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Abstract

Posttransplantation lymphoproliferative disorder (PTLD) is one of the well-recognized complications after allogeneic stem
cell transplantation (SCT). It generally occurs early after SCT, and only a few reports of late-onset cases are available, We
report a 58-year-old male patient who developed lymphoma 4 years after allogeneic SCT for chronic myeloid leukemia. The
presence of c-myc translocation and Epstein-Barr virus—encoded RNA in the lymphoma cells, without rearrangement of the
3'-ber region, confirmed the histopathologic diagnosis of Burkitt lymphoma. DNA chimerism analysis revealed that the lym-
phoma cells were of donor origin. The patient achieved complete response with intensive chemotherapy. To our knowledge,
this is the first report of Burkitt lymphoma as a PTLD occurring after allogeneic SCT.
Int J Hematol, 2004;79:387-389. doi: 10.1532/1JH97.03175
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1. Introduction nosed as chronic myeloid leukemia (CML) in the chronic
) phase. Allogeneic SCT from his HLA-matched brother was
Posttransplantation lymphoproliferative disorder (PTLD) performed, because cytogenetic response was not obtained
is one of the well-recognized complications occurring after by administration of interferon (IFN)-o. When he received
allogeneic stem cell transplantation (SCT) [1-5]. PTLD typ-  IFN-a for the treatment of CML, imatinib mesylate was not
ically develops within 1 year after allogeneic SCT as an  available. The preparative regimen consisted of 16 mg/kg
early-onset disorder and is frequently fatal [1,2]. Although  busulfan and 120 mg/kg cyclophosphamide. Neither T-cell
Burkitt lymphoma has been reported as a rare subtype of  depletion nor the administration of antithymocyte globulin
PTLD in solid organ transplant recipients [3], there have  was performed. Cyclosporine-A (CsA) and short-term
been no reports of Burkitt lymphoma as a PTLD after allo-  methotrexate were given for the prophylaxis of graft-versus-
geneic SCT. We report here a case of Epstein-Barr virus  host disease (GVHD).

(EBV)-positive Burkitt lymphoma that developed after The peripheral blood leukocyte count reached more than
allogeneic SCT. 1.0 X 10°%L on day +14 post-SCT. Acute grade II GVHD

symptoms consisting of skin eruption and mild hyperbiliru-
2. Case Report binemiz were controlled by 2 mg/kg methylprednisolone.

Cytogenetic complete response (CR) was achieved on day

A 54-year-old man visited the National Cancer Center  +190. Oral administration of CsA was continued for mild
Hospital because of leukocytosis, and his illness was diag-  extensive chronic GVHD, and it was discontinued on day
+511. No recurrence of chronic GVHD was recognized

throughout the patient’s clinical course. On day +637, daily

: oral administration of 10 mg of pravastatin was started for
Correspondence and reprint requests: Kensei Tobinai, MD, the treatment of hyperlipidemia.

PhD, Hematology Division, National Cancer Center Hospital, On day +1392, the patient developed lymphadenopathy in
5-1-1 Tsukiji, Chuo-ku, Tokyo, 104-0045, Japan; 81-3-3542-2511; his neck and supraclavicular region, and tonsillar swelling
fax: 81-3-3542-3815 (e-mail: ktobinai@ncc.gojp). was also noted. A biopsy specimen from his supraclavicular
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lymph node showed diffuse and dense infiltration of
medium- to-large-sized, atypical lymphoid cells with hyper-
chromatic nuclei, and a starry sky pattern was recognized
(Figures 1A and 1B). Mitotic figures were numerous.
Immunohistochemical staining showed that the tumor cells
were positive for CD10 and CD20 and negative for CD3,
CD68, bel-2, myeloperoxidase, latent membrane protein-1
(LMP-1), and EBV nuclear antigen-2 (EBNA-2), whereas
EBV-encoded RNA-1 (EBER-1) was detected in tumor cells
by in situ hybridization (Figure 1C). More than 99% of the
tumor cells were Ki-67 positive. '

Southern blot analysis revealed no rearrangement of the
3"ber gene, a finding indicating that it was highly unlikely
that the patient had lymphoid crisis of CML (data not
shown). Fusion of the ¢-myc and Ig heavy chain (IgH) genes
was shown by fluorescence in situ hybridization analysis (Fig-
ure 2), and the bone marrow was not infiltrated with lym-
phoma cells. Therefore, this case was diagnosed as EBV-
positive Burkitt lymphoma, a subtype of late-onset PTLD,
according to the World Health Organization (WHO) classifi-
cation [2]. The clinical stage was II according to both the Ann
Arbor and Murphy staging systems. DNA chimerism analy-
sis revealed that the lymphoma cells were of donor origin
(data not shown).

The patient achieved CR under intensive chemotherapy
administered according to the National Cancer Institute pro-
tocol for Burkitt lymphoma, CODOX-M/IVAC [6]. At the
time of this report, CR had been maintained without therapy
for 17 months.

3. Discussion

PTLD is one of the well-recognized complications after
allogeneic SCT; however, its cumulative incidence is reported
to be relatively low: 1.0% =+ 0.3% at 10 years [1]. Curtis et al
reported that the incidence of PTLD varied markedly with
time after SCT, with particularly high rates occurring in the
first 5 months, followed by a steep decline in incidence
between 6 and 12 months post-SCT [1}. In the Curtis et al
report, 14 patients with late-onset PTLD occurring among
18,014 patients who underwent allogeneic SCT were docu-
mented, and the only risk factor identified for late-onset PTLD
was extensive chronic GVHD. In contrast, in PTLD after solid
organ transplantation, late-onset cases are not rare, The risk of
PTLD development in solid organ transplant recipients varies
depending on the type of allograft and immunosuppressive
therapy. In solid organ transplant recipients treated with aza-
thioprine, the mean interval between transplantation and
development of PTLD is 48 months, whereas in those treated
with CsA it is 15 months [2). The reasons for the infrequency
of late-onset PTLD after allogeneic SCT might include the fol-
lowing; almost all SCTs are performed for malignant neo-
plasms; some patients undergoing SCT die of disease progres-
sion or SCT-related complications; most long-term survivors
after SCT are free from immunosuppressive therapy.

