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Pre-transplant weight loss predicts inferior outcome
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ABSTRACT

Allogeneic stem cell transplantation (alloSCT) represents a curative therapeutic
option for patients with myelodysplastic syndrome (MDS), but relapse and non-
relapse mortality (NRM) limit treatment efficacy. Based on our previous observation
in acute myeloid leukemia we investigated the impact of pre-transplant weight loss
on post-transplant outcome in MDS patients. A total of 111 patients diagnosed with
MDS according to WHO criteria transplanted between 2000 and 2012 in three different
transplant centers were included into the analysis. Data on weight loss were collected
from medical records prior to conditioning therapy and 3-6 months earlier. Patient,
disease and transplant characteristics did not differ between patients with weight
loss (2-5%, n = 17; > 5%, n = 17) and those without (n = 77). In a mixed effect
model, weight loss was associated with higher risk MDS (p = 0.046). In multivariable
analyses, pre-transplant weight loss exceeding 5% was associated with a higher
incidence of relapse (p < 0.001) and NRM (p = 0.007). Pre-transplant weight loss of
2-5% and > 5% were independent predictors of worse disease-free (p = 0.023 and
p < 0.001, respectively) and overall survival (p = 0.043 and p < 0.001, respectively).
Our retrospective study suggests that MDS patients losing weight prior to alloSCT
have an inferior outcome after transplantation. Prospective studies addressing pre-
transplant nutritional interventions are highly warranted.

INTRODUCTION

Therapeutic options for patients with high-risk
myelodysplastic syndrome (MDS) have evolved over
the past decade [1]. Specifically, hypomethylating agents
(HMA) were demonstrated to prolong survival as compared
to best supportive care in higher risk MDS patients, and
the azanucleoside 5-azacitidine can currently be considered
standard first-line therapy in this patient group [1, 2].

Despite these therapeutic advances, allogeneic stem
cell transplantation (alloSCT) remains the only potentially
curative treatment modality for patients with MDS, and
transplant outcomes in MDS patients have substantially

increased over recent years [1, 3, 4]. Depending on disease
characteristics and patient age, long-term disease-free
survival (DFS) can currently be achieved in around 30-40%
of patients transplanted for MDS [4-6]. Most MDS patients
are older than 60 years and post-transplant mortality remains
a serious problem [7]. Particularly, age-related factors and
comorbidities significantly affect the risk of non-relapse
mortality (NRM) [8]. Therefore, only patients with higher
risk MDS according to the International Prognostic Scoring
System (IPSS) risk score (i.e. intermediate-2 or higher) [9]
appear to profit from alloSCT [10, 11]. On the other side,
advanced disease stage at transplantation has been shown
to be associated with inferior survival after alloSCT with
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adverse cytogenetics and higher IPSS risk being major
predictive factors of shorter DFS [5, 10, 12, 13].

We have recently provided evidence that weight loss
and metabolic distress prior to alloSCT were associated
with relapse and death risk in patients with acute myeloid
leukemia (AML) in two independent patient cohorts [14].
In the present work, we investigated the influence of pre-
transplant weight loss on clinical outcome after alloSCT
in 111 patients with MDS according to WHO criteria using
data from three different transplant centers.

RESULTS

Patient and transplant characteristics

A total of 111 patients were included into the
analysis. Median age at time of alloSCT was 52 (range
19-72) years with 22% of patients being older than
60 years. AlloSCT was performed for the MDS WHO
subtype RA(RS)/RCMD in 31 patients (28%), RAEBI1 in
31 patients (28%) and RAEB2 in 49 patients (44%). The
risk categories according to IPSS were intermediate-1 in 33
(34%), intermediate-2 in 44 (45%), high in 21 (21%), and
information not available in 13 patients. Cytogenetic risk
groups according to IPSS were favorable, intermediate and
poor in 46%, 16% and 38% of the patients, respectively.
The majority of the patients was previously untreated
(n =172, 65%). Nineteen (17%) and 14 patients (13%)
received hypomethylating agents and AML-like
chemotherapy prior to alloSCT, respectively. BM blast
count directly prior to alloSCT was median 5% (range
0-19) and normal (<5%) in 43% of the patients.

Thirty-one patients (28%) received transplants from
related donors (RD), 59 patients (53%) from matched
unrelated donors (MUD) and 21 (19%) from mismatched
unrelated donors (MMUD). The donor was female in 38%
of the cases with 19 patients being sex mismatched with
the donor. Ninety-three patients (84%) received reduced
intensity conditioning (RIC) and 18 patients (16%)
received standard myeloablative conditioning (MAC).
Stem cell source was peripheral blood in 99 (89%) and
bone marrow in 12 (11%) patients. Estimated median
follow-up at the time of analysis of surviving patients was
36.1 months (95% CI 27.8-56.4; range 4.8—121.8). Patient
and transplant characteristics are summarized in Table 1.

Post-transplant outcome

A total of 48 (43%) patients had died by the time of
analysis. Nineteen patients (17%) experienced MDS relapse
at a median of 4.4 (range 1.9-90.7) months after alloSCT. A
total of 32 patients (29%) died of transplant-associated causes
at a median of 5 (range 0.2—-82.4) months post alloSCT. For
the entire patient cohort, estimated probability of survival
was 70% (95% CI 61-79) and 51% (95% CI 41-63) at 1 and
5 years after alloSCT, respectively. The estimated probability

of DFS was 62% (95% CI 54-72) and 50% (95% CI 40-62)
at 1 and 5 years after alloSCT, respectively (Figure 1A
and 1B). The cumulative incidence of relapse at 1 and 5 years
after alloSCT was 15% (95% CI 8-21) and 18% (95% CI
10-26), respectively, and the cumulative incidence of NRM
at 1 and 5 years after alloSCT was 23% (95% CI 15-31) and
32% (95% CI 22-42), respectively (Figure 1C and 1D).

