Effect of Conditioning Regimen on Unrelated BMT

Table 2. (Cont’d)

Before After
Factor OR (95% CI) P Value OR (95% CI) P Value

Diagnosis

ALL 1.00 1.00

AML 0.86 (0.69-1.07) 18 0.88 (0.70-1.09) 24

CML 0.82 (0.66-1.01) 063 0.84 (0.68-1.04) i

MDS 1.24 (0.93-1.66) A3 1.30 (0.98-1.74) 070
Regimen

Cy-TBi 1.00

Cy-TBI* 1.45 (1.20-1.74) <.0001

Bu-Cy 131 (1.00-1.73) .050

Bu-Cy-TLI 1.43 (0.91-2.26) 12

Acute and Chronic GVHD

The incidence of grade II to IV and grade III/TV
acute GVHD was 43.9% and 16.7%, respectively.
Male sex, higher donor age, HLA mismatch in the
GVH direction, ABO minor mismatch, underlying
disease, high-risk disease, and the GVHD prophy-
laxis regimen affected the incidence of grade ITI/TV
acute GVHD with at least borderline significance (P
< .10). Among these, HLA-allele mismatch in the
GVH direction, ABO minor mismatch, underlying
disease, and GVHD prophylaxis were identified as

A. Time to engraftment (P=0.26)
1
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Figure |. Days to engraftment (A) and days to grade III/TV acute
GVHD (B) grouped according to the type of conditioning regimen.
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independent risk factors by a multivariate analysis
(Table 2). There was no difference in the incidence
of acute GVHD among the 4 types of conditioning
regimens after adjustment for these risk factors (Ta-
ble 2 and Figure 1B).

Chronic GVHD was observed in 49.7% of pa-
tients who achieved engraftment and survived dis-
ease free for at least 100 days after transplantation.
Only the presence of an HLA-allele mismatch in the
GVH direction significantly affected the incidence
of chronic GVHD by multivariate analysis. The
type of conditioning did not significantly affect the
incidence of chronic GVHD.

Survival after Transplantation

Overall survival and disease-free survival at 5
years after transplantation for all of the patients was
46.2% and 42.5%, respectively. Overall survival
stratified by disease status, grouped according to the
conditioning regimen, is shown in Figure 2. A sig-
nificant difference in survival was observed in stan-
dard-risk patients. Risk factors for shorter survival
with a P value of <.10 identified by the log-rank test
included male sex, higher recipient age, higher do-
nor age, HLA mismatch in both the GVH and
HVG directions, ABO major mismatch, high-risk
disease, cytomegalovirus seropositivity, use of G-
CSF after transplantation, and GVHD prophylaxis
consisting of cyclosporin A and methotrexate. Pro-
portional hazard modeling identified 6 independent
significant risk factors: higher patient age, higher
donor age, HLA-allele mismatch in the GVH di-
rection, use of G-CSF, high-risk disease, and the
use of the combination of cyclosporin A and meth-
otrexate (Table 2). When we added the type of
conditioning regimen to the proportional hazard
model, the Cy-TBI* and Bu-Cy regimens were
significantly inferior to the Cy-TBI regimen (rela-
tive risk [RR], 1.45; 95% CI, 1.20-1.74; P < .0001
and RR, 1.31;95% CI, 1.00-1.73; P = .050, respec-
tively).
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Figure 2, Overall survival grouped according to the type of condi-
tioning regimen in standard-risk (A) and high-risk (B) patients.

Analyses Based on Detailed HLA Matching

We added analyses based on detailed HLLA match-
ing because it has been reported that the outcome of
unrelated BMT is affected not only by the presence of
HLA-allele mismatch, but also by whether the HLA-
allele mismatch belongs to class I or class 11 [16,18]. In
this study, none of the HLA-A/-B antigen, HLA-C
antigen, HLA-DR antigen, HLLA-A/-B allele, HLA-C
allele, or HLA-DRBI allele mismatches in the HVG
direction significantly affected the incidence of en-
graftment failure, probably because of the small num-
ber of patients in each group. However, mismatches in
the GVH direction at the HLA-A/-B antigen, HLA-C
antigen, HLA-A/-B allele, HLA-C allele, and HLA-
DRBI1 allele significantly affected the incidence of
grade ITI/IV acute GVHD in univariate analyses.
These factors were included in the multivariate anal-
ysis, and HLA-A/-B allele, HLA-C allele, and HLA-
DRB! allele mismatches were shown to be indepen-
dently significant. However, the effect of the
conditioning regimen on the incidence of grade III/IV
acute GVHD was not significant after adjustment for
the independent significant factors. As for survival
after transplantation, mismatches in both the HVG
and GVH directions at the HLA-A/-B antigen,
HLA-C antigen, HLA-A/-B allele, HLA-C allele, and
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HLA-DRBI allele significantly affected overall sur-
vival in univariate analyses. Among these, the presence
of an HLA-A/-B antigen mismatch in the HVG di-
rection and an HLA-A/-B allele mismatch in the
GVH direction were identfied as independent signif-
icant risk factors for overall survival. After adjustment
for these factors, as well as other independent signif-
icant risk factors, the adverse effects of the Cy-TBI*
and Bu-Cy regimens remained significant (RR, 1.42;
95% CI, 1.18-1.70; P = .0002 and RR, 1.31;95% CI,
1.00-1.72; P = .052, respectively).