In the present case, the patient had been given pravas-
tatin, an inhibitor of hydroxy-methyl-glutaryl coenzyme A
reductase (or statin), which is a popular agent for the treat-
ment of hyperlipidemia. A recent in vitro study by Kwak et
al showed that statins act as direct inhibitors of the induction

Figure 1, Histopathologic findings of the biopsied supraclavicular
lymph node. A, A prominent starry sky pattern was recognized (hema-
toxylin and ecsin, original magnification X100}); B, diffuse and dense
infiltration of medium- to-large-sized atypical lymphoid cells with
hyperchromatic nuclei was recognized (hematoxylin and eosin, origi-
nal magnification x400); C, Epstein-Barr virus-encoded RNA 1 was
detected in neoplastic cells (in situ hybridization, original magnifica-
tion x400).
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Figure 2. Fluorescence in situ hybridization analysis of the biopsied
supraclavicular lymph node. The immunoglobulin (Ig)H/c-myc fusion
signal was recognized. The signals represented IgH/c-myc rearrange-
ment {yellow), c-myc (orange}, IgH (green) and CEP8 {aqua). To detect
IgH/c-myc rearrangements, a dual fusion translocation probe (VYSIS)
was used.

of MHC class II-mediated T-cell activation [7]. They pro-
posed recognition of statins as a new type of immunomodu-
lator. A review by Newman et al suggested the potential
carcinogenicity of long-term administration of statins in
humans based on rodent carcinogenicity studies [8]; how-
ever, a recent metaanalysis of 5 large, randomized, placebo-
controlled clinical trials showed no association between the
use of statins and the risk of fatal or nonfatal cancers includ-
ing malignant lymphoma [9].

The lymphoma cells in this case were positive for EBER-1.
The majority of PTL.D cases are associated with EBV infec-
tion, although approximately 20% of PTLD cases are not
[2,5]. Three clinical variants of Burkitt lymphoma have been
recognized: endemic, sporadic, and immunodeficiency-
associated variants (including human immunodeficiency
virus-associated [10] and PTLD after solid organ transplan-
tation). Interestingly, the frequency of EBV association is
quite different among the variants of Burkitt lymphoma
[3.10). Moreover, all of the reported EBV-positive Burkitt
lymphoma cases, including immunodeficiency-associated

cases, showed a latency I form of EBV infection [3,10], which
is lacking EBNA-2 and LMP-1, although most PTLD cases
show a latency HI pattern. Burkitt lymphoma after solid
organ transplantation and EBV-negative PTLD tend to
oceur later than EBV-positive cases [3,5]. Considering these
findings, it is likely that the essential factor in Burkitt lym-
phoma development as a PTLD is c-myc dysregulation
caused by genetic instability after prolonged mild immuno-
suppression, independent of EBV stimulation.
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ABSTRACT

To investigate clinjcal characteristics of early central nervous system (CINS) complications after reduced-
intensity stem cell transplantation (RIST), we reviewed the medical records of 232 patients who had undergone
RIST for hematologic diseases at our institutions between September 1999 and June 2003. All patients had
received purine analog-based preparative regimens. Stem cell sources comprised granulocyte colony-stimu-
lating factor-mobilized blood from HLA-identical or 1 locus-mismatched related donors (n = 151), unrelated
bone marrow (n = 44), or unrelated cord blood (n = 37). Graft-versus-host disease prophylaxis incorporated
cyclosporine with or without methorrexate. Diagnosis of CINS complications was based on clinical, radiologic,
and microbiological findings. CNS complications occurred in 18 padents (7.8%), with a2 median onset of 22
days, and were infectious (n = 1), metabolic (n = 15), or cerebrovascular (n = 2). Symptoms included seizures
(n = 7), visual disturbance {n = 2), headache {(n = 8}, nausea (n = 8), vomiting (n = 6), impaired consciousness
(n = 16), and hemiparesis (n == 3}. Complications improved promptly in 10 patents, and 8 patients died without
improvement within 30 days. Multivariate analysis with logiste regression identified umbilical cord blood
transplantation as a significant risk factor for early CNS complications (odds ratio, 14.5; 95% confidence
interval, 3.7-56.9; P < .0001}). CNS complications are a significant problem after RIST, particularly with
umbilical cord blood. Limbic encephalopathy is an unrecognized subtype of neurotoxicity after umbilical cord
blood transplantation,

© 2004 American Seciety for Blood and Marrow Transplantation
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INTRODUCTION been rare [7,8]. The incidence of neurologic compli-
cations has varied from 37% to 91%, and such com-
plications have been the cause of death in 6% to 26%
of patents [1,3,8]. These findings indicate that neu-
rologic complications represent a significant problem
in conventional myeloablative allo-HSCT.
Neurologic complications occur at 3 stages of allo-
HSCT: (1) after the use of conditioning agents for
Y.K. and S.M. contvibuted equally vo this article. marrow ablation, (2) during posttransplantation pan-

Research in the area of neurologic complications is
limited with regard to allogeneic hematopoietic stem
cell transplantation (allo-HSCT). Most studies have
been either retrospective or reliant on autopsy records
[1-6). Prospective evaluation of this complication has
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cytopenia, or (3) after immunosuppressive therapies
and graft-versus-host disease (GVHD) [1-3,9]. These
complications are usually categorized into 4 groups:
(1) infectious, (2) cerebrovascular, (3) metabolic, or (4)
immune-mediated disorders. Among these 4 types of
neurotoxicity, cerebrovascular disorders and central
nervous system (CNS) infection before engraftment
have represented significant problems in conventional
allo-HSCT [1,4,8). Whether GVHD can affect the
CNS remains controversial [10], and neurotoxicity has
thus been regarded as an early complication after
allo-HSCT.

