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Abstract Late cytomegalovirus (CMV) disease beyond
day 100 after hematopoietic stem cell transplantation
(HSCT) has become an increasing problem after the
introduction of preemptive ganciclovir (GCV) administra-
tion. To clarify the risk factors and outcome for late CMV
reactivation and disease, we retrospectively analyzed the
records of 101 Japanese adult patients who underwent
allogeneic HSCT between 1998 and 2005 at our hospital.
Fifty-one developed late positive CMV antigenemia, with a
cumulative incidence of 53%. Recipient CMV seroposi-
tivity, the use of alemtuzumab, chronic GVHD, and
high-dose steroids were significantly associated with late
positive antigenemia. Eight patients developed late CMV
disease, with a cumulative incidence of 8%, including
retinitis and gastrointestinal disease. None progressed to a
fatal disease. The use of alemtuzumab was identified as an
independent significant risk factor for late CMV disease,
although it was not associated with increased non-relapse
mortality. Among the 51 patients with late positive anti-
genemia, 28 had consistently less than three positive cells,
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25 of whom showed negative conversion without antiviral
agents, In conclusion, late CMV antigenemia appeared to
develop frequently, especially in patients with profound
immune suppression; however, a fatal outcome could be
prevented by optimal preemptive therapy. Low-level anti-
genemia may not require antiviral treatments.

Keywords Cytomegalovirus - Antigenemia -
Gangiclovir - Preemptive therapy -
Hematopoietic stem cell transplantation

1 Introduction

Despite the widespread use of prophylactic and preemptive
ganciclovir (GCV) therapy, cytomegalovirus (CMV) dis-
ease remains one of the major causes of morbidity and
monality after allogeneic hematopoietic stem cell trans-
plamation (HSCT). Late occurrence of CMV disease
beyond day 100 after HSCT is now increasingly observed,
although early CMV disease within the first 100 days has
been significantly decreased by the introduction of uni-
versal prophylaxis from engraftment or preemptive therapy
with monitoring the CMV viral load [1-4]. The delayed
CMV-specific immune reconstitution and antiviral drug
resistance might have led to an increased incidence of late
CMV disease [5, 6]. The main clinical manifestations are
pneumonia and gastrointestinal disease [1, 2, 4], whereas
retinitis and central nervous system disease are occasion-
ally observed [6, 7). Late CMV discase has frequently
progressed to a fatal outcome with a mortality rate up to
50% [1, 2, 4], probably because most of the recipients are
outpatients with less intensive monitoring and therefore,
the antiviral agents tend to be administered after CMV-
related symptoms are detected.
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Although preemptive therapy with CMV monitoring has
been successful in preventing early CMV discase [8], the
cfficacy of such an approach beyond day 100 remains to be
evaluated. We have been routinely continuing CMV
monitoring beyond day 100 and administered GCV pre-
emptively. In this study, we retrospectively analyzed the
incidence, risk factors, and outcome of late CMV reacti-
vation and disease in allogeneic HSCT patients.

2 Patients and methods
2.1 Study population

During a 7-year period (from January, 1998 to September,
2005), 205 adult patients (=16 years old) underwent allo-
geneic HSCT for the first time at the University of Tokyo
Hospital, Twenty-nine patients died within the first
100 days after HSCT, two of whom developed CMV dis-
ease. Among the remaining 176 patients who survived
more than day 100 after HSCT, the day of the first negative
antigenemia test without any antiviral agents beyond day
100 was defined as the starting point of late CMV antige-
nemia monitoring. The median period from HSCT to the
starting point was 100 days (100-207 days). Eleven
patients who developed CMYV disease before the starting
point and 64 who did not undergo CMV antigenemia assay
at least five times after the starting point were excluded.
Finally, 101 patients were included in the study.

The median follow-up was 12.6 months (range 4.8-
74 months) after HSCT, The patient characteristics are
shown in Table 1. Thirty-five, twenty, and forty-six
patients received grafts from a HLA-matched related
donor, a mismatched related donor, and a matched unre-
lated donor, respectively. Unrelated HSCT was performed
exclusively using bone marrow, whereas 40 out of 55
related donors provided a peripheral blood stem cell graft.
Acute leukemia in first remission, chronic myelogenous
leukemia in the first chronic phase, myelodysplastic syn-
drome with refractory anemia or refractory anemia with
ringed sideroblasts, and aplastic anemia were defined as
low-risk diseases, while others were considered high-risk
diseases. Donors other than HLA-matched related donors
were defined as alternative donors.

2.2 Transplantation procedure

The conventional preparative regimen for leukemia/lym-
phoma was mainly performed with either total body
irradiation (TBI) regimen [cyclophosphamide (Cy) at
60 mg/kg/day for 2 days and TBI at 2 Gy twice daily for
3 days] or non-TBI regimen [Cy at the same dose combined
with busulfan (Bu) at 4 mg/kg/day for 4 days]. In the TBI

Table 1 Patents’ charactenistics

Characteristic Total patients
Sex (male/female) 6536
Age, median (range) 41.0 (16-66)
5 before P

Recipient CMV-positive/negative 90/11
Donor CMV-positive/negative 80/21
Underlying disease

Acute leukemia 46
CML 21
MDS 12
NHL/ATL 11
SAA 5
Other 6
Graft source

PBSC 40
BM 6l
Donor type

Maiched related 35
Mismatched related 20
Unrelated 46
Preparative regimen

Cy/TBI-based regimen 66
Bu/Cy-based regimen 11
ATG-including regimen 3
Flu-based reduced-intensity regimen 21
GVHD prophylaxis

CsA + MTX 78
Tacrolimus + MTX 10
Alemtuzumab 4 CsA 4+ MTX 13
Chronic GYHD

Extensive 53
Limited 21
None 27

CMV cytomegalovirus, CML chronic myelogenous leukemia, MDS
myelodysplastic syndrome, NHI non-Hodgkin lymphoma, ATL adult
T-cell leukemia/lymphoma, SAA severe aplastic anemia, PBRSC
peripheral blood stem cell, BM bone marrow, Cy cyclophosphamide,
T8I wotal body irradiation, Bu busulfan, ATG anti-thymocyte globulin,
Flu fludarabine, GVHD graft-versus-host disease, CsA cyclosporine,
MTX methotrexate

regimen, the dose of Cy was decreased to 40 mg/kg for
1 day and etoposide at 20 mg/kg for 2 days was added
instead, in patients with impaired cardiac function.
Fludarabine (Flu)-based regimens, including FB regimen
(Flu at 30 mg/m*/day for 6 days and Bu at 4 mg/kg/day for
2 days) with or without TB1 at 4 Gy, FB16 regimen (Flu at
the same dose with Bu at 4 mg/kg/day for 4 days),
FM regimen (Flu 30 mg/m*/day for 5 days and melphalan
at 140 mg/m*/day for 1 day), and FC regimen (Flu at
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25 mg/m*/day for S days and Cy at 60 mg/kg/day for
2 days), were used as reduced-intensity regimens for
clderly or clinically infirm patients [9]. Gemcitabine at
1,000 mg/m?/day for 3 days was added to the FB regimen
for patients with pancreatic cancer [10]. The conditioning
regimen for aplastic anemia was either a rabbit anti-
thymocyte globulin (ATG) regimen (Cy at 50 mg/kg/day
for 4 days and ATG at 5 mg/kg/day for 5 days with or
without TBI at 4 Gy) or an alemtuzumab regimen (Cy at
25 mg/kg/day for 4 days and Flu at 30 mg/kg/day for
4 days combined with alemtuzumab at 0.2 mg/kg/day for
6 days, with or without TBI at 2 Gy).

