1-6]. Common
sites of infecton include the bloodstream and the
lungs [7]. During the neutropenic period before
engraftment, both autologous and allogeneic HSCT
recipients have 2 critical risk factors for infection:
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prolonged severe neutropenia, and breaks in the muco-
cutaneous barrier resulting from preparative regimens
[8,9]. The latter increase the risk of infection caused by
oral, gastrointestinal, and skin flora [10], which results
in bloodstream infections through bacterial transloca-
tion [11]. Although neutropenia is a well-recognized
risk factor for documented infections in the early pe-
riod of HSCT [1], it is still unclear whether it has sim-
ilar or different effects on the development of
bloodstream and pulmonary infections. In addition,
there is no useful index that reflects both the intensity
and duration of neutropenia.

In this study, we retrospectively investigated the
impact of neutropenia on the development of early
bloodstream and pulmonary infections in HSCT re-
cipients. As indexes of the severity of neutropenia, we
used the D-index and c-D-index, which were re-
cently proposed by Portugal et al. [12]. The D-index
was based on a graph that showed the absolute neu-
trophil count during neutropenia and was calculated
as the area over the neutrophil curve (Figure 1).
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Figure |. Area over the neutrophil curve (D-index) of a hypothetical
neutropenic patient. If the duration of neutropenia is 16 days, the
expected neutrophil area (shaded area, A.) is 16 x 500 = 8000. If the
area under the neutrophil curve calculated by the trapezoidal method
(striped area, A,) is 2062, the D-index = 8000 — 2062 = 5938.

Thus, it could be used to evaluate the dynamics of
neutropenia, and combined both intensity and dura-
tion. However, the neutrophil counts for the whole
duration of neutropenia are required to calculate
the D-index. Therefore, the D-index becomes avail-
able only after the recovery of neutropenia and is not
useful as a predictor of infectious complications. To
resolve this problem, a cumulative D-index (c-D-
index), defined as the cumulative D-index from the
start of neutropenia, was also investigated. Accord-
ing to their study, the D-index and c-D-index had
high negative predictive values for invasive mold in-
fections in acute myelogenous leukemia patients un-
dergoing chemotherapy. This study was performed
to identify the utility of these indexes for predicting
early bloodstream and pulmonary infections in
HSCT recipients.

PATIENTS AND METHODS

Patients

The Transplantation Unit of Saitama Medical
Center, Jichi Medical University has 3 individual rooms
and 2 quad rooms (11 beds in total) that are equipped
with a laminar air-flow (LAF) system with high-
efficiency particulate air (HEPA) filters. In principle,
allogeneic and autologous HSCT's are performed in
these individual and quad rooms, respectively. We ret-
rospectively reviewed the charts of consecutive patients
who underwent autologous or allogeneic HSCT,
between April 2005 and March 2009. Patients who
had already developed documented infections before
HSCT were excluded. Twenty-three autologous and

Biol Blood Marrow Transplant 16:1355-1361, 2010

35 allogeneic HSCT recipients were finally included
in this study.

Transplantation Procedure

The conditioning regimen in autologous HSCT
was mainly a combination of ranimustine, etoposide,
cytarabine, and melphalan (M-BEAM) for lymphoma
(n = 9) and high-dose melphalan (Mel) for multiple my-
eloma (n = 13) [13]. One patient with acute promyelo-
cytic leukemia received a combination of busulfan (Bu)
and Mel [14]. In allogeneic HSCT, the combination
of cyclophosphamide (Cy) and either total body irradia-
tion (TBI) (n = 16) or Bu (n = 2) was used as a myeloa-
blative regimen [15]. High-dose cytarabine was added to
Cy and TBI in 2 patients. Fludarabine (Flu)-based re-
duced-intensity regimens, such as Flu combined with
Bu [16] or Mel [17], were used in elderly or clinically in-
firm patients (n = 10). Patients with severe aplastic ane-
mia were prepared with Flu, Cy, antithymoglobulin
(ATG) and low-dose TBI at 2 Gy (n = 2) [18].
Alemutuzumab-containing regimens were used in
HSCT from a 2- or 3-antigen-mismatched donor
(n = 3) [19]. Regimen-related toxicity was graded
according to Bearman’s criteria [20].

Graft-versus-host disease (GVHD) prophylaxis in
allogeneic HSCT consisted of the continuous infusion
of cyclosporine A with a starting dose of 3 mg/kg/day
and short-term methotrexate (10-15 mg/m’ on day 1,
7-10 mg/m” on days 3 and 6, and optionally on day 11
in HSCT from a donor other than an HLA-matched sib-
ling) [21] with the exception of 1 patient who received
a continuous infusion of tacrolimus with a starting
dose of 0.03 mg/kg/day and short-term methotrexate.
Acute GVHD (aGVHD) was graded as previously
described [22].

