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Abstract

Comorbidity after allogeneic hematopoietic stem cell transplantation (alloHSCT) impairs quality of life (QoL), physical
functioning, and survival. We developed a new standardized measure to capture comorbidity after transplantation, the Post-
transplant Multimorbidity Index (PTMI) in a cohort of 50 long term survivors. We subsequently evaluated the content
validity and impact on survival and QoL within a multicenter trial, including 208 patients (pts) after alloHSCT, who were
prospectively evaluated applying the FACT-BMT, the Human Activity Profile (HAP), the SF-36 v.2, PTMI and the
Hematopoietic Cell Transplantation-Comorbidity Index (HCT-CI). The most prevalent comorbidities were compensated
arterial hypertension (28.4%), ambulatory infections (25.5%), iron overload (23%), mild renal function impairment (20%),
and osteoporosis (13%). Applying the PTMI 13% of patients had no comorbidity, while 37.1% had 1-3 comorbidities,
27.4% had 4-6 comorbidities, and 13.5% had > 6 comorbidities. Chronic graft-versus-host disease (cGvHD) was
significantly associated with the PTMI, while age and prior acute GvHD were not. In contrast, the HCT-CI was not
associated with the presence of cGvHD. ¢cGvHD was significantly associated with depression (r=0.16), neurological
disease (r=0.21), osteoporosis (r=0.18) and nonmelanoma skin cancer (r=0.26). The PTMI demonstrated strong

measurement properties and compared to the HCT-CI captured a wider range of comorbidities associated with cGvHD.The
original online version of this article was revised due to a retrospective Open Access order

Introduction

While transplant related mortality (TRM) after allogeneic
hematopoietic stem cell transplantation (alloHSCT) sig-
nificantly decreased during the past 25 years [1], long term
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morbidity and late mortality remain a challenge [1-3].
Chronic graft-versus-host disease (cGvHD) is a direct risk
factor for late mortality [4] and it induces subsequent
comorbidity due to irreversible organ damage and toxicity
of the immunosuppressive treatment [5, 6] resulting in a
significantly higher prevalence of comorbidities in patients
experiencing cGvHD [6-9]. Moreover, due to the devel-
opment of toxicity-reduced conditioning regimens patients
with higher comorbidity burden at the time of transplant and
advanced age represent now a significant proportion of
transplant survivors [10]. Also, the toxicity of the cytostatic
treatment for malignant diseases before transplantation and
during the conditioning regimen results in an increased
incidence of secondary malignancies with cGvHD being a
relevant additional factor [11-13]. Risk factors of cGvHD
like low platelets have been shown to modulate the impact
of comorbidities on mortality [14].

While the hematopoietic cell transplantation-specific
comorbidity index (HCT-CI) has been primarily devel-
oped to predict pretransplant comorbidity related early
TRM and has been validated in several cohorts, it also
predicts late mortality in long term survivors developing
c¢GvHD [15] but does not capture comorbidities potentially
interfering with quality of life (QoL) and physical func-
tioning (PF) during long term follow up after transplantation
[14, 16-20]. Other tools for standardized comorbidity
assessment like the Charlson Comorbidity Index (CCI) [21]
and the Functional Comorbidity Index (FCI) [22] capture
comorbidities interfering with QoL and PF but do not
contain a number of comorbidities like infectious compli-
cations frequently present after alloHSCT. Acknowledging
the critical impact of comorbidities on the interpretation of
outcomes, the HCT-CI has become routine in reporting
comorbidities of alloHSCT patients. Despite the high pre-
valence of comorbidities, in trials of new therapies for
c¢GvHD, comorbid conditions are rarely reported, are not
reported in a structured format that employs common
definitions, and are not included in adjusted analyses of
outcomes, although QoL and PF are regarded as valuable
secondary endpoints [23]. Therefore, we developed and
comparatively evaluated a new measure of comorbidity in
long-term transplant survivors, the Post-transplant Multi-
morbidity Index (PTMI) [24], within a retrospective cohort
of patients with cGvHD treated at the National Institutes of
Health (NIH). We subsequently evaluated the performance
of this new measure in a prospective multicenter trial vali-
dating the NIH consensus criteria for severity assessment of
cGVHD. A secondary aim of this analysis was to explore the
associations between the PTMI and HRQL, PF and late
mortality. We also sought to describe the prevalence of
comorbidities in long term survivors after alloHSCT.
Moreover, we examined the association between cGvHD
and comorbidity and prognosis. Finally, we compared the
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PTMI with established comorbidity measures including the
HCT-CI, the CCI, and the FCI, respectively.

Patients and methods
Methods
PTMI

The PTMI was developed by a comprehensive analysis of
reported comorbidities after alloHSCT and included all
comorbidities with reported impact on survival, QoL or PF
or/fand were present within the development cohort
excluding comorbidities which occurred randomly, were
not directly or indirectly associated with the transplantation,
and not considered to have an impact on any of the end-
points and did not require intervention like strabismus
[25, 26].

The authors specified the following working definition of
a comorbidity as a co-existing medical condition that is: (i)
active (i.e. documented by radiographic, diagnostic testing,
or laboratory evidence, or requiring either periodic sur-
veillance/evaluation or medical management, or both); (ii)
not a direct manifestation of cGvHD as defined by Filipo-
vich et al. [27] and updated by Jagasia et al. [28], and (iii)
not immediately resolved by prompt medical management.
Based on the source materials, the PTMI was developed to
reflect a broad and inclusive list of comorbid conditions that
may arise in the post-transplant setting. To enhance long-
itudinal comparisons, the conditions and definitions cap-
tured by the HCT-CI [19], the CCI [21], and FCI [22] were
included into the PTMI including the original definitions.
The definitions for infectious comorbidities including
severity grading were derived from previous work of Cor-
donnier et al. [29]. Comorbidities frequently present in
patients after alloHSCT like hypo- and hyperthyroidism
[30, 31], iron overload [32], arterial hypertension [33],
pulmonary hypertension [34], growth failure and adrenal
insufficiency due to the high frequency of long term
exposure to corticosteroids [35] were also included. Mild
renal insufficiency was added to the existing “moderate/
severe renal disease” due the potential impact on treatment
decision and the high frequency of renal impairment in
alloHSCT survivors [36, 37]. Proteinuria was also included
since most comorbidity indices capture renal impairment as
defined by creatinine level, which often do not correlate
with significant proteinuria. The relatively high threshold
for proteinuria was chosen since proteinuria <1 g/day may
temporarily occur even in benign orthostatic proteinuria
[38]. Preliminary definitions to establish the presence of
each of these conditions were either derived from the
definitions employed by the commonly used comorbidity
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Table 1 Patient characteristics.

