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ORIGINAL ARTICLE

Stenotrophomonas maltophilia infection in hematopoietic SCT
recipients: high mortality due to pulmonary hemorrhage

K Tada', S Kurosawa’, N Hiramoto', K Okinaka', N Ueno', Y Asakura’, S-W Kim', T Yamashita', S-| Mori',

R Tanosaki?, K Tobinai' and T Fukuda'

Y Heike', AM Maeshima?,

To clarify the clinical features and outcome of Stenotrophomonas maltophilia infection among hematopoietic SCT (HCT) recipients,
we retrospectively reviewed the records of 1085 consecutive HCT recipients and identified 42 episodes in 31 HCT recipients with
S. maltophilia infection. We compared these recipients with 30 non-HCT patients with S, maltophilia infection. The mortality rate in
HCT recipients was significantly higher than that in non-HCT patients (relative risk 5.7, P=0.04), and we identified seven patients
with pulmonary hemorrhage due to S. maltophilia, exclusively in the HCT cohort. Six of these latter seven patients died within 1 day
from the onset of hemorrhage and the isolate was identified after death in most cases; one patient, who received empiric therapy
for S. maltophilia and granulocyte transfusion, survived for more than 2 weeks. The patlents with pulmonary hemorrhage had a
more severe and longer duration of neutropenia, persistent fever despite of the use of broad-spectrum antibiotics, complication by -
pneumonia and higher C-reactive protein levels than those without pulmonary hemorrhage. In conclusion, S. maltophilia was -
associated with fulminant and fatal pulmonary hemorrhage in HCT recipients. Empiric therapy with antibiotics before the onset of
pulmonary hemorrhage may be effective in HCT recipients who carry the conditions identified. -
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INTRODUCTION

Stenotrophomonas maltophilia is a non-fermentative, Gram -nega-
tive bacillus that is ubiquitous in the natural and hospital environ-
ment,"™* and exhibits intrinsic resistance to many antibiotics
including B-lactams, carbapenems and aminoglycosides.>®
Although S. maltophilia is not usually highly virulent, it is a
significant pathogen in immune-compromised patients, and the
incidence of S. maltophilia infection is increasing.”

Previously, in a heterogeneous group that included recipients of
hematopoietic SCT (HCT) and non-HCT patients with solid tumor or
hematological malignancy, risk factors for acquiring S. maltophilia
infection were reported to be prolonged neutropenia, exposure to
broad-spectrum antibiotics, mucositis, indwelling medical devices
such as an intravascular catheter or ventilation tubes and long
hospital stays.Z'? In a similarly heterogeneous group, risk factors for
mortality of S. maltophilia infection were reported to be neutropenia,
hematological malignancy, immunosuppressive therapy, shock
status at infection onset and intensive-care unit stays.'*”"’
However, only limited information is available on HCT
recipients.”>'®"® Many of the previously reported risk factors are
commonly seen in HCT recipients because of their severe
immunosuppressive status and mucositis due to preparative
conditioning and immunosuppressive therapy for GVHD prophylaxis.

Hence, S. maltophilia infection in HCT recipients may have a
different spectrum and greater severity compared with that in
patients with solid tumor or non-HCT setting hematological
malignancy. To clarify the clinical features and outcome of
S. mailtophilia infection with a particular focus on HCT recipients,
we retrospectively analyzed clinical data on patients who had
S. maltophilia infection.

PATIENTS AND METHODS
Patients

We retrospectively reviewed the medical and microbiological records of all
the HCT recipients at the National Cancer Center Hospital (Tokyo, Japan)
between January 2001 and December 2010, and identified episodes of
S. mailtophilia blood stream infection (BSI) among the HCT recipients. We
also reviewed the medical and microbiological records of all patients
whose blood cultures were positive for S. maltophilia at our institution in
the same period and identified episodes of S. maltophilia BS| among the
non-HCT patients. We then compared the clinical features and outcomes in
the HCT cohort with those in the non-HCT control cohort.

Definitions

An episode of S. maltophilia BSI was defined as one or more positive
blood cultures for S. maltophilia with clinical signs of infection. When
S. maltophilia was again detected in the same patient at an interval of 8 or
more days after the first BSI episode had improved, the detection of the
isolate was regarded as a different episode of BSl, as previously
reported.”®?® The severity of illness was assessed by the bacteremia
score according to the University of Pittsburgh (PITT score).2"?? The
D-index and cumulative D-index, which were calculated as the area over
the neutrophil curve that is based on a graph plotting the absolute
neutrophil counts during neutropenia,®® were also investigated to evaluate
the impact of both duration and severity of neutropenia on S. maltophilia
infection.

Infection control in HCT recipients and microbiological
investigations

Among the HCT recipients, prophylaxis for infection consisted of
trimethoprim-sulfamethoxazole (ST), ciprofloxacin, fluconazole and acyclo-
vir. As therapy for febrile neutropenia, cefepim was first administered in
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most cases, and in cases that did not improve within 2-3 days, either it was
switched to carbapenem or vancomycin was added.

Two sets of blood culture samples from a double-lumen intravascular
catheter and another from peripheral blood were routinely taken at the
initial episode of fever. If fever persisted, one set of the blood culture
samples was taken daily from either the lumen of the intravascular
catheter or a peripheral vessel alternately. Blood culture samples were
processed using a BACTEC 9240 (before 2008) or BACTEC FX (after 2009)
system (Becton Dickinson Microbiology Systems, Sparks, MD, USA).
Susceptibility to antibiotics was tested by the broth microdilution method
according to the guidelines of the National Committee for Clinical
Laboratory Standards.

Statistical analysis

The end point was defined as death within 4 weeks from the onset of a
positive blood culture for S. maltophilia. Categorical variables were
analyzed using a Chi-squared test or Fisher's exact test as appropriate.
Continuous variables were compared using the Mann-Whitney U-test. To
investigate risk factors for death within 4 weeks in all cases including both
HCT and non-HCT cases, a multivariate logistic regression analysis was
performed. The following factors were used as covariates: age (<45 vs
>45 y), severe neutropenia at BS| onset, PITT score (<1 vs >1),
complication by pneumonia and therapy for underlying disease (HCT vs
non-HCT). The statistical analysis was performed with the SPSS 11.0
statistical software package (SPSS Inc, Tokyo, Japan).

RESULTS
Patient characteristics

In the study period between 2001 and 2010, a total of 1085 HCT
(847 allogeneic HCT and 238 autologous HCT) procedures were
performed in our institution. A total of 42 episodes (35 episodes in
allogeneic HCT recipients and 7 episodes in autologous HCT
recipients) of S. maltophilia BS! were identified in 31 HCT recipients
(2.9%). There was no obvious outbreak of S. maltophilia infection
in the study period.

The patient characteristics are shown in Table 1. Broad-
spectrum cefem or carbapenem was administered in 60% of the
episodes at BSI onset. With regard to the therapy for S. maltophilia
infection, the intravascular catheter was removed in 10 (24%)
episodes in which catheter-related BS! was suspected. When
S. maltophilia BSI was diagnosed, ST or fluoroquinolone was
started based on the susceptibility test in 19 episodes, whereas no
antibiotics were additionally administered in 7 episodes where
S. matltophilia was only detected in blood culture after death.

Clinical outcome

In all, 14 patients died within 4 weeks from the onset of a positive
blood culture for S. maltophilia. We divided causes of death into
two patterns; eight patients were judged to have died from a
single cause due to S. maltophilia infection, whereas six appeared
to have died of complex causes, which consisted of S. maltophilia
infection and some other cause (underlying disease progression in
two, GVHD in two, other infection in one and suffocation due to
vomiting in one). Pulmonary hemorrhage accounted for half of
the 14 deaths. Among the 847 allogeneic HCT recipients, 18
patients (2.1%) developed pulmonary hemorrhage (infection of
S. maltophilia: n=7, Aspergillus species: n=3, Pseudomonas
aeruginosa: n = 1, Staphylococcus species: n =1, cytomegalovirus:
n=1, idiopathic pneumonia syndrome/diffuse alveolar hemor-
rhage: n = 2, disseminated intravascular coagulation: n=1, tumor
invasion: n=1 and unknown cause: n=1).

