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Infectious complications in chronic graft-versus-host
disease: a retrospective study of 145 recipients of
allogeneic hematopoietic stem cell transplantation
with reduced- and conventional-intensity

conditioning regimens
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Infectious complications in chronic graft-versus-host disease: a
retrospective study of 145 recipients of allogeneic hematopoietic stem
cell transplantation with reduced- and conventional-intensity
conditioning regimens, [
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Abstract: To assess infectious complications associated with chronic
graft-versus-host disease (cGVHD) after allogeneic hematopoietic stem
cell transplantation (HSCT) with reduced- and conventional-intensity
conditioning regimens (RIC, n = 91; CIC, n = 54, respectively), we
retrospectively analyzed data from 145 consecutive patients with
¢GVHD after allogeneic HSCT from a human leukocyte antigen-
matched related or unrelated donor. In the present retrospective
analysis, 57% (83/145) of patients with cGVHD developed infections,
with a mortality rate of 27% (22/83). The incidences of bacteremia

(n = 28), central venous catheter-related infections (n = 11), bacterial
pneumonia (n = 4), invasive aspergillosis (n = 7), and adenoviral
hemorrhagic cystitis (n = 8) were significantly higher in patients with
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prednisolone dose >1 mg/kg at the time of diagnosis of cGVHD, The
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present results suggest that infections associated with cGVHD,

especially after high-dose prednisolone, are predictive of poor outcome

regardless of whether the patient received RIC or CIC.

Infectious complications contribute to morbidity and
mortality following allogeneic hematopoietic stem cell
transplantation (HSCT). Well-known factors affecting sus-
ceptibility to infections include donor type, conditioning
regimen, development of graftversus-host disease
(GVHD), and environmental factors. Reduced-intensity
conditioning (RIC) regimens are thought to lower the risk
of infections because they involve relatively little damage
to vital organs (1). However, our experience indicates that
with both RIC and conventional-intensity conditioning
(CIC) regimens, the incidence of bacterial infections during
neutropenia and Aspergillus infections is high after al-
logeneic HSCT (2, 3). Thus, it appears that RIC alone is not
sufficient to improve the safety of allogeneic HSCT.

GVHD and the treatment of GVHD with immunosup-
pressive drugs are also wellknown predominant risk

DOI: 10.1111/).1399-3062 2007 00291 x
Transpl Infect Dis 2008

factors for the development of opportunistic infections
(4-6). In the case of acute GVHD, inpatients can be given
comprehensive prophylaxis, including environmental con-
trol, to prevent infections over the short term. In contrast,
chronic GVHD (cGVHD) is most often a late complication of
allogeneic HSCT, and is usually treated on an outpatient
basis. Consequently, the resources that can be used to
control infections in patients with cGVHD are limited, and
prophylaxis should be considered as a long-term approach,
taking into account the safety and emergence of drug-resis-
tant pathogens. In Japanese patients, the incidence of
¢GVHD after allogeneic HSCT is reportedly as high as
50%, with 20% of those who develop ¢GVHD contracting
concurrent infections (7). At present, more transplantation
procedures are being performed with peripheral blood
stem cell (PBSC) products, in older patients, and with
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unrelated donors. The available evidence suggests that all
of these factors would result in greater numbers of patients
with ¢GVHD. Thus, management of cGVHD is one of the
greatest challenges to physicians practicing HSCT.

In the present study, we evaluated infectious complica-
tions associated with cGVHD in patients who received an
RIC or a CIC regimen before undergoing PBSC transplan-
tation (PBSCT) from a human leukocyte antigen (HLA)-
matched relative (related PBSCT) or bone marrow trans-
plantation (BMT) from an HLA-matched unrelated volun-
teer (unrelated BMT),

Patients and methods

Patient characteristics

We retrospectively analyzed data from 145 consecutive adult
patients with hematologic malignancies who had received
allogeneic HSCT with an RIC (12 = 91) or CIC (n = 54) regi-
men between January 2000 and December 2004 at our insti-
tution. All of these 145 patients had sustained engraftment,
had survived for > 100 days following transplantation, and
had developed cGVHD. The following types of patients were
excluded: patients who suffered from disease progression
before the development of cGVHD and received donor lym-
phocyte infusion, and patients with a history of previous al-
logeneic HSCT. Significant differences were observed be-
tween the RIC and CIC groups in terms of the age of the pa-
tients and donors, the gender of the patients, diagnosis,
disease risk (8), time from diagnosis to transplantation, do-
nor type and source of stem cells, and GVHD prophylaxis.
The patient characteristics are summarized in Table 1. Typ-
mg for HLAA, -B, and -DR antigens of the donor and recip-
ient was performed using low-resolution DNA typing. The
frequency with which allogeneic PBSCT is performed in
Japan has been increasing since it became eligible for reim-
bursement from health insurance organizations in the year
2000, and our banking system only approves donation of
bone marrow. The chnical charactenstics of cGVHD, includ-
ing use of immunosuppressive drugs at diagnosis and ini-
tial treatment, are summarized in Table 2 The present
study was approved by the Ethics Committee of our institu-
tion, and all 145 subjects provided informed consent.

Conditioning regimen and supportive care

The CIC regimen consisted of cyclophosphamide (CY,
120mg/kg), in combination with either 12Gy total-body
irradiation (TBI, n=25) or busulfan (BU, 16 mg/kg;
1t = 29). The RIC regimen consisted of BU (8 mg/kg) in com-
bination with either fludarabine (Flu, 180 mg/m? n = 70)
or 2-chlorodeoxyadenosine (2-CdA, 066 mg/kg; n = 21); 14

(-]
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patients received either anti-thymocyte globulin (ATG, 5-
10mg/kg; n = 6) or 4 Gy TBI (n = 8). All patients received
cyclosporine (CSP, 3mg/kg/day; n=137) or tacrolimus
(TAC, 0.03mg/kg/day; n =8), with (n=78) or without
(n = 67) short courses of methotrexate (MTX; related PBS-
CT, 10mg/m” on day 1, and 7 mg/m® on days 3and 6; unre-
lated BMT, 10mg/m® on days 3, 6, and 11) as GVHD
prophylaxis. All patients received prophylactic ciprofloxa-
cin (200 mg orally 3 times daily) for prevention of infections
until neutrophil recovery. Trimethoprim-sul{famethoxazole
(80 mg of trimethoprim once daily) was administered for
the prevention of Prewmocystis pneumonia and encapsulat-
ed bacterial infection, from the first day of the conditioning
regimen until day 3, and from day + 30 until 6 months after
transplantation, or for prolonged periods in patients with
cGVHD. Patients also received oral or intravenous flucona-
zole (100mg once daily) for prevention of infection by
Candida species, and low-dose acyclovir (600mg until en-
graftment, and then 100 mg/day orally), starting at the same
time as the conditioning regimens and continuing until ces-
sation of administration of immunosuppressive drugs (9).
Cytomegalovirus (CMV) antigenemia was monitored week-
ly until cessation of the administration of immunosuppres-
sive drugs. Testing for CMVantigenemia consisted of direct
immunoperoxidase staining of leukocytes with a per-
oxidase-labeled monoclonal antibody. Quantitative real-
time polymerase chain reaction was not performed.

