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Decreased insulin secretion in patients receiving tacrolimus as GVHD
prophylaxis after allogeneic hematopoietic SCT
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As it has been reported that hyperglycemia is associated
with a higher risk of non-relapse mortality after allogeneic
hematopoietic SCT (HSCT), the efficient control of
hyperglycemia has become an important consideration for
safer HSCT.'* A characteristic feature of this field is the
use of calcineurin inhibitors, including tacrolimus (TAC),
which may cause hyperglycemia as suggested in organ
transplant settings, possibly by decreasing insulin secre-
tion.* To evaluate this possibility, we serially monitored
fasting glucose levels and serum immunoreactive insulin,
and calculated homeostasis model assessment (HOMA)-IR
and HOMA-B with the HOMA model® as recommended by
Wallace er al.® HOMA-IR reflects insulin resistance and
HOMA-B reflects the insulin secretion status.®> If HOMA-
IR increased after the administration of allogeneic HSCT,
drugs that reduce insulin resistance, such as metformin or
pioglitazone, might theoretically be effective. In contrast, if
HOMA-B decreased, drugs that increase insulin secretion,
such as glucagon-like peptide-1 analog or sulfonylureas,
might be effective. The data from this study may help us to
better understand how we should control glucose levels
after HSCT.

Data obtained from 43 adult patients who received
allogeneic HSCT from October 2006 to December 2007
were included in the analysis. The median age of the
patients was 48 years (range: 19-66 years). When patients
were not receiving s.c. long-acting insulin, systemic

corticosteroid or parenteral nutrition, blood samples were
obtained 1-2 months after HSCT. GVHD prophylaxis was
started using CsA-based (n=13) or TAC-based regimens
(n=130), with an additional short course of MTX in 35
patients. At the time of subsequent blood sampling, 15
patients were receiving CsA and 28 patients were receiving
TAC, with no significant difference in various factors
including age, gender, disease and intensity of the
conditioning regimen (conventional vs reduced intensity),
except that the TAC group included more HSCT with
unrelated BM than the CsA group (89 vs 27%, respec-
tively). The results regarding fasting glucose level, immu-
noreactive insulin and the HOMA model are summarized
in Table 1.

We found that HOMA-B was significantly reduced in the
TAC group compared with that in the CsA group, which
was consistent with earlier studies in an organ transplant
setting.® Clinically, it has been reported that GVHD
prophylaxis with TAC is generally associated with a
reduced incidence of acute GVHD compared with CsA.
In contrast, hyperglycemia was associated with a higher
risk of non-relapse mortality after allogeneic HSCT.'?
In our earlier study, patients with severe hyperglycemia had
a significantly higher incidence of acute GVHD compared
with normoglycemic patients.® Therefore, it is possible that
hyperglycemia related to the use of TAC could offset the
potential benefit of TAC, and drugs that increase insulin
secretion, including the glucagon-like peptide-1 analog,
may reverse the suppression of the insulin level.” Whether
intensive glucose control could reduce the risk of acute

Table 1 Pretransplant and posttransplant glycemic status
Variable N (% )] Median (range)
Tacrolimus (n=28) Csd (n=15)
Fasting glucose level (mg per 100 ml)
Pretransplant 87 (80-129) P=0.08 89 (79-154) P=0.55
Posttransplant 95 (79-129) 91 (80-116)
Imnumoreactive insulin level (pUfmli)
Pretransplant 6.1 (1.6-17.3) P=0.60 6.6 (2.9-13.5) P=0.25
Posttransplant 6.5 (1.5-18.0) 5.3 (2.4-10.1)
HOMA-IR
Pretransplant 1.4 (0.3-4.6) P=0.75 1.4 (0.6-5.13) P=0.40
Posttransplant 1.5(0.34.2) 1.3 (0.5-2.2)
HOMA-B
Pretransplant P=0.04 P=043

90.9 (30.3-193.7) ]

Posttransplant 69.9 (15.8-202.5)

65.4 (38.7-160.0)
61.7 (28.5-180.0)

Abbreviations: HOMA = homeostasis model assessment; IR =sulin resistance.



=)

Letter to the Editor

406

GVHD in patients using TAC should be evaluated by
prospective randomized control trials.

In conclusion, this is the first study to assess the change
in the glycemic status with the HOMA model in patients
undergoing HSCT with CsA or TAC. We showed that
GVHD prophylaxis with TAC was associated with
decreased insulin secretion and a resultant tendency for
hyperglycemia. It is possible that measures to keep insulin
and glucose levels within their respective normal ranges are
effective for reducing morbidity and mortality after HSCT.

Conflict of interest

The authors declare no conflict of interest.

Acknowledgements

This study was supported in part by grants from the Ministry of
Health, Labor and Welfare, Japan, and the Advanced Clinical
Research Organization.

S Fuji', S-W Kim', S Mori', K Furuta?, R Tanosaki',

Y Heike', Y Takaue' and T Fukuda'

' Division of Stem Cell Transplantation, National Cancer
Center Hospital, Tokyo, Japan and

2Division of Laboratory Medicine, National Cancer Center
Hospital, Tokyo, Japan

E-mail: tafukuda@ncc.gojp

Bone Marrow Transplantation

References

1

Hammer MJ, Casper C, Gooley TA, O’'Donnell PV, Boeckh M,
Hirsch IB. The contribution of malglycemia to mortality among
allogeneic hematopoietic cell transplant recipients. Biol Blood
Marrow Transplant 2009; 15: 344-351.