Prognostic factors for outcome: role of pre-
transplant weight loss

A total of 34 (31%) patients experienced weight loss
> 2% with 17 (15%) patients losing more than 5% weight in
the period of 3—6 months prior to alloSCT (Table 1). Patient
characteristics, disease and transplant characteristics did not
differ between patients with weight loss and those without
(Table 1). Moreover, it should be noted that patients who
lost weight prior to alloSCT were not underweight: median
body mass index (BMI) of patients with stable weight
(weight loss < 2%) at alloSCT did not significantly differ
from the BMI of patients experiencing weight loss (Table 1).

Univariate analyses showed that previous treatment
with AML-like chemotherapy and transplantation from
unrelated donors were associated with a significantly
higher incidence of relapse and NRM (Table 2). Pre-
transplant weight loss (both 2-5% and >5%) was
associated with significantly increased relapse incidence
and shorter DFS. Furthermore, pre-transplant weight loss
exceeding 5% resulted in significantly higher NRM and,
consequently, inferior overall survival after alloSCT. The
results of the univariate analyses are given in Table 2.

Consequently, for patients who had experienced
2-5% and >5% weight loss prior to alloSCT, estimated
probabilities of OS at 5 years after alloSCT were 47%
(95% CI 28-78) and 8% (95% CI 1-53), respectively.
Estimated probabilities of DFS at 5 years were 41% (95%
CI 23-73) and 10% (95% CI 2-57), respectively, i.e.
substantially lower as compared to MDS patients who did
not experience weight loss (OS of 64%, 95% CI 52-78,
and DFS 62%, 95% CI 50-76, at 5 years) (Figure 2A,
2B). Accordingly, cumulative incidences of relapse after
5 years were 24% (95% CI 3—44) and 57% (95% CI 31-82)
in patients who lost weight (2-5% and >5%, respectively)
as compared to 7% (95% CI 1-13) in patients without
weight loss (Figure 2C). By comparison, incidence of
NRM at 5 years was similar between the groups reaching
31% (95% CI 19-44), 35% (95% CI 13-58), and 33%
(95% CI 9-58) in patients experiencing no, 2—5%, and
>5% weight loss prior to alloSCT, respectively (Figure 2D).

In Cox regression analyses with relapse and NRM
as endpoints, weight loss exceeding 5% prior to alloSCT
was an independent predictor of relapse (p < 0.001) and
NRM (p = 0.007) (Table 3). Both pre-transplant weight
loss categories (2—-5% and > 5%) along with donor source
were independently associated with significantly inferior
OS and DFS in multivariable analyses (Table 3).

www.impactjournals.com/oncotarget

35096

Oncotarget



Table 1: Patient and treatment characteristics

Whole  Weight loss Weight loss  Weight loss P P
cohort 2% 2-5% >5%
n=111 n="77 n=17 n=17
Median age at alloSCT(years, 52(19-72) | 53 (19-69) | 50 (19-72) | 51 (32-70) 0.88 0.30
range)
Age categories, n (%) 0.75 0.75
<50 years 45 (41) 30 (39) 8 (47) 7 (41)
50-60 years 42 (38) 31 (40) 4 (24) 7 (41)
>60 years 24 (22) 16 (21) 5(29) 3(18)
Male gender, n (%) 66 (59) 45 (58) 10 (59) 11 (65) 0.89 0.84
MDS WHO subtype, n (%) 0.82 0.60
RA(RS)/RCMD 31 (28) 24 (31) 4 (24) 3 (18)
RAEBI1 31 (28) 21 (27) 5(29) 5(29)
RAEB2 49 (44) 32 (42) 8 (47) 9 (53)
IPSS risk, n (%) 0.09 0.48
Intermediate-1 33 (34) 24 (36) 7 (44) 2(13)
Intermediate-2 44 (45) 31 (46) 7 (44) 6 (40)
High 21 (21) 12 (18) 2 (13) 7 (47)
Unknown 13 10 1 2
Cytogenetics, n (%) 0.10 0.54
Favourable 49 (46) 32 (43) 12 (71) 5@30D
Intermediate 17 (16) 11 (15) 1 (6) 5@31)
Poor 41 (38) 31 (40) 4 (24) 6 (38)
Unknown 4 3 1
Previous treatment, n (%) 0.36 0.37
No 72 (65) 53 (69) 8 (47) 11 (65)
HMA 19 (17) 13 (17) 4 (24) 2 (12)
AML-like chemotherapy 14 (13) 7(9) 3 (18) 4 (24)
Immunosuppression 6(5) 4(5) 2(12) 0(0)
Donor, n (%) 0.12 0.53
RD 31 (28) 23 (29) 2 (12) 6 (35)
MUD 59 (53) 38 (49) 14 (82) 7 (41)
MMUD 21 (19) 16 (21) 1 (6) 4(24)
Stem cell source, n (%) 0.53 1
PB 99 (89) 69 (90) 14 (82) 16 (94)
BM 12 (11) 8 (10) 3(18) 1 (6)
Sex match with the donor, n (%) 0.16 0.20
Matched 67 (61) 45 (60) 12 (71) 10 (59)
Recipient female — donor male 23 (21) 19 (25) 3 (18) 1 (6)
(Continued)
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Whole  Weight loss Weight loss  Weight loss P P
cohort 2% 2-5% >5%
n=111 n="177 n=17 n=17
Recipient male — donor female 19 (17) 11 (15) 2 (12) 6 (35)
Unknown 2 2
Conditioning, n (%) 0.27 0.58
RIC 93 (84) 66 (86) 12 (71) 15 (88)
MAC 18 (16) 11 (14) 5(29) 2(12)
Zfli‘gé‘}?x,‘;ﬁ;:)"““t priorto | 56 19) | 5(0-19) | 5(1-15) 10 (3-19) 0.10 0.62
BM blasts prior to alloSCT, n (%) 0.34 0.79
<5% 42 (43) 30 (45) 8 (50) 4(27)
5-9% 22(22) 14 (21) 531) 3(20)
10-19% 34 (35) 23 (34) 3(19) 8 (53)
Unknown 13 10 1 2
Median BMI prior to alloSCT 25.1 (16.5— 26.3 243 (16.5—- | 24.1(17.8— 011 037
(kg/m’, range) 36.9) (17.3-36.9) 32.1) 31.3)
Period alloSCT performed (year) | 2000-2012 | 2000-2012 | 2000-2012 2001-2011 0.77 0.98

