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AML with FLT3-ITD and NPM1 mutation

Table 1 Clinical characteristics of the 83 acute myelogenous leukaemia patients according to FLT3-ITD/NPM1 mutational status

FLT3-Wv/ FLT3-Wt/ FLT3-ITD/ FLT34TD/ Multivariate analysis
NPM1-Wt NPM1-Mit NPM1-Wt NPM1-Mt {P-value)

Number 59 11 1 8* FLT3-ITD NPMi-vit
Female (%) 271 63.6 455 62.5 0.3492 0.0216
Age 46 (19-74) 49 (19-79) 52 (15-86) 51.5 (37-70) 0.6558 0.3736
FAB classification (%)

MO 4 (6.8) 1{9.1) 1(9.1) 0

M1 16 (27.1) 2 (18.2) 31273 1(12.5)

M2 23 (39.0) 21(18.2) 31(27.3) 2 (25.0)

M4 9 (15.3) 31(27.3) 0 5 (62.5)

M5 6(10.2) 3(27.3) 30713 0

M6 1.7 0 0 0

M7 0 0 11(9.1) 0
M4 + M5 15 (25.4) 6 (54.5) 31{27.3) 5 (62.5)
others 44 (74.6) 5 (45.5) 8(72.7) 3 (37.5) 0.7526 0.0159
Cytogenetics (%)

Normal 25 (42 .4) 9(81.8) 8(72.7) 7 (87.5)

Favourable 9(15.3) 0 0 0

Intermediate 19(32.2) 1.1 3(27.3) 112.5)

Adverse 6(10.2) 1(9.1) 0 - 0

Normal 25 (42.4) 9(81.8) 8(72.7) 7 (87.5)

Others 34 (57.6) 21(18.2) 3(27.3) 1{(12.5) 0.0683 0.0109
WBC (10%/L) 5.0 (1.2-362) 12.7 (1.4-92.1) 18 (4.1-200.4) 39.7 (1.8-177.3) 0.0006 0.4223
PB blast count (10%/L) 1.64 (0-358.4) 5.8 (0-87.3) 15.6 (2.77-198.4) 33.5 (0.19-164.9) 0.0007 0.4369

*P < 0.05 by univariate analysis.

large products, which were cut out from the gel, purified
with a QIAquick Gel Extraction kit (QIAGEN), and
cloned into the PCR II-TOPO vector (Invitrogen, San
Diego, CA, USA) according to the manufacturer’s rec-
ommendations. Sequencing was performed using an ABI
PRISM BigDye terminator V 1.1 cycle sequencing kit
and 21M13 and T7 with an ABI 310 Prism sequencer
(Applied Biosystems, Foster City, CA, USA).

For the detection of NPM1 mutations, we amplified
genomic DNA corresponding to exon 12 of NPMI by
PCR using the NPMI1 primers: forward, 5-CTA GAG
TTA ACT CTC TGG TGG-3' and reverse, 5-CCT
GGA CAA CAT TTA TCA AAC-3. Amplified prod-
ucts were confirmed by electrophoresis and directly se-
quenced on an ABI 310 Prism sequencer using an ABI
PRISM BigDye terminator cycle sequencing kit.

Immunophenotypic analysis

In all cases, immunophenotypic analyses were performed
using bone marrow samples obtained at the time of diag-
nosis. Mononuclear cells (MNC) were separated by den-
sity-gradient centrifugation. The number of MNC
collected was adjusted to 10° per tube. Selected monoclo-
nal antibodies conjugated to fluorescein isothiocyanate,
phycoerythrin and peridinin-chlorophyll protein were
used at concentrations titrated to attain optimal staining.
Immunophenotype measurements were performed with a
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multi-colour flow cytometer (FACScalibur or FACScan-
to, Becton Dickinson, San Jose, CA, USA). Leukaemic
blasts were gated according to dim CDA45 vs. low-side
scatter and analysed further using various combinations
of conjugated monoclonal antibodies: CD19/CDI13/
CD45, CD7/CD33/CD45, CD22/CD33/CD45, CD34/
CD36/CD45, CDI10/HLA-DR/CD45, CD15/CDl11b/
CD45, CD3/CD5/CD45, CD4/CD8/CD45, CD2/
CD38/CD45, CD41/CD14/CD45, CDI16/CDS6/CDA45,
CD45/GPA, CD20/CD10/CD45 and a negative control
for autofluorescence. All bone marrow samples contained
over 20% blasts, and at least 20 000 events per tube were
assessed. Each antigen was considered positive if
expressed at a frequency exceeding 20% of cells gated as
blasts. Data were analysed with FLOWIO -software
(TreeStar, Ashland, OR, USA).

