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Abstract The prognosis of acute myelogenous leukemia
(AML) in the elderly patients is extremely poor. Although
several previous studies have suggested that intensive chemo-
therapy is associated with a better prognosis, there may have
been a selection bias. Therefore, we retrospectively evaluated
the impact of intensive chemotherapy for AML in the elderly
by stratifying patients according to a propensity score. Eighty-
one AML patients aged 70 years or more were included in this
study. Patients with acute promyelocytic leukemia were not
included. A propensity score for the use of intensive
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chemotherapy was calculated from four factors at diagnosis.
Forty-five patients received intensive chemotherapy, whereas
36 received low-dose or no chemotherapy. We stratified the
patients into quartiles based on the propensity score. The
numbers of patients in the first, second, third, and forth quartiles
who received intensive chemotherapy were 5 of 21, 10 of 20,
12 of 20, and 18 of 20, respectively. A stratified log-rank test
showed significantly better overall survival in the intensive
chemotherapy group (P=0.0088). Especially, in the combined
second and third quartiles, which showed an equal tendency for
intensive and non-intensive strategies; overall survival at 3 years
was 37.5 % for the intensive chemotherapy group and 13.0 %
for the non-intensive chemotherapy group (P=0.0022). A con-
ventional multivariate analysis confirmed that intensive chemo-
therapy was beneficial (hazard ratio 0.50, 95 % confidence
interval 0.27-0.93, P=0.028). In conclusion, intensive chemo-
therapy may prolong overall survival in elderly AML patients
who are considered to be able to tolerate such treatment based
on factors at diagnosis.

Keywords AML - Elderly - Intensive chemotherapy -
Propensity score

Introduction

The incidence of acute myelogenous leukemia (AML)
increases with age [1, 2]. In addition, an increasing age is
an adverse prognostic factor of AML [3-5]. AML in elderly
patients is characterized by an increased incidence of unfa-
vorable AML-related features including cytogenetic and
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molecular genetic changes in leukemic cells, the existence of
prior myelodysplastic syndrome (MDS) or myeloproliferative
neoplasm, and previous cytotoxic therapy for another disorder
(therapy-related AML) [6-8]. However, older patients may
have a worse outcome than younger patients even in the ab-
sence of these risk factors [8]. Elderly patients tend to have
comorbidities and a poor performance status (PS) at diagnosis
[1]. In addition, the number of organ dysfunctions increases
with age [9]. Therefore, elderly patients are thought to be less
able to tolerate intensive chemotherapy. In fact, comorbidities
and poor PS have been associated with the prognosis of elderly
AML patients [5, 6, 10, 11]. In a recent study of patients older
than 60 years of age, the baseline comorbidity score according
to the hematopoietic cell transplantation comorbidity index was
predictive of an early death and overall survival [5].

With regard to the treatment of elderly AML, several studies
have suggested that intensive chemotherapy is beneficial in
terms of remission induction and overall survival [4, 12].
However, these data should be interpreted with caution, since
there may have been a selection bias. In addition, the treatment-
related mortality rate of 1040 % is a significant limitation to
the application of intensive chemotherapy to elderly patients.
Recently, a propensity score, that is the conditional probability
of receiving a treatment given the covariates, became widely
used to adjust for a selection bias in observational studies
[13].Therefore, in this study, we retrospectively evaluated the
impact of intensive chemotherapy for AML in the elderly by
stratifying patients according to the propensity score to receive
intensive chemotherapy.

Patients and methods
Study population

The study population consisted of 81 AML patients aged
70 years or more who were diagnosed for the first time between
January 1994 and December 2004 at five hospitals participating
in the Japan Hematology and Oncology Clinical Study Group.
Patients with acute promyelocytic leukemia were not included.

Data collection

Patients’ data were collected from their clinical records. The
general condition of the patients was determined using the
Eastern Cooperative Oncology Group (ECOG) PS at diagnosis.
Cognitive ability was assessed based on the Hasegawa demen-
tia scale [14]. Patients’ comorbidities were assessed using
Santariano’s index as a reference [15]. In addition, the presence
of infectious disease and hemorrhage at diagnosis were also
evaluated as AML-related comorbidities. Treatments for
AML were classified into four groups; a no-chemotherapy
group, a low-dose chemotherapy group, a reduced-intensity
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chemotherapy group, and a standard chemotherapy group.
The low-dose chemotherapy group included treatments with
low-dose (40 mg/m?/day or less) cytarabine-based chemother-
apy such as low-dose cytarabine alone or low-dose cytarabine
and aclarubicin with or without granulocyte colony-stimulating
factor. Standard chemotherapy included induction chemothera-
pies similar to those that are used for younger patients (idar-
ubicin plus cytarabine, daunorubicin plus cytarabine,
mitoxantrone plus cytarabine, and idarubicin plus behenoyl
cytarabine). Reduced-intensity chemotherapy was defined as
being similar to standard chemotherapy but with a dose reduc-
tion to 50-70 % of the standard dose. However, in the follow-
ing analyses, seven patients in the no-chemotherapy group and
29 patients in the low-dose chemotherapy group were com-
bined into a non-intensive chemotherapy group, and the 45
patients in the other two groups were combine into an intensive
chemotherapy group, since the no-chemotherapy and standard
chemotherapy groups each contained very few patients.
Treatment-related toxicities were evaluated using the Common
Terminology Criteria for Adverse Events version 3.0.