Seven cases with pulmonary hemorrhage

The details of the seven patients with pulmonary hemorrhage are
shown in Table 2. All the episodes of pulmonary hemorrhage
occurred during a period of profound neutropenia (neutrophil
count O/pL).
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Table 1. Patients and clinical characteristics of HCT recipients who
developed S. maitophilia BSI
Total 31 patients %
(42 episodes)
Age, median, range 44 years, 4-67
(43 years, 4-67)
Sex (male/female) 25/6 (34/7) 81/19 (81/19)
Underlying disease
Leukemia 19 (24) 61 (57)
Lymphoma 7 (9) 23 (21)
MDS/myelofibrosis 3(3) 10 (7)
Solid tumor 2 (6) 6 (14)
Type of HCT
Allogeneic 28 (35) 90 (83)
Autologous 3(7) 10 (17)
Conditioning for allo-HCT
Myeloablative 15 (19) 54 (54)
Reduced intensity 13 (16) 46 (46)
Donor and source
Related PB 8(9) 26 (21)
Related BM 1(1) 3(2
Unrelated BM 14 (18) 45 (43)
Cord blood 5(7) 16 (17)
Autologous PB 3(7) 10 (17)
Immunosuppressive agents
CSP * steroid 13 (16) 42 (38)
TAC * steroid 9(11) 29 (26)
Steroid 4 (4) 13 (10)
None 5(11) 16 (26)
CV indwelling 30 (41) 97 (98)
Antibiotics at BSI onset
Carbapenem * vancomycin 13 (18) 42 (43)
Broad cefem or penicillin 6 (7) 19 (17)
Ciprofloxacin (prophylaxis) 8(9) 26 (21)
ST (prophylaxis) 24 6 (10)
Other 1(1) 3(2
None 1(3) 1(7)
Therapy for infection
CV removal 7 (10) 23 (24)
Granulocyte  Transfusion 2(2) 6 (5)
ST 5(5) 16 (12)
ST + quinolone 3(3) 10 (7)
ST + ceftazidime 1(2) 3(5
Quinolone £ minocyclin 79 23 (21)
Ceftazidime 34 10 (7)
None 9(9) 29 (21)
Abbreviations: BSI=blood stream infection; CSP = cyclosporine; CV=
central venous catheter; HCT = hematopoietic SCT; MDS = myelodysplastic
syndrome; PB=peripheral blood; ST=trimethoprim-sulfamethoxazole;
TAC = tacrolimus.

As initial symptoms, all patients showed persistent fever that
did not respond to broad-spectrum antibiotics. Other symptoms
included chest pain (n =4), back pain (n = 2), hemosputum (n=2)
or dyspnea (n=1). Imaging test findings of chest X-ray (n=35) or
computed tomography (n=15) in all patients showed consolida-
tion that was consistent with symptoms such as chest pain. Six
patients (cases 1-3 and 5-7) developed massive hemoptysis
within 1-4 days after the initial chest symptoms. At the onset of
massive hemoptysis, all the patients developed respiratory and
circulatory failure due to bleeding and sepsis. Six patients, but not
case 7, died within 1 day after hemoptysis.
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Table 2. Details of patients with pulmonary hemorrhage due to S. maltophilia
Case Age/ Underlying Type of Conditioning Onset day® of Day” of Day” of identification Treatment for
gender  disease HCT hemorrhage death of S maltophilia S maltophilia
infection
Sputum Blood
1 27/M AML CBT CA+CY+TBI 10 10 After After None
12Gy death death
2 37/M Myelofibrosis ~ U-BMT BU+CY 1 11 After After None
death death
3 54/M AML U-BMT CY+TBI 12Gy 15 16 12 After None
death
4 58/M AML CBT Flu+BU+TBI 18 18 9 After CAZ
(second 2Gy death
allogeneic
HCT)
5 43/M AML CBT Flu + Mel 6 7 Previously After ST+ PZFX +CAZ
(second known death
allogeneic
HCT)
6 24/M AML R-PBSCT BU +CY 445 (1)° 446 (12)° NA 445 (1)° ST
7 51/M AML U-BMT BU+CY 39 55 42 40 ST+PZFX
granulocyte
transfusion
Abbreviations: CA =cytarabine; CAZ = ceftazidime; CBT=cord blood transplantation; Flu=fludarabine; HCT=hematopoietic SCT; Me!=melpharan;
NA = not assessment; PZFX = pazufloxacin; R-PBSCT =related PBSCT; ST = trimethoprim-sulfamethoxazole; U-BMT =unrelated BMT. ®Day after allogeneic
HCT. PDay after chemotherapy using idarubicin and cytarabine for relapse after allogeneic HCT.

Because of the significantly rapid clinical course, S. maltophilia
was detected in blood culture after death or 1 day before death in
six patients (cases 1-6) and, similarly, S. maltophilia was detected
in sputum culture after death in two patients (case 1 and 2).

Therapy for S. maltophilia was not initiated in three cases (cases
1-3) because the isolate was identified after death. In case 7, the
administration of ST and pazufloxacin was started before the
onset of hemoptysis and the identification of isolate because
pulmonary hemorrhage due to S. maltophilia was suspected based
on a typical clinical course and imaging test findings. Granulocyte
transfusion was also started 38 h after the onset of hemoptysis
and 28 h after the detection of S. maltophilia in blood culture. This
patient survived for 16 and 15 days after the onset of hemoptysis
and the identification of BSI, respectively. However, he eventually
died due to S. maltophilia infection associated with primary graft
failure. In case 5, the administration of ST and pazufloxacin was
started before hemoptysis because he had a past history of
S. maltophilia infection. The isolates exhibited resistance to the
antibiotics used and he died within 1 day after hemoptysis.
Bronchial arterial embolization was performed for pulmonary
hemorrhage in two patients (case 1 and 5), however, neither were
rescued.

Pulmonary hemorrhage due to S. maltophilia was diagnosed by
the detection of S. maltophilia in blood and sputum cultures,
histopathological findings of pulmonary hemorrhage and the
presence of massive infiltration of Gram-negative rods in lungs by
autopsy in three cases (cases 2, 3 and 5) (Figure 1). Cases 1 and 7
were diagnosed by the detection of S. maltophilia in blood and
sputum cultures and the confirmation of pulmonary hemorrhage
using bronchoscopy. Case 4 was diagnosed by the detection of
S. maltophilia in blood and sputum cultures and clinical symptoms
such as hemoptysis. Case 6 was diagnosed by the detection of
S. maltophilia in blood culture and pulmonary hemorrhage
confirmed by bronchoscopy.

Although the histopathological findings at autopsy in case 2
demonstrated one focal small nodule of aspergillosis in the right
upper lobe, pulmonary hemorrhage was mainly found in the
bilateral lower lobes, and therefore was mainly assumed to be due
to S. maltophilia infection. There was no histopathological
evidence of fungal infection in the other autopsy cases. Serum
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galactomannan Ag and B-p-glucan were tested at around the
onset of pulmonary hemorrhage and results were negative in six
cases, but not in case 2. The clinical characteristics and outcome in
patients with and without pulmonary hemorrhage are compared
in Table 3. Patients with pulmonary hemorrhage were associated
with severe and longer duration of neutropenia, higher C-reactive
protein levels at BSI onset, a higher D- and cumulative D-index, a
higher incidence of complication by pneumonia and higher
mortality than those without pulmonary hemorrhage.

Comparison of HCT recipients with non-HCT patients

The clinical characteristics and outcomes of HCT recipients (42
episodes) were compared with those of 30 non-HCT patients (15
episodes with hematological malignancy and 15 with solid tumor)
who developed S. maltophilia infection (Table 3). HCT recipients
were more likely to be associated with severe neutropenia (< 100/uL),
use of immunosuppressive agents and a higher mortality within 4
weeks after S. maltophilia BSI than non-HCT patients.

Although there was no significant difference in the proportion
of patients with S. maltophilia pneumonia between the HCT
recipients and non-HCT patients, pulmonary hemorrhage was
seen only in HCT recipients. By a multivariate analysis in all the 72
episodes, including both HCT (n=42) and non-HCT cases (n = 30),
the independent risk factors for mortality within 4 weeks after
S. maltophilia BSI were HCT recipient (relative risk 5.7, 95%
confidence interval 1.1-30.1, P=0.04) and complication by
pneumonia (relative risk 10.7, 95% confidence interval 2.6-44.2,
P=0.001).

Susceptibility of strains of S. maltophilia from HCT recipients

A total of 41 strains of S. maltophilia isolated from HCT recipients
were tested with regard to their susceptibility to antibiotics. The
percentages of isolates that were susceptible to ST (81%),
minocycline (93%) and levofloxacin (68%) were relatively high,
whereas fewer isolates were susceptible to ceftazidime (26%),
amikacin (21%), cefepime (5%) and imipenem (3%). There were no
significant differences in susceptibility to each antibiotic between
isolates from HCT recipients and those from non-HCT patients.

© 2013 Macmillan Publishers Limited



Figure 1. Lung section from case 5 (autopsy). (a) Massive intraal-
veolar hemorrhage and disseminated foci of basophilic bacteria
(hematoxylin and eosin stain, x 40). (b) Higher magnification of
hematoxylin and eosin staining showed a striking number of
basophilic bacilli (arrow) without infiltration of the alveoli neutro-
phils and lymphocytes ( x 400).

DISCUSSION

This is a retrospective study reporting the clinical characteristics
and outcomes of S. maltophilia infection with a particular focus on
HCT recipients. Our data revealed that HCT recipients who had
S. maltophilia infection were more likely to be associated with
pulmonary hemorrhage, which was the main cause of death in
the cohort, and had a higher mortality within 4 weeks after
S. maltophilia BSI than non-HCT patients.