Statistical analysis

For univariate comparisons, including cases with FLT3-
Wt vs. those with FLT3-ITD; cases with NPM1-Wt vs,
those with NPM1-Mt; and cases with FLT3-Wt/NPM1-
Wt vs. those with FLT3-Wt/NPM1-Mt vs. those with
FLT3-ITD/NPM1-Wt vs. those with FLT3-ITD/NPM1-
Mt, we examined categorical variables such as gender,
FAB classification, cytogenetic findings, response to
induction therapy, type of postremission therapy and
immunophenotype with the chi-squared test or Fisher’s
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exact test. Numerical variables such as age, WBC at  position 960 of the NPM coding sequence. Among the
diagnosis and PB blast cell count at diagnosis were com- 19 patients with NPMI mutations, mutation A, the most
pared with Student’s r-tests or analysis of variance. common type (6) with insertion of four bases, TCTG

To evaluate effects of FLT3 and NPM1 with adjust- was detected in 16 (84.2%). The remaining three patients
ment for one another, logistic regression analysis and (15.8%) had mutation B, an insertion of CATG
multiple linear regression analysis were carried out using (Fig. 1B).

each categorical or numerical variable as a dependent FLT3-ITD was present in eight of 19 patients with
variable, by designating both FLT3 and NPMI1 as inde- NPMI1-Mt (42.1%), when compared with only 11 of 70
pendent variables in the model. patients with NPM1-Wt (15.7%), (P = 0.029). Similarly,

Overall survival (OS) was measured from the date of = NPM1-Mt was detected in eight of 19 patients with
diagnosis until the date of death. OS was calculated FLT3-ITD (42.1%), but only 11 of 70 patients with
according to the Kaplan-Meier method, and compari- FLT3-Wt (15.7%). These results indicate that NPMI
sons were made with the log-rank test in the univariate = mutations and FLT3-ITD represent partially overlapping
analysis. Furthermore, an analysis of survival using  subgroups in AML. We therefore performed further
Cox’s proportional hazard model was conducted with analyses in terms of four groups: NPM1 and FLT3-ITD
FLT3-ITD and NPMI-Mt as independent variables. single mutants (FLT3-ITD/NPMI-Wt, n» = 11 and
P-values <0.05 were considered to indicate statistical FLT3-Wt/NPM1-Mt, n = 11); double mutants (FLT3-
significance. All calculations were performed using BMDP ITD/NPMI1-Mt, n = 8); and subjects with wild-type
statistical software. alleles of both loci (FLT3-Wt/NPM1-Wt, n = 59).

Results Characteristics and outcome

. . Characteristics of patients in the four groups above are
Incidence of FLT3-ITD and/or NPM1 mutations summarised in Tagle 1. Age distributifn dri)d not differ
FLT3-ITD was detected in 19 of 89 patients (21.3%). between groups. In agreement with some previous
Although sequencing of the PCR product indicated that reports (18,21), we detected NPM1-Mt more frequently
FLT3-ITD varied in both position and length from 21 to in female patients (12 of 33, 36.4%) than in men (seven
102 bp, it was always in-frame and limited to the juxta- of 56, 12.5%), (P = 0.022). By multivariate analysis,
membrane domain. A representative result is shown in median WBC (P = 0.0006) and PB blast cell counts
Fig. 1A. NPMI1 mutations were detected in 19 of 89 (P = 0.0007) at diagnosis were significantly higher in
patients analysed (21.3%). All mutations occurred at FLT3-ITD patients, while NPM1-Mt was not associated
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of duplicated fragments in AML with FLT3-ITD.
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with and without NPM1 mutation. A ‘Type-B’
4-bp insertion was detected at position 960 of

~ _ ~ the NPM1 gene in this case of mutated NPM1
50----CAAGATCTCTGGCA----30 50----CAAGATCTCTGCATGGCA----30 (NPM1-Mt).

W ﬂ

© 2007 The Authors
20 Journal compilation 79 {17-24) © 2007 Blackwell Munksgaard



Mori et al.

with high WBC or PB blast cell counts (P = 0.422 and
0.437 respectively). A significant difference also was seen
in subtype of AML: NPMI-Mt was found predomin-
antly in M4 and M5 (P = 0.016). In contrast, these sub-
types did not differ in frequency of FLT3-ITD
(P = 0.753).

We characterised cytogenetically all patients. As shown
in Table 1, NPMI-Mt was associated with a normal
karyotype (P = 0.011), and FLT3-ITD patients tended
to have a normal karyotype (P = 0.068). No patient had
NPMI1-Mt or FLT-ITD in subgroups with t(8;21) or
invlé.