Prophylaxis against bacterial infections consisted of
levofloxacin in all autologous and most of the allogeneic
HSCTs, except that 7 allogeneic recipients had been
receiving fourth-generation cephalosporine or carbape-
nem for fever of unknown origin at HSCT. Prophylaxis
against fungal infections consisted of fluconazole (n =
17), itraconazole (n = 31), micafungin (n = 7), or other
antimold agents (n = 3). As prophylaxis against Preurno-
oystis jiroveci infection, sulfamethoxazole/trimethoprim
or inhalation of pentamidine was used after engraftment.
As prophylaxis against herpes simplex virus infection,
acyclovir was given from days —7 to 35. In allogeneic
HSCT, this was followed by the long-term low-dose
administration of acyclovir for varicella zoster reactiva-
tion [23]. Preemptive therapy with ganciclovir for
cytomegalovirus infection was performed by monitoring
cytomegalovirus antigenemia [24].

D-Index and c-D-Index Calculation

The D-index was calculated based on a graph
that plotted the absolute neutrophil counts over the
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course of the episode of neutropenia (Figure 1) [12].
The D-index (A4, — A,) was calculated as the differ-
ence between the observed area under the curve
(A,), which was calculated by the trapezoidal
method, and the expected neutrophil area (4,; 500/
pL x days with neutropenia) if the patient did not
develop neutropenia. A cumulative D-index (c-D-in-
dex) was calculated as the cumulative D-index from
the start of neutropenia until the development of in-
fections in patients with early pulmonary or blood-
stream infections, whereas the c-D-index was equal
to the D-index in patients without these infections.
The cumulative duration of neutropenia or profound
neutropenia was defined as the duration of neutrope-
nia until the development of infections in patients
with early pulmonary or bloodstream infections, re-
spectively, whereas it was equal to the entire duration
of neutropenia or profound neutropenia in patients
without these infections.

Definition of Early Bloodstream and Pulmonary
Infections

Early infection was defined as that which devel-
oped between the start of the conditioning regimens
and 1 week after engraftment. Bloodstream infection
was diagnosed by culturing bacteria from the blood.
To distinguish between true bloodstream infections
and contamination, common skin contaminants such
as diphtheroids, Bacillus species, Propionibacterium spe-
cies, coagulase-negative staphylococci, and micrococci
had to have been cultured in at least 2 consecutive
blood cultures drawn on separate occasions. Pulmo-
nary infection was defined as new pulmonary infiltrate
observed in a chest X-ray or chest computed tomogra-
phy (CT) regardless of microbiological evidence. Clin-
ically apparent noninfectious pulmonary infiltrates,
including those caused by cardiogenic pulmonary
edema or engraftment syndrome, were excluded.

Statistical Considerations

We evaluated the impact of the D-index, total dura-
ton of neutropenia (<500/uL), and total duration of
profound neutropenia (<100/uL) as indexes of the
severity of neutropenia over the entire duration of neu-
tropenia, whereas we evaluated the c-D-index, cumula-
tive duration of neutropenia, and cumulative duration
of profound neutropenia as indexes of the cumulative
severity of neutropenia from the start of neutropenia.
We assessed the impact of these indexes along with
other epidemiologic and clinical factors, separately for
bloodstream and pulmonary infections.

Dichotomous variables were compared using
Fisher’s exact test, and continuous variables were com-
pared using the Mann-Whitney U test. A P-value of
<.05 was considered to be significant. To assess the
ability of the D-index, c-D-index, and duration of neu-
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tropenia to predict infections we performed a receiver
operating characterisic (ROC) curve analysis and
calculated the positive and negative predictive values
in this patient population.

RESULTS

Patients

The clinical and epidemiologic characteristics of the
patients are shown in Table 1. Among the 58 patients, 1
autologous and 11 allogeneic HSCT recipients devel-
oped bloodstream infections and 7 allogeneic HSCT re-
cipients developed pulmonary infections. The median
number of days between HSCT and the development
of bloodstream and pulmonary infections was 9.5 days
(range: 1-24) and 14.5 days (range: 4-27), respectively.
Eleven of the 12 patients developed bloodstream infec-
tions before engraftment and 1 patdent did so within 1
week after engraftment. Four of the 7 patients developed
pulmonary infections before engraftment and the other
3 patients did so within 1 week after engraftment. The
pathogens that caused bloodstream infections included
coagulase-negative staphylococci (n = 11), Enterococcus
Saecium (n = 1), Pseudomonas species (n = 2), Acinetobacter
(n = 1), and Candida parapsilosis (n = 1). Two patients
developed bacteremia by multiple pathogens. Although
the causes of pulmonary infections were not proven in all
7 patients, 1 and 3 cases were classified as probable and
possible invasive mold infection, respectively, according
to the European Organization for Research and Treat-
ment of Cancer/Invasive Fungal Infections Cooperative
Group and the National Institute of Allergy and Infec-
tious Diseases Mycoses Study Group (EORTC/MSG)
revised criteria for invasive fungal infections [25].
Another case did not fulfill the criteria on chest CT,
but mold infection was suspected because of the eleva-
tion of serum B-D glucan. The other case was also
suspected to have mold infection based on the clinical
course and chest X-ray, but chest CT was not performed
because of the patient’s poor general condition. The
remaining 1 patient developed a unilateral interstitial
pulmonary infiltrate. In 6 of the 7 cases of pulmonary
infection, antifungal treatment with voriconazole or
liposomal amphotericin B was started.