Other Statistical Analyses to Ensure the Results

We added stadstical analyses to ensure the find-
ings of this study. First, we repeated the analyses by
using only patents who received the Cy-TBI or
Bu-Cy regimen, to confirm the difference between the
2 regimens. The findings were almost the same, and
the use of Bu-Cy adversely affected the incidence of
engrafunent failure and overall survival (OR, 2.53;
95% CI, 1.00-6.39; P = .049 and RR, 1.32; 95% CI,
1.00-1.75; P = .053, respectively).

Next, we changed the method of the multivariate
analyses to include all factors with at least borderline
significance (P < .10) in univariate analyses, as well as
the underlying disease and the type of conditioning
regimen, followed by a stepwise deletion of nonsignif-
icant factors. This change in the statistical method did
not change the major findings of this study. The
Bu-Cy regimen was inferior to the Cy-TBI regimen in
the incidence of engraftment failure and overall sur-
vival (OR, 2.49;95% CI, 1.02-6.12; P = .045 and RR,
1.33; 95% CI, 1.02-1.75; P = .046, respectively). The
Cy-TBI" regimen was inferior to the Cy-TBI regi-
men in overall survival (RR, 1.46; 95% CI, 1.21-1.75;
P < .0001).

Relapse and Nonrelapse Mortality

To evaluate the cause of the difference in survival
among the different types of conditioning regimens,
we further analyzed the incidences of relapse and
nonrelapse mortality. Muldvariate analyses revealed
that the incidence of relapse after the Bu-Cy-TLI
regimen was significantly lower than that after the
Cy-TBI regimen (RR, 0.13; 95% CI, 0.02-0.90; P =
.039, adjusted for ABO major mismatch, underlying
disease, disease status, and GVHD prophylaxis), al-
though this benefit was offset by a significant increase
in the incidence of nonrelapse mortality (RR, 1.89;
95% CI, 1.20-3.00; P = .0061, adjusted for recipient
age, donor age, underlying disease, disease status,
HI.A-allele mismatch in the HVG direction, G-CSF,
and GVHD prophylaxis); this resulted in similar sur-
vival. The incidence of nonrelapse mortality after the
Cy-TBI" regimen was significantly higher than that
after the Cy-TBI regimen (RR, 1.48; 95% CI, 1.20-
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Figure 3. Incidence of interstitial pneumonits, hepatic veno-occlusive disease, and secondary malignancies, excluding posttransplantation

lymphoproliferative disorders.

1.84; P = .0003, adjusted as described previously),
whereas there was no difference in the incidence of
relapse (RR, 0.84;95% CI, 0.64-1.11; P = .22). There
was no significant difference in the incidence of re-
lapse and nonrelapse mortality between the Cy-TBI
and Bu-Cy regimens (RR, 0.89; 95% CI, 0.57-1.38; P
= .59 and RR, 1.21; 95% CI, 0.89-1.65; P = .23,
respectively).

Other Complications after Transplantation

The incidence of interstitial pneumonitis was sig-
nificantly different among the 4 conditioning regi-
mens (P = .019; Figure 3). The incidence of intersti-
tial pneumonitis after the Cy-TBI™ regimen was
significantly higher than that after the Cy-TBI regi-
men (OR, 1.59; 95% CI, 1.13-2.23; P = .0076, ad-
justed for underlying disease, HLA-allele mismatch in
the HVG direction, and GVHD prophylaxis). A sta-
tistically significant difference was not observed be-
tween the Cy-TBI and Bu-Cy regimens (P = .66).
The incidence of VOD was also significantly different
among the 4 conditioning groups (P = .0049). It was
significantly higher after the Cy-TBI", Bu-Cy, and
Bu-Cy-TLI regimens than after the Cy-TBI regimen
(OR, 1.64; 95% CI, 1.00-2.71; P = .052; OR, 3.00;
95% CI, 1.62-5.45; P = .0005; and OR, 3.20; 95% ClI,
[.11-8.24; P = .032, respectively, adjusted for under-
lying disease, HLA-allele mismatch in the HVG di-
rection, ABO major mismatch, ABO minor mismatch,

BB&¢MT

and G-CSF). The incidence of hemorrhagic cystits
was significantly affected by the type of conditioning
regimen (P = .0003). It was also significantly higher
after the Cy-TBI", Bu-Cy, and Bu-Cy-TLI regimens
than after the Cy-TBI regimen (OR, 1.37; 95% CI,
1.09-1.72; P = .0075; OR, 1.85; 95% CI, 1.34-2.56; P
= .0002; and OR, 2.11; 95% CI, 1.16-3.85; P = .015,
respectively, adjusted for underlying disease and do-
nor sex).

Secondary malignancies excluding posttransplan-
tation lymphoproliferative disorders developed in 8
patients a median of 35 months (range, 15-84 months)
after transplantation, including MDS in 2 and AML,
thyroid cancer, uterine body cancer, esophageal can-
cer, breast cancer, and squamous cell cancer in 1 each.
The incidence of secondary malignancies was not sig-
nificantly different among the 4 conditioning groups.