Statistical considerations

The factors that were used to calculate the propensity score
were selected from the following 12 factors at diagnosis: age,
sex, ECOG-PS, cognitive function, coexistence of infectious
complications, prior diagnosis of MDS, white blood cell count,
hemoglobin level, peripheral blood blast percentage, serum
creatinine level, serum total bilirubin level, and the institute
where the patient was treated. Next, we deleted the factors from
the logistic regression model in a stepwise manner based on the
Akaike information criterion (AIC) and multicollinearity, since
the number of patients was limited. Finally, the C statistic (area
under the receiver operating characteristic curve) was evaluated
to appraise the discrimination of the propensity score. The
patients were then stratified into quartiles based on the propen-
sity score. Overall survival (OS), the primary outcome measure
of this study, was calculated using the Kaplan—Meier method
and compared between the treatment groups by a log-rank test
stratified according to the propensity score. We also performed
a propensity score matching with a caliper of 20 % of the
standard deviation of the propensity score and compared OS
between the two groups. Age, ECOG-PS, white blood cell
count, hemoglobin level, peripheral blood blast percentage,
serum creatinine level, and serum total bilirubin level were
evaluated as continuous variables. We did not use cytogenetic
data to calculate the propensity score, since it generally takes at
least 2 weeks to obtain cytogenetic data and we have to decide
first-line treatment before obtaining cytogenetic data.

We confirmed the impact of intensive chemotherapy by a
multivariate analysis using proportional hazard modeling to
adjust for the other factors at diagnosis, which were selected
in a stepwise manner based on the AIC. All statistical analyses
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were performed with EZR (Saitama Medical Center, Jichi
Medical University, http://www.jichi.ac.jp/saitama-sct/Saita
maHP files/statmedEN.html), which is a graphical user inter-
face for R (The R Foundation for Statistical Computing, ver-
sion 2.13.0). More precisely, it is a modified version of R
commander (version 1.6-3) designed to add statistical functions
frequently used in biostatistics.

Results
Characteristics of the patients

The characteristics of the patients are shown in Table 1.
There were 47 males and 34 females with a median age of

Table 1 Patient characteristics

Sex

Male 47
Female 34
Age, median (range) 76 (70-97)
FAB classification

AML MO 3
AML M1 21
AML M2 37
AML M4 8
AML M5 4
AML M6 4
AML M7 3
Unknown 1
Chromosomal abnormality

Favorable 5
Intermediate 53
Poor 16
Unknown 7
WBC count, median (range) 5,200 (800-395,500)
Prior diagnosis of MDS

Yes 27
No 54
Performance status

0 14
1 23
2 11
3 17
4 16
Initial treatment

No chemotherapy 7
Low-dose chemotherapy 29
Reduced-intensity chemotherapy 41
Standard chemotherapy 4

FAB French—American—British classification, WBC white blood cell,
AML acute myelogenous leukemia, MDS myelodysplastic syndrome

76 years (range; 70-97). Sixteen patients had poor chromo-
some abnormalities, including complex karyotype in 11.
Twenty-seven patients had a prior history of MDS. The PS
was 2 or more in 44 patients, including PS 2 in 11, PS 3 in
17, and PS 4 in 16. The most frequent comorbidity was
hypertension in 28 patients (34.6 %), followed by ischemic
heart disease in eight (9.9 %). The median number of
comorbidities was 2 (range; 0-7). Infectious diseases such
as pneumonia coexisted at diagnosis in 39 patients (48.1 %).
An elevated serum total bilirubin of 1.5 mg/dl or higher was
observed in four patients. None of the patients had elevated
serum creatinine of 2.0 mg/dL or higher.

Initial treatment of the patients and propensity score
calculation

Seven, 29, 41, and four patients were classified into the no-
chemotherapy, low-dose chemotherapy, reduced-intensity
chemotherapy, and standard chemotherapy groups, respec-
tively. The combination of behenoyl cytarabine and daunoru-
bicin was exclusively used in the standard chemotherapy
group, whereas such a combination was used in 14 of the 41
patients in the reduced-intensity chemotherapy group. Other
regimens used in the reduced-intensity chemotherapy group
included combinations of cytarabine and daunorubicin in 15,
cytarabine and idarubicin in nine, and so on. The 36 patients in
the former two groups and 45 patients in the latter two groups
were classified into a non-intensive chemotherapy group and

Table 2 Factors evaluated in the logistic regression model

Deleted factors and the Akaike information criterion (AIC) values just
before deletion