Definition of outcome

Patients with grades [I-1Vacute GVHD were treated with
prednisolone (PSL) according to a standard regimen (10).
Chronic GVHD was assessed and graded according to the
standard criteria (11). The diagnosis and staging of cGVHD
were also assessed according to the working report pub-
lished by the National Institutes of Health Consensus
Development Project (12). Relapse was defined either by
morphologic evidence of the disease in the peripheral
blood, marrow, or extramedullary sites, or by recurrence
and persistence of pre-transplant chromosomal abnormali-
ties in cytogenetic analysis of the marrow cells.

Infectious complications

A documented infection was defined as signs and symp-
toms associated with microbiological documentation of a
pathogen from the site of infection. Culture-documented
bacteremia, fungemia, or viremia was considered to be a
definite infection, regardless of symptoms. On the other
hand, clinical infection was defined as signs or symptoms
consistent with an infection, but without microbio-
logical confirmation. Central venous catheter (CVC)-related
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Patient ch istics and i
RIC (0= 91) ac (n=54) P

Median age of patients (range) 55(26-68) 37 (18-53) < 0.0001
Median age of donors (range) 50 (17-69) 34 (19-54) < 00004
Male/female patient 57%/34 22/32 0015

Female donor for male patient 19 10 083
Diagnosis AML [ + MDS) 27(9) 17(4) 00029

MDS 17 4

oML 7 12

ALL 8

ML 38 13

Others® 3 o
Disease risk group (standard/advancad)® 14/77 21/33 0.0023
Median time intervar® range), (months) 19(2-178) 10 (1-100) 0,014
KPS® < 80% 10 5 041
HCT-SC® > 2 13 7 0.99
Prior infectious complications 8 3 099
Prier autologous transplantation 5 2 0.99
Danor type and source of stem cells

Related PBSG/Unrelated BM 82/9 34/20 00002
GVHD prophylaxis

CS5P of TAC alone/MTX with CSP orTAC 66/25 1/53 < 0.0001
Acute GVHD grade Il /1l/IV 24/23/3 18/8/2 0072

Median onset day (range) of grades 11V acute GVHD" 39 (12-97) 32 (14-91) 0.48
Prior use of PSL for acute GVHD

0.5- <1.0/1.0- <20/ > 20mg of PSL/kg 5/34/18 4/13/9 027
Rel progressive di following cGVHD 16 10 0.99
Cause of death 30 20 0.27

infection 158 ™

Chronic GVHD g® 8"

Lungs/gastrointestinal tract/MOF/Uthers® 3/4/3/2 3/3/2/0

Others® 3 6

Progression 8 2
Median follow-up (rangel. (months) 39 (5-73) 45 (15-79) 0.20

*Number of patients, unless indicated otherwise.
20thers = myelofibrosis (0 = 1), chronic lymphocytic leukemia (0 = 1) and multiple myeloma (n = 1)
*Patients who were considered standard risk with a diagnosis of AML + MDS or AML, or ALL in first complete remission, CML in first chronic phase, of
untreated refractory anemia in MDS. All other conditions were considered to Indicate advanced risk.
ime from diag 1o
5KPS was evaluated before the start of the conditioning regimen, and was graded according to Karnofskr performance slalus sm
“HCT-SC was evaluated before the start of the conditioning regimen. and was graded according to hematopoletic cell transp fic cor idity
ingex (rel. 81
"Time from occurrence of grades lI-IV acute GVHD to transplantation.
PTotal number of patients differs because B patients (RIC, 5: CIC. 3) died of both infection and chronic GVHD,
"Others = renal n = 1) and liver (n = 1),
D0thers = RIC: cerebral infarction nn 1). secondary hepatousrh.:lar carcinoma (n = 1), infection following secondary allogeneic cord blood stem cell

transplantation; CIC; acute ction (n = 1) bral infarction (n = 1), drug-induced interstitial pneumonia {n = 1), infection following
chemotherapy (1 = 1), and suicide un- 2)
RIC, reduced-intensity regimen; CIC, conventional-intensity regimen; AML, acute myeloid leukemia; MDS, my k | ; CML, chronic myeloid

leukemia; ALL, acute lymphoblastic leukemia ML, malignant lymphoma; PBSC, peripheral blood stem cell; BM. bone rrlm!wr CSP. cytlosporlne'ﬂl:
tacrolimus; MTX, methotrexate; GVHD, graft-versus-host disease; PSL, prednisclone; cGVHD, chronic graft-versus-host disease; MOF, multiple organ failure.

Table 1
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Clinical characteristics of cGVHD

RIC cic P

Median onset day (range)* 100 (79-479) 109 (93-348) 051
Limited/extensive 5/86 1/53 041
De novo/qui " 27/38/26 24,921 016
KPS score 1/2/3 61/16/8 46/2/2 0045
Skin score 1/2/3 27/33/8 17/12/3 015
Mouth score 1/2/3 40/29/3 23/9/1 087
Eyes score 1/2/3 30/14/7 15/9/1 038
Gastrointestinal tract score 1/2/3 28/4/12 19/1/7 084
Liver score 1/2/3 7/23/44 6/13/24 0889
Lungs score 1/2/3 6/8/4 8/11 026
Joints and fascia score 1/2/3 13/2/0 8/5/1 013
Genital tract score 1/2/3 1/0/0 0/0/0 089
Eosinophilia > 0.5 x 10%/L 30 2 0.37
Platelets <100 x 10%/L 26 20 036
Others? 5 2 038
Immunosuppressive drugs at diagnosis of cGVHD

CSA/TAC 66/3 37/3 078

<0.5/0.5-<10/10-<2.0/ > 20mg of PSL/kg 17/9/11/2 9/2/3/1 057
Initial treatment for cGVHD

Addition or increased dose of CSA/TAC 69/7 414 099

<05/0.5-<1.0/1.0-<2.0/ > 20mg of PSL/kg 18/14/15/4 10/7/8/2 074
Median follow-up from diagnosis of cGVHD (range) (months) 39(5-73) 45 (15-79) 0.26

“Time from occurrence of cGVHD to transplantation,

20thers = pleural effusion (n = 4), pericardial effusion (n = 3}, ascites 1 = 3} and polymyositis jn = 1).
i it i CiC,

RIC, red y regi ional-intensity regimen; cGVHD, chronic graft-versus-host di KPS, Karnofsky perfl status; CSP,
yclosporine; TAC, t s, PSL, prednisolone,
Table2

infections consisted of exit site infections without bacter-
emia. Bacterial pneumonia was included in the category
of definite infections, and was diagnosed by chest x-ray ex-
amination or computed tomography (CT) and identification
of a bacterial pathogen on culture of sputum, bronchoalve-
olar lavage fluid, pleural fluid, or blood specimen. Fungal
infections, including proven or probable invasive fungal in-
fections, were diagnosed by identification of a fungal
pathogen on culture or Aspergillus antigen and CTexamin-
ation according to consensus criteria (13). Pneumonia of un-
known origin was included in the category of undefined
pneumoniae, which were diagnosed by chest x-ray and/or
CT. There was no significant difference in CMV serostatus
between the RIC and CIC groups (data not shown). A poly-
microbial infection of 1 organ or several adjacent
organs was considered to be a single infection. Death
associated with a documented infection was defined as
the death of a patient with findings consistent with an

| Transplant Infectious Disease 2008

infection, or as detection of the pathogen in an autopsy
specimen,

Statistical analysis

Comparisons of variables were performed using the
2.tailed Fisher exact test or the y° test. Continuous
variables were compared by the Mann-Whitney [-test.
All Pvalues were 2-sided, and the type | error rate was
fixed at P<005.

