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Long-term follow-up of patients undergoing allogeneic
hematopoietic stem cell transplantation in Japan

Shotaro Hacwara!, Tomomi MocH1zukr?, Miki KoNpo®, Ayako Morr,
Takahiro Fukupa®

! Division of Hematology, Internal Medicine, Toyama Hospital International Medical Center of Japan
?Nursing Department, Toyama Hospital, International Medical Center of ] apan
% Graduate School of Nursing, National College of Nursing Japan
* Center for Cancer Control and Information Services, National Cancer Center

® Department of Stem Cell Transplantation, National Cancer Center

Key words : Long-term follow-up, Chronic GVHD, Stem cell transplantation

The number of hematopoietic stem cell transplantations and recipients with late complications from transplantation are
both increasing; therefore, we investigated the status of the long-term follow-up system for hematopoietic stem cell
transplantation survivors in Japan using a mail questionnaire; 100 of 194 institutions replied. The median examination time
for each patient was 12.5 min. Five percent of institutions had an outpatient.transplantation clinic, 1% had a manual for
long-term follow-up after stem cell transplantation, and 11% used NIH criteria for the diagnosis of chronic GVHD. The
lack of human resources, such as doctors, nurses, and other co-medical staff for transplant patients, was a structural
problem. In addition, the development of guidelines for Japanese patients and staff education are also required in the
clinical process. Thus, a long-term follow-up system, training of human resources, and appropriate reallocation of funds

for medical services are required.
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TRANSPLANTATION

I

Brief report

Successful sustained engraftment after reduced-intensity umbilical cord blood
transplantation for adult patients with severe aplastic anemia

Hisashi Yamamoto,! Daisuke Kato,! Naoyuki Uchida,! Kazuya Ishiwata," Hideki Araoka,? Shinsuke Takagi,’
Nobuaki Nakano,' Masanori Tsuji, Yuki Asano-Mori,! Nacfumi Matsuno,' Kazuhiro Masuoka," Koji Izutsu,! Atsushi Wake,'
Akiko Yoneyama,? Shigeyoshi Makino,® and Shuichi Taniguchi'#

Departments of 'Hematology, ¢Infectious Diseases, and “Transfusion Medicine, Toranomon Hospital, Tokyo, Japan; and *Okinaka Memorial Institute for Medical

Research, Tokyo, Japan

We retrospectively analyzed 12 consecu-
tive adult severe aplastic anemia patients
who received unrelated umbilical cord
blood transplantation after a reduced-
intensity conditioning regimen (RI-UCBT).
The conditioning regimen consisted of
125 mg/m? fludarabine, 80 mg/m2 mel-
phalan, and 4 Gy of total body irradiation.
The median infused total nucleated cell
number and CD34* cell number were

2.50 x 107/kg and 0.76 x 10%kg, respec-
tively. Eleven of the 12 patients achieved
primary neutrophil and platelet engraft-
ment. All patients who achieved engraft-
ment had complete hematologic recovery
with complete donor chimerism, except
for one patient who developed late graft
failure 3 years after RI-UCBT. Two of the
12 patients died of idiopathic pneumonia
syndrome, and the remaining 10 patients

are alive, having survived for a median of
36 months. Our encouraging results indi-
cate that RI-UCBT may become a viable
therapeutic option for adult severe aplas-
tic anemia patients who lack suitable hu-
man leukocyte antigen-matched donors
and fail immunosuppressive therapy.
(Blood. 2011;117(11):3240-3242)

Introduction

Bone marrow transplantation from a human leukocyte antigen
(HLA)-matched sibling is recommended as fust-line therapy for
younger patients with severe aplastic anemia (SAA).!* However,
many patients lack HLA-matched sibling donors. Bone marrow
transplantation from an HLA-matched unrelated donor has been an
alternative therapeutic option tor patients who fail one or more
courses of immunosuppressive therapy, but high rates of gratft
failure (GF), graft-versus-host disease (GVHD), and infection still
remain to be solved.* The number of unrelated umbilical cord blood
transplantations (UCBTs) has been increasing. However, little
information has been available on whether UCBT is feasible for
SAA patients. We reported successful urgent UCBT using reduced-
intensity (R1) conditioning for a 70-year-old SAA patient in 2003.%
Here we present successful sustained engratument of 11 consecu-
tive patients with SAA who received RI-UCBT with the same RI
conditioning regimen after the first report.

Methods

This study included 12 consecutive adult patients with acquired SAA who
underwent RI-UCBT at our institute from September 2002 through January
2009. The patients’ characteristics and umbilical cord blood (UCB) units
are summarized in Table 1. Their median age was 49 years (range,
20-70 years). Four cases of severe, 6 of very severe, and 2 of fulminant type
were included according to criteria as previously reported.*® Fulminant
type was defined as no neutrophils in the peripheral blood ar diagnosis
despite administration of granulocyte-colony stimulating factor. Ten pa-
tients, except for the 2 patients with fulminant type, had failed at least one
course of immunosuppressive therapy. All patients gave their written

informed consent in accordance with the Declaration of Helsinki, and the
study was approved by the Toramon Hospital Institutional Review Board.
UCB units were obtained from the Japanese Cord Blood Bank Network,
and single UCB unit was infused in all the studied patients. All UCB units
were serologically typed for HLA-A, -B, and -DR antigen before selection
and were tested by high-resolution DNA typing before transplantation. The
degree of mismatch is expressed using antigen level at HLA-A and -B. and
allele level at DRBL. ABO incompatibility was not incorporated as one of
the tactors used in CB unit selection. The median total nucleated cell
number and CD34* cell number at cryopreservation were 2.50 X 107/kg
(range. 1.83-4.39 X 107/kg) and 0.76 X 105/kg (range. 0.27-1.52 X 10%/
kg), respectively. Anti-HLA wntibodies were screened before transplanta-
tion in 6 patients using a FlowPRA method (One Lambda). and LAB Screen
PRA or Single Antigen (One Lambda) was used 0 identify HLA antibody
specificities. All patients were conditioned with 25 mg/m?® fludarabine
daily for 5 days, 40 mg/m? melphalun daily for 2 days, and 4 Gy of total
bady irradiation in 2 fractions in 1 day, GVHD prophylaxis consisted of
cyclosporine in 2, tacrolimus in 2, and tacrolimus plus mycophenolate
mofetil in 8. Assessment of engraftment, GF, chimerism. GVHD, and
supportive care during transplantation were performed as previously
reported.”!” Karnotsky perforinance status score was assessed as surrogate
for quality of life of the survivors. Overall survival was estiiated using the
Kaplan-Meier method.

Results and discussion

Patients” outcomes are summarized in Table 2. Eleven of the
12 patients achieved primary neutrophil and platelet engraftment.
The median times to achieve neutrophil engraftment and platelet
count more than 20 X 10%/L were 18 days (range, 12-28 days) and

Submitted August 21, 2010; accepted December 25, 2010. Prepublished online as
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The publication costs of this article were defrayed in part by page charge

3240

payment. Therefore, and solely to indicate this fact, this article is hereby
marked “advertisement” in accordance with 18 USC section 1734.

© 2011 by The American Society of Hematology

BLOOD, 17 MARCH 2011 - VOLUME 117, NUMBER 11



From bloodjournal.hematologylibrary.org at KOKURITSU GAN 030105 on May 19, 2011. For personal use only.