No. of patients 50 (Development) 208 (Validation)

n (%) n (%)
GVHD characteristics
No evidence of GVHD 1) 72 (34.6)
Late acute GVHD 1) 0
Classic cGVvHD 48 (96) 136 (65.4)
NIH severity: mild 4 (8) 36 (17.3)
Moderate 8 (16) 62 (29.8)
Severe 36 (72) 38 (18.3)
Distribution of organ n=48
manifestations of cGVHD
Cutaneous 40 (83.3) 113 (83.1)
Oral 22 (45.8) 96 (70.6)
Eye 48 (100) 89 (65.4)
Gastrointestinal 3 (6) 48 (35.3)
Liver 8 (16.7) 60 (44.1)
Lung 12 (25) 30 (22.1)
Fascia 13 (27) 35 (25.7)
Median Age (range) in years 43 (20-69) 44 (18-72)
Gender (male/female) % 62/38 51/49
Graft source
PBSC 40 (80) 183 (88)
BM 10 (20) 18 (9)
Other 0 73)

Median days from alloHSCT to 1216 (390-6240)
evaluation (range)

Median days from alloHSCT to 240 (120-244)
onset of cGVvHD

272 (85-4003)

200 (92-2030)

No number, PBSC peripheral blood stem cells, BM bone marrow,
alloHSCT allogeneic hematopoietic stem cell transplantation.

measures [19, 21, 22] or from case definitions presented in
the literature for the diagnosis of specific conditions such as
osteoporosis [39]. The conditions for which definitions were
lacking (e.g. Post-transplant lymphoproliferative disease
[40]) were developed by a consensus of transplant experts
(SM, DW, EH, HG, BB, SZP), and iteratively refined to
establish easy to apply definitions with low interrater
variability. The definition for diabetes was added with a
category ‘“hyperglycemia” since steroids may result in a
temporary hyperglycemia but often is not treated as classic
manifest diabetes but nevertheless may influence treatment
decisions and affect outcomes.

cGvHD-related manifestations were not defined as
comorbid conditions. Accordingly, obstructive lung invol-
vement due to cGVHD was excluded from the definitions of
mild and moderate lung impairment and asthma within the
PTMI; similarely liver involvement attributable to cGvHD
was excluded from the definitions of mild or moderate
hepatic impairment. Pulmonary hypertension was included

since it potentially interferes with GvHD assessment. Since
the PTMI applied the original definitions derived from
already validated comorbidity tools (HCT-CI, CCI, and
FCI) or international consensus definitions an analysis of
the interrater—variability was only performed within the
development cohort showing a very low variability.

The PTMI was calculated by summing up all present
comorbidities with a score value of one for each comor-
bidity. Comorbidities with distinct severity categories were
counted once only. Due to the limited number of patients
included in both cohorts we did not perform analysis
applying weighted comorbidities like the HCT-CIL

Development cohort

To evaluate the content validity of the PTMI, the latter was
comparatively evaluated in a cohort of 50 alloHSCT survivors
referred from allogeneic transplant centers around the United
States to the NIH for comprehensive cGvHD consultation.
Data were obtained from a natural history study prospectively
examining the course of cGvHD (NCT00092235). Partici-
pants were eligible to participate if they were: (1) aged > 18,
(2) able to speak, read and write English, (3) at least 100 days
post alloHSCT from a matched related or unrelated donor,
and (4) carried a diagnosis of cGvHD established through
clinical signs and/or tissue biopsy of one or more organ
systems. Clinical and illness-related data including comor-
bidities were gathered through a comprehensive history and
physical with a physician or nurse practitioner, and through a
series of diagnostic and laboratory evaluations. All partici-
pants provided written informed consent to participate in the
study. Patient characteristics are shown in Table 1.

Validation cohort

Subsequently, the PTMI was evaluated within a pro-
spective multi-center study evaluating the NIH cGvHD
consensus recommended data collection instruments
including the FACT-BMT [41], human activity profile
(HAP) [42], the SF36 [43], and the Lee-cGVHD-
Symptom-Scale (L-cGVHD-SC) [23, 27, 28, 42, 44, 45].
The Hospital Anxiety and Depression Scale (HADS) was
added to capture the latter symptoms [46]. The comorbid-
ities arterial hypertension, renal insufficiency, hyperglyce-
mia, diabetes, osteoporosis, osteonecrosis, cataract,
hypothyroidism, infections, polyneuropathy, and venous
thrombosis were captured within the original documenta-
tion form applying standard criteria. In all other comor-
bidities captured by the PTMI the missing information was
collected retrospectively by chart review evaluating results
of routine follow up examinations according to the EBMT
guidelines [47]. The study was reviewed and approved by
an Institutional Review Board at each participating center.
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Patients were enrolled during regular visits at the transplant
center after providing signed informed consent between
day 100 and 1 year after alloHSCT, or in the presence of
active cGvHD without time limit. Exclusion criteria were
life expectancy <3 months, inability to understand and fill
out the forms without assistance, or relapse of the under-
lying malignancy. Two-hundred eight patients who
received an alloHSCT for hematologic malignancies (n =
206), aplastic anemia (n=1), or paroxysmal nocturnal
hemoglobinuria (n = 1) were included at six German and
one Austrian institutions. Patient characteristics are shown
in Table 1.

Statistical analysis

Descriptive characteristics of the sample are reported. To
investigate the association of the comorbidity indices PTMI,
FCI, CCI, and HCT-CI with single comorbidities (e.g.
hypogonadism), Spearman’s rank correlation coefficients
were calculated. In terms of the association of cGvHD with
specific comorbidities, Pearson correlation coefficients were
calculated. The associations of the PTMI, FCI, CCI and
HCT-CI with QoL and PF outcomes were investigated
calculating Spearman-Rho correlation coefficients. To
identify predictor variables of the specific comorbidity
indices (HCT-CI, FCI, CCI, and PTMI), stepwise regression
analyses were conducted, for which underlying assumptions
were judged satisfactory. p <0.05 was considered statisti-
cally significant. For survival analysis, Kaplan—Meier
curves were computed. All analyses were carried out using
SPSS 22.0 for Windows.

Results
Comorbidities

Development cohort: Using the PTMI, only 1 patient (2%)
had no comorbidity, while 10 (20%) had 1-3 comorbid-
ities, 25 (50%) 4-6 comorbidities, and 14 (28%) >6
comorbidities. Applying the four comorbidity indices in
our development cohort of 50 subjects with cGVHD, we
found a mean of 5.2 (SD +£2.3) (PTMI), 1.5 (SD +1.23)
(HCT-CI), 1.39 (SD £0.78) (CCS), and 2.18 (SD £ 1.16)
(FCI) co-occurring conditions. On average the FCI missed
the identification of one or more comorbidities 43% of the
time, CCS 75% of the time, and HCT-CI 71% of the time.
Conditions that were highly prevalent in the development
cohort but missed by the other comorbidity measures
included osteoporosis (75%), avascular necrosis (18%),
hypertriglyceridemia (22%), hypothyroidism (25%), BMI
<22 (42%), and secondary solid malignancy (excluding
nonmelanoma skin cancer) after transplant (10%). Using
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the PTMI, the two most prevalent comorbid conditions
were osteoporosis (75%) and underweight/sarcopenia
(BMI<22) (42%), whereas the FCI identified osteo-
porosis and depression as most prevalent, the HCT-CI
identified psychiatric disturbance and peptic ulcer, and the
CCS identified history of malignancy and peptic ulcer
disease, as the two most prevalent comorbidities,
respectively.

An association between the total number of PTMI-
defined comorbid conditions and time since cGvHD diag-
nosis was seen. Specifically, study participants who were
40 months or more after transplant had significantly more
PTMI-defined comorbid conditions (6 conditions versus 4;
p <0.03), compared to those who were less than 40 months
post-transplant. There was no association between the
median number of PTMI-defined comorbidities and age
(p=0.12).