For prophylaxis against GVHD, cyclosporine A (CsA) at
3 mg/kg/day or tacrolimus at 0.03 mg/kg/day was admin-
istered combined with short-term methotrexate (10-15 mg/
m? onday 1, 7-10 mg/m* on days 3 and 6, and optionally on
day 11). For patients who received a graft from a haplo-
identical HLA-mismatched donor, alemtuzumab was added
to the TBI regimen or the FB regimen at 0.2 mg/kg for
6 days [11]. Methylprednisolone (mPSL) or prednisolone
(PSL) at | or 2 mg/kg was added for patients who devel-
oped grade 2-4 acute GVHD, whereas PSL at 0.5 mg/kg or
more was added for patients who developed extensive
chronic GVHD. Prophylaxis against bacterial, fungal, her-
pes simplex virus, and pneumocystis jirovecii infections
consisted of fluconazole, tosufloxacin, acyclovir, and
sulfamethoxazole/trimethoprim.

2.3 CMV antigenemia assay

CMV antigenemia assay was performed as described
previously [12]. In brief, 1.5 x 10° peripheral blood
leukocytes were attached to a slide, using a cytocentrifuge
and fixed with formaldehyde. The cells were sequentially
immunostained with monoclonal antibody CI10/11
(Clonab CMV, Biotest, Dreieich, Germany), which targets
CMV pp65 antigen, and reacted with goat alkaline
phosphatase-labeled anti-mouse immunoglobulin (Mitsu-
bishi Kagaku latron Inc, Tokyo, Japan). Under light
microscopy, CMV-positive cells were counted and the
results are presented as the sum of the number of positive
cells per two slides.

2.4 Preemptive therapy for CMV disease

Preemptive therapy against CMV discase was performed
by weekly monitoring of CMV antigenemia after
engraftment, as described previously [13]. Until June
2001, intravenous GCV was started at an induction dose
of 10 mg/kg/day when ten or more CMV-positive cells
were detected in patients who underwent HSCT from a
HLA-matched related donor and when positive cells were
detected at any level in patients who underwent HSCT
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from an altemative donor. From July 2001, the induction
dose was decreased to 5 mg/kg/day and the threshold of
antigenemia to start GCV was changed to twenty and
three positive cells for patients who underwent HSCT
from a HLA-matched related donor and an altemative
donor, respectively [14]. The dose of GCV was increased
to 10 mg/kg/day when rising antigenemia was observed.
The dose of GCV was adjusted according to renal
function [15]. GCV was continued until negative anti-
genemia was observed. Beyond day 100 after HSCT,
CMV monitoring was continued at least every other
week in 90 patients and at longer intervals in the
remaining 11 patients. GCV was administered in a sim-
ilar manner as before day 100, at the discretion of
attending physicians,

2.5 Definition of late positive CMV antigenemia
and CMV disease

Late positive CMV antigenemia was defined as the detec-
tion of CMV-positive cells at any level after the starting
point. Recurrent CMV antigenemia was defined as the
detection of CMV-positive cells after the negative con-
version of late positive CMV antigenemia. All patients
with symptoms compatible with CMV disease, such as
interstitial pneumonia, colitis, or gastritis underwent
extensive pathological and microbiological examination of
biopsy specimens. Biopsy was performed in all cases of
interstitial pneumonia, colitis, and gastritis. The diagnosis
of these CMV diseases was made by histopathological
examination and immunochemical staining of biopsy
specimens, which demonstrated typical CMV inclusion
bodies. To establish a definite diagnosis of CMV retinitis,
patients received PCR to detect CMV-DNA using aqueous
humor and/or ophthalmoscopy, which demonstrated typical
findings of CMV retinitis, including a white fluffy retinal
infiltrate with several areas of hemorrhage or a granular
white area without hemorrhage.

2.6 Statistical analysis

The cumulative incidences of late positive CMV antige-
nemia and CMV disease, and the impact of possible
confounding factors on these events were evaluated using
Gray's method, considering death without each event as a
competing risk [16]. The cumulative incidence of non-
relapse mortality (NRM), and the impact of possible con-
founding factors on NRM were evaluated, considering
relapse as a competing risk. The development of chronic
GVHD and the use of systemic corticosteroids at >0.5 mg/
kg/day were treated as time-dependent covariates. Factors
associated with at least borderline significance (P < 0.10)
in univariate analyses were subjected to multivariate
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analysis using backward stepwise proportional-hazard
modeling. P-values <0.05 were considered significant.

3 Results

3.1 Incidence and risk factors for late positive CMV
antigenemia

Overall, 51 of 101 patients developed late positive anti-
genemia at a median of 29 days (range 1-483 days) after
the starting point, with a cumulative incidence of 53%
(Fig. la). In univariate analyses, recipient CMV seroposi-
tivity, the use of alemwzumab in a conditioning regimen,
the preceding detection of CMV antigenemia, prior use of
GCV, the development of chronic GVHD, and the use of
systemic corticosteroids at =0.5 mg/kg/day were signifi-
cantly associated with the development of late positive
antigenemia (Table 2). In multivariate analysis, recipient
CMYV seropositivity, the use of alemtuzumab in a condi-
tioning regimen, the development of chronic GVHD, and
the use of systemic corticosteroids at =0.5 mg/kg/day were
identified as independent risk factors for late positive
antigenemia.

Fifty (98%) of the 51 patients with late positive anti-
genemia showed negative conversion of antigenemia after
a median of 21 days (range 2—430 days). The median peak
antigenemia level was only two positive cells per two
slides (range 1-268). Twenty-eight patients developed late
CMYV antigenemia with consistently less than three positive
cells (low-level antigenemia), 25 of whom showed nega-
tive conversion without GCV administration (Table 3A).
Of the remaining 23 patients who developed high-level
antigenemia with three or more positive cells, all but one
who died of invasive aspergillosis (IA) achieved negative
conversion, with (n = 17) or without (n=5) GCV
administration. Twenty-nine of the 50 patients (58%) had
recurrent antigenemia at a median of 14 days (range 3-
714 days) after the first negative conversion (Table 3B).
The second recurrence was observed in 17 of 26 patients,
after a median of 21 days (range 4-323 days) after the
second negative conversion.

3.2 Incidence and risk factors for late CMV discase

Eight patients developed late CMV disease at a median of
54 days (range 14-248 days) after the starting point, with a
cumulative incidence of 8%, (Fig. 1b). Female sex, the use
of alemtuzumab in the conditioning regimen, the preceding
detection of CMV antigenemia, prior use of GCV, and the
development of chronic GVHD were associated with a
higher incidence of late CMV disease with at least bor-
derline significance (P < (.10) (Table 4). Among these.
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the use of alemtuzumab in the conditioning regimen was
the only independent risk factor for late CMV disease.

Late CMYV disease involved retinitis in four, colitis in
three, and gastritis in one (Table 5). Three of the four
patients with retinitis were asymptomatic. Although all of
these CMV discases were successfully treated with GCV,
two patients died of bronchiolitis obliterans and IA, after
the resolution of CMV disease. Among the eight patients
with late CMV disease, seven developed CMV disease
after the development of late positive antigenemia. Five
developed CMV disease after the first episode, and the
other two after recurrent antigenemia. The median peak
antigenemia level was ten positive cells per two slides
(range 4-186). The remaining patient developed late CMV
disease before the development of late positive antigene-
mia. All patients achieved negative conversion by the
administration of intravenous GCV.