Factor AIC
Infectious complications 102.62
Prior diagnosis of MDS 100.67
Serum creatinine level 98.87
Serum total bilirubin level 97.02
Hemoglobin level 95.15
White blood cell count 94.25
Cognitive function 93.64
Institutes 93.59

Final model (AIC=93.57)

Factor Odds ratio (95 % P value
confidence interval)

Blast percent 1.04 (1.02-1.06) 0.00063

Performance status 0.71 (0.43-1.16) 0.17

Sex 0.42 (0.14-1.23) 0.11

Age 0.87 (0.78-0.97) 0.01
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an intensive chemotherapy group, respectively. The factors
that were used to calculate the propensity score were selected
from the 12 factors at diagnosis based on the AIC and multi-
collinearity. Ultimately, age, sex, ECOG-PS, and peripheral
blood blast cell percentage were used to calculate the propen-
sity score (Table 2). The C statistic was 0.813, which indicates
good discrimination. Patients were stratified into quartiles
based on the propensity score. The numbers of patients in
the first, second, third, and forth quartiles who received
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intensive chemotherapy were 5 of 21, 10 of 20, 12 of 20,
and 18 of 20, respectively.

Induction therapy

Complete remission was achieved in ten and 18 patients in
the non-intensive chemotherapy group and the intensive
chemotherapy group, respectively (27.8 vs. 40 %, P=

2nd quartile
1.0 ~ Intensive Chemotherapy
— No
--== Yes
0.8
z 08 o
8
[
e
[
® 04+
0.2
0.0
T T T 1
0 500 1000 1500 2000
Number at risk Days
No 10 1 0 0 0
Yes 10 8 3 2 2
4th quartile
10 - Intensive Chemotherapy
— No
L “-=- Yes
|
0.8 ~ 1,
i
L
'
E
2% i
- i
[ ey R ]
8 I
& +
0.4 L
[
;
“"1
0.2 E
0.0
T T T 1
0 500 1000 1500 2000
Number at risk Days
No 2 0 0 0 0
Yes 18 5 2 2 2

Fig. 1 Overall survival grouped according to the treatment intensity stratified according to the propensity score quartile
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0.35). The major reason for remission induction failure was
the insufficient suppression of leukemic cells. Death during
myelosuppression was observed in three and two patients in
the non-intensive chemotherapy group and the intensive
chemotherapy group, respectively.

Overall survival

For all of the patients, overall survival was 43.5, 30.3, and
24.3 % at 1, 2, and 3 years, respectively. There was a
statistically significant difference in overall survival be-
tween the non-intensive chemotherapy group and the inten-
sive chemotherapy group (P=0.020). To adjust for a
selection bias, we compared the two groups after stratifica-
tion according to the propensity score. The overall P value
by the stratified log-rank test was 0.0088, and the P value of
each stratum was 0.91, 0.0068, 0.16, and 0.091 for the first,
second, third, and forth propensity score quartiles, respec-
tively (Fig. 1). Especially, in the combined second and third
quartiles, in which the intensive and non-intensive strategies
were chosen evenly, overall survival at 3 years was 37.5 %
for the intensive chemotherapy group and 13.0 % for the
non-intensive chemotherapy group (P=0.0022).

Next, we performed propensity score matching with a
caliper of 20 % of the standard deviation of the propensity
score and 22 patients in the intensive chemotherapy group
were 1:1 matched to 22 patients in the non-intensive che-

motherapy group. Among these patients, the use of intensive

chemotherapy was shown to significantly improve survival
(HR 0.25, 95 %CI 0.084-0.75, p=0.013, Fig. 2).

1.0 IntensiveChemotherapy

— No
=== Yes

Probability

0.0
T T T 1
0 500 1000 1500 2000
Number at risk Days
No 22 4 3 1 0
Yes 22 13 7 6 5

Fig. 2 Overall survival grouped according to the treatment intensity in
propensity score matched-pair analysis

Finally, we performed proportional hazard regression mod-
eling to confirm the superiority of intensive chemotherapy by
adjusting for the other important factors at diagnosis, includ-
ing a karyotype analysis. The factors that were used for
adjustment, which were selected based on the AIC of propor-
tional hazard modeling, included white blood cell count, total
bilirubin level, cognitive function, and poor chromosome
abnormality. Intensive chemotherapy as a first-line treatment
was significantly associated with better survival after adjust-
ing for these factors (hazard ratio 0.50, 95 % confidence
interval 0.27-0.93, P=0.028).

The most frequent cause of death was the progression of
AML in 29 patients, followed by infection in 17, and hem-
orrhage in eight (Table 3). There was no significant differ-
ence in the proportion of the causes of death between the
non-intensive chemotherapy group and the intensive che-
motherapy group (P=0.713).