Previous studies of S. maltophilia infection in HCT recipients
included many patients with catheter-related BSI and emphasized
the removal of an intravascular catheter and the administration of
appropriate antibiotics according to the results of a susceptibility
test.'>'®1% Qur results were consistent with those of previous
studies because 28 out of 42 episodes (67%) of S. maltophilia
infection in this study were successfully treated. However, in
previous reports that included S. maltophilia infection in HCT
recipients, there was no information on pulmonary hemorrhage
due to S. maltophilia.'*'®'® Additionally, in previous large studies
of post-transplant pulmonary hemorrhage, S. maltophilia had not
been detected as a cause of pulmonary hemorrhage.**® There
have been only a few reported cases in a non-HCT setting that
were associated with pulmonary hemorrhage due to S. maltophilia

© 2013 Macmillan Publishers Limited

S. maltophilia infection in HCT recipients
K Tada et al

after intensive chemotherapy against hematological malignancy.?”~3°

Hence, this is the first report to comprehensively describe the overall
picture of pulmonary hemorrhage due to S. maltophilia with a
particular focus on HCT recipients, including the histopathological
findings of autopsy, incidence, typical clinical course, risk factors and
outcome.

By reviewing the medical records in detail, we identified the
clinical characteristics of post-transplant pulmonary hemorrhage
due to S. maltophilia. Risk factors for pulmonary hemorrhage due
to S. maltophilia were HCT recipient, prolonged days of
neutropenia, high C-reactive protein level at BSI onset and
complication by pneumonia. In addition to the duration of
neutropenia, the D- and cumulative D-index®® were also
considered to be factors that predicted pulmonary hemorrhage,
whereas a high PITT score at the onset of BSI was not associated
with pulmonary hemorrhage.

Typical findings that were recognized before pulmonary
hemorrhage were persistent fever despite of the use of broad-
spectrum antibiotics, chest symptoms, such as chest pain, and
apparent consolidation in imaging test. In many cases, it was
impossible to start antibiotic therapy based on the identification
of S. maltophilia infection in blood or sputum culture because
most patients developed a very aggressive clinical course and
died before the S. maltophilia infection was detected. Hence,
S. maltophilia infection should be predicted in the HCT recipients
based on the presence of risk factors for pulmonary hemorrhage
due to S. maltophilia, and treatment for S. maltophilia infection
should be considered before hemoptysis occurs.

In one of our cases (case 7 in Table 2), S. maltophilia infection
was suspected based on typical findings and risk factors for
pulmonary hemorrhage due to S. maltophilia, and empiric therapy
that consisted of ST and pazufloxacin was started before
hemoptysis and the detection of isolate. Granulocyte transfusion
was also started, which resulted in a long survival after pulmonary
hemorrhage was observed. This case suggests that empiric
therapy for S. maltophilia infection might be useful if typical
findings appear in HCT recipients who have risk factors for
pulmonary hemorrhage due to S. maltophilia.

Current treatment recommendations for antibiotics against
S. maltophilia are based on historical evidence, case series, case
reports and in vitro susceptibility tests because of the lack of
controlled trials.® In general, ST has been shown to have the most
potent and reliable in vitro activity against S. maltophilia, and
alternate agents are new fluoroquinolone, tigecycline and
ticarcillin-clavulanate. The isolates from both HCT recipients and
non-HCT patients in our study were confirmed to have a high
in vitro susceptibility to ST and new fluoroquinoclone, however,
tigecycline and ticarcillin—clavulanate were not tested because
these drugs have not yet been approved in our country. Hence, ST
alone or in combination with other susceptible agents is
considered to be the treatment of choice for suspected or
culture-proven S. maltophilia infection in HCT recipients. However,
the myelotoxicity of ST might be a concern in the setting of HCT
before engraftment.

The mechanism of S. maltophilia-induced pulmonary hemor-
rhage remains uncertain. In vitro data demonstrated that
S. maltophilia produces proteases, which can break down the
protein components of collagen, fibronectin and fibrinogen,3'2
and this may contribute to local tissue damage and hemorrhage.
Because our present histopathological findings at autopsy
demonstrated alveolar hemorrhage and the massive infiltration
of Gram-negative rods in lungs without invasion by neutrophils or
lymphocytes, S. maltophilia itself might damage lung tissue, which
leads to pulmonary hemorrhage. In an HCT recipient with a highly
immunosuppressive background, it is speculated that S. maltophilia
infects and proliferates in lung tissue, which is fragile due to
chemotherapy or TBI as a preparative conditioning, and thus
leads to pulmonary hemorrhage with a coexisting tendency for
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Table 3. Comparison of clinical characteristics and outcomes
HCT cohort without ~ HCT cohort with P HCT cohort  Non-HCT P

pulmonary pulmonary n=42 (%) cohort

hemorrhage hemorrhage n=30 (%)

n=35 (%) n=7 (%)
Age, median, range 44, 4-67 43, 24-58 0.7 44, 4-67 49, 4-78 0.1
CRP (mg/dL) at BSI onset, median, range 3.0, 0.2-30.3 25.4, 5-31.2 0.001 4.9,0.2-31.2 5.3, 0.9

0.5-234
Neutropenia (< 500/ulL) at BSI onset 20 (57) 7 (100) 0.04 27 (64) 13 43) 0.08
Profound neutropenia (< 100/pL) at BSI onset 19 (54) 7 (100) 0.03 26 (62) 10 (33) 0.02
Total days of neutropenia®, median, range 4, 0-143 25, 6-143 0.02 7, 0-143 0, 0-92 0.09
Total days of profound neutropenia®, median, 2,0-133 12, 4-133 0.02 4,0-133 0, 0-84 0.05
range
D-index, median, range 1550, 0-70070 10400, 2600-70070 0.02 2950, 0, 0-44400 0.09
0-70070
Cumulative D-index, median, range 125, 0-46570 8400, 2600-64570 0.006 1550, 0, 0-30200 0.08
0-64570

PITT score >1 3(9) 7 (100) 0.2 10 (17) 7 (23) 0.8
Coinfection 6 (17) 2 (29) 0.4 8 (19) 5(17) 0.9
Use of immunosuppressive agents 24 (69) 7 (100) 0.2 31 (74) 2(7) <0.001
Pneumonia 10 (29) 7 (100) 0.001 17 (40) 9 (30) 0.4
Pulmonary hemorrhage — - - 7(17) 0 (0) 0.02
Death within 4 weeks 7 (20) 7 (100) <0.001 14 (33) 3 (10) 0.02

profound neutropenia were counted until the day of mortality.

Abbreviations: BS|=blood stream infection; CRP = C-reactive protein; HCT = hematopoietic SCT. ?Day from onset of neutropenia (<500/uL) or profound
neutropenia (< 100/uL) to recovery of neutropenia or profound neutropenia. If a patient died without recovery of neutropenia, days of neutropenia or

bleeding due to a low platelet count and coagulation disorder.
Further molecular microbiological studies are warranted to
clarify the mechanism of S. maltophilia-induced pulmonary
hemorrhage.

Our results also showed that most patients who died without
pulmonary hemorrhage had complex causes of death, such as
underlying disease progression or uncontrolled GVHD in addition
to S. maltophilia infection. This might be due to the fact that
infections due to S. maltophilia occur often in patients in poor
condition.

Our study has some limitations; it includes a relatively small
number of patients in a single institution and uses a retrospective
study design. However, this is the largest study to focus on
S. maltophilia infection in HCT recipients and is the first study to
report the significance of pulmonary hemorrhage as a cause of
death.

In conclusion, we showed that S. maltophilia infection in HCT
recipients is associated with higher mortality than that in non-HCT
patients, and causes fulminant and fatal pulmonary hemorrhage,
which is a main cause of death in HCT recipients with
S. maltophilia infection. We also showed that patients with
pulmonary hemorrhage were associated with persistent fever
despite of the use of broad-spectrum antibiotics, complication by
pneumonia, severe and significantly longer duration of neutrope-
nia and higher C-reactive protein levels at the onset of BSI than
those without pulmonary hemorrhage. Empiric therapy before the
onset of pulmonary hemorrhage may be effective in HCT
recipients who exhibit these identified conditions because most
patients with pulmonary hemorrhage due to S. maltophilia die
within a short period without the detection of infection.
Multicenter prospective or retrospective studies that focus on
HCT recipients are warranted to evaluate the optimum therapeutic
strategy against this fatal and intrinsic multidrug-resistant
microbe.
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Acute Myeloid Leukemia

Articles and Brief Reports

Prognosis of acute myeloid leukemia harboring monosomal karyotype
in patients treated with or without allogeneic hematopoietic cell transplantation

after achieving complete remission
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To evaluate the prognostic impact of monosomal karyotype
on post-remission outcome in acute myeloid leukemia, we
retrospectively analyzed 2,099 patients who had achieved
complete remission. Monosomal karyotype was noted in 73
patients (4%). Of these, the probability of overall survival
from first complete remission was 14% at four years, which
was significantly lower than that reported in patients with-
out monosomal karyotype, primarily due to a high relapse
rate (86%). Monosomal karyotype remained significantly
associated with worse overall survival among patients with
unfavorable cytogenetics or complex karyotype, and even in
patients who underwent allogeneic hematopoietic cell trans-
plantation during first complete remission. These findings
confirm that monosomal karyotype has a significantly
adverse effect on post-remission outcome in patients with
acute myeloid leukemia treated with and without allogeneic
hematopoietic cell transplantation in first complete remis-

sion, emphasizing the need for the development of alterna-
tive therapies for this patient population.
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otype, cytogenetics, post-remission therapy, allogeneic
hematopoietic cell transplantation.
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introduction