BM: bone marrow; BMI: body mass index; HMA: hypomethylating agent; MAC: myeloablative conditioning; MDS:
myelodysplastic syndrome; MMUD: mismatched unrelated donor; MUD: matched unrelated donor; PB: peripheral blood;
RD: related donor; RIC: reduced intensity conditioning; alloSCT: allogeneic stem cell transplantation.

“Patients with weight loss <2% versus patients with weight loss 2—5% versus patients with weight loss >5%.

“Patients with weight loss <2% versus patients with weight loss 2—5% and patients with weight loss >5%.

Predicting weight loss prior to alloSCT

In a mixed effect model with weight loss as endpoint,
an association with higher risk MDS according to IPSS (p =
0.046) was observed, whereas age, recipient sex and previous
treatment showed no significant interaction (Table 4).

DISCUSSION

For patients with MDS, early mortality of alloSCT
could be substantially reduced since introduction of
reduced intensity conditioning (RIC), thereby making
this potentially curative modality accessible for older
patients who represent the bulk of patients at risk for
MDS [11]. Nevertheless, there is still a considerable
risk of late mortality mainly due to disease relapse that
currently represents the major challenge in the post-
transplant management [3, 4]. Recently, with the advent
of high-throughput sequencing analyses and identification
of recurrent somatic mutations, more and more nuanced
risk stratifications predicting post-transplant outcome have
become possible. Furthermore, several pharmacological
and immunotherapeutic strategies to avoid relapse and
increase treatment success after alloSCT were investigated
[15]. However, no major advancement in reducing the risk

of relapse after alloSCT has been made [16]. The present
retrospective study introduces pre-transplant weight
loss as a novel, strong predictor of relapse and worse
survival after alloSCT for patients with MDS who were
not transformed into AML. The present study extends
and supports our previous report, in which weight loss
and metabolic alterations prior to alloSCT were strongly
associated with increased incidence of relapse and death
in patients diagnosed with AML [14].

When considering the whole patient population,
the estimated survival probabilities (OS and DFS) and
cumulative incidences of relapse and NRM at 5 years
in our study were generally comparable with literature
data [5, 17, 18]. The predictive power of the IPSS risk
categories regarding post-transplant outcome has been
confirmed in several former studies [10,13]. In our
analyses, higher IPSS risk category prior to alloSCT
showed a trend towards shorter DFS. In contrast, and
at variance with previous reports [5, 19], both adverse
cytogenetics and higher pre-transplant disease burden
(BM blasts >5% at the time of alloSCT) were not
significantly associated with post-alloSCT relapse and
mortality. However, our study population comprised only
patients who were not transformed into secondary AML.
Similarly, in the study of Warlick et al. [17] reporting
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Figure 1: Overall survival (OS), disease-free survival (DFS) and cumulative incidences of relapse and non-relapse
mortality (NRM) for the whole patient cohort (n = 111). A. For the entire cohort, the estimated probability of OS at 1 and 5 years
after alloSCT was 70% (95% CI 61-79) and 51% (95% CI 41-63), respectively. B. The estimated probability of DFS at 1 and 5 years after
alloSCT was 62% (95% CI 54-72) and 50% (95% CI 40-62), respectively. C. The cumulative incidence of relapse at 1 and 5 years after
alloSCT was 15% (95% CI 8-21) and 18% (95% CI 10-26), respectively. D. The cumulative incidence of NRM at 1 and 5 years after
alloSCT was 23% (95% CI 15-31) and 32% (95% CI 22-42), respectively. The dotted lines represent 95% confidence intervals.