All patients were treated with conventional remission
induction-chemotherapy as described above. Complete
remission rates were similar among between the four
groups defined by mutation: 78.0% in FLT3-Wt/NPMI-
Wt; 81.8% in FLT3-Ww/NPMI-Mt; 72.7% in FLT3-
ITD/NPM1-Wt and 87.5% in FLT3-ITD/NPMI-Mt.
Responders were treated further with various postremis-
sion therapies including consolidation chemotherapy,
auto-PBSCT, and allo-SCT. OS for S yr was obtained in
41.65% of the FLT3-Wi/NPM1-Wt group; 64.65% of
FLT3-Wt/NPM1-Mt; 44.55% of FLT3-ITD/NPM1-Wt;
and 41.67% of FLT3-ITD/NPMI1-Mt. Although no sig-
nificant difference in OS was noted between groups,
patients with FLT3-Wt/NPM1-Mt tended to have better
outcomes as reported previously (16,18).

Immunophenotype

Expression of surface markers on leukaemic cells from
patients in the four groups is shown in Table 2. Myeloid

AML with FLT3-ITD and NPM1 mutation

antigen (CD13 and CD33) and HLA-DR were detected
in most cases, while T-lymphoid antigens (CD2 and
CD3) and B-lymphoid antigens (CDI10, CDI19, and
CD20) were detected in only a few cases. CD7, a pan-
T-cell antigen, often is reported to be co-expressed on
AML blasts; some investigators have suggested that CD7
expression on AML cells represents an unfavourable nisk
factor reflecting leukaemic transformation at an early
stage of haematopoietic differentiation (22). Frequency
of CD7 expression in our study did not differ signifi-
cantly between the four groups. By multivariate analysis,
myelomonocytic markers such as CD11b and CD14 were
expressed more frequently on AML blasts in NPM1-Mt
cases (P = 0.046 and 0.042 respectively). In addition,
CD4, a marker frequently expressed at a low level in my-
elomonocytic leukaemias (23), was detected in 10 of 19
NPMI1-Mt cases (P = 0.1079). These immunophenotypic
results are compatible with a significantly high propor-
tion of FAB subgroups M4 and M5 among NPMI1-Mt
cases (Table 1). Both FLT3-ITD (P = 0.005) and
NPMI-Mt (P < 0.0001) were significantly associated
with CD34 expression as an independent variable, with
respective odds ratio of 5.7 (FLT3-ITD vs. FLT3-Wy)
and 13.3 (NPMIi-Mt vs. NPM1-Wt); the higher ratio
indicated that NPM1 mutations had a closer relationship
with low CD34 than did FLT3-ITD.

Recent studies frequently have detected FLT3-ITD and
NPM1-Mt in patients with normal-karyotype AML,
with the two mutations often coinciding (6,18); accordingly,

Table 2 Surface marker profile of leukaemic blast cells in the 89 acute myelogenous leukaemia patieﬁts according to FLT3-ITD/NPM1 mutational