DISCUSSION

In this study, we retrospectively evaluated the ef-
fect of the conditioning regimen on the outcome of
unrelated BMT. The Cy-TBI regimen was superior to
the Bu-Cy regimen, not only with regard to the inci-
dence of engraftment failure, but also for overall sur-
vival after transplantadon. The addidon of T1L1 to the
Bu-Cy regimen decreased the incidences of engraft-
ment failure and relapse but increased nonrelapse
mortality. Intensified conditioning regimens in which
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another antineoplastic agent was added to the Cy-TBI
regimen resulted in increased nonrelapse mortality
and inferior survival.

On the basis of the results of randomized con-
trolled trials and their meta-analysis, the Cy-TBI reg-
imen is generally preferred to the Bu-Cy regimen
except for patients with CML in chronic phase in
HSCT from an HLA-identical sibling donor [5-10].
This study showed that Cy-TBI may be the first-
choice regimen in most patients who undergo unre-
lated BMT unless the patient has a condition that
precludes the use of TBI, such as previous high-dose
irradiation to a major organ. The weakness of the
Bu-Cy regimen was apparent in the increased inci-
dences of engraftment failure and VOD. As a current
general practice in Japan, Bu is administered orally
without monitoring the plasma concentration. There-
fore, the use of intravenous Bu or oral Bu targeted to
a predetermined plasma level may improve the out-
come after the Bu-Cy regimen {22]. However, further
trials are required to evaluate the efficacy of intrave-
nous Bu and targeted oral Bu.

Higher nonrelapse mortality after the intensified
Cy-TBI" regimen might reflect the possibility that
the regimen was preferentally used in padents with
advanced diseases, However, the incidence of nonre-
lapse mortality was significantly higher after adjust-
ment for disease status and also when the comparison
was limited to patients with standard-risk disease (RR,
1.47; 95% CI, 1.14-1.90; P = .0031). Conversely, a
decrease in the relapse incidence was not observed
either in standard-risk or in high-risk patients (RR,
0.81; 95% CI, 0.57-1.15; P = .24 and RR, 0.89; 95%
CI, 0.57-1.39; P = .60). Therefore, these results did
not show any benefit for the intensified regimens.

"This was a retrospective study, and it was impos-
sible to completely eradicate biases. First, non-TBI
regimens were preferentially used in older patients.
Second, the use of Bu-based regimens was less fre-
quent in ALL compared with myeloid malignancies.
Third, the intensified Cy-TBI* regimen was most
frequently used in young patients with high-risk dis-
eases. Therefore, we adjusted the effect of the condi-
toning regimen for these variables in multivariate
analyses. We should also consider the “center” effect
as a possible bias. However, a study from the Japan
Society for HSCT did not show a significant center
effect in unrelated BMT in Japan [23]. The inclusion
of patients who underwent transplantation from 1993
and 2002 might have resulted in the significant vari-
ations in transplantation procedures. We could not
obtain detailed information of supportive care, and
this is one of the limitadons of this type of registry
data study.

The use of G-CSF after transplantation signifi-
cantly adversely affected survival. A similar result was
observed in a retrospective study by the European
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Group for Blood and Marrow Transplantation [24].
However, such an adverse effect has not been shown
in prospective randomized controlled trials that eval-
uated the use of G-CSF after transplantation [25].
Patients with preexisting infections or other comor-
bidities might have tended to receive G-CSF. These
data were not included in the analyses and thus might
have biased the results.

Although a definite conclusion cannot be made
without a randomized controlled trial, >1000 patients
will be required to detect the meaningful difference
(RR, 1.31) in survival between the Cy-TBI and Bu-Cy
groups that was seen in this study at a statstically
significant level with « and 8 errors of 5% and 20%,
respectively. Thus, realistically, this retrospective
study that considered possible biases in multivariate
analyses may be the best evidence. More than 30 years
have passed since the introduction of the Cy-TBI
regimen. Nevertheless, the Cy-TBI regimen still
seems to be the most suitable regimen not only in
HSCT from an HLA-idendcal sibling donor, but also
in unrelated BMT.
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Abstract

Eosinophils are one of the inflammatory cells involving allergic diseases and are recognized as effector cells
in airway inflammation of bronchial asthma. The two major effector functions are the release of toxic granule
proteins and active oxygen species. Here we examined the effects of toxic granule proteins of human
eosinophils, such as major basic protein (MBP), eosinophil peroxidase (EPO), eosinophil cationic protein
(ECP), and eosinophil-derived neurotoxin (EDN) against airway lung carcinoma cells (A549 cell, ATCC CCL-
185) which were infected with respiratory syncytial virus (RSV). Cytopathic effects of A549 cells were
observed in the course of time (every 24 hour). None of injury on A549 cells was observed in cases of RSV
alone whose dose was 0.1 and 1 moi up to 48 hours. High concentrations of MBP and EPO did harm to A549
cells by themselves after 24 hours, however ECP and EDN didn’t such response even after 48 hours in macro
phase. On the other hand, in case of infection with RSV, the degree of injury in A549 cells treated with MBP
and EPO was significantly increased; it depended on the concentration of RSV in macro phase. The viability of
AB49 cells which were infected and/or treated were also measured by the cell viability analyzer (Vi-CELL). 1t
exhibited that the viability of A549 cells which were infected with RSV and following treated with eosinophil
granule proteins was lower than that of RSV infection alone. The results suggested that eosinophils and its
products might induce excess injury to airway epithelial cells especially when airway epithelial cells were
infected with RSV and this might promote the eosinophilic inflammation in bronchial asthma.