Discussion

It is difficult to treat AML in the elderly. Complete remission
must be achieved to confer long-term survival. On the other
hand, strong remission induction chemotherapy is associated
with a high treatment-related mortality rate in elderly patients.
A clinical trial conducted by the European Organization for the
Research and Treatment of Cancer (EORTC) randomized
AML patients more than 65 years of age into intensive induc-
tion chemotherapy with daunorubicin, cytarabine, and vincris-
tine versus observation until the time of disease progression
followed by palliative therapy with hydroxyurea and subcuta-
neous cytarabine [16]. The induction chemotherapy group
showed a significantly higher complete remission rate (58 vs.
0 %), and a longer median survival (21 vs. 11 weeks). How-
ever, patients with organ dysfunction or a poor performance
status were excluded from the study, and, therefore, this study
does not accurately reflect elderly patients with AML in daily
clinical practice. Tilly et al. reported a contradicting result [17].
They randomized AML patients greater than the age of 65 years
into induction chemotherapy including rubidazone and cytar-
abine or low-dose cytarabine treatment. Although the complete
remission rate was higher with intensive therapy, there was no

Table 3 Cause of death
grouped according to
the treatment intensity

Intensive chemotherapy

No Yes
Leukemia 10 18
Infection 11 7
Hemorrhage 4 4
Heart failure 1
Other 3 2
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survival advantage associated with intensive induction chemo-
therapy due to increased early mortality. Therefore, the optimal
treatment for elderly patients with AML remains controversial.

In this study, we retrospectively analyzed the clinical
outcome in AML patients aged at least 70 years. Although
this study includes many limitations due to its retrospective
nature, the subjects of this study consisted of elderly AML
patients in real daily practice. In fact, more than half of the
patients had a poor performance status (ECOG-PS 2-4).
Forty-five of the 81 patients received intensive chemother-
apy, whereas 36 did not. Of course, there must be a selection
bias. For example, the patient age was significantly younger
in the intensive chemotherapy group (75.7 vs. 78.9 years,
P=0.0090). Therefore, we calculated a propensity score to
adjust for the background characteristics at diagnosis. The
propensity score calculated based on four factors at diagno-
sis showed good discrimination, with a C statistic of 0.813.
Overall survival was shown to be significantly better in the
intensive chemotherapy group by a stratified log-rank test.
In addition, the survival advantage in the intensive chemo-
therapy group was clearly observed in the combined second
and third quartiles. Intensive chemotherapy was performed
in 10 of 20 and 12 of 20 patients in the second and third
quartile patients, respectively, and therefore, the intensive
and non-intensive strategies were chosen evenly. This fact
may indicate that it can be difficult to decide whether or not
intensive chemotherapy should be performed in these
patients. The current data may suggest that intensive che-
motherapy prolongs overall survival in such patients.

Recently, however, Kantarjian et al. reported that the prog-
nosis of elderly patients with AML is poor even with intensive
chemotherapy. The major difference between their study and
ours is the proportion of patients with unfavorable karyotype
(54 vs. 22 %). In fact, when we analyzed only in patients with
unfavorable karyotype, two-year survival was 14.3 and
11.1 % with intensive and non-intensive chemotherapies,
respectively. Therefore, the benefit of intensive chemotherapy
might be limited in patients without unfavorable karyotype.

In this study, we could not assess the quality of life
(QOL) of the patients. The length of the hospital stay is also
an important point. The previous randomized trial by
EORTC showed that there was no difference in the number
of days spent in the hospital between the two freatment
strategies. In contrast, in Tilly’s study, the hospital stay in
the low-dose cytarabine group was shorter than that in the
intensive chemotherapy group. In addition, severe infectious
complications were more frequent in the latter. Therefore,
the effect of initial treatment intensity on the QOL of the
elderly AML patients is still controversial.

In conclusion, intensive chemotherapy may be recom-
mended for elderly patients with AML to prolong overall
survival, as long as patients are considered to be able to
tolerate such treatment. However, the impact of intensive
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chemotherapy on the QOL of the patients should be evalu-
ated further.
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Abstract While renal comorbidity is generally defined by
the serum creatinine level, the creatinine clearance rate (Ccr)
is a more accurate indicator of renal function. Therefore, we
retrospectively assessed how mildly reduced renal function
as defined based on Ccr affects the outcome after allogeneic
hematopoietic stem cell transplantation (HSCT). Patients
who underwent allogeneic HSCT at the eight institutes of
the Kanto Study Group for Cell Therapy were included in
this study. Based on the corrected Ccr, patients were classi-
fied into group 0 (n=440, >90 mL/min/1.73 m?), group 1
(n=56, 60~89 mL/min/1.73 m?), or group 2 (n=11, 30-
59 mL/min/1.73 m?). Therefore, 67 patients were consid-
ered to have mild renal impairment, whereas only 2 had a
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serum creatinine level higher than 1.2 mg/dL. Twenty-eight
patients required hemodialysis after HSCT, with 5.5, 5.4,
and 9.1 % in groups 0, 1, and 2, respectively (p=0.65). The
incidence of non-relapse mortality (NRM) was higher in
group 2, although these differences were not statistically
significant probably due to the small sample size (23.7,
28.2, and 47.2 % at 3 years, p=0.20). In conclusion, NRM
may be associated with mildly reduced renal function before
allogeneic HSCT, which cannot be detected by measure-
ment of the serum creatinine level alone.
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Introduction

