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Abstract: Background. In allogeneic stem cell transplantation (allo-
SCT), reduced-intensity conditioning (RIC) is known for producing
less regimen-related toxicity. However, whether or not RIC reduces
the risk for infection and infection-related mortality (IRM) remains
controversial.
Methods. We retrospectively analyzed infectious episodes and IRMs
after allo-SCTs by time period and by the intensity of the
conditioning regimen (RIC [n = 81] vs. myeloablative conditioning,
MAC [n = 150]).
Results. The cumulative incidence of any kind of infection was lower
in the RIC group through the entire period (72% vs. 87%; P = 0.007).
The onset of infections was deferred in the RIC group as compared
with the MAC group (P = 0.012). Bacteremia occurred less
frequently in the RIC group through the entire period (5% vs. 14%;
P = 0.044). However, the incidences of cytomegalovirus reactivation
and disease, herpes zoster, virus-associated hemorrhagic cystitis,
and invasive fungal infection were not different between the two
groups. Furthermore, there was no difference in relapse-free
survival and IRM between the two conditioning regimens.
Conclusion. Careful monitoring and appropriate preventive/
therapeutic strategies for infectious complications, comparable to
those for allo-SCT recipients with MAC, should also be applied to
those with RIC, especially after engraftment.
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Allogeneic stem cell transplantation (allo-SCT) has
been well established as a curative therapy for various
hematologic diseases. However, high transplant-related
mortality associated with the myeloablative condition-
ing (MAC) regimen has limited the spectrum of
patients who are eligible for allo-SCT. The reduced-
intensity conditioning (RIC) regimen has been shown
to lower regimen-related toxicity (1). Over the past
decade, the RIC regimen has allowed patients of
advanced age or with co-morbidities to undergo allo-
SCT. Several studies have demonstrated that RIC is a

good alternative to MAC in the aspects of safety and
efficacy.
Infectious complications after RIC allo-SCT may be

different from those observed after MAC allo-SCT.
However, the results remain controversial (2–10) and
few data have been reported regarding infection-related
mortality (IRM) and its risk factors (11, 12). In this
study, we thoroughly reviewed the infectious compli-
cations following allo-SCT, based on the intensity of
conditioning regimens, and analyzed the risk factors for
infection-related death.
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Patients and methods

Patients

Patients who underwent allo-SCT at the Catholic Blood
and Marrow Transplantation Center from January 2004
to December 2005 were included. We retrospectively
reviewed medical records and analyzed demographic
and clinical characteristics, including age, gender,
underlying hematologic diseases, conditioning regi-
mens, and the microbiologic data of all episodes of
infection requiring admission. In the case of herpes
zoster, patients who were treated in an outpatient
setting were included. The endpoint of the study was
set to December 2007, unless patients had a relapse of
underlying hematologic disease, were lost to follow-up,
or died.
This study was approved by the Institutional Review

Board of the Yeouido St. Mary’s Hospital in the
Catholic University of Korea (No. SC10RISI0023).
Informed consent was not required by the board
because of the retrospective design of this study.

Conditioning regimens and graft-versus-host disease
(GVHD) prophylaxis

Conditioning regimens were defined as “MAC” and “RIC”
using previous definitions (13–15). The MAC regimen
included any regimen of the following criteria: (i) total
body irradiation of � 500 cGy as a single fraction or
� 800 cGy if fractionated, (ii) standard dose of busulfan
and cyclophosphamide, (iii) melphalan of � 140 mg/m2,
and (iv) a dose of � 9 mg/kg of total busulfan. The RIC
regimen fulfilledoneof the followingcriteria: (i) total body
irradiation of <500 cGy as a single fraction or <800 cGy if
fractionated, (ii) <9 mg/kg of oral busulfan (or intrave-
nous equivalent), (iii) <140 mg/m2 of melphalan, (iv)
<10 mg/kg of thiotepa, and (v) the BEAM regimen
(carmustine, etoposide, cytarabine, and melphalan).
For prophylaxis of GVHD, all patients received

cyclosporin A or tacrolimus in combination with at
least one of the following: short-course methotrexate,
mizoribine, or mycophenolate mofetil.