Validation cohort: According to the PTMI, 27 (13%)
patients had no comorbidity, while 77 (37%) had 1-3
comorbidities, 57 (27%) 4-6 comorbidities, and 28
(13.5%) >6 comorbidities. In contrast to the PTMI, the
HTC-CI only classified 6 (2.9%) of the patients as mul-
timorbid with >6 comorbidities, respectively. The fre-
quency of individual comorbidities is shown in Table 2
and the distribution of the number of captured comorbid
conditions in relationship to the assessment tool applied is
listed in Table 3.

The results on the association of QoL with single
comorbidities (Table 4), the association of the PTMI, FCI,
CCI and HCT-CI with QoL and PF (Table 5), as well as the
impact of cGVHD on comorbidities and survival (Fig. 1) are
provided within the supplemental material.

Discussion

While survival after alloHSCT has improved significantly
over the last 20 years [1], long term morbidity and mor-
tality have remained important issues with cGvHD having
the most impact [6, 48]. Although comorbidity burden
remains a challenge after alloHSCT, until now, standar-
dized documentation of comorbid long-term effects dur-
ing post-transplant follow wup has been lacking.
Consequently, cGVHD trials have emphasized the toxicity
directly associated with GvHD-directed interventions,
rather than the comorbidity burden in the treated popu-
lation [6, 12, 49-51].

The four comorbidity measures examined produced
important differences in the average number of comorbid
conditions identified, and the HCT-CI, CCS, and FCI did
not identify one or more comorbidities 71%, 75%, and 43%
of the time. Therefore, the choice of a comorbidity measure
is an important methodologic consideration in the design of
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Table 3 Comparison of the

HCT-CI CCI FCI

% Frequency % Frequency % Frequency %

number of concurrent comorbid PTMI
conditions captured by each of No. of comorbidities ~ Frequency
the four measures in the
validation cohort. 0 27

1 18

2 27

3 32

4 31

5 20

6 6

7 10

8 5

9 5

10 2

11 1

12 0

13 3

14 1

15 1

13.0 47 226 106 51.0 88 423
8.7 40 19.2 25 120 53 25.5
13.0 24 115 12 5.8 22 10.6
154 19 9.1 21 10.1 15 72
149 29 139 6 29 3 1.4
9.6 13 6.3 4 1.9 6 29
29 11 53 3 1.4 1 0.5
4.8 2 1 3 1.4 1 0.5
2.4 0 0 6 2.9

2.4 1 0.5 0 0

1.0 2 1.9 2 1.0

0.5 1 0.5 0 0

0 1 0.5

1.4

0.5

0.5

studies of comorbidity in post-transplant survivors, includ-
ing those with cGvHD.

Comorbidities in cGvHD can also substantially com-
plicate systemic therapy management, drug dosing and
tolerability. While the HCT-CI has been primarily
developed and validated to predict early post-transplant
mortality [18-20, 52-54], it may also predict late mor-
tality in patients with cGvHD [14, 15]. Nevertheless,
comorbidities like osteoporosis frequently present in long
term survivors and repeated infections after alloHSCT are
not captured and consequently, HCT-CI score did not
correlate with the presence and severity of cGvHD. In
contrast, severity of cGvHD predicted the new PTMI sum
score indicating a superior sensitivity to capture sequelae
induced by cGvHD and its treatments. Moreover, the
PTMI performed superior in predicting QoL and PF in
comparison to the HCT-CI indicating, that the burden of
concomitant diseases is of relevance for QoL and PF. Of
interest, the PTMI classified a significantly higher pro-
portion of patients as multimorbid (>6 comorbidities);
28% in the development and 13.5% of patients of the
validation cohort) while none of those in the development
cohort and only 3.9% of patients in the validation cohort
were classified as multimorbid by the HCT-CI. Moreover,
the CCI classified none of those in the development cohort
and only 5.8% of patients as multimorbid reflecting the
fact that the primary purpose of the CCI is to capture
specific comorbidities potentially relevant for mortality
outside the transplantation setting [21].

Leading single comorbidities, which were captured
solely by the PTMI were mild renal impairment, infectious
complications treated on an outpatient basis and

osteoporosis which is in line with prior reports [55]. Mild
renal impairment occurs frequently either as sequelae of
immunosuppressive treatment or the conditioning regimen
[36, 56, 57] while infectious complications have been
observed mainly in association with ¢cGvHD [58]. Of
interest, a relative high frequency of neurological sequelae
was detected indicating, that neurological problems are of
significant relevance after alloHSCT either as the result of
toxicity or as associated manifestation of cGvHD [59-61].
Despite lower frequency compared to the general popula-
tion, nicotine abuse was reported indicating the need for
behavioral intervention within this cohort already predis-
posed to higher risk for secondary malignancies and car-
diovascular sequelac [62]. The high incidence of
hypercholesterolemia was confirmed although the incidence
of cardiovascular sequelae remained low which may have
been due to the relatively short follow up compared to other
reports [63, 64]. Not surprisingly, a high frequency of iron
overload was noted [65]. With regard to hypogonadism
which frequently occurs in female patients after alloHSCT
[51, 66] the relatively low frequency reported may have
been due to the lack of treatment of hypogonadism despite
premature menopause and the mean patients’ age of
44 years.

Moreover, the higher frequency of depression in patients
with cGvHD was confirmed indicating the need for psy-
chological support of survivors coping with cGvHD
[67—69]. The lack of impact of the comorbidity burden on
survival may be partially explained by the study design
which included either long term survivors with cGvHD or
patients without GVHD during the 1st year after transplant
and excluded patients with high risk for early mortality.