BLOOD, 17 MARCH 2011 - VOLUME 117, NUMBER 11 RI-UCBT FOR ADULTS WITH SAA 3241
Table 1. Characteristics of patient, grafts, and GVHD prophylaxis

Interval from Previous Disease
Case Age, Previous diagnosisto  transfusiontimes statusat HLA HLA Ab ABO group TNC CD34+, GVHD
no. y treatment UCBT, mo (RBCs/platelet) UcBT match (reactive to CB) (R/D) x 107/kg % 10%kg prophylaxis
1 70 CSA 3 1114 SAA 4/6 NT A/A 4.00 1.23 CSA
2 20 ATG + CSA 78 > 20/> 20 VSAA 4/6 NT B/O 2.65 1.07 CSA
3 22  ATG + CSA, PSL 157 > 20/> 20 SAA 4/6 NT A/O 2.26 0.27 Tac
4 26 ATG + CSA 3 > 20/ 20 VSAA 5/6 NT A/A 2.65 0.70 Tac
5 59  ATG + CSA 8 > 20/> 20 SAA 5/6 Positive (no) 0/0 215 1.52 Tac + MMF
6 49  ATG + CSA, PSL 12 >20/>20 VSAA 3/6 NT A/A 2.04 0.62 Tac + MMF
& 70 None 1 5/8 Fulminant 4/6 Positive (yes) A/O 4.39 1.29 Tac + MMF
8 52 None 1 4/6 Fulminant 4/6 NT AB/A 3.20 0.49 Tac + MMF
9 46 ATG -+ CSA 45 > 20/> 20 VSAA 4/6 Pasitive (no) AB/O 1.83 0.42 Tac + MMF
10 49 ATG + CSA, PSL 327 > 20/> 20 VSAA 6/6 Positive (no) B/O 2.34 0.82 Tac + MMF
1 65 CSA 6 16/> 20 VSAA 6/6 Positive (no) AA 3.31 0.56 Tac + MMF
12 3 ATG + CSA, PSL 215 > 20/> 20 SAA 4/6 Positive (no) B/O 2.0 1.26 Tac + MMF

RBC indicates red blood cell; CB, cord blood; R, recipient; D, donor; TNC, total nucleated cells; CSA, cyclosporine-A; ATG, antithymocyte globulin; PSL, prednisone;
VSAA, very severe aplastic anemia: NT, not tested; Tac, tacrolimus; and MMF, mycophenolate mofetil.

42 days (range, 26-64 days), respectively. All patients who
achieved engraftment had complete hematologic recovery and
were free from transfusion, and they showed complete donor
chimerism at the time of the first chimerism analysis (median,
14 days; range, 11-73 days). One patient developed primary GF and
was later found to have antibody agamst mismatched HLA on
donor cells. Another patient developed secondary GF 3 yeurs after
UCBT. Both patients underwent a second RI-UCBT and obtained
rapid donor engraftment. The negative impact of multiple transtu-
sions before transplantation was not detected (Tables 1-2). Among
11 evaluable patients, 2 developed grade | and 5 developed grade
II acuate GVHD. Of the 9 patients who survived longer than
100 days after transplantation, 3 developed limited type of chronic
GVHD. No patients developed grade II-1V acute GVHD and
extensive type of chronic GVHD. Two of the 12 patients died of
idiopathic pneumonia syndrome, and the remaining 10 patients are
alive, having survived for a median of 36 months (range, 14-
91 months). The probability of overall survival at 3 years was
83.39% (Figure 1). The surviving patients had high Karnofsky
performance status score with a median of 90% (range, 60%-100%).

The present study demonstrated that our Rl conditioning
regimen allows a sufficient sustained engraftment of UCB in adult

SAA patients. The Rl conditioning regimen was originally devel-
oped in our institute for UCBT for various hematologic malignan-
cies.” Eleven of the 12 patients achieved primary engraftment,
which compares favorably with previously reported engraftment
rates of UCBT for SAA.'1® Qur RI conditioning regimen would be
more potent than the others to overcome immunologic barriers for
engraftiment. Cell dose has been known to significantly influence
the rate of engraftment after UCBT."* In the present study. although
the cell dose was not very large, sufficient engraftment was seen.
Any significant relationship between cell dose (total nucleated
cell, = 2.5 vs < 2.5 X 107/kg; CD34%, = 0.8 vs < 0.8 X 107kg)
and engraftment Kinetics were observed (data not shown). Thus,
not just cell dose but other factors, such as the intensity of the
conditioning regimen and posttransplantation immunosuppression,
may be important to achieve better engraftment atter UCBT for
SAA patients. Interestingly, all 6 patients who were screened for
HLA antibodies before transplantation had HLA antibodies, and the
one case who had positive HLLA antibodies against an HLA on a
transplanted UCB unit was the only one who failed primary
engraftment. Recently, Takanashi et al reported that, in large
number of UCBT for various hematologic malignancies, the

Table 2. Outcomes of 12 patients after reduced-intensity unrelated cord blood transplantation

Case Days to ANC Days to PC % Donor chimerism Discontinuation Survival

no. >05x%x10% >20x 10%L  (days tested, methods) aGVHD cGVHD of IS (mo) Complications (mo)

1 12 52 100 (14, FISH) Grade Il (skin) No Yes (3) Possible IPA Alive (91)

2 20 64 > 90 (49, PCR-STR) Grade Il (skin) Limited Yes (2) No Alive (90)

3 26 42 100 (26, FISH) No No Yes (26) Yes Alive (69)

4 18 53 100 (18, FISH) No No Yes (5) Pneumocystis jirovecii,  Alive (69)
late GF, rescued by
second RI-UCBT

S 16 26 96.6 (14, FISH) Grade | (skin) Limited Yes (14) Norwalk virus colitis, Alive (39)
EBV-PTLD

6 28 64 99.6 (11, FISH) No NE No IPS Dead; IPS (3)

7 No No 48.8 (10, FISH), NE NE NE Primary GF, rescued Alive (32)

4.3 (15, FISH) by second RI-UCBT

8 18 28 99.2 (13, FISH) Grade Il (skin, gut) No Yes (7) CMV colitis, EBV- Alive (28)
PTLD

9 28 43 > 90 (14, PCR-STR) Grade | (skin) NE No HSV pneumonia, IPS Dead; IPS (3)

10 15 27 99 (73, FISH) No Limited No No Alive (22)

11 15 27 100 (20, FISH) Grade Il (skin, gut) No No No Alive (22)

12 13 28 100 (14, FISH) Grade Il (gut) No No No Alive (14)

ANC indicates absolute neutrophil count; PC, platelet count; aGVHD, acute graft-versus-host disease; cGVHD, chronic graft-versus-host disease; IS, immunosuppres-
sant; FISH, fluorescence in situ hybridization; PCR-STR, PCR of short tandem repeat: NE. not evaluable; IPA, invasive pulmonary aspergillosis; EBV-PTLD, Epstein-Barr
virus—associated posttransplantation lymphoproliferative disorder; and IPS, idiopathic pneumonia syndrome,
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Figure 1. Survival of 12 patients with SAA undergoing unrelated cord blood
transplantation.

patients with anti-HLA antibodies. when the specificity correspond-
ing to mismatched antigen in UCB graft, showed significantly
lower neutrophil or platelet recovery than those with antibody-
negative or -positive but not corresponding to UCB  graft."”?
Although the observations may differ from that of diverse popula-
tions and warrants further investigation, if possible, the use of a
UCB unit with corresponding HLA antibodies in the recipient
should be avoided.

Three-year survival in the studied patients was 83.3%. In
addition to high rate of engraftment, the low risk of severe GVHD
might contribute to high survival rate with good quality of life, and
seems to be one of the important advantages of using a UCB unit
for SAA patients. The other advantage of the use of UCB units is
rapid availability. In the present study, 2 patients with fulminant
type could be rescued by urgent hematopoietic stem cell transplan-
tation using UCB units. More than 90% of recipients can find a
suitable UCB unit in Japan; thus, UCB expands the chance to
receive transplantation for those who need it urgently.