Transplant outcomes

The transplant outcomes are summarized in Table 1.
Twenty-two patients (RIC, n = 15; CIC, n = 7) died of infec-
tions, of whom 8 patients (RIC, n = 5; CIC, n = 3) died of




both infections and chronic GVHD, with cGVHD at a medi-
an follow up of 40 months from transplantation (RIC, 39 vs.
CIC, 45 months). The median onset of cGVHD was 112 days
(RIC, 100 vs. CIC, 109 days), and 47 patients (RIC, n = 26;
CIC, n = 21) developed progressive-type ¢GVHD at a medi.
an follow up of 32 months from diagnesis of cGVHD (RIC,
39 vs. CIC, 45 months). The severity of the Karnofsky per-
formance status (KPS) score was significantly greater in
the RIC group (P = 0.045).

Infectious complications

A total of 134 infectious episodes occurred in 83 patients
(RIC, 51 vs. CIC, 32 P= 073), as shown in Table 3 Of these,
28 patients (RIC, 18 vs. CIC 10; P = 0.83) developed bacter-
emia, the causative organisms (43 positive cultures) of
which are summarized in Table 4. Gram-positive bacter-
emia (27 positive cultures) was more common than gram-
negative bacteremia (16 positive cultures). The bacteremia
was caused by 2, 3, and 4 types of organisms in 4,4, and 1
patient, respectively. The incidence of bacteremia was sig-
nificantly higher in patients with the following factors:

iated with cGVHD

‘Yamasaki et al: Infections associated with chronic GVHD

c¢GVHD including progressive types (n = 15, P = 00027), a
KPS score >2 (n =11, P=00062) and a gastrointestinal
(GI) score > 2 (n =13, P<00001); PSL dose >1mg/kg at
the time of diagnosis (n = 9, P = 0.00090) and for the initial
treatment of cGVHD (n = 11, P = 00050). CVC-related infec-
tions (n =11) were caused by Staphylococcus epidernudis
(n = 4), Staphylococcus species (n = 2), Stenotrophomonas
maltophitia (n = 2), Acinetobacter nooffii (n=1), Coryne
bacterium species (n = 1), or methicillin-resistant Staphyo-
coccus aureus (MRSA, n = 1). The incidence of CVC-related
infections was significantly higher in patients with PSL
dose >1mg/kg at the time of diagnosis of cGVHD (n = 4,
P=0026). Bacterial pneumonia was observed in 4
patients, and the isolated organisms were as follows: Psen-
domonas aeruginosa (n = 1), Hemophilus influenzae (n=1),
S. epidermidis (n = 1), and Staphylococcus species (n =1).
The incidence of bacterial pneumaonia (n = 4) was signifi-
cantly higher in patients with PSL dose >1mg/kg at the
time of diagnosis (n = 3, P = 00051) and for the initial treat-
ment of cGVHD (n =3, P=0021). Invasive aspergillosis
(IA) and Candida infections developed in 7 and 3 patients,
respectively. All patients with [A had been given >05mg
of PSL/kg at the time of diagnosis of cGVHD. The incidence

Total (median onset, range, days) RIC cic P

Bacterial infections

Bacteremia 28 (175, 104-1629) 18 (5" 10(2) 0,83

CVEC-related 11 (123,101-1774) 5(0) 6(0) 0.33

Pneumonia 4(311, 101-1045) 3(2) 1(1) 099

Others? 16 (302, 102-1065) 7(4) 9(2) 041
Fungal infections

Candida infection 3 (128, 101-358) 110) 2(0) 056

Invasive aspergillosis 7181, 112-1232) 6(0) 1(0) 0.26
Viral infections

Adenoviral hemorrhagic cystitis 8192, 111-538) 5(0) 3(0) 089

CMV colitis 1(343) oo 10 037

Cutaneous VZV 18 (502, 106-1684) 12(0) 610 0.80

Influenza 4 {483, 355-898) 1(0) 3(0) 015

Others® 2(133,103-184) 1(0) 10 089
CMV antigenemia 15 (140, 104-448) 11(0) 4(0) 0.42
Pneumoniae of unknown origin 32(283, 101-1735) 18 (4) 14 (4) 0.41
*Numiber of infecti iS00 ber of deaths) is shown.

*Others = sepsis ufunh;nwn origin (4 episodes), dermatitis (34 hemorrhagic cystitis (2} otitis media (2} meningitis (2), cholecystitis (1)

pseudomembranous enterocolitis (1) and urinary tract infection (1}
0thers = herpes simplex viral esophagitis (1 epi and meningitis (1),
¢GVHD, chronic graft-versus-host ak RIC, reduced-i
cytomegalovirus; VZV, varicella zoster virus.

y regimen; CIC. co sity reg

T, CVC, central venous catheter; CMV,

Table 3

Trans plant infectious Disease 2008 5




Yamasaki et al: Infections associated with chronic GVHD

Bacteremia assoclated with cGVHD

Gram-posilive organisms
Staphylococcus epldermidis
Streptococcus species
Enterococcus species
Staphylococcus species
Bacillus species
Carynebacterium species
MRSA
Gram-positive cocel

Gram-negative organisms
Bacteroides species
Pseudomonas aeruginosa
Kiebsielia species
Enterobacter species
Escherichia coll

Gram-negative rods

RIC {n = 18) CIC i = 10)

W e e MKMW woHOOWN-NDE
O M MO NNG R RO MR E BN D

*Number of positive cultures.

cGVHD, chronic graft-versus-host di RIC, reduced y reg
aureus.

t MRSA, methicillin-resistant Staphylococcus

Table4

of TA was significantly higher in patients with ¢cGVHD
including a Gl score 22 (n=4, P=0015), PSL dose
>1mg/kg at the time of diagnosis (n = 4, P = 00037), and
for the initial treatment of cGVHD (n = 7, P<0.0001), Eight-
een patients developed cutaneous varicella zoster virus
(VZV), all responded promptly to acyclovir. Eight patients
developed adenoviral hemorrhagic cystitis (HC);, 2
of these 8 patients developed continuously complicated lethal
bacteremia.The incidence of adenoviral HC was significantly
higher in patients with ¢cGVHD including a KPS score >2
(n=5 P=00071) and a Gl score >2 (n=4, P=0026),
PSL dose >1mg/kg at the time of diagnosis (n=4,
P = 00069), and for the initial treatment of ¢cGVHD (n =5,
P = 00060). De nove CMV antigenemia before or after devel-
opment of ¢<GVHD was observed in 62 and 15 patients,
respectively. Sixteen and 8 patients, respectively, died of bac-
terial infections and pneumoniae of unknown origin.

Discussion

In the present retrospective analysis, 57% (83/145) of pa-
tients with cGVHD developed infections, with a mortality
rate of 27% (22/83). Although the limitations of this study
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were the retrospective study design and the differences in
baseline characteristics in both the RIC and CIC groups,
these results illustrate the importance of establishing more
effective management of infectious complications associat-
ed with cGVHD, which are predictive of poor outcome for
both RIC and CIC regimens.