Antimicrobial prophylaxis, surveillance, and
treatment

All patients received oral ciprofloxacin (250 mg twice
daily) and itraconazole oral solution (2.5 mg/kg twice
daily) until engraftment. Oral acyclovir (800 mg in

divided doses daily) was given from day 7 until
engraftment. Patients who underwent allo-SCT from
matched-unrelated or mismatched-related donors
received high-dose intravenous acyclovir (10 mg/kg,
3 times daily) for cytomegalovirus (CMV) prophylaxis
from day 7 until engraftment. Trimethoprim-sulfameth-
oxazole (a single-strength tablet daily) was adminis-
tered to prevent Pneumocystis jirovecii infection for
6 months after engraftment or until the discontinuation
of immunosuppressants.
Empirical antimicrobial therapy (ceftazidime, cefe-

pime, or piperacillin-tazobactam with or without ami-
noglycoside) was administered to all neutropenic
patients at the onset of fever, and to afebrile patients
who were neutropenic but who have signs or symptoms
compatible with an infection. The modification and
duration of antimicrobial therapy were performed
according to the recommendation of the Infectious
Diseases Society of America (16–18). The galactoman-
nan assay (PlateliaTM Aspergillus EIA; Bio-Rad, Seoul,
Korea) was performed twice a week since August of
2005. The pp65 antigenemia assay was performed twice
a week after engraftment until day 100, and then
biweekly or monthly until the discontinuation of
immunosuppressant therapy. Risk-adapted pre-emptive
therapy for CMV infection was started when 5 or more
CMV antigen-positive cells were detected in the low-
risk group and when any antigen-positive cell was
detected in the high-risk group (19). For pre-emptive
therapy, intravenous ganciclovir (5 mg/kg twice daily)
was administered until 2 consecutively negative results
or for at least 3 weeks.

Definitions

The post-transplantation period was subdivided into 3
phases, based on the risk of infections, as follows: the
pre-engraftment period (from the day of the transplant
to engraftment), the mid-recovery period (from engraft-
ment to day 100 after transplantation), and the
late-recovery period (after day 100 following transplan-
tation) (16, 20, 21). The disease status of hematologic
disease was classified as standard or advanced (16, 19).
Neutropenia was defined as an absolute neutrophil
count of <500 cells/mm3 or a count of <1000 cells/mm3

with a predicted decrease to <500 cells/mm3 within the
next 2 days. Engraftment was defined as an absolute
neutrophil count of � 500 cells/mm3 for at least 3
consecutive days. Diagnosis and grading of acute and
chronic GVHD was made, as previously described,
according to the consensus criteria and the revised
Seattle criteria (22, 23).
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Fever was defined as a single oral temperature of
� 38.3°C or a temperature of � 38.0°C lasting for at
least 1 h or measured twice within 12 h (18, 24). A
neutropenic febrile episode was classified into one of
the following categories: unexplained fever, clinically
documented infection, and microbiologically docu-
mented infection (24, 25). Invasive fungal infection
(IFI) was categorized as possible, probable, or proven
IFI according to the definitions established by the
international consensus group (26). CMV infection and
end-organ disease were defined using the previous
description outlined by Ljungman et al. (27). CMV
disease was defined as “late-onset” if it occurred
100 days after allo-SCT. Herpes zoster was included
in the skin and soft tissue infections. Hemorrhagic
cystitis was diagnosed and graded according to the
criteria proposed by Leung et al. (28). Relapse-free
survival (RFS) referred to the interval from transplan-
tation to the date of death or the date of relapse. Death
was considered an infection-related death if it was
attributable to a recent severe or life-threatening
infection.