BLOOD, 17 MARCH 2011 - VOLUME 117, NUMBER 11

In conclusion, this retrospective study strongly suggests the
feasibility and effectiveness of RI-UCBT for adult SAA patients.
RI-UCBT may become a viable therapeutic option for those who
luck suitable HLA-matched donors and who fail or relapse after
immunosuppressive therapy. Although our results should be inter-
preted with caution because of the small number of patients and
still short follow-up duration, we think that RI-UCBT with the
conditioning regimen presented here deserves further evaluation in
a prospective trial, hopefully in « multicenter setting.
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Briefl report

Successful engraftment after reduced-intensity umbilical cord blood
transplantation for myelofibrosis
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Hisashi Yamamoto,! Yuki Asano-Mori,' Naofumi Matsuno,! Kazuhiro Masuoka,® Atsushi Wake,! Shigesaburo Miyakoshi,?

Kenichi Ohashi,2 and Shuichi Taniguchi':

Departments of "Hematology and 2Pathology, Toranomon Hospital, Tokyo; *Department of Hematology, Mishuku Hospital, Tokyo; ‘Department of Hematology,
Tokyo Metropolitan Geriatric Hospital, Tokyo; and Okinaka Memorial Institute for Medical Research, Tokyo, Japan

Although allogeneic hematopoietic stem
cell transplantation has recently been ap-
plied to patients with myelofibrosis with
reproducible engraftment and resolution
of marrow fibrosis, no data describe the
outcomes of umbilical cord blood trans-
plantation. We describe 14 patients with
primary (n = 1) and secondary myelofibro-
sis (n = 13) who underwent reduced-

intensity umbilical cord blood transplan-
tation. Conditioning regimens included
fludarabine and graft-versus-host dis-
ease prophylaxis composed cyclosporine/
tacrolimus alone (n = 6) or a combination
of tacrolimus and mycophenolate mofetil
(n = 8). Thirteen patients achieved neutro-
phil engraftment at a median of 23 days.
The cumulative incidence of neutrophil

and platelet engraftment was 92.9% at
day 60 and 42.9% at day 100, respectively.
Posttransplantation chimerism analysis
showed full donor type in all patients at a
median of 14 days. The use of umbilical
cord blood could be feasible even for
patients with severe marrow fibrosis, from
the viewpoint of donor cell engraftment.
(Blood. 2010;116(4):649-652)

Introduction

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is
considered the only curative therapy for primary myelofibrosis
(MF) and MF secondary to hematologic malignancies.' Myeloabla-
tive conditioning regimens are associated with high rates of
transplantation-related mortality (TRM). especially among elderly
patients.>* Recent reports indicate that reduced-intensity condition-
ing (RIC) regimens can improve outcomes in such patients.>®
These reports also confirm the safety and effectiveness of bone
marrow (BM) and mobilized peripheral blood stem cells (PBSCs)
from matched related or unrelated donors as stem cell sources. In
contrast, the feasibility of umbilical cord blood transplantation
(CBT) for MF is unknown.

CBT is a valuable alternative to allo-HSCT for treating patients
with hematologic diseases who do not have matched related or
unrelated donors and who need urgent transplantation.®'2 On the
other hand. engraftment delay or failure is one of the most critical
issues that can arise after CBT. The limited doses of total nucleated
cells and CD34* cells in umbilical cord blood and a human
leukocyte antigen (HLA) disparity influence the kinetics of hemato-
poietic recovery.'*'" Considering these disadvantages of CBT,
delayed engraftment or engraftment failure is a great concern for
MF patients who undergo CBT.!® The goal of this study is to
evaluate the feasibility of reduced-intensity CBT (RI-CBT) for MF.

Methods

The records of all patients who underwent RI-CBT at Toranomon Hospital
from August 2003 and December 2008 were reviewed to identify patients
who had histologically confirmed MF before starting the conditioning

regimen. Mamow fibrosis was assessed on silver-stained BM trephine
biopsies and classified into 4 grades according to the World Health
Organization classification.!? All the patients were incurable using conven-
tional approaches and lacked an HLA-identical sibling or a suitable
unrelated donor from the Japan Marrow Donor Program. Cord blood units
serologically matching more than or equal to 4 of 6 HLA antigens and
containing at least 1.8 X 107 nucleated cells/kg of recipient body weight
betore freezing were obtained from the Japan Cord Blood Bank Network.
Conditioning regimens were determined at the discretion of each physician
according to the patients’ disease. disease status, and history of prior
therapy. Information about baseline demographics, clinical characteristics,
transplantation, and its outcome were collected from medical records.
Assessment of engratument, chimerism (one or more times a week),
pre-engraftment immune reactions, graft-versus-host disease (GVHD),
and supportive care during transplantation were performed as previously
reported."®2 Cumulative incidences were estimated for neutrophil and
platelet engraftment. Overall survival was estimated using the Kaplan-
Meier method, taking the interval from date of transplantation to death or
last contact.?! The Institutional Review Bourd of Torunomon Hospital
approved the study, and written infonmed consent was provided by all
patients to use their records in accordance with the Declaration of Helsinki.

Results and discussion

Fourteen MF patients (median age, 57.5 years; range, 46-72 years)
were extracted. Table 1 shows the clinical characteristics of the
patients. They had primary MF (n = 1), leukemic transformation
from MF secondary to polycythemia vera or essential thrombocyto-
sis (n = 2), or MF secondary to acute myeloid leukemia (AML;
n = 11; AML with multilineage dysplasia in all patients except for
one with de novo AML). All but one patient had the highest-grade
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Patient Time from diagnosis to Pretransplantation

no. Age, ylsex Diagnosis Disease status transplantation, d MF grade Splenomegaly Cytogenetics

1 55/M AMUMF/ET PIF ' 1732 3 Yes Normal

2 53/M PMF Untreated 307 3 Yes NA

3 61/M AML/MDS PIF 116 3 Yes Complex*

4 51/F AML/MDS PIF 740 3 Yes Normal

5 61/F AML/MDS PIF 227 3 Yes NA

6 55/M AML/MDS Untreated 299 3 Yes Complex

7 46/M AMUMDS Untreated 600 3 Yes NA

8 58/M AML/MDS Untreated 544 3 Yes Complex

g 67/F AML/MF/PV Untreated 150 3 Yes 1(3;3)(q21:926), -7

10 53/M De novo AML PIF 111 3 No Complex

11 57/F AML/MDS Untreated 352 3 Yes Complex with 1(9;22){q34:q11)
12 62/M AML/MDS Untreated 147 3 Yes add(1)(p32), -7

13 72/F AML/MDS PIF 329 2 No Complex with 1(9;22){q34;q11)
14 66/M AML/MDS Untreated 92 3 No Normal

AML indicate acute myeloid leukemia; MF, myelofibrosis; ET, essential thrombocythemia; PIF, primary induction failure; PMF, primary myelofibrosis; AML/MDS, acute
myeloid leukemia with multilineage dysplasia; NA, not available; and PV, polycythemia vera.
*Complex karyotype was defined as 3 or more abnormalities at pretransplantation evaluation.