A new transplantation strategy using a nonmyelo-
ablative preparative regimen—reduced-intensity stem
cell transplantation (RIST)—was developed to de-
crease regimen-related toxicity while preserving ade-
quate antitumor effects [11,12]. Different pioneering
conditioning regimens for RIST have been investi-
gated, such as those including purine analogs {11-13]
and total body irradiation (TBI) combined with potent
immunosuppressants {14]. Although early reports on
RIST emphasized safety advantages [11,15], recent
studies have revealed considerable toxicities associated
with this type of transplantation [16,17]. Littde infor-
mation is available on CNS complications after RIST.
We investigated early CNS complications after RIST
with regard to incidence, characteristics, and risk fac-
tors.

PATIENTS AND METHODS

Patients

Medical records of all patients who underwent
RIST for treatment of hematologic diseases at the
National Cancer Center Hospital or Toranomon
Hospital between September 1999 and June 2003
were reviewed. Subjects comprised 232 patients (143
men and 89 women) with a median age of 54 years
(range, 15-73 years). Primary diseases consisted of
acute myeloid leukemia (n = 63), chronic myeloge-
nous lenkemia (n = 15), acute lymphoblastic leukemia
(n = 8), malignant lymphoma (n = 67), myelodysplas-
tic syndrome {n = 42), adult T-cell leukemia/lym-
phoma (n = 17), multiple myeloma {n = 10), aplastic
anemia (n = 8), and others (n = 2). Hematologic
malignancies were refractory to cytotoxic chemother-
apy in 142 patients and were in remission or sensitive
to treatment in 81 patients. Underlying diseases were
not malignant in the remaining 9 patients.

Transplantation Procedures

All patients had received purine analog-based pre-
parative regimens comprising fludarabine/cyclophos-
phamide (n = 12) [18), fludarabine/busulfan (n = 139)
[19], fludarabine/melphalan (n = 55) [20], cladribine/
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busulfan (n = 25) [13], and others (n = 1). Rabbit
antithymocyte globulin and TBI (4-8 Gy) were added
to preparative regimens in 50 and 65 patients, respec-
tively.

Stem cell sources were HLA-identical or 1 locus-
mismatched granulocyte colony-stimulating factor—
mobilized peripheral blood (n = 151), unrelated bone
marrow (n = 44), or unrelated umbilical cord blood
(n = 37). GVHD prophylaxis was cyclosporine alone
(3 mg/kg) in RIST from an HLA-identical related
donor and reduced-intensity umbilical cord blood
transplantation (RI-UCBT). Patients who received
transplants from a 1 locus-mismatched related donor
or a matched unrelated donor received cyclosporine
and short-term methotrexate. Grade II to IV acute
GVHD was treated with methylprednisolone 2 mg/
kg/d in addition to cyclosporine.

Diagnostic Criteria for Early CNS Complications

Early CNS complications were defined as CNS
toxicity occurring within 100 days of transplantadon.
Diagnosis of CNS complications was made by clinical,
radiologic, or microbiological findings (or a combina-
tion of these). CNS complications were categorized
into 4 groups: (1) infectious, (2) cerebrovascular, (3)
metabolic, and 4) immune-mediated disorders. CNS
complications that occurred after relapse or progres-
sion of underlying diseases were excluded from anal-
ysis. Diagnosis of cyclosporine encephalopathy was
based on the typical radiologic findings, ie, symmet-
rical white matter lesions mainly localized in the oc-
cipital lobe, In the case of limbic encephalopathy, the
diagnosis was based on selective involvement of the
medial temporal lobe on magnetic resonance imaging
(MRI). Diagnosis of cerebrovascular diseases was con-
firmed by neuroradiologic or postmortem studies (or
both). Abnormalities on imaging were defined as areas
of low white-matter attenuation on computed tomo-
graphic (CT) scans and as areas of T1-weighted hy-
pointensity and T2-weighted hyperintensity on MRL

End Points and Statistical Analysis

The primary end point of this study was incidence
of early CNS complications after RIST. A secondary
objective was to investigate characteristics and risk
factors for such complications. The median follow-up
of surviving patients was 17.5 months (range, 8.5-52.7
months).

Univariate analysis with x? and Mann-Whitney
tests was performed to identify risk factors for CNS
toxicity. Variables included age, sex, primary disease,
disease status (refractory or sensitive to cytotoxic che-
motherapy), and type of transplantation. We added
multple logistic regression analysis to assess the frac-
tionated contribution of the above-mentioned poten-
tially predictive factors. Variables that had a P value of



<.25 on univariate analysis were entered into the
mixed-effects model. Those that contributed <10%
to the overall ability of the model to influence serum
levels of fluconazole were sequentially eliminated.
The level of significance was set at P < .05,

RESULTS

Incidences and Types of CNS Complications after
RIST

A total of 18 patients (7.8%) developed early CNS
complications. Subtypes comprised infectious (inva-
sive aspergillosis; n = 1), metabolic (n = 15; cyclo-
sporine neurotoxicity, n = 4; limbic encephalopathy,
n = 4; hemophagocytic syndrome, n = I; leukoen-
cephalopathy, n = 1; idiopathic, n = 5), and cerebro-
vascular (subdural hematoma, n = 1; subarachnoid
hemorrhage, n = 1) complications. No patient was
diagnosed with immune-mediated CNS toxicity.