Statistical analysis

The v2 test or Fisher’s exact test was used to compare
categorical variables, and the Student’s t-test was used
to compare continuous variables. Variables with
P-values of <0.20 by a univariate analysis were entered
into a multivariate model. The risk factors for bacter-
emia were evaluated using univariate and multivariate
logistic regression analyses. Univariate and multivari-
ate Cox regression models were used to analyze the
risk factors for RFS and IRM. RFS of the RIC group was
compared with that of the MAC group using the
Kaplan-Meier curve and the log-rank test. Two-sided
P-values of <0.05 were considered to be statistically
significant.

Results

Clinical characteristics

Demographic and transplant-related characteristics of
231 allo-SCT recipients who had either a RIC (n = 81)
or MAC (n = 150) regimen are summarized in Table 1.
Patients in the RIC group were older than those in the
MAC group (P < 0.001). Underlying disease, disease
status at transplantation, stem cell source, and prophy-
laxis of GVHD were significantly different between the
RIC and MAC groups. Hematological diseases other

than acute leukemia, advanced disease status, periph-
eral blood stem cell, and cyclosporin A prophylaxis
were more frequent in the RIC group.

General considerations of infectious complications
based on the period after transplantation

The median follow-up was 623 days (interquartile range
[IQR], 183–919 days). The cumulative incidence of
infection, regardless of the type and organism, was
significantly lower in the RIC group (72% vs. 87%;
P = 0.007). The median time to the onset of first
infection was 10 days (IQR, 1–178 days) in the RIC
group and 8 days (IQR, 4–18 days) in the MAC group,
respectively (P = 0.012). The microorganisms isolated
from the patients with microbiologically documented
infection are shown in Table 2.

Pre-engraftment period

Table 3 shows all episodes of febrile neutropenia. The
duration of neutropenia was significantly shorter in the
RIC group (P = 0.004). Febrile neutropenia was less
frequent in the RIC group compared with those in the
MAC group (38% vs. 61%; P < 0.001). The distribution of
type and site of infection were significantly different
between the RIC and MAC groups. Unexplained fever
was more frequent in the RIC group (34% vs. 12%). The
gastrointestinal (GI) tract was the most frequent site of
infection in the RIC group, whereas oropharynx, includ-
ing oral mucositis, was most frequent in theMAC group.

Mid-recovery period

A total of 114 episodes of infection were found in 34
(15%) of 230 patients during the mid-recovery period.
The incidence of any infection was 13% in the RIC group
and 16% in the MAC group (P = 0.561), respectively.
The distribution of the sites of infection was not different
between the two conditioning regimens: overall, the
lower respiratory tract (21%), the GI tract (20%), the skin
and soft tissue (17%), and the urinary tract (10%).

Late-recovery period

Of 200 relapse-free survivors, 93 patients (47%) had at
least one episode of infection (44% in RIC vs. 47% in
MAC; P = 0.771). No difference was seen in the
distribution of sites of infection between the RIC and
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Characteristics of allogeneic stem cell transplantation recipients who had either myeloablative conditioning (MAC) or reduced-intensity
conditioning (RIC) regimens

Variables, no.

(%) of patients

All patients

n = 231 P-valueMAC, n = 150 RIC, n = 81

Gender, male 127 (55) 79 (53) 48 (59) 0.406

Age, median

years [IQR]

35 [27–44] 34 [26–42] 41 [29–49] <0.001

Underlying disease <0.001

AML 89 (39) 81 (54) 8 (10)

ALL 52 (23) 46 (31) 6 (7)

SAA 34 (15) 12 (8) 22 (27)

MDS 27 (12) 9 (6) 18 (22)

CML 24 (10) 2 (1) 22 (27)

MM 5 (2) 5 (6)

Disease status at transplantation <0.001

Standard 145 (63) 108 (72) 37 (46)

Advanced 86 (37) 42 (28) 44 (54)

Donor type 0.086

Matched sibling 148 (64) 90 (60) 58 (72)

Alternative1 83 (36) 60 (40) 23 (28)

HLA incompatibility 0.100

Matched 207 (90) 131 (87) 76 (94)