MF. The median time from diagnosis to transplantation was
303 days (range. 92-1732 days). Table 2 shows the transplantation
characteristics. All received purine analog-based conditioning
regimens composing fludarabine phosphate (125-180 mg/m?), mel-
phalan (80-140 mg/m?), or intravenous busulfan (12.8 mg/kg) and
0 to & Gy of total body irradiation. GVHD prophylaxis included
tacrolimus and mycophenolate mofetil for 8 patients, tacrolimus, or
cyclosporine A alone in 6. Neutrophil and platelet engrattment was
achieved in 13 and 6 patients, respectively, of the 14 patients. The
median time to engraftment was 23 days (range, 14-43 days) and
53 days (range, 44-102 days) for neutrophils and platelets, respec-
tively. The cumulative incidence of neutrophil engraftment at day
60 and platelet engraftment at day 100 was 92.9% and 42.9%.
respectively (Figure 1A-B). Chimerism analysis of the peripheral
blood of 8 patients and the BM of 6 showed that donor chimerism
was complete (donor > 90%) in all of them. The median length of
time required to achieve complete donor chimerism was 14 days
(range. 7-33 days; Figure 1A). Of the 14 patients, 9 (64%)
developed pre-engraftment immune reactions. Five (36%) devel-
oped acute GVHD grades 2 to 4. No extensive chronic GVHD was
observed in 6 evaluable patients (Table 3). Five patients remained
alive at last contact, representing an estimated probability of

Table 2. Transplantation characteristics

overall survival of 28.6% at 4 years (Figure 1C). All the patients
who could not achieve platelet engraftment died, whereas 4 of
7 patients (57%) who achieved platelet engraftment survived. In
9 patients who died after RI-CBT, 5 patients died of relapsed
leukemia. Non-relapse-related causes of death composed infection
(n=12), GYHD (n = 1), and multiple organ failure (n = 1).
Marrow fibrosis disappeared in 2 evaluated palients who survived
beyond 100 days.

This study demonstrated that umbilical cord blood results in
successful engraftment, even for patients with severe marrow
fibrosis in the setting of the RIC regimen, which was similar to that
of other stem cell sources, such as BM and PBSCs >#2? Although
marrow fibrosis has historically been considered as a relative
contraindication to transplantation because of concerns over an
insufficient and/or dysfunctional niche in which allogeneic hemato-
poietic stem cell engrafunent may proceed, recent outcomes of
allo-HSCT for MF support the concept that marrow fibrosis is not
an absolute barrier to allogeneic hematopoietic stem cell engraft-
ment.! However, data from these reports are limited to transplanta-
tions with BM and PBSCs, and no information is available about
umbilical cord blood. Delayed hematopoietic recovery and low
engrattment rate, perhaps because of limited infused cell doses and

Patient

no. TNC, x107/kg CD34+, x10%kg Sex match HLA match Blood type match Conditioning regimen GVHD prophylaxis
1 2.52 0.823 MM 4/6 MM F125/M80/TBl4 CsA

2 2,62 0.678 MM 4/6 MM F125/M80/TBI4 + SRT TAC

3 3.7 1.60 Match 4/6 Match F125/M80/TBI4 TAC

4 243 NA MM 4/6 Match F125/M80/TBI4 TAC

5 3.94 2.26 MM 5/6 Match F180/M140 TAC/MMF
6 2.31 0.887 MM 4/6 MM F125/M80/TBI4 TAC

7 2.72 1.03 Match 4/6 MM F125/Mel140/TBI4 TAC/MMF
8 246 0.773 MM 4/6 Match F180/M140 TAC

9 1.99 1.24 MM 4/6 MM F125/M80/TBI4 + SRT TAC/MMF
10 3.25 0.547 MM /6 Match F125/M140/TBl4 TAC/MMF
11 3.31 1.31 MM 4/6 Match F125/M80/TBI8 TAC/MMF
12 2.37 0.873 MM 4/6 MM F125/M80/TBI8 TAC/MMF
13 2.51 0.993 MM 4/6 Match Flu180/812.8/TBI2 TAC/MMF
14 2.50 0.554 MM 5/6 Match F125/M120 TAC/MMF

TNC indicates total nucleated cell count; MM, mismatch; F, fludarabine (mg/m2); M, melphalan (mg/m?); TBI, total body irradiation; CsA, cyclosporine; SRT, splenic
radiation; TAC, tacrolimus; MMF, mycophenolate mofetil; and B, intravenous busulfan (mg/kg).
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Figure 1. Cumulative incidence of engraftment. (A) Solid and broken lines indicate
cumulative incidence of neutrophil engraftment and complete donor chimerism,
respectively. (B) Cumulative incidence of platelet engraftment. (C) Overall survival.

Table 3. Outcome of RI-CBT
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HLA disparities, might limit the use of umbilical cord blood in
these cases.!*'>1” However, the present study demonstrated an
equivalent or superior engraftment rate after CBT compared with
allo-HSCT using other stemn cell sources.!® We also confirmed an
early chimerism switching in the present study. All 14 patients
achieved complete donor chimerism at a median of 14 days, which
was much earlier than that with neutrophil engraftment. Moreover,
we histologically confirmed that RI-CBT had the potential to cure
marrow fibrosis in 2 evaluated patients. These data suggest that
RI-CBT is an encouraging strategy for treating MF.

Despite successful engraftment, overall survival was poor in the
present study compared with previous reports. However, this result
does not eliminate the feasibility of RI-CBT for MF patients. Our
patient series included only one primary MF. In 13 of 14 patients,
MF coexisted with AML simultaneously. High prevalence of
concurrent AML with MF in the present study probably made
overall survival poorer. However, MF with AML is also challeng-
ing issues in real clinical settings. Physicians occasionally face
rapidly growing AML cases with concurrent marrow fibrosis, -
especially in the elderly, for whom urgent allo-HSCT is the only
curative therapy. For those patients, CBT is attractive because of its
accessibility. In this viewpoint, we think that the feasibility of
RI-CBT suggested in the present study is encouraging.

In conclusion, our data suggest that RI-CBT is feasible, even for
patients with severe marrow fibrosis, from the viewpoint of donor
cell engrafument. Especially for MF with AML, further improve-
ments are required in the next place to overcome poor survival
resulting from relapse.
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Patient Neutrophil Platelet Pre-engraftment Survival from Cause of
no. engraftment, d engraftment, d immune reactions* aGVHD2-4 aGVHD3-4 cGVHD Survival transplantation, d death
1 27 52 No Yes No No Dead 1264 Relapse
2 22 54 Yes No No NE Alive 1672 NA

3 23 Not engrafted Yes Yes Yes NE Dead 68 Infection
4 40 102 Yes Yes No Limited Alive 1481 NA

5 18 44 Yes No No No Dead 344 Relapse
6 14 Not engrafted Yes No No NE Dead 78 Relapse
7 21 57 Yes Yes Yes Limited Alive 937 NA

8 Not engrafted Not engrafted No No No NE Dead 42 Infection
g 37 Not engrafted Yes No No NE Dead 45 MOF

10 28 Not engrafted Yes Yes Yes NE Dead 64 GVHD
11 27 Not engrafted Yes No No NE Dead 61 Relapse
12 43 NA No No No Limited Alive 392 NA

13 21 47 No No No Limited Alive 355 NA

14 20 50 No No No NE Dead 100 Relapse

aGVHD indicates acute graft-versus-host disease; cGVHD, chronic graft-versus-host disease; NE, not evaluable; NA, not applicable; and MOF, multiple organ failure.
*Pre-engraftment immune reactions were diagnosed when febrile patients developed skin eruption, diarrhea, jaundice, or body weight gain of more than 10% of baseline,
with no direct evidence of infection or adverse effects of medication, developing more than 6 days before engraftment.’®
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LETTER TO THE EDITOR

Delayed neutrophil engraftment in cord blood transplantation with intensive
administration of mycophenolate mofetil for GVHD prophylaxis

Bone Marrow Transplantation (2011) 46, 148-149;
doi:10.1038/bmt.2010.59; published online 15 March 2010

In allo-SCT, mycophenolate mofetil (MMF) is increasingly
being used for prevention of GVHD because of less
mucositis and faster neutrophil engraftment compared with
MTX.' Three-times daily administration of MMF after
allo-SCT has been demonstrated to maintain higher plasma
levels of the active metabolite, mycophenolic acid (MPA),
and possibly result in better clinical outcomes.’™ We
retrospectively analyzed the effect of MMF dosing on
neutrophil engraftment in single-unit cord blood trans-
plantation (s-CBT) and unrelated BMT.