Hematopoietic stem cell transplantation (HSCT) is a poten-
tially curative freatment for patients with various hemato-
logical diseases, but it is associated with a high rate of
treatment-related toxicities. In addition, comorbidities be-
fore HSCT significantly affect outcome of HSCT. Reduced
renal function is one of the risk factors for transplant-related
toxicities, and patients with significant renal dysfunction
have traditionally been excluded from HSCT because of
unacceptably high transplant-related mortality (TRM) [1].
In fact, renal dysfunction before HSCT is included as a risk
factor in the hematopoietic cell transplantation comorbidity
index (HCT-CI) [2, 3], which predicts TRM and survival
after HSCT. In the HCT-CI, as well as in other studies, renal
function was estimated using the serum creatinine level
before HSCT. However, the serum creatinine level is affect-
ed not only by renal function but also by the patient's age,
sex, and muscle volume. While the effect of age and sex can
be adjusted by the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EP]) formula, individual variations in
muscle volume cannot.

The creatinine clearance rate (Ccr) is the volume of
blood plasma that is cleared of creatinine per unit time
and is a useful and exact measure for approximating the
glomerular filtration rate (GFR). Ccr has an important
role in estimating the renal function and is used in the
criteria for chronic kidney disease (CKD) [4, 5]. How-
ever, the impact of renal function as evaluated using
Cer instead of the serum creatinine level before HSCT
on the clinical outcome has not yet been investigated.
Therefore, the aim of this study was to assess the
outcome of patients with mildly reduced renal function
as defined by Ccr before allogeneic HSCT.

Patients and methods
Study population

The study population consisted of patients who underwent
allogeneic HSCT using a calcineurin inhibitor between Jan-
uary 2004 and December 2008 at the eight institutes of the
Kanto Study Group for Cell Therapy (KSGCT). Patients
with available Ccr data before HSCT were included in this
study. This study was approved by the Institutional Review
Board of each institute.

Data collection
The patients' data were extracted from the database of

KSGCT, except for Cer, which is not included in the
database. Therefore, Ccr data were collected from each
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institute using a survey sheet. Ccr was calculated from
a serum sample and 24-h urine sample, and corrected
by the actual body surface area using the following
formula:

Cer(mL/min/1.73m?) = | Ucr (mg/dL)xUV(mL/day) | /
x 1.73(m?)

Scr (mg/dL) x BSA (m?)
% 1,440(min /day)

(Scr, serum creatinine (in milligrams per deciliter);
Ucr, creatinine of 24-h urine sample (in milligrams
per deciliter); UV, urine volume (in milliliters per
day); and BSA, actual body surface area (in square
meters).

In patients in whom the Ccr was measured more than
once before HSCT, the average values were used in this
study. We considered that the urine collection was per-
formed accurately, as the mean creatinine excretion in urine
was 1,382 mg/day (standard deviation [SD], 440 mg/day) in
male patients and 1,141 mg/day (SD, 476 mg/day) in female
patients. The serum creatinine level was measured using the
enzymatic creatinine assay in all centers with the same
normal ranges.

We also evaluated Ccr using the CKD-EPI formula as
follows [6]:

GFR = 141 x min(Scr/x, 1)* x max(Ser/x, 1) 2%
x 0.993%° x 1.018 [if female]
x 1.159[if African American]

(Scr, serum creatinine (in milligrams per deciliter); &,
0.7 for females and 0.9 for males; and «, —0.329 for
females and —0.411 for males; min indicates the mini-
mum of Scr/k or 1, and max indicates the maximum of
Scr/k or 1).

Statistical considerations

Overall survival was calculated using the Kaplan—Meier
method and compared among groups by the log-rank
test. Non-relapse mortality was calculated by treating
relapse as a competing risk and compared among
groups using Gray's method [7]. Non-relapse mortality
was adjusted for other confounding factors using the
Fine and Gray proportional hazard regression [8]. The
p values of less than 0.05 were considered statistically
significant. All statistical analyses were performed with
EZR (Saitama Medical Center, Jichi Medical University)
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[9], which is a graphical user interface for R (the R Foundation
for Statistical Computing, version 2.13.0). More precisely,
it is a modified version of R commander (version 1.6-3)
that includes statistical functions that are frequently used in
biostatistics.