Clinical and Laboratory Features at Onset of CNS
Complications

Backgrounds of the patients who developed CNS
complications are shown in Table 1. Except for a
patient with aplastic anemia, the remaining 17 patients
had refractory hematologic diseases.

Clinical and laboratory findings at the onset of
CNS complicatdons are shown in Table 2. The me-
dian onset was 22 days (range, 1-74 days). Seizures
developed in 7 patients (generalized, n = 6; focal, n =
1). Other symptoms included headache (n = 8), nau-
. sea (n = 8), vomiting (n = 6), impaired consciousness
(n = 16), and hemiparesis (n = 3). Two of 11 evalu-
able patients developed visual disturbance (blurred
vision). Cyclosporine blood levels were higher than
target levels (250-350 ng/mL) in 4 patients. Nine
patients displayed fever at the onset of CNS compli-
cations, and 2 patients were receiving steroid therapy
for acute GVHD. Concomitant conditions in the 15
patients with metabolic encephalopathy included
systolic hypertension (>>170 mm Hg) in 6 patients,
diastolic hypertension (>100 mm Hg) in 6, hypo-
natremia in 8, hypomagnesemia in 6, and hypocholes-
terolemia in 4. Cerebrospinal fluid obtained from §
patients showed normal levels of protein and cell
counts. No pathogens such as bacteriz, fungi, or vi-
ruses were cultured from cerebrospinal fluid.

Imaging Studies

Seventeen patients underwent cranial imaging
studies: CT only in 6, MRI only in 4, and both CT
and MR1 in 7. Results are shown in Table 2. Of the 14
patients with metabolic encephalopathy who under-
went imaging studies, 7 displayed some abnormal
findings. Lesions were located bilaterally in the occip-
ital lobes (n = 3), temporal lobes (n = 3), or periven-

BB&EMT

CNS Complications after RIST

tricular white matter (n = 1). Three patients who had
received UCBTs were diagnosed with limbic enceph-
alopathy on the basis of imaging studies (Figure 1).

Treatment and OQutcomes

Cyclosporine was continued (n = 4) or withheld
(n = 14) for 1 to 14 days. Two patients received
antihypertensive agents. Corticosteroids were used in
16 patients. In most patients, subsequent treatment
with cyclosporine was well tolerated without recur-
rence of neurotoxicity.

Eight patients died within 30 days of developing
CNS complications. Causes of death included disease
progression (n = 1), subarachnoid hemorrhage (n =
1), GVHD (n = 3), and infection (n = 3). CNS
complication was a primary cause of death in 2 cases
(invasive aspergillosis, n = 1; subarachnoid hemor-
rhage, n = 1).

Risk Factors

In univariate analysis, the development of CNS
complications was associated with the use of umbilical
cord blood (P < .0001) and the status of underlying
disease (chemorefractory hematologic diseases versus
others; P = ,032). Multivariate analysis showed that
the use of umbilical cord blood was significantly cor-
related with CNS complications after RIST (odds
ratio, 14.5; 95% confidence interval, 3.7-56.9; P <
.0001).

DISCUSSIOR

In this study, CNS complications occurred in
7.8% of RIST recipients, and mortality with 30 days
of its development reached 44%. These findings in-
dicate that early CNS complications are a common
and important problem in both RIST and conven-
donal allo-HSCT [1,3,4,8]. However, significant dif-
ferences existed in clinical characteristics of CNS
complications between RIST and conventional my-
eloablative allo-HSCT.

The incidence of CINS complications was lower in
RIST than in conventional allo-HSCT, in which 11%
t0 44% of patients develop such complications [2,6,7].
In conventional transplantation, the most common
causes of CNS complications are cerebrovascular dis-
ease and infection after conventional transplantation
(1,4,8], and these are mostly attributable to regimen-
related toxicity [21,22] or profound myelosuppression
before engraftment [1,3,4]. However, in RIST, regi-
men-related toxicities are minimal, and myelosuppres-
sion is short. Acute GVHD, as the most important
complication in RIST [16], rarely affects the CNS
[23]. RIST has, at the very least, improved the safety
of allo-HSCT by decreasing the incidence of CNS
complications.
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Figure 1. T2-weighted magnetic resonance image of the brain showing high-intensity signals in bilateral témporal lobes. The patient was

diagnosed with limbic encephalopathy.

In contrast to conventional allo-HSCT, the inci-
dence of metabolic encephalopathy is increased with
RIST. In this study, 15 of 18 CNS complications were
metabolic. Of these patients, 4 were diagnosed with
cyclosporine encephalopathy on the basis of typical
clinical and imaging findings. The incidence of cyclo-
sporine encephalopathy was 1.7% after RIST, which
is comparable to that after conventional allo-HSCT in
young patients [24]. The median onset was 15 days
(range, days 7-22). Three patients displayed seizures
and altered mental status that improved after discon-
tinuation of cyclosporine. Blood levels for cyclospor-
ine were normal in all of the 4 patients. Risk factors
for cyclosporine encephalopathy have been reported
[24,25), and hypertension (2/4), hypocholesterolemia
(1/2), and hypomagnesemia (3/4) were observed in our
study. These findings are comparable to previous re-
ports on cyclosporine neurotoxicity [24,25]. The
growing use of RIST has increased the chance of
cyclosporine being administered to elderly patients.
Our study does not support the hypothesis that cyclo-
sporine neurotoxicity increases in elderly patients, but
further investigation of the safety issues for cyclospor-
ine is warranted. General management such as blood
pressure contro! and electrolyte replacement may be
important in preventing adverse effects of cyclospor-
ine.