Fuji S, Kim SW, Mori S, Kamiya S, Yoshimura K, Yokoyama
H et al. Intensive glucose control after allogeneic hematopoietic
stem cell transplantation: a retrospective matched-cohort study.
Bone Marrow Transplant 19 January 2009 [e-pub ahead
of print].

Fuji S, Kim SW, Mori S, Fukuda T, Kamiya S, Yamasaki S
et al. Hyperglycemia during the neutropenic period is associated
with a poor outcome in patients undergoing myeloablative
allogeneic hematopoietic stem cell transplantation. Transplant-
ation 2007; 84: 814-820.

Pham PT, Pham PC, Lipshutz GS, Wilkinson AH. New onset
diabetes mellitus after solid organ transplantation. Endocrinol
Metab Clin North Am 2007; 36: 873-890.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher
DF, Turner RC. Homeostasis mode! assessment: insulim
resistance and beta-cell function from fasting plasma glucose
and insulin concentrations in man. Diabetologia 1985; 28:
412-419.

Wallace TM, Levy JC, Matthews DR. Use and abuse of HOMA
modeling. Diabetes Care 2004; 27. 1487-1495.

Garber A, Henry R, Ratner R, Garcia-Hernandez PA,
Rodriguez-Pattzi H, Olvera-Alvarez 1 et al. Liraglutide versus
glimepiride monotherapy for type 2 diabetes (LEAD-3 Mono): a
randomised, 52-week, phase Ill, double-blind, parallel-treat-
ment trial. Lancer 2009; 373: 473-481.



4

Research Article

Outcome of 93 patients with relapse or progression following
allogeneic hematopoietic cell transplantation

Saiko Kurosawa, Takahiro Fukuda,* Kinuko Tajima, Bungo Saito, Shigeo Fuji, Hiroki Yokoyama,
Sung-Won Kim, Shin-ichiro Mori, Ryuji Tanosaki, Yuji Heike, and Yoichi Takaue

Relapse/progression after allogeneic hematopoietic cell transplantation (allo-HCT) remains the major cause
of treatment failure. In this study, the subsequent clinical outcome was overviewed in 292 patients with leu-
kemia/myelodysplastic syndrome who received allo-HCT. Among them, 93 (32%) showed relapse/progres-
sion. Cohort 1 was chosen to receive no interventions with curative intent (n = 25). Cohort 2 received rein-
duction chemotherapy and/or donor lymphocyte infusion (n = 48), and Cohort 3 underwent a second allo-
HCT (n = 20). Sixty-three patients received reinduction chemotherapy, and 27 (43%) achieved subsequent
complete remission (CR). The incidence of nonrelapse mortality (NRM) was similar among the three cohorts
(4, 15, and 5%). The 1-year overall survival (OS) after relapse was significantly better in patients with a sec-
ond HCT (58%) than in others {14%, Cohorts 1 and 2; P < .001). However, the 2-year OS did not differ
between the two groups, which suggests that it is difficult to maintain CR after the second HCT. Multivariate
analysis showed that reinduction chemotherapy, CR after intervention, second HCT, and longer time to
post-transplant relapse were associated with improved survival. In conclusion, for patients with relapse
after allo-HCT, successful reinduction chemotherapy and a second HCT may be effective for prolonging sur-
vival without excessive NRM. However, effective measures to prevent disease progression after a second

HCT clearly need to be developed. Am. J. Hematol. 84:815-820, 2009. © 2009 Wiley-Liss, Inc.

Introduction

Relapse or progression of leukemia occurring after allo-
geneic hematopoietic cell transplantation (allo-HCT) remains
the major cause of post-transplantation mortality, with a
median postrelapse survival of 1.6-6 months when aggres-
sive intervention is suspended [1-6]. The optimal treatment
strategy for these patients has not yet been established.
Although some patients can be reinduced into complete
remission (CR) with conventional chemotherapy, only a few
become long-term survivors while maintaining conventional
chemotherapy [4-6], and the benefit of donor lymphocyte
infusion (DLI) for acute leukemia is limited [1,3,7].

Several studies have shown that a second allo-HCT
improved survival after relapse and represents a potential
therapeutic option, which may increase the duration of leu-
kemia-free survival (6—25 months) [1,6,8—14]. However, this
is associated with a high rate of nonrelapse mortality
(NRM) (24-75%) [8-13,15]. In many studies, the results
regarding a second HCT are generally represented by het-
erogeneous cohorts of patients or series with relatively few
patients carrying variable backgrounds. Furthermore, most
studies have not compared the outcome of a second HCT
with that of other interventions in the modern treatment era.

To identify the factors that influence the outcome of
patients with relapse after various salvage therapies,
including second HCT, we performed a retrospective single-
center analysis of consecutive 292 patients.

Patients and Methods

Patients. Between January 2000 and December 2006, a total of 292
patients with leukemia or myelodysplastic syndrome (MDS) underwent
allo-HCT at the National Cancer Center Hospital. Recipients of haploi-
dentical transplants from related donors and patients aged 15 or under
were not included in this study. The characteristics of the patients and
transplantations are summarized in Table |. The underlying diseases
were AML (n = 142), MDS (n = 73), CML (n = 34), and ALL (n = 43).
The median age at the initial HCT was 50 years (range: 16-68). Of the
292 patients, 148 received an initial HCT with myeloablative condition-
ing (cyclophosphamide plus fractionated TBI or busulfan), and the
remaining 144 received reduced-intensity conditioning (RIC; fludara-
bine- or cladribine-based).