status
FLT3-Wi/ FLT3-Wi/ FLT3-ITD/ FLT3-ITD/ Multivariate analysis
NPM1-Wit NPM1-Mt NPM1-Wt NPM1-Mt (P-value)
Number 59 1 " 8 FLT3-ITD NPM1-Mt
Antigen
CD2 36.1) 4] 2 (18.2) 0 0.1709  0.0651
CcD3 0 ¢] 1(9.1) 0 0.0523 0.2883
CD4 22 (37.3) 7 (63.6) 3(27.3) 3 (37.5} 0.2292 0.1079
cD7 11 (18.6) 100 3127.3) 2 (25.0) 0.3041 0.4946
CD10 0 0 0 0
CD11b 14 (23.7) 5 {45.5) 1(8.1) 3 (37.5) 0.2779 0.046
CcD13 57 {96.6) 9 (81.8) 8(72.7) 8 (100) 0.5957 0.5957
CcD14 6 (10.2) 3(27.3) 1(9.) 3 (37.5) 0.7846 0.042
CD15 18 {30.9) 5 {45.5) 2(18.2) 4 (50.0) 0.5893 0.1077
cD19 4 (6.8) 0 0 0 0.2355 0.2355
CD20 0 0 0 0
CD33 56 (94.9) 11 (100) 9 (81.8) 8 (100) 0.1709 0.0651
CD34 47 (79.7) 31(27.3) 5 (45.5) 0 0.0054 <0.0001
CD56 6 (10.2) 3(27.3) 1(9.1) 0 0.2208 0.3269
HLA-DR 56 (94.9) 8(72.7) 81(72.7) 6 (75.0) 0.1431 0.1431
GPA 1(1.7) 0 0 0 0.5600 0.5600
© 2007 The Authors
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they may be directly and co-operatively involved in the
pathogenesis of AML. To more precisely identify fac-
" tors associated with FLT3-ITD and/or NPMI-Mt, we
performed multivariate as well as univariate analysis
that included clinical and pathologic features. We detec-
ted NPMI mutations in 21.3% and FLT3-ITD muta-
tions in 21.3% of all AML patients analysed, a
frequency essentially consistent with some previous
reports (10,17,18). Double mutations were detected
about three times more frequently than single muta-
tions, with the frequency at which FLT3-ITD and
NPMI-Mt occurred together with other mutated genes
being about the same. In agreement with some previous
univariate analyses (6,10), we observed a close associ-
ation between normal karyotype and FLT3-ITD and/or
NPMI-Mt by univariate analysis (FLT3-ITD vs. FLT3-
Wt, P = 0.0357; NPMI1-Mt vs. NPMI-Wt, P = 0.0088;
comparing all subgroups, P = 0.0081). However, multi-
vanate analysis disclosed that only NPMI-Mt was
significantly  associated  with  normal karyotype
(P = 0.0109), while FLT3-ITD only tended to be asso-
ciated (P = 0.0683); NPMI-Mt therefore showed a
closer relationship. Similarly, some previous studies
have shown that NPMI-Mt and FLT3-ITD each are
associated with higher leucocyte and blast cell counts
(15-18); while we also found significantly increased
numbers of leucocytes and blast cells in patients with
FLT3-ITD (P = 0.0002, P = 0.0002) and with double
mutants (P = 0.0019, P = 0.0018); NPMI1-Mt alone
showed only a marginal relationship to higher numbers
of leucocytes (P = 0.0929) and blast cells (P = 0.0999)
by univariate analysis. In our multivariate analysis, a
significant difference in leucocyte and blast counts was
found only patients with FLT3-ITD (P = 0.0006,
P = 0.0007), suggesting that FLT3-ITD mainly induces
leukaemic cell proliferation. Recent researches have
revealed molecular mutations play an increasing role for
classification, prognostication and therapeutic strategies
in AML (24,25). Despite our limitation of studying a
small number of patients retrospectively, our NPM1-Mt
patients showed a tend toward favourable clinical out-
come, especially in patients without FLT3-ITD, in
agreement with some recent investigations (16,18). More
prospective studies will be required to establish an opti-
mal method of treating AML patients with FLT3-ITD
and/or NPMI-Mt.

Surface markers are a useful tool for assigning leukae-
mic blast cells to the myeloid or lymphoid lineage and
for predicting which cells would be a target for leukae-
mic transformation during haematopoietic differenti-
ation. Munoz et al. (26) demonstrated that AML cells
with  FLT3-ITD very often express myelomonocytic
markers including CD11b, CDI15, CD33 and CD36, and
less commonly, immature markers such as CD34 and
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CDI117. Similarly, evidence has been accumulating that
antigen patterns in cases of NPMI1-Mt correspond to a
mature myeloid population with monocytic differenti-
ation, showing lower expression of CD34 (6,15,18,21). In
addition, M4 and MS5 disease has been more frequent in
FLT3-ITD (4,26) and in NPMI1-Mt (16,17,21) cases.
However, as these mutations often coincide with each
other, which mutational event most affects the pathogen-
esis of AML with monocytic differentiation remains
unclear. Although our univariate analysis did not reveal
any significant difference in surface marker expression
among the four subgroups except for CD34; multivariate
analysis indicated that CD11b (P = 0.046) and CDI14
(P = 0.042) were significantly associated with NPMI-
Mt, independently of FLT3 status (P = 0.2779 and
0.7846 respectively). High expression of monocytic mark-
ers also was compatible with a more frequent finding of
M4 and MS disease in patients with NPMI-Mt
(P = 0.0159), than in FLT3-ITD (P = 0.7526). Less fre-
quent CD34 expression also was confirmed in both
FLT3-ITD (P = 0.0054) and NPMI-Mt cases
(P < 0.0001) independently of each other in the multi-
variate analyses. Less frequent CD34 expression was
more closely associated with NPM1-Mt than FLT3-ITD
(odds ratio, 13.3 vs. 5.7), which paralleled the more fre-
quent diagnosis of mature myelomonocytic leukaemia,
M4 and MS. Thus, our findings clearly indicated a close
association between NPMI1-Mt and monocytic features
of AML.