Results
Characteristics of the patients

Five hundred seven patients were included in this study.
There were 285 males and 222 females with a median age
of 44 (range, 15-68 years). All patients had underlying
hematological malignancies, except for 14 patients with
aplastic anemia. The median serum creatinine level before
conditioning was 0.65 (range, 0.32~1.33 mg/dL). Only two
patients had a serum creatinine level between 1.2 and
2.0 mg/dL, which corresponds to mild renal impairment in
HCT-CI, and none of the patients showed a serum creatinine
level higher than 2.0 mg/dL. On the other hand, 440 patients
had normal renal function (group 0, Ccr at 90 mL/min/
1.73 m? or higher), and the other 67 patients had mildly
reduced renal function (<90 mL/min/1.73 m?). The latter 67
patients were further classified into group 1 (56 patients,
11.0 %) and group 2 (11 patients, 2.2 %), according to
corrected Ccr values of 60-89 and 30-59 mL/min/
1.73 m?, respectively.

Patient characteristics grouped according to the corrected
Ccr are shown in Table 1. Of the two patients with a serum
creatinine level higher than 1.2 mg/dL, one patient, a 55-
year-old male, was in group 0 (serum creatinine, 1.33 mg/
dL, and Cecr, 94.7 mL/min/1.73 mz), and the other, a 50-
year-old male, was in group 2 (serum creatinine, 1.24 mg/
dL, and Cer, 39.7 mL/min/1.73 m?). Based on the CKD-EPI
equation, the GFRs of these patients were estimated to be
59.8 and 67.3 mL/min/1.73 m?, respectively. These findings
suggested that it is important to measure Cer exactly to
accurately assess renal function before HSCT.

Treatment outcome

Engraftment was achieved in 92.5, 92.5, and 100 % of the
patients in groups 0, 1, and 2, respectively (p=0.67). Grade
II to TV acute graft-versus-host disease (GVHD) was ob-
served in 34.8, 32.1, and 45.5 % of the patients in groups 0,
1, and 2, respectively (p=0.70). Figure 1 shows the overall
survival after HSCT. There was no significant difference in
overall survival among the three groups (51.5, 41.8, and
43.6 % at 3 years, p=0.18). On the other hand, the incidence
of non-relapse mortality was higher in group 2 although the
differences were not statistically significant (23.7, 28.2, and
47.2 at 3 years, p=0.20, Fig. 2). Next, the impact of renal
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function on the incidence of non-relapse mortality was
adjusted for patient age, which was the only significant
factor for non-relapse mortality by a multivariate analysis.
The adjusted hazard ratios were 1.18 (95 % CI 0.65-2.14,
p=0.59) for group 1 and 1.98 (95 % CI 0.81-4.82, p=0.13)
for group 2 (Table 2).

Hemodialysis after transplantation

Overall, 28 patients required hemodialysis for severe renal
failure after HSCT. Hemodialysis was initiated within
100 days after HSCT in 20 patients and after 100 days in
8 patients. The probability of requiring hemodialysis was
9.1 % (n=1) in group 2, which was higher than those in
groups 1 (n=3, 5.4 %) and 0 (n=24, 5.5 %), but the differ-
ences were not statistically significant (p=0.65). Hemodial-
ysis was discontinued in only six patients in group 0. Of the
other 22 patients, only 3 patients (two in group 0 and one in
group 1) were alive at the last follow-up, and the remaining
19 patients have died, mainly (n=15) without relapse of the
underlying disease.

Discussion

The Charlson Comorbidity Index (CCI) is a classical mea-
sure of the impact of different comorbidities on the index
disease [10]. In the CCI, mild renal comorbidity is defined
as serum creatinine of 2-3 mg/dL, and moderate~severe
renal comorbidity is defined as serum creatinine>3 mg/dL,
renal dialysis, or renal transplant. These definitions were
modified in the HCT-CI, because such comorbidities in the
CCI are rarely encountered in HSCT patients [3]. In the
HCT-CI, mild renal comorbidity is defined as serum creat-
inine of 1.2-2.0 mg/dL, and moderate to severe renal
comorbidity is defined as serum creatinine >2 mg/dL, renal
dialysis, or renal transplant [3]. In the analysis of HCT-CI,
mild renal comorbidity did not correlate with non-relapse
mortality (multivariate hazard ratio, 0.8), whereas moderate
to severe renal comorbidity was associated with a signifi-
cantly higher non-relapse mortality (multivariate hazard ra-
tio, 2.6) {3]. However, in the current study, only two patients
(0.4 %) met the criteria of mild renal comorbidity, and none
met the criteria of moderate to severe renal comorbidity in
the HCT-CL

The serum creatinine level is not sensitive enough to
detect mildly reduced renal function since it does not
increase until the GFR is reduced by approximately
half. In addition, the renal function estimated from the
serum creatinine level is lower than the actual renal
function in patients with decreased muscle volume. This
could be a major problem in heavily pretreated HSCT
recipients. Therefore, in this study, we used Ccr as a
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Table 1 Patient characteristics

Normal (n=440)

Group 1 (n=56)

Group 2 (n=11)