transplant outcomes for 84 patients with MDS including
chronic myelomonocytic leukemia, the prognostic impact
of cytogenetics and BM blast percentage at alloSCT
on relapse incidence and DFS was considerably less
pronounced. Furthermore, close to our study, stem cell
source and type of conditioning did not influence outcome.
However, in agreement with previous reports, unrelated
donor transplantation resulted in higher cumulative
incidences of NRM and inferior survival as compared with
transplantation from related donors, whereas no difference
in the incidence of relapse could be observed. [20, 21].
The most notable finding in the present study was
certainly the identification of pre-transplant weight loss as
a novel and possibly controllable risk factor that, in view
of our previous report on AML patients [14], reproducibly
predicted worse post-transplant outcome also in patients
with MDS. For the older population, clinically significant
weight loss is considered a decrease in weight exceeding
2%, 5%, or 10% of baseline body weight in 1, 3, or 6
months, respectively [22]. For cancer patients, loss of 5%
body weight over past 6 months represents one possible
definition of cachexia [23]. Weight loss and malnutrition
are long-established risk factors of poor prognosis in

patients diagnosed with different malignancies [24]. In
the present study, patients who had lost more than 5% of
their body weight over the previous 3—6 months prior to
alloSCT had a more than 10-fold higher risk of death as
compared to those who maintained their weight. Weight
loss was an independent risk factor of poor survival as
a result of both increased risk of relapse and NRM as
revealed by multivariable analyses. Interestingly in
our patients, pre-transplant weight loss appeared to be
associated only with higher risk MDS (intermediate-2/
high according to IPSS), but not with age or previous
treatment. In addition, as yet undefined disease or patient
dependent factors may also be involved.

The impact of patient weight on outcome after
alloSCT was analyzed in several previous studies
suggesting an increased risk of death in the early post-
transplant period and decreased overall and relapse-free
survival for underweight patients [25, 26]. Furthermore,
in a recently published large registry study, Fuji et al.
[27] could show that underweight (pre-transplant BMI
< 18.5 kg/m?) was independently associated with poor
survival because of a significantly increased risk of
relapse, whereas obesity (BMI > 30 kg/m?) predicted
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Table 2: Prognostic factors of overall survival (OS), disease-free survival (DFS), relapse and non-
relapse mortality (NRM) (univariate analysis)

(O] DFS Relapse NRM
HR P HR P HR" P HR" P

Age at alloSCT (n = 111)

Per 10-year increase 1.29 0.080 1.24 0.114 1.25 0.245 1.31 0.192
Recipient sex (n = 111)

Female Ref Ref Ref Ref

Male 1.27 0.453 1.16 0.612 1.02 0.752 1.09 0.541
MDS WHO subtype (n = 111)

RA(RS)/RCMD/RAEBI1 Ref Ref Ref Ref

RAEB?2 0.97 0.930 1.06 0.846 1.35 0.530 0.92 0.817
IPSS risk (n = 98)

Intermediate-1 Ref Ref Ref Ref

Intermediate-2/high 1.72 0.138 1.95 0.060 2.38 0.182 1.78 0.180
Cytogenetics (n = 107)

Favourable/intermediate Ref Ref Ref Ref

Poor 1.63 0.114 1.39 0.268 1.66 0.315 1.26 0.533
Previous treatment (z = 111)

No Ref Ref Ref Ref

AML-like chemotherapy 1.01 0.983 1.33 0.511 4.71 0.008 0.45 0.278

HMA/IS 1.38 0.375 1.36 0.378 1.61 0.464 1.31 0.516
Donor (r =111)

UD Ref Ref Ref Ref

RD 0.45 0.027 0.61 0.138 1.34 0.540 0.30 0.024
Stem cell source (n = 111)

BM Ref Ref Ref Ref

PB 1.03 0.947 1.20 0.685 2.43 0.397 0.95 0.924
Conditioning (n = 111)

MAC Ref Ref Ref Ref

RIC 1.05 0.901 1.18 0.656 1.89 0.407 0.98 0.964
BM blast at alloSCT (# = 98)

>5% Ref Ref Ref Ref

<5% 0.93 0.838 0.84 0.602 0.82 0.726 0.86 0.696
Pre-transplant weight loss (n = 111)

<2% Ref Ref Ref Ref

2-5% 1.91 0.101 2.19 0.036 4.40 0.028 1.66 0.279

>5 5.06 <0.001 5.22 <0.001 14.19 <0.001 2.84 0.049

BM: bone marrow; HMA: hypomethylating agent; HR: hazard ratio; IS: immunosuppression; MAC: myeloablative conditioning;
MDS: myelodysplastic syndrome; MMUD: mismatched unrelated donor; MUD: matched unrelated donor; PB: peripheral blood;
RD: related donor; RIC: reduced intensity conditioning; alloSCT: allogeneic stem cell transplantation; UD: unrelated donor.
“Cause-specific HR.
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higher NRM. However, all the aforementioned studies
neither assessed the change of body weight before
alloSCT nor investigated its impact on post-transplant
outcome. The present study together with our previous
report on AML patients [14] suggests that weight loss
before alloSCT, rather than a lean body mass itself, may
constitute a highly relevant factor influencing outcome
after alloSCT, especially in view of the fact that MDS
patients with pre-transplant weight loss, similar to AML,
were not underweight (median BMI > 24 kg/m?).

It should be noted though that MDS patients differ
from AML patients with regard to the heterogeneity
of their treatment prior to alloSCT. Whilst all AML
patients received at least one cycle of induction
therapy before transplant, MDS patients may be
untreated for several years (up-front transplantation),
or induced with AML-like chemotherapy, or received
alternative or experimental induction therapies (HMA,
immunosuppression etc.). Consequently, it was not
possible to evaluate weight loss from initial diagnosis
as in AML. Instead, changes in body weight over
the previous 3—6 months prior to alloSCT preceding
transplantation were collected and analyzed in MDS
patients. The impact on survival in our study is
surprisingly strong. However, besides the association
with higher risk disease in our study, the pathophysiology
of pre-transplant weight loss and its implications in the
context of alloSCT and MDS remain uncertain.