Epidemiologic and Clinical Factors

The incidence of both bloodstream and pulmonary
infections was higher in allogeneic HSCT recipients
than in autologous patients (P = .013 and .022, respec-
dvely). However, age, sex, underlying diseases, condi-
tioning regimens, and antifungal prophylaxis did not
show a statistically significant impact on the develop-
ment of either infection. Furthermore, regimen-
related toxicity of the oral mucosa and gastrointestine,
the duration of central venous catheter insertion, and
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Table I. Clinical and Epidemiological Characteristics of the Study Patients

Total Cases Bloodstream Pulmonary
(n = 58) Infection (n = 12) P-value* Infection (n = 7) P-valuet

Age, years median (range) 50.5 (15-64) 43.5 (15-61) 274 41 (21-54) 31
Sex male / female 29/29 715 517 4/3 687
Autologous / allogeneic HSCTs 231735 {1l 013 0/7 o
Underlying disease .068 075

Acute myelogenous leukemia 14 (24.1%) 4 (33.3%) 4 (57.1%)

Acute lymphoblastic leukemia 6 (10.3%) 2 (16.7%) 1 (14.3%)

Lymphoma 17 (29.3%) 0 0

Myelodysplastic syndrome 3(5.2%) I (8.3%) 0

Aplastic anemia 4 (6.9%) 2(16.7%) 1 {14.3%)

Muitiple myeloma 11 (19.0%) I (8.3%) 0

Others 3(5.2%) 2(16.7%) 1 (14.3%)
Conditioning regimen 0.699 656

Myeloablative regimen 46 (79.3%) 10 (83.3%) 6 (85.7%)

Reduced-intensity regimen 12 (20.7%) 2 (16.7%) 1 (14.3%)
Prophylactic antifungal agent .190 096

FLCZ 17 (29.3%) 6 (50.0%) 2 (28.6%)

ITCZ 31 (53.4%) 4(33.3%) 2 (28.6%)

Other antimold agents 10 (17.2%) 2(16.7%) 3 (42.9%)
Days of neutropenia (<500/uL) median (range) 11.5 (3-40) 17.5 (5-27) 072 24 (13-29) .003
Days of profound neutropenia 8 (0-35) 15 (3-35) 031 18 (8-29) .008

(<100/pL) median (range)
D-index median (range) 4553.5 (942-17,800) 7102.5 (1653.5-13445.5) 0SS 9816.5 (4599.5-13973) 007
¢-D-index median (range) 3374.75 (1378-10,086) 443 7589 (4599.5-11159) 028
Regimen-related toxicity (Bearman’s grade)

Oral mucosa > Grade Il 34 (58.6%) 7 (58.3%) .982 6 (85.7%) 421

Gastrointestine > Grade | 21 (36.2%) 3 (25%) 364 3 (42.9%) 696
Days of central venous catheter insertion, 32.5 (0-85) 39 (17-50) 1.000 32 (24-56) 674

days median (range)
Acute GYHD > Grade Il} 8 (22.9%) 2(18.1%) 656 1 (14.3%) 546

GVHD indicates graft-versus-host disease; HSCT, hematopoietic stem cell transplantation.

*Compared to cases without bloodstream infection.
+Compared to cases without pulmonary infection,
}Analyzed only among allogeneic HSCT recipients.

the development of grade II-IV aGVHD were not sta-
tistically significant risk factors for the development of
either early bloodstream or pulmonary infections.

Evaluation of Indexes for the Severity of
Neutropenia: D-Index, c-D-Index, and Duration
of Neutropenia

Among the indexes of the severity of neutropenia
over the whole duration of neutropenia, days of pro-
found neutropenia (<100/uL) significantly affected
the development of bloodstream infections (median
15 versus 7 days, P = .031). The D-index and days of
neutropenia (<500/pL) tended to be higher or longer
in patients with bloodstream infections, with borderline
significance (median 7102.5 versus 3963.5 and 17.5
versus 10.5 days, P = .055 and .072, respectively). As in-
dexes of the cumulative severity of neutropenia from the
start of neutropenia, neither the c-D-index, cumulative
duration of neutropenia, nor cumulative duration of
profound neutropenia significantly affected blood-
stream infections (median 3375 versus 3963.5, 8.5 ver-
sus 10.5 days, and 7 versus 7 days, P = .443, .397, and
.900, respectively). On the other hand, both the indexes
of the severity of the whole duration of neutropenia, in-
cluding the D-index, days of neutropenia and days of

profound neutropenia (median 9816.5 versus 3999.5,
24 versus 11 days, and 18 versus 7 days, P = .007,
.003, and .008, respectively), and the indexes for the cu-
mulative severity of neutropenia, including the c-D-in-
dex, cumulative duration of neutropenia, and
cumulative duration of profound neutropenia, signifi-
cantly affected pulmonary infections (median 7589 ver-
sus 3999.5, 20 versus 11 days, and 15 versus 7 days, P =
.028, .020, and .024, respectively). When we focused on
the 6 cases with probable, possible, or suspected pulmo-
nary mold infections, the indexes of the severity of neu-
tropenia over the whole duration of neutropenia
significantly affected the development of invasive
mold infections (median 8702 versus 4059, 23 versus
11 days, 17 versus 7 days, P = .027, .020, and .027, re-
spectively), whereas the indexes for the cumulative se-
verity of neutropenia affected it with borderline
significance (median 6678 versus 4059, 18 versusll
days, and 15 versus 7 days, P = .081, .090, and .077, re-
spectively).