Age 43 (15-68) 50 (17-64) 52 21-67)
Sex Male 256 26 3
Female 184 30 8
Serum creatinine 0.63 (0.32-1.33) 0.74 (0.44-1.11) 0.74 (0.43-1.24)
Serum creatinine group 0-1.2 mg/dL 439 56 10
1.2-2.0 mg/dL 1 0 1
2.0-mg/dL 0 0 0
Corrected creatinine clearance 139 (90-347) 78 (61-89) 46 (32-57)
CKD-EPI estimation 116 (60-168) 103 (62-147) 92 (56-132)
Disease AML 207 19 4
ALL 85 14 3
CML 21 2 0
MDS/MPN 62 4 2
Lymphoma 32 12 2
AA 11 3 0
Others 22 2 0
Donor Related 196 23 3
Unrelated 236 33 8
Stem cell source BM 269 29 7
BM + PB 0 1 0
PB 100 14 1
CB 71 12 3

CKD-EPI Chronic Kidney Disease Epidemiology Collaboration, AML acute myelogeneous leukemia, ALL acute lymphoid leukemia, CML chronic
myelogeneous leukemia, MDS myelodysplastic syndrome, MPN myeloproliferative neoplasms, AA aplastic anemia, BM bone marrow, PB

peripheral blood stem cell, CB cord blood

more accurate estimator of renal function. In this cohort,
2.2 % of the patients had a corrected Cer level less than
60 mL/min/1.73 m?, which meets the criteria of CKD
stage 3, and 11 % of the patients had a corrected Ccr
between 60 and 89 mL/min/1.73 m?, which meets the
criteria of CKD stage 2, whereas only two patients
(0.4 %) had a serum creatinine level higher than
1.2 mg/dL. Therefore, mild renal comorbidity, as
assessed by the serum creatinine level, was not sensitive
enough to detect mild renal impairment. The use of
serum cystatin C level to estimate GFR can be an
alternative approach [11]. The cystatin C level is not
affected by the muscle volume, and the estimation of
GFR with cystatin C does not require urine collection.
However, the cystatin C level has been correlated with
markers of inflammation such as C-reactive protein,
body size, and diabetes [12, 13]. Therefore, we did
not use cystatin C to estimate GFR in our cohort.

In this study, the incidence of non-relapse mortality
was higher in patients with a Cecr level less than
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60 mL/min/1.73 m> While this difference was not
statistically significant, the analysis was underpowered
due to the small sample size. The renal impairment
before HSCT may affect the transplantation outcome
in several ways. First, additional renal damage caused
by the conditioning regimen, calcineurin inhibitors, and
antimicrobial agents may lead to severe renal insuffi-
ciency requiring hemodialysis. In addition, the dose of
calcineurin inhibitors is often reduced to avoid renal
toxicity, which may increase the incidence of acute
GVHD. Furthermore, the use of steroid instead of
calcineurin inhibitors may increase the risk of infec-
tious complications. In this study, there was no appar-
ent difference in the incidences of hemodialysis and
acute GVHD, and therefore, the increase in the inci-
dence of non-relapse mortality in patients with mild
renal impairment was multifactorial.

With regard to the impact of renal impairment before
HSCT on the incidence of acute renal failure after
HSCT, there have been conflicting reports [14]. Zager
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Fig. 1 Overall survival grouped according to renal function before
transplantation. Group 0: normal renal function; group 1: corrected
creatinine clearance, 60-89 mL/min/1.73 m?; group 2: corrected cre-
atinine clearance, 30-59 mL/min/1.73 m?

et al. reported that the higher serum creatinine level
before HSCT was independently associated with the
subsequent development of acute renal failure requiring
hemodialysis [15]. However, a subsequent report from
the same institution showed that the increase in baseline
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Fig. 2 Incidence of non-relapse mortality grouped according to renal
function before transplantation. Group 0: normal renal function; group
1: corrected creatinine clearance, 60-89 mL/min/1.73 m?; group 2:
corrected creatinine clearance, 30-59 mL/min/1.73 m>
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Table 2 Multivariate analysis for the incidence of non-relapse
mortality

Hazard ratio p value
Age 1.02 (1.01~1.04) 0.0067
Corrected Cer group 0 1
1 1.18 (0.65-2.14) 0.59
2 1.98 (0.81-4.82) 0.13

serum creatinine level was associated with a decrease in
the incidence of acute renal failure after HSCT [16].
The latter finding might be affected by the definition of
acute renal failure. They defined acute renal failure as a
doubling of baseline serum creatinine level, and there-
fore, patients with a low baseline level required a
smaller absolute change to meet the criterion. However,
they also suggested a possibility based on the experi-
mental animal data that the induction of nephrotoxic
injury may confer protection against subsequent renal
damage [17, 18]. In fact, Zager showed that both the
frequency and degree of reduction in estimated GFR
after HSCT were lower in patients with lower estimated
GFR before HSCT [19]. However, these data should be
interpreted with caution, as they analyzed only patients
who were alive at 1 year after HSCT, and therefore,
patients who died early after HSCT were excluded from
the analysis. In addition, as the author commented in
the paper, the limitation of the analysis was the use of
estimated GFR based on the Modification of Diet in
Renal Disease equation.