Why FLT3 and NPM1 mutations often occur together
remains unclear, as do which mutation precedes the
other in the process of leukaemogenesis and how the two
mutations function co-operatively. Multivariate analyses
demonstrated distinctive pathologic and clinical features
for each mutation. Significantly increased WBC and blast
cell counts in FLT3-ITD may be associated with cell
proliferation, while higher expression of monocytic
markers and down-regulation of CD34 expression in
NPMI-Mt may reflect differentiation toward the mono-
cytic lineage. Recent findings suggest that FLT3 muta-
tions occur in the primitive CD34% CD38™ fractions,
where a rare ‘leukaemic stem cells’ population might
exist despite less frequent CD34 expression in AML with
FLT3-ITD (27). Consequently, we would explain the
pathogenesis of AML with FLT3-ITD and NPMI-Mt as
follows: FLT3-ITD arises in the most primitive
CD347 CD38" fractions and together with NPMI muta-
tions impairs differentiation of the accumulated blast
cells, causing these cells to develop along the myelo-
monocytic lineage. Analyses of larger numbers of
patients and detailed molecular investigations will be
required to address how NPMI and FLT3 mutations
interact in leukaemogenesis to induce leukaemias specific
to the myelomonocytic lineage.
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Abstract

Toxoplasmosis is a rare but rapidly fatal complication that can occur following hematopoietic stem cell
transplantation (HSCT). Over a 17-yr period at our institutions, a definite diagnosis of toxoplasmosis was
made in only two of 925 allogeneic HSCT recipients (0.22%) and none of 641 autologous HSCT recipients.
These two patients received a conventional conditioning regimen followed by transplantation from an
HLA-matched donor; however, they developed severe graft-vs.-host disease, which required intensive
immunosuppressive therapy. Despite prophylactic treatment with trimethoprim/sulfamethoxazole, their
immunosuppressive state, as indicated by a low CD4* cell count, might have resulted in toxoplasmosis
encephalitis. Rapid and non-invasive methods such as a polymerase chain reaction (PCR) test of their cere-
brospinal fluid for Toxoplasma gondii and magnetic resonance imaging of the brain were useful for provi-
ding a definitive diagnosis and prompt therapy in these patients: one patient stabilized and survived after
responding to treatment with pyrimethamine/sulfodiazine. whereas the other died of bacterial infection. in
addition, retrospective PCR analyses of the frozen stored peripheral blood samples disclosed that detec-
tion of T. gondii preceded the onset of disease, indicating routine PCR testing of peripheral blood speci-
mens may be an early diagnostic tool. It should be noted that when patients receiving HSCT have an
unexplained fever and/or neurological complications, PCR tests should be considered to avoid cerebral
lesions and improve the outcome of the patients.
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Toxoplasmosis is a rare opportunistic protozoal infection
caused by the parasite Toxoplasma gondii. Infection is
acquired mainly by ingestion of food or water contamin-
ated with oocysts shed by cats or by eating undercooked
or raw meat containing tissue cysts (l1). A primary
infection most often leads to an asymptomatic infection
in healthy individuals, resulting in the latency of the
T. gondii in muscles and other organs. Fatal toxoplasmo-
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sis appears to occur mainly through reactivation of these
latent cysts in seropositive individuals who are immuno-
compromised, especially those with advanced acquired
immunodeficiency syndrome (2). In this context of hema-
topoietic stem cell transplantation (HSCT), severe toxo-
plasmosis can occur in patients who have been
profoundly immunosuppressed. The seroprevalence for
T. gondii varies geographically, ranging from <15% in
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North America to 50-80% in Central Europe (3, 4).
Thus, the incidence of diagnosed cases of toxoplasmosis
after HSCT has also been reported to vary between
0.4% and 7%, depending on the endemicity (3, 5-7). In
Japan, the seropositivity for 7. gondii in the general
population has been reported to be approximately
10-15% (8, 9); however, only a few cases of toxoplasmo-
sis after HSCT has been reported (10).

We report on two patients who developed severe toxo-
plasmosis encephalitis following allogeneic HSCT, con-
firmed by a polymerase chain reaction (PCR)
examination of their cerebrospinal fiuid (CSF) for T.
gondii. One patient survived after responding to
treatment with pyrimethamine and sulfodiazine, but the
other died of bacterial infection. Physicians should be
alert to this rare but often fatal complication in patients
receiving HSCT.