@ Springer



34

Y. Asano-Mori et al.

Table 2 Risk factors for late positive CMV antigenemia

Table 2 continued

Univariate analysis

Factors n Incidence (%) P-value
Age

>40 years old 56 63 0.30
<40 years old 45 44

Sex

Male 65 52 040
Female 36 54

Discase risk

Standard risk 40 51 0.80
High risk 6l 54

Graft source

Bone marrow 61 46 0.18
Peripheral blood 40 4

Donor type

Matched related donor 35 a7 0.51
Allemative donor 66 56

Regimen

TBI regimen 72 54 0.81
Non-TBI regimen 29 50

Regimen

With alemiuzumab 13 69 0.041
Without alemtuzumab 88 a7

Donor CMV

Seropositive 80 57 0.18
Seronegative 21 i3

Recipient CMV

Seropositive 90 58 0.0069
Seronegative 11 9

Prior CMV antigenemia

Yes 74 61 (0.0053
No 27 32

Prior use of GCV

Yes 59 62 0,012
No 42 41

Year of transplant

Before June 2001 30 50 0.77
After July 2001 71 54

Factors (time-dependent n Relative risk P-value
covariates) (95% CI)

Chronic GVHD

Yes 74 3.29 (1.81-5.97) <0,0001
No 27

Steroid at =05 mp/kg

Yes 56 277 (1.16-4.45) 0.017
No 45
Q Springer

Multivaniate analysis

Factors Relanive risk  95% C1 P-value
Steroid at =0.5 mg/kg 213 14438  0.040
Chronic GVHD 2.87 1.54-5.35  0.00095
With alemtuzumab 254 1.20-5.37 0.015
Recipient CMV seropositive  13.0 1.77-85.6 0.012

3.3 Incidence and risk factors for non-relapse monality

Seventeen patients died of non-relapse causes more than
100 days after HSCT, with a 3-year cumulative incidence
of 22% (Fig. lc). Male sex and the use of systemic corti-
costeroids at >0.5 mg/kg were associated with a higher
NRM with at least borderline significance (Table 6). The
use of systemic corticosteroids at >0.5 mg/kg was identi-
fied as independently significant for NRM in multivariate
analysis. The direct causes of death included non-infectious
pulmonary complications (NIPC) in seven patients, infec-
tions other than CMV in five, gastrointestinal bleeding in
two, multiple organ failure in two, and acute myocardial
infarction in one. Fifteen of the seventeen patients received
systemic corticosteroids at >0.5 mg/kg after the starting
point, for severe chronic GVHD in eight, NIPC in four,
respiratory failure caused by infections in two, and he-
mophagocytic syndrome in one.

4 Discussion

This study demonstrated that the cumulative incidence of
late CMV disease was successfully decreased and CMV-
related mortality was completely avoided by preemptive
therapy with extended CMV antigenemia monitoring
beyond day 100, in spite of a high frequency of late CMV
reactivation. The use of alemtuzumab was the only sig-
nificant independent risk factor for late CMV disease,
while recipient CMV seropositivity, the use of ale-
miuzumab, chronic GVHD and high-dose steroids were
important determinants for late positive antigenemia. A
significant correlation between the development of late
positive antigenemia and these risk factors is consistent
with the clinical observation that the development of
chronic GVHD and the use of alemtuzumab or high-dose
steroid resulted in delayed recovery of CMV-specific
immune response, leading to an increased incidence of late
CMV reactivation [17, 18]. Extended CMV-antigenemia
monitoring is strongly recommended in such patients with
profound immunosuppression.
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Table 3 Time course of late positive CMV antigenemia

A. Time course of CMV-Ag in 51 patients who developed late positive antigenemia

Peak level afier Number of Use of Number of Peak value Patients with negative
late positive Ag patients (r) GCV patients () of CMV-Ag conversion
CMV-Ag <3 28 =) 25 1(1-2) 25
+) 3 2(1-2) 3
CMV-Ag = 3 2 (=) 5 4(3-8) 5
(+) 18 12 (3-268) )

B. Recurrence of late positive CMV antigenemia

Late positive CMV Number of  Patients with late  Value of CMV-Ag  Peak value of Use of GCV  Pmtients with negative
antigenemin patients (n)  positive Ag (n) at late positive Ag  CMV-Ag conversion

First late positive Ag 10 51 I (1-268) 2 (1-268) 21 50

Second late positive Ag 50 29 1(1-18) 1 (1-86) 14 26

Third late positive Ag 26 17 2 (1-126) 3 (1-126) 8 16

Table 4 Risk factors for laie CMV disease Table 4 continued

Uniivariate analysis Univariate analysis

Factors n Incidence (%) P-value Factors n Incidence (%) P-value
Age Prior CMV antigenemia

=40 years old 56 9 0.66 Yes 74 ] 0.075
<40 years old 45 7 No 27 0

Sex Prior use of GCV

Male P 5 0,094 Yes 59 12 0.080
Female 36 15 No 42

Disease risk Year of transplant

Standard risk 40 8 0.90 Before June 2001 30 3 0.26
High risk 61 After July 2001 n 10

Graft source Factors (time-dependent n Relative risk P-value
Bone marrow 61 0.18 covariates) (95% CI)

Peripheral blood 40 13 Chronic GVHD

Donor type Yes 74 9.27 (1.11-77.9) 0.040
Matched related donor 35 3 017 No 27

Allemative donor 66 L Steroid at =0.5 mg/kg

Regimen Yes 56 1.12 (0.21-5.90) 0.90
TBI regimen 72 10 029 Na a5

Non-TBI regimen 29 3

Regimen Multivariate analysis

With alemtuzumab 13 31 0.00097 Factors Relative risk 95% Cl P-value
nwog xtmmumb " 5 With slemmuzumab 8.20 2.02-33.3 0.0032
Seropositive 8O 9 0.58

Seronegative 21 3

Recipient CMV The incidence of late CMV disease in our series was
Seropositive 90 9 031 lower than that in previous studies, where antiviral agents
Seronegative 11 o were not used preemptively beyond day 100 [1-3]. In a

recent study by Boeckh et al. [2], 17.8% of the patients
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Table 6 Risk factors for 3-year non-relapse monality

Univariate analysis
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who did not receive antiviral agents preemplively more
than 3 months after HSCT, developed late CMV disease.
including pneumonia and gastrointestinal disease predom-
inantly, with a montality rate of 46%. Other studies have
also confirmed that CMV pneumonia was the leading
manifestation of late CMV disease with an associated
mortality rate ranging from 60 to 80%, in the absence of
preemptive therapy [1, 4]. In contrast, we exclusively
observed late CMV retinitis and/or gastrointestinal disease,
none of which was directly related to death. These findings
suggest that preemptive therapy with extended CMV
antigenemia monitoring, reduced the incidence of late
CMV disease and eradicated fatal CMV discase.

The use of alemtuzumab was the only independent
significant risk factor for late CMV disease, although it
was not associated with increased non-relapse mortality.
This finding is inconsistent with the conclusion of previ-
ous studies that the use of alemtuzumab did not result in
an increased incidence of CMV disease in two previous
studies despite a strong association with the high fre-
quency of CMV reactivation [11, 17]. In this study. four
of the 13 patients who received alemtuzumab developed
late CMV disease, three of whom had retinitis. Two cases
of retinitis were asymptomatic and diagnosed by oph-
thalmologic  screening. We  performed  routine
ophthalmologic screening as a standard practice only in
patients who received alemtuzumab, based on the asso-
ciation between a high incidence of CMV reactivation
and delayed posttransplant immune reconstitution by
alemtuzumab [11, 17]; therefore, asymptomatic retinitis
might have been overlooked in patients who did not
receive alemtuzumab in this study or in patients who
received alemtuzumab in other studies.

