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Abstract: Background: Our aim is to investigate cardiovascular risk factors, chronic graft-versus-host
disease (CGvHD), and vitamin D metabolism in very long-term survivors of adult allogeneic stem
cell transplantation (alloSCT). Methods: This study is a prospective unicentric, non-interventional
trial. The detailed study protocol is available via the WHO Clinical Trial Registry. Results: We
were able to include 33 patients with a mean age of 60.5 years (SD 11.1). Acute myeloid leukemia
(AML) was the most frequent underlying disease (n = 12; 36.4%). The median survival time was
9.0 years (IQR 8.5–13.0). Relevant cardiovascular risk factors in the study population are the body
mass index, cholesterol, LDL cholesterol, and lipoprotein(a). Cardiovascular risk factors have no
significant impact on HRQoL. CGvHD of the skin as a limited disease was present in six patients
(18.2%), and it has no impact on HRQoL. CGvHD was significantly associated with eosinophilia
in peripheral blood (p = 0.003). Three patients (9.1%) had a shortage of calcitriol, and one patient
(3.0%) took calcium substitution. The shortage is significantly associated with increased infection
rates (p = 0.038). Conclusions: Cardiovascular risk factors and CGvHD need to be closely monitored.
Eosinophilia might be a good and convenient monitoring parameter for CGvHD.

Keywords: allogeneic stem cell transplantation; long-term survivors; cardiovascular risk;
graft-versus-host disease; vitamin D metabolism; quality of life

1. Introduction

Allogeneic stem cell transplantation (alloSCT) is a common treatment for malignant
and non-malignant hematological diseases. Advances in the clinical standard operating
procedures and supportive care have led to improved outcomes and an increasing number of
long-term survivors. Most deaths occur within the first two years, mostly due to relapse, acute
or chronic graft-versus-host disease (GvHD), infections, or other acute or chronic adverse
events [1–3]. Certainly, patients who survive beyond two years after transplantation also
have an increased risk of long-term complications, which may impact their survival, overall
outcomes, and health-related quality of life (HRQoL) [2–4]. Reported long-term complications
in this special patient population include chronic kidney disease and viral infections, e.g., BK
polyomavirus (BKPyV)-associated nephropathy (BKVAN) [2,3,5–11].

Reports in recent years have focused on cardiovascular risk assessment and the signif-
icance of chronic GvHD [12–21]. Thereof, chronic GvHD is common and has a deep impact
on HRQoL, e.g., Yu et al. reported in their survey that the symptom burden of chronic
GvHD is high, and the patients felt that their symptoms’ severity interfered with physical
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functioning and the activities of daily life [15]. Furthermore, Hansen et al. concluded that
patients with more severe chronic GvHD, especially involving the skin and the gastroin-
testinal tract, are at risk for inferior psychological and physical outcomes, so they may
benefit from proactive interventions to optimize functioning [19].

Additionally, data on vitamin D metabolism are sparse, especially regarding long-term
survivors (more than five years after alloSCT) in adult alloSCT [20]. This is despite the fact
that vitamin D is essential in calcium, phosphate, and bone homeostasis, and acts as an
immunomodulator, which influences the innate and adaptive immune systems (to fight
against pathogens). Furthermore, it is described that low levels of serum calcitriol are
associated with an increased risk of developing immune-related diseases, e.g., psoriasis,
type 1 diabetes, multiple sclerosis and, most importantly for the alloSCT patient population,
autoimmune diseases like chronic GvHD [21–23].

Therefore, a prospective clinical study to assess the health status and quality of life in
long-term survivors of adult aSCT (>5 years following transplantation) at our institution
has been conducted. This is a sub-analysis of cardiovascular risk profile and chronic
GvHD, as the most relevant factors in this patient population, and their impact on HRQoL.
Furthermore, we describe the vitamin D metabolism.

Regarding the primary endpoint, this descriptive analysis focuses on cardiovascular
risk and parameters of chronic GvHD and HRQoL, including socioeconomic status, as
well as a descriptive analysis on vitamin D metabolism, summarizing calcium, phosphate,
and PTH. Secondary endpoints include association of chronic GvHD with immunological
factors, the impact of cardiovascular risk and chronic GvHD on HRQoL, and vitamin D and
its associations with immunological factors, such as composition of the immune system,
abundance of immunoglobulins, incidence of chronic GvHD, and infections that may be
related to the shortage of calcitriol.