Key words: major basic protein (MBP), eosindphil peroxidase (EPO),
eosinophil cationic protein (ECP), eosinophil-derived neurotoxin (EDN), A549 cell
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Fig. 1A. Non-infected and treated A549 cells (control).

Fig. 1B. A549 cells were infected with RSV (10 moi) for 48 hours,

Fig. 1C. A549 cells were infected with RSV (1 moi ). Then the cells were treated with MBP (504 g/ml) after 24 hours.
Fig. 1D. A549 cells were infected with RSV (1 moi ). Then the cells were treated with EPO (50 g/ml) after 24 hours.
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Fig. 2. The viability of A549 cells which were infected with RSV whose dose was 1 moi, or treated with four sorts of eosinophil
granule proteins whose doses were 25.g/ml. Some samples of A549 cells were infected with RSV, and after 24 hours they
were treated with four sorts of eosinophil granule proteins, such as MBP, EPO, ECP, and EDN, respectively. A, infected
with RSV alone; B, treated with MBP alone; C, treated with EPO alone; D, treated with ECP alone; E, treated with EDN
alone; F, infected with RSV, and after 24 hours treated with MBP; G, infected with RSV and after 24 hours treated with
EPQO; H, infected with RSV and after 24 hours treated with ECP; I, infected with RSV and after 24 hours treated with EDN,
Statistical analysis was performed using the Bonferroni/Dunn’s multiple comparison test.
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Abstract

We conducted a phase I clinical study to evaluate the therapeutic efficacy of cladribine (2-chlorodeoxyadenosine [2-CdA])
in the treatment of Japanese patients with hairy cell leukemia (HCL). Seven patients with classic HCL and 3 with a prolym-
phocytic HCL variant were administered 2-CdA (0.09 mg/kg per day) by continuous intravenous infusion for 7 days. Seven
patients responded to this therapy, with 5 patients achieving a complete response (CR). After a median follow-up of 792 days
(range, 599-1253 days), there were no cases of clinical relapse, and the median duration of the response in the responders was
670+ days (range, 470+ to 1121+ days). The median duration of the CR in the CR patients was 953+ days (range, 480+ to 1121+
days). At treatment initiation, most patients had hematologic impairment as a manifestation of HCL. During the early stage
after administration, further hematologic impairment occurred, but subsequent peripheral blood counts gradually recovered as
2-CdA treatment showed antitumor activity. Infections occurred at a high incidence at this time, but all cases could be controlled
with appropriate treatment. 2-CdA was surmised to represent a useful therapeutic approach for Japanese patients with HCL.
Int J Hematol. 2005;82:230-235. doi: 10.1532/1JH97.04128
©2005 The Japanese Society of Hematology
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1. Introduction thought to have received HCL diagnoses during the 3
decades after the first Japanese patient with HCL was

Hairy cell leukemia (HCL) is a relatively rare form of  reported. Cladribine (2-chlorodeoxyadenosine [2-CdA]) is
leukemia, accounting for only approximately 2% of all a chlorinated purine analog that is resistant to degrada-
leukemias in Europe and the United States [1]. Anemia, tion by adenosine deaminase. 2-CdA accumulates to a
leukopenia, and thrombocytopenia are characteristic of ~ high concentration as the 5'-triphosphate form (ie,
HCL, and pancytopenia is present in two thirds of the  2-CdATP) in lymphocytes that have a high deoxycytidine
patients. The incidence of HCL is far lower in Japan than kinase activity relative to 5'-nucleotidase activity. Accu-
in Europe and the United States. On the basis of the  mulated 2-CdATP has been proposed to inhibit DNA syn-
reports by Kitani et al [2,3], fewer than 200 patients are  thesis in dividing cells by inhibiting ribonucleotide reduc-
tase and DNA polymerase « and is thought to inhibit the
repair of DNA strand breaks and induce apoptosis in non-
dividing cells {4]. Recently, 2-CdA has been shown to also
Correspondence and reprint requests: Takashi Machii, MD, PhD, act as a transcriptional antagonist {5]. 2-CdA is thus dis-

Nachikatsuura Onsen Hospital, 483-1 Tenma, Nachikatsuura-cho, tinguished from other chemotherapeutic agents by its

Higashimuro-gun Wakayama 649-5331, Japan; 81-735-52-1055; unique characteristic of showing similar cytotoxic activi-

fax: 81-735-52-3853 (e-mail: ta-mach@pop.cypress.ne.jp). ties toward dividing and nondividing cells. Therefore, it is
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used for the treatment of indolent lymphoid malignancy,
which is characterized by slow progression. In 1990, Piro
et al at Scripps Clinic in the United States reported the
first results for the use of 2-CdA in the treatment of HCL
[6]. Their data revealed that only 7 days of continuous
intravenous 2-CdA infusion were required to induce 11
complete responses (CRs) in 12 patients. These investiga-
tors subsequently reported a response rate of 97% (139 of
144 patients), including long-lasting CR in 122 patients
(85%) [7]. Thereafter, 2-CdA was positioned in Europe
and the United States as the drug of first choice for the
treatment of HCL. The present phase II clinical study was
designed with the objective of evaluating the efficacy of
2-CdA monotherapy in the treatment of Japanese patients
with HCL.