ROC analysis revealed that the D-index, c-D-index,
and duraton of neutropenia were equally useful
for predicting early pulmonary infections. The area
under the ROC curves were 0.810, 0.801, and 0.832
for the D-index, days of neutropenia and days of pro-
found neutropenia, respectively (Figure 2A). These
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Figure 2. Receiver operating characteristic curves comparing the
D-index with the days of neutropenia (<500/uL, N500) and profound
neutropenia (<100 /uL, N100) (A), and comparing the cumulative
D-index (c-D-index) with the cumulative durations of neutropenia
(<500/uL, N500) and profound neutropenia (<100/pL, N100) (B) as
predictors of pulmonary infection.

values were .756, .769, and .762 for the c-D-index, cu-
mulative duration of neutropenia, and cumulative dura-
tion of profound neutropenia, respectively (Figure 2B).
The ROC curve was closest to the left corner of the
plot when the thresholds for the D-index, days of neu-
tropenia, and days of profound neutropenia were
7600, 20, and 15, respectively. With the use of these cut-
off values, the sensitivity and specificity for predicting
pulmonary infections were 71.4% and 84.3%, 71.4%
and 78.4%, and 71.4% and 76.5%, respectively. The
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positive and negative predictive values were 29.4% and
95.1%, 38.7% and 95.6%, and 31.3% and 95.2%, re-
spectively. Similarly, the ROC curve was closest to the
left corner of the plot when the thresholds for the c-
D-index, cumulative duration of neutropenia, and cu-
mulative duration of profound neutropenia were 5500,
13, and 14, respectively. With the use of these cutoff
values, the sensitivity and specificity for predicting pul-
monary infections were 85.7% and 74.7%, 100% and
60.8%, and 71.4% and 72.5%, respectively. The posi-
tive and negative predictive values were 31.6% and
97.4%, 25.9% and 100.0%, and 35.7% and 94.9%, re-
spectively (Table 2).

We did not perform ROC analyses for blood-
stream infections, because none of the indexes for the
severity of neutropenia, except for the total days
of profound neutropenia (<100/pL), significantly
affected early bloodstream infections.

DISCUSSION

Bloodstream and pulmonary infections are the main
types of documented infection [7] and are sometimes
fatal in the early period after HSCT [26,27]. In
this study, 12 and 7 of the 58 patients developed
bloodstream infections and pneumonia within 1 week
after engraftment, and these incidences were similar to
those in previous reports [6,7,26]. With regard to the
causative pathogens, Gram-positive organisms, most of
which were coagulase-negative staphylococci, were
the predominant cause of bloodstream infection. As re-
ported previously, Gram-positive bacteria became the
predominant microorganism that caused bloodstream
infections after the introduction of prophylaxis with
fluoroquinolones [1,2,7]. Among 7 cases of pulmonary
infections, 1 and 3 cases were classified as probable
and possible invasive pulmonary mold infection,
respectively, according to the EORTC/MSG revised
criteria [25]. Invasive fungal infection, especially invasive
aspergillosis, is also a life-threatening infectious compli-
cation in the early period after HSCT [28,29].

Neutropenia is considered to be a critical risk factor
for infectious complications in the preengraftment phase
of HSCT [8-10]. Engels et al. [1] reported that the log-
arithm10 of the neutrophil count was significantly
associated with the risk of infection in bone marrow

Table 2. Predictive Values of Each Parameter for Early Pulmonary Infection

CO value Sensitivity (%) Specificity (%) PPV (%) NPV (%)
D-index 7600 714 843 29.4 95.1
Days of neutropenia (<500/uL) 20 71.4 784 387 95.6
Days of profound neutropenia (<100/pL) 15 714 76.5 31.3 95.2
c-D-index 5500 85.7 74.7 316 974
Cumulative duration of neutropenia 13 100 60.8 259 100
Cumulative duration of profound neutropenia 14 714 725 357 94.9

CO indicates cutoff; PPV, positive predictive value; NPV, negative predictive value.
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transplant recipients, with a hazard ratio 0f 0.49. Accord-
ing to the study by Bonadio et al. [4], most infectious ep-
isodes in HSCT recipients occurred during the
leukopenic period, especially in patients with a deeper
(white blood cell count <200/pL) and prolonged leuko-
penia. Offidani et al. [5] reported that >5 days of an ab-
solute neutrophil count <100/pL was associated with
a higher risk of early infecdon in autologous HSCT re-
cipients. Marr et al. [30] considered neutropenia as
a time-dependent covariate, and reported that delayed
neutrophil engraftment was associated with an increased
risk for early invasive aspergillosis in allogeneic HSCT
recipients. However, there has been no tool to assess
the severity of neutropenia that combined both the in-
tensity and the duration until Portugal et al. [12] devel-
oped the D-index and c-D-index, which are calculated
from the neutrophil count curve.