No findings in the remaining 11 patients with
metabolic encephalopathy suggested cyclosporine en-
cephalopathy. However, it should be noted that all 11
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patients received a fludarabine-based preparative reg-
imen and that fludarabine has a considerable neuro-
toxicity [26-32]. These findings suggest that fludara-
bine might have contributed to the development of
CNS toxicity in this study. Except for 1 patient with
leukoencephalopathy and hemophagocytic syndrome-
related CNS complications, the other 10 patients had
undergone UCBT. The incidence of CNS complica-
tions after RI-UCBT was 24%. Cord blood as 2 stem
cell source was an independent risk factor in multivar-
iate analysis (odds ratio, 14.5; 95% confidence inter-
val, 3.7-56.9; P < ,0001). Few studies on CNS com-
plications after myeloablative UCBT have been
reported. This complication is possibly characteristic
of RI-UCBT. All 10 patients developed altered mental
status, including 3 with generalized seizures. Brain
imaging in 3 patients showed abnormal signals around
the hippocampus, whereas images were normal in the
other 6 patients. Hippocampal encephalopathy in the
3 patients involved both white and gray matter and
was thus distinct from leukoencephalopathy. Similar
findings after RI-UCBT have recently been reported
(33). Although an association with tacrolimus admin-
istration has been suggested, none of our patients
received tacrolimus, thus indicating other causes. Pos-
sibilides include infection, regimensrelated toxicity,
and immune reaction associated with the use of cord
blood. Eight patients who developed metabolic en-
cephalopathy after RI-UCBT had received fludara-
bine, melphalan, and TBI as a preparative regimen.



This has a higher intensity than most reduced-inten-
sity regimens and might have caused CNS toxicities.

Conversely, CNS complications do not represent
a significant concern in bone marrow or peripheral
blood transplantation with similar reduced-intensity
regimens. Because adult RI-UCBT recipients receive
a relatively low dose of CD34" cells, it would raise the
concern that there might have been delayed engraft-
ment, leading to an increase in subclinical or undetec-
‘ted CNS viral infections. However, this possibility
seemed unlikely. In RI-UCBT with fludarabine, mel-
phalan, and intermediate-dose TBI as a preparative
regimen and cyclosporine as GVHD prophylaxis [34],
the median day of neutrophil engrafrment was 17.5
days. This is comparable to RIST with granulocyte
colony-stimulating factor-mobilized blood [11,13].
Furthermore, neither cerebrospinal findings nor
blood cultures identified CNS infection in our study,
and no patient had GVHD at the onset of CNS
complications. Because 4 of the 10 patients who un-
derwent RI-UCBT died soon after the development
of CNS complications, symptoms might represent an
early manifestation of a systemic disorder predispos-
ing for multiple organ dysfunction syndrome, increas-
ing the risk of transplant-related mortality [35). How-
ever, the association of CNS complications with
engraftment is noteworthy in RI-UCBT. We did not
use antithymocyte globulin or corticosteroids for pre-
parative regimens or GVHD prophylaxis, respec-
tively, although these practices have been commonly
used in previous studies on UCBT [36]. Both agents
display strong immunosuppressive properties. The
fluid accumulation often observed during this period
may have accentuated the tendency for brain edema to
develop, as seen in patients with renal decompensa-
tion. In RI-UCBT with our regimens [34}, the cumu-
lative incidence of complete donor chimerism at day
60 was 93%, and the median time to complete donor
chimerism was 22 days. Grade II to IV acute GVHD
occurred in 27% of patients. Approximately 60% of
RI-UCBT recipients had a noninfectious fever before
engraftment (median onset, day 9). Manifestations in-
cluded a high-grade fever, eruption, and diarrhea, and
corticosteroids were effective for ameliorating these
reactions. These findings suggest that they might be
associated with a cytokine storm induced by massive
proliferation of cells with a unique cytokine profile
and that the CNS toxicity was attributable to these
immune responses. We therefore treated the CNS
toxicity with corticosteroids. Because CNS toxicity is
associated with considerable morbidity and mortality,
optimal preventive measures for CNS complications
after RI-UCBT should be established. Intensification
of GVHD prophylaxis, such as with methotrexate,
might prove beneficial for this purpose.

This investigation was a retrospective study based
on medical records. Pathologic examinations were not
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used in most patients, and diagnosis of CNS compli-
cations was established on the basis of clinical and
radiologic findings. Mild neurotoxicity associated with
allo-HSCT was likely neglected, and incidences might
have been underestimated in this study. Compared
with autopsy studies, approximately half of the pa-
tients with neurologic complications had been diag-
nosed during life [4]. Further prospective evaluation is
warranted to clarify incidences and clinical character-
istics for CNS complications after RIST and to estab-
lish optimal preventive and therapeutic measures.

In conclusion, we have demonstrated that CNS
complications are a common and frequently fatal com-
plication after RIST, particularly after the use of um-
bilical cord blood. Metabolic encephalopathy is the
most common subtype of CNS complication after
RIST, and it frequently manifests as limbic encepha-
lopathy in RIST with umbilical cord blood.
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Regimen-related toxicity following reduced-intensity stem-cell
transplantation (RIST): comparison between Seattle criteria and National
Cancer Center Common Toxicity Criteria (NCI-CTC) version 2.0
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Y Takaue!, for the Tokyo SCT Consortxum

S Mlyakoshx

S Mori!, R Tanosakl S Tamguchl and

| Hematopoietic Stem Cell Transplantation Unit, The National Cancer Cemer Hospital, Tokyo, Japan and *Department of

Hematology, Toranomon Hospital, Tokyo, Japan

Summary:

Acute regimen-related toxicity (RRT) is minimal in
reduced-intensity stem-cell transplantation (RIST). How-
ever, the Seattle RRT grading (Bearman et al), developed
in the context of conventional-intensity transplantation, is
frequently applied to RIST. We compared the Natienal
Cancer Institute Common Toxicity Criteria (NCI-CTC)
version 2.0 with the Seattle criteria after RIST in 86
patients, RRT within 30 days of transplant graded by both
sets of criteria were significantly associated with the
outcome confirming the predictive value of both the
systems. A total of 15 patients died of disease progression,
and 12 of transplant-related mortality: RRT (n=2),
graft-versus-host disease (GVHD) (#=7), infection
(n =1), and others (n =2). GVHD-related deaths primar~
ily resulted from infections after steroid treatment (n =6)
and bronchiolitis obliterans (#n = 1). This study shows that
NCI-CTC is appropriate in toxicity evaluation of RIST,
and that its application to RIST enables a toxicity
comparison between RIST and other types of cancer
treatments. Since GVHD is a significant problem in
RIST, modifications are required to evaluate immunolo-
gical complications following RIST.
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Keywords: reduced intensity stem-cell transplantation,
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Reduced-intensity stem-cell transplantation (RIST) is asso-
ciated with lower acute regimen-related toxicity (RRT).'-¢
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The recognition and grading of toxicity caused by RIST is
important in practice and in designing clinical trials.

After conventional-intensity stem-cell transplantation
(CIST), patients can die of disease progression or
complications of therapy. RRT is toxicity that is directly
attributable to the conditioning regimen, but usually
excludes graft-versus-host disease (GVHD), infection, and
hemorrhage. 1t is often difficult to separate RRT from
other toxicities. The Seattle group proposed a toxicity
grading system specifically for allogeneic HSCT based upon
a retrospective review of 195 patients who underwent
CIST.” RRT in RIST is minimal and a significant
proportion of morbidity and mortality is secondary to
GVHD.® However, the Seattle criteria have been used to
evaluate RIST.

The National Cancer Institute Common Toxicity
Criteria version 2.0 (NCI-CTC ver. 2.0) has been widely
used for development and evaluation of chemotherapeutic
agents. If NCI-CTC ver. 2.0 can be applied to RIST,
toxicity comparison between RIST and various other
cancer treatments would be possible. We studied 86
patients who underwent RIST to see if NCI-CTC ver. 2.0
could be used to predict transplant-related mortality
(TRM) and overall survival (OS) after RIST.

Patients and methods

Patients

The medical records of all of the patients (n=286) who
underwent RIST at the National Cancer Center Hospital
between January 1999 and April 2002 were reviewed. All
patients and donors gave their written informed consent in
accordance with the requirements of the Institutional
Review Board of the National Cancer Center Hospital.
The median age was 5] years (range, 4-67). The
underlying disease was AML (n=26), lymphoma (=21},
MDS (n=11), CML (=35}, ALL (n=2), other hemato-
logic diseases (n=3), and solid tumors (n=18). The
hematological malignancies were refractory to chemother-
apy in 33 cases, and were in remission or sensitive to
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treatment in the remaining 35 cases. All of the patients with
solid tumors were refractory to conventional treatments.

Preparative regimens

The preparative regimens comprised busulfan 4 mg/kg daily
for 2 days with fludarabine 25mg/kg daily for 6 days
{n=64)° or cladribine 0.11 mg/kg daily for 6 days (n = 22).5
Rabbit antithymocyte globulin (ATG, Thymoglobulin,
IMTIX-SANGSTAT, Lyons, France) 2.5mg/kg for 2 or
4 days and TBI (4Gy) were added to the preparative
regimen in 49 and three patients, respectively.

Stem-cell source

A total of 64 patients had an HLA-identical related donor
and 17 had a one-locus mismatched related donor.'?
Peripheral blood was used for these 81 patients. Five
patients received bone marrow from a matched unrelated
donor (MUD).

Prophylaxis and treatment of GVHD

Patients who were transplanted from an HLA-identical
related donor received cyclosporin alone (3mg/kg). Those
who were transplanted from an HLA-mismatched related
donor or MUD received cyclosporin and short-course
methotrexate,

The diagnosis of GVHD was made on clinica) grounds in
conjunction with biopsy of the skin and digestive tract.
Acute and chronic GVHD were graded according to the
consensus criteria.'''* Grade II-IV acute GVHD was
treated with 2mg/kg/day of methylprednisolone in addition
to cyclosporin.

Management of infections

All of the patients stayed in reverse isolation in a laminar
airflow-equipped room, and received prophylaxis with
trimethoprim/sulfamethoxazole or pentamidine inhaler,
ciprofloxacin, and fluconazole against Preumocystis carinii,
bacterial, and fungal infection, respectively. Herpes virus
prophylaxis with acyclovir was also given as previously
described.’> CMV pp65 antigenemia was routinely mon-
itored once a week., When antigenemia was detected, pre-
emptive therapy with ganciclovir was initiated as previously
reported.’

Toxicity grading

The Seattle criteria assess post transplant RRT in eight
organs: the heart, bladder, kidneys, Jungs, liver, mucosa,
central nervous system (CNS), and gut. As the criteria
exclusively assess RRT, they exclude adverse events
atiributable to GVHD and infection. Similarly, renal
failure is excluded when it coincides with the administration
of known nephrotoxic agents. RRT was graded with the
Seattle criteria on the day of initiation of conditioning
regimens and days 0, 7, 14, and 28 (and on day 100 for
lungs) post transplant (Table 1}.

Bone Marrow Transplantation

NCI-CTC ver. 2.0 assesses more than 260 adverse events
in 24 organ systems. To make a comparison, 16 items in
NCI-CTC ver. 2.0 equivalent to those in the Seattle criteria
were regraded. These included arrhythmia, cardiovascular
dysfunction, hematuria, renal dysfunction/creatinine Jevels,
lung toxicity, serum levels of bilirubin, aspartate amino-
transferase (AST), alanine aminotransferase (ALT) and
alkaline phosphatase (ALP), weight gain/ascites, neurolo-
gical dysfunction, mucositis, and diarrhea (Table 2). All of
the observed adverse events were evaluated daily with NCI-
CTC ver. 2.0 from the day of initiation of conditioning
regimens until day 30 post transplant (and on day 100 for
lungs).

