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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
cGvHD [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
cGvHD, 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

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/and 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

244 D. Wolff et al.



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-CI.

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.

Table 1 Patient characteristics.

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

n (%) n (%)

GvHD characteristics

No evidence of GvHD 1 (2) 72 (34.6)

Late acute GvHD 1 (2) 0

Classic cGvHD 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
manifestations of cGvHD

n= 48

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 7 (3)

Median days from alloHSCT to
evaluation (range)

1216 (390–6240) 272 (85–4003)

Median days from alloHSCT to
onset of cGvHD

240 (120–244) 200 (92–2030)

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

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 up 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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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 sequelae [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.

Table 3 Comparison of the
number of concurrent comorbid
conditions captured by each of
the four measures in the
validation cohort.

PTMI HCT-CI CCI FCI

No. of comorbidities Frequency % Frequency % Frequency % Frequency %

0 27 13.0 47 22.6 106 51.0 88 42.3

1 18 8.7 40 19.2 25 12.0 53 25.5

2 27 13.0 24 11.5 12 5.8 22 10.6

3 32 15.4 19 9.1 21 10.1 15 7.2

4 31 14.9 29 13.9 6 2.9 3 1.4

5 20 9.6 13 6.3 4 1.9 6 2.9

6 6 2.9 11 5.3 3 1.4 1 0.5

7 10 4.8 2 1 3 1.4 1 0.5

8 5 2.4 0 0 6 2.9

9 5 2.4 1 0.5 0 0

10 2 1.0 2 1.9 2 1.0

11 1 0.5 1 0.5 0 0

12 0 0 1 0.5

13 3 1.4

14 1 0.5

15 1 0.5
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Nevertheless, the presence of low platelet count as risk
factor for mortality at diagnosis of cGvHD was confirmed
[14, 70].

Several caveats should be considered in interpreting our
findings. We acknowledge that it can be difficult to separate
manifestations of cGvHD from comorbidity, particularly
with respect to pulmonary, rheumatologic, and hepatic
conditions. Though the definitions included in the PTMI
isolate manifestations of cGvHD from comorbid compli-
cations of cGvHD treatment and other late post-transplant
complications, additional studies are needed to examine the
specificity and interrater reliability of the measure with
respect to distinguishing cGvHD manifestations from
comorbidity. The PTMI shares some of the limitations of
comorbidity indices more generally, including the fact that
such indices do not fully account for the severity or duration
of the comorbid condition, although the PTMI attempts to
distinguish compensated from uncompensated conditions.
Comorbidity indices may also be sensitive to biases intro-
duced by incomplete case ascertainment. However, a
strength of this comparative analysis is the fact that in both
cohorts, all participants were thoroughly characterized
through comprehensive history and physical examination,
as well as clinical, radiologic, and laboratory evaluation.
Nevertheless, we can not exclude that within the validation
cohort some comorbidities may have underdiagnosed due to
the absence of diagnostic measures (i.e. osteoporosis may
have been underdiagnosed to lack of bone density assess-
ment). An additional limitation is the too low number of
patients in the validation cohort to permit meaningful ana-
lysis weighting different comorbidities according to their
individual impact on the endpoints taking into account that
the individual weighting may be endpoint dependent. (The
HCT-CI focused on treatment related mortality while QoL
may influenced by other comorbidities.) Nevertheless, a
strength is the analysis of two cohorts from different
countries and broad diversity with regard to cGvHD status,
time since transplant and age.

In summary, our findings support the content validity of
the PTMI and suggest that this new comorbidity measure
improves the identification of comorbid conditions in long-
term transplant survivors. Of note, the PTMI demonstrated
superior performance in detecting the impact of cGvHD and
showed a higher correlation to QoL and PF variables
compared to the HCT-CI indicating its utility, particularly in
cGvHD therapy trials. Moreover, a broad variety of
comorbidities are captured according to standardized defi-
nitions, thereby permitting comparisons of comorbidity
prevalence. Our results may also have implications for trial
conduct, including eligibility criteria, patient management,
trial interpretation, pre-emptive management of drug-drug
interactions and adverse event reporting. With continued
testing and refinement including weighting of specificTa
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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.
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