More than half of the patients with late positive anti-
genemia  developed low-level antigenemia  with
consistently less than three positive cells, and 90% showed
negative conversion without GCV administration. In all
high-level antigenemia patients, except for one who died of
IA while on preemptive GCV, negative conversion without
progression to fatal disease was obtained by preemptive
therapy; therefore, three positive cells per two slides might
be an appropriate threshold to start GCV beyond day 100
after transplantation,

In conclusion, late positive antigenemia was frequently
observed beyond day 100 after transplantation, especially
in profoundly immunosuppressed patients who received
alemtuzumab, high-dose steroids, or who developed
chronic GVHD. Preemptive therapy with extended CMV
antigenemia monitoring beyond day 100, not only reduced
the incidence of late CMV disease, but also completely
prevented fatal CMV disease; therefore, extended CMV
monitoring is recommended at least for patients with such
risk factors.

Acknowledgments This research was supported by a Grant-in-Aid
for Scientific Research from the Ministry of Health, Labour and
Welfare,

References

. Boeckh M, Gooley TA, Myerson D, Cunningham T, Schoch G,
Bowden RA. Cytomegalovirus pphS antigenemia-guided early
wreatment with ganciclovir versus ganciclovir at engraftment after

! ic marrow | ion: a randomized double-blind
sludy Blood. 1996;88: 4-063—71

. Boeckh M, Leisenring W, R:ddell SR, e nl Late cytomegalo-
virus  di and y in rec of all
hematopoietic stem cell transplanis: |mpum:m:e of viral luad and
T-cell immunity. Blood. 2003;101:407-14.

. Einsele H, Hebart H, Kauffmann-Schneider C, et al. Risk factors
for treatment failures in patients receiving PCR-based preemptive
therapy for CMV infection. Bone Marrow Transplant.
2000,25:757-63.

4, Nguyen Q, Champlin R, Giralt S, et al. Late cytomegalovirus

i in adult allog blood and marrow transplant
m:npncnts Clin Infect Dis. 1999:8:618-23.

5. Krause H, Hebart H, Jahn G, Miiller CA, Einsele H. Screening for
CMV-specific T cell proliferation 1o identify patients ut risk of
developing late onset CMV disease. Bone Marrow Transplant.
1997;19:1111-6.

6. Woll DG, Lurain NS, Zuckerman T, et al. Emergence of late
cytomegalovirus central nervous system disease in hematopoietic
stem cell transplant recipients. Blood, 2003:101:463-5.

7. Crippa F, Corey L, Chuang EL, Sale G, Boeckh M. Virological,
clinical, and ophthalmologic features of cytomegalovirus retinitis
after hematopoietic stem cell transplantation. Clin Infect Dis.
2001;32:214-9.

8. Kanda Y, Mineishi S. Saito T, et al, Pre-emptive therapy against
cytomegalovirus (CMV) disease guided by CMV antigenemia
assay after allogeneic hematopoietic stem cell transplantation: a
single-center experience in Japan. Bone Marrow Transplant
2001,27:437-44,

9. Niiya H, Kanda Y, Saito T, et al. Early full donor myeloid chi-

2

w

after reduced-i ity stem cell transplantation using a
jion of fudarabi and busulfan. Hematologica
2001;86:1071-4,

10. Kanda Y, Komatsu Y, Akahane M, ¢t al. Graft-versus-tumor
effect against advanced pancreatic cancer after allogencic
reduced-intensity stem cell transplantation. ‘Transplantation.
2005:79:821-7.

I1. Kanda Y, Oshima K. Asano-Mori Y, et al. In vivo alemtuzumab
enables haploidentical HLA-mismatched hematopoietic stem cell
transplantation without ex vivo graft i ion, Transpl
tion. 2005:79:1351-7.

12, Kurihara T, nyashl J, Matsuoka T, Ito A HCMV pp65 antige-
nemia assay using indi Ikaline phosg ing method.
Bio Med Res. 1995;16:125-9.

13, Asano-Mori Y, Oshima K, Sakata-Yanagimoto M, et al. High-
grade ¢yl irus antig ia ofter hematopoietic stem cell
transplantation. Bone Marrow Transplant. 2005:36:813-9.

14. Kanda Y, Mineishi S, Saito T, et al. R iented | T
tive therapy ag: cy galovirus d with low-dose
ganciclovi  a  prospective  evaluation.  Transplantation
2002:73:568-72.

15. Asano-Mori Y, Kanda Y, Oshima K, et al. Pharmacokinetics of
ganciclovir in haematopoietic stem cell transplantation recipients
with or withoul renal impairment. ) Antimicrob Chemother,
2006:57: 1004-7.

&) Springer



318 Y. Asano-Mori et al.

16. Gooley TA. Leisenring W, Crowley J. Storer BE. Estimation of 18. Hakki M, Riddell SR. Storek J, et al. Immune reconstitution 1o

failure probabilities in the presence of competing risks: new cytomegalovirus after allogeneic hemalopoictic stem cell trans-
P ions of old esti 5. Stat Med. 1999,18:695-706. plantation: impact of host factors, drug therapy, and subclinical
17. Chakrabarti S, Mackinnon S, Chopra R, et al. High incidence of reactivation. Blood, 2003;102:3060-7,

cylomegalovirus infection afier nonmyeloablative siem cell
rransplantation: potential role of alemtuzumab in delaying
immune reconstitution. Blood. 2002:99:4357-63.

Q) springer



CLINICAL RESEARCH

Central Nervous System Relapse of Leukemia after
Allogeneic Hematopoietic Stem Cell Transplantation

Kumi Oshima,’ Yoshinobu Kanda. Takuya Yamash.'ta. Satoshi Takahash: Takeh;ko Mori,*
Chiaki Nakaseko,’ 1‘(::|'tsuul-mchi| Fujfmakj Akira Yokota. Shin Fu;rsuwa
Takafumi Matsushima,’ Hiroyuki Fuj ita,'® Tohru Sakura,'' Shinichiro Okamoto,”

Atsuo Maruta,'? Hisashi Sakamaki,” for the Kanto Study Group for Cell Therapy

Little information is available regarding central nervous system (CNS) relapse of adult leukemia after alloge-
neic hematopoietic stem cell transplantation (HSCT). Therefore, we reviewed the data of 1226 patients with
acute myelogenous leukemia (AML), acute lymphoblastic leukemia (ALL), and chronic myelogenous leukemia
(CML) who received first allogeneic HSCT between 1994 and 2004, using the database of the Kanto Study
Group for Cell Therapy (KSGCT), and analyzed the incidence, risk factors, and outcome of patients with
CNS relapse. Twenty-nine patients developed CNS relapse at a median of 296 (9-1677) days after HSCT
with a cumulative incidence of 2.3%. Independent significant factors associated with CNS relapse included
ALL as the underlying diagnosis (relative risk [RR] = 9.55, 95% confidence interval [CI] = 1.26-72.2, P =
.029), nonremission at HSCT (RR = 2.30, 95% CI = 1.03-5.15, P = .042), the history of CNS invasion before
HSCT (RR = 5.62,95% Cl = 2.62-12.0,P = 9.2 x 10™%), and the prophylactic intrathecal chemotherapy after
HSCT (RR = 2.57, 95% Cl = 1.21-5.46, P = .014). The 3-year overall survival (OS) after CNS relapse was
18%. In 7 of 29 patients with CNS relapse, leukemia was observed only in CNS. Three of 7 patients were alive
without systemic relapse, resulting in 3-year survival after CNS relapse of 46%, Although the outcome of
patients with CNS relapse was generally poor, long-term disease-free survival could be achieved in some
patients.
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INTRODUCTION