In patients with ¢cGVHD, the major source of bacteremia
was heterogeneous, gram-positive organisms such as
S. eprdernudis and Streplococcus species, which were more
common than gram-negative organisms, and bacteremia
caused by Pseudomonas aeruginosa, including multidrug-
resistant P aeruginosa, occurred only in patients with
¢GVHD involving a Gl tract score > 2. Additionally, Strep-
tococcus prewmonia sepsis was a risk factor for non-relapse
mortality, as reported previously (4), and pneumococcal
vaccination of transplant recipients was found to be rela-
tively ineffective in the presence of cGVHD. In other stud-
ies with RIC regimens, the incidence of bacteremia
appeared to be significantly lower than in the present
study, but this may a result of the shorter follow-up periods
in those studies (14, 15). Moreaver, 29% (7/24) of the present
patients with cGVHD involving a Gl tract score > 2 had re-
ceived >2mg of PSL/kg before developing cGVHD, and all
7 of these patients developed bacteremia. Although 50%
(14/28) of patients with bacteremia received antibiotic




drugs and all 14 of these patients received intravenous
immunoglobulin to maintain IgG levels at > 400 mg/dL
for prophylaxis of encapsulated bacteria and Pneumocystis,
these results suggest that patients with cGVHD having a Gl
tract score >2, especially after high-dose PSL, are more
likely to develop bacteremia than patients with ¢cGVHD
not having a GI tract score > 2 This was probably due to
colonization of the Gl tract resulting from translocation in-
to the bloodstream or disruption of the ecologic Gl equilib-
rium involving Gl bacterial overgrowth (eg, use of
antibiotic decontamination), increased permeability of the
Gl mucosal barrier (e.g., GVHD-induced mucosal damage),
or deficiencies in the host immune defenses (e.g., use of im-
munosuppressive drugs). Thus, a review of strategies for
prevention of bacteremia may lead to improvement of
patient outcomes after allogeneic HSCT. That s, in patients
with ¢GVHD having a GI tract score >2, restrictions on
the use of broad-spectrum antibiotics may help reduce Gl
bacterial overgrowth, including overgrowth by antibiotic-
resistant organisms, resulting from failure of the Gl
barrier. In contrast, we recognize the difficulty in identify-
ing bacteremia using culturing blood. Our patients
were immunocompromised hosts who presented with
undifferentiated fever; therefore, blood culture results
were often delayed well into the course of empirical
therapy. There is a need to develop suitable strategies
for screening of bacteremia associated with cGVHD in
patients who receive allogeneic HSCT with either RIC or
CIC regimens.

Most of the present patients with cGVHD who developed
Candida mfection or 1A received >05mg of P5SL/kg be-
fore developing cGVHD and the incidence of 1A was signifi-
cantly higher in patients with cGVHD having a GI score
=2 especially after high-dose PSL. The number of patients
with fungal infections was small, but high-dose PSL may
be effective for improving the prophylaxis for such infec-
tions. Furthermore, the duration of prophylaxis still re-
mains unclear as randomized clinical trials have yet to be
conducted.

All the present patients with adenoviral HC developed
grades I1-IVacute GVHD and received PSL for GVHD ther-
apy, which differs considerably from what has been report-
ed previously(16). The incidence of adenoviral HC was
significantly higher in patients with ¢cGVHD having a
KPS score >2 a Gl score >2 and high-dose PSL at the
time of diagnosis and for the mitial treatment of cGVHD.
Although the present study was limited in its ability to de-
tect risk factors for adenoviral HC, because of low patient
numbers and lack of prospective investigation of viral in-
fection, the present results suggest that patients who
receive high-dose PSL before and after developing cGVHD
should be frequently checked for abdominal and urinary
svmptoms, and that urinary tests should be regularly

Yamasaki et al: Infections associated with chronic GVHD

performed during ongoing use of immunosuppressive
drugs. In addition, we identified only 1 patient with cGVHD
who suffered from CMVcolitis, indicating that it is useful to
monitor and treat CMV antigenemia intensively in patients
receiving immunosuppressive drugs, especially before de-
velopment of cGVHD. In contrast, 12% of the present pa-
tients with ¢GVHD developed cutaneous VZV with a
median onset of 502 days (range, 106-1684), despite low-
dose acyclovir prophylaxis during at least the first year af-
ter allogeneic HSCT. Nonetheless, there were no cases of
breakthrough VZV infection. This suggests that low-dose
acyclovir prophylaxis effectively prevented breakthrough
VZV infection, but that reestablishment of antiviral thera.
py was needed to protect against cutaneous VZV in pa-
tients with cGVHD.

In summary, the present data indicate that infections as-
sociated with cGVHD, especially after high-dose PSL, are
predictive of poor outcome, whether RIC or CIC is used.
Accordingly, there is a need for clinical trials to develop
new strategies for screening and prevention of infections
associated with cGVHD in patients who receive allogeneic
HSCT with either RIC or CIC regimens.
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Impact of T Cell Chimerism on Clinical Outcome in |1 17
Patients Who Underwent Allogeneic Stem Cell
Transplantation with a Busulfan-Containing
Reduced-Intensity Conditioning Regimen
Bungo Saito, Takahiro Fukuda, Hiroki Yokoyama, Saiko Kurosawa, Toshihiro Takahashi,

Shigeo Fuji, Noriko Takahashi, Kinuko Tajima, Sung-Won Kim, Shin-ichiro Mori,
Ryuiji Tanosaki, Yoichi Takaue, Yuji Heike