In studies on hematopoietic and non-
hematopoietic stem cells, energy deprivation was shown
to induce exit from cell cycle [28-30]. Therefore,
weight loss and energy deprivation might induce and
promote quiescence of leukemic cells resulting in
reduced sensitivity to chemotherapy and enhanced
disease recurrence. On the other hand, nutrition and
patient’s nutritional status have been shown to influence
the pharmacokinetics of drugs and chemotherapeutic
agents [31, 32]. Consequently, alterations of the
nutritional homeostasis prior to alloSCT may change the
metabolism of anti-neoplastic agents and, accordingly,
alter the efficacy of the conditioning regimen and/or
the immunosuppression. This may then result in higher
rates of disease recurrence and NRM and shorter post-
transplant survival. Regardless of these hypotheses,
pre-transplant weight loss represents a risk factor that
can potentially be influenced, and prevention of body
weight loss prior to alloSCT by nutritional support and/
or lifestyle modification might constitute a feasible
approach to improve the outcome of MDS patients.

We are aware that there are potential sources
of bias in our analysis which are inherent to the
retrospective nature of the study. Factors to consider
include: sample size, patient selection, missing data
in a proportion of patients, and different types of pre-
transplant treatment and conditioning. Moreover, it is
obvious that further validation of our results is required

and that the impact of nutritional status and body weight
change on post-transplant outcome can only be assessed
in a prospective interventional study. However, since
treatment opportunities in MDS patients relapsing after
alloSCT are very limited [16], our findings strongly
advocate such clinical studies and thus may help to
improve the outcome and the clinical management of
MDS patients undergoing alloSCT.

In conclusion, within the limitations of this
study we demonstrate that weight loss prior to alloSCT
was significantly associated with inferior outcome.
Prospective interventional studies to assess the impact of
pre-transplant nutritional support are highly warranted.

PATIENTS AND METHODS

Patients and eligibility criteria

Patients diagnosed with MDS according to WHO
criteria [33] who underwent alloSCT between 2000 and
2012 in three different transplant centers (Heidelberg,
Dresden and Berlin) were identified reviewing
electronically filed patients charts. As secondary AML
patients were already part of our previous report [14],
only MDS patients with less than 20% BM blasts (relating
to lifetime maximum BM blast count prior to alloSCT)
were included into this analysis. Written informed consent
for participation in the retrospective study was obtained
according to the declaration of Helsinki in all eligible
patients, and the local Ethics committees had approved
data collection.

Definitions

Disease stage and cytogenetic risk were assessed
according to IPSS [9]. Relapse was defined as hematologic
recurrence of MDS according to published standardized
criteria [34]. Reduced intensity conditioning (RIC) was
defined as use of fludarabine associated with <8 Gy total-
body irradiation (TBI), or busulfan <8 mg/kg, or other
nonmyeloablative drugs. Myeloablative conditioning
(MAC) regimens included TBI 12 Gy or busulfan more
than 8 mg/kg in combination with other cytotoxic drugs.
A matched unrelated donor (MUD) was defined as a
donor-recipient pair matched for 10 of 10 HLA antigens
using high-resolution molecular typing for the HLA-A, -B,
-C, -DRBI, and -DQBI genes.

Statistical analysis

Weight data were retrospectively collected by
medical chart review by three independent researchers in
three transplant centers (Heidelberg, Dresden and Berlin).
Weight loss was calculated on the basis of recorded
weight data at the time of alloSCT (prior to the start of the
conditioning treatment) and the maximum weight in the
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Figure 2: Overall survival (OS), disease-free survival (DFS) and cumulative incidences of relapse and non-relapse
mortality (NRM) according to different weight loss categories. A. For patients who did not lose weight, the estimated probability
of OS at 5 years after alloSCT was 64% (95% CI 52-78). For patients who experienced weight loss of 2—-5% and > 5% prior to alloSCT
the estimated probability of OS was substantially lower reaching 47% (95% CI 28-78) and 8% (95% CI 1-53), respectively, at 5 years. B.
The estimated probability of DFS at 5 years was 41% (95% CI 23-73) and 10% (95% CI 2—57) in patients displaying weight loss of 2—5%
and > 5% prior to alloSCT, respectively, and lower as compared to MDS patients without weight loss (DFS at 5 years 62%, 95% CI 50-76).
C. The cumulative incidences of relapse at 5 years were 24% (95% CI 3-44) and 57% (95% CI 31-82) in patients who lost weight (2-5%
and > 5%, respectively) as compared to 7% (95% CI 1-13) in patients without weight lost. D. The cumulative incidence of NRM at 5 years
in patients experiencing < 2%, 2—5%, and > 5% weight loss prior to alloSCT were 31% (95% CI 19-44), 35% (95% CI 12-58), and 33%

(95% CI 9-58), respectively.

period of 3—6 months preceding the alloSCT. The cut-off
values for weight loss (2% and 5%) were chosen because
they represent possible definitions of cancer cachexia in a
clinical setting [23]. Categorical and non-categorical data
of patient and treatment characteristics between the patient
cohorts were compared using Fisher's exact or the y? test and
the Mann-Whitney or the Kruskall Wallis test, respectively.