Relapse of the original disease remains 1 of the
most important causes of failure after allogeneic hema-
topoietic stem cell transplantation (HSCT) for leuke-
mia. Although majority of the patients develop
systemic relapse, extramedullary relapse has been
also observed after HSCT. The incidence of central

nervous system (CNS) relapse after allogeneic
HSCT ranged from 2.9% to 11% [1-3]. Risk factors
for CNS relapse identified in previous studies included
CNS involvement before HSCT [2] and nonremission
at HSCT [1]. Prophylactic intrathecal administration
of methotrexate (MTX) was shown to decrease the in-
cidence of CNS relapse of acute lymphoblastic leuke-
mia (ALL) in the Seattle study [1], whereas the other 2
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studies failed to find the benefit of prophylactic intra-
thecal administration of MTX on CNS relapse in pa-
tients with acute leukemia [2,3]. There has been no
generalized consensus on intrathecal administration
of MTX, and in fact, a survey of the European Group
for Blood and Marrow Transplantation (EBMT) had
reported that the practice varied widely among centers
1.

We examined the incidence, risk factors, and out-
come of CNS relapse after allogeneic HSCT in adult
padents with acute myelogenous leukemia (AML),
ALL, and chronic myelogenous leukemia (CML),
and also evaluated the prophylactic effect of intrathecal
administraton of MTX on CNS relapse.

MATERIALS AND METHODS

Study Population

The study population consisted of 1226 patients,
who underwent allogeneic HSCT for AML, ALL,
and CML for the first time between January 1994
and December 2004 at 10 hospitals participating in
the Kanto Study Group for Cell Therapy (KSGCT).

Transplantation Procedure

Of the 1226 patients, the sources of stem cell was
bone marrow (BM) in 903, peripheral blood stem cells
(PBSC) in 178, BM plus PBSC in 10, and cord blood
(CB) in 134. Conventional myeloablative conditioning
regimens such as total body irradiation (TBI) and cy-
clophosphamide (Cy), busulfan (Bu), and Cy, and their
modified regimens were performed in 1168 patients.
Among them, TBI of at least 10 Gy was performed
in 815 patents. Reduced-intensity conditoning
(RIC) regimens were conducted in 53 patients. Pro-
phylaxis of graft-versus-host disease (GVHD) was at-
tempted with calcineurin inhibitors (cyclosporine
|CsA] or tacrolimus) with or without short-term
MTX in the majority of patients,

Definition of CNS Relapse

CNS relapse was diagnosed as the presence of leu-
kemic cells in the cerebrospinal fluid (CSF). Isolated
CNS relapse was defined as CNS relapse without
any other sites of relapse of leukemia.

Statistical Considerations

Overall survival (OS) was calculated using the Ka-
plan-Meier method. Cumulative incidence of CNS re-
lapse was calculated using Gray's method, considering
death without CNS relapse as a compenng risk [5].
Cumulative incidence of isolated CNS relapse was cal-
culated using Gray's method, treating systemic relapse
and death without relapse as a competing risk [5]. The
protective effect of chronic GVHD (cGVHD) on

CNS Relopse after Allogeneic HSCT 1101

CNS relapse was evaluated among patients who devel-
oped bone marrow relapse within 100 days after
HSCT. Factors associated with at least borderline sig-
nificance (P < .10) in the univaniate analyses were sub-
jected to a multivariate analysis using backward
stepwise proportional-hazard modeling. Finally, P
values of <.05 were considered statistically significant.

RESULTS

Characteristics of the Patients

Characteristics of patients included in the study
were listed in Table 1. The median age was 36 years,
ranging from 15 to 69 years. The underlying diseases
were AML (n = 533), ALL (n = 352), and CML (n
= 341). Eighty-one patients had the history of CNS
involvement before HSCT. Eight hundred and nine
patients were in complete remission of acute leukemia
or in chronic phase of CML at HSCT', and the remain-
ing patients had active disease. In the following analy-
ses, CML in the chronic phase was included in
leukemia in complete remission.

CNS Relapse

Twenty-nine patients developed CNS relapse ar
a median of 296 days (9-1677 days) after HSCT, giving
the cumulative incidence of 2.3% (Figure 1). The me-
dian age was 31 years (range: 17-47). The underlying
disease was ALL in 18, AML in 9, and CML in 2. Six-
teen patients had CNS involvement before HSCT and

Table |. Characteristics of Patients

Median age (range) at transplantation 36 (15-69)
Sex

Male 762

Female 464
Underlying disease

AML 51

ALL 352

cML 341
Disease status

CR 809

non-CR 416
History of CNS disease

Yes 8l

No 802
Type of conditioning

Conventional 1168

Reduced intensity 53
TBI =10 Gy in conditioning

Yes 815

MNe 404
Danor type

Related 478

Unrelated 548
Stem cell source

BM 902

FBSC 178

BM + PESC 10

CB 134

CB indicates cord blood.
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6 of them had active CNS disease at HSCT. OS after
CNS relapse was 42% at | year and 18% at 3 years
(Figure 2A). OS of the whole patient cohort, patients
with CNS relapse, and those without CNS relapse
was 59.8%, 33.2%, and 60.6%, respectively, at 3 years
after transplantation,

Pretransplant factors that affected the incidence of
CNS relapse after HSCT with at least borderline sig-
nificance were ALL as the underlying disease, active
disease at HSCT, a history of CNS leukemia, the use
of TBI regimens, HSCT from an unrelated donor,
and the use of prophylactic intrathecal chemotherapy
after HSCT (Table 2). Among them, muldvariate
analysis showed that ALL as the underlying disease,
active disease at HSCT, the history of CNS involve-
ment, and the use of intrathecal chemotherapy after
HSCT were independently significant (T'able 2 and
Figure 3). The cumulative incidences of CNS relapse
in patients with and without a history of CNS involve-
ment before HSCT were 21.3% and 1.3%, respec-
tively (Figure 3A). Patients with ALL were at higher
risk for CNS relapse even in patients in remission at
HSCT without a history of CNS involvement before
HSCT (ALL 2.7%, AML 0.8%, and CML 04%, P
= 088, Figure 4A). Twenty-three patients who had ac-
tve leukemia at HSCT had persistent disease after
HSCT. Among these, only 2 patients developed
CNS relapse after HSCT. However, median survival
of this cohort was only 90 days after HSCT producing
a l-year survival of 14%, and thus, majority of the pa-
tients died very early, before developing CNS relapse.