Two or more independent physicians graded RRT based
on the medical records. If there was discordance between
their diagnoses, another physician (MK) made a final
diagnosis.

Statistical analysis

The probability of OS was determined with the Kaplan-
Meier method as of June 31, 2002. The median follow-up
period after transplantation was 252 days (range, 82-1046
days). Surviving patients were censored on the last day of
follow-up.

A univariate analysis using the y* test and Mann—
Whitney test were performed to identify the risk factors for
RRT. A multivariable Cox proportional-hazards analysis
was conducted to determine whether the development of
RRT was independent of other clinical variables in
predicting overall mortality. In RIST for solid tumors
and malignant lymphoma, some lesions persist following
preparative regimens. Sizes of these lesions frequently show
a transient increase until the development of alloimmune
responses. When patients die without disease progression, it
is difficult to determine whether these deaths are attribu-
table to disease progression or TRM. We therefore used
overall mortality instead of nonrelapse deaths.

Clinical variables examined in a univariate analysis were
entered in a backward, stepwise Cox proportional-hazards
model to identify predictors of mortality. Variables with a
P-value of less than 0.50 were entered into the model, and
those with a P-value of less than 0.10 were retained. The
P-values less than 0.05 were considered {o be significant.

Results

Toxicity grading

Grade 34 toxicity by the Seattle criteria was observed in
the lung (5%), CNS (2%), kidney (1%), and heart (1%)
(Table 3). The maximal toxicity of grades 0, 1, 2, 3, and 4
was noted in eight (9%), 38 (44%), 35 (41%), four (5%),
and one patient (1%), respectively.

Grade 34 toxicity by NCI-CTC ver. 2.0 was observed in
all of the organs (Table 4): liver (31%), lung (21%),
stomatitis (13%), gastrointestinal tract (9%), heart (6%),
CNS (6%), kidney (2%), and bladder (1%). The maximal
toxicity of grades 0, 1, 2, 3, and 4 was observed in two
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Table 3 Toxicity grading using the Seattle criteria in 86 patients
undergoing RIST
Grade 0 7 2 3 4
Gut 69 17 0 0 0
Stomatitis 47 29 10 0 0
Central nervous system 78 4 2 2 0
Liver 23 31 31 1 0
Lung 75 4 1 3 1
Kidney 51 3l 3 1 0
Bladder 84 2 0 0 0
Heart 70 8 7 1 0
Maximal grades 8 33 s 4 1
Table 4 Toxicity grading using NCI-CTC ver. 2.C in 86 patients
undergoing RIST -
Grades 1} b 2 3 4
Gut - 18 10 7 1
Stomatitis 35 8 32 | 0
Central nervous system 4 5 2 2 3
Liver 5 27 27 22 3
Lung 56 12 0 17 1
Kidney 47 26 1l 2 0
Bladder 61 23 1 1 0
Heart 72 [ 3 3 2
Maximal grades 2 16 25 35 8
Grade 0 (n=8)
1 - R s Grade 1 (n=38)
» I e Py alePdpnsessaser sekdentsebndd
_ 0.8 o I ' - B Em o
g {: Grade 2 (=35} ., .,
Soed ! "
a {1 I P=0.0037
= d . 1
0411 Lo
> L] -
3024} Grade 3 (n=4)
1 1 Grade 4 (n=1)
od |

T v ¥ v T v L U T i
0 100 200 300 400 500 600

Days after transplant
Figure 1 OQverall survival evaluated by the Seattle criteria. Five patients
had grade 3-4 toxicity in at least one organ, of whom three died (60%). The
estimated 1-year OS was 25.0% (95% confidence interval (CI) 0.0-61.7%).
In contrast, of the 81 patients with grade 0-2 toxicity in all the organ
systems, eight died (9.9%). The estimated 1-year OS was 74.2% (95% ClI,

64.2-84.2%). The one-year OS was significantly lower in the patients with
grade 34 toxicity (P =0.0037).

(2%, 16 (19%), 25 (29%), 35 (41%}, and eight patients
(9%), respectively.

The lung toxicity on day 100 using either the Seattle
criteria or NCI-CTC ver. 2.0 was not maximal in any of the
86 patients.

There were 10 cases of the ‘up-staging’ of the toxicity
from the Seattle criteria to NCI-CTC version 2.0: liver
(1= 6), and kidney (n=4).

Evaluation of RRT following RIST
M Sakivama of al

Grade 0 (n=2}.1 (n=16)

14
P
{1 Y
5 087 | nfadede'l P=0.037
; 0.6 - I Grade 3 (n=35)
=04 1
50.4- e
g 0.2 Grade 4 {n=8)
0~

L L) d T r L ¥ h L) T T
0 100 200 300 400 500 €00
Days after transplant

Figure 2 Overall survival evaluated by NCI-CTC version 2.0. In total, 43
patients had grade 34 toxicity in at least one organ, of whom 10 patients
(23.2%) died of TRM. The estimated 1-year OS was 64.7% (95% ClI, 50.2-
75.2%). In contrast, of the remaining 43 patients with grade 2 toxicity in all
the organ systems, one died of GYHD, resulting in 78.5% (95% CI, 64.8-
92.2%) of estimated )-year OS and 8.8% of TRM. The l-year OS was
significantly lower in the patients with grade 3-4 1oxicity (P=0.037).