Acute myeloid leukemia (AML) is a heterogeneous disease
that includes subsets with distinct biological, clinical and
prognostic features. It has been well established that cytoge-
netic abnormalities at diagnosis are associated with the biol-
ogy of the disease and have important prognostic implica-
tions."® The coexistence of multiple cytogenetic abnormali-
ties designated as complex karyotype (CK) has been recog-
nized as a factor that predicts an extremely unfavorable out-
come in AML.*” However, the prognostic significance of CK
has recently been challenged by Breems et al. who showed
that the monosomal karyotype (MK), defined as 2 or more
distinct autosomal monosomies or a single autosomal mono-
somy in the presence of other structural abnormalities,

adversely affects the prognosis, and that the overlap of MK
with CK is the main contributor to the unfavorable impact of
CK.® According to Breems et al. and reports published subse-
quently by other groups,”’® patients with MK* AML show
low complete remission (CR) rates ranging from 18% to
48% and overall survival (OS) rates of less than 10%. On the
other hand, it has been suggested that such a poor outcome
may be improved by allogeneic hematopoietic cell transplan-
tation (HCT)."

To further clarify the prognosis of patients with MK AML,
especially regarding outcome after allogeneic HCT during
first CR (CR1), we performed a retrospective analysis by
using a dataset that included more than 2,000 AML patients
in CR. Since failure to achieve CR is obviously associated
with a dismal prognosis regardless of the presence or absence
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of MK, the present analysis focused on patients who
achieved CR with one or two courses of chemotherapy.

Design and Methods

Patients

For this study, we used a Japanese nationwide database of adult
AML patients. Eligible patients were required to be between 16
and 70 years of age, to be diagnosed with AML from 1999 to 2006
according to the World Health Organization (WHO) classifica-
tion,”? and to have achieved CR with one or two courses of
chemotherapy. We excluded patients with acute promyelocytic
leukemia (n=386) and those without pre-treatment cytogenetic
results (n=36); this left 2,099 patients available for analysis. This
study was approved by the Institutional Review Board at the
National Cancer Center Hospital.

Cytogenetic analysis

Cytogenetic analysis was performed on metaphases from sam-
ples of bone marrow or blood obtained prior to induction therapy
by using standard banding techniques. Karyotypes were deter-
mined according to the International System for Human
Cytogenetic Nomenclature.”® An abnormality was considered to
be clonal when at least 2 metaphases had the same aberration in
the case of either a structural abnormality or an additional chromo-
some. If there was a monosomy, it had to be present in at least 3
metaphases to be considered significant. Cytogenetics was classi-
fied as favorable, intermediate, unfavorable or unknown risk
according to the Southwest Oncology Group (SWOG) criteria.’
Apart from the SWOG classification, the MK status was assessed
retrospectively for this study according to the definition proposed
by Breems et al.® Accordingly, patients were divided into 4 cytoge-
netic subgroups: core binding factor AML (CBF AML), cytogeneti-
cally normal AML (CN AML), cytogenetically abnormal non-CBE
AML without MK (MK- AML), and cytogenetically abnormal non-
CBE AML with MK (MK* AML).

Statistical analysis

A Kaplan-Meier survival analysis was performed to estimate the
probabilities of OS and relapse-free survival (RES). OS was defined
as the time from the achievement of first CR (CR1) to death or last
visit, and RFS as the time from the achievement of CR1 to relapse,
death or last visit. Differences in OS and RES between groups were
compared by means of the log rank test. Cumulative incidences of
relapse and non-relapse mortality were calculated with relapse
considered as a competing risk for non-relapse mortality, and vice
versa. Cox’s regression model was used to estimate hazard ratios
(HRs) and 95% confidence intervals (Cls). All statistical analyses
were performed with the SPSS software version 11.0.1 (SPSS,
Chicago, IL, USA) and R software version 2.13.0 (The R
Foundation for Statistical Computing).

Results and Discussion

The entire cohort consisted of 2,099 AML patients who
had achieved CR with one or two courses of chemothera-
py, among whom CBF AML, CN AML, MK AML and MK*
AML accounted for 21%, 49%, 27 % and 4%, respectively.
Table 1 shows the patients’ characteristics according to
these cytogenetic subgroups. Among the 73 patients with
MK* AML, 68 (93%) had a cytogenetically unfavorable risk,
while the remaining 5 had an unknown risk. In patients
younger than 60 years, intensive therapy defined as “3+7”
or its equivalent, was given to more than 95% in all of the

cytogenetic subgroups. In patients aged 60 years or older,
the proportion of those given intensive therapy seemed
slightly lower in MK* AML but, nevertheless, 75% of them
received intensive therapy.

Allogeneic HCT was performed in 32 patients with MK*
AML, including 15 during CR1, 4 during second CR (CR2)
and 13 during other disease phases. The details of patients
who underwent allogeneic HCT in CR1 are summarized in
the Online Supplementary Table S1. The median time from
CR1 to transplantation was 93 days (range 14-540 days) for
the 15 patients with MK* AML, which was significantly
shorter than those in the other groups (P=0.011).

Figure 1A compares survival curves from the time of CR1
according to the cytogenetic subgroups. With a median fol-
low up of 4.1 years for surviving patients, the 4-year prob-
abilities of OS were 68% in CBF AML, 58% in CN AML,
46% in MK AML and 14% in MK* AML, respectively
(P<0.001). This significantly inferior OS in MK* AML
patients can mainly be explained by a high risk of relapse,
since the relapse rate was 86 % at four years, which was sig-
nificantly higher than those in the remaining groups
(P<0.001). No patient with MK* AML survived four years
without allogeneic HCT, and the difference in OS was more
pronounced when patients undergoing allogeneic HCT
were analyzed as censored cases (83%, 66%, 54% and 0%
at four years in CBF AML, CN AML, MK" AML and MK*
AML, respectively; P<0.001).

Next, we examined whether MK identified a very poor
prognostic subset within 2 cytogenetically distinct subpop-
ulations representing poor prognosis, i.e. unfavorable cyto-

Age, years
Median 45 51 48 53
Range 16-70 16-70 16-70 20-70
S s
~Male . o079 (64%) - 5T6(56%)  311(55%) - 47(64%)
~Pemale . 158 (36%) - 451(44%)  251(45%)  26(36%)
Cytogenetic risk by SWOG
Favorable 411 (%4%) - - -
Intermediate - 1,027(100%) 64 (11%) -
Unfavorable 26 (6%) - 300(53%)  68(93%)
Unknown - - 198(35%) 5 (T%)
WBCeount l0YL s e e e
“Medan . o 112 1300 85 44
Range: 072812 04402 03223  0.8-4080
Dysplasia
Yes 35 (8%) 22020%)  136(24%)  33(45%)
No 402 (92%) 807(80%)  426(76%)  40(55%)
N.inductioncourses . -~~~ 0 o 00 i
lcourse = 378 (86%) - 825(80%) 419(75%) ~ 56(77%)
2courses o 50 (14%) - 202(20%)  143(25%)  17(23%)
Allogeneic HCT
CRI 2 (M%) 256(25%)  183(33%)  15(21%)
CR2 78 (18%) 106(10%) 57 (10%) 4 (5%)
Other disease phase 66 (15%) 125(12%)  87(15%)  13(18%)
Not performed 261 (60%) 540(53%)  235(42%)  41(56%)

CBF: core binding factor AML; CN: cytogenetically normal AML; MK-: cytogenetically abnormal non-
CBF AML without monosomal karyotype; MK': cytogenetically abnormal non-CBF AML with mono-
somal karyotype; SWOG: Southwest Oncology Group; WBC: white blood cell count; HCT:
hematopoietic cell transplantation; CRI.: first complete remission; CR2: second complete remission.
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Figure 1. Kaplan-Meier curves for (A) OS after achieving CR1 for the entire cohort, and for (B) OS after allogeneic HCT for patients who under-
went allogeneic HCT in CR1, according to the cytogenetic subgroups. CBF represents core binding factor AML; CN: cytogenetically normal
AML; MK, cytogenetically abnormal non-CBF AML without monosomal karyotype; MK®*, cytogenetically abnormal non-CBF AML with mono-
somal karyotype. P values are presented for comparisons among the 4 groups.

genetics and CK. MK accounted for 17% of those with
unfavorable cytogenetics (68 of 394), and 41% of those
with CK (39 of 96). Among patients with unfavorable cyto-
genetics, there was a statistically significant difference in
OS between those with and without MK (16% vs. 46% at
four years, P<0.001; Online Supplementary Figure S1A).
Similar findings were seen in patients with CK, with 4-year
OS rates of 11% and 34% in those with and without MK
(P<0.001; Online Supplementary Figure S1B).