Effect of Intrathecal Chemotherapy on the
Incidence of CNS Relapse

The practice of intrathecal chemotherapy in allo-
geneic HSCT recipients varied among the 10 institu-
dons of the KSGCT. Half of them never used
prophylactic intrathecal chemotherapy before and af-
ter HSCT. The remaining half administered intrathe-
cal prophylaxis routinely before HSCT, of which 2
institutions  added intrathecal chemotherapy after
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HSCT for high-risk patients such as those with ALL
or the history of CNS involvement. In this cohorr, in-
trathecal prophylaxis before HSCT was conducted in
701 of 887 patients and intrathecal chemotherapy after
HSCT was done in 141 of 807 patients whose informa-
tion about intrathecal chemotherapy was available,
Antineoplastic agents used for intrathecal chemother-
apy mainly consisted of MTX. The median numbers of
intrathecal chemotherapy before and after HSCT
were | (range: 1-4) and 2 (range: 1-4), respectively.
We failed to find a significant prophylactic effect of
intrathecal chemotherapy for CNS relapse. The rela-
vve risk for CNS relapse was 1.52 (95% CI 0.61-
3.79, P = .37) for intrathecal chemotherapy before
HSCT and 3.92 (95% CI 1.80-8.51, P = .00057) for
intrathecal chemotherapy after HSCT (Table 2).
“This adverse influence of intrathecal chemotherapy af-
ter HSCT was significant even after adjusted for the
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Table 2. Impact of Pretransplant Factors on the Incid of CNS Relapse after Transplantati
Factor Univariate RR (95% CI) P value Multivariate RR (95% Cl) P value
Age 1.00 (1.00-1.00) 15
Sex 1.0 (0.65-1.59) 95
Disease CHML 1.00 1.00
AML 5.58 (0.70-44.5) 1o 3.60 (0.46-28.4) 22
ALL 17.7 (136-132.8) 0052 9.55 (1.26-70.2) 019
CR/nen-CR .33 (1.08-5.04) 031 230 (1.03-5.15) 042
History of CNS disease 17.9 (B.30-38.6) 20 x 107" 5.62 (L62-12.0) 92 % 107
T8I 2.91 (1.00-8.44) 50
Conventional/reduced intensity
0.99 (0.47-2.07) 97
Related/unrelated 1,85 (1.06-3.23) 030
Source BM 1.00
PBSC 0.24 (0.03-1.77) N3
CB 0,70 (0.17-2.96) 53
Sex mismarch 1.06 {0.42-1.68) 50
HLA mismatch 046 (0.06-3.45) A5
Prophylactic IT
before HSCT 152 (061-3.79) a7
Prophylactic T
after HSCT 392 (1.80-851) 00057 2.57 (1.21.5.46) 014

IT indicates intrathecal chemotherapy; CNS, central nervous system; RR, relative risk.

underlying discase, disease status at HSCT, and the
history of CNS involvement before HSCT (relative
risk 2.57, 95% CI 1.21-5.46, P = .014). Among pa-
tients without a history of CNS involvement before
HSCT who were in remission at HSCT, the inci-
dences of CNS relapse after HSCT were 3.6% and
1.6% who received and did not receive intrathecal che-
motherapy after HSCT, respectively (P = .057,
Figure 4B). In patients with a history of CNS involve-
ment before HSCT, the incidences of CNS relapse af-
ter HSCT were 37.4% and 11.6%, respectvely, who
received and did not receive intrathecal chemotherapy
after HSCT (P = .018; Figure 4C). When we limited
the analysis in patients with ALL, the incidences of
CNS relapse after HSCT were 6.2% and 3.7% who re-
ceived and did not receive intrathecal chemotherapy
after HSCT (P = .17), respectively, in patients without
a history of CNS involvement before HSCT who were
in remission at HSCT and they were 55.6% and
15.5%, respectively, in patients with a history of
CNS involvement before HSCT (P = .0081).

Nine patients developed leukoencephalopathy
with a median onset of 288 days after HSCT. The in-
cidence of leukoencephalopathy was significantly
higher in patients who underwent intrathecal chemo-
therapy after HSCT (3.5% versus 0.5%, P = .0076).

Isolated CNS Relapse

Seven patients developed isolated CNS relapse at
a median of 671 days (125-1677 days) after HSCT,
presenting the cumulative incidence of 0.70%. Char-
acteristics of these 7 patients were listed in Table 3.
All received bone marrow as stem cell source. Prog-
nostic factors associated with isolated CNS relapse
with at least borderline significance were age, active

disease at HSCT, CNS involvement before HSCT,
stem cell source, the use of intrathecal chemotherapy
after HSCT, and the absence of HLA mismatch.
Among these, independent significant factors for iso-
lated CNS relapse included the history of CNS in-
volvement before HSCT, the use of PBSC or CB as
stem cell source, and the absence of HLA mismatch
(Table 4). The treatment of isolated CNS relapse con-
sisted of intrathecal chemotherapy and/or cranial irra-
diation and CNS disease was successfully controlled in
5 of the 7 patients. Four patents developed bone mar-
row relapse within 1 year. However, the remaining 3
patients were alive without systemic relapse at 518,
807, and 1149 days after CNS relapse and 1283,
1478, and 2195 days after HSCT, respectively. Sur-
vival after CNS relapse was significantly better in pa-
tents who developed isolated CNS relapse than
those who developed CNS relapse with systemic re-
lapse (46% versus 8% at 3 years, P = 023, Figure 2B).

Effect of cGYHD on CNS Relapse

Among the 378 patients who experienced bone
marrow relapse within 100 days after HSCT but
were free from CNS relapse at day 100, 21 (6.1%)
showed CNS relapse later on. The incidence of CNS
relapse after bone marrow relapse was 7.1% in patients
with ¢GVHD and 2.0% in those without cGVHD
(P = .14).

Analysis Excluding CML Patients

We repeated these analyses excluding patients with
CML, because the incidence of CNS relapse was ex-
tremely low, as shown in Figure 3C. The cumulative
incidence of CNS relapse was 3.2%. Independently
significant pretransplant factors for CNS relapse
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Figure 3. Cumulative incidence of CNS relapse grouped according to
the history of CNS involvement before transplantation (A}, disease sta-
tus at transplantation (B}, and underlying disease (C).

were the same as the analyses including CML patients;
ALL compared to AML as the underlying disease (RR
2.68, 95% CI 1.18-6.11, P = .019), actve disease at
HSCT (RR 2.49,95% CI 1.08-5.73, P = .032), the his-
tory of CNS involvement (RR 5.64,95% CI 2.60-12.3,
P = .000012), and the use of intrathecal chemotherapy
after HSCT (RR 2.69, 95% C1 1.25-5.81, P = .012).
The cumulative incidence of isolated CNS relapse
was 0.9%. Independently significant pretransplant fac-
tors for CNS relapse included ALL compared to AML
as the underlying disease, the history of CNS involve-
ment, the use of PBSC as stem cell source, the absence
of HLA mismatch, and the use of intrathecal chemo-
therapy after HSCT.
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DISCUSSION

The cumulative incidences of CNS relapse and
isolated CNS relapse were 2.3% and 0.70% in this co-
hort, respectively, which were almost comparable with
those in previous studies (Table §) [1-3]. The history
of CNS leukemia before HSCT was identified as the
strongest predictive factor for CNS relapse after
HSCT in our study as previously reported [1,2].

We could not show a beneficial effect of prophy-
lactic intrathecal chemotherapy on the incidence of
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Table 3. Characteristics of Pati Who Developed d CNS Relapse after Transpl
Pauent No. ] 2 3 4 5 6 7

Age 13 31 24 35 % 41 I8
Sex M L} M ™ F ™ M
Diusease ML CML ALL AML ALL AlLL ALL
Disease statun cr BC RL2 RLI AL2 CRI AL2
History of CNS disease Yes Yes Yes Yes Yes No No
Stem cell source BM BM BM aM BM BM BM
Doner type R R u R R R u
HLA mismatch No Yes No No No No Yes
Conditioning regimem Bu+Cy CA+Cy+TBI ETR+Cy+TBI CA+Cy+TBI ETP+Cy+TBI Cy+TBI CA+Cy+TBI
Days to an isolated CNS 671 134 125 1565 276 1265 1677

relapse
CNS rreatment IT+RT IT+RT T IT+DU RT IT+RT 1
Systemic relapse No Ne Yes Yes Yes Yes Neo
Days from HSCT to 164 1680 444 1572

systemic relapse
Day from CNS relapse 1o 39 115 168 o7

systemic relapse
Outcome Alive Alive Dead Dead Dead Alive Alive
Foliow-up duration {days) 1478 1283 236 2031 870 (111 2195
m h therapy; RT, r DL, donor lymphocyte infusion: BU, busulfan; CY, eyclophosphamide; CA. cytarabine; ETP, etopo-
side: CNS, central nervous sy HSCT. ietic stem cell transplantation.