2. Patients and Methods
2.1. Patients

The patients enrolled in this clinical study were selected
on the basis of demonstration by central review of hairy
cells in the bone marrow or peripheral blood and their
conformity with the following inclusion criteria: (1) pres-
ence of evaluable lesions; (2) no interferon o (IFN-a)
treatment within 2 months, no deoxycoformycin (DCF)
treatment within 3 months, and no other antitumor thera-
pies within the 4 weeks prior to the study; (3) a life
expectancy of at least 3 months; (4) a performance status
of 2 or better on the Eastern Cooperative Oncology
Group scale; (5) an age =15 years and <85 years; (6) ade-
quate hepatic and renal functions; and (7) written
informed consent.

2.2. Drug Formulation

2-CdA was supplied by Janssen Pharmaceutical (Tokyo,
Japan) as a 0.1% (1 mg/mL) solution of endotoxin-free
2-CdA in sterile 0.9% sodium chloride. The desired dosage of
2-CdA was added to preservative-free normal saline for a
total volume of 500 to 1000 mL and was infused via central
or peripheral venous access.

2.3. Study Design

This study was a multicenter phase II study to evaluate
the therapeutic efficacy of 2-CdA in Japanese patients with
HCL. The protocol of this clinical study was approved by the
institutional review board of each institution. Because HCL
is an extremely rare disease in Japan [2,3] and because we
expected the accrued number of patients to be very small, we
did not calculate the required number of patients for this
study from expected and threshold response rates. We
administered 2-CdA at a dosage of 0.09 mg/kg per day by
continuous intravenous infusion for 7 days. This dosage was
based on the results of a preceding phase I study in Japan [8].
This dosage is the same as the commonly used dosage in
Europe and the United States. Efficacy was assessed at 4
months after the start of therapy.

2.4. Response and Toxicity Criteria

Tumor response was assessed according to the follow-
ing criteria. CR was defined as the disappearance of hairy
cells from the peripheral blood and bone marrow, disap-
pearance of lymph node swelling, splenomegaly, and
hepatomegaly, and normalization of the neutrophil count
(=1500/p.L), the platelet count (=10.0 X 10%uL), and the
hemoglobin level (=12 g/dL). Partial response (PR) was
defined as a decrease of =50% in the hairy cells in the
peripheral blood and bone marrow, a decrease of =50% in
lymph node swelling, splenomegaly, and hepatomegaly, and
normalization of the neutrophil and platelet counts. All
other categories of tumor response were defined as no
response (NR). Relapse was defined as a >50% increase in
the hairy cell count in the bone marrow (ie, pathologic
relapse) or a failure to maintain peripheral blood PR crite-
ria (ie, clinical relapse). Assessment of the safety of the ther-
apy was carried out by using the Japan Clinical Oncology
Group’s toxicity-grading criteria, which are an expanded
version of the National Cancer Institute Common Toxicity
Criteria [9].

2.5. Statistical Analysis

Analysis of the response rate was carried out by using
point estimates and the 90% confidence interval (CI) of the
response rate. The exact Cl was used. The duration of the
response was defined as the number of days from the first
day of confirmation of the CR or PR until the day when
relapse was diagnosed or until the final day of observation.
The minimum and maximum values for the duration of the
response were determined, and the Kaplan-Meier method
was employed to estimate the 25%, 50%, and 75% points
and their 90% Cls [10]. For analysis of the CD4* and CD8*
cell count data, basic statistics were determined at baseline
and at 15 days, 29 days, and 2, 3, and 4 months after the start
of 2-CdA administration.

3. Results
3.1. Patient Characteristics

Ten patients were enrolled in this study from September
1996 through March 1999. All 10 patients satisfied the
aforementioned eligibility criteria, underwent treatment,
and became evaluable for the efficacy and safety of the
therapy. Table 1 presents the clinical characteristics of the
patients and their responses to 2-CdA treatment. The
median age was 59.5 years (range, 28-76 years), and the
central review of the disease type by hematopathologists
revealed 7 cases of classic HCL and 3 cases of a prolym-
phocytic variant of HCL. Classification of the clinical stage
according to the clinical staging system of Jansen et al [11]
showed 3 cases each of stages I, II, and I1I. The remaining
case was of a patient who had undergone splenectomy and
received a classification of stage C. Tumor cells were mor-
phologically identified in the peripheral blood of 9 of the
10 patients.
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Figure 1. Time courses of changes in median values of hematologic parameters for patients with abnormal baseline values. Normal values (dotted
lines): @ absolute neutrophil count (ANC), 1500/p.L; @ platelet count (PLT), 10 X 10%pL; @ hemoglobin (Hb), 12 g/dL.

3.2. Response
3.2.1. Response Rate

The response rate was 70% (90% CI, 39.3%-91.3%), and
the CR rate was 50% (90% CI, 22.2%-77.8%). A response
(CR + PR) was achieved in 6 (85.7%) of the 7 patients with
diagnoses of classic HCL, and 5 (71.4%) of these patients
achieved a CR. On the other hand, of the 3 patients with a
diagnosis of a prolymphocytic variant of HCL, only 1 patient
(33.3%) showed a PR. All of the responders achieved remis-
sion after 1 course of 7 days of continuous intravenous 2-CdA
infusion, and this treatment showed efficacy in each of the
clinical stages. One patient, who had previously been treated
with IFN-o only, achieved a CR with 2-CdA chemotherapy. In
contrast, another patient who had undergone previous ther-
apy with 3 different regimens (ie, CHOP combination chemo-
therapy [cyclophosphamide, doxorubicin, vincristine, and
prednisolone], DCF, and IFN-a) did not respond to 2-CdA.