A total of 45 patients who received allo-SCT using MMF
between November 2004 and November 2009 were studied.
The patient characteristics are shown in Table 1. All
patients received allo-SCT as a primary setting. MMF was

administered orally for GVHD prophylaxis in combination
with tacrolimus from 4 to 6 h after allo-SCT from day 0 to
day 30, and then the dose tapered depending on individual
risk factors for GVHD as described previously.® Regardless
of the stem cell source, MMF was administered twice a day
(b.i.d.) at a dose of 17.5mg/kg (range 12.2-26.0mg/kg,
maximum 3000 mg/day) or thrice a day (t.i.d.) at a fixed
dose of 1000 mg (median 17.5mg/kg, range 10.0-22.7 mg/
kg, total 3000mg/day). Neutrophil engraftment was
defined as the first of two consecutive days with an ANC
of >0.5 x 10°/1. Acute GVHD was graded according to the
consensus grading scale. The cumulative incidence was
calculated for neutrophil engraftment and acute GVHD by
treating death as a competing event. All descriptive data
were analyzed using the statistical package Prism 5.0
(GraphPad Software, San Diego, CA, USA).

Almost all patients, except two from the t.i.d. group
receiving s-CBT, had successful neutrophil engraftment.

Table 1 Patient characteristics and engraftment
s-CBT BMT
b.id. tid. b.id. rid.
No. of patients 13 15 9 8
Median age, years (range) 49 (21-66) 52 (20-66) 42 (32-58) 48.5 (35-59)
Sex, male/female 5/8 9/6 6/3 6/2
Diagnosis at allo-SCT
AML 1 2 2 0
ALL bt 3] 2 2
MDS 6 5 4 3
NHL 1 1 0 3
Others 0 2 1 0
Conditioning regimen
Myeloablative with or without TBI 8/1 6/0 8/0 5/0
Nonmyeloablative with or without TBI 4/0 8/1 0/1 1/2
Donor
Median CD34* cells, x 10°/kg (range) 0.10 (0.04-0.21) 0.09 (0.03-0.19) 1.30 (0.74-2.60) 1.05 (0.23-3.70)
P 0.67 0.53
HLA allele typing
6/6 1 0 7 5
5/6 3 1 2 3
4/6 6 10 — —
3/6 3 4 —
Neutrophil engraftment (>0.5 x 10°/1)
Median period, days (range) 17 (14-48) 22 (14-41) 11 (9-17) 11 (8-14)
P 0.016 0.696

Abbreviations: MDS = myelodysplastic syndrome; NHL =non-Hodgkin’s lymphoma; s-CBT = single unit umbilical cord blood transplantation.

‘b.i.d.’ patients received MMF twice a day until day 30. ‘t.i.d.” patients received MMF thrice a day.

P refers to the comparison between b.i.d. and ti.d. patients in each stem cell source using the Mann—Whitney test for CD34" cell doses and the
Gehan-Wilcoxon test for a period of neutrophil engraftment.



One died of severe bacterial pneumonia before neutrophil
engraftment, and the other encountered graft failure
but restored autologous hematopoiesis. As shown in
Table 1, there was no significant difference in the median
periods of neutrophil engraftment between the b.i.d. and
tid. groups of BMT. However, the intensive t.i.d.
administration of MMF significantly delayed neutrophil
engraftment in s-CBT, although there was no significant
difference in the infused CD34 ™ cell doses between the two
groups (Table 1). MMF-induced myelosuppression has
been seen during the treatment of acute GVHD.® Neu-
tropenia associated with increased plasma MPA levels has
been reported in systemic sclerosis.” MMF has been
reported to inhibit the proliferation of vascular smooth
muscle cells and fibroblasts.®®

The cumulative incidences of grade II-1V acute GVHD
in the b.i.d. and t.i.d. groups of s-CBT were 25 and 8%
(log-rank P =0.258), respectively. Although intensive
MMF administration resulting in strong immunosuppres-
sion may prevent graft rejection and severe acute GVHD, it
might also inhibit the growth of donor hematopoietic cells.
Such an undesirable effect might be more apparent in
s-CBT, in which the CD34™* cell numbers are small.

These preliminary observations require confirmation,
and randomized studies are necessary to determine the best
dosing scheme for MMF.
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Retrospective Evaluation of the Area Over the
Neutrophil Curve Index to Predict Early Infection in
Hematopoietic Stem Cell Transplantation Recipients
Shun-ichi Kimura, Kumi Oshima, Ken Sato, Miki Sato, Kiriko Terasako, Hideki Nakasone,

Misato Kikuchi, Shinya Okuda, Shinichi Kako, Rie Yamazaki, Yukie Tanaka, Aki Tanihara,
Juniji Nishida, Yoshinobu Kanda

We investigated the impact of neutropenia on the development of early bloodstream and pulmonary
infections in hematopoietic stem cell transplantation (HSCT) recipients, and evaluated the utility of an index
(D-index) that reflects both the intensity and duration of neutropenia. Fifty-eight patients (23 autologous, 35
allogeneic HSCT recipients) were enrolled in this retrospective study. The D-index was defined as the area
over the neutrophil curve during neutropenia. We also evaluated the utility of the cumulative D-index from
the start of neutropenia until the development of infection (c-D-index), which may enable real-time assess-
ment of the risk for infection. The patients showed |12 and 7 episodes of bloodstream and pulmonary infec-
tion, respectively. The D-index, days of neutropenia (<500/uL) and days of profound neutropenia (< 100/uL)
had at least a nearly significant impact on the development of both bloodstream and pulmonary infections.
On the other hand, the c-D-index, cumulative days of neutropenia, and cumulative days of profound neutro-
penia significantly affected pulmonary infection, but not bloodstream infection. The c-D-index had a high
negative predictive value of 97.4% for pulmonary infection with a cutoff of 5500, but the area under the
receiver operating characteristic curve was similar to that of the cumulative days of neutropenia and
profound neutropenia. Our results showed that although the c-D-index may be useful for identifying patients
who are at low risk for early pulmonary infection after HSCT, its performance was similar to that of the
simple duration of neutropenia.

Biol Blood Marrow Transplant 16: 1355-1361 (2010) © 2010 American Society for Blood and Marrow Transplantation

KEY WORDS: D-index, Neutrophenia, Hematopoeitic stem cell transplantation, Bloodstream infection,
Pulmonary infection

prolonged severe neutropenia, and breaks in the muco-
cutaneous barrier resulting from preparative regimens
[8,9]. The latter increase the risk of infection caused by
oral, gastrointestinal, and skin flora [10], which results
in bloodstream infections through bacterial transloca-
don [11]. Although neutropenia is a well-recognized

INTRODUCTION

Infection remains the leading cause of morbidity
and mortality in the early period after hematopoietic
stem cell transplantation (HSCT) [1-6]. Common
sites of infection include the bloodstream and the

lungs [7). During the neutropenic period before
engraftment, both autologous and allogeneic HSCT
recipients have 2 critical risk factors for infection:
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risk factor for documented infections in the early pe-
riod of HSCT [1], it is still unclear whether it has sim-
ilar or different effects on the development of
bloodstream and pulmonary infections. In addition,
there is no useful index that reflects both the intensity
and duration of neutropenia.

In this study, we retrospectively investigated the
impact of neutropenia on the development of early
bloodstream and pulmonary infections in HSCT re-
cipients. As indexes of the severity of neutropenia, we
used the D-index and c-D-index, which were re-
cently proposed by Portugal et al. [12]. The D-index
was based on a graph that showed the absolute neu-
trophil count during neutropenia and was calculated
as the area over the neutrophil curve (Figure 1).

1355



1356 S.-i. Kimura et al.

Ae

500

400-%.