CNS relapse after HSCT. The incidence of CNS re-
lapse was rather higher in patients who received intra-
thecal chemotherapy after HSCT. This was probably
biased by the fact that significantly higher proportion
of patients received intrathecal chemotherapy after
HSCT among patients with CNS involvement before
HSCT than those without CNS leukemia (47.4%
versys 13.4%, P < .0001). However, intrathecal che-
motherapy after HSCT significantly adversely affected
the incidence of CNS relapse even after adjusted for
the underlying disease, disease status at HSCT, and
the history of CNS involvement before HSCT. Also,
a benefit of intrathecal chemotherapy after HSCT
was not shown in patients with ALL, in contrast with
the previous reports [1,6]. This discrepancy might
have resulted from the difference in the intensity of

the intrathecal chemotherapy. Intrathecal chemother-
apies were administered 6 times after HSCT in the Se-
attle group, whereas the medium number of
intrathecal chemotherapy in the current study was
only 2 (range: 1-4). Therefore, the intensity of intra-
thecal chemotherapy might be important to suffi-
ciently prevent CNS relapse after HSCT. However,
they observed the development of leukoencephalop-
athy in 7 of the 415 patients and we also observed leu-
koencephalopathy significantly more frequently in
patients who received intrathecal chemotherapy after
HSCT than those who did not. Therefore, such an in-
tensive intrathecal chemotherapy should be avoided
for patients at low risk for CNS relapse. We had a con-
cemn that the use of intrathecal chemotherapy after
HSCT might delay immune recovery and thereby

Table 4. Impact of Pretransplant Factors on the Incidence of Isolated CNS Relapse after Transp ion
Factor Univartate RR (95% CI) P-Value Multivariate RR (95% CI) P-Value
Age 0.99 (0.98-1.00) 055
Sex 1.05 (0.47-2.34) 90
Disease ML 1.00
AML 0.73 (0.04-11.9) 82
ALL 531 (0.61-45.9) A3
CRinon-CR 498 (097-25.7) 055
History ol CNS disease 48.1 (9.37-249.4) 36 % 107* 481 (9.40-2459) =0
T8I 321 (0.38-26.8) 28
pa
1.08 (0.26-4.49) g2
Related/unrelated 1.45 {0.65-3.24) a7
Source BM 1.00 1.00
PBSC NA <0001 MNA. <0001
CB NA <0001 NA <.0001
Sex mismatch 1.58 {0.26-9.41) 62
HLA mismatch NA <.0001 NA <0001
Prophylactic IT before
HSCT 1.09 (021-5.61) 0.92
Prophytactic IT after HSCT 701 (1.62-31.2) 0.0094

N.A. indicates not assessable because no events were observed in the group;

IT, intrathecal chemotherapy; RR, relative risk.
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Table 5. C lative | of CNS Relapse after HSCT in Prior Studies and Our Study
Underlying Disease History of CNS CR at Transplant Allogeneic Incidence of
n (AML/ALL/CHML) Leukema (%) (%) Transplant (%) CNS Relapse (%) Reference
I 415 217119810 234 41.7 100 2in AML, 13 in ALL |
1 7] o920 218 100 7.7 " 2
3 487 366/121%10 s 100 876 9 3
4 1226 533/352/341 92 5.8 100 23 Present report

*Including 5 patients with acute unclassified leukemia.

increase the risk of systemic relapse, but the incidence
of systemic relapse was not significantly different be-
tween those who received intrathecal chemotherapy
and those who did not (relanve risk 1.11, 95% CI
0.79-1.35, P = .56). The use of total body irradiation
(TBI) in the conditioning regimen has been considered
to prevent CNS relapse, because irradiation is effective
for so called sanctuary sites of chemotherapy. How-
ever, the incidence of CNS relapse was also rather
higher in patients who received the TBI regimen.
This may be again because of the fact that significantly
higher proportion of patients received the TBI regi-
men among patients with CNS involvement before
HSCT than those without CNS leukemia (81.5% ver-
sus 57.9%, P < .0001),

As for stem cell source, isolated CNS relapse was
observed exclusively after BMT. A possible explana-
tion for this may be the year effect, because allogeneic
PBSCT and CBT started after 2000 in Japan. How-
ever, the year of HSCT of patients who developed iso-
lated CNS relapse evenly ranged between 1997 and
2002. Another possible explanation is the presence of
graft-versus-CNS relapse effect enhanced by increased
incidence of cGVHD after allogeneic PBSCT and the
presence of HLA-mismatch in CBT. The significantly
higher incidence of CNS relapse after autologous
HSCT than that after allogeneic HSCT suggested
the existence of such an immunologicprotection
against CNS relapse [2]. Isolated extramedullary re-
lapse was also reported to be observed earlier in autol-
ogous HSCT than in allogeneic HSCT [7].
Furthermore, successful treatment of CNS relapse
with reduced-intensity transplantation may suggest
the presence of graft-versus-leukemia CNS leukemia
effect [8], although the other reports doubted such ef-
fect against for CNS lesions [9-12]. The observed ten-
dency toward a lower CNS relapse incidence after
bone marrow relapse in patients with cGVHD than
those without cGVHD in the current study might sup-
port this speculation, although we have no immuno-
logic evidence.

The prognosis of patients who developed relapse
after allogeneic HSCT has been reported to be ex-
tremely poor [13,14]. Also, survival after isolated
CNS relapse was reported to be no better than thataf-
ter bone marrow relapse in pediatric patents with
AML and adult patients with ALL [15,16]. However,

in the current study, 3 of the 7 patients who developed
isolated CNS relapse were alive for more than a year
without leukemia, resulting in the significantly beter
survival than those who developed CNS relapse after
or simultaneously with systemic relapse. We could
not identify the reason for this discrepancy, but the
age and underlying disease of the study population dif-
fered between our study and the previous report. We
consider that an intensive treatment against CNS leu-
kemia is warranted for adult patients with isolated
CNS relapse.