Allogeneic HCT was performed during CR1 in 32 of 437
CBF AML patients (7%), 256 of 1,027 CN AML patients
(25%), 183 of 562 MK' AML patients (33%), and 15 of 73
MK AML patients (21%). Figure 1B shows Kaplan-Meier
curves for OS after HCT in patients who were transplanted
during CR1. These subgroups showed significantly differ-
ent OS, with 4-year OS rates of 61%, 67%, 52% and 31%
in CRBF AML, CN AML, MK" AML, and MK* AML, respec-
tively (P=0.006). A statistically significant difference was
observed in terms of post-transplant relapse (P=0.025)
(Online Supplementary Table S2). Non-relapse mortality in
patients with MK* AML appeared to be higher than those
in the other groups, but these differences were not statisti-
cally significant (P=0.595). Table 2 shows results of univari-
ate and multivariate analyses on factors associated with
post-transplant OS in patients undergoing allogeneic HCT
in CR1. After adjusting for other covariates, MK remained
significantly associated with inferior post-transplant OS
(HR 3.12;95% CI, 1.58-6.15; P=0.001, with reference to CN
AML).

MK is a recently proposed subgroup of cytogenetic
abnormalities that confers a very unfavorable prognosis in
AML?® Reported CR rates have been quite low, ranging
between 18 and 48%,*" and this represents a major cause
of the poor prognosis. Since patients who fail to achieve CR
generally have a very unfavorable prognosis regardless of
the presence or absence of MK, we decided to restrict our
analysis to patients who had achieved CR. In our patient
population, MK was observed in 4%; this was lower than
the values reported previously (6-13%).” The most proba-

Table 2. Factors associated with post-transplant 0S in patients who under-
went allogeneic HCT in CR1

Cytogenetic subgroup
CBF 114 (0.62-2.09) 0671 117 (0.63-2.15)  0.622
CN 1.00 - 1.00 -
MK 143 (1.05-1.96)  0.023 145 (1.06-1.98)  0.021
MK* 274 (142-528) 0003  3.12 (1.58-6.15)  0.001
Age . e i
As a numerical 101 (100-1.02) 0294 ~ 1.01 (0.99-1.02) 0377
variable (1year . e .
older) -
Sex
Male 1.00 - 1.00 -
Female 1.08 (0.81-145) 0597 116 (0.86-157) 0327
WBCeount =g e e
~ Asanumerical 102 (100-1.03) 0037 102 (L01-1.04) - 0,007
variable 1020,
lower)
Donor
Related* 1.00 - 1.00 -
Other 1.39 (1.04-187) 0026 147 (1.09-198)  0.011
Conditioning: -~ . S L
- Myeloablative 100 - 100 -
Reduced-intensity 113 (0.81-1.58) 0465 1.04 (0.70-1.56) - = 0.846

HR: hazard ratio; CI: confidence interval; CBF: core binding factor AML; CN: cytogenetically nor-
mal AML; MK cytogenetically abnormal non-CBF AML without monosomal karyotype; MK*:
cytogenetically abnormal non-CBF AML with monosomal karyotype; WBC: white blood cell
count. *"Related” indicates a matched or 1 antigen-mismatched family donor.

ble explanation for this could be the fact that our cohort
included only patients who had achieved CR, while the
other studies included newly diagnosed patients.

Our data clearly demonstrated that MK confers a signifi-
cantly worse prognosis in patients who have achieved CR.
Notably, MK identified patients with a worse prognosis
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even among those with unfavorable cytogenetics or those
with CK. The detrimental prognostic impact of MK was
primarily due to high relapse rates and, importantly, similar
results were seen in patients who received allogeneic HCT
in CR1. Post-transplant relapse occurred more than 20%
more frequently in MK AML patients than in those in each
of the remaining cytogenetic subgroups. This finding is con-
sistent with published studies.™™ Investigators at the
University of Minnesota analyzed 134 AML patients,
including 17 patients with MK who were allografted in
CR1, and showed that the MK classification could signifi-
cantly predict the risk of post-transplant relapse.”* A report
from the Fred Hutchinson Cancer Research Center
described the outcome of 35 patients with MK and 193
patients without MK who underwent allogeneic HCT in
CR1, in which the 4-year OS rates were 30 and 65% in
those with and without MK." Those results taken together
with our present results suggest that allogeneic HCT may
be able to improve but not completely override the poor
prognosis with MK* AML. It is widely recognized that allo-
geneic HCT in CR1 is the treatment of choice for patients
with AML at cytogenetically unfavorable risk,”" if they
have a suitable donor and are fit enough to undergo the pro-
cedure. In this study, allogeneic HCT was given to only
21% of patients with MK* AML during CR1. This low
transplantation rate could partly be due to a short CR1
duration, which likely decreased the chance of receiving
allogeneic HCT in CRI1. A significantly shorter time to
transplantation in our MK* AML patients might reflect the
short duration of their CR1 that precluded an implementa-
tion of allogeneic HCT after a relatively long interval after
achieving CR. Despite a considerable risk of relapse even

after transplantation, it is still conceivable that these cytoge-
netically very unfavorable patients would benefit from allo-
geneic HCT. We observed that no patient survived long-
term without allogeneic HCT, which is in line with reports
from the SWOG study.’

Our study has several limitations and the results must,
therefore, be interpreted with caution. These limitations
include the retrospective nature of the study, and the rela-
tively small number of patients with MK AML, especially
of those who underwent allogeneic HCT in CR1, leaving
room for selection bias or chance effect. However, given
that MK* AML accounted for only 4% of our AML patients
in CR, it would be quite impractical to conduct a prospec-
tive comparison to assess the role of allogeneic HCT in
CR1. Under such conditions, the findings from a large-scale
retrospective study could have important implications.

In summary, our data confirm that MK exerts a signifi-
cantly adverse effect on post-remission outcome in AML
patients treated with and without allogeneic HCT in CR1.
Although our results suggest that allogeneic HCT is already
an available treatment of choice, the development of alter-
native therapies is warranted for this patient population.
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Rapid T-cell chimerism switch and memory T-cell expansion are
associated with pre-engraftment immune reaction early after

cord blood transplantation

Cord blood (CB) contains immature immune cells and is
thought to be less active in inducing allogeneic immune reac-
tion than other sources of stem cells. However, a high inci-
dence of immune-mediated complications has been reported,
such as pre-engraftment immune reaction (PIR) and haemo-
phagocytic syndrome (HPS) early after cord blood transplan-
tation (CBT) (Kishi et al, 2005; Narimatsu et al, 2007;
Frangoul et al, 2009; Takagi et al, 2009; Patel et al, 2010). In
addition, we reported that human leucocyte antigen (HLA)
disparity in the graft-versus-host (GVH) direction adversely
affected engraftment kinetics when single calcineurin inhibi-
tors were used for GVH disease (GVHD) prophylaxis
(Matsuno et al, 2009). These observations suggested that the
GVH reaction plays a critical role in engraftment. Here, we
report the engraftment kinetics of donor-derived T cells
using a multicolour flow cytometry-based method (HLA-
Flow method) (Watanabe et al, 2008) and also describe the
results of naive/memory T-cell phenotype analyses early after
CBT.

Between November 2009 and September 2010, 73 adult
patients underwent single-unit CBT at Toranomon hospital.
This study reports 41 patients who were eligible for chime-
rism analysis using the HLA-Flow method and survived more
than 14 d after CBT. Characteristics of the patients and CB
are summarized in Table SI. All patients provided written
informed consent, and the study was conducted in
accordance with institutional review board requirements.
Peripheral blood was collected at 1, 2, 3, 4, and 8 weeks after
CBT. Anti-HLA monoclonal antibodies in combination with
lineage-specific antibodies were used to analyse the lineage-
specific chimerism as previously reported (Watanabe et al,
2008). Anti-HLA antibodies specific for donor and recipient
HLA in all patients are summarized in Table SIL. At 2, 4,
and 8 weeks after CBT, T-cell subsets were analysed using
the following monoclonal antibodies: peridinin-chlorophyll-
protein — cyanin 5-5 (PerCP-Cy5-5)-CD8, phycoerythrin —
cyanin 7 (PE-Cy7)-CCR7, allophycocyanin (APC)-CD4,
APC-Cy7-CD3 (BD Pharmingen, San Jose, CA, USA), and
Pacific Blue-CD45RA (CALTAG, Carlsbad, CA, USA). Abso-
lute numbers of CD4™ T cells (CD3*CD4%), CD8" T cells
(CD3*CD8"), and naive (CD45RA'CCR7") and memory
(CD45RA™CCR7"™) T cells were calculated by multiplying
the peripheral lymphocyte counts by the percentage of posi-
tive cells. PIR was characterized by non-infectious high-grade

© 2012 Blackwell Publishing Ltd, British Journal of Haematology
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fever (>38-5°C) coexisting with skin eruption, diarrhoea,
jaundice and/or body weight gain greater than 5% of base-
line, developing 6 or more days before engraftment (Kishi
et al, 2005; Uchida et al, 2011). Cumulative incidence of
neutrophil engraftment, PIR, and GVHD were calculated
using Gray’s method. Intergroup comparisons were
performed using the Mann—Whitney U-test.