D-index

30041

No. of Neutrophils /uL

100

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Duration of Neutropenia(days)

Figure 1. Area over the neutrophil curve (D-index) of a hypothetical
neutropenic patient. If the duration of neutropenia is 16 days, the
expected neutrophil area (shaded area, A,) is 16 x 500 = 8000. If the
area under the neutrophil curve calculated by the trapezoidal method
(striped area, A,) is 2062, the D-index = 8000 — 2062 = 5938.

Thus, it could be used to evaluate the dynamics of
neutropenia, and combined both intensity and dura-
tion. However, the neutrophil counts for the whole
duration of neutropenia are required to calculate
the D-index. Therefore, the D-index becomes avail-
able only after the recovery of neutropenia and is not
useful as a predictor of infectious complications. To
resolve this problem, a cumulative D-index (c-D-
index), defined as the cumulative D-index from the
start of neutropenia, was also investigated. Accord-
ing to their study, the D-index and c-D-index had
high negative predictive values for invasive mold in-
fections in acute myelogenous leukemia patients un-
dergoing chemotherapy. This study was performed
to identify the utility of these indexes for predicting
early bloodstream and pulmonary infections in
HSCT recipients.

PATIENTS AND METHODS

Patients

The Transplantation Unit of Saitama Medical
Center, Jichi Medical University has 3 individual rooms
and 2 quad rooms (11 beds in total) that are equipped
with 2 laminar air-flow (LAF) system with high-
efficiency particulate air (HEPA) filters. In principle,
allogeneic and autologous HSCT's are performed in
these individual and quad rooms, respectively. We ret-
rospectively reviewed the charts of consecutive patients
who underwent autologous or allogeneic HSCT,
between April 2005 and March 2009. Patients who
had already developed documented infections before
HSCT were excluded. Twenty-three autologous and

Biol Blood Marrow Transplant 16:1355-1361, 2010

35 allogeneic HSCT recipients were finally included
in this study.

Transplantation Procedure

The conditioning regimen in autologous HSCT
was mainly a combination of ranimustine, etoposide,
cytarabine, and melphalan (M-BEAM) for lymphoma
(n = 9) and high-dose melphalan (Mel) for multiple my-
eloma (n = 13) [13]. One patient with acute promyelo-
cytic leukemia received a combination of busulfan (Bu)
and Mel [14]. In allogeneic HSCT, the combination
of cyclophosphamide (Cy) and either total body irradia-
tion (TBI) (n = 16) or Bu (n = 2) was used as a myeloa-
blative regimen [15]. High-dose cytarabine was added to
Cy and TBI in 2 patients. Fludarabine (Flu)-based re-
duced-intensity regimens, such as Flu combined with
Bu [16] or Mel [17], were used in elderly or clinically in-
firm patients (n = 10). Patients with severe aplastic ane-
mia were prepared with Flu, Cy, antithymoglobulin
(ATG) and low-dose TBI at 2 Gy (n = 2) [18].
Alemutuzumab-containing regimens were used in
HSCT from a 2- or 3-antigen-mismatched donor
(n = 3) [19]. Regimen-related toxicity was graded
according to Bearman’s criteria [20].

Graft-versus-host disease (GVHD) prophylaxis in
allogeneic HSCT consisted of the continuous infusion
of cyclosporine A with a starting dose of 3 mg/kg/day
and short-term methotrexate (10-15 mg/m’ on day 1,
7-10 mg/m’ on days 3 and 6, and optionally on day 11
in HSCT from a donor other thanan HLA-matched sib-
ling) [21] with the exception of 1 patient who received
a continuous infusion of tacrolimus with a starting
dose of 0.03 mg/kg/day and short-term methotrexate.
Acute GVHD (aGVHD) was graded as previously
described [22].

Prophylaxis against bacterial infections consisted of
levofloxacin in all autologous and most of the allogeneic
HSCTs, except that 7 allogeneic recipients had been
receiving fourth-generation cephalosporine or carbape-
nem for fever of unknown origin at HSCT. Prophylaxis
against fungal infections consisted of fluconazole (n =
17), itraconazole (n = 31), micafungin (n = 7), or other
antimold agents (n = 3). As prophylaxis against Preumo-
cystis jiroveci infection, sulfamethoxazole/trimethoprim
or inhalation of pentamidine was used after engraftment.
As prophylaxis against herpes simplex virus infection,
acyclovir was given from days —7 to 35. In allogeneic
HSCT, this was followed by the long-term low-dose
administration of acyclovir for varicella zoster reactiva-
tion [23]. Preemptive therapy with ganciclovir for
cytomegalovirus infection was performed by monitoring
cytomegalovirus antigenemia [24].

D-Index and c-D-Index Calculation

The D-index was calculated based on a graph
that plotted the absolute neutrophil counts over the
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course of the episode of neutropenia (Figure 1) [12].
The D-index (4, — A,) was calculated as the differ-
ence between the observed area under the curve
(A4,), which was calculated by the trapezoidal
method, and the expected neutrophil area (4,; 500/
pL x days with neutropenia) if the patient did not
develop neutropenia. A cumulative D-index (c-D-in-
dex) was calculated as the cumulative D-index from
the start of neutropenia until the development of in-
fections in patients with early pulmonary or blood-
stream infections, whereas the c-D-index was equal
to the D-index in patients without these infections.
The cumulative duration of neutropenia or profound
neutropenia was defined as the duration of neutrope-
nia until the development of infections in patients
with early pulmonary or bloodstream infections, re-
spectively, whereas it was equal to the entire duration
of neutropenia or profound neutropenia in patients
without these infections.

Definition of Early Bloodstream and Pulmonary
Infections

Early infection was defined as that which devel-
oped between the start of the conditioning regimens
and 1 week after engraftment. Bloodstream infection
was diagnosed by culturing bacteria from the blood.
To distinguish between true bloodstream infections
and contamination, common skin contaminants such
as diphtheroids, Bacillus species, Propionibacterium spe-
cies, coagulase-negative staphylococci, and micrococci
had to have been cultured in at least 2 consecutive
blood cultures drawn on separate occasions. Pulmo-
nary infection was defined as new pulmonary infiltrate
observed in a chest X-ray or chest computed tomogra-
phy (CT) regardless of microbiological evidence. Clin-
ically apparent noninfectious pulmonary infiltrates,
including those caused by cardiogenic pulmonary
edema or engraftment syndrome, were excluded.

Statistical Considerations

We evaluated the impact of the D-index, total dura-
tion of neutropenia (<500/pL), and total duration of
profound neutropenia (<100/pL) as indexes of the
severity of neutropenia over the entire duration of neu-
tropenia, whereas we evaluated the c-D-index, camula-
tive duration of neutropenia, and cumulative duration
of profound neutropenia as indexes of the cumulative
severity of neutropenia from the start of neutropenia.
We assessed the impact of these indexes along with
other epidemiologic and clinical factors, separately for
bloodstream and pulmonary infections.

Dichotomous variables were compared using
Fisher’s exact test, and continuous variables were com-
pared using the Mann-Whitney U test. A P-value of
<.05 was considered to be significant. To assess the
ability of the D-index, c-D-index, and duration of neu-
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tropenia to predict infections we performed a receiver
operating characteristic (ROC) curve analysis and
calculated the positive and negative predictive values
in this patent population.