© 2009 Wiley-Liss, Inc.
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Definitions. Relapse/progression after transplantation was defined as
the presence of or increase in leukemic blasts as detected by morphol-
ogy either in bone marrow or peripheral blood. Detection of minimal re-
sidual disease by flow cytometry, PCR, or decreasing donor chimerism
did not constitute evidence of recurrence in the absence of morphologi-
cal abnormalities. CR was defined as normocellular bone marrow with
less than 5% blasts along with the absence of blasts in the peripheral
blood [16]. Postrelapse overall survival (OS) was measured from the
date of relapse or progression to the time of death or censored date of
last contact. Withdrawal of immunosuppression (WIS) was defined as the
cessation of immunosuppression at the diagnosis of relapse or progres-
sion. Chemotherapy was categorized into two groups: reinduction chemo-
therapy and less-intensive chemotherapy intended for palliative treatment.
Disease-specific reinduction chemotherapy included high-dose cytarabine,
idarubicin + cytarabine, aclarubicin + low-dose cytarabine {17,18}, and
other remission-induction therapies for myeloid and lymphoid leukemia.
imatinib mesylate for CML, all-trans retinoic acid or arsenic trioxide for
acute promyelocytic leukemia (APL), gemtuzumab ozogamicin for CD33-
positive AML, and intrathecal chemotherapy alone for isolated central nerv-
ous system (CNS) relapse were also included in the reinduction chemo-
therapy group. Less-intensive chemotherapy included oral hydroxyurea,
cylarabine or 6-mercaptopurine, and the sole intravenous administration of
aclarubicin or vincristine, which are not thought to be intensive enough to
achieve remission, but are aimed at palliation. NRM was defined as death
from toxicities related to therapy without disease recurrence.

Interventions were categorized into three cohorts: Cohort 1, WIS or
less-aggressive chemotherapy; Cohort 2, reinduction chemotherapy
and/or DLI; Cohort 3, second allo-HCT.

Statistical analysis. Data were retrospectively reviewed and analyzed
as of August 2007. The primary endpoint of the study was OS following
relapse/progression. OS was estimated by the Kaplan-Meier method.
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The log-rank test and generalized Wilcoxon test were used to compare
the probabilities of survival over time across patient subgroups. Multiple
cox regression models were used for multivariate risk-factor analysis
for OS following relapse/progression. The clinical factors evaluated

TABLE 1. Patient and Transplanation Characteristics

Characteristics All patients Relapsed patients %°
No. of patients 292 93 (32)
Age, year, median (range) 50 (16-68) 47 (16-68)
Diagnosis®

AML 142 57 (40)

MDS 73 13(9)

CML 34 5 (4)

ALL 43 18 (13}
Gender

Male 173 49 (35)

Female 119 44 (31)
Matched related donor

Yes 125 44 (31)

No 167 49 (35)
Conditioning regimen

Myeloablative

TBi-based 90 38 (27)
BU/CY-based 58 21 {15)

RIC 144 34 (24)
Stem cell source

BM 125 37 (26)

PBSC 149 49 (35)

cB 18 7 (5)
Disease status at first HCT

CR 150 42 (30)

non-CR 142 51 (36)
GVHD prophylaxis

CSP-based 243 77 {54)

TAC-based 49 16 (11)

AML, acute myeloid leukemia; MDS, myelodysplastic syndrome; CML, chronic
myeloid leukemia; ALL, acute lymphoid leukemia; TBI, total body irradiation; BU/
CY, busulfan/cyclophosphamide; RIC, reduced-intensity conditioning; BM, bone
marrow; PBSC, peripheral blood stem cell; CB, cord blood; CR, complete remis-
sion; GVHD, graft-versus-host disease; CSP, cyclosporin; TAC, tacrolimus.

2 The percentage shown here indicates the proportion fo relapsed patients
among each category.

b MDS overt leukemia was categorized into AML.

were diagnosis, patient age at the initial HCT, gender, conditioning in
the initial HCT (myeloablative or RIC), donor in the initial HCT (HLA-
matched related or others), disease status at the initial HCT, interval
from the initial HCT to relapse/progression, interventions that were cho-
sen after relapse (Cohorts 1-3), and the response to the initial inter-
vention. We considered two-sided P-values of <0.05 to be statistically
significant. Statistical analyses were performed with the SPSS statistics
and SAS version 8.2 (SAS, Cary, NC).

Results

Relapse or progression

The characteristics of all patients and relapsed patients
are shown in Table I. Overall, 93 of the 292 patients (32%)
relapsed or progressed at a median of 154 days (range;
15-1,211) after the initial HCT (AML, n = 57; MDS, n
13; CML, n = 5; ALL, n = 18). The interval from the initial
HCT to relapse/progression was less than 100 days in 34
patients, 100 days to 1 year in 39 patients, and more than
1 year in 20 patients.

TABLE Il. Outcomes of interventions after Relapse

OS after relapse,

Therapy n CR (%) NRM (%} day, median, (range)
Total 93 34 (37) 9 (10) 184 (5-1456)
No aggressive Tx 25 1{4) 1 (4} 61 (5-245)
No therapy 7 0 0 56 (22--166)
WIS alone 10 1 1 60 (5-245)
Less- int. CTx 8 4} 0 74 (12-203)
Chemotherapy/DL! 48 18 (38) 7 {15) 194 (19-1,456)
Reinduction CTx 31 9 (29) 2 (6) 167 (19-1,456)
CTx + Dil 14 ' 7 (50) 4 (29) 194 (52-1,254)
DLI alone 3 2 (67} 1(33) 240 (32—243)
second HCT 20 15 (75) 1(5) 502 (66~-997)