SPRINGER NATURE



D. Wolff et al.
252

t as riSk
let coun
ow plate ed
the presence Of. : f ¢cGvHD was confirm
Nevertheless, lity at diagnosis o
ortall ing our
- & E% faCtOr fOr m dered in interpret]ng te
sS S5 14, 70]. 1d be consi ifficult to separa
" [14, hou . difficu
o R 1a eats s n be : 1
- B eZ = g ~ eral cav that it cai g articular y
B 28 88 == Sev knowledge rbidity, p .
8L [3s58 i findings. We ackn GvHD from como ic, and hepatic
=8 T anifestations of cl onary 1~heumat010§1 d’ in the PTMI
.0 m ulm £ . . lu el .
g : ect to p ions inc . mpli-
<% ~ A B nditions. . f cGv ost-tran
=5 2z co ifestations o her late p . e
- e “,j@ §§ ?% iSOlate manlfe HD treatment and ot needed to examine t}‘:h
=< as ] 1 I . v i
23 T3 ?% i 1 - cations Of. cG dditional studles. z?,re f the measure wi
2 5 A - lications, a eliability o ) ions from
= Ee S8 comp d interrater r HD manifestatio of
= 38 ificity an - Gv imitations
. a3 °S speclﬁclty L. hlng C he limita
INEN =3 1mngeguis of the
: T2 i1 ‘s respect (o d}s}tl Z%DTMI shares some cluding the fact that
& i = idity. The erally, in ; duration
2 La morbi . re gen ity or
= =5 co idity indices mo he severity
o 22 =g comorbidity (1jnd ot fully account forht the PTMI attempts to
2 S8 : " indices do n g itions.
§ T3 \‘I 1 =& such indice d conditlon’ althOUg ensated conlel
& " = the comorbi from uncomp biases intro-
Jes) ~ Of ish Compensated 1 be sensitive to ever. a
istineu . also . However,
- =g dlStlng L indices may inment. .
2 |2z I Comorbidity momplete case asce.rtais the fact that in bOtg
= s TS [N b 1nc . nalysls cterize
g2 o duced by is comparative a hly chara )
GE | == 2o th of this co : ere thoroug , mination,
= streng icipants wi cal exa .
= articip ) hysi n.
R L cohorts, all Fr)ehensive history ang ilboratol'y eVal“at?) N
e T2 - h comp iologic, an . validatio
i 222z throug clinical, radiolog de that within the due to
55 Sk as well as e can not exclu underdiagnosed
- S LA on A W . .
SE 28 Nevertheless, bidities may have u 0steoporosis may
g | T< i on It Some comor ic measures (i.e. ity assess-
EE rarg 29 2q S5 coho £ diagn()stlc f bone dens y £
ks o ERERE the absence of dia osed to lack o low number o
£ = Latits have been underdlag]n]'mitation is the too aningful ana-
25, I . a additional i to permit mean their
& 9= v od ment). An lidation cohort .. ccording to
EERT- . in the vali rbidities a t that
- 1 atients in X ifferent como ine into accoun
B T ? sis weighting diffe he endpoints taklr.lg ' endent. (The
2 n% g yun WO act on t endpoint depender oL
=g -8 =3 : dual 1mp . be i hile Q
%8 TS 98 individu idual weighting may lated mortality w ) a
o 5 L individua ent relal . ertheless,
3 | sS s & the 1 focused on treatm orbidities.) Nev different
8z Il HCT-C other com ts from di
Ez LA S y influenced by is of two cohor GvHD status,
. _ o9 S ma . e analysis . ard to ¢
£l g gt 2z Te i1 strength s thb oad diversity with reg f
= S S S =& . -1
2 2 §§ \‘\ T ne e ountries and bri nd age. tent validity o
JSD PRl . e C ince transplant a support the con dity measure
=8 2% ime si dings bidity
g _ g <g time ry. our fin . W Ccomor . _
Ak 2z 11 & In summary, gest that this ne id conditions in long
22 1S " PTMI and sug ion of comorbi onstrated
éﬁ 2 oA < the the identification te. the PTMI dem HD and
‘D | = © o S . oves . Of no > fcGv
35 2o T3 impr ivors. impact of ¢
= o a8 > I surv . 1m; :
E :: ek -s term transplant nce in detecting the Lpand PF variables
3 Egi’ Ll superior performa orrelation to Qo ility, particularly in
g |=2 °n g higher ¢ indicating its utility, ety of
8 = Sg cg howed a -CI indical d variety
Y s e HCT a broad v _
3 = Eé S T% Lale compared to th trials. MOreOV§r’ to standardized .de.ﬁ
£ (2 gx|ur i GvHD therapy red according f comorbidity
Z | < &g comorbidities sae capture g comparisons o tions for trial
°l = S8 < com ermittin implicatio
> 3 = " . thereby p Iso have ement,
2 ezw ~ tions, may a . : manag
Tg Egé LA n:«evalence‘ Our resu}Fsibﬂi};y criteria, patlent of drug_drug
" i 1 n .
© 2lez 33 zg P t, including elig tive manageme . ontinued
B _® sz g g conduct, . re-emp ine. With ¢ .
§E|=28|<s T ial interpretation, p nt reporting. f specific
S |B%= lg e 2 g . trial in P d adverse eve . i htjng V) P
S |£5% s 2 3 2 »S . ctions an . cludlng weig
-5 = £ g g s £ 57 ntera nt 1n
g s £ & g = £ 3z £ g L8 25 : nd refineme
4 EED B I P 5 &f g testing a
< LRI - EE 8z
@ &S 2 2 E
] Sz & &
© o=
[

SPRINGER NATURE



Post-transplant multimorbidity index and quality of life in patients with chronic graft-versus-host... 253

Table 5 Spearman-Rho

correlations between the PTMI, PTMI FCI HCT-CI ccl

ES)IL I:lgmizs and CCI with FACT-BMT physical well-being —0.25%* .28 —0.23%* .25
FACT-BMT social/family well-being —0.26%** —0.31%%* —0.19%* —0.14
FACT-BMT emotional well-being —0.24%* —0.31%%* —0.16* —0.15%
FACT-BMT functional well-being —0.26%** —0.27%%* —0.18* —0.20%*
FACT-BMT total Score —0.29%** —0.35%** —0.22%* —0.21%*
SF-36 physical functioning (PF) —0.34%%* —0.34%** —0.24%** —0.23%*
SF-36 role-physical (RF) —0.15% —0.11 —0.12 —0.11
SF-36 bodily pain (BP) —0.11 —0.20%* —0.12 —0.14*
SF-36 general health (GH) —0.30%** —0.3 1% —0.18* —0.19*
SF-36 vitality (VT) —0.25%#* —(.24p58% —0.22* —0.19%*
SF-36 social functioning (SF) —0.16* —0.15% —0.12 —0.06
SF-36 role-emotional (RE) —0.13 -0.12 —0.04 —0.02
SF-36 mental health (MH) —0.27#%* —0.3408% —0.23%* —0.19%*
HAP-MAS —0.16* —0.19%* —0.14 —0.16*
HAP-AAS —0.24#%% —0.22%* —0.19%* —0.21%*
HAP-HSCT-AAS —0.25%#* —0.26%#* —0.20%* —0.21%*
HADS anxiety 0.21%* 0.30%#* 0.15%* 0.16*
HADS depression 0.26%#* 0.28##* 0.17* 0.18*

*p <0.05, ¥¥p <0.01,%*%*p <0.001.

1.0 T HHH——H
Platelets <100/nl at diagnosis
- cGvHD
0.8 Yes
No
Yes-censored
_ No-censored
£ os6
2
=
@
g 0.4
30
0.2
0.0
0 1000 2000 3000 4000 5000

Days since onset of cGvHD

Fig. 1 Impact of platelets at diagnosis of cGVHD on survival. The
red (upper) Kaplan-Meier survival curve indicates platelets > 100/nl,
the blue (lower) curve platelets < 100/nl. The differences were sig-
nificant (p=0.025) applying the log rank test.

comorbidities, we anticipate that this new measure will have
utility for risk-adjustment and stratification in observational
studies and clinical trials in the post-transplant setting,
permitting comparison of comorbidity burden across clin-
ical trials.

Acknowledgements The trial was supported by the Else Kroner-
Fresenius Foundation. Moreover, DW received personal support by
the Deutsche Jose Carreras Stiftung. We thank Christin Krause for
their work on the statistical analysis.

Funding Open Access funding provided by Projekt DEAL.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Gooley TA, Chien JW, Pergam SA, Hingorani S, Sorror ML,
Boeckh M, et al. Reduced mortality after allogeneic hematopoietic-
cell transplantation. N. Engl J Med. 2010;363:2091-101. https://
doi.org/10.1056/NEJMoal004383.