Case presentation

Case 1

A 52-yr-old Japanese man underwent allogeneic bone
marrow transplantation (BMT) from an HLA-matched
unrelated donor for treatment of acute myelogenous
leukemia (AML) in August 2006. A preparative condi-
tioning regimen consisted of total body irradiation (TBI)
and cyclophosphamide. Short-term methotrexate (MTX)
and tacrolimus were administered as prophylaxis against
graft-vs.-host disease (GVHD). Engraftment was
achieved on day 23 after BMT, followed by the daily
administration of trimethoprim/sulfamethoxazole (TMP
80 mg/SMT 400 mg). On day 38, the patient developed
skin eruptions, diagnosed as cutaneous acute GVHD
(grade II, stage 3) confirmed by skin biopsy. Predniso-
lone (PSL) was started at a daily dose of 2 mg/kg; how-
ever, on day 45 he had massive watery diarrhea (20
times per day). A diagnosis of gastrointestinal steroid-
resistant acute GVHD (grade III, stage 3) was made
based on endoscopic and histologic findings. In addition
to PSL, mycophenolate mofetil (MMF) was administered
at a daily dose of 2 g. This treatment resulted in a grad-
ual clinical improvement of the acute GVHD and the im-
munosuppressants were then tapered. MMF was
discontinued 1 month later, leaving a daily maintenance
dose of PSL (0.2 mg/kg) and tacrolimus. On day 78, the
patient became somnolent, disoriented and suffered from
short-term memory loss. A magnetic resonance imaging
(MRI) of the brain revealed multiple hyperintense lesions
with mild perifocal edema in the left basal nuclei and in
the subcortical white matter of the frontal lobes, thal-
amus and cerebelium, suggestive of possible toxoplasmo-
sis (Fig. 1A). Examination of CSF demonstrated an
increase in the concentration of CSF protein (87 mg/dL)
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Figure 1 Serial MR maging studies on day 79 (A) and on day 164 (B)
after allogeneic bone marrow transplantation in case 1. Images were
obtained by the fluid-attenuated inversion recovery sequences and the
postgadolinium T2-weighted sequences (T2-FLAIR). images revealed
multiple hyperintense lesions with mild perifocal edema in the left
basal nuclei, subcortical white matter of the frontal lobes, thalamus
and cerebellum (A). After 85 d of treatment, a marked decrease in the
lesions and of the contrast enhancement was evident (B).

and white blood cell count (262 cells/uL), predominantly
neutrophils. Both cultures and PCR of CSF were posit-
ive for T. gondii but negative for other fungus, bacteria,
or viruses such as herpes simplex virus, human herpesvi-
rus-6, cytomegalovirus and Epstein—Barr virus (Fig. 2).
There was no evidence of toxoplasmosis in other organs.
Based on these findings, the patient was diagnosed as
having toxoplasmosis encephalitis and treatment with co-
trimoxazole and clindamycin was initiated. Flow cyto-
metric analysis of the peripheral blood demonstrated
that CD4"% and CD8" cells comprised 2.3% (46/pL)
and 17.3% (346/pL) of mononuclear cells respectively.
Despite anti-parasitic therapy with cotrimoxazole/clinda-
mycin, his level of consciousness rapidly deteriorated and
he slipped into a coma. Follow-up MR scans 12 d after
the initial MRI demonstrated significant progression of
the disease. On day 95, cotrimoxazole/clindamycin was

Toxoplasma

1 2 3 4 1
B-actin T. gondii
Figure 2 Polymerase chain reaction analysis for detection of

Toxoplsma gondii. (1) negative control, (2) cerebrospinal fluid at the
onset of toxoplasmosis from case 1, (3) peripheral blood
samples obtained 7 d before the onset of toxoplasmosis from case 1,
{4) positive control.
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replaced by a combination of pyrimethamine and
sulfodiazine with folinic acid, recommended as the most
successful regimen (1). These orphan drugs are not yet
commercially available in Japan, but were obtained from
the Research Group on Chemotherapy of Tropical Dis-
eases (Division of Infectious Diseases, Advanced Clinical
Research Center, the Institute of Medical Science, Uni-
versity of Tokyo). Thereafter, the patient’s level of con-
sciousness improved gradually. On day 111 (33 d after
starting therapy for toxoplasmosis), the result of a PCR
test for T. gondii in the CSF became negative. On day
164, an MRI revealed a marked decrease in the lesions
and of contrast enhancement (Fig. 1B). A slow but
steady improvement was observed, and the patient stabil-
ized. He had continued to receive a maintenance dose of
pyrimethamine/sulfodiazine until his CD4 cell count
recovered to >200 w/L according to published recom-
mendations (1). He was sent to a rehabilitation unit and
survived 5 months after the first diagnosis of _toxo-
plasmosis without a relapse of either the AML or toxo-
plasmosis encephalitis.