Mismatched 24 (10) 19 (13) 5 (6)

Stem cell source <0.001

BM 140 (61) 115 (77) 25 (31)

PB 66 (29) 19 (13) 47 (58)

BM + PB 24 (10) 15 (10) 9 (11)

Cord blood 1 (0) 1 (1)

CMV serostatus 1.000

R+/D+ 223 (96) 143 (95) 80 (99)

R�/D+ 4 (2) 3 (2) 1 (1)

R+/D� 4 (2) 4 (3)

Prophylaxis of GVHD 0.008

CsA ± others2 135 (58) 78 (52) 57 (70)

FK ± others2 96 (42) 72 (48) 24 (30)

Acute GVHD 0.144

Grade 0–I 178 (77) 111 (74) 67 (73)

Grade II–IV 53 (23) 39 (26) 14 (17)

Chronic GVHD 0.488

Limited 33 (14) 25 (16) 8 (10)

Extensive 67 (29) 43 (29) 24 (30)
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MAC groups. The common sites of infection in all
patients were the skin and soft tissue (35%), the lower
respiratory tract (29%), and the GI tract (9%).

Bacterial infections

Among the bacterial organisms isolated from the
patients with microbiologically documented infections,
Escherichia coli (15%, 9/59) and Enterococcus species
(15%, 9/59) were most predominant, followed by
Klebsiella pneumoniae (10%, 6/59) and Clostridium
difficile (10%, 6/59) through the entire periods
(Table 2).
Twenty-eight episodes of bacteremia occurred in 25

(11%, 25/231) patients. Of 31 organisms causing bac-
teremia, gram-negative bacilli were associated with 58%
(18/31) of the infections. The cumulative incidence of
bacteremia was significantly lower in the RIC group
(5%) than that in the MAC group (14%; odds ratio [OR],
0.319; 95% confidence interval [CI], 0.106–0.964;
P = 0.044). The incidences of bacteremia for each
period were not significantly different between the RIC
and MAC groups as follows: 4% vs. 8% during the pre-
engraftment period (P = 0.269), 0% vs. 4% during the
mid-recovery period (P = 0.095), and 1% vs. 3% during
the late-recovery period (P = 0.660). Gram-negative
bacilli bacteremia was less prevalent in the RIC group
(3% vs. 11%; P = 0.037), although the incidence of gram-
positive cocci bacteremia did not differ in the RIC and
MAC groups (4% vs. 7%; P = 0.551). In the univariate
analysis, the MAC regimen (OR, 3.134; 95% CI, 1.037–
9.470; P = 0.044) and neutropenia for >14 days (OR,
4.326; 95% CI, 1.812–10.328; P = 0.001) were associated
with bacteremia. However, neutropenia for >14 days
(adjusted OR, 3.907; 95% CI, 1.621–9.417; P = 0.002)

was the only independent risk factor for bacteremia by
the multivariate analysis.
Tuberculosis (TB) occurred in 3 patients (2 pulmonary

and 1 lymph node TB) in the RIC group and 2 patients
(1 pulmonary and 1 disseminated TB) in theMACgroup.
All cases of TB were diagnosed after engraftment, with
1 occurring in themid-recovery period and 4 occurring in
the late-recovery period (Table 2).

Viral infections

CMV reactivation after engraftment occurred in 53%
(42/80) of patients in the RIC group and in 67% (100/
150) of patients in the MAC group (P = 0.046). The
median time to the onset of the first CMV reactivation
was not significantly different in both conditioning
groups (38 days [IQR, 22–59 days] in RIC vs. 32 days
[IQR, 21–48 days] in MAC; P = 0.424). CMV reactiva-
tion was less common in the RIC group during the mid-
recovery period (44% vs. 62%; P = 0.012), while there
was no difference during the late-recovery period (19%
in RIC vs. 11% in MAC; P = 0.162). CMV diseases
developed in 8 patients (4 patients in each group;
P = 0.456). Various organs were involved in CMV
disease resulting in retinitis (n = 6), pneumonia
(n = 2), colitis (n = 1), gastroenteritis (n = 1), and
ventriculoencephalitis (n = 1). Among these patients,
4 cases were defined as late-onset CMV diseases,
including retinitis (n = 2), gastroenteritis (n = 1), and
ventriculoencephalitis (n = 1). Three (38%) of 8
patients died of CMV disease, including 1 patient with
ventriculoencephalitis and 2 patients with pneumonia.
After engraftment, 67 (29%) out of 231 patients