Within the concept of reduced-intensity stem cell ransplantation (RIST) there is a wide range of different
regimens used, and little information is available on the clinical impact of chimerism status in patients condi-
tioned with a busulfan-containing regimen. Therefore, we retrospectively reviewed lineage-specific chimerism
and the subsequent clinical outcome in | 17 patients (median age, 55 years: range: 29-68) who underwent bu-
sulfan-containing RIST. The conditioning regimen consisted of busulfan (oral 8 mg/kg or i.v. 6.4 mg/kg) and flu-
darabine (180 mg/m’, n = 64) or cladribine (0.66 mg/kg, n = 53), with or without 2-4 Gy tetal-body irridiation
(TBI) (n = 26) or antihuman T-lymphocyte immunoglobulin (ATG; 5-10 mg/kg n = 31), Chimerism was eval-
uated with peripheral blood samples taken on days 30, 60, and 90 after transplantation by polymerase chain
reaction (PCR)-based amplification of polymorphic short tandem repeat regions. The median follow-up of sur-
viving patients was |039 days (153-2535). The percent donor-chimerism was significantly higher in granulocyte
than T cell fraction throughout the entire course, and the median (mean) values were, respectively, 100% (96%)
versus 95% (83%), 100% (98%) versus 100% (89%), and 100% (98%) versus 100% (91%) at days 30, 60, and 90
after RIST. In a multivariate analysis, having received <2 types of chemotherapy regimens before RIST was the
only factor that was significantly associated with low donor T cell chimerism (<60%) at day 30 (hazard ratio
[HR]: 6.1; 95% confidence interval [CI), 2.1-18.4; P < .0l). The median percentage of donor T cell chimerism
at day 30 was 9% (0%-63%) in 5 patients who experienced graft failure, which was significantly lower than that
(97%: 15%-100%) in the rest of the patients (P <.01). No correlation was found between the kinetics of T cell
chimerism and the occurrence of acute or chronic GYHD (aGVHD, ¢GVHD). The stem cell source and the
addition of TBI or ATG were not associated with the degree of T cell chimerism, overall survival (OS) or
event-free survival (EFS). In a Cox proportional hazard model, low donor T cell chimerism of <60% at day
30 was associated with both poor OS (HR: 2.2; 95% CI, 1.1-4.5; P = .02) and EFS (HR: 2.0; 95% CI, |.1-3.8; P
= .02). In conclusion, we found that 43% of the patients retained mixed donor T cell chimerism (<90% donor)
at day 30, whereas 92% achieved complete chimerism in granulocyte fraction. Low donor T cell chimerism of
<60% at day 30 may predict a poor outcome, and a prospective study to examine the value of early intervention
based on chimerism data is warranted.
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with a reduced-intensity condinoning (RIC) regimen
has been increasingly used in patients with hemato-
logic diseases who cannot be candidates for conven-
tional HSCT because of age, medical comorbidiues,
or prior failed myeloablative SCT. Many different
RIC regimens are currently in use, but most of them
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incorporate fludarabine (Flu) as a background agentin
combination with other drugs including cyclophos-
phamide (Cy) [1], melphalan (Mel) [2], busulfan
12,3], low-dose total body irradiadon (TBI) [4], anath-
ymocyte globulin (ATG) [3], and alemtuzumab [5].

RIC regimens have been investigated in the hope of
reducing toxicity, whereas their engraftment potential
and antileukemia effect rely mainly on the expansion of
donor-derived cells and subsequent immune-mediated
graft-versus-leukemia (GVL) effects [6,7]. In this set-
ung, lineage-specific chimerism analysis to assess the
origin of lymphohematopoietic cells becomes particu-
larly important for identifying patients at risk for graft
failure/rejection, graft-versus-host disease (GVHD),
and relapse or progressive disease (PD) [4,8,9].
Because the posttransplantaton chimerism status is
based on a fine balance between the cytotoxicity or im-
munosuppressive potential of the regimen used and the
recipient’s reserve immunocompetence, each RIC reg-
imen should be evaluated individually for chimerism
kinetes [1,4,10-13],

Compared with a regimen that includes Flu and
Me, it has been reported that the combination of Flu
and i.v. Buwas associated with improved survival in pa-
nents transplanted in remission, which was more fre-
quently associated with mixed chimerism [2].
However, very little information is currently available
on the clinical impact of lineage-specific chimerism
status in patients who are conditioned with a Bu-con-
taining RIC regimen. Therefore, we examined the cor-
relation between specific patterns of lineage-specific
chimerism and subsequent clinical outcomes.

PATIENTS AND METHODS

Patients and Transplantation Procedures

We retrospectively reviewed the medical records of
117 patients who had various hemarologic malignan-
cies and underwent allogenic HSCT with Bu-contain-
ing RIC at our hospital from January 2000 to
December 2006, The reasons for selecting RIC
regimens included older patient age, medical comor-
bidities, and prior failed myeloablative SCT. The
patients’ characteristics are summarized in Table 1.
The median age of the patients was 52 years (range:
29-68 years), and the hematologic malignancy in-
cluded acute myelogenous leukemia (AML) (n = 23),
AML evolving from a myelodysplastic syndrome
(MDS) (n = 16), acute lymphoblastic leukemia (ALL)
(n = 5), malignant lymphoma (n = 44), MDS (n =
16), chronic myelogenous leukemia (CML) (n = 9),
chronic lymphocytic leukemia (CLL) (n = 1), multiple
myeloma (MM) (n = 1), and atypical CML (n = 2).

The conditioning regimen consisted of Bu (oral 8
mg/kg or i.v. 6.4 mg/kg) and Flu (180 mg/m®, n =
64) or cladribine (0,66 mg/kg, n = 53), with or without
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Table |. Association b pati characteristics and
donor T-cell chimerism at day 30

T cell chimenism at day 30

Toml <60% =60%
Characteristics (n=117) (n=18) {n=99)
Patient age, years
Median (range) 55 (29-68) 57 (35-68) 54 (29-68)
<5 56 (48%) &(33%) 50 (51%)
=55 61 (52%) 12 (67%) 49 (49%)
Diseases rype
Acute leukemia 44 (38%) 5 (28%) 39 (39%)
Lymphoma 46 (39%) 6(33%) 40 (40%)
MDSMPD 17 (23%) 7 (39%) 10 (20%)
Disease risk
High 91 (78%) 15 (83%) 76 (77%)
Low 26 (22%) 3(17%) 23 (23%)
MNo. of prior chemotherapy regimens
=1 77 (66%) 6(33%) 71 (7%)
<2 40 (34%) 12 (67%) 28 (28%)
Donor
Unrelated 32 (27m%) 2(11%) 10 (30%)
Related B85 (73%) 16 (B9%) 69 (70%)
HLA
March 90 (77%) 15 (83%) 75 (76%)
Mismarch 27 (13%) 3(17%) 24 (24%)
Stem cell source
G-PBMC Bl (89%) 13 (72%) 68 (69%)
Bone marrow 36 (31%) 5 (28%) 31 (31%)
Conditioning regimen
1CdATBu 24 (21%) 4 (21%) 10 (20%)
1CAAIBUATG I8 {15%) 4 (22%) 14 (14%)
2CAA/BUITBI (9%) I (6%) 10 (10%)
Flu/Bu 38 (31%) 8 (44%) 30 (30%)
Flu/Bu/ATG 11 (9%) | (6%) 10 (10%)
Flu/Bu/ATG/TBI 2(2%) 0 (0%) 2(2%)
Flu/Bu/TBI 13 (11%) 0 (0%) 13 (13%)

Acute leukemnia (n=44); acute myelogenous leukemia (AML: n=23), AML
ling from a myeladyspla ynd (n=16),and acute lymphoblas-
tic leukemia (ALL n=5); Lymph (n=46); malig lymph (44),
chronic lymphocytic leukemia (CLL: n=1) and mukiple myeloma
(MM; n= 1} MDS/MPD (n=27): MDS n= 16 and MPD including chronic
myelogenous leukemia (n="9) and atypical CML (n=2); G-PBMC indicates
granulocyte colony-stimulating factor. d peripheral blood mono-
nuclear cells; 2CdA, cladribine; Bu, busulfan; Flu, fludarabine: ATG, ant-
human T-lymphocy globulin; TBI, total-body irradiation.

2-4 Gy TBI (n = 26) or antthuman T-lymphocyte im-
munoglobulin (Fresenius Biotech GmbH, Germany)
(ATG; 5-10 mg/kg, n = 31).