In conclusion, we confirmed that ALL as the un-
derlying disease, active disease at HSCT, and the his-
tory of CNS involvement before HSCT were
significant predictors for CNS relapse after HSCT.
We failed to show a significant prophylactic effect of
intrathecal chemotherapy to prevent CNS relapse
and such a prophylactic treatment should be avoided
for patients at low risk for CNS relapse. The prognosis
for isolated CNS relapse was surprisingly good.
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Pancreatic cancer is a frequent cause of cancer-related
mortality and has an extremely poor prognosis. To
evaluate the efficacy of allogeneic hematopoietic SCT
with reduced-intensity conditioning (RICT) against pan-
creatic cancer, we analyzed the clinical data of 22
patients. After a fludarabine-based conditioning regimen
followed by the infusion of PBSCs, all but two achieved
engraftment. Complete, partial and minor response was
observed in 1, 2 and 2 patients, respectively, with an
overall response rate of 23%. Median survival was only
139 days and the major cause of death was tumor
progression, Poor performance status before RICT and a
lower number of infused CD34-positive cells were
associated with shorter survival after RICT, Patients
who developed chronic GVHD tended to survive longer
than those who did not. These findings support the
investigation of a novel treatment strategy to enhance
the immunological effect against pancreatic cancer.
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Introduction

Allogeneic hematopoietic SCT is an established treatment
for a variety of hematological disorders. However, its
application has been limited to young patients because of
various complications including regimen-related toxicities,
GVHD. infection and so on, Therefore, SCT with reduced-
intensity conditioning (R1CT) has been investigated for use
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in older or clinically infirm patients. The antitumor effect of
this therapeutic approach depends not only on the
antineoplastic agents and/or irradiation in the conditioning
regimen, but also on the immunological graft-versus-tumor
effect after RICT.! Although RICT has not been clearly
shown to have a clinical advantage over conventional
chemotherapy, some studies have suggested that RICT
may be beneficial in elderly patients with hematological
malignancies,”

Since the late 1990s, several studies of RICT against
advanced solid tumors have been performed to harness the
graft-versus-tumor effect.” A clinical tumor response after
RICT was observed in several solid tumors, especially in
renal cell cancer and breast cancer.*® Pancreatic cancer is
the fifth most common cause of cancer-related mortality in
Japan and the United States, and carries an extremely poor
prognosis. The median duration of survival in advanced
pancreatic cancer is less than 6 months, even when
patients are treated with gemcitabine.” The combination
of gemcitabine with the other chemotherapeutic agents
failed to significantly improve survival.*'® Furthermore,
although the combination of gemcitabine and erlotinib,
a molecular targeting agent against epidermal growth
factor receptor, significantly prolonged survival, the
difference in median survival was only 2 weeks.'' Because
of this poor prognosis by chemotherapy, treatment
strategies to enhance immunological effects against pan-
creatic cancer have been investigated. One of these is a
vaccinalion largeting tumor-specific antigens such as
CA19-9 and CEA.'"* Another strategy is RICT to harness
a strong allogencic immunological antitumor effect. The
first successful application of RICT against pancreatic
cancer was reported in 2001."* Several other reports
have suggested the existence of an immunological graft-
versus-tumor effect against pancreatic cancer, but the
number of patients in each report was too small to draw
any meaningful conclusion.'*'* Therefore, we collected the
clinical results of RICT against pancreatic cancer
from transplantation centers in Japan, in which a
prospective clinical trial of RICT against pancreatic cancer
had been performed.



SCT agamst pancreatic cancer
¥ Kanda =f o

Patients and methods

We surveyed transplantation centers in Japan and identified
three centers (Komagome Hospital, Kyushu University and
National Cancer Center Hospital) that were performing a
prospective clinical trial against various advanced solid tumors
including pancreatic cancer. The University of Tokyo Hospital
was performing a trial that exclusively included patients with
advanced pancreatic cancer. Two of these trials have already
been published.'"* We collected the clinical results of all
patients with pancreatic cancer who participated in these
studies from the published papers or using a questionnaire.

The reduced-intensity conditioning regimens were exclu-
sively fludarabine-based, but varied among centers. The
most intensive regimen was the combination of fludarabine
(30 mg/m?/day for 6 days), BU (4 mg/kg/day for 2 days)
and gemcitabine (1000 mg/m?®/day for 3 days) at the
University of Tokyo Hospital, whereas the combination
of fludarabine (30 mg/m*/day for 3 days) and TBI at 2 Gy
(Kyushu University) was the least intensive. CY (60 mg/kg/
day for 2 days) was combined with fludarabine (25mg/m?/
day for 5 days) in the Komagome Hospital. Prophylaxis
against GVHD was performed with CYA either alone or in
combination with MTX or mycophenolate mofetil. PBSCs
were mobilized with G-CSF, cryopreserved using standard
techniques without ex vive manipulation, thawed and
infused on day 0. Host/donor T-cell chimerism was
analyzed by sex-chromosome FISH or the short tandem
repeat method after transplantation,'

The tumor response to treatment was evaluated as
described previously.'® Briefly, CR (complete response)
was defined as disappearance of all clinical evidence of
tumor for a minimum of 4 weeks by computed tomography
scan. MR (minor response) and PR (partial response) were
defined as decreases of 25-50% and greater than 50%,
respectively, in the sum of the products of the maximum
diameter and its perpendicular diameter of all measurable
lesions for a minimum of 4 weeks.’

Engraftment was defined as a neutrophil count more
than 500/mm”* for 3 consecutive days after RICT. Engrafl-
ment failure was diagnosed as when engraftment was not
achieved at any time after transplantation. The probability
of survival was calculated using the Kaplan—-Meier method.
The incidence of chronic GVHD was evaluated in 13
patients who survived longer than 100 days after RICT.
Univariate comparisons for dichotomous and time-to-event
variables between groups were performed with the Fisher
exact test and the log-rank test, respectively, and multi-
variate analyses were performed using logistic regression
analysis and proportional hazards modeling, respectively.
Factors associated with at least borderline significance
(P<0.10) in the univariate analysis were subjected to a
multivariate analysis using backward stepwise selection of
covariates. All P-values were two sided and values of 0.05
or less were considered statistically significant.

Results

Clinical data of 22 patients with a median age of 57 years
(range: 36-68 years) were collected (Table 1). There were 15
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male and seven female patients. Fifteen patients had
metastatic disease, whereas 7 had locally advanced diseases.
All but one patient had received chemotherapy with
gemcitabine either alone or in combination with other
antineoplastic agents before RICT. In all, 10 had received
local irradiation in addition to chemotherapy. Eastern
Cooperative Oncology Group performance status (ECOG-
PS) was equal to or greater than 2 in 10 patients. The
conditioning regimen was fludarabine-BU-based in 10,
fludarabine-CY in 7 and fludarabine-TBI in 5. The donors
were HLA-matched relatives except in one patient who
received graft from an HLA-mismatched family donor. The
number of CD34-positive cells infused was greater than
4.0 % 10" cells/recipient body weight (kg) in 10 patients.
CYA was used for GVHD prophylaxis: alone in 8§,
combined with MTX in 10 and combined with mycophe-
nolate mofetil in 4.

Engraftment was observed in all but two patients with a
median duration from RICT of 12 days (range: 642 days).
Complete donor-type T-cell chimerism was confirmed in I8
patients, whereas mixed chimerism persisted in 4 patients.
A total of 12 patients developed grade 11-1V acute GVHD.
Limited and extensive chronic GVHD was observed in
three and five patients, respectively, among the 13 patients
who survived longer than 100 days after RICT.

The best response after RICT was CR in one, PR in two,
MR in two and stable discase in eight. The overall response

Table 1 Charactenstics of the patients
Age ( years)
Median 57
Range 36-68
Sex
Male 15
Female 7
Disease
Locally advanced 7
Metastatic 15
ECOG-PS
0-1 12
24 10
Regimen
Flu+ BU + Gem 7
Flu+CY 6
Flu+TBI 6
Flu+ BU k|
Danor
HLA-martched sibling 21
Mismatched family donor 1
CD34+ celfy in graft
<4.0x 10°/kg 12
>4.0x 10%kg 10
GVHD prophylaxix
CsA alone L]
CsA+MTX 10
CsA ~MMF 4

Abbrevintions; ECOG-PS = Eastern Cooperative Oncology Group perfor-
mance status; Flu = flud, ine; Gem = gemcitabing; MMF = mycoph
late mofenl