3.2.2. Hematologic Response

Figure 1 shows the time courses of the median values of
the hematologic parameters. Abnormal baseline values were
observed for the neutrophil count, the platelet count, and the
hemoglobin concentration in 5,7, and 8 cases, respectively. Of
the 5 patients with a CR, 3 were neutropenic, 4 were throm-
bocytopenic, and 3 were anemic at the time of treatment ini-
tiation. As shown in Figure 1, hematologic impairment as a
manifestation of HCL worsened during the initial stage of 2-
CdA treatment and then gradually recovered as 2-CdA
showed antitumor activity. For the 5 CR patients, the median
time required to achieve standard values for all 3 parameters
was 83 days (range, 57-133 days); the median times for indi-
vidual parameters were 126 days (range, 57-133 days) for the
neutrophil count, 59.5 days (range, 15-63 days) for the platelet
count, and 98 days (range, 83-133 days) for the hemoglobin
concentration. Tumor cells in the peripheral blood disap-

peared in all 7 of the responders. In the 5 CR patients, tumor
cell disappearance occurred during the early period after the
start of 2-CdA chemotherapy, with the median time to disap-
pearance being 15 days (range, 8-29 days).

3.2.3. Relapse, Duration of the Response, and
Duration of CR

For the 7 responders, the median duration of follow-up
was 792 days (range, 599-1253 days), and there were no cases
of clinical relapse during that time. The median duration of
the response in the responders was 670+ days (range, 470+ to
1121+ days), whereas the median duration of the CR in the
CR patients was 953+ days (range, 480+ to 1121+ days).

3.3. Hematologic Toxicity

Adverse drug reactions (ADRs) with a severity grade of 1
or greater consisted of neutropenia in § patients (grade =3,
6 patients), thrombocytopenia in 2 patients (grade =3,
2 patients), and decreased hemoglobin concentration in 2
patients (grade =3, 2 patients). The times to the nadir and to
the recovery or alleviation from the nadir were calculated for
the 3 parameters in these 8 patients (Table 2). The median
times to the nadir of the neutrophil count and to recovery
were 15 days (range, 8-30 days) and 8 days (range, 8-50 days),
respectively. The median times to the nadir of the platelet
count and to recovery were 8 days (range, 8-8 days) and 11.5
days (range, 8-15 days), respectively. For the hemoglobin con-
centration, the median time to the nadir was 15 days (range,
15-15 days). The median time to recovery of the hemoglobin
concentration was 29.5 days (range, 6-53 days). In all of the
patients who showed bone marrow suppression, the nadir
was reached within 1 month after the start of 2-CdA admin-
istration, and in all of these cases, this toxicity was reversible
and manageable with the administration of a granulocyte
colony-stimulating factor (G-CSF) preparation or a blood
transfusion. In addition, significant decreases in the counts of
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Table 2.
Hematologic Toxicity and Status of Recovery (First Cladribine Course)*
Neutropenia Thrombocytopenia Hemoglobin Level Decreased

Time until Nadirt Patients, n 8 (80.0%) 2 (20.0%) 2 (20.0%)

Baseline 1655/l (270-5276/ L) 5.7 X 10%/plL (5.4-6.0 X 10%/ul) 8.55 g/dL (8.1-9.0 g/dL)

Time to Nadir, d 15 (8-30) 8 (8-8) 15 (15-15)

Nadir 652/pL (39-1484/pb) 3.75 x 10%/pk (3.7-3.8 x 10%/ul) 6.4 g/dL (6.1-6.7 g/dL)
Status of Recovery+  Patients, n 6 (75.0%) 2 (100.0%) 2 (100.0%)

Time to Recovery, d 8 (8-50) 11.5 (8-15) 29.5 (6-53)

Recovery 1936/plL (1020-4671/ul) 7.5 X 10%/uL (6.7-8.3 X 10%/uL) 10.05 g/dL (8.4-11.7 g/dL)

*Hematologic parameter data and times are expressed as the median (range).
+Numbers and characteristics of patients who showed hematologic toxicity severity of grade 1 or greater.
+Numbers and characteristics of patients who showed recovery to baseline level or grade.

CD4+ and CD8* cells were observed. In particular, the
decrease in the CD4* cell count was prolonged (Figure 2).

3.4. Nonhematologic Toxicity

The most important nonhematologic ADR resulting
from toxicity was infection. Seven patients developed infec-
tions within 1 month after the start of treatment. Infection
was severe in 2 patients (1 case each of grade 4 sepsis and
grade 3 pharyngitis). The other infectious complications,
including 1 episode of herpesvirus infection, that occurred in
the remaining 5 patients were all mild in severity. The
patient who developed sepsis simultaneously developed
grade 4 respiratory disorders (ie, dyspnea, hypoxia, and
hypocapnia) and a grade 3 fever. The patient’s performance
status decreased, and administration of 2-CdA was discon-
tinued after 5 days. The dyspnea was treated with oxygen
inhalation and steroids and disappeared the day after its
onset, and the fever and performance status improved. The
hypoxia and hypocapnia also resolved after the sepsis had
disappeared. In the second patient, the pharyngitis mani-
fested on the eighth day after the start of 2-CdA chemo-
therapy, and treatment with antibiotics resolved the pharyn-
gitis on the 29th day. Other nonhematologic toxicities,
including nausea, vomiting, and elevation in liver enzyme
levels, were of grade 2 severity or less. Almost all of the
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Figure 2. Time courses of changes in CD4* and CD8* cell counts
(mean). *P < .05, Wilcoxon signed rank test for comparison of cell counts
at the indicated time point and at baseline.