2. Sun CL, Francisco L, Baker KS, Weisdorf DJ, Forman SJ, Bhatia
S. Adverse psychological outcomes in long-term survivors of
hematopoietic cell transplantation: a report from the Bone Marrow
Transplant Survivor Study (BMTSS). Blood. 2011;118:4723-31.
https://doi.org/10.1182/blood-2011-04-348730.

3. Wingard JR, Majhail NS, Brazauskas R, Wang Z, Sobocinski KA,
Jacobsohn D, et al. Long-term survival and late deaths after

SPRINGER NATURE


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJMoa1004383
https://doi.org/10.1056/NEJMoa1004383
https://doi.org/10.1182/blood-2011-04-348730

254

D. Wolff et al.

10.

11.

12.

13.

14.

15.

16.

17.

allogeneic hematopoietic cell transplantation. J Clin Oncol.
2011;29:2230-9. https://doi.org/10.1200/JC0O.2010.33.7212.

. Lee SJ, Klein JP, Barrett AJ, Ringden O, Antin JH, Cahn JY, et al.

Severity of chronic graft-versus-host disease: association
with treatment-related mortality and relapse. Blood. 2002;100:
406-14.

. Sun CL, Francisco L, Kawashima T, Leisenring W, Robison LL,

Baker KS, et al. Prevalence and predictors of chronic
health conditions after hematopoietic cell transplantation: a report
from the Bone Marrow Transplant Survivor Study. Blood.
2010;116:3129-39. https://doi.org/10.1182/blood-2009-06-229369.

. Bhatia S, Francisco L, Carter A, Sun CL, Baker KS, Gurney JG,

et al. Late mortality after allogeneic hematopoietic cell transplan-
tation and functional status of long-term survivors: report from the
Bone  Marrow  Transplant  Survivor  Study.  Blood.
2007;110:3784-92. https://doi.org/10.1182/blood-2007-03-082933.

. Chiodi S, Spinelli S, Ravera G, Petti AR, Van Lint MT, Lam-

parelli T, et al. Quality of life in 244 recipients of allogeneic bone
marrow transplantation. Br J Haematol. 2000;110:614-9.

. Duell T, van Lint MT, Ljungman P, Tichelli A, Socie G, Apperley

JF, et al. Health and functional status of long-term survivors of
bone marrow transplantation. EBMT Working Party on Late
Effects and EULEP Study Group on Late Effects. European
Group for Blood and Marrow Transplantation. Ann Intern Med.
1997;126:184-92.

. Ferry C, Gemayel G, Rocha V, Labopin M, Esperou H, Robin M,

et al. Long-term outcomes after allogeneic stem cell
transplantation for children with hematological malignancies. Bone
marrow Transplant. 2007;40:219-24. https://doi.org/10.1038/sj.bmt.
1705710.

Brunner AM, Kim HT, Coughlin E, Alyea EP III, Armand P,
Ballen KK, et al. Outcomes in patients age 70 or older undergoing
allogeneic hematopoietic stem cell transplantation for hematologic
malignancies. Biol Blood Marrow Transplant. 2013;19:1374-80.
https://doi.org/10.1016/j.bbmt.2013.06.008.

Kolb HIJ, Socie G, Duell T, Van Lint MT, Tichelli A, Apperley JF,
et al. Malignant neoplasms in long-term survivors of bone marrow
transplantation. Late Effects Working Party of the European
Cooperative Group for Blood and Marrow Transplantation and the
European Late Effect Project Group. Ann Intern Med. 1999;131:
738-44.

Rizzo JD, Curtis RE, Socie G, Sobocinski KA, Gilbert E,
Landgren O, et al. Solid cancers after allogeneic hematopoietic
cell transplantation. Blood. 2009;113:1175-83. https://doi.org/10.
1182/blood-2008-05-158782.

Socie G, Scieux C, Gluckman E, Soussi T, Clavel C, Saulnier P,
et al. Squamous cell carcinomas after allogeneic bone marrow
transplantation for aplastic anemia: further evidence of a multistep
process. Transplantation. 1998;66:667-70.

Wood WA, Chai X, Weisdorf D, Martin PJ, Cutler C, Inamoto Y,
et al. Comorbidity burden in patients with chronic GVHD. Bone
marrow Transplant. 2013;48:1429-36. https://doi.org/10.1038/
bmt.2013.70.

Vaughn JE, Gooley T, Maziarz RT, Pulsipher MA, Bhatia S,
Maloney DG, et al. Pre-transplant comorbidity burden and post-
transplant chronic graft-versus-host disease. Br J Haematol.
2015;171:411-6. https://doi.org/10.1111/bjh.13591.

Bayraktar UD, Shpall EJ, Liu P, Ciurea SO, Rondon G, de Lima
M, et al. Hematopoietic cell transplantation-specific comorbidity
index predicts inpatient mortality and survival in patients who
received allogeneic transplantation admitted to the intensive care
unit. J Clin Oncol. 2013;31:4207-14. https://doi.org/10.1200/
JCO0.2013.50.5867.

Della Porta MG, Alessandrino EP, Bacigalupo A, van Lint MT,
Malcovati L, Pascutto C, et al. Predictive factors for the outcome
of allogeneic transplantation in patients with MDS stratified

SPRINGER NATURE

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

according to the revised IPSS-R. Blood. 2014;123:2333-42.
https://doi.org/10.1182/blood-2013-12-542720.

Raimondi R, Tosetto A, Oneto R, Cavazzina R, Rodeghiero F,
Bacigalupo A, et al. Validation of the hematopoietic cell
transplantation-specific comorbidity index: a prospective, multi-
center GITMO study. Blood. 2012;120:1327-33. https://doi.org/
10.1182/blood-2012-03-414573.

. Sorror ML, Maris MB, Storb R, Baron F, Sandmaier BM, Mal-

oney DG, et al. Hematopoietic cell transplantation (HCT)-specific
comorbidity index: a new tool for risk assessment before allo-
geneic HCT. Blood. 2005;106:2912-9. https://doi.org/10.1182/
blood-2005-05-2004.

Sorror ML, Giralt S, Sandmaier BM, De Lima M, Shahjahan M,
Maloney DG, et al. Hematopoietic cell transplantation specific
comorbidity index as an outcome predictor for patients with acute
myeloid leukemia in first remission: combined FHCRC and
MDACC experiences. Blood. 2007;110:4606—13. https://doi.org/
10.1182/blood-2007-06-096966.

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new
method of classifying prognostic comorbidity in longitudinal
studies: development and validation. J chronic Dis. 1987;40:
373-83.

Groll DL, To T, Bombardier C, Wright JG. The development of a
comorbidity index with physical function as the outcome. J Clin
Epidemiol. 2005;58:595-602. https://doi.org/10.1016/j.jclinepi.
2004.10.018.

Lee SJ, Wolff D, Kitko C, Koreth J, Inamoto Y, Jagasia M, et al.
Measuring therapeutic response in chronic graft-versus-host dis-
ease. National Institutes of Health consensus development project
on criteria for clinical trials in chronic graft-versus-host disease:
IV. The 2014 Response Criteria Working Group report. Biol
Blood Marrow Transplant. 2015;21:984-99. https://doi.org/10.
1016/1.bbmt.2015.02.025.