Case 2

A 54-yr-old Japanese woman underwent an allogeneic
peripheral blood stem cell transplantation (PBSCT) from
an HLA-identical sibling donor for the treatment of my-
eloid blastic crisis of Philadelphia-positive chronic myelo-
genous leukemia (CML-BC) in December 2005. The
conditioning regimen consisted of TBI and cyclophosph-
amide. Short-term MTX and cyclosporine (CSP) were
administered as prophylaxis against GVHD. Rapid en-
graftment was achieved without development of acute
GVHD, followed by the daily administration of TMP
80 mg and SMT 400 mg. On day 42 after the allogeneic
PBSCT, PCR analysis of the BM for a chimeric bcr-abl
gene was negative. On day 74, however, myeloblasts were
documented in the peripheral blood and a relapse of
CML-BC was confirmed by bone marrow examination.
CSP was discontinued to induce a graft-vs.-leukemia
effect, followed by the administration of imatinib. These
treatments were effective in decreasing the number of
myeloblasts. On day 120, a PCR study was again negat-
ive for ber-abl, resulting in a discontinuation of the
imatinib. On day 151, her serum bilirubin (8.9 mg/dL),
AST and ALT (182 IU/L and 233 IU/L, respectively)
concentration were elevated. Treatment with CSP
(150 mg daily) and PSL (2 mg/kg daily) against hepatic
GVHD resulted in a slow clinical improvement, leaving
daily maintenance doses of PSL (0.2 mg/kg) and CSP
(75 mg). On day 234, she manifested a headache and
nuchal rigidity. An MRI scan of the brain disclosed
numerous enhancing lesions involving both cerebral and
cerebellar hemispheres, suggesting toxoplasmosis or
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Figure 3 Magnetic resonance imaging of case 2 by T2-FLAIR
sequences on day 235 following allogeneic peripheral blood cell stem
cell transplantation. Images disclosed multiple lesions involving both
cerebral and cerebellar hemsispheres.

another infectious disease (Fig. 3). A lumbar puncture
revealed that her CSF protein concentration was
increased to 87 mg/dL and a white cell count of
262 cells/pL, predominantly neutrophils. PCR amplifica-
tion for T. gondii performed on the CSF fluid was posit-
ive. There was no evidence of bacterial, viral, or fungal
infections in the CSF. A diagnosis of toxoplasmosis
encephalitis was made based on these findings. Flow cy-
tometric analysis of her peripheral blood showed that the
concentrations of CD4* and CD8" célls were 86/uL
and 198/uL respectively. Treatment with cotrimoxaz-
ole/clindamycin was started; however, subsequently she
developed bacterial pneumonia and sepsis (Pseudomonas
aeruginosa) and she died of pneumonia on day 248. An
autopsy was not performed.

PCR analyses for T. gondii

Toxoplasmosis encephalitis was diagnosed on positive
results from PCR analysis for 7. gondii on CSF samples
(11). Recently, several reports have suggested that pros-
pective detection of 7. gondii in peripheral blood by
PCR precedes the onset of toxoplasmosis and might help
in the early diagnosis (12-16). Therefore, PCR amplifica-
tion for T. gondii was also retrospectively performed on
the frozen stored peripheral blood samples obtained
prior to allo-HSCT and 7 d before the onset of toxo-
plasmosis encephalitis to determine if PCR test could
have contributed to the early diagnosis of toxoplasmosis.
DNA was extracted from CSF and peripheral blood
samples and PCR amplification was performed using
primers (forward primer, GGAACTGCATCCGTTCAT
GAG, and reverse primer, TCTTTAAAGCTTCGTGG
TC) specific for a sequence on the Bl gene of T. gondii
(17). B-actin DNA was amplified as a control. PCR
products were electrophoresed on an ethidium bromide-
stained 2% agarose gel (Fig. 2).

Toxoplasma gondii was undetectable in peripheral
blood samples in both patients by PCR before allo-
HSCT. In contrast, a positive signal for T. gondii was
detected in peripheral blood obtained 7 d before the
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onset of toxoplasmosis in both cases (Fig. 2). Two and
four weeks after starting therapy for toxoplasmosis,
patient 1 had negative results of PCR for T. gondii in
both CSF and peripheral blood.