Distributions of survival times were estimated
by using the method of Kaplan and Meier. The
confidence interval (CI) estimation was performed
using Greenwood’s formula for the variance of the
survival function. The follow-up times were calculated
by the reverse Kaplan-Meier estimate [35]. Overall
survival (OS), DFS, incidence of relapse and NRM were
calculated from the date of alloSCT to the appropriate
endpoint. Cox regression analysis was applied for

OS, DEFS, relapse and NRM. Relapse and NRM were
considered as competing risk events. Prognostic impact
of weight loss on OS, DFS, relapse incidence and NRM
was evaluated on the basis of hazard ratios (HR) with
95% CI from Cox’s proportional hazards regression
model with transplant center as a stratification term. The
proportional hazards assumption was tested as proposed
by Grambsch and Therneau [36]. Multivariable cause-
specific Cox (proportional hazards) regression models
were used to adjust effects for additional covariates:
WHO grade, IPSS risk score, previous treatment, donor,
conditioning and BM blast count at alloSCT. In case of
competing events, cumulative incidences of relapse and
NRM were estimated using the Aalen-Johansen estimator
[37]. The influence of MDS-associated risk variables
on weight loss was evaluated using a linear mixed
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Table 3: Prognostic effect of weight loss and covariates on overall survival (OS), disease-free survival
(DFS) and the cumulative incidences of relapse and non-relapse mortality (NRM) (multivariable

analysis”)
(O] DFS Relapse NRM
HR P HR P HRY P HRY
(95% CI) (95% CI) (95% CI) (95% CI)
MDS WHO subtype
RA(RS)/RCMD/RAEBI Ref Ref Ref Ref
RAEB2 0.75 (0.35-1.61) 0.459 | 0.72(0.34-1.51) | 0.380 0.54 (0.14-2.13) 0.381 | 0.73 (0.29-1.83) | 0.502
Previous treatment
No Ref Ref Ref Ref
AML-like chemotherapy | 0.33 (0.10-1.10) 0.071 | 0.52(0.17-1.61) | 0.257 | 4.70 (0.66-33.50) | 0.122 | 0.16(0.03-0.91) | 0.038
HMA/IS 0.75 (0.32-1.78) 0.515 | 0.88(0.38-2.03) | 0.767 | 2.21(0.42-11.82) | 0.353 | 0.67 (0.25-1.80) | 0.424
IPSS risk
Intermediate-1 Ref Ref Ref Ref
intermediate-2/high 1.83 (0.79-4.26) 0.160 | 1.88(0.84-4.20) | 0.125 1.14 (0.25-5.28) 0.864 | 2.28 (0.84-6.18) | 0.107
Donor
UD Ref Ref Ref Ref
RD 0.24 (0.10-0.60) 0.002 | 0.39(0.17-0.87) | 0.022 0.87 (0.25-2.95) 0.818 | 0.19 (0.06-0.66) | 0.009
Conditioning
MAC Ref Ref Ref Ref
RIC 1.33 (0.58-3.04) 0.505 | 1.43(0.63-3.24) | 0.392 | 4.37(0.76-25.29) | 0.098 | 1.25(0.47-3.31) | 0.654
BM blast at alleSCT
>5% Ref Ref Ref Ref
<5% 1.30 (0.63-2.68) 0.471 1.03 (0.51-2.10) | 0.934 0.79 (0.23-2.70) 0.712 | 1.02(0.44-2.37) | 0.960
Pre-transplant weight loss
<2% Ref Ref Ref Ref
2-5% 2.38(1.03-5.51) 0.043 | 2.48(1.13-5.42) | 0.023 | 3.23(0.80-13.08) | 0.100 | 2.26 (0.83-6.18) | 0.112
>5% 10.05 (3.84-26.30) | <0.001 | 7.53 (3.06—18.53) | <0.001 | 14.42 (3.21-64.86) | <0.001 | 5.96 (1.64-21.58) | 0.007

HR: hazard ratio; IS: immunosuppression; MAC: myeloablative conditioning; RD: related donor; RIC: reduced intensity
conditioning; UD: unrelated donor.
*Missing values imputed using “mice” function.'Cause-specific HR.

effects model with transplant center as random effect.
Incomplete multivariable data were imputed by chained
equations computing 20 imputed data sets [38].
Calculations were done using the statistical
software environment R, version 3.0.1, together with the
R packages ‘coin’, version 1.0-23, ‘rms’, version 4.2—0,
cmprsk, version 2.2—7, kmi, version 0.5. All statistical
tests were two-sided. HR were estimated with 95% CI.
Values of P < .05 were considered statistically significant.
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Table 4: Mixed effect model with weight loss as endpoint and transplant center as random effect

(linear regression)

Estimate* + SE P

Age at alloSCT

Per 10-year increase 0.06 £ 0.46 0.897
IPSS risk

Intermediate-1 Ref

Intermediate-2/high 246+ 1.21 0.046
Previous treatment

No Ref

AML-like chemotherapy —0.70 +1.48 0.636

HMA/IS 0.88 +1.25 0.481
Recipient sex

Female Ref

Male 0.06 £ 1.04 0.954

AML: acute myeloid leukemia; AlloSCT: allogeneic stem cell transplantation; HMA: hypomethylating agent; IS:
immunosuppression; SE: standard error.
*Interpretation of the coefficients: For example, if the estimated coefficient for IPSS risk is 2.46, then the change from the
IPSS risk category intermediate-1 to intermediate-2/high has a linear impact on weight loss (in %) by the factor 2.46.

data, discussed data, wrote the paper. MB, UH, ADH
and PD performed research, discussed data, wrote the
paper. TL designed and performed research, analyzed and
discussed data, wrote the paper.

REFERENCES

. Garcia-Manero G. Myelodysplastic syndromes: update

on diagnosis, risk-stratification, and management. Am J
Hematol. 2014; 89:97-108.