Mitchell S, Pavletic SZ, Holler E, Herzberg PY, Heussner P,
Greinix HT, et al. Development and Preliminary Testing Of The
Post-Transplant Multimorbidity Index (PTMI). Blood. 2013;122:
2076.

Wolff DH, Pavletic PY, Heussner SZ, Mumm P, Balsiger F,
Hilgendorf C, et al. Comorbidity significantly impairs quality of
life in patients after allogeneic hematopoietic stem cell trans-
plantation—results from The Prospective German Multicenter
Validation Trial. Blood 2013;122:2073.

Mitchell SA, Pavletic, SZ, Holler E, Herzberg PY, Heussner P,
Greinix HT, et al. Development and preliminary testing of the
Post-Transplant Multimorbidity Index (PTMI). Blood. 2013;122:
2076.

Filipovich AH, Weisdorf D, Pavletic S, Socie G, Wingard JR, Lee
SJ, et al. National Institutes of Health consensus development
project on criteria for clinical trials in chronic graft-versus-host
disease: I. Diagnosis and staging working group report. Biol
Blood Marrow Transplant. 2005;11:945-56. https://doi.org/10.
1016/j.bbmt.2005.09.004.

Jagasia MH, Greinix HT, Arora M, Williams KM, Wolff D,
Cowen EW, et al. National Institutes of Health Consensus
Development Project on Criteria for Clinical Trials in Chronic
Graft-versus-Host Disease: 1. The 2014 Diagnosis and Staging
Working Group report. Biol Blood Marrow Transplant.
2015;21:389-401 e381. https://doi.org/10.1016/j.bbmt.2014.12.
001.

Cordonnier C, Maury S, Ribaud P, Kuentz M, Bassompierre F,
Gluckman E, et al. A grading system based on severity of infec-
tion to predict mortality in allogeneic stem cell transplant reci-
pients. Transplantation. 2006;82:86-92. https://doi.org/10.1097/
01.tp.0000225762.54757 7.

Rovo A, Daikeler T, Halter J, Heim D, Tsakiris DA, Stern M,
et al. Late altered organ function in very long-term survivors after


https://doi.org/10.1200/JCO.2010.33.7212
https://doi.org/10.1182/blood-2009-06-229369
https://doi.org/10.1182/blood-2007-03-082933
https://doi.org/10.1038/sj.bmt.1705710
https://doi.org/10.1038/sj.bmt.1705710
https://doi.org/10.1016/j.bbmt.2013.06.008
https://doi.org/10.1182/blood-2008-05-158782
https://doi.org/10.1182/blood-2008-05-158782
https://doi.org/10.1038/bmt.2013.70
https://doi.org/10.1038/bmt.2013.70
https://doi.org/10.1111/bjh.13591
https://doi.org/10.1200/JCO.2013.50.5867
https://doi.org/10.1200/JCO.2013.50.5867
https://doi.org/10.1182/blood-2013-12-542720
https://doi.org/10.1182/blood-2012-03-414573
https://doi.org/10.1182/blood-2012-03-414573
https://doi.org/10.1182/blood-2005-05-2004
https://doi.org/10.1182/blood-2005-05-2004
https://doi.org/10.1182/blood-2007-06-096966
https://doi.org/10.1182/blood-2007-06-096966
https://doi.org/10.1016/j.jclinepi.2004.10.018
https://doi.org/10.1016/j.jclinepi.2004.10.018
https://doi.org/10.1016/j.bbmt.2015.02.025
https://doi.org/10.1016/j.bbmt.2015.02.025
https://doi.org/10.1016/j.bbmt.2005.09.004
https://doi.org/10.1016/j.bbmt.2005.09.004
https://doi.org/10.1016/j.bbmt.2014.12.001
https://doi.org/10.1016/j.bbmt.2014.12.001
https://doi.org/10.1097/01.tp.0000225762.54757.f7
https://doi.org/10.1097/01.tp.0000225762.54757.f7

Post-transplant multimorbidity index and quality of life in patients with chronic graft-versus-host...

255

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

allogeneic hematopoietic stem cell transplantation: a paired
comparison with their HLA-identical sibling donor. Haematolo-
gica. 2011;96:150-5.  https://doi.org/10.3324/haematol.2010.
030874.

Buchbinder D, Nugent DJ, Brazauskas R, Wang Z, Aljurf MD,
Cairo MS, et al. Late effects in hematopoietic cell transplant
recipients with acquired severe aplastic anemia: a report from the
late effects working committee of the center for international
blood and marrow transplant research. Biol Blood Marrow
Transplant.  2012;18:1776-84. https://doi.org/10.1016/j.bbmt.
2012.06.018.

Pullarkat V, Blanchard S, Tegtmeier B, Dagis A, Patane K, Ito J,
et al. Iron overload adversely affects outcome of allogeneic
hematopoietic cell transplantation. Bone marrow Transplant.
2008;42:799-805. https://doi.org/10.1038/bmt.2008.262.
Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ,
Dennison Himmelfarb C, et al. 2017 ACC/AHA/AAPA/ABC/
ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the
Prevention, Detection, Evaluation, and Management of High
Blood Pressure in Adults: A Report of the American College of
Cardiology/American Heart Association Task Force on Clinical
Practice Guidelines. J Am Coll Cardiol. 2018;71:e127-e248.
https://doi.org/10.1016/j.jacc.2017.11.006.

Galie N, Hoeper MM, Humbert M, Torbicki A, Vachiery JL,
Barbera JA, et al. Guidelines for the diagnosis and treatment of
pulmonary hypertension: the Task Force for the Diagnosis and
Treatment of Pulmonary Hypertension of the European Society of
Cardiology (ESC) and the European Respiratory Society (ERS),
endorsed by the International Society of Heart and Lung Trans-
plantation (ISHLT). Eur heart J. 2009;30:2493-537. https://doi.
org/10.1093/eurheartj/ehp297.

Tauchmanova L, Selleri C, Rosa GD, Pagano L, Orio F, Lombardi
G, et al. High prevalence of endocrine dysfunction in long-term
survivors after allogeneic bone marrow transplantation for
hematologic diseases. Cancer. 2002;95:1076-84. https://doi.org/
10.1002/cner.10773.

Kist-van Holthe JE, Bresters D, Ahmed-Ousenkova YM, Goed-
volk CA, Abbink FC, Wolterbeek R, et al. Long-term renal
function after hemopoietic stem cell transplantation in children.
Bone marrow Transplant. 2005;36:605-10. https://doi.org/10.
1038/sj.bmt.1705110.

Saddadi F, Hakemi M, Najafi I, Moghadam K, Ghavamzadeh A,
Jahani M, et al. Chronic kidney disease after hematopoietic cell
transplantation: frequency, risk factors, and outcomes. Transplant
Proc. 2009;41:2895-7.  https://doi.org/10.1016/j.transproceed.
2009.07.093.

Wingo CS, Clapp WL. Proteinuria: potential causes and approach
to evaluation. Am J Med Sci. 2000;320:188-94.

Lorentzon M, Cummings SR. Osteoporosis: the evolution of a
diagnosis. J Intern Med. 2015;277:650-61. https://doi.org/10.
1111/j0im.12369.