Discussion

Toxoplamosis is a rare but almost always fatal opportun-
istic infection following HSCT. In most of the published
reports, the diagnosis was made at autopsy without hav-
ing received specific, anti-toxoplasmosis therapy before
death (4). The prognosis of toxoplasmosis is very poor
with a nearly 90% case fatality rate in HSCT patients
(12, 18). In addition, for direct proof of toxoplasmosis
infection, an invasive procedure, such as a brain biopsy,
is often performed but in HSCT recipients this usually
carries a high risk of complications. However, if appro-
priately treated, approximately 60% of patients usually
show clinical improvement (1, 12, 19). Thus, a rapid and
non-invasive diagnosis as well as early treatment are
extremely important because toxoplasmosis is so difficult
to diagnose histologically in HSCT patients. Recently,
several studies have reported that PCR test for T. gondii
is useful for making an earlier diagnosis of toxoplasmosis
encephalitis that can prove directly the presence of this
parasite (4, 16, 20), as serology is of little use for diagno-
sing toxoplasmosis after HSCT. In our patients, typical
features on their MRI scans helped us to suspect toxo-
plasmosis encephalitis, which led to an early diagnosis
confirmed by PCR examination of the CSF. One patient
survived after responding to anti-toxoplasmosis therapy
while the other died of another infectious complication.
Recent several reports suggested the efficacy of prospect-
ive PCR monitoring in peripheral blood samples to
detect reactivation of T. gondii for guiding pre-emptive
therapy in patients at very high risk (12-16). Retrospec-
tive PCR analysis revealed the presence of T. gondii in
peripheral blood obtained 7 d before the onset of toxo-
plasmosis in our patients, indicating that PCR monitor-
ing of peripheral blood may contribute to a rapid
diagnosis and efficacy of treatments. Thus, toxoplasmosis
encephalitis should be considered in the differential diag-
nosis of HSCT recipients who present with neurologic
complications, and the use of sensitive and non-invasive
PCR analysis is important for making an early diagnosis
in these patients. This early detection allows therapy to
be started more quickly.

As far as we know, only a few HSCT patients have
been reported to have developed toxoplasmosis in Japan
(10), which might depend on the relatively low seroposi-
tivity rate for T. gondii; seropositivity for T. gondii in
Japan has been reported to be approximately 10% (8, 9).
On the other hand, it is possible that physicians might
not include this infectious disease in their differential
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diagnosis of HSCT patients who present with neurologic
complications (21). From 1989 to 2006 at the four HSCT
centers in Fukuoka Blood and Marrow Transplantation
Group, 925 allografts and 641 autografts were per-
formed. In our experience, there have been no cases to
date of toxoplasmosis among autologous HSCT-fecipi-
ents, whereas two patients who received an allogeneic
HSCT were diagnosed conclusively as having toxoplas-
mosis encephalitis, which corresponds to a frequency of
0.22% (two of 925) of all allogeneic and 0.13% (two of
1566) of all HSCT recipients. Our two patients were
diagnosed as toxoplasmosis after 2005, which might have
been influenced from advances in MRI scanning technol-
ogy and PCR techniques.

It has been reported that good compliance with
TMP/SMT prophylaxis might have a possible protective
effect on the subsequent development of toxoplasmosis
in immunocompromised hosts, even in those with a low
CD4™ cell count (<200/uL) (1). Our institutions rou-
tinely give prophylactic TMP/SMT to all transplant
recipients: they are given daily TMP 320 mg and SMT
1600 mg prior to HSCT, which is reduced to TMP
80 mg and SMT 400 mg daily after engraftment. Most
patients have not been tested serologically for T. gondii
prior to HSCT. Theoretically, this prophylactic treatment
with TMP/SMT will prevent the occurrence of Pneumo-
cystis carinii pneumonia as well as toxoplasmosis, which
might be at least partially responsible for the low inci-
dence of toxoplasmosis at our hospitals. However, there
are several reports of toxoplasmosis that occurred in
spite of prophylaxis with TMP/SMT (6, 14). Our two
patients who developed toxoplasmosis had suffered from
severe GVHD, which required intensive immunosuppres-
sive therapy. These two patients showed delayed recovery
of immune reconstitution with a low number in CD4*
cells (46/uL and 86/puL in the two patients) because of
the occurrence of GVHD and/or immunosuppressive
therapy against it (22). Moreover, in the first patient
who had suffered from gastrointestinal GVHD, incom-
plete absorption in the gut might have allowed the reacti-
vation of toxoplasmosis despite treatment with
TMP/SMT. Therefore, routine PCR testing of peripheral
blood specimens may help in the early diagnosis of toxo-
plasmosis in the patients who suffer from and treated for
the severe GVHD, similar to the pre-emptive anti-
genemia or PCR studies detecting cytomegalovirus
infection (23).

In conclusion, we described two patients who devel-
oped toxoplasmosis encephalitis following allogeneic
HSCT. The onset of GVHD and the subsequent admin-
istration of immunosuppressive agents might have com-
promised their immune surveillance, ultimately resulting
in this complication. Thus, physicians should be aware
that fatal toxoplasmosis can occur in HSCT patients and
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PCR test should be considered to make an early
diagnosis and improve the outcome of the patients when
they have an unexplained fever and/or neurological
complications.
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