had at least 1 episode of herpes zoster. The develop-
ment of herpes zoster was not affected by the

Table 1 Continued

Variables, no.

(%) of patients

All patients

n = 231 P-valueMAC, n = 150 RIC, n = 81

Follow-up duration, median days [IQR]

Patients who died 109 [53–297] 111 [60–361] 87 [51–226] 0.410

Patients alive at the final follow-up 733 [384–962] 708 [362–963] 772 [498–949] 0.444

1Alternative donors included unrelated donors and mismatched relatives.
2Others included short-course methotrexate, mycophenolate mofetil, and mizoribine.

MAC, myeloablative conditioning; RIC, reduced-intensity conditioning; IQR, interquartile range; AML, acute myeloid leukemia; ALL, acute

lymphoblastic leukemia; SAA, severe aplastic anemia; MDS, myelodysplastic syndrome; CML, chronic myeloid leukemia; MM, multiple myeloma;

HLA, human leukocyte antigen; BM, bone marrow; PB, peripheral blood; R, recipient; D, donor; GVHD, graft-versus-host disease; CsA, cyclosporin

A; FK, tacrolimus.

Table 1
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conditioning regimen (28% in RIC vs. 29% in MAC;
P = 1.000). Most episodes of herpes zoster (79%, 53/
67) occurred during the late-recovery period. The
median interval from transplantation to herpes zoster
was 280 days (IQR, 129–431 days) in the RIC group

and 172 days (IQR, 107–275 days) in the MAC group
(P = 0.084).
The cumulative incidence of virus-associated hemor-

rhagic cystitis was not significantly different between
the RIC and MAC groups (9% vs. 13%; P = 0.393). The

Microorganisms isolated from patients with microbiologically documented infections after allogeneic stem cell transplantation

Variables, no. (%) of microorganisms Pre-engraftment period Mid-recovery period Late-recovery period

Total 36 42 97

Bacteria 23 (64) 12 (29) 24 (25)

Gram-positive organisms 10 (28) 3 (7) 14 (14)

Enterococcus species 7 1 1

Clostridium difficile1 – 2 4

Coagulase-negative staphylococci 2 – 3

Staphylococcus aureus 1 – 2

Streptococcus pneumoniae – – 2

Viridans streptococci – – 1

Actinomycetes – – 1

Gram-negative organisms 13 (36) 8 (19) 6 (6)

Escherichia coli 5 3 1

Klebsiella pneumoniae 4 1 1

Pseudomonas aeruginosa 2 – 3

Enterobacter cloacae 1 1

Others 12 33 14

Mycobacteria tuberculosis – 1 (2) 4 (4)

Fungi 1 (3) 1 (2) 9 (9)

Candida species 1 1

Aspergillus species – – 5

Fusarium species – – 1

Pneumocystis jirovecii – 1 2

Viruses 12 (33) 29 (69) 64 (66)

BK virus 6 10 3

CMV 3 1 2

JC virus 1 3 3

Adenovirus 1 – 1

HSV 1 – 2

Human herpesvirus-6 – 1 –

VZV5 – 14 53

1Detection by toxin A or B in stool, toxin-producing C. difficile by stool culture, or pseudomembranes in the colon.
2Citrobacter freundii.
3Acinetobacter baumannii, Chryseobacterium meningosepticum, and Serratia marcescens.
4Orientia tsutsugamushi.
5VZV infections were defined by the appearance of typical cutaneous vesicular lesions or atypical lesions associated with the detection of VZV by

culture, immunofluorescence, or PCR.