Wareham NE, Mocroft A, Sengelov H, Da Cunha-Bang C, Gus-
tafsson F, Heilmann C, et al. The value of EBV DNA in early
detection of post-transplant lymphoproliferative disorders among
solid organ and hematopoietic stem cell transplant recipients. J
Cancer Res Clin Oncol. 2018. https://doi.org/10.1007/s00432-
018-2674-9

McQuellon RP, Russell GB, Cella DF, Craven BL, Brady M,
Bonomi A, et al. Quality of life measurement in bone marrow
transplantation: development of the Functional Assessment of
Cancer Therapy-Bone Marrow Transplant (FACT-BMT) scale.
Bone marrow Transplant. 1997;19:357-68. https://doi.org/10.
1038/sj.bmt.1700672.

Herzberg PY, Heussner P, Mumm FH, Horak M, Hilgendorf I, von
Harsdorf S, et al. Validation of the human activity profile ques-
tionnaire in patients after allogeneic hematopoietic stem cell

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

transplantation. Biol Blood Marrow Transplant. 2010;16:1707-17.
https://doi.org/10.1016/j.bbmt.2010.05.018.

McHorney CA, Ware JE Jr, Lu JF, Sherbourne CD. The MOS 36-
item Short-Form Health Survey (SF-36): III. Tests of data quality,
scaling assumptions, and reliability across diverse patient groups.
Med care. 1994;32:40-66.

Lee S, Cook EF, Soiffer R, Antin JH. Development and validation
of a scale to measure symptoms of chronic graft-versus-host dis-
ease. Biol Blood Marrow Transplant. 2002;8:444-52.

Herzberg PY, Lee SJ, Heussner P, Mumm FH, Hilgendorf I, von
Harsdorf S, et al. Personality influences quality-of-life assess-
ments in adult patients after allogeneic hematopoietic SCT: results
from a joint evaluation of the prospective German Multicenter
Validation Trial and the Fred Hutchinson Cancer Research Center.
Bone Marrow Transpl. 2013;48:129-34. https://doi.org/10.1038/
bmt.2012.83.

Zigmond AS, Snaith RP. The hospital anxiety and depression
scale. Acta Psychiatr Scandinavica. 1983;67:361-70.

Rizzo JD, Wingard JR, Tichelli A, Lee SJ, Van Lint MT, Burns
LJ, et al. Recommended screening and preventive practices for
long-term survivors after hematopoietic cell transplantation: joint
recommendations of the European Group for Blood and Marrow
Transplantation, Center for International Blood and Marrow
Transplant Research, and the American Society for Blood and
Marrow Transplantation (EBMT/CIBMTR/ASBMT). Bone mar-
row Transplant. 2006;37:249-61. https://doi.org/10.1038/sj.bmt.
1705243.

Socie G, Stone JV, Wingard JR, Weisdorf D, Henslee-Downey
PJ, Bredeson C, et al. Long-term survival and late deaths after
allogeneic bone marrow transplantation. Late Effects Working
Committee of the International Bone Marrow Transplant Registry.
N. Engl J Med. 1999;341:14-21. https://doi.org/10.1056/
NEJM199907013410103.

Baker KS, Ness KK, Weisdorf D, Francisco L, Sun CL, Forman
S, et al. Late effects in survivors of acute leukemia treated with
hematopoietic cell transplantation: a report from the Bone Marrow
Transplant Survivor Study. Leukemia. 2010;24:2039-47. https://
doi.org/10.1038/1eu.2010.210.

Fraser CJ, Bhatia S, Ness K, Carter A, Francisco L, Arora M, et al.
Impact of chronic graft-versus-host disease on the health status of
hematopoietic cell transplantation survivors: a report from the Bone
Marrow Transplant Survivor Study. Blood. 2006;108:2867-73.
https://doi.org/10.1182/blood-2006-02-003954.

Socie G, Salooja N, Cohen A, Rovelli A, Carreras E, Locasciulli
A, et al. Nonmalignant late effects after allogeneic stem cell
transplantation. Blood. 2003;101:3373-85. https://doi.org/10.
1182/blood-2002-07-2231.

Sorror ML, Storer B, Storb RF. Validation of the hematopoietic
cell transplantation-specific comorbidity index (HCT-CI) in single
and multiple institutions: limitations and inferences. Biol Blood
Marrow Transplant. 2009;15:757-8. https://doi.org/10.1016/j.
bbmt.2009.02.007.

Thakar MS, Broglie L, Logan B, Artz A, Bunin N, Burroughs
LM, et al. The Hematopoietic Cell Transplant Comorbidity Index
predicts survival after allogeneic transplant for nonmalignant
diseases. Blood. 2019;133:754—-62. https://doi.org/10.1182/blood-
2018-09-876284.

Bejanyan N, Brunstein CG, Cao Q, Lazaryan A, Ustun C, Warlick
ED, et al. Predictive value of disease risk comorbidity index for
overall survival after allogeneic hematopoietic transplantation.
Blood Adv. 2019;3:230-6. https://doi.org/10.1182/bloodadva
nces.2018018549.

Hautmann AH, Elad S, Lawitschka A, Greinix H, Bertz H, Halter
J, et al. Metabolic bone diseases in patients after allogeneic
hematopoietic stem cell transplantation: report from the Con-
sensus Conference on Clinical Practice in chronic graft-versus-

SPRINGER NATURE


https://doi.org/10.3324/haematol.2010.030874
https://doi.org/10.3324/haematol.2010.030874
https://doi.org/10.1016/j.bbmt.2012.06.018
https://doi.org/10.1016/j.bbmt.2012.06.018
https://doi.org/10.1038/bmt.2008.262
https://doi.org/10.1016/j.jacc.2017.11.006
https://doi.org/10.1093/eurheartj/ehp297
https://doi.org/10.1093/eurheartj/ehp297
https://doi.org/10.1002/cncr.10773
https://doi.org/10.1002/cncr.10773
https://doi.org/10.1038/sj.bmt.1705110
https://doi.org/10.1038/sj.bmt.1705110
https://doi.org/10.1016/j.transproceed.2009.07.093
https://doi.org/10.1016/j.transproceed.2009.07.093
https://doi.org/10.1111/joim.12369
https://doi.org/10.1111/joim.12369
https://doi.org/10.1007/s00432-018-2674-9
https://doi.org/10.1007/s00432-018-2674-9
https://doi.org/10.1038/sj.bmt.1700672
https://doi.org/10.1038/sj.bmt.1700672
https://doi.org/10.1016/j.bbmt.2010.05.018
https://doi.org/10.1038/bmt.2012.83
https://doi.org/10.1038/bmt.2012.83
https://doi.org/10.1038/sj.bmt.1705243
https://doi.org/10.1038/sj.bmt.1705243
https://doi.org/10.1056/NEJM199907013410103
https://doi.org/10.1056/NEJM199907013410103
https://doi.org/10.1038/leu.2010.210
https://doi.org/10.1038/leu.2010.210
https://doi.org/10.1182/blood-2006-02-003954
https://doi.org/10.1182/blood-2002-07-2231
https://doi.org/10.1182/blood-2002-07-2231
https://doi.org/10.1016/j.bbmt.2009.02.007
https://doi.org/10.1016/j.bbmt.2009.02.007
https://doi.org/10.1182/blood-2018-09-876284
https://doi.org/10.1182/blood-2018-09-876284
https://doi.org/10.1182/bloodadvances.2018018549
https://doi.org/10.1182/bloodadvances.2018018549

256

D. Wolff et al.

56.