CR, complete remission; NBM, nonrelapse mortality; OS, overalt survival; Tx, ther-
apy; WIS, withdrawal! of immunosuppression; Less-int. CTx, less-intensive chemo-
therapy; DLI, donor lymphocyte infusion; HCT, hematopoietic cell fransplantation.
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TABLE lil. Patient Characteristics of Intervention Group
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Characteristics No aggressive Tx (%) CTx and/or DLI {%) Second HCT (%) P
Total no. of patients 25 48 20
Diagnosis 0.053
AML 10 (40) 32 (67) 15 (75)
MDS 7 (28) 3 (6) 3 (15)
CML 2(8) 3(6) 0(0)
ALL 6 (24) 10 (21) 2 (10)
Age 0.333
<50 11 (44) 28 (58) 13 (65)
>50 14 (56) 20 (42) 7 (35)
Matched related donor 0.143
Yes 8 (32) 27 (56) 9 (45)
No 17 (68) 21 (44) 11 (55)
Disease status at first HCT 0.105
CR 7 (28) 26 (54) 9 (45)
non-CR 18 (72) 22 (46) 11 (55)
Time from first HCT to relapse 0.938
>100 days 16 (64} 31 (65) 12 (60}
<100 days . 9 (36) 17 (35) 8 (40)

Tx, therapy; CTx, chemotherapy; HCT, hematopoietic cell transplantation; AML, acute myeloid leukemia; MDS, myelodysplastic syndrome; CML, chronic myeloid

leukemia; ALL, acute lymphoid leukemia; CR, complete remission.

Interventions after relapse/progression

After the diagnosis of relapse or progression, the need
for salvage therapy was determined at a multiprofessional
conference, at which the clinical circumstances and the
opinions of physicians and patients were weighed. The vari-
ous therapeutic options used after the diagnosis of relapse
are summarized in Table Il and Fig. 1.

At the diagnosis of relapse or progression, 70 patients
had been receiving immunosuppression (median days after
initial HCT, 125; range 15-705) and 63 of them had it with-
drawn before receiving any other therapies.

After the diagnosis of relapse or progression, 63 patients
received reinduction chemotherapy with disease-specific reg-
imens, which included imatinib mesylate (CML, n = 4), all
trans-retinoic acid and arsenic trioxide (APL, n = 1), gemtu-
zumab ozogamicin (AML, n = 3), and intrathecal chemother-
apy alone for isolated CNS relapse (AML, n = 3; ALL, n=1;
CML, n = 1). Overall, 27 of the 63 patients who received rein-
duction chemotherapy achieved CR (43%). Among the 27
patients who achieved CR, 18 proceeded to DLI (n = 7) or sec-
ond HCT (n = 11). The remaining nine received no further ther-
apy other than chemotherapy; three patients with CNS relapse
were in remission, and the remaining six patients subsequently
progressed. Among the 36 patients who did not achieve CR, 14
proceeded to DLI (n = 7) or second HCT (n = 7), and the
remaining 22 did not receive further treatment because of vari-
ous reasons (disease progression, n = 15; infection and/or
graft-versus-host disease (GVHD), n = 4; refusal, n = 3). Two
other patients proceeded to second HCT directly after disease
relapse with concomitant graft failure.

To compare the outcomes of the interventions after
relapse/progression, we divided the 93 patients into three
cohorts according to the intervention, that is, no aggressive
therapy (Cohort 1, n = 25), reinduction chemotherapy and/
or DLI without second HCT (Cohort 2, n = 48), and second
HCT (Cohort 3, n = 20). There were no significant differen-
ces among the three groups in clinical characteristics such
as patient age at the initial HCT, diagnosis, donor in the ini-
tial HCT, disease status at the initial HCT, and interval from
the initial HCT to relapse (Table llI).

No aggressive therapy (Cohort 1)

Among the 93 patients who relapsed, 25 (27%) received
no aggressive therapy with curative intent other than WIS
or less-intensive chemotherapy, mostly because of comor-
bidities and/or refractoriness of leukemia/MDS. Among the
10 patients who received WIS alone, only one achieved
CR, but this patient subsequently died of bronchiolitis oblit-
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erans. All of the remaining eight patients who were given
less-intensive chemotherapy alone and seven who received
no therapy after relapse/progression died of disease progres-
sion without achieving CR. The median OS of the patients in
Cohort 1 was 61 days after relapse/progression and the
cause of death was primarily disease progression.

Reinduction chemotherapy and/or DLI without second
HCT (Cohort 2)

Of the 63 patients who received reinduction chemother-
apy after relapse, 45 patients did not receive a second
HCT; these 45 patients with or without subsequent DLI and
three other patients who received DLI without preceding
chemotherapy were placed in Cohort 2.

Overall, 16 (36%) of the 45 patients achieved CR as the best
response after reinduction chemotherapy. All three patients
with isolated CNS relapse were alive in remission, whereas 11
of 13 patients who had marrow relapse eventually relapsed.

After reinduction chemotherapy, 14 patients (AML, n = 9;
MDS, n = 1; ALL, n = 3; CML, n = 1) received DLI from the
same donor as in the initial HCT. The initial CD3-positive cell
dose of DLI ranged from 0.03 to 161 X 10%kg (median:
29 X 108/kg), and the number of courses of DLI was one to
four, which were chosen according to the donor source or the
disease status of patients at the discretion of physicians.
Although the remission rate of patients who received DLI after
chemotherapy was 50%, the incidence of NRM was also
rather high (29%, GVHD with or without infection). The
median OS of patients who received DLI after relapse/pro-
gression was 194 days (range: 52—1,254), which was similar
to that of patients without DLI (167 days, range; 19-1,456).

Among the three patients who received DLI without pre-
ceding chemotherapy (AML, 1; MDS, 2), two achieved CR
but all of them eventually died: one with toxicity and two
with disease progression.