Table 2
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onset of virus-associated hemorrhagic cystitis was
significantly delayed in the RIC group (median [IQR],
195 [51–265] days in RIC vs. 27 [14–71] days in MAC;
P = 0.019). The most common virus associated with
hemorrhagic cystitis was the BK virus (73%), followed
by JC virus (27%), CMV (23%), and adenovirus (8%).

IFIs

Of 231 patients, 36 (16%) had IFIs with a median onset
of 43 days (IQR, 10–171 days) after transplantation. No
significant difference was found in the incidence of IFIs
between the RIC and MAC groups (15% vs. 16%;
P = 0.852). The incidence for each period in all patients
was 6% (13/231), 5% (11/230), and 6% (12/200),
respectively. Overall, there were 3 proven, 9 probable,
and 24 possible IFIs. Table 2 shows the fungal patho-

gens isolated during each period after allo-SCT. The
most common IFI was invasive aspergillosis (95%).
Proven IFIs included 2 candidemias caused by Candida
tropicalis and Candida parapsilosis, respectively, 1
disseminated fusariosis, and 1 invasive pulmonary
aspergillosis due to Aspergillus fumigatus.

Clinical outcomes and risk factors for mortality

RFS

Overall, relapse occurred in 54 (23%) of 231 patients.
The relapse rate in the RIC group (23%, 19/81) was
equal to that of the MAC group (23%, 35/150). RFS did
not differ in both conditioning groups (62% in RIC vs.
55% in MAC; P = 0.269; Fig. 1). Multivariate Cox
regression models for RFS in all patients revealed

Characteristics of febrile neutropenia in patients with allogeneic stem cell transplantation during pre-engraftment period

Variables All patients, n = 231 P-valueMAC, n = 150 RIC, n = 81

No. (%) of patients

Duration of neutropenia, median days (IQR) 11 (8–16) 11 (9–17) 8 (3–16) 0.004

Duration of profound neutropenia, median days (IQR) 6 (3–9) 7 (5–10) 3 (0–7) <0.001

Febrile neutropenia 121/231 (52) 92/150 (61) 29/81 (38) <0.001

No. (%) of episodes

Total number of infection episodes 145 110 35

Type of infection 0.015

MDI 22/145 (15) 18/110 (16) 4/35 (11)

CDI 98/145 (68) 79/110 (72) 19/35 (54)

UF 25/145 (17) 13/110 (12) 12/35 (34)

Site of infection1 0.050

Oropharynx 61/120 (51) 57/97 (59) 4/23 (17)

Gastrointestinal tract 33/120 (28) 24/97 (25) 9/23 (39)

Lower respiratory tract 24/120 (20) 19/97 (20) 5/23 (22)

Catheter-related2 18/120 (15) 12/97 (12) 6/23 (26)

Primary bacteremia 13/120 (11) 11/97 (11) 2/23 (9)

Skin & soft tissue 12/120 (10) 10/97 (10) 2/35 (9)

Others3 3/120 (3) 3/97 (3) 0/35 (0)

Bacteremia from any source 15/231 (6) 12/150 (8) 3/81 (4) 0.269

1Multiple sites possible.
2Catheter-related infection included exit site or tunnel infections and catheter-related bloodstream infections.
3Urinary tract (n = 2) and heart (n = 1).

MAC, myeloablative conditioning; RIC, reduced-intensity conditioning; IQR, interquartile range; MDI, microbiologically documented infection; CDI,

clinically documented infection; UF, unexplained fever.

Table 3
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significant associations with severe aplastic anemia as
an underlying disease (hazard ratio [HR], 0.170; 95% CI,
0.062–0.465; P = 0.001), chronic GVHD (HR, 3.160; 95%
CI, 2.031–4.916; P < 0.001), IFI (HR, 2.926; 95% CI,
1.876–4.562; P < 0.001), and neutropenia for >14 days
(HR, 1.582; 95% CI, 1.048–2.388; P = 0.029).