Our present study showed that the cumulative
severity of neutropenia significantly affected early
pulmonary infections in HSCT recipients. In contrast,
although bloodstream infections tended to occur in
patients with a higher D-index and a longer total dura-
tion of neutropenia, the c-D-index and cumulative
duration of neutropenia had no predictive value for
bloodstream infections. This difference may reflect the
fact that bloodstream infections tended to occur earlier
after HSCT than pulmonary infections (median 9.5 ver-
sus 14.5 days). Bloodstream infections often occur soon
after HSCT as a result of bacterial translocation through
oral and gastrointestinal mucosa damaged by the condi-
tioning regimen [11] or in association with the central
venous catheter [31], and therefore are not strongly

related to the duration of neutropenia. With regard to -

pulmonary infections, the significant influence of neu-
tropenia on pulmonary infections might be at least
partly because of pulmonary mold infections, for which
prolonged neutropenia is a strong risk factor [30].

The negative predictive value of the c-D-index for
early pulmonary infectons after HSCT was 97.4% us-
ing a cutoff value of 5500. This means that patients
with a c-D-index less than 5500 have little probability
of developing pulmonary infections and are less likely
to require the empiric or preemptive administration of
intensive antimold treatment, if they have received
treatment in a clean room equipped with a LAF
system. However, it can be difficult to calculate the
c-D-index compared to the simple duration of neutro-
penia. Although Portugal et al. [12] reported that the
D-index and c-D-index were superior to the duration
of neutropenia for predicting invasive mold infections
in acute myelogenous leukemia patients with chemo-
therapy, there seemed to be no great difference accord-
ing to their ROC curves. The current study showed
that the D-index and c-D-index were as effective as
the duration of neutropenia for predicting early
pulmonary infection in HSCT recipients, probably
because neutropenia was more severe and uniform in
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HSCT recipients than in patients with standard che-
motherapy. In fact, the D-index and c-D-index were
strongly correlated with the total days of neutropenia
and the cumulative duration of neutropenia, respec-
tively, in this study (correlation coefficients 0.974
and 0.968, P < .001 and < .001, respectively).

We analyzed both autologous and allogeneic
HSCT recipients together, because neutropenia and
mucocutaneous damage are the strongest risk factors
for infections during the first month after HSCT re-
gardless of the type of HSCT. The difference be-
tween autologous and allogeneic HSCT in terms of
the risk of infectious events becomes apparent after
engraftment, for example, because of the use of ste-
roid for the treatment of GVHD. Therefore, the sig-
nificant difference in the incidence of infections
between allogeneic and autologous HSCT recipients
in this study was because of the difference in the du-
ration of neutropenia, as reported in a previous study
{1]. The duraton of neutropenia in autologous
HSCT was significantly shorter than that in alloge-
neic HSCT in this study (median 18.5 versus 6.5
days, P < .001).

There are some limitations in this study. The first
is the small number of patients evaluated. The D-index
for bloodstream infection and c-D-index for pulmo-
nary mold infection might have attained significance
if the study had been larger. The second limitation is
that the day of the development of pulmonary infec-
tions was considered as the time when pulmonary infil-
trate was detected by imaging tests in this study. The
true occurrence of pulmonary infections might have
been earlier. Third, the predictive value of c-D-index
might vary depending on the anitfungal prophylaxis.
In this study, patients who received fluconazole and
antimold agents as antifungal prophylaxis were evalu-
ated together. In addition, because the positive predic-
tive value of c-D-index for pulmonary infection was
only 31.5%, it may not be useful as a trigger to start
empiric antifungal therapy.

In conclusion, both bloodstream and pulmonary
infections tended to occur more frequently in patients
with a higher D-index and a longer total duration of
neutropenia early after HSCT. On the other hand,
the c-D-index was helpful for predicting the risk of
pulmonary infections, with a high negative predictive
value, but not for predicting bloodstream infections.
In HSCT recipients, the c-D-index was as useful as
the simple duration. of neutropenia and therefore
may add little value to the daily practice of autologous
and allogeneic HSCT.
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Complete molecular remission in refractory acute myeloid
leukemia with MLL/AF9 treated with gemtuzumab ozogamicin

1. Introduction

Gemtuzumab ozogamicin (GO) is a calicheamicin-conjugated
humanized anti-CD33 monoclonal antibody developed as new
agent for targeted chemotherapy. It is used as drug for monother-
apy or combination chemotherapy of CD33-positive acute myeloid
leukemia (AML). We report a case of refractory AML with MLL/AF9
who achieved complete molecular remission with GO therapy.