Table § Variables influencing the grades of regimen-related
toxicity according to NCI-CTC ver. 2.0
Variables Grade 0-2  Grade 34  P-value
fn=43) (n=43)
 Age
Median (range) 53 (4-65) 50 (19-67) 0.459
Sex
Male/female 26/17 3112 0.362
Risk of primary diseases
High/low 13/30 20423 0.183
Preparative regimens
Fludarabine-based/cladribine- 34/9 30/13 0.459
based
ATG-containing yes/no 22721 27/16 0.384
TBI-containing yes/no 1/42 2/41 0.999
GVHD prophylaxis
Cyclosporine alone/ 38/5 32/11 0.165
cyclosporine and methotrexate
Donors
Related/unrelated 41/2 40/3 0.999
Matched/mismatched 37/6 zm 0.278
ATG =anti-thymocyte  globulin, TBl=total body irradiation,

GVHD = graft-versus-host disease.
Any varjables were significant on multivariate analysis.

Association between toxicity grading and survival following
RIST

A total of 27 patients died: 16 of disease progression {19%)
and 11 of TRM (13%). The I1 patients who died of TRM
had the maximal! toxicity of grade 2 (n=1), grade 3 (it =6),
and grade 4 (n=4) by NCI-CTC ver. 2.0, which was also
graded with the Seattle criteria to be grade 1 (n=3), grade 2
(n=25), grade 3 (n=2), and grade 4 {#=1). The causes of
TRM were GVHD/steroid-related infection (n=6), GVHD
(bronchiolitis obliterans) (n=1), infection (n=2), and
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others (n=2). Maximal grades of GVHD in fatal cases
were IV (n=1), Il (n=1), 11 (n=3), and I (n=2).

Figure 1 demonstrates the association between the
maximal toxicity of the Seattle criteria and OS. Five
patients had grade 3—4 toxicity in at least one organ, of
whom three died (60%). Estimated I-year OS was 25.0%
(95% confidence interval (CI) 0.0-61.7%). In contrast, of
the 81 patients with grade -2 toxicity in all the organ
systems, eight died (9.9%). The estimated 1-year OS was
74.2% (95% CI, 64.2-84.2%). The l-year OS was
significantly lower in the patients with grade 3—4 toxicity
(P=0.0037).

Figure 2 demonstrates the association between the
maximal toxicity of NCI-CTC ver. 2.0 and OS. In all, 43
patients had grade 3—4 toxicity in at least one organ, of
whom 10 patients (23.2%) died of TRM. The estimated 1-
year OS was 64.7% (95% CI, 50.2-79.2%). In contrast, of
the remaining 43 patients with grade 2 toxicity in all the
organ systems, one died of GVHD, resulting in 78.5%
(95% CI, 64.8-92.2%) of estimated 1-year OS and 8.8% of
TRM. The 1-year OS was significantly lower in the patients
with grade 3-4 toxicity (P=0.037).

Variables influencing RRT

No variables were found to be associated with RRT of
NCI-CTC ver. 2.0 by univariate (Table 5) or multivariate
analysis.

Variables influencing overall survival

Patients who survived longer than 30 days were included in
this analysis. Multivariate analysis showed that survival
was significantly different between unrelated vs related
donors (hazard ratio 7.5, 95% CI 1.7-32.8, P=0.0074),
HLA-mismatched vs matched (hazard ratio 3.8, 95% CI
1.1-12.9, P=10.0295), and the maximal toxicity grade 3—4
vs grade 2-3 of NCI-CTC ver. 2.0 within day 30 post
transplant (hazard ratio 3.0, 95% CI 1.2-7.3, P=0.0177).

Discussion

Evaluation of RRT after RIST is not uniform. As a result,
toxicity grades vary among studies (Table 6) (2-4, 6, 15-
18). Our study shows that both the Seattle criteria and
NCI-CTC ver. 2.0 are significantly associated with out-
come, and have predictive value.

The prognosis of grade 3 by the Seattle criteria is
comparable to that of grade 4 by NCI-CTC ver. 2.0, and
the prognosis of grade 2 by the Seattle criteria is
comparable to that of grade 3 by NCI-CTC ver. 2.0
(Figures 1 and 2). However, neither criteria can offer a
cutoff to predict death since the sensitivity and specificity
are insufficient; the threshold of <grade 2 by Seattle
criteria and <grade 3 by NCI-CTC ver. 2.0 would be
sensitive but not specific to predict TRM, whereas the
threshold of =grade 3 by the Seattle criteria and >grade 4
by NCI-CTC ver, 2.0 would be specific but not sensitive.
These findings suggest that these criteria need to be
modified for use in RIST.

Evaluation of RRT following RIST
M Sekiyama ef al

There are two types of complications associated with
allogeneic HSCT. One is the organ toxicity directly caused
by preparative regimens. The other is immunological
complications, represented by GVHD. When anti-T-cell
antibodies are included in conditioning regimens, the
frequency of GVHD is decreased'®* showing that GVHD
is influenced by the types of preparative regimens. Given
the fact that GVHD is the most common cause of
nonrelapse death after RIST,? GVHD should be considered
in the safety evaluation of conditioning regimens.

Another common complication after RIST is early
progression of the underlying malignancy. This phenom-
encn could potentially be considered a consequence {and
therefore toxicity) of the reduced intensity of the con-
ditioning regimen.

Another consideration is the follow-up duration in
evaluating immunological complications following RIST.
The duration of observation after chemotherapy is usually
30 days. In contrast, the onset of GVHD can be delayed.
The period of 30 days of observation is not long enough to
evaluate the safety of RIST. Although the day 100 TRM
has been used in RIST, it is not sufficient in evaluation of
the immunological complications. We propose that TRM
until day 200 should be used in the evaluation criteria for
RIST-related toxicity.

Qur study shows that both the Seattle criteria and NCI-
CTC ver. 2.0 are useful in evaluating toxicity of RIST.
Prospective studies are required to establish a proper
toxicity grading system for RIST.
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