In Japan, only bone marrow is permitted as a stem
cell source in transplantation from an unrelated
healthy volunteer donor. In the seting of nonmyeloa-
blative SCT from an unrelated donor, the sustained
engraftment rate has been reported to be lower for re-
cipients of bone marrow than for those given granulo-
cyte colony-stmulating factor-mobilized peripheral
blood mononuclear cells (G-PBMC) [14]. Therefore,
low-dose TBI was also added ro the conditioning reg-
imen in 25 of the 32 patents who underwent reduced
intensity stem cell transplantation (RIST) from an un-
related bone marrow donor to facilitate engraftment.
Recipients of HLA-mismatched grafts tended to re-

ceive ATG-containing conditioning regimens (20 of

the 27 recipients of HLA-mismatched grafts [74%]
versus 11 of the 90 recipients of HLA-matched grafts
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[12%]). Prophylaxis for GVHD consisted of cyclo-
sporin (CsA) alone (n = 55), Cyclosporin with short-
term methotrexate (sMTX) (n = 38), tacrolimus alone
(n = 13), or tacrolimus with sMTX (n = 11).

In 81 of the 117 patients, the source of stem cells
was G-PBMC from a related donor, which contained
a mean of 3.3 x 10° CD34" cells/kg (range: 1.5-7.0
% 10°CD34* cclls/kg) and 8.7 x 10° CD3" cells/kg
(range: 6.4-86.1 x 10° CD3” cells/kg). The other 36
patients received related (n = 4) or unrelated (n =
32) bone marrow, which contained a mean of 2.9 x
10" total nucleated cells (TNC)kg (range: 0.97-6.53
% 108 TNC/kg).

A total of 9 patients received donor lymphocyte
infusion (DLI), mainly after day 90, and all of them
received DLI for relapse of disease. There was no patient
who received DLI for low donor T cell chimensm.

Informed consent was obtained according to the
Declaration of Helsinki.

Definitions

Graft failure was defined as (1) failure of absolute
neutrophil count (ANC) to surpass 500 /mm’ at day
30 after HSCT or (2) decrease in ANC <100 /mm’
at 3 determinations after the initial engraftment or
(3) absence of donor T cells (<5%) before relapse, dis-
ease progression, second HSCT, or death. The diag-
nosis and clinical grading of acute and chronic
GVHD (aGVHD, ¢GVHD) were performed accord-
ing to established criteria [15-17]. Complete remission
(CR) was defined as according to the International
Workshop Criteria in AML [18] and lymphoma [19]
patients. Low disease risk was defined as AML or
ALL in first CR, MDS-refractory anemia, and CML
in first chronic phase. All other diagnoses were classi-
fied as high risk.

Chimerism Analysis

We assessed donor-recipient chimerism by the
polymerase chain reaction (PCR)-based amplification
of a polymorphic short tandem repeat region. Chime-
rism was evaluated using peripheral blood samples on
days 30, 60, and 90 after transplantation. Samples were
separated using Ficoll-hypaque into mononuclear cells
and a precipitate that included red blood cells and
granulocytes. Mononuclear cells were further sepa-
rated into CD3-positive and -negative fractions with
immunomagnetic beads (CD3 Magnetc Partcles-
DM, BD Pharmingen, San Diego, CA). Granulocytes
were collected by lysing red blood cells in the precipi-
tare. Briefly, DNA was extracted from selected eells us-
ing QlAamp DNA Mini Kit (QIAGEN, Hilden,
Germany). Muldplex PCR was performed using
primer sets (AmpFISTR Identifiler Kit, Applied Bio-
systems, Foster City, CA). Five-color fluorescence de-
tection was performed on an ABI 3 100-Avant Genetic
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Analyzer (Applied Biosystems). For each STR allele,
the area under the curve for the corresponding signal
was automatically processed using GeneScan 3.7 soft-
ware (Applied Biosystems). The percentage of donor
cells was calculated as (area signal donor)/(area signal
donor + area signal recipient). The range of the error
of chimerism was regarded as 5% at our laboratory
(Heike et al., unpublished data).

Statistical Analysis

The chi-square test, Fisher’s exact test, and Pear-
son correlaton coefficients were used to evaluate the
association of percent donor chimerism with various
clinical factors such as patient age at the ume of
RIST (with 55 years as a cutoff), disease type (acute
leukemia, MDS/myeloproliferative disease [MPD],
lymphoma), disease risk (high, low), stem cell source
(G-PBMC, bone marrow), serologic HLA matching
(match, mismatch), and conditioning with TBI (yes,
no) or ATG (yes, no).

Overall survival (OS) was defined as the time be-
tween stem cell infusion to death from any cause.
Event-free survival (EFS) was defined as the ume
from stem cell infusion to graft failure, PD, or nonre-
lapse mortality (NRM), whichever occurred earlier.
OS and EFS were estimated by the Kaplan-Meier
method [20]. The log-rank test and the generalized
Wilcoxon test were used to compare the probabilities
of survival after HSCT over time across patient sub-
groups. Multiple Cox regression models were used
for multivariate risk factor analysis for OS and EFS.
Clinical factors evaluated in the OS and EFS analyses
were donor T cell chimerism at day 30 (with 60% as
a cutoff), patent age at the time of RIST, disease
type, disease risk, stem cell source, HLA matching,
and conditioning., Logistic regression models were
used for multivariate risk factor analysis for low donor
T cell chimerism (<60%) at day 30. Clinical factors
evaluated for the risk of low donor T cell chimerism
at day 30 were number of prior chemotherapy regi-
mens (=2, <2) and donor type in addition to the vari-
ables mentioned above. We considered 2-sided P-
values of <.05 to be staustically significant. Statistical
analyses were performed with SAS version 8.2 (SAS
Inc., Cary, NC).

RESULTS

Kinetics of Chimerism

Whereas 43 % of the patients retained mixed donor
chimerism (<90% donor) in the T cell fraction, 92%
achieved complete chimerism (=290%) in the granulo-
cyte fraction at day 30 after RIST (Figure 1), In the pe-
ripheral blood mononuclear cell (PBMC) fraction,
72% of the patients achicved complete chimerism
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Figure 1. Distribution of chimerism status at day 30 after RIST.

(=90%). The percent donor-chimerism was signifi-
cantly higher in granulocyte than T cell fracton
throughout the entire course, and the median (mean)
values were, respectively, 100% (96%) versus 95%
(83%), 100% (98%) versus 100 % (89%), and 100%
(98%) versus 100% (91%) at days 30, 60, and 90, re-
spectively after RIST (Figure 2).

In univariate and multvariate analyses (Table 2),
having received <2 types of chemotherapy regimens
before RIST was the only factor that was significantly
associated with low donor T cell chimerism (<60%) at
day 30 (hazard ratio [HR]: 6.1; 95% confidence inter-
val [CI], 2.1-18.4; P < .01). Non-TBI regimens and re-
lated donor also tended to be associated with lower
donor T cell chimerism,

Graft Composition and Donor Chimerism

By examining the impact of graft composition of
G-PBEMC on donor chimerism, we found that in-
creases in TNC and CD37 T cells contents paralleled
the increase in donor T cell chimerism at day 30 (P <
03 and P < .05, respectively). The same reladonship
was observed between CD34™ cell contents and gran-
ulocyte chimerism (P = .06). In patients who received
bone marrow, a higher number of TNC infused was
associated with a higher level of donor T cell chime-
rism at day 30 (P < .01).