2. Case report

A 72-year old man was diagnosed as AML (French-American-
British (FAB) classification M5), and his leukemic blasts were
positive for CD33 antigen. Cytogenetic investigation found 50,
XY, +8, t(9;11)(p22:q23), +der(9)t(9;11), +14, +19 karyotype in
20/20 metaphase. Quantitative reverse transcriptase polymerase
chain reaction (RT-PCR) analysis showed 5 x 10% copies g RNA~!
of MLL/AF9 fusion mRNA. We treated him with idarubicin
(12mgm~2day-! for 2 days) and cytarabin (100 mgm~2 day~1;
continuous infusion for 5 days) as induction chemotherapy. He
achieved hematological complete remission (CR), but minimal
residual disease (MRD) remained to be detectable with quantitative
RT-PCR. After three-course of consolidation therapy (idarubicine
and cytarabin, the same dose as induction therapy), he maintained
hematological CR, but MRD was still positive. One month later
from consolidation therapy, the relapse of AML was diagnosed
with bone marrow aspiration. We administered a single dose of
idarubicin (12 mgm~2) as his bone marrow was hypercellular. One
week later, we started re-induction therapy with fractionated doses
of GO (3mgm~2; days 1, 4, 7) according to previous report [1].
He achieved hematological CR again and MRD was not detectable
by RT-PCR (Fig. 1). No serious adverse effect occurred except for
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Fig. 1. Clinical course of the patient and copy number of MLL/AF9 fusion mRNA of
bone marrow aspirates. Open square denotes induction therapy; closed square: con-
solidation therapy; arrowhead: idarubicin; arrow: GO. On day 271, MLL/AF9 fusion
mRNA was not detected by RT-PCR. Minimal detection level was 50 copies pg RNA-'.

0145-2126/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.leukres.2009.12.006

grade 4 hematological toxicity and grade 3 febrile neutropenia. His
leukemia has not relapsed for 4 months after re-induction therapy.

3. Discussion

Richard et al. reported the efficacy of GO in CD33-positive AML
in first relapse; 26% of patients treated with GO achieved hema-
tological CR and median recurrence free survival was 6.4 months
for patients who achieved hematological CR [2]. We attempted
to improve the efficacy and safety of GO therapy using two
strategies. Firstly, we administered a single dose of idarubicin for
cytoreduction prior to GO. Effectiveness of sequential or combina-
tional administration of GO with conventional chemotherapy was
reported [3]. Secondly, we administered fractionated doses of GO,
which is recommended in some reports to avoid severe side effects
[1]. In our case, although the patient was rather elderly, severe side
effects (liver dysfunction, infusion reaction, etc.) did not occur.

MLL/AF9-positive AML is known to show poorer prognosis, com-
pared to AML with wild type MLL [4]. Relapsed AML with MLL/AF9
in elderly shows especially poor prognosis. To our knowledge, this
is the first report of relapsed MLL/AF9-positive AML treated with
GO resulted in molecular CR. It was reported that the negativity of
RT-PCR in hematological CR indicates lower cumulative incidence
of relapse and better overall survival in AML with MLL/AF9 [4]. We
believe GO therapy should be attempted for the cases with MRD as
well as hematological relapse, especially in elderly patients.

Further studies are required to evaluate the efficacy and safety
of our GO regimen; fractionated doses of GO following a single dose
of idarubicin.
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HIV-negative, HHV-8-unrelated primary effusion lymphoma-like

lymphoma: report of two cases

Tsuyoshi Takahashi, Akira Hangaishi, Go Yamamoto, Motoshi Ichikawa,
Yoichi Imai, and Mineo Kurokawa"

Primary effusion lymphoma (PEL) Is a rare type of lymphoma finedto  immunodeficlency virus (HIV) infection, however, there are some reports
the body cavities, such as pleural, pericardial, and peritoneal cavities. ot HIV-negative and HHV-8-unrelated cases. R tly, these cases are
PEL Is usually assoclated with human herpes virus 8 (HHV-8) and human  described as HHV-8-unrelated PEL-like lymphoma. Here, we report two
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Figure 1.
panel) and now (right panel).

such cases. In both cases, no lymphadenopathy or organ involvement
with lymphoma was found. Surface marker revealed that they were both
CD20 positive lymphoma. Systemic chemotherapy with CHOP regimen
with rituximab was effective and gradually led to disappearance of the
lymphoma. HHV-8-unrelated PEL-like lymphoma is truly a distinct clinical
entity and the prognosis of it seems to be better than PEL.

PEL is a very rare type of non-Hodgkin lymphoma that involves only body
cavities [1]. According to the World Health Organization (WHO) classification
of hematological malignancies, PEL is classified as a subtype of diffuse
large B-cell lymphoma that is closely associated with human herpes virus-8
(HHV-8) and HIV [2]. On the other hand, it has been reported that there are
some patients with HHV8-negative and HIV-negative PEL that highly
expresses B-cell markers, which are described as HHV-8-unrelated PEL-like
lymphoma [2]. The reports of HHV-8-unrelated PEL-like lymphoma are anec-
dotal and the character of the lymphoma is not well known yet. Here, we
report two cases of HHV-8-unrelated PEL-like lymphoma who were success-
fully treated with R-CHOP and review of the literature.