ADRs manifested within 1 month after the start of 2-CdA
administration, and they were all manageable by means of
appropriate treatment.

4. Discussion

The principal objective of this clinical study was to evalu-
ate the efficacy of 2-CdA treatment for HCL in Japanese
patients when administered at 0.09 mg/kg per day for 7 days
by continuous intravenous infusion, a schedule that is in gen-
eral use in other countries. The efficacy evaluation showed
that 5 (50%) of 10 patients achieved a CR with only a single
course of 2-CdA chemotherapy and demonstrated an overall
response rate of 70%. The responders were subsequently fol-
lowed up without administration of any maintenance therapy,
and there were no cases of clinical relapse at a median follow-
up period of 792 days (range, 599-1253 days). The median
duration of the CR was approximately 32 months, and further
follow-up is expected to show an even longer CR duration.
Six (85.7%) of the 7 patients with diagnoses of classic HCL
achieved a response, and 5 (71.4%) of these responders
achieved a CR. These results confirm the extremely high anti-
tumor efficacy of 2-CdA, as has also been shown in the clini-
cal results reported in Europe and the United States [6,7,12-
17]. On the other hand, only 1 (33.3%) of the 3 patients with
a diagnosis of the prolymphocytic variant [18-21] achieved a
response. Another variant form of HCL, the so-called Japan-
ese variant, has been reported to occur in Japan. This variant
differs considerably from classic HCL and the prolympho-
cytic variant, not only in relation to its clinical and hemato-
logic pictures, but also in terms of its response to therapy [22-
25]. Although 3 candidate patients with diagnoses of the
Japanese variant were identified by central hematopathologic
review at the time of screening, these 3 patients could not be
enrolled in this study because 2 of the patients had few sub-
jective symptoms and the other had multiple cancers.

The major 2-Cd A toxicities observed in the present phase
11 clinical study of Japanese HCL patients were bone marrow
suppression and infections, which are the same toxicities in
the clinical results reported from Europe and the United
States [7,12,13,16,17,26]. These complications were also the
major 2-CdA toxicities reported in the results of phase II
clinical trials for Japanese patients with adult T-cell
leukemia-lymphoma and indolent non-Hodgkin’s lymphoma
[27,28]. At the initiation of 2-CdA chemotherapy, most
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patients had hematologic impairment as a diagnostic charac-
teristic of HCL. During the initial stage after the start of
2-CdA treatment, further hematologic impairment occurred,
but the subsequent peripheral blood counts gradually recov-
ered as the 2-CdA treatment showed antitumor activity. In
addition, infections were diagnosed in 70% of the patients
within 1 month of the start of treatment, but these infections
proved manageable by means of suitable treatment, such as
the administration of G-CSF and antibiotics. We advise that
patients undergoing 2-CdA treatment be observed very care-
fully during the first month of the treatment. In addition, we
observed a prolonged decrease in CD4* cell counts. In the
present study, 1 patient who did not respond to 2-CdA devel-
oped acute myeloid leukemia (M3) and died during the
treatment-free follow-up period, approximately 2 years after
2-CdA therapy. It remains unclear whether there is a ten-
dency for the risk of developing secondary malignancies to
increase as a result of the immunosuppression induced by
2-CdA therapy or whether any such increased risk is due to
immunodeficiency caused by the primary disease.

In conclusion, our multicenter phase II study has demon-
strated that a schedule of continuous intravenous 2-CdA
infusion for 7 days at a daily dose of 0.09 mg/kg has definite
efficacy and acceptable toxicity for the treatment of Japanese
patients with HCL. We surmise that 2-CdA represents a use-
ful therapeutic approach that induces a long-lasting com-
plete remission with a shorter treatment duration, compared
with conventional HCL chemotherapy, such as with IFN-«
and DCF. However, further studies concerning the efficacy
and the optimal treatment schedule of 2-CdA for the Japan-
ese variant of HCL will be of importance.
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The development of new chemotherapeutic agents and regimens has contributed to reduced risk of
cancer recurrence and prolonged patient survival. However, mild cognitive impairment (MCI), also
known as “chemofog” or “chemobrain” following adjuvant chemotherapy for breast cancer has been
reported since the late 1980s. Unfortunately, little is known about it's mechanism, type, severity, and
episode length. This article reviewed related studies on the subject, and found that chemotherapy-
induced MCI appears to occur in 10-40% of patients, and memory loss and lack of concentration are the
most frequent symptoms, The symptoms are apparently transient, but take at least several years to disap-
pear. Reviewed studies show a lack of clear understanding of what causes MCI directly. There is also a
lack of consistency in symptom measurement. We point to the need to conduct well-designed studies
which begin with a proper hypothesis. Future research needs to be randomized and longitudinal with a
base measurement point before the chemotherapy cycle starts. Future studies must adopt an effective and
sensitive method to measure MCI. The latest imaging technique, positron emission tomography (PET)
may be a powerful tool. Also, all confounding factors, such as age, education, intelligence quotient (IQ),
fatigue and depression, hormonal therapy and other treatments should be controlled within the study
design. It is hoped that the results of such future studies will allow medical professionals to contemplate
effective prevention, treatment and rehabilitation for MCL