Second HCT (Cohort 3)

Table IV summarizes the profiles of 20 patients who
underwent a second HCT. The median age at the initial
HCT was 38 years (21-66 years) and 65% of the patients
were younger than 50 years. The median time from the ini-
tial HCT to relapse/progression was 152 days (range: 21—
1,211), and the median interval between the initial HCT and
the second HCT was 325 days (range: 126-1,310). Six
patients received HCT from the same donor as in the initial
HCT (HLA-matched related donor, n = 5; unrelated bone
marrow donor, n = 1), and the remaining 14 received the
second HCT from a different donor (unrelated bone marrow
donor, n = 7; cord blood, n = 6; haploidentical related do-
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TABLE IV. Characteristics of Second Transplantation

Characteristics No of patients second HCT (%)

Total 20
Age
<50 13 (65)
>50 7 (35)
Diagnosis
AML 15 (75)
MDS 3(15)
CML 0(0)
ALL 2 (10)
Gender
Male 9 (45)
Female 11 (55)
Time from first HCT to relapse
<100 days 8 (40}
>100 days 12 (60)
Time from first HCT to second HCT
<1 year 12 (60}
>1 year 8 (40)
Donor for firstsecond HCT
Same 6 (30)
MRD-MRD 5
UBM-UBM 1
Different 14 (70)
UBM-UBM 4
MRD/CB-UBM 3
MRD/UBM-CB 6
Other 1
Conditioning for first/second HCT
Myeloablative 8 (40)
Myeloablative-RIC 7 {35)
RIC-RIC 5 (25)
Stem cell source
BM 8 (40)
PBSC 6 (30)
cB 7 (35)
Remission at second HCT
No 9 {45)
yes 11 (55)
GVHD prophylaxis
CSP-based 8 (40)
TAC-based 3 (15)
Others 3 (15)
GVHD
No 10 (50)
Yes 10 (50)

HCT, hematopoietic cell transplantation; AML, acute myeloid leukemia; MDS,
myelodysplastic syndrome; CML, chronic myeloid leukemia; ALL, acute lymphoid
leukemia: MRD, matched-related donor; UBM, unrelated bone marrow; CB, cord
blood; RIC, reduced-intensity conditioning; PBSC, peripheral blood stern cell; CSP,
cyclosporin; TAC, tacrofimus.

nor, n = 1). Among the 15 patients who had received mye-
loablative conditioning for the initial HCT, eight received
myeloablative conditioning and seven received RIC for the
second HCT. The remaining five patients received both HCT
with RIC. Although the 1-year OS after relapse was better in
patients who received myeloablative conditioning for the sec-
ond HCT than in patients who received RIC (100 vs. 37%,
P = 0.015), patients who received myeloablative conditioning
for the second HCT were younger and had a longer interval
between the initial and the second HCT than those who
received RIC (P < 0.001 and P = 0.006, respectively). There
was no difference in OS between patients who received a
second HCT from the same donor and those who had a
different donor (1-year OS: 44 vs. 60%, P = 0.48).

Two patients underwent immediate HCT after relapse
with concomitant graft failure. Among the other 18 patients
who received reinduction chemotherapy before the second
HCT, 11 had achieved CR at the second HCT and seven
were not in CR. Four of the nine patients with nonremission
disease at the second HCT, including two patients who did
not receive reinduction chemotherapy, subsequently achieved
CR; only one of the nine patients is currently alive in CR.

Of the 20 patients who underwent a second HCT, eight are
alive with a median foliow-up after relapse of 335 days (range:
181-997); five are in CR and three have recurrent disease.
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Figure 2. Overalt survival. [Color figure can be viewed in the online issue, which
is available at www.interscience.wiley.com ]

GVHD was newly diagnosed or interpreted to progress
after the second HCT in 10 of the 20 patients. The median
OS after relapse in patients with GVHD after the second
HCT was 422 days (range: 181-997), and all of these
patients achieved CR as a best response. The median OS
after relapse for the remaining 10 patients without GVHD
was 314 days (range: 66-757), and five of them failed to
achieve CR as a best response.

Comparison of CR, NRM, and OS after relapse
following the initial HCT

The median OS after the development of relapse in the
93 patients who had relapse/progression was 184 days
(range: 5-1,456). Overall, 15 patients (16%) are currently
alive with a median foliow-up of 346 days (range; 33-1,456
days), and 10 of these patients are still in CR. Among the
78 patients who died, 69 died of disease progression and
nine died of NRM (10%). The causes of NRM were GVHD
and/or infection in eight (Cohort 1, one patient; Cohort 2,
seven patients), and one early death after the second HCT
with hepatic failure, which accounts for the one case of
NRM for second HCT (Table 11).

We compared the rate of CR, NRM, and OS after
relapse among the three different cohorts (Table li). As the
maximum response, the probabilities of achieving CR were
4% in Cohort 1, 38% in Cohort 2, and 75% in Cohort 3.
The NRM rates were 4, 15, and 5% for each group, respec-
tively. The median duration of remission after achieving CR
was 177 days (range, 17-1,167). The median OS after
relapse/progression in patients who underwent a second
HCT (Cohort 3, 502 days) was significantly longer than
those in Cohort 1 (61 days) and Cohort 2 (194 days, P <
.001, Fig. 2). The 1-year OS after relapse was significantly
better in patients with a second HCT (Cohort 3) than in the
other patients (Cohorts 1 and 2) (58 vs. 14%). However, there
was no significant difference in the 2-year OS, which sug-
gests that it is difficult to maintain CR after a second HCT.