57.

58.

59.

60.

61.

62.

host disease. Transpl Int. 2011;24:867-79. https://doi.org/10.
1111/5.1432-2277.2011.01264 x.

Patzer L, Kentouche K, Ringelmann F, Misselwitz J. Renal
function following hematological stem cell transplantation in
childhood. Pediatr Nephrol. 2003;18:623-35. https://doi.org/10.
1007/s00467-003-1146-9.

Tichelli A, Passweg J, Wojcik D, Rovo A, Harousseau JL,
Masszi T, et al. Late cardiovascular events after allogeneic
hematopoietic stem cell transplantation: a retrospective
multicenter study of the Late Effects Working Party of the
European Group for Blood and Marrow Transplantation. Hae-
matologica. 2008;93:1203—-10. https://doi.org/10.3324/haema
t01.12949.

Hilgendort I, Mueller-Hilke B, Kundt G, Holler E, Hoffmann P,
Edinger M, et al. The lack of memory B cells including T cell
independent IgM+ IgD+ memory B cells in chronic graft-versus
host disease is associated with susceptibility to infection. Transpl
Int. 2012;25:87-96. https://doi.org/10.1111/j.1432-2277.2011.
01388.x.

Grauer O, Wolff D, Bertz H, Greinix H, Kuhl JS, Lawitschka A,
et al. Neurological manifestations of chronic graft-versus-host
disease after allogeneic haematopoietic stem cell transplantation:
report from the Consensus Conference on Clinical Practice in
chronic graft-versus-host disease. Brain. 2010;133:2852-65.
https://doi.org/10.1093/brain/awq245.

Kraus PD, Wolff D, Grauer O, Angstwurm K, Jarius S, Wan-
dinger KP, et al. Muscle cramps and neuropathies in patients with
allogeneic hematopoietic stem cell transplantation and graft-
versus-host disease. PloS ONE. 2012;7:e44922 https://doi.org/10.
1371/journal.pone.0044922.

Bilic E, Delimar V, Desnica L, Pulanic D, Bakovic M, Curtis LM,
et al. High prevalence of small- and large-fiber neuropathy in a
prospective cohort of patients with moderate to severe chronic
GvHD. Bone Marrow Transplant. 2016;51:1513-7. https://doi.
org/10.1038/bmt.2016.158.

Kirsch M, Gotz A, Halter JP, Schanz U, Stussi G, Dobbels F, et al.
Differences in health behaviour between recipients of allogeneic
haematopoietic SCT and the general population: a matched

SPRINGER NATURE

63.

64.

65.

66.

67.

68.

69.

70.

control study. Bone Marrow Transplant. 2014;49:1223-30.
https://doi.org/10.1038/bmt.2014.142.

Griffith ML, Savani BN, Boord JB. Dyslipidemia after allogeneic
hematopoietic stem cell transplantation: evaluation and manage-
ment. Blood. 2010;116:1197-204. https://doi.org/10.1182/blood-
2010-03-276576.

Tichelli A, Bucher C, Rovo A, Stussi G, Stern M, Paulussen M,
et al. Premature cardiovascular disease after allogeneic hemato-
poietic stem-cell transplantation. Blood. 2007;110:3463-71.
https://doi.org/10.1182/blood-2006-10-054080.

Armand P, Kim HT, Virtanen JM, Parkkola RK, Itala-Remes MA,
Majhail NS, et al. Iron overload in allogeneic hematopoietic cell
transplantation outcome: a meta-analysis. Biol Blood Marrow Trans-
plant. 2014;20:1248-51. https://doi.org/10.1016/).bbmt.2014.04.024.
Frey Tirri B, Hausermann P, Bertz H, Greinix H, Lawitschka A,
Schwarze CP, et al. Clinical guidelines for gynecologic
care after hematopoietic SCT. Report from the international
consensus project on clinical practice in chronic GVHD. Bone
Marrow Transplant. 2015;50:3-9. https://doi.org/10.1038/bmt.
2014.242.

McQuellon RP, Russell GB, Rambo TD, Craven BL, Radford J,
Perry 1], et al. Quality of life and psychological distress of bone
marrow transplant recipients: the ‘time trajectory’ to recovery over
the first year. Bone Marrow Transplant. 1998;21:477-86. https://
doi.org/10.1038/sj.bmt.1701115.

Prieto JM, Atala J, Blanch J, Carreras E, Rovira M, Cirera E,
et al. Role of depression as a predictor of mortality
among cancer patients after stem-cell transplantation. J Clin Oncol.
2005;23:6063-71. https://doi.org/10.1200/JC0O.2005.05.751.
Andrykowski MA, Bruehl S, Brady MJ, Henslee-Downey PJ.
Physical and psychosocial status of adults one-year after bone
marrow transplantation: a prospective study. Bone Marrow
Transplant. 1995;15:837-44.

Kuzmina Z, Eder S, Bohm A, Pernicka E, Vormittag L, Kalhs P,
et al. Significantly worse survival of patients with NIH-defined
chronic graft-versus-host disease and thrombocytopenia or pro-
gressive onset type: results of a prospective study. Leukemia.
2012;26:746-56. https://doi.org/10.1038/leu.2011.257.


https://doi.org/10.1111/j.1432-2277.2011.01264.x
https://doi.org/10.1111/j.1432-2277.2011.01264.x
https://doi.org/10.1007/s00467-003-1146-9
https://doi.org/10.1007/s00467-003-1146-9
https://doi.org/10.3324/haematol.12949
https://doi.org/10.3324/haematol.12949
https://doi.org/10.1111/j.1432-2277.2011.01388.x
https://doi.org/10.1111/j.1432-2277.2011.01388.x
https://doi.org/10.1093/brain/awq245
https://doi.org/10.1371/journal.pone.0044922
https://doi.org/10.1371/journal.pone.0044922
https://doi.org/10.1038/bmt.2016.158
https://doi.org/10.1038/bmt.2016.158
https://doi.org/10.1038/bmt.2014.142
https://doi.org/10.1182/blood-2010-03-276576
https://doi.org/10.1182/blood-2010-03-276576
https://doi.org/10.1182/blood-2006-10-054080
https://doi.org/10.1016/j.bbmt.2014.04.024
https://doi.org/10.1038/bmt.2014.242
https://doi.org/10.1038/bmt.2014.242
https://doi.org/10.1038/sj.bmt.1701115
https://doi.org/10.1038/sj.bmt.1701115
https://doi.org/10.1200/JCO.2005.05.751
https://doi.org/10.1038/leu.2011.257

	Post-transplant multimorbidity index and quality of life in patients with chronic graft-versus-host disease—results from a joint evaluation of a prospective German multicenter validation trial and�a cohort from the National Institutes of Health
	Abstract
	Introduction
	Patients and methods
	Methods
	PTMI
	Development cohort
	Validation cohort
	Statistical analysis

	Results
	Comorbidities

	Discussion
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