Case 1

A 82-year-old man went to an outpatient clinic because of edema of his lower
extremities in January, 2008. He was found to have massive pericardial effu-
sion, left pleural effusion, and sign of cardiac decompensation. Soon after
admission, the patient was treated with drainage of the pericardial and pleural
effusion. On cytological examination of the pleural and pericardial effusion,
middle to large-sized atypical lymphoid cells were observed. The cells were
positive for CD20 and CD79a, but negative for CD3. The immunoglobulin light
chain restriction was also observed. He was suspected to have PEL and intro-
duced to our hospital. When he was admitted, he had massive left pleural effu-
sion and moderate pericardial effusion. The serum lactose dehydrogenase
(LDH) level was 214 IU/L. Tests for hepatitis C virus (HCV) and HIV antibody
were negative. Cytological evaluation of the pleural effusion demonstrated mid-
dle to large-sized atypical lymphoid cells with prominent nucleoli. The cell block
preparation of pleural effusion revealed that atypical lymphoid cells were nega-
tive for HHV-8, but positive for EBER-ISH and EBNA2. The pleural effusion
test for HHV-8 using polymerase chain reaction (PCR) method was also nega-
tive. No mass or lymphoma cells were detected on whole body CT scan, FDG-
PET, and bone marrow biopsy. He was diagnosed as HIV-negative HHV-8-
unrelated PEL-like lymphoma. The patient was treated with six courses of che-
motherapy consisting of rituximab, cyclophosphamide, doxorubicin, vincristine,
and prednisolone (R-CHOP). After six courses of R-CHOP, the pleural effusion
and pericardial effusion became little left. Now, 12 months passed since the
last chemotherapy, and although the slight effusion is still left, disease status
has continued to be stable without further treatment. Chest X-rays when the
patient was diagnosed and now are shown in Fig. 1A.

Case 2

A 73-year-old man had edema of his lower thighs and he was diagnosed as
having pericardial effusion, pleural effusion, and ascites on whole body CT
scan. In January 2009, he had shortness of breath and came to the out-
patient clinic of our hospital. He was diagnosed as cardiac decompensa-
tion with massive pericardial effusion and treated with drainage of it. On
the cytological examination of the pericardial effusion, large atypical lym-
phoid cells with prominent nucleoli were observed. The cell block prepa-
ration of the pericardial effusion revealed that the cells were positive for
CD20, but negative for CD3, HHV-8, and EBER-ISH. No masses or lym-
phoma cells were detected on whole body CT scan, FDG-PET, and bone
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Chest X-rays of the cases. A: Chest X-rays when case 1 was diagnosed (left panel) and now (right panel). B: Chest X-rays when case 2 was diagnosed (left

marrow biopsy. Tests for HCV and HIV antibody were negative. He was
diagnosed as HIV-negative HHV-8-unrelated PEL-like lymphoma. The
patient was treated with six courses of R-CHOP therapy. After repeated
courses of R-CHOP, the pericardial effusion and pleural effusion gradu-
ally decreased. However, after five courses of R-CHOP, liver dysfunction
appeared. The ultrasonographic examination revealed that he had con-
gestion of the liver due to recurred pericardial effusion. Aspiration of fluid
from pericardium was performed twice. However, invasion of lymphoma
cells were not detected in evaluation of cytology and flow cytometric
analysis at this time. After that, liver dysfunction resolved and pericardial
effusion was stable with slight pleural effusion. He was performed six
round of R-CHOP treatment then discharged. Chest X-rays when the
patient was diagnosed and now are shown in Fig. 1B,

PEL was originally described in 1989 as B-cell lymphomatous effusion
in a body cavity without detectable tumor masses and associated with
HHV-8 and HIV infection, mostly occurs in immunodeficiency status [1-3].
However, this entity has been reported in a small number of cases associ-
ated with HIV-negative HHV-8-unrelated PEL-like lymphoma [4-6]. The
PEL lymphoma cells are usually negative for pan-B-cell markers, such as
CD19, CD20, and CD79a. On the other hand, HIV-negative HHV-8-unre-
lated PEL-like lymphoma cells highly express B-cell markers. In our cases,
the lymphoma cells also expressed CD20 and CD79a. As for the patho-
genesis of PEL-like lymphoma, Tanaka et al. reported that some of these
were EBV positive [7]. HCV had also been suggested to be an etiological
agent [8]. Both of the present cases were HCV negative, although case 1
was EBV positive and case 2 was negative.

As to treatment, there is no standard chemotherapeutic regimen recom-
mended for HIV-negative HHV-8-unrelated PEL-like lymphoma because of small
numbers of reports. CHOP-like regimen had been frequently given in these
cases. Recently, rituximab, an anti-CD20 monoclonal antibody, has been incor-
porated into the standard chemotherapy for many B-cell NHLs showing CD20
positivity. In both of our cases, we used rituximab containing regimen because
the lymphoma cells were CD20 positive and it was effective in both cases.

The prognosis of PEL is poor and the median survival of PEL is less than
6 months, whereas the prognosis of HIV-negative HHV-8-unrelated PEL-like
lymphoma may be better than that [9,10]. In our cases, one is alive for 21
months and another is alive for 9 months after their diagnoses. Thus prog-
nosis of PEL-like lymphoma seems to be better than that of PEL as reported
previously. In light of the cases from literature and our present ones, PEL
and HIV-negative HHV-8-unrelated PEL-like lymphoma may have different
pathogenesis, immunophenotypic features, and prognosis.
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A novel MLL-AF1p/Eps15 fusion variant in therapy-related acute
lymphoblastic leukemia, lacking the EH-domains

Chromosomal translocation involving the MLL gene, located at
11q23, is the most frequent abnormality in hematological malig-
nancies and more than 50 genes have been identified as MLL fusion
partners. However, unifying leukemogenic properties of partner
genes remain unclear. Here, we describe a novel MLL-AF1p/Eps15
(epidermal growth factor receptor pathway substrate 15) fusion
variant in previously reported therapy-related acute lymphoblas-
tic leukemia (ALL) patient [1] and argue for the function of AF1p as
MLL fusion partner gene.