A multivariate analysis showed that CR after intervention
(HR 3.83, 95% Cl! 2.06-7.11, P <.001), reinduction chemo-
therapy (HR 2.83, 95% CI 1.65-4.86, P < .001), a second
HCT (HR 3.02, 95% CI 1.58-5.79, P < .001), and a longer
time from the initial HCT to relapse (HR 1.99, 95% CI 1.21-
3.28, P = 0.007) were associated with an improved OS
after relapse/progression (Table V). Diagnosis, patient age
at initial HCT, gender, conditioning regimen, or donor in the
initial HCT and DLI were not significant factors.
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TABLE V. Univariate and Multivariate Analysis of risk Factors for OS after Relapse
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Univariate analysis

Muttivariate analysis

Variables HR (95%Cl) P HR (95%CH) P
Diagnosis - -
CML 1.00
AML 2.03 (0.62-6.65) 0.241
ALL 254 (0.71-9.00) 0.150
MDS 3.39 (0.94-12.24) 0.062
Age - -
<50 1.00
>50 1.53 (0.98-2.41) 0.063
Gender - -
Male 1.00
Female 0.92 (0.59-1.43) 0.701
Conditioning - -
Myeloablative 1.00
RIC 1.34 (0.84-2.12) 0.216
Donor - -
MRD 1.00
Others 1.26 (0.80-1.97) 0.322
Disease Status at first HCT
Standard 1.00
High 1.23 {0.70-2.12) 0.465
Time from first HCT to relapse
>100 days 1.00 1.00
<100 days 1.74 {1.09-2.79) 0.020 1.99 (1.21-3.28) 0.007
Reinduction CTx
Yes 1.00 1.00
No 3.79 (2.24-6.40) <.001 2.83 (1.654.86) <.001
CTx Intensity - -
Reinduction 1.00
Less Intensive 4.44 (2.00-9.88) <.001
DL - -
Yes 1.00
No 1.00 (0.57-1.72) 0.968
Second HCT
Yes 1.00 1.00
No 2.89 (1.55-5.38) <.001 3.02 {1.58-5.79) <.001
CR after Interventions
Yes 1.00 1.00
No 3.54 (2.06-6.09) <.001 3.83 {2.06-7.11) <.001

08, overall survival; CML, chronic myeloid leukemia; AML, acute myeloid leukemia; ALL, acute lymphoid leukemia; MDS, myelodysplastic syndrome; RIC, reduced-in-
tensity conditioning; MRD, matched-related donor; HCT, hematopoietic cell transplantation; CTx, chemotherapy; DLI, donor lymphocyte infusion; CR, complete remission.

Discussion

With this retrospective single-center survey in which we
compared the outcomes of interventions for relapse/pro-
gression after allo-HCT, we showed that a second HCT sig-
nificantly improved the remission rate and survival. In con-
trast to previous reports (8-13, 15), NRM after a second
HCT was observed in an acceptable percentage of patients
(5%), even though 40% of the patients received myeloabla-
tive conditioning regimen for the second HCT.

As salvage interventions for leukemia/MDS relapsing af-
ter allo-HCT, chemotherapy, DLI either alone or in combina-
tion, and second HCT have been considered with different
degrees of success. Consistent with reports from other
groups [1,4-6], we found that patients who did not undergo
intensive chemotherapy had significantly shorter survival.
Even though 43% of the patients who were given reinduc-
tion chemotherapy achieved CR, all of the relapsed patients
who did not receive further intervention eventually relapsed
unless relapse is isolated to CNS, and all but one patient
died. Prior reports have also suggested that, instead of a
certain probability of obtaining remission with reinduction
chemotherapy, subsequent relapse is frequently observed
and the prognosis is poor when further immunotherapy is
suspended [1,4,6,19].

Although DLI has been recognized as an effective treat-
ment for relapsed CML, the efficacy of DLI for relapsed
acute leukemia is rather discouraging [3,7,20-22]. Although
the remission rate has been reported to be 15-42%, the
survival rate has not improved (3-year OS less than 20%),
mostly because of a high incidence of uncontrolled GVHD
(10~50%). In our cohorts, survival was not improved by
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adding DLI after chemotherapy, although half of the
patients had achieved transient remission. The incidence of
NRM after DLI was 29%, which was mostly explained by
GVHD. Compared to DLI, a second HCT yielded an even
better remission rate and lower NRM in our cohort, which
could be respectively explained by the efficacy of the use
of conditioning radiochemotherapy and GVHD prophylaxis
in the second HCT.

In our data, a second HCT significantly improved the
remission rate and survival compared to other interven-
tions, as proven by a multivariate analysis. Although Are-
llano et al. [1] indicated that immunotherapy including a
second HCT was effective compared to chemotherapy or
supportive care, other reports that compared interventions
after relapse following initial HCT failed to show the advant-
age of a second HCT [2,6,22]. Prior reports that focused
on a second HCT have also expressed concerns about the
negative impact of NRM, which has ranged from 24 to 75%
(8-13, 15). In contrast, our data revealed a 5% incidence
of NRM after a second HCT, which led to improved OS.
This unexpectedly fow incidence of NRM may reflect the
advances in GVHD prophylaxis and supportive care over
the past several years. Another possible explanation would
be a selection bias of fitter patients that led to less NRM
after the second HCT, although there were no significant
differences in available characteristics of patients in each
intervention group.