We analysed lineage-specific chimerism for 32, 40, 40, 34,
and 34 patients at a median of 8 (range, 7-11; week 1), 15
(14-20; week 2), 22 (21-25; week 3), 29 (28-36; week 4),
and 57 (56-62; week 8) days post-transplant, respectively.
Fig 1A shows representative results for CD4" T-cell chime-
rism. CD4" and CD8" T-cell chimerism results in all patients
are shown in Fig1B. Of 41 enrolled patients, 37
achieved neutrophil engraftment at a median of 19 d (range,
13-38 d). Thirty-nine patients achieved donor-dominant
T-cell chimerism (>90%) by 3 weeks after CBT, whereas the
remaining two patients, with recipient-dominant T-cell chi-
merism (>90%) at every point tested, developed graft failure
because of early relapse (day 14 post-transplant) and rejec-
tion, respectively. Among the 39 patients who achieved
donor-dominant T-cell chimerism, two died before engraft-
ment due to non-relapse causes on day 28 (infection) and
day 25 (diffuse alveolar haemorrhage), respectively. Among
those with donor-dominant chimerism, 24 (63%) of 38
evaluable patients developed PIR at a median of 8 (6-11)
days after CBT. Patients who achieved donor-dominant
T-cell chimerism (>90%) at 1 week had a higher incidence
of PIR compared to those who did not (P = 0-017, Fig 1C).
In a representative patient at 2 weeks after CBT, rapid con-
version from naive to memory phenotype was observed in
both CD4" and CD8" T cells (Fig 2A). Fig 2B shows the rel-
ative proportion of naive CD4" and CD8" T cells at 2, 4,
and 8 weeks after CBT in 37 evaluable patients who achieved
donor-dominant T-cell chimerism. Patients who developed
PIR had significantly more lymphocytes, CD4" T cells, CD8*
T cells, CD4" memory T cells, and CD8" memory T cells at
2 weeks after CBT compared with those without PIR (Fig 2C
and data not shown).

Our data confirmed that a majority of patients achieved
donor-dominant T-cell chimerism around 2 weeks after
CBT. We also found that early recipient-type T-cell chime-
rism was closely associated with graft rejection. A remarkable
finding was that a rapid recipient-to donor-dominant switch

doi:10.1111/bjh.12097
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Fig 1. T-cell chimerism analysed by HLA-Flow method. (A) Chimerism analysis by the HLA-Flow method separated donor- vs. recipient-derived
cells among CD4" T cells at 1 week after cord blood transplant (CBT). In Case 6, human leucocyte antigen (HLA)-A2 was recipient-specific and
HLA-A24 was donor-specific. In Case 27, HLA-A2 was recipient-specific, whereas HLA-A24 was shared by both donor and recipient, indicating
that HLA-A2-negative and HLA-A24-positive cells were donor-derived. (B) The median percentages of donor-derived CD4" T cells and CD8*
T cells at 1 week after CBT were 88-9%, and 93-5%, respectively. Red dotted lines indicate recipient-dominant chimerism in two patients who
developed graft failure. (C) Cumulative incidence of pre-engraftment immune reaction (PIR) according to chimerism status of T cells at 1 week

after CBT

of T-cell chimerism at 1 week post-transplant was associated
with a higher incidence of PIR, supporting a hypothesis that
PIR could be an early variant form of GVH reaction caused
by donor-derived T cells. CB T cells are naive and do not
include pathogen-specific effector T cells. Grindebacke et al
(2009) demonstrated that about 80% of CD4" T cells kept
the naive phenotype during the first 18 months after birth.
In contrast, we found a rapid conversion from naive to
memory phenotype at 2 weeks after CBT. In addition, PIR

could be associated with peripheral expansion of donor-
derived memory T cells. Recently, Gutman et al (2010)
reported that CD8" T cells predominately expressed effector
memory or effector phenotype early after double-unit CBT,
reflecting an immune response of the dominant unit
against the non-engrafting unit. These findings suggest that
donor-derived naive T cells will be activated by alloantigens
and differentiate into mature cells early after CBT. Most of
the present patients with PIR responded promptly after a

© 2012 Blackwell Publishing Ltd, British Journal of Haematology
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Fig 2. Conversion from naive to memory T-cell phenotype. (A) A rapid conversion from naive phenotype (CD45RA*CCR7") to memory pheno-
type (CD45RACCR7%7) in a representative sample at 2 weeks after cord blood transplant (CBT) (Case 5). (B) Relative proportion of naive
CD4* and CD8" T cells at 2, 4, and 8 weeks after CBT. Bold horizontal lines denote median values. (C) Memory T-cell counts at 2 weeks after
CBT in patients with or without pre-engraftment immune reaction (PIR).

short course of steroid treatment, and none experienced graft
failure due to HPS. This observation could be attributed to
more intensive immunosuppression from adding mycophen-
olate mofetil to tacrolimus in the majority of patients
(Uchida et al, 2011). Although neither the T-cell chimerism
nor the memory T-cell counts affected the incidence of acute
GVHD, steroid treatment for PIR could suppress the onset
of acute GVHD. In conclusion, rapid T-cell chimerism
switch and donor-derived memory T-cell expansion were
associated with PIR, supporting a significant role of donor-
derived T cells in the pathogenesis of the early immune reac-
tion after CBT.
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Abstract Mycophenolate mofetii (MMF) has been
widely used for the prophylaxis of graft-versus-host disease
(GvHD) in hematopoietic stem cell transplantation
(HSCT), based on clinical evidence established in organ
transplantations. MMF is not a cytotoxic, but rather a
cytostatic agent, and there have been several reports of
significant advantages in engraftment as well as greatly
reduced stomatitis compared to methotrexate (MTX).
MMF has been preferred for MTX-free immunosuppres-
sion, especially in reduced intensity conditioning, but it is
suitable for GvHD prophylaxis for any type of HSCT.
Some clinicians doubt its effectiveness, due to the lack of
advantage over MTX in acute GvHD prophylaxis, espe-
cially in myeloablative conditioning. Pharmacokinetics
studies of mycophenolic acid (MPA), the active form of
MMF, show large inter- and intra-patient variation, which
make interpretations of its clinical usefulness difficult.
Nevertheless, several studies, including ours, have dem-
onstrated that relatively higher area under the curve (AUC)
of the MPA group leads to significant suppression of acute
GVHD in prophylactic use. We propose a model algorithm
for optimal dose finding using therapeutic drug monitoring
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(TDM) for MPA. Preemptive strategies depending on
plasma MPA levels could yield more effective approaches
to GvHD prophylaxis, alternative to MTX.

Keywords Mycophenolate mofetil (MMF) -
Mycophenolate acid (MPA) - Graft-versus-host disease
(GvHD) - Therapeutic drug monitoring (TDM)

Introduction

The prophylaxis for graft-versus-host disease (GvHD) after
hematopoietic stem cell transplantation (HSCT) has been
developed in the last two decades. Although a combination
of calcineurin inhibitor (CI), such as cyclosporin (CsA) or
tacrolimus (FK506), plus short-term methotrexate (MTX)
has been widely used in clinical practice [1-6], other
immunosuppressive drugs, such as steroids, anti-thymocyte
globulin (ATG), and campath-1H, are also used as alter-
native or additional immunosuppressants. Mycophenolate
mofetil (MMF) is a type II inosine monophosphate dehy-
drogenase inhibitor that exerts its immunosuppressive
effect by blocking the production of guanosine nucleotide
synthesis through the de novo pathway [7, 8]. MMF is
widely used for prevention of rejection in organ trans-
plantations. MMF is highly selective, specifically in the
suppression of lymphocytes but not myeloid cells; hence, it
enables faster engraftment and causes less cytotoxicity,
especially stomatitis, compared to MTX. Many clinicians
who conduct HSCT favor this drug for GVHD prophylaxis.
In addition, MMF has also been utilized as first-line or
salvage treatment of acute GvHD, as well as chronic GVvHD
[-20]. Despite the increasing infectious complications
associated with combined MMF and prednisone regimen,
current data have suggested that MMF is an active agent in
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the treatment of acute and chronic GVHD. MMF dosage for
GvHD prophylaxis ranges from 1 to 3 g/day according to
institutions, because the optimal dose is not provided by
therapeutic drug monitoring (TDM). Several studies fail to
establish the range of MMF dosage because the concen-
tration of mycophenolic acid (MPA), which is the active
and hydrolyzed form of MMF, differs in each individual.
Moreover, plasma MPA concentrations after HSCT are
apparently lower than after organ transplantation. In this
review, the efficacy/limitations in the field of HSCT and
analysis of MMF usage based on conditioning, timing, and
stem cell source are discussed.