A 63-year-old female received high-dose dexamethasone and
high-dose melphalan therapy followed by autologous peripheral
blood stem cell transplantation for multiple myeloma. One year
later, the patient was affected with ALL. The cytogenetic anal-
ysis revealed a reciprocal chromosomal translocation involving
1p32-34 and 11q23, and fluorescence in situ hybridization analysis
showed split signals of the MLL gene.

In order to elucidate the break point between the MLL gene and
the partner gene, we performed 3’-rapid amplification of cDNA ends
(RACE) with the total RNA extracted from her bone marrow cells.
We designed the first specific primer on MLL exon 6, the 5'-outer
side of the break point cluster region (BCR) [2] of the MLL gene (5'-
TCC AAA GCC TAC CTG CAG AAG C-3’) and used the second specific
primer on MLL exon 7, within the BCR (5’-TCA TCC CGC CTC AGC
CAC CTA CTA CAG GAC CGC-3') [3]. Using these primers and the
adaptor primer (5’-CTG ATCTAG AGG TAC CGG ATC C-3/, TAKARA Bio
Inc., Japan), we performed semi-nested polymerase chain reaction
(PCR) and obtained a 2 kbp fragment as an incomplete fusion cDNA.
Dye terminator sequencing of the fragment revealed a fusion mRNA
with an in-frame junction between MLL exon 10 and AF1p exon 12
(Fig. 1A).

MLL N-terminus is reported not to be sufficient to immortal-
ize cells, thus each partner gene must play an indispensable role
in leukemogenesis. Recent studies proposed mainly two types of
mechanisms in MLL-related leukemogenesis [4]. Firstly, some MLL
fusion proteins directly alter transcriptional regulation of target
genes with dependence on the function of their fusion partners
(e.g. MLL-ENL and MLL-ELL/MEN [5]), most of which are nuclear
proteins with transcriptional activity. In contrast, some MLL fusion
partners do not have their own transcriptional activity, but bear
self-association motifs or protein-protein interaction domains.
Some of such fusion partners are cytoplasmic proteins (e.g. MLL-
AF6 and MLL-Septin6). They alter the structure or the complex of
MLL fusions, consequently modulating the transcriptional activities
or the interaction between proteins.

AF1p is reported to be the latter type. Normal AF1p is local-
ized to the plasma membrane clathrin-coated pits and vesicles and
is involved in endocytosis. Through homophilic interaction with
its coiled-coil (CC) domain, AF1p is constitutively dimerized or

0145-2126/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.leukres.2009.07.028

oligomerized in normal cells [6]. Previously reported MLL-AF1p
conserves almost all functional domains of AF1p (Fig. 1B) and is also
dimerized with the CC-domain of AF1p [7,8]. In a colony replating
assay using deletion mutants of MLL-AF1p, the deletion mutants
lacking the EH-domain preserved colony replating capacity, while
the mutants lacking the CC-domain did not [7]. It indicates the
indispensability of the CC-domain and the dispensability of the EH-
domain in murine leukemia. This MLL-AF1p variant found in our
case lacks the EH-domain, but conserves the CC-domain (Fig. 1B).
Therefore, the EH-domain is dispensable in actual human leukemo-
genesis similar to the murine model.

Furthermore, while the known MLL-AF1p fusion was identified
primarily in cases with acute myeloid leukemia, this MLL-AF1p
fusion variant isassociated with ALL. Therefore, missing EH-domain

(A) MLL Exon 10 § AF1p Exon 12
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Fig. 1. The structure of the novel MLL-AF1p transcript and the amino acid sequence.
(A) Sequencing analysis of the novel MLL-AF1p transcript from the product of 3'-
RACE/semi-nested PCR. A break point of the fusion mRNA lies between MLL exon 10
and AF1p exon 12. (B) The schematic structure of the MLL-AF1p fusion proteins.
MLL-AF1p: reported MLL-AF1p fusion, Novel MLL-AF1p: novel MLL-AF1p fusion
lacking EH-domain, AT: AT-hook, CXXC: CXXC domain, BP: break point region, EH:
Eps15 homology domain, coiled-coil: coiled-coil region, DPF: region rich in asparate-
proline-phenylalanine repeats, P: proline rich region and UIM: ubiquitin-interacting
motif.
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might be involved in leukemic cell phenotype determination. In
normal cells, the EH-domain of AF1p interacts with some proteins
containing Asn-Pro-Phe (NPF) motifs [9]. The interaction with these
proteins containing NPF motifs may modify the leukemogenic prop-
erty of the fusion protein. In summary, this case suggests that each
domain of MLL fusion partners play different roles in leukemogen-
esis.
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