%
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Figure 2. Kinetics of chimerism status after RIST (mean percentages of
donor chimerism levels). Percent donor cell chimerism was significantly
higher in granulocyte than T cell fraction throughout the entire course,
and the mean values were, respectively, 96% versus 83%, 98% versus
B9 %, and 98% versus 91% at days 30, 60, and 90 after RIST.
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Table 2. Factors affecting low donor T cell chimerism (<60%)
at day 30

Univariate analysis Multvariare analysis

Characterisucs  Odds rado (95% Cl) P Odds ravo (95% CI) P

Patient age, years

<55 I

=55 104 (071 -587) 0.9
Disease type

Lymphoma i

MDS/MPD 133(069-787) 047

Acute leukemia 086 (024-303) 08I
Disease rigk

Low I

High 151 (040-569) 054
No. of prior chemotherapy regimens

=2 I |

<2 507 (1.73-1483) <001 6.08(201-1841) <001
Stem coll source

G-PBMC I

Bone marrow  0.84 (0.28 - 257) 077
Danor

Unrelated | |

Relared 3148 (0.75-1608)  0.11 421 (086-2049) 008
HLA

Match I

Mismatch 0.63(0.17-234) 049
T

Ne | |

Yes 0.17(002-138) 0.0 0.13(0.02-1.05) 0.06
ATG

No I

Yes 1.08(035-332) 089

Association between Donor T Cell Chimerism
at Day 30 and RIST Qutcome

Graft failure

The median (mean) percentage of donor T cell
chimerism at day 30 was 9% (18%) (0%-63%) in 5 pa-
tents who experienced graft failure, which was signif-
icantly lower than those in the other pavents (97%
[86%], 15%-100%, P < .01), as shown in Figure 3.
Day 30 T cell chimerism below 60% was associated
with a significantly increased risk of graft failure (Ta-
ble 3). Among the 5 patients who experienced graft
failure, 4 had achieved complete donor chimerism at
day 30 when evaluated in the granulocyte fraction.

Whereas 4 of the 5 patients (80%) who experi-
enced graft failure received HLA-mismatched grafts,
23 of the 112 patients (21%) who did not experience
graft failure received HLA-mismarched grafis (P =
01). In a muluvariate analysis, however, neither day
30 T cell chimerism below 60% nor HLA mismatch
was associated with an increased risk of graft failure.
Among 18 patients with <60% donor T cell chime-
rism at day 30, HLA mismatch was significantly asso-
ciated with an increased risk of grafts failure (3 of 3
who received HLA-mismatched graft versus 1 of 15
who received HLA-marched grafts, P = .003). In con-
trast, HLA mismatch was not associated with an in-
creased risk of graft failure in 99 patents with 60%
or more donor T cell chimerism at day 30 (1 of 24
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Figure 3. Donor T cell chimerism levels at day 30 in patients with or
without subsequent graft failure. Five of the 117 patients (4%) who ex-
perienced graft fallure had a significantly lower donor T cell chimerism
level than the other engrafied patients (n = 112) (donor T cell chime-
rism, median 9% [range: 0%-63%] versus 97X [range: |5%-100%], re-
spectively) (p < 01). Horizonml lines, median; boxes, 25-75
percentile; vertical lines, 10-90 percentile; circles, individual data outside
the 10-90 percentile.

who received HLA-mismatched grafts versus 0 of 75
who received HLA-matched grafts, P = .24).

GVHD

Grade I1-IV aGVHD occurred in 54 pauents
(46%), and cGVHD occurred in 63 patients (64%),
No correlation was found between the kinetics of T
Table 3. Association between donor T-cell chimerism at day
30 and clinical outcome

T-cell chimerism

ar day 30
Tonl <60% = 60%

Outcome (n=117) (n=18) {n=99) P
Graf Gilure

No 112 (96%) 14 (78%) 98 (99%) <0.01

Yes 5 (4%) 4(12%) 1{1%)
Acute GVHD

0-1 64 (55%) 11 (61%) 53 (54%)

Ii-tv 53 (45%) 7{(39%) 46 (46%) 055
Chronic GYHD*

Nea 16 (36%) 7 (50%) 19 (34%) 025

Yes 63 (64%) 7 (30%) 56 (66%)
NRM (at | year) 11.0% 1% 10.9% 0.26
PD (at | year) 173% 126% 28.1% 045
OS5 (ac | year) TRO% 65.T% B0.3% oo
EFS (at | year) &1 5% 55 6% 428% 002

GVHD indicates graft-versus-host disease. NRM, non-relapse mormlicy,
PO, refapse or progressive disease; OS, overall survival: EFS, event-free
survival,

*Proportion of patients with chronic GVHD was assessed among 99
evaluable patients,
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cell chimerism and the occurrence of aGVHD or
c¢GVHD, as shown in Table 3.

NRM and PD

Nineteen patients experienced NRM, with a 1-
year probability of 11% (Table 3). No correlauon
was found between T cell chimerism at day 30 and
the incidence of NRM.

PD was observed in 39 panents, with a 1-year
probability of 27% (Table 3). No correlaton was
found between T cell chimerism at day 30 and the in-

cidence of PD.

Cause of death

Among the 18 patents who had <60% donor T
cell chimerism at day 30, 7 (39%) died of PD and 4
(22%) died of NRM, including bacteria sepsis (n =
2), pneumonitis (n = 1), and secondary carcinoma (n
= 1). In contrast, among the remaining 99 patents
who achieved 60% or more donor T cell chimerism,
21 (21%) died of PD and 15 (15%) died of NRM, in-
cluding pneumonios (n = 8), sepsis (n = 3), hemor-
rhage (n = 1), GVHD (n = 1), cerebral infarcuon (n
= 1), and unknown cause (n = 1).

OS and EFS

Seventy patients (60%) are currently alive at a me-
dian follow-up of 1040 days after RIST (range: 153-
2535). The 1-year probabilities of OS and EFS among
all of the padents were 78% and 62%, respectively. As
shown in Figure 4, OS was significantly better in pa-
tients who achieved 60% or more donor T cell chime-
rism at day 30 than in those who did not (P = .02). In
a Cox proportional hazard model, low T cell donor
chimerism (<60%) at day 30 was associated with
poor OS (HR: 2.2; 95% CI, 1.1-4.5; P = .02) and
EFS (HR: 2.0; 95% CI, 1.1-3.8; P = .02) adjusted
for other significant prognostic factors (Table 4). In
addition, high-risk discasc and patient age (=55 years)
were associated with an increased risk of poor EFS
(HR: 2.4; 95% CI, 1.2-5.0; P = .02, HR: 1.8; 95%
CI, 1.1-3.0; P = .03, respectively) (Table 4).
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Figure 4. OS stratfied according to donor T cell chimerism at day 30.
O5 was significantly better in patients who achieved 6% or more donor
T cell chimerism at day 30 than in those who did not (P = .02)
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Table 4. Multivariate analysis: factors associated with clinical
outcome

Outcome Variable Harzard ratic  95% C| P

o5

Daner T-cell chimerism
at day 30
=60% |
<60% 215 1.13-447 002
EFS
Daonor T-cell chimerism
at day 30
=60% I
<60% 105
Patients age, years
<55 I
=55 | BO
Disease risk
Low I
High 244

Lig-381 002

107-304 003

I.19-501 002

Clinical factors evaluated in the OS5 and EFS analyses were donor T-cell
chimerism at day 30 (with 60% as a cutoff), patient age at the ume of
RIST, disease type, disease risk, stem cell source, HLA matching and con-
ditioning

DISCUSSION

In this retrospective study of RIST with Bu, we
showed that 43% of the patients retained mixed donor
T cell chimerism (<90%), whereas 92% achieved
complete chimerism in the granulocyte fraction, which
was consistent with previously published observadonal
studies in RIST [4,10,11,13,21]. Furthermore, we
showed thar low donor T cell chimerism of <60% at
day 30 predicted poor OS and EFS, which suggests
that the kinetics of T cell chimerism are important af-
ter Bu-containing RIST.