RESULTS

Patients

The clinical and epidemiologic characteristics of the
patients are shown in Table 1. Among the 58 patients, 1
autologous and 11 allogeneic HSCT recipients devel-
oped bloodstream infections and 7 allogeneic HSCT re-
cipients developed pulmonary infections. The median
number of days between HSCT and the development
of bloodstream and pulmonary infections was 9.5 days
(range: 1-24) and 14.5 days (range: 4-27), respectively.
Eleven of the 12 patients developed bloodstream infec-
tons before engraftment and 1 patient did so within 1
week after engraftment. Four of the 7 patients developed
pulmonary infections before engraftment and the other
3 patients did so within 1 week after engraftment. The
pathogens that caused bloodstream infections included
coagulase-negative staphylococci (n = 11), Enterococcus
faectum (n = 1), Pseudomonas species (n = 2), Acinetobacter
(n = 1), and Cendida parapsilosis (n = 1). Two patients
developed bacteremia by multiple pathogens. Although
the causes of pulmonary infections were not proven inall
7 patients, 1 and 3 cases were classified as probable and
possible invasive mold infection, respectively, according
to the European Organization for Research and Treat-
ment of Cancer/Invasive Fungal Infecdons Cooperative
Group and the National Institute of Allergy and Infec-
tious Diseases Mycoses Study Group (EORTC/MSG)
revised criteria for invasive fungal infectons [25].
Another case did not fulfill the criteria on chest CT,
but mold infecton was suspected because of the eleva-
ton of serum B-D glucan. The other case was also
suspected to have mold infection based on the clinical
course and chest X-ray, but chest CT was not performed
because of the patient’s poor general condition. The
remaining 1 patient developed a unilateral interstitial
pulmonary infiltrate. In 6 of the 7 cases of pulmonary
infection, antifungal treatment with voriconazole or
liposomal amphotericin B was started.

Epidemiologic and Clinical Factors

The incidence of both bloodstream and pulmonary
infections was higher in allogeneic HSCT recipients
than in autologous patients (P = .013 and .022, respec-
tively). However, age, sex, underlying diseases, condi-
tioning regimens, and antifungal prophylaxis did not
show a statistically significant impact on the develop-
ment of either infection. Furthermore, regimen-
related toxicity of the oral mucosa and gastrointestine,
the duration of central venous catheter insertion, and
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Table |. Clinical and Epidemiological Characteristics of the Study Patients

Total Cases Bloodstream Pulmonary
(n = 58) Infection (n = 12) P-value* Infection (n = 7) P-valuet

Age, years median (range) 50.5 (15-64) 43.5 (15-61) 274 41 (21-54) 312
Sex male / female 29129 715 S17 413 687
Autologous / allogeneic HSCTs 23/35 [WAR 013 0/7 022
Underlying disease 068 075

Acute myelogenous leukemia 14 (24.1%) 4 (33.3%) 4 (57.1%)

Acute lymphoblastic leukemia 6 (10.3%) 2 (16.7%) 1 (14.3%)

Lymphoma 17 (29.3%) 0 0

Myelodysplastic syndrome 3(5.2%) I (8.3%) 0

Aplastic anemia 4 (6.9%) 2 (16.7%) 1 (14.3%)

Multiple myeloma 11 (19.0%) | (8.3%) 0

Others 3(5.2%) 2 (16.7%) 1 (14.3%)
Conditioning regimen 0.699 656

Myeloablative regimen 46 (79.3%) 10 (83.3%) 6 (85.7%)

Reduced-intensity regimen 12 (20.7%) 2 (16.7%) 1 (14.3%)
Prophylactic antifungal agent .190 .096

FLCZ 17 (29.3%) 6 (50.0%) 2 (28.6%)

ITCZ 31 (53.4%) 4 (33.3%) 2 (28.6%)

Other antimold agents 10 (17.2%) 2 (16.7%) 3 (42.9%)
Days of neutropenia (<500/uL) median (range) 11.5 (3-40) 17.5 (5-27) 072 24 (13-29) 003
Days of profound neutropenia 8 (0-35) 15 (3-35) 031 18 (8-29) .008

(<100/puL) median (range)
D-index median (range) 4553.5 (942-17.800) 7102.5 (1653.5-13445.5) 055 9816.5 (4599.5-13973) 007
¢-D-index median (range) 3374.75 (1378-10,086) 443 7589 (4599.5-11159) 028
Regimen-related toxicity (Bearman’s grade)

Oral mucosa > Grade |l 34 (58.6%) 7 (58.3%) 982 6 (85.7%) 121

Gastrointestine > Grade | 21 (36.2%) 3 (25%) 364 3 (42.9%) 696
Days of central venous catheter insertion, 32.5 (0-85) 39 (17-50) 1.000 32 (24-56) 674

days median (range)
Acute GVHD > Grade It 8 (22.9%) 2 (18.1%) 656 1 (14.3%) 546

GVHD indicates graft-versus-host disease; HSCT, hematopoietic stem cell transplantation.

*Compared to cases without bloodstream infection.
+Compared to cases without pulmonary infection.
}Analyzed only among allogeneic HSCT recipients.

the development of grade II-IV aGVHD were not sta-
tistically significant risk factors for the development of
either early bloodstream or pulmonary infections.

Evaluation of Indexes for the Severity of
Neutropenia: D-Index, c-D-Index, and Duration
of Neutropenia

Among the indexes of the severity of neutropenia
over the whole duration of neutropenia, days of pro-
found neutropenia (<100/uL) significantly affected
the development of bloodstream infections (median
15 versus 7 days, P = .031). The D-index and days of
neutropenia (<500/pL) tended to be higher or longer
in patients with bloodstream infections, with borderline
significance (median 7102.5 versus 3963.5 and 17.5
versus 10.5 days, P = .055 and .072, respectively). As in-
dexes of the cumulative severity of neutropenia from the
start of neutropenia, neither the c-D-index, cumulative
duration of neutropenia, nor cumulative duration of
profound neutropenia significantly affected blood-
stream infections (median 3375 versus 3963.5, 8.5 ver-
sus 10.5 days, and 7 versus 7 days, P = .443, .397, and
.900, respectively). On the other hand, both the indexes
of the severity of the whole duration of neutropenia, in-
cluding the D-index, days of neutropenia and days of

profound neutropenia (median 9816.5 versus 3999.5,
24 versus 11 days, and 18 versus 7 days, P = .007,
.003, and .008, respectively), and the indexes for the cu-
mulative severity of neutropenia, including the c-D-in-
dex, cumulative duration of neutropenia, and
cumulative duration of profound neutropenia, signifi-
cantly affected pulmonary infections (median 7589 ver-
sus 3999.5, 20 versus 11 days, and 15 versus 7 days, P =
.028, .020, and .024, respectively). When we focused on
the 6 cases with probable, possible, or suspected pulmo-
nary mold infections, the indexes of the severity of neu-
tropenia over the whole duration of neutropenia
significantly affected the development of invasive
mold infectons (median 8702 versus 4059, 23 versus
11 days, 17 versus 7 days, P = .027, .020, and .027, re-
spectively), whereas the indexes for the cumulative se-
verity of neutropenia affected it with borderline
significance (median 6678 versus 4059, 18 versusll
days, and 15 versus 7 days, P = .081, .090, and .077, re-
spectively).