2. Materials and Methods
2.1. Development of the Study and Study Population

This study was conducted according to the guidelines in the synthesis of qualita-
tive research (ENTREQ) [24]. Firstly, we obtained the approval of the local ethics review
board at the University Medicine in Greifswald (BB 146/15 from 20 October 2015). Sec-
ondly, this study was registered at WHO Clinical Trial Registry (Universal Trial Number
UTN U1111-1176-5256).

Formally, this study is a prospective unicentric, non-interventional trial. The inclusion
criteria were as follows: adult patients over 18 years receiving their first allogeneic stem
cell transplantation at our institution for underlying hematological disease, at least five
years of survival following stem cell transplantation, and no clinical signs of relapse or
progress of underlying hematological disease. There were no further exclusion criteria. All
relevant patient data were collected according to the study protocol, which can be assessed
with the Universal Trial number (UTN).

The patients were assessed at the annual transplantation follow-up, when the study
was started and the inclusion criteria were met. From April 2019 until August 2020, we
were able to include 33 patients in our study. Three patients from our center, who met the
inclusion criteria, declined to participate in this study. Additionally, we have described the
methods of this prospective clinical trial before [2,3].

2.2. Definitions, Questionnaire, and Statistical Analysis

The definitions and all assessed parameters are accessible via UTN number.
The EORTC-QLQ-C30, in its current version 3.0, is a well-established and validated

questionnaire for HRQoL of oncological patients. It has five functional scales (physical
functioning, role functioning, emotional functioning, cognitive functioning, and social
functioning), where a higher value means higher functionality, and nine symptom scales
(fatigue, nausea and vomiting, pain, dyspnea, insomnia, appetite loss, constipation, diar-
rhea, and financial difficulties), where the higher score means a higher symptom burden.
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Furthermore, a Global Health Score (GHS) can be calculated, meaning a higher score is a
better health status. The questionnaire was analyzed according to its manual [25,26].

For each numeric variable, the numeric distribution was assessed by the Kolmogorov–
Smirnov test. Descriptive statistics were performed with mean and standard deviation
for normal distribution, or with median and IQR for non-parametric data. For parametric
continuous variables the Student t-test was used, and for parametric categorical variables
the chi-square test was used. All reported p-values were based on a two-sided hypothesis;
p < 0.05 was considered to be significant. All statistical calculations were performed using
Statistical Package for the Social Sciences 28.0 software (IBM Corp., Armonk, NY, USA).

3. Results
3.1. Demographic Characterization of the Study Population

The analysis included 33 patients with a mean age of 60.5 years (SD 11.1), of whom 20
(60.6%) were male and 13 (39.4%) were female. Acute myeloid leukemia (AML) was the
most frequent underlying disease (n = 12; 36.4%). The median survival time was 9.0 years
(IQR 8.5–13.0). Table 1 shows an overview of the demographic characterization of the
study population.

Table 1. Demographic characterization of the study population (n = 33).

Parameter N (%) Mean (SD) Median (IQR)

Age - 60.5 (11.1) -
Sex - - -

Male 20 (60.6) - -
Female 13 (39.4) - -

Underlying disease - - -
AML 12 (36.4) - -
NHL 11 (33.3) - -
MPS 4 (12.1) - -
ALL 2 (6.1) - -
MDS 2 (6.1) - -
MM 2 (6.1) - -

Overall survival in years - - 9.0 (8.5–13.0)
Donor - - -

Related 9 (27.3) - -
Matched-unrelated 15 (45.5) - -

Mismatched-unr C: elated 9 (27.03) - -
Number of mismatches - - 0 (0–0.5)
Donor chimerism >95% 33 (100.0) - -

BMI - 28.4 (4.9) -
ECOG - - -

0 21 (63.6) - -
1 10 (30.3) - -
2 2 (6.1) - -

CCI - - 0 (0–2.5)
SD = standard deviation; IQR = interquartile range; AML = acute myeloid leukemia; NHL = non-Hodgkin
lymphoma; MPS = myeloid proliferative syndrome; ALL = acute lymphatic; leukemia; MDS = myeloid dysplastic
syndrome; MM = multiple myeloma; BMI = body mass index; ECOG = Eastern Cooperative Oncology Group;
CCI = Charlson Comorbidity Index.

3.2. Cardiovascular Risk Profile

Relevant cardiovascular risk factors in the study population are the body mass index
(BMI; above 25.0), cholesterol (above 6.0 mmol), LDL cholesterol (above 3.4 mmol/L), and
lipoprotein(a) (above 300 mg/L). All investigated cardiovascular risk factors with their
references are shown in Table 2.