Fenaux P, Ades L. Review of azacitidine trials in
Intermediate-2-and High-risk myelodysplastic syndromes.
Leuk Res. 2009; 33:S7-11.

Gyurkocza B, Deeg HJ. Allogeneic hematopoietic cell
transplantation for MDS: for whom, when and how? Blood
Rev. 2012; 26:247-254.

Platzbecker U, Mufti G. Allogeneic stem cell transplanta-
tion in MDS: how? When? Best Pract Res Clin Haematol.
2013; 26:421-429.

Lim Z, Brand R, Martino R, van Biezen A, Finke J,
Bacigalupo A, Beelen D, Devergie A, Alessandrino E,
Willemze R, Ruutu T, Boogaerts M, Falda M, et al. Allogeneic
hematopoietic stem-cell transplantation for patients 50 years
or older with myelodysplastic syndromes or secondary acute
myeloid leukemia. J Clin Oncol. 2010; 28:405-411.

Alessandrino EP, Della Porta MG, Bacigalupo A, Van
Lint MT, Falda M, Onida F, Bernardi M, Tori AP, Rambaldi A,
Cerretti R, Marenco P, Pioltelli P, Malcovati L, et al. WHO
classification and WPSS predict posttransplantation outcome

10.

11.

in patients with myelodysplastic syndrome: a study from
the Gruppo Italiano Trapianto di Midollo Osseo (GITMO).
Blood. 2008; 112:895-902.

Abel GA, Koreth J. Optimal positioning of hemato-
poietic stem cell transplantation for older patients with
myelodysplastic syndromes. Curr Opin Hematol. 2013;
20:150-156.

Sorror ML, Sandmaier BM, Storer BE, Maris MB, Baron F,
Maloney DG, Scott BL, Deeg HJ, Appelbaum FR, Storb R.
Comorbidity and disease status based risk stratification of
outcomes among patients with acute myeloid leukemia or
myelodysplasia receiving allogeneic hematopoietic cell
transplantation. J Clin Oncol. 2007; 25:4246-4254.

Greenberg P, Cox C, LeBeau MM, Fenaux P, Morel P, Sanz G,
Sanz M, Vallespi T, Hamblin T, Oscier D, Ohyashiki K,
Toyama K, Aul C, et al. International scoring system for
evaluating prognosis in myelodysplastic syndromes. Blood.
1997; 89:2079-2088. Erratum in: Blood. 91: 1100.

Cutler CS, Lee SJ, Greenberg P, Deeg HJ, Pérez WS, Anasetti C,
Bolwell BJ, Cairo MS, Gale RP, Klein JP, Lazarus HM,
Liesveld JL, McCarthy PL, et al. A decision analysis of alloge-
neic bone marrow transplantation for the myelodysplastic syn-
dromes: delayed transplantation for low-risk myelodysplasia is
associated with improved outcome. Blood. 2004; 104:579-585.
Koreth J, Pidala J, Perez WS, Deeg HJ, Garcia-Manero G,
Malcovati L, Cazzola M, Park S, Itzykson R, Ades L,
Fenaux P, Jadersten M, Hellstrom-Lindberg E, et al. Role
of reduced-intensity conditioning allogeneic hematopoietic
stem-cell transplantation in older patients with de novo

WWw

.impactjournals.com/oncotarget

35104

Oncotarget



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

myelodysplastic syndromes: an international collaborative
decision analysis. J Clin Oncol. 2013; 31:2662-2670.
DeegHJ, Shulman HM, AndersonJE, Bryant EM, Gooley TA,
Slattery JT, Anasetti C, Fefer A, Storb R, Appelbaum FR.
Allogeneic and syngeneic marrow transplantation for
myelodysplastic syndrome in patients 55 to 66 years of age.
Blood. 2000; 95:1188-1194.

Deeg HJ, Storer B, Slattery JT, Anasetti C, Doney KC,
Hansen JA, Kiem HP, Martin PJ, Petersdorf E, Radich JP,
Sanders JE, Shulman HM, Warren EH, et al. Conditioning
with targeted busulfan and cyclophosphamide for hemo-
poietic stem cell transplantation from related and unrelated
donors in patients with myelodysplastic syndrome. Blood.
2002; 100:1201-1207.

Dietrich S, Radujkovic A, Stolzel F, Falk CS, Benner A,
Schaich M, Bornhduser M, Ehninger G, Kridmer A,
Hegenbart U, Ho AD, Dreger P, Luft T. Pre-transplant met-
abolic distress predicts relapse of acute myeloid leukemia
after allogeneic stem cell transplantation. Transplantation.
2015;99:1065-1071.

Mukherjee S, Boccaccio D, Sekeres MA, Copelan E. Allogeneic
Hematopoietic Cell Transplantation for Myelodysplastic
Syndromes: Lingering Uncertainties and Emerging Possibilities.
Biol Blood Marrow Transplant. 2015; 21:412—420.

Kroger N. Allogeneic stem cell transplantation for elderly
patients with myelodysplastic syndrome. Blood. 2012;
119:5632-5639.

Warlick ED, Cioc A, Defor T, Dolan M, Weisdorf D.
Allogeneic stem cell transplantation for adults with
myelodysplastic syndromes: importance of pre-transplant
disease burden. Biol Blood Marrow Transplant. 2009;
15:30-38.

de Witte T, Brand R, van Biezen A, Mufti G, Ruutu T,
Finke J, von dem Borne P, Vitek A, Delforge M,
Alessandrino P, Harlahakis N, Russell N, Martino R, et al.
Allogeneic stem cell transplantation for patients with refrac-
tory anaemia with matched related and unrelated donors:
delay of the transplant is associated with inferior survival.
Br J Haematol. 2009; 146:627-636.