ROC analysis revealed that the D-index, c-D-index,
and duration of neutropenia were equally useful
for predicting early pulmonary infections. The area
under the ROC curves were 0.810, 0.801, and 0.832
for the D-index, days of neutropenia and days of pro-
found neutropenia, respectively (Figure 2A). These
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Figure 2. Receiver operating characteristic curves comparing the
D-index with the days of neutropenia (<500/uL, N500) and profound
neutropenia (<100 /uL, N100) (A), and comparing the cumulative
D-index (c-D-index) with the cumulative durations of neutropenia
(<500/uL, N500) and profound neutropenia (<100/uL, N100) (B) as
predictors of pulmonary infection.

values were .756, .769, and .762 for the c-D-index, cu-
mulative duration of neutropenia, and cumulative dura-
tion of profound neutropenia, respectively (Figure 2B).
The ROC curve was closest to the left corner of the
plot when the thresholds for the D-index, days of neu-
tropenia, and days of profound neutropenia were
7600, 20, and 15, respectively. With the use of these cut-
off values, the sensitivity and specificity for predicting
pulmonary infectons were 71.4% and 84.3%, 71.4%
and 78.4%, and 71.4% and 76.5%, respectively. The
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positive and negative predictive values were 29.4% and
95.1%, 38.7% and 95.6%, and 31.3% and 95.2%, re-
spectively. Similarly, the ROC curve was closest to the
left corner of the plot when the thresholds for the c-
D-index, cumulative duration of neutropenia, and cu-
mulative duration of profound neutropenia were 5500,
13, and 14, respectively. With the use of these cutoff
values, the sensitivity and specificity for predicting pul-
monary infections were 85.7% and 74.7%, 100% and
60.8%, and 71.4% and 72.5%, respectively. The posi-
tive and negative predictive values were 31.6% and
97.4%, 25.9% and 100.0%, and 35.7% and 94.9%, re-
spectively (Table 2). '

We did not perform ROC analyses for blood-
stream infections, because none of the indexes for the
severity of neutropenia, except for the total days
of profound neutropenia (<100/pL), significantly
affected early bloodstream infections.

DISCUSSION

Bloodstream and pulmonary infections are the main
types of documented infection [7] and are sometimes
fatal in the early period after HSCT [26,27]. In
this study, 12 and 7 of the 58 patients developed
bloodstream infections and pneumonia within 1 week
after engraftment, and these incidences were similar to
those in previous reports [6,7,26]. With regard to the
causative pathogens, Gram-positive organisms, most of
which were coagulase-negative staphylococci, were
the predominant cause of bloodstream infection. As re-
ported previously, Gram-positive bacteria became the
predominant microorganism that caused bloodstream
infections after the introduction of prophylaxis with
fluoroquinolones [1,2,7]. Among 7 cases of pulmonary
infections, 1 and 3 cases were classified as probable
and possible invasive pulmonary mold infection,
respectively, according to the EORTC/MSG revised
criteria [25]. Invasive fungal infection, especially invasive
aspergillosis, is also a life-threatening infectious compli-
cation in the early period after HSCT [28,29].

Neutropenia is considered to be a critical risk factor
forinfectious complications in the preengraftment phase
of HSCT [8-10]. Engels et al. [1] reported that the log-
arithml0 of the neutrophil count was significantly
associated with the risk of infection in bone marrow

Table 2. Predictive Values of Each Parameter for Early Pulmonary Infection

CO value Sensitivity (%) Specificity (%) PPV (%) NPV (%)
D-index 7600 714 843 294 951
Days of neutropenia (<500/pL) 20 714 784 387 95.6
Days of profound neutropenia (<100/uL) 15 714 76.5 313 95.2
c-D-index 5500 85.7 74.7 316 974
Cumulative duration of neutropenia 13 100 60.8 25.9 100
Cumulative duration of profound neutropenia 14 714 725 357 949

CO indicates cutoff; PPV, positive predictive value; NPV, negative predictive value.
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transplant recipients, with a hazard rato 0f 0.49. Accord-
ing to the study by Bonadio etal. [4], most infectious ep-
isodes in HSCT recipients occurred during the
leukopenic period, especially in patients with a deeper
(white blood cell count <200/pL) and prolonged leuko-
penia. Offidani et al. [5] reported that >5 days of an ab-
solute neutrophil count <100/pL was associated with
a higher risk of early infection in autologous HSCT re-
cipients. Marr et al. [30] considered neutropenia as
a time-dependent covariate, and reported that delayed
neutrophil engraftment was associated with an increased
risk for early invasive aspergillosis in allogeneic HSCT
recipients. However, there has been no tool to assess
the severity of neutropenia that combined both the in-
tensity and the duration until Portugal et al. [12] devel-
oped the D-index and c-D-index, which are calculated
from the neutrophil count curve.

Our present study showed that the cumulative
severity of neutropenia significantly affected early
pulmonary infections in HSCT recipients. In contrast,
although bloodstream infections tended to occur in
patients with a higher D-index and a longer total dura-
tion of neutropenia, the c-D-index and cumulative
duration of neutropenia had no predictive value for
bloodstream infections. This difference may reflect the
fact that bloodstream infections tended to occur earlier
after HSCT than pulmonary infections (median 9.5 ver-
sus 14.5 days). Bloodstream infections often occur soon
after HSCT asa result of bacterial translocation through
oral and gastrointestinal mucosa damaged by the condi-
tioning regimen [11] or in association with the central
venous catheter [31], and therefore are not strongly
related to the duration of neutropenia. With regard to
pulmonary infections, the significant influence of neu-
tropenia on pulmonary infections might be at least
partly because of pulmonary mold infections, for which
prolonged neutropenia is a strong risk factor [30].

The negative predictive value of the c-D-index for
early pulmonary infections after HSCT was 97.4% us-
ing a cutoff value of 5500. This means that patients
with a c-D-index less than 5500 have little probability
of developing pulmonary infections and are less likely
to require the empiric or preemptive administration of
intensive antimold treatment, if they have received
treatment in a clean room equipped with a LAF
system. However, it can be difficult to calculate the
c-D-index compared to the simple duration of neutro-
penia. Although Portugal et al. [12] reported that the
D-index and c-D-index were superior to the duration
of neutropenia for predicting invasive mold infections
in acute myelogenous leukemia patients with chemo-
therapy, there seemed to be no great difference accord-
ing to their ROC curves. The current study showed
that the D-index and c-D-index were as effective as
the duraton of neutropenia for predicting early
pulmonary infection in HSCT recipients, probably
because neutropenia was more severe and uniform in
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HSCT recipients than in patients with standard che-
motherapy. In fact, the D-index and c-D-index were
strongly correlated with the total days of neutropenia
and the cumulative duration of neutropenia, respec-
tively, in this study (correlation coefficients 0.974
and 0.968, P < .001 and < .001, respectively).

We analyzed both autologous and allogeneic
HSCT recipients together, because neutropenia and
mucocutaneous damage are the strongest risk factors
for infections during the first month after HSCT re-
gardless of the type of HSCT. The difference be-
tween autologous and allogeneic HSCT in terms of
the risk of infectious events becomes apparent after
engraftment, for example, because of the use of ste-
roid for the treatment of GVHD. Therefore, the sig-
nificant difference in the incidence of infections
between allogeneic and autologous HSCT recipients
in this study was because of the difference in the du-
ration of neutropenia, as reported in a previous study
[1]. The duration of neutropenia in autologous
HSCT was significantly shorter than that in alloge-
neic HSCT in this study (median 18.5 versus 6.5
days, P < .001).

There are some limitations in this study. The first
is the small number of patients evaluated. The D-index
for bloodstream infection and c-D-index for pulmo-
nary mold infection might have attained significance
if the study had been larger. The second limitation is
that the day of the development of pulmonary infec-
tions was considered as the time when pulmonary infil-
trate was detected by imaging tests in this study. The
true occurrence of pulmonary infections might have
been earlier. Third, the predictive value of c-D-index
might vary depending on the anitfungal prophylaxis.
In this study, patients who received fluconazole and
antimold agents as antifungal prophylaxis were evalu-
ated together. In addition, because the positive predic-
tive value of c-D-index for pulmonary infection was
only 31.5%, it may not be useful as a trigger to start
empiric antifungal therapy. '

In conclusion, both bloodstream and pulmonary
infections tended to occur more frequently in patients
with a higher D-index and a longer total duration of
neutropenia early after HSCT. On the other hand,
the c-D-index was helpful for predicting the risk of
pulmonary infections, with a high negative predictive
value, but not for predicting bloodstream infections.
In HSCT recipients, the c-D-index was as useful as
the simple duraton of neutropenia and therefore

may add little value to the daily practice of autologous
and allogeneic HSCT.
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