Concerning the conditioning regimen for the second
HCT, we found that patients who received myeloablative
conditioning had a better OS than patients who received
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RIC. Eapen et al. [9] indicated the importance of a tumor-
killing effect of myeloablative conditioning for the second
HCT compared to RIC. Other groups also reported a supe-
rior outcome of TBIl-based myeloablative conditioning in the
second HCT [8,11]. On the other hand, several recent
reports have shown that RIC offers a toxicity-reducing ben-
efit in the second HCT [10]. In our cohort, patients who
received myeloablative conditioning for the second HCT
were younger and had a longer interval from the initial HCT
to the second HCT, which could reflect a selection bias in
the choice of myeloablative conditioning. Therefore, mye-
loablative conditioning for the second HCT could be consid-
ered beneficial for selected patients.

Consistent with several previous reports, we demon-
strated that remission status [4,6,8-12,14,22,23], the use
of reinduction chemotherapy [2,6], and a longer interval
from the initial HCT to relapse [1,2,4,8—12,14,15,19,22-24]
were associated with improved OS after relapse by muiti-
variate analysis. Most prior reports have shown that an
interval of 6 months or longer was associated with better
0S. We found that patients who relapsed after 100 days
following the initial HCT had better OS. However, relapses
after intervals of 6 months or 1 year were not significantly
associated with improved OS (data not shown).

Prior reports have also suggested that the development
of GVHD after a second HCT [2,7-9,13,15,24] and the use
of a different donor for the second HCT were associated
with a better outcome after the second HCT [10]. Our data
showed that both the remission rate and OS tended to be
improved in patients who developed newly diagnosed
GVHD after the second HCT. However, the use of a differ-
ent donor for the second HCT did not appear to offer any
advantage. Nevertheless, the small number of patients who
received a second HCT in our study limits our ability to
draw definite answers.

Although the 1-year OS after the second HCT was signif-
icantly better than that with other interventions (58 vs. 14%),
there was no significant difference in 2-year OS (22 vs. 10%).
The substantial decline in the survival curve in the second
HCT group after 1 year from relapse was clearly related to re-
currence of the underlying diseases. Previous reports also
showed a decline in survival in the later period (<30% at 3-5
years from the second HCT) and a substantial relapse rate
after the second HCT (>40%) [9-11]. This evidence suggests
the need for the effective management of disease recurrence
after the second HCT.

Our study is limited by several inherent selection biases.
Most importantly, this is a retrospective study that compared
the outcomes of interventions that were chosen at the discre-
tion of physicians, although there were no significant differen-
ces in patient characteristics among the three cohorts. For
example, patients who successfully received intensive inter-
vention such as a second HCT had to survive long enough
after relapse to be able to undergo adequate salvage chemo-
therapy with a rather controlled disease and less comorbidity.
Other limitations include the small number of patients, a short
follow-up period, and other transplant variables that may have
affected the outcomes. Nevertheless, the present data in a
consecutive-case series from a single center that reviewed
various interventions after relapse allowed us to identify the
factors that influenced the prognosis of patients with relapse/
progression after allo-HCT.

In summary, these observations may have important
implications for the selection of interventions in patients
who relapse after allo-HCT. Our data indicated that reinduc-
tion chemotherapy with curative intent is required for pro-
fonged survival, if feasible. However, when CR is not avail-
able with chemotherapy, long-term survival may be unlikely
even with a second HCT. The second HCT may produce
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improved survival without excessive toxicity. However, the
substantial incidence of a later relapse after the second
HCT was revealed to be a major concern. Further studies
are warranted to identify innovative post-transplant strat-
egies to reduce disease recurrence, including immunother-
apy such as a vaccination strategy.
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Some studies have shown that intensive glucose control
(IGC) improves outcome in the intensive care unit setting.
However, it is the benefit of IGC in hematopoietic SCT
(HSCT) that is not well defined. Between June 2006 and
May 2007, IGC was maintained prospectively after
allogeneic HSCT and clinical outcomes were compared
with a cohort matched for conditioning regimen, source of
stem cells, age and relation to donor. A stratified Cox
regression model was used. There were no significant
differences in baseline clinical characteristics. The median
age was 43.5 years in both groups. The primary diagnosis
was a hematologic malignancy. Patients in the IGC group
had a lower glucose level (least-square mean, 116.4 vs
146.8 mg per 100 mil, P <0.001) compared to the standard
glucose control group. The incidences of documented
infections and bacteremia were significantly lower in the
IGC group (14 vs 46%, P=0.004, 9 vs 39%, P=0.002,
respectively). IGC tended to reduce the incidence of renal
dysfunction (19 vs 37%, P =0.36) and the elevation of
C-reactive protein (18 vs 38%, P=0.13). This study
suggests that IGC has may have a beneficial effect after
HSCT. IGC should be evaluated further in a large
prospective, randomized study.
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Keywords: intensive glucose control; allogeneic trans-
plantation; hyperglycemia; C-reactive protein

Introduction

Previous studies showed that intensive glucose control
(IGC), in which the target blood glucose level was
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set within 80-110mg per 100ml, reduced infections,
dysfunction of organs including the liver and kidney and
mortality compared to patients who received standard
glucose control.!=® Although these results have been
confirmed in several subsequent studies,*” the precise
mechanism that underlies this association is unclear. In
animal models, it has been shown that insulin itself has a
direct imhibitory effect on the inflammation process.>®
However in human studies, it has been suggested that
these benefits could be directly attributed to IGC rather
than to any pharmacological activity of administered
insulin per se.>*