Deeg HJ, Scott BL, Fang M, Shulman HM, Gyurkocza B,
Myerson D, Pagel JM, Platzbecker U, Ramakrishnan A,
Radich JP, Sandmaier BM, Sorror M, Stirewalt DL,
et al. Five-group cytogenetic risk classification, monosomal
karyotype, and outcome after hematopoietic cell transplan-
tation for MDS or acute leukemia evolving from MDS.
Blood. 2012; 120:1398-1408.

Oran B, Kongtim P, Popat U, de Lima M, Jabbour E, Lu X,
Chen J, Rondon G, Kebriaei P, Ahmed S, Andersson B,
Alousi A, Ciurea S, et al. Cytogenetics, donor type, and
use of hypomethylating agents in myelodysplastic syn-
drome with allogeneic stem cell transplantation. Biol Blood
Marrow Transplant. 2014; 20:1618-1625.

Horowitz MM. Does matched unrelated donor trans-
plantation have the same outcome as matched sibling

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

transplantation in unselected patients? Best Pract Res Clin
Haematol. 2012; 25:483-486.

Zawada ET Jr. Malnutrition in the elderly. Is it sim-
ply a matter of not eating enough? Postgrad Med. 1996;
100:207-208. 211-214, 220222 passim.

Fearon K, Strasser F, Anker SD, Bosaeus I, Bruera E, Fainsinger
RL, et al. Definition and classification of cancer cachexia: an
international consensus. Lancet Oncol. 2011; 12:489-495.
Dewys WD, Begg C, Lavin PT, Band PR, Bennett JM,
Bertino JR, Cohen MH, Douglass HO Jr, Engstrom PF,
Ezdinli EZ, Horton J, Johnson GJ, Moertel CG, et al.
Prognostic effect of weight loss prior to chemotherapy in
cancer patients. Eastern Cooperative Oncology Group. Am
J Med. 1980; 69:491-497.

Deeg HJ, Seidel K, Bruemmer B, Pepe MS, Appelbaum FR.
Impact of patient weight on non-relapse mortality after
marrow transplantation. Bone Marrow Transplant. 1995;
15:461-468.

Le Blanc K, Ringdén O, Remberger M. A low body mass
index is correlated with poor survival after allogeneic stem
cell transplantation. Haematologica. 2003; 88:1044—1052.
Fuji S, Takano K, Mori T, Eto T, Taniguchi S, Ohashi K,
Sakamaki H, Morishima Y, Kato K, Miyamura K, Suzuki R,
Fukuda T. Impact of pre-transplant body mass index on the
clinical outcome after allogeneic hematopoietic SCT. Bone
Marrow Transplant. 2014; 49:1505-1512.

Gan B, Hu J, Jiang S, Liu Y, Sahin E, Zhuang L, Fletcher-
Sananikone E, Colla S, Wang YA, Chin L, Depinho RA.
Lkb1 regulates quiescence and metabolic homeostasis of
haematopoietic stem cells. Nature. 2010; 468:701-704.
Gurumurthy S, Xie SZ, Alagesan B, Kim J, YusufRZ, Saez B,
Tzatsos A, Ozsolak F, Milos P, Ferrari F, Park PJ, Shirihai
OS, Scadden DT, et al. The Lkb1 metabolic sensor main-
tains haematopoietic stem cell survival. Nature. 2010;
468:659-663.

McLeod CJ, Wang L, Wong C, Jones DL. Stem cell dynam-
ics in response to nutrient availability. Curr Biol. 2010;
20:2100-2105.

Murry DJ, Riva L, Poplack DG. Impact of nutrition on
pharmacokinetics of anti-neoplastic agents. Int J Cancer
Suppl. 1998; 11:48-51.

Trobec K, Kerec Kos M, von Haehling S, Springer J, Anker
SD, Lainscak M. Pharmacokinetics of drugs in cachectic
patients: a systematic review. PLoS One. 2013; 8:¢79603.
Vardiman JW, Harris NL, Brunning RD. The World Health
Organization (WHO) classification of the myeloid neo-
plasms. Blood. 2002; 100:2292-2302.

Cheson BD, Greenberg PL, Bennett JM, Lowenberg B,
Wijermans PW, Nimer SD, Pinto A, Beran M, de Witte TM,
Stone RM, Mittelman M, Sanz GF, Gore SD, et al.
Clinical application and proposal for modification of the
International Working Group (IWG) response criteria in
myelodysplasia. Blood. 2006; 108:419-425.

WWw

.impactjournals.com/oncotarget

35105

Oncotarget



35.

36.

Schemper M, Smith TL. A note on quantifying follow-
up in studies of failure time. Control Clin Trials. 1996;
17:343-346.

Grambsch PM, Therneau TM. Proportional hazards tests
and diagnostics based on weighted residuals. Biometrika.
1994; 81:515-526.

37. Aalen OO, Johansen S. An empirical transition matrix for

38.

non-homogeneous Markov chains based on censored obser-
vations. Scand J Statist. 1978; 5:141-150.

Van Buuren S, Groothuis-Oudshoorn K. MICE:
Multivariate Imputation by Chained Equations in R. Journal
of Statistical Software. 2011; 45:1-67.

www.impactjournals.com/oncotarget

35106

Oncotarget