The use of reduced-intensity conditioning may pos-
itively affect the transplantation outcome in patients
with renal impairment. In fact, Kersting et al. reported
that patients with mildly reduced renal function can be
safely treated in non-myeloablative HSCT [20]. The
current study did not include enough patients to eval-
uate the impact of the conditioning regimen on the
relationship between renal function and the incidence
of non-relapse mortality. However, we did not find a
tendency for a smaller effect of renal impairment in
patients who received reduced-intensity conditioning
(data not shown).

In conclusion, mildly reduced renal function before allo-
geneic HSCT may increase the incidence of non-relapse
mortality. Calculation of Ccr using a serum sample and
24-h urine sample is required to detect mild renal impair-
ment. However, further studies will be required to identify a
strategy to reduce non-relapse mortality in patients with
mild renal impairment.
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Pharmacokinetics of micafungin in patients
undergoing allogeneic hematopoietic stem cell

transplantation
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Pharmacokinetics of micafungin in patients undergoing allogeneic
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Abstract: Objectives. Micafungin (MCFG) is an antifungal agentthat
is widely used for the treatment of invasive fungal infection. Although
the pharmacokinetics of MCFG s considered to depend on the hepatic
metabolism, the impact of hepatic function on the pharmacokinetics of
MCEFG has been inconsistent among previous studies. The object of
this study was to evaluate the relationship between plasma MCFG
concentration and clinical and laboratory data.

Patients and methods. We examined the plasma concentration of
MCFG in 10 patients who underwent allogeneic hematopoietic stem
cell transplantation (HSCT). MCFG at 150 mg/day was administered
intravenously a median of 58.5 days after HSCT. Trough and peak
concentrations of MCFG (Cmin and Cmax) were measured at a
median of 5.5 days after the first administration of MCFG.

- Results. The presence of graft-versus-host disease involving the
liver at blood sampling was associated with significantly higher
Cmin and Cmax of MCFG. Among the laboratory data, Cmin and
Cmax were significantly higher in patients with severely impaired
hepatic function defined as serum total bilirubin (TBi) level >5 mg/
dL and/or serum gamma-glutamyltransferase (y-GTP) level
>500 IU/L, but the presence of mildly impaired hepatic function
defined as serum TBi level >2 mg/dL and/or serum y-GTP level
>200 IU/L did not affect Cmin and Cmax. Renal function did not
show significant impact on Cmin and Cmax.

Conclusion. These findings suggest that the pharmacokinetics of
MCFG is affected only by severely impaired liver function.

K. Oshima'?, Y. Kanda'?, S. Kako'?,
K. Ohno®, S. Kishino®, M. Kurokawa®*

"Division of Hematology, Saitama Medical Center, Jichi
Medical University, Saitama, Japan, “Department of
Hematology and Oncology, Graduate School of Medicine,
University of Tokyo, Tokyo, Japan, *Department of Medication
Use Analysis and Clinical Research, Meiji Pharmaceutical
University, Tokyo, Japan, *Department of Cell Therapy and
Transplantation Medicine, University of Tokyo Hospital, Tokyo,
Japan

Key words: pharmacokinetics; micafungin; liver
function; HSCT

Correspondence to:

Mineo Kurokawa, MD, PhD, Department of Hematology
& Oncology, Graduate Schoof of Medicine, University of
Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8655, Japan
Tel: +81 3 5800 9092

Fax: +81 3 5840 8667

E-mail; kurokawa-tky@umin.ac.jp

Received 30 April 2012, revised 4 October 2012, 23
November 2012, accepted for publication 23 November
2012

DOI: 10.1111/tid.12070
Transp! Infect Dis 2013: 15: 323-327

Micafungin (MCFG) is classified as an echinocandin
antifungal agent that specifically inhibits the synthesis
of (1,3)-B-D-glucan, a key component of fungal cell walls
to retain the rigidity to resist osmotic pressure, and has
been found to have potent antifungal activity against a
broad spectrum of Candida and Aspergillus species (1,
2). MCFG exhibits linear pharmacokinetics after intra-
venous (IV) administration. It distributes well into
tissues including lung, liver, and spleen, except for the
central nervous system. Following initial distribution,
MCFG is taken wup by transporter-mediated
mechanisms and degraded slowly primarily in the
liver by catechol-O-methyltransferase pathway (3). Its
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metabolites are inactive, except that 2 minor metabo-
lites exhibit antifungal activities. MCFG is a poor
substrate for cytochrome P450 enzymes and does not
inhibit them. MCFG is predominantly cleared by
hepatocyte uptake and biliary excretion, and therefore,
MCEFG is eliminated mainly by feces and <15% by urine
@, 4).

Although the pharmacokinetics of MCFG is consid-
ered to highly depend on the hepatic metabolism, the
impact of impaired hepatic function on the pharmaco-
kinetics of MCFG has been inconsistent among
previous studies. Therefore, in this study, we examined
the plasma concentration of MCFG in patients who
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