Breast Cancer 12:279-287, 2005.
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The development of new chemotherapeutic
agents and regimens for breast cancer has con-
tributed to reduced risk of recurrence and pro-
longed patient survival. However, mild cognitive
impairment (MCI) following adjuvant chemother-
apy for breast cancer, also known as “chemofog”
or “chemobrain”, has been referred to in scientific
publications since the late 1980s, evoking interdis-

ciplinary discussion on the subject"”. However,
significant gaps exist in our understanding includ-
ing the development mechanism, types, severity,
and length of episode. The principal negative con-
sequence is the deterioration of quality of life
(QOL) of patients. In particular, for patients who
hold professional and social positions, memory
loss or concentration deficit may drastically affect
their ability to fulfill work and social responsibili-
ties”. MCI in older patients may have a long-term
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effect on survival or co-morbidity”®. Information
on QOL after chemotherapy can therefore be an
important component in informed consent and
decision-making”.

The objective of this review article is to reorga-
nize our actual knowledge on the issue of MCI
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and chemotherapy by focusing on its impact on
patients’ QOL and on an effective methodology to
make clear MCI in breast cancer patients using
the latest physiological function measurement
methods.

Review Methodology

This study reviewed articles related to breast
cancet, cognitive function and chemotherapy avail-
able in the MEDLINE database. After the search
with these keywords, we selected articles for their
relevance to the study aims and objectives. Final-
ly, 10 studies which attempted to evaluate chemo-
therapy-induced MCI among breast cancer pati-
ents, organized in Table 1, were reviewed. The
studies were a mixture of case-control and cohort
studies.

MCI Observed Among
Breast Cancer Patients

Frequency, Type and Grade of the Toxicity
The frequency of chemotherapy-induced MCI
in breast cancer patients varies according to the
studies reviewed; 20 to 30% in the study by Scha-
gen®, 34% in the study by Meyers”, and 32% and
17% (high dose and standard dose, respectively)
in the study by van Dam®. Most of these studies
reported memory loss, lack of attention, and lack
of ability to concentrate as symptoms (Table 1).
Some of the observed symptoms in these studies
are quantitatively difficult to measure, and some-
times go unnoticed by patients’ family and friends.

Length of MCI Symptoms

The symptoms of chemotherapy-induced MCI
are considered to be transient and reversible but
persistent. A longitudinal study with two measure-
ment points, the first point at two years after the
end of the chemotherapy and the second point at
four years”, revealed that the symptoms were dis-
appearing at the second measure of cognitive
function. However, some studies still noted the
problems in several patients almost 10 years after
the end of the treatment'™'.

Regimen Differences: dose, Quantity

The examined studies reported that CMF
(cyclophosphamide + methotrexate + 5FU), CEF
(cyclophosphamide + epirubicin + 5-FU) and AF
(adriamycin + 5-FU) were used as chemotherapy
regimens. Actually, the difference in regimens did

280

Cognitive Impairment after Chemotherapy

not clearly modify MCI in terms of occurrence
rate, severity, length and type of symptoms, accor-
ding to Schagen’s study which compared regi-
mens”. For quantity and cycle frequency of chemo-
therapy, van Dam found a dose-response relation-
ship indicating that high-dose chemotherapy appe-
ared to induce a much higher risk of MCI occur-
rence in comparison with control patients and
patients receiving standard-dose chemotherapy®.

MCI and QOL

Since chemotherapy-induced MCI is persistent
but not fatal, its influence on QOL is of impor-
tance to patients who have long-term survival ®,
Harder’s study found a correlation between QOL
and cognitive function™, and a similar result was
found among elderly people in Logsdon’s study'.
Terada found a correlation between cognitive
function and QOL among the elderly with demen-
tia". These studies thus support the fact that MCI
has a considerable impact on patients’ QOL.

In spite of different results in other cancer
patient populations, none of the breast cancer
studies reviewed identified a direct relationship
between MCI and QOL, although several studies
identify that chemotherapy itself significantly
causes a deterioration in QOL scores. One mat-
ched case-control study could not identify a clear
relationship between MCI and QOL measured
using the FACT questionnaire'®, though patients
receiving chemotherapy had a higher incidence of
MCI and lower QOL scores. Brezden did not
detect any difference in mood between the case
and control group using an instrument to measure
mood status, Profile of Mood States (POMS),
although MCI had occurred significantly in a
majority of cases”. Berglund compared QOL after
adjuvant chemotherapy and postoperative radio-
therapy'®. His conclusion was that the differences
between the two treatment groups were minimal,
and the two groups did not report differences in
memory and concentration.

We attribute the lack of evidence supporting
the negative relationship of MCI to QOL to the
fact that the disease-specific QOL questionnaires
employed were not able to measure the difficul-
ties patients face in resuming work or in daily
communication. Dew reported in his study of
patients undergoing heart transplantation that
those with MCI are less likely to return to gainful
employment, consequently reducing their QOL™.
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