Recipients of allogeneic hematopoietic SCT (HSCT),
which is the most drastic therapeutic modality in patients
with hematological malignancies, often suffer from
serious complications including infectious diseases, GVHD
and multiple organ failure. They are also at higher risk of
hyperglycemia because of the use of steroids for the
treatment of GVHD, the use of total parenteral nutrition
(TPN), immunosuppressive drugs and infectious complica-
tions,'®'' which makes them further susceptible to
numerous serious complications including infectious
diseases and multiple organ failure.'*' Our group
previously reported that hyperglycemia during neutropenia
was associated with an increased risk of acute GVHD and
nonrelapse mortality (NRM) after myeloablative allogeneic
HSCT,'* and that hyperglycemia during neutropenia was
associated with a higher incidence of subsequent acute
GVHD. It is well known that an increase in the levels of
circulating cytokines may aggravate hyperglycemia, and
hyperglycemia itself could increase the levels of cytokines.
This vicious cycle could lead to elevated cytokine levels,
which could lead to subsequent acute GVHD. With this
background, it can be hypothesized that IGC would reduce
the incidence of infectious diseases, acute GVHD and
organ dysfunctions after allogeneic HSCT. Therefore, we
prospectively investigated the effect of IGC after allogeneic
HSCT, and compared the clinical outcomes to those in a
matched cohort to address whether IGC following allo-
geneic HSCT could improve the clinical course of patients,
that is, reduction of infectious diseases and organ dysfunc-
tion, as has been shown in the intensive care unit (ICU)
setting.
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Patients and methods

Patients

From June 2006 to May 2007, a total of 73 patients
received allogeneic HSCT at the National Cancer Center
Hospital (Tokyo, Japan); 60 patients were eligible for
participation in this trial. Finally, 22 patients (36.7%) were
enrolled in this IGC study to keep the blood glucose level at
80-110mg per 100ml, as shown in Figure 1.

Study center and organization

The National Cancer Center Hospital in Tokyo holds 600
beds. The transplant team consists of 4 full-time physicians
and 26 nursing staff who oversee 26 beds in the HSCT, and
the entire ward is covered by high-efficiency particulate air-
filters. We regularly perform 90-120 transplants per year:
80% allogeneic and 20% autologous.

Study design

This was a case—control study to investigate the clinical
benefits of comprehensive nutritional support including
IGC and parenteral nutrition (PN) management, which
was approved by the Institutional Review Board. A
matching control group was selected among patients who
received HSCT from January 2002 to March 2007 (ratio of
1:2 compared to the study group) according to the
following criteria: (1) conditioning regimen (conventional
myeloablative or reduced intensity), (2) source of stem cells
(BM, peripheral blood or cord blood), (3) age and (4)
source of donor (related or unrelated). Criteria (1-4) were
essential for inclusion. As a result, 42 matched controls
were selected, and a total of 64 patients were subjected to
further analysis (Table 1).

Exclusion criteria

Exclusion criteria were as follows: (1) patients who received
a reduced-intensity conditioning regimen for an HLA-
matched related donor, as we applied GVHD prophylaxis
without short-term MTX in this setting, and they had much
less need for TPN and less need for intense glucose
control,'® (2) those with a poor performance status (Eastern
Cooperative Oncology Group) =2, (3) those with uncon-
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Figure 1 Trial profile.
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trolled infectious diseases at the beginning of the con-
ditioning regimen and (4) those with preexisting
neutropenia. We previously reported that the incidence of
severe stomatitis (Common Terminology Criteria for
Adverse Events (CTCAE) grade (3) was 0% after
reduced-intensity SCT (RIST) from a related HLA-
matched donor.® In this situation, the need for TPN and
the incidence of hyperglycemia were quite low, compared to
RIST from an unrelated donor, which included additional
low-dose TBI or antithymocyte globulin (ATG) and short-
term MTX or conventional SCT with a myeloablative
regimen. Hence, we only included patients who received a
RIST regimen from an unrelated donor, who had a higher
probability of glucose-control intervention, to evaluate the
beneficial effects of IGC.

Table 1 Patients’ characteristics
Variable N (% )/median (range) P-value
Intensive glucose Standard glucose
control (n=22) control (n=42)
Age (years) 43.5 (17-64) 43.5 (20-66)
<40 8 (36) 18 (43) 0.62
=40 14 (64) 24 (57)
Sex
Male 9 (41 22 (52) 0.38
Female 13 (59) 20 (48)
Disease risk*
Standard 6(27) 16 (38) 0.39
High 16 (73) 26 (62)
Conditioning
CST 14 (64) 27 (64)
BU/CY 9 (40) 18 (43)
CY/TBI (12Gy) 4 (18) 6 (14)
Other 1(5 3N
RIST 8 (36) 15 (36) 0.96
2CdA/BU 1(5) 12
Flu/BU 7(32) 14(33)
Low-dose TBI (2-4 Gy) 3 (14) 7017
Low-dose ATG 5(23) 10 (24) 0.92
GVHD prophylaxis
Cyclosporin-based 7 (32) 27 (64)
Tacrolimus-based 15 (68) 15 (36) 0.01
Short-term MTX (+) 22 (100) 40 (95) 0.30
Relation to donor
Related 6(27) 12 (29)
Unrelated 16 (73) 30 (71) 091
Stem cell source
Bone marrow 15 (68) 30 (71)
PBSC 5(23) 10 (24)
Cord blood 2(9) 2(5) 0.19
HLA match
Match 11 (50) 28 (67)
Mismatch 11 (50) 14 (33) 0.19
Abbreviations: ATG =antithymocyte  globulin;  2CdA = cladribine;

CST =conventional stem cell  transplantation;
RIST = reduced-intensity stem cell transplantation.
*Standard-risk patients included those with acute leukemia in first complete
remission, chronic leukemia in first chronic phase, MDS in refractory
anemia and NHL in complete remission, and the remaining patients were
categorized as high risk.

Flu = fludarabine;