MMF pharmacokinetics and pharmacodynamics
in HSCT

Figure 1 shows the pharmacodynamics of MMF. MMF is a
morpholinoethyl ester formulation, which enhances the
bioavailability of MPA. MPA was first isolated from a
Penicillium culture, but its efficacy as an antibiotic was
limited [21]. MPA was later shown to be a potent inhibitor
of nucleic acid synthesis, largely by its ability to inhibit the
enzyme IMP dehydrogenase (IMPDH) selectively,

- MMF

excreted in the urine

Myeloablative conditionin,

reversibly, and noncompetitively. IMPDH is the rate-limiting
enzyme in the de novo synthesis of guanosine monophos-
phate (GMP) from IMP. Then it was focused for anti-tumor
activity [22-26].

The GMP synthesis in lymphocytes is highly dependent
on the de novo pathway, while other cells utilize the sal-
vage pathway. Therefore, the blockade of GMP synthesis
leads to prevention of T-cell activation, as well as B-cell
activation. Thereafter, MMF has been widely used as an
immunosuppressive agent.

The bioavailability of MMF after oral administration in
healthy individuals was reported to be approximately 94 %
[27]. Once orally or intravenously administered, MMF
rapidly undergoes de-esterification to form its active
compound, MPA [7]. Maximum peak concentrations
(Cmax) of MPA generally occur within 1 or 2 h after MMF
administration. MPA is primarily metabolized in the liver
by uridine diphosphate glucuronosyl transferases (UGTs)
to form the metabolites phenolic MPA-glucuronide
(MPAG) and, to a lesser extent, acyl-MPAG (AcMPAG).
The latter is pharmacologically active and has been linked
to the occurrence of MMF-related adverse effects. The
excretion of MPAG is primarily renal. Over 90 % of the
administered dose is eventually excreted in the urine,

de novo pathway

Mucosal damage

Fig. 1 Summary of pharmacology and pharmacodynamics of MMF.
After MMF is administered, MMF is hydrolyzed to MPA, which is
the active form, and causes reversible inhibition of IMPDH. MPA is
reabsorbed via the enterohepatic circulation. MMF mycophenolate
mofetil, MPA mycophenolic acid, JMPDH inosine monophosphate

dehydrogenase, IMP inosine monophosphate, GMP guanosine mono-
phosphate, MPAG MPA glucuronide, UGTs uridine diphosphate
glucuronosyl transferases, EHC enterohepatic circulation, CsA
cyclosporine
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mostly as MPAG. The pharmacokinetics of MMF is
complicated by the enterohepatic circulation (EHC) of
MPAG, which is excreted into the bile and subsequently
hydrolyzed in the intestine and reabsorbed as MPA giving
rise to a secondary peak of MPA 6-12 h after MMF
administration. However, most studies reported that the
second peak of MPA was not found in HSCT, because
mucosal damage partly due to conditioning regimen
interfered with EHC [28, 29]. Even though EHC is active,
detection of the second peak is difficult because of the low
plasma MPA levels of HSCT patients 6 h after MMF
administration. Furthermore, MPA binds extensively to
plasma albumin, and the free MPA fraction is less than
3 %. The free MPA fraction is thought to be responsible for
the immunosuppressive effect of MPA. Systemic exposure
to MPA when MMF is given in combination with CsA is
approximately 30-40 % lower than when given alone or
with FK506 or sirolimus. It is because CsA inhibits mul-
tidrug resistance associated protein 2 (MRP-2), which has
been reported to be responsible for the biliary excretion of
MPAG and subsequent MPA EHC [30, 31]. The interfer-
ence associated with the concomitant use of CsA would be
one reason for the inter-patient, as well as intra-patient
variations in the plasma MPA levels. While the recom-
mended target range for the MPA area under the curve
(AUCq_15 p) in renal transplant recipients is 30-60 mg h/L
[32], no standard target range in HSCT has been proposed.

Generally, the plasma MPA Ievels in HSCT are lower
than those in organ transplantation, such as renal transplan-
tation. Considerations on MMF pharmacokinetics for HSCT
are listed in Table 1. The major factors are bioavailabil-
ity and MPA clearance. Indeed, the intestinal mucosal
damage due to the myeloablative regimen, including total
body irradiation (TBI) and high-dose chemotherapy, and/or
the use of broad-spectrum antibiotics deteriorate the

bioavailability after oral administration of MMF. However,
because the intravenous formulation of MMEF still achieved
ten times lower trough blood level of MPA in myeloablative
HSCT compared with healthy volunteers [33], the bio-
availability of MMF might not be mainly the reason for the
lower MPA levels. For MPA clearance, a higher clearance
has been reported to be associated with decreased EHC,
lower serum albumin levels [34, 35], and in combination
with CsA [30, 31]. Pediatric HSCT study using intravenous
and oral MMF in combination with FK506 showed that there
was a trend in increased MPA clearance following my-
eloablative conditioning, which caused a more severe
mucosal damage and decreased EHC compared to reduced
intensity conditioning (RIC) [36]. However, there was no
difference in the plasma MPA concentrations in both oral
and intravenous regimens. Recently, a pharmacokinetics
study has revealed that MPA clearance was increased in
HSCT patients compared to renal transplant recipients [37].
Interestingly, the correlation between MPA clearance and
CsA trough levels and plasma albumin was significant in a
multivariate model. One explanation for the lower MPA
levels in HSCT patients compared to those who received
organ transplant could be the high MPA clearance as a result
of combination with CsA and the high trough and low
plasma albumin levels. However, another report on patients
treated with RIC did not find a positive correlation between
total MPA AUC and serum albumin levels [38]. Therefore,
there is still no clear explanation for the lower MPA con-
centration in HSCT patients.

Beginning of utilizing MMF for HSCT

The usefulness of MMF in the field of organ transplanta-
tion, especially renal transplantation, by randomized

Table 1 Issues to consider in

the use of MMF for acute Issues

Comments

GvHD prophylaxis and
pharmacokinetics of MPA in
HSCT

Patient/disease-oriented issues
Conditioning
Stem cell source
Stomatitis
Engraftment

Infectious status

Factors affecting pharmacokinetics

MPA clearance

MMF mycophenolate mofetil,
RIC reduced intensity
conditioning, MTX
methotrexate, MPA
mycophenolic acid, CsA
cyclosporine, GvHD graft-
versus-host disease

Serum albumin level

Bioavailability (if oral)

Enterohepatic circulation (EHC)
Combination drug for GVHD prophylaxis

RIC is more favorable than myeloablative conditioning
Any type of sources is feasible

Oral mucosal damage is milder than MTX

Usually faster than MTX

Infections might be increased

Might be higher when myeloablative conditioning
rather than RIC is used

MPA clearance is increased when serum albumin
level is decreased

Intravenous formulation is available
Mucosal damage and antibiotics use reduce EHC
CsA interferes with secretion of MPA in bile
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controlled studies had been reported since the mid-1990s
[39-41]. In the late 1990s, Storb et al. conducted experi-
mental studies to show the effectiveness of CsA plus MMF
in canine HSCT after non-myeloablative conditioning [42,
43]. Subsequently, MMF was introduced for GvHD pro-
phylaxis in human HSCT. The Seattle group showed that
the combination of CsA plus MMF was comparable to CsA
plus MTX. Thereafter, MMF has been practically
employed in the HSCT field, especially for RIC [44, 45],
with less clinical trials compared to the application in renal
transplantation.

Conventional usage of MMF for acute
GVvHD prophylaxis

Generally, MMF is initiated at 1545 mg/kg orally or
intravenously twice or thrice daily (the dose is rounded off
to the nearest multiple of 250 mg for internal use) from day
0 for 2740 days, and then it is either stopped or tapered
through day 96-180 [29, 38, 46-48]. A report from Fred
Hutchinson Cancer Research Center demonstrated that
MMF given thrice daily allowed durable engraftment in
unrelated HSCT after RIC (fludarabine 90 mg/m? plus TBI
2 Gy) [49]. The infection rate with thrice daily adminis-
tration was slightly higher than that with twice daily, but
treatment-related mortality (TRM) was not increased in
thrice daily administration. The probability of acute GVvHD
was similar in both groups. Another report from the same
institute also documented that post-grafting immunosup-
pression with extended (up to day 180) MMF and short-
ened (up to day 80) CsA increased the incidence of acute
GvHD in unrelated HSCT given RIC [50]. Our small
cohort showed that extended MMF administration beyond
day 30 is recommended depending on individual risk fac-
tors for GvHD, namely (1) HSCT from a mismatched
donor, (2) concurrent acute GvHD, (3) eosinophilia
(>0.5 x 109/L), or (4) fever without infection. The median
extended dosing period of MMF was 64.5 days (50-94).
The cumulative incidence of grade II-IV acute GvHD was
significantly lower (12.5 %) compared to the cessation of
MMF administration at day 30 (42.3 %)[51].

The optimal MMF dose is not elucidated so far, but
2-3 g daily of MMF in combination with CI has been
mostly used in Western countries, and it might be accept-
able to taper according to the patients’ status beyond day
30 before CI withdrawal.