Consistent with other reports, we found that the
inducton of complete chimerism in T cell fraction
after a Bu-containing regimen was rather slow, and
granulocyte engraftment was earlier than T cell en-
graftment compared to patients who received RIC
regimens containing a combination of Flu and Mel
[10]. When the combinaton of Cy and Flu was
used for RIST conditioning, full donor chimerism
was achieved earlier in T cells than in myelogenous
cells [1,22]. Interestingly, when alemtuzumab was
used in a RIC regimen, 58% retained mixed donor
chimerism at day 90 after RIC [13]. This may be be-
cause of the fact that alemtuzumab remained in the
peripheral circulation long after RIST, which sup-
pressed not only host but also donor lymphocytes.
Based on these reports, we suspected that a Cy-con-
taining regimen suppresses host granulocytes less in-
tensely than a Bu-containing regimen, whereas
a Mel-containing regimen suppresses host lympho-
cytes more intensely than a Bu-containing regimen.

The only significant variable associated with
a lower level of donor T cell chimerism at day 30
was having received <2 regimens of chemotherapy
pretransplant in our results. This result was consistent
with previous reports [4,10]. When a patent is treated
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with RIST, such as our low-dose Bu-containing regi-
men, prior chemotherapy may facilitate the achieve-
ment of higher levels of donor T cell chimerism by
decreasing the recipient immunocompetence.

In previous reports there has been some contro-
versy regarding whether there are any differences in
the levels of donor T cell chimerism after RIST with
or without low-dose TBI [11,13]. In our study with
Bu-containing regimens, regimens that included ad-
ditional low-dose TBI tended to offer higher donor
T cell chimerism in a multivariate analysis. However,
there was no correlation between ATG-conditioning
regimens and donor T cell chimerism at day 30,
which was consistent with other regimens [13].
This might be because of the lower dose of ATG
(Fresenius, 5-10 mg/kg) in our regimens compared
to other studies that utilized the same ATG prepara-
ton (Fresenius, 40-90 mg/kg) [23,24]. Alternatively,
this might be simply because of the small number
of patients who received ATG in our study.

In previous reports, recipients of G-PBMC after
RIST showed higher percentages of donor T cell chi-
merism than those who received bone marrow [4,25],
which was not confirmed in our study. With regard
to regimens that include Bu, no previous large-scale
study has analyzed the correlation between the type
of stem cell source and T cell engraftment. When
low-dose Bu is contained in the RIC regimen, the
stem cell source may no longer influence the level of
T cell chimerism. Alternatively, this may be because
of the fact that most of the bone marrow recipients
in our study also received an additional 2-4 Gy TBIL
There was a trend toward a decreased risk of low donor
T cell chimerism in recipients of unrelated grafis, al-
though the difference was not significant. We specu-
late that a lower probability of low donor T cell
chimerism might be because of the addition of low
dose TBI for patents who underwent unrelated
HSCT.

Padents who received G-PBMC showed an in-
crease in TNCand CD3 7 T cells that paralleled an in-
crease in donor T cell chimerism at day 30 afier RIST
in our study. The same relationship was observed be-
tween CD34™ cell contents and granulocyte chime-
rism. Baron et al. [26] reported that higher numbers
of donor T cells and CD347 progenitor cells in the
grafts were associated with higher levels of day 28 do-
nor T cell chimerism. Similarly, Carvallo et al. [22] re-
ported that higher levels of CD34™ progenitor cells in
the grafts were associated with higher levels of donor
myeloid chimerism early after RIST.

In this study, donor T cell chimerism levels of be-
low 60% carly after RIST were significantly associated
with an increased risk of graft failure. Tt has been re-
ported that patents with <50% donor T cell chime-
rism early after nonmyeloablative HSCT were more
likely to have graft failure than those with more than
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50% donor T cell chimerism [4]. After Bu-containing
RIC, Mattsson et al. [21] reported that 2 of the 8 pa-
tients who had >50% recipient T cells on day 28
had graft failure or rejection, whereas this was not
seen in any of the 22 patients with <50% recipient T
cells. Lower donor natural killer NK-cell chimerism
after Bu-containing RIST was associated with an in-
creased risk of graft failure [4,27]. Although significant
associations of low donor T cell chimerism and HLA
mismatch with graft failure disappeared in our muln-
variate model, our data suggested that HLA mismatch
was an important predictor of graft failure only in pa-
dents with <60% donor T cell chimerism at day 30.
The current study demonstrated that patients at high
risk of graft failure could be identified by chimerism
analysis at day 30 in T cell fractions, but not in granu-
locyte fractions, and that chimerism analysis at day 30
after Bu-containing RIST may allow early interven-
tons aimed at reversing graft failure.

Our results suggest that low donor T cell chime-
rism of <60% at day 30 may predict a poor out-
come, although levels of donor T cell chimerism
were not associated with NRM PD. In our study,
the levels of donor T cell chimerism were not asso-
ciated with aGVHD or ¢GVHD, although some re-
ports have stated that donor T cell chimerism was
associated with the risk of GVHD [1,4,13,19.28]. It
is still controversial whether or not achievement of
complete donor T cell chimerism is needed to im-
prove OS and reduce the relapse risk in patents
who undergo RIST. Baron et al. [9] suggested that
the assessment of donor chimerism levels helps 1o
identify patients who are at higher risk of relapse af-
ter nonmyeloablative HSCT, High donor chimerism
levels among immune competent cells including T
cells and NK cells might be a surrogate for a high
graft-versus-tumor effect, and a fractionated chime-
rism analysis may be useful for detecting and quan-
tfying minimal residual disease afier RIST. In
a small case series of Bu-containing RIST, mixed
donor chimerism was associated with an increased
risk of relapse and a worse prognosis [12,29]. In con-
trast, among patients who underwent RIST that
contained Flu, Bu, and alemtwuzumab, those who
showed mixed donor chimerism beyond day 100
were associated with an improved OS and a lower
incidence of GVHD and NRM, withour any effect
on the relapse risk [13]. Further studies are needed
to determine whether the achievement of complete
chimerism after RIST is beneficial with less risk of
PD and/or more risk of NRM.

In conclusion, within the limitations of a retrospec-
uve study, we found that the percentage of donor chi-
merism was significantly higher in granulocyte than T
cell fraction throughout the entire course after
Bu-containing RIST. Low donor T cell chimerism
of <60% at day 30 may predict a poor outcome, and
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a prospective study to examine the value of early inter-
vention based on chimensm data is warranted.
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