IRM

Forty-five (19%) of 231 patients died of a non-relapse
related cause, including 1, 22, and 22 patients for each
of the three periods, respectively. Overall IRM was 73%
(33/45). Before engraftment, no infection-related
deaths occurred. The numbers and causes of infec-
tion-related deaths are summarized in Table 4. No
difference in IRM was found, according to the condi-
tioning regimen (P = 0.563). Invasive pulmonary asper-
gillosis (14/33, 42%) was the most common cause of
infection-related deaths through all periods. The uni-
variate analysis showed that acute GVHD grades III–IV,
chronic GVHD, and neutropenia for >14 days were
associated with IRM. Acute GVHD grades III–IV,
chronic GVHD, prolonged neutropenia, and male gen-
der were significantly associated with IRM in the
multivariate analysis (Table 5).

Discussion

When compared with previous reports from the late
1990s and early 2000s from the same center, the
general trends in infectious complications after allo-
SCT were the same as in the present study (16, 17).
Bacterial infections were predominant before engraft-
ment and the proportion of gram-positive cocci infec-
tions among bacterial pathogens continuously
increased. After engraftment, viral infections, such as
CMV infection and herpes zoster, were the main
problem. Since 2002, in regard to the allo-SCT trans-
plant procedure, elderly patients and alternative donors
were more commonly included, and the proportion of
allo-SCTs using the RIC regimen has rapidly increased.
Early infections may be less common in RIC allo-

SCTs because the RIC regimen usually leads to less
severe neutropenia and mucositis, as compared with
the MAC regimen. However, the RIC regimen relies
more heavily on potent graft-versus-leukemia effects for
tumor eradication and results in a slow recovery of the
pathogen-specific T-cell response. For these reasons,
RIC allo-SCT recipients may remain susceptible to
opportunistic infections after engraftment (3–5, 8, 29,
30). These findings are consistent with the results of
our study. The onset of infection was delayed in the RIC
group. The RIC group showed a trend of delayed onset
of herpes zoster and virus-associated hemorrhagic
cystitis compared with the MAC group, even though
the incidence of each viral infection showed no signif-
icant difference.
Recently, Shigematsu et al. (7) reported that docu-

mented bacterial infections were significantly higher in
the RIC group during the mid-recovery period and that
the main organisms were coagulase-negative staphylo-
cocci. They presumed that catheter-related infections
were the source of coagulase-negative staphylococci
bacteremia, and suggested that acute GVHD grades II–
IV was a significant risk factor for bacterial infection in
the mid-recovery period. However, they failed to show
differences in the removal procedures of the central
venous catheter and the incidence of acute GVHD
grades II–IV between the RIC and MAC groups.
Importantly, some findings were different in our study:
(i) the cumulative incidence of bacteremia was lower
in the RIC group, especially before 100 days post
transplant, (ii) Enterobactericeae and enterococci were
the leading causes of bacteremia, and (iii) neutropenia
for >14 days was the only significant risk factor for
bacteremia. These differences might have resulted
from less mucosal damage of the GI tract, a shorter

Fig. 1. Relapse-free survival after myeloablative conditioning (MAC)

and reduced-intensity conditioning (RIC) allogeneic stem cell trans-

plantation (P = 0.269).
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duration of neutropenia, and the prolonged presence of
host immunity following RIC allo-SCT (2, 4, 31).
In addition, no difference was seen in the incidence of

CMV reactivation and disease between the RIC and
MAC groups; this finding is consistent with previous
studies (6, 32). Nakamae et al. (6) suggested that the
protective role of the residual CMV-specific host
immunity disappears after complete donor chimerism
in RIC allo-SCT recipients (33, 34).