Engraftment issue

Primary as well as secondary engraftment failure is one of
the most important concerns, especially in HSCT given

RIC or cord blood transplantation (CBT). Previous reports
demonstrated that the intensification of the immunosup-
pressive regimens was the key factor for promotion of
engraftment. Conditioning with the use of immunosup-
pressive agents, such as ATG, campath-1H, fludarabine,
cyclophosphamide, and TBI, is an effective way of
engraftment [52-56]. As a multicenter experience, fludar-
abine plus low dose TBI in 38 cases of salvage HSCT for
allograft rejection was reported to be well tolerated and
resulted in an engraftment rate of 87 % [56]. In this study,
MMF was employed for GvHD prophylaxis in combination
with CI. Our preliminary experiences also found that the
intensification of immunosuppression with MMF in com-
bination with CI enabled the achievement of a successful
engraftment as a salvage CBT [57]. Although the mecha-
nism has not been elucidated, several reports have sug-
gested that GvHD prophylaxis regimen containing MMF is
associated with faster engraftment [58-61]. One possible
explanation is that short-term MTX, but not MMF, often
interferes with emerging neutrophil engraftment due to its
cytotoxic effect.

Another possibility is that MMF itself might enhance
engraftment because patients with mean MPA concentra-
tion steady state (Cgs) less than 2.5 pg/mL were reported to
come across graft rejection [38]. It is well known that
treatment with thrice daily MMF significantly increased
MPA Cg; in plasma [38, 49, 62], despite a negative report
[63]. Because free MPA binds reversibly to IMPDH and
interrupts de novo purine pathway transiently, high frac-
tionated administration is reasonable to enhance its activity
[45]. It is of interest whether the pharmacological increase
in Cg by tid could contribute to the clinical efficacies to
prevent GVHD as well as graft failure.

Trends toward MTX-free immunosuppression

Stomatitis is a frequent complication of the conditioning
regimen. Severe oral stomatitis occurs in up to 75 % of
cases with myeloablative conditioning [64]. Severe sto-
matitis often causes problems and increases early mortality
rate after HSCT [65]. MTX for GvHD prophylaxis impairs
mucosal regeneration after conditioning-related mucosal
damage, as well as faster engraftment. In RIC of patients
over 55 years old, which is the upper limit for myeloab-
lative conditioning in most facilities, or younger patients
with concomitant complications, such as cardiac or infec-
tious diseases, the lesser occurrence of stomatitis and early
mortality and faster engraftment by utilizing an alternative
immunosuppressant to MTX would be attractive for a safe
and secure HSCT.

Thus, the concept of “MTX-free immunosuppression”
has emerged. Sirolimus is the first available inhibitor of the
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mammalian target of rapamycin (mTOR) used in HSCT.
Since sirolimus poses less nephrotoxicity and neurotox-
icity, combination therapy with CI is appealing. There have
been many clinical trials of sirolimus and FK506 without
MTX for GvHD prophylaxis mainly at Dana-Faber Cancer
Institute so far [66-70]. These results indicate that siroli-
mus may reduce the incidence of acute GvHD, while the
severity and incidence of stomatitis and cytomegalovirus
(CMYV) reactivation are decreased as compared to the
MTX-containing regimen [68, 69, 71]. Unfortunately, these
results have been discouraged by the increased risk of
sinusoidal obstruction syndrome (SOS), especially with
busulfan-based conditioning [72]. Moreover, thrombotic
microangiopathy (TMA) and renal failure are also docu-
mented in GvHD prophylaxis and treatment trials using the
sirolimus and CI combination [73-~75]. Because MMF has
not been shown to increase the risk of SOS or TMA, MTX-
free immunosuppression, such as CI plus MMF, might be
suitable for GvHD prophylaxis, especially in busulfan-
containing regimen. Indeed, MMF has been used as part of
the front-line regimen for the prevention of GvHD, espe-
cially in the setting of RIC regimen. Similarly to sirolimus,
MMEF reduces stomatitis [58, 76] and facilitates engraft-
ment [58-61, 76-78].

A recent retrospective study in the comparison of CsA
plus MMF and CsA plus MTX after RIC from human
leukocyte antigen (HLA)-identical siblings showed a lower
tendency of non-relapse mortality (NRM) at day 100 (6 vs.
18 %, P = 0.04) [79]. Comparisons of MTX, sirolimus,
and MMF for GvHD prophylaxis are summarized in
Table 2. Representative reports of comparison for pro-
phylaxis on the use of CI plus MMF versus CI plus MTX
are also shown in Table 3.

Why do some clinicians stay away from MMF
as conventional prophylaxis?

MMF usage in myeloablative conditioning is controversial.
A prospective randomized trial that compared CsA plus

Table 2 Comparison of MTX, sirolimus, and MMF

MTX and CsA plus MMF for GvHD prophylaxis in my-
eloablative HSCT showed significantly less severe stoma-
titis and more rapid neutrophil engraftment in the MMF
arm. The incidence of grade II-1V acute GVHD was similar
in the two arms (48 % in the MMF arm and 37 % in the
MTX arm) [58] (Table 3). On the other hand, phase I/II
study, in which 45 mg/kg/day MMF was given thrice daily
for 27 days in combination with CsA, suggested the lack of
a significant improvement in the prevention of GvHD
compared with historical data for CsA and MTX after
myeloablative HSCT from HL.A-matched sibling donors
[29]. In this study, the incidence of acute GVvHD was 62 %.
For some physicians, this is the rationale why the combi-
nation of CsA plus MMF is considered only when MTX is
contraindicated. However, there are not significant differ-
ences on the pharmacokinetics of MMF in myeloablative
conditioning versus RIC in adult HSCT to date. There is no
clear explanation why the benefit of MMF is superior in
RIC regimen compared to myeloablative conditioning.

Prophylactic use for related donors (especially
from HLA-mismatched donors)

Some studies showed that GvHD prophylaxis by MMF
plus CI for either myeloablative or RIC achieved suc-
cessful engraftment and prevented GvHD similar to MTX
plus CI [29, 80, 81] (Table 4). Of note, MMF is also used
for HSCT from HLA-mismatched related donors, as well
as HLA-matched ones. In Asia, Japanese, and Chinese
recipients with no HLA-matched sibling donors received
HSCT from two or three loci-mismatched related donor.
The usual conditioning regimens, including ATG, and
multiple immunosuppressants, such as MMF, were used for
GvHD prophylaxis [82, 83]. Moreover, clinical trials from
Johns Hopkins University recently evaluated the efficacy of
high-dose, post-transplantation cyclophosphamide in
addition to FK506 and MMEF to prevent GvHD after non-T
cell-depleted transplantation from partially HLA-mis-
matched related donors [84, 853].

Stomatitis Engraftment SOS/TMA aGvHD Infectious Drug
prophylaxis complications interaction
MTX +++ + + + + +
Sirolimus + ++ +++° ++ =+ ++
MMF £ ++ + + ++ +

MTX methotrexate, MMF mycophenolate mofetil, SOS sinusoidal occlusive syndrome, TMA thrombotic microangiopathy, aGvHD acute graft-

versus-host disease

# Especially if myeloablative regimens of busulfan and cyclophosphamide were used
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Table 3 Representative reports of comparison on calcineurin inhibitor (CI) + MMF versus CI + MTX

References N Age (range) Regimen Donor Additional ~ Neutrophil Grade II-IV acute  Extensive chronic NRM (95 % CI)
prophylaxis  engraftment GvHD (95 % CI)  GvHD (95 % CI)
(range)
Bornhauser et al. [59] MMF arm 14 38 (21-63) Myeloablative ~ Related CsA 11 days (9-20) 46.5 % N.A. N.A.
MTX arm 15 38 (20-58) 17 days (10-25) 60 %
P =0.023
Bolwell et. al. [58] MMF arm 21 49 (19-60) Myeloablative ~ Related CsA 11 days (8-24) 48 % 63 % N.A.
MTX arm 19 46 (16-62) 18 days (11-28) 37 % 64 %
P < 0.001
Neumann et. al. [61] MMF arm 26 39 (22-57) Myeloablative  Related CsA 12 days 38 % 50 % 17 %
MTX arm 67 32 (17-51) 18 days P < 0.0001 61 % 45 % 27 %
Pinana et. al. [79] MMF arm 52 57 (18-71) RIC Related CsA 15 days (11-27) 38 % (27-54) 39 % (27-58) 6 % (2-17)
MTX arm 93 54 (23-70) 15 days (10-29) 33 % (25-45) 38 % (28-52) 19 % (12-29)
P =004
(NRM at day 100)
Perkins et. al. {76] MMF arm 42 499 (23-66.2) Varies (mostly  Related/unrelated  FK506 15 days 18 % 38 % Similar between
MTX arm 47 54 (24.9-69.6)  fludarabine/ 16 days 79 % 45 % the two arms
busulfan)

Platelate recovery

15 days versus
17 days P < 0.01

N.A. not applicable, RIC reduced intensity conditioning, CsA cyclosporine, FK506 tacrolimus, MTX methotrexate, MMF mycophenolate mofetil, CI confidence interval, NRM non-relapse mortality, GvHD

graft-versus-host disease
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