Several investigators have demonstrated that the
relapse rate increased following RIC procedures,
although there was no difference observed in RFS
(14, 35, 36). However, in this study, the relapse rate
was not different, as demonstrated by the intensities of
the conditioning regimen. We have assumed that
different distributions of underlying hematologic dis-
ease affected the relapse rates in both groups.
Infection was still a leading cause of death among

Incidence and cause of infection-related deaths according to conditioning regimens

MAC RIC

Time Period No. of relapse-free survivors

No. (%) of

infection-related

deaths

No. of relapse-free

survivors

No. (%) of infection-related

deaths P-value

Mid-recovery 150 11 (7) 80 5 (6) 0.795

IPA 5 IPA 2

Bacteremia 4 Pneumonia1 2

Brain abscess 1 Bacteremia 1

JC virus-associated HC 1

Late-recovery 128 12 (9) 72 5 (7) 0.610

IPA 5 IPA 2

Pneumonia1 4 Sepsis2 1

Bacteremia 2 Fulminant CDAD 1

JC virus-associated HC 1 Pulmonary tuberculosis 1

Total 150 23 (15) 81 10 (12) 0.563

1Pathogen not identified.
2Organ not specified.

MAC, myeloablative conditioning; RIC, reduced-intensity conditioning; IPA, invasive pulmonary aspergillosis; HC, hemorrhagic cystitis;

CDAD, Clostridium difficile-associated disease.

Table 4

Risk factors for infection-related deaths

Variables

Univariate Multivariate1

HR (95% CI) P-value Adjusted HR (95% CI) P-value

Acute GVHD, grades III–IV 3.067 (1.262–7.451) 0.013 3.316 (1.308–804.8) 0.012

Chronic GVHD 3.145 (1.415–6.990) 0.005 4.142 (1.812–9.472) 0.001

Conditioning regimen, MAC 1.320 (0.628–2.773) 0.464 1.009 (0.454–2.244) 0.982

Duration of neutropenia, �14 days 2.413 (1.219–4.778) 0.011 2.614 (1.306–5.232) 0.007

Gender, male 2.074 (0.987–4.359) 0.054 2.251 (1.050–4.826) 0.037

Underlying disease, severe aplastic anemia 0.304 (0.073–1.273) 0.103 0.233 (0.051–1.061) 0.060

1Cox regression using the enter method.

HR, hazard ratio; CI, confidence interval; GVHD, graft-versus-host disease; MAC, myeloablative conditioning.

Table 5
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non-relapse survivors. The analysis of the cause of
death indicated that respiratory tract infections, such
as invasive pulmonary aspergillosis, were the most
important causes of IRM, especially after engraftment.
In the univariate and multivariate analysis for IRM, the
intensity of the conditioning regimen did not relate to
IRM.
The published literature on infectious complications

after RIC allo-SCT is limited and has shown a piecemeal
approach (7–9, 11, 30, 37). Our study was based on the
long-term follow-up results of a larger number of
patients in comparison with previous reports. We
thoroughly analyzed the incidence and outcomes of
bacterial, viral, and fungal infections after allo-SCT and
compared each infection between the RIC and MAC
groups on the basis of time period after allo-SCT.
Moreover, to our knowledge, this is the first study to
compare IRM after allo-SCT on the basis of the
intensity of the conditioning regimen and to analyze
the risk factors for IRM. However, the retrospective
nature of our study had several limitations. The
characteristics of underlying diseases and the trans-
plant procedures were not matched in both groups,
even though we performed a multivariable analysis.
Patients with mild infectious illness that did not require
visitation to a clinic or admission to the hospital could
be excluded. As a result, the incidence of viral
infections, such as respiratory viruses causing upper
respiratory tract infections, could be underestimated.
In conclusion, our study demonstrates that infectious

episodes were observed less frequently in the RIC
group before engraftment. However, this difference
subsided after engraftment. There was no difference in
the development of fatal infectious complications, such
as CMV diseases and IFIs, and in IRM based on the
intensity of the conditioning regimen. Therefore,
active surveillance and a therapeutic strategy after
RIC allo-SCT are warranted during the post engraft-
ment period, similar to those strategies employed after
MAC allo-SCT.
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