BioMed 2024, 4 296

Table 2. Cardiovascular risk factors of the study population (n = 33).

Parameter Median (IQR) Reference

NTproBNP in pg/mL 106.0 (63.5–175.5) 0–125
HbA1c in % 5.8 (5.5–6.0) <6.5

Cholesterol in mmol/L 6.1 (5.3–6.9) <6.0
HDL cholesterol in mmol/L 1.4 (1.1–1.7) >1.03
LDL cholesterol in mmol/L 3.7 (3.1–4.5) 0–3.34

Triglycerides in mmol/L 1.7 (1.0–2.4) 0–1.9
Lipoprotein(a) in mg/L 311.0 (24.8–442.5) 0–300

EF in % 55.0 (54.0–60.0) 50–60
IQR = Interquartile range.

Additionally, the GHS under 80 is not significantly associated with the cardiovascular
risk factor BMI p = 0.808, cholesterol p = 0.848, LDL cholesterol p = 0.701, and lipoprotein(a)
p = 0.265, respectively. Furthermore, GHS under 50 is also not associated significantly with
these factors (p = 0.290; p = 0.269; p = 0.450; and p = 0.560). Interestingly, the above factors
are also not significantly associated with a physical functioning score under 50 (p = 0.157;
p = 0.663; p = 1.0; and p = 0.515).

3.3. Graft-versus-Host Disease

Fourteen patients (42.4%) had acute GvHD in their patient history. All these cases of acute
GvHD showed skin involvement, and three (9.1%) patients also had an additional involvement
of the gastrointestinal tract. Six (18.2%) patients had chronic GvHD in their patient history,
and also showed signs of chronic GvHD at the time of study presentation. Interestingly, all six
of these patients had limited chronic GvHD of the skin and were receiving local prednisolone
therapy. No patient required systemic steroid treatment. Table 3 illustrates the association
of chronic GvHD with cellular immunological factors of the innate and adaptive immune
system as well as with immunoglobulins. In summary, a significant association of chronic
GvHD was only observed with eosinophilia in the peripheral blood (p = 0.003).

Table 3. Associations with immunological factors and chronic graft-versus-host disease (n = 33).

Immunological Parameter Median (IQR) Reference
Association

with cGvHD
p Value

Lymphocytes in GpT/L 1.9 (1.4–2.7) 1.0–5.0 0.263
Neutrophiles in GpT/L 3.0 (2.4–3.7) 1.5–7.5 0.072

Basophiles in % 0.5 (0.4–0.9) 0–4.0 0.076
Eosinophiles in % 1.5 (1.2–2.8) 0.0–7.0 0.003

T4/T8 ratio 0.9 (0.7–1.3) 0.6–2.8 0.817
NK cells in µL 300.0 (172.5–431.0) 90–590 0.386
B cells in µL 275.0 (173.0–378.5) 90–660 0.862

Immunglobuline G in g/L 9.8 (7.7–12.9) 7.0–16.0 0.691
Immunglobuline A in g/L 2.2 (1.8–2.8) 0.7–4.0 0.963
Immunglobulin M in g/L 0.8 (0.6–1.2) 0.4–2.3 0.414

Immunglobulin E in IU/mL 17.0 (6.3–52.0) 0–100 0.400
IQR = interquartile range; cGvHD = chronic graft-versus-host-disease.

3.4. Social Economic Status and Quality of Life

Thirteen (39.4%) patients had a professional activity at the time of study presentation,
and twelve (36.4%) of them were full-time workers. However, 17 (51.5%) were already pen-
sioners. Interestingly, 19 (57.6%) patients reported that their financial situation (compared
to prior to transplantation) was the same, while 9 (27.3%) reported that it was worse and
5 (15.2%) reported that it is even better, respectively. Table 4 shows the association of all
scales of the EORTC-QLQ-C30 with chronic GvHD. Luckily, no significant association was



BioMed 2024, 4 297

reported. Furthermore, chronic GvHD is not significantly associated with GHS under 80
(p = 0.643) and GHS under 50 (p = 1.0).

Table 4. Association between scales of the EORTC-QLQ-C30 and chronic graft-versus-host disease (n = 33).

Scores/Scales Item Mean (SD)
Association

with cGVHD
p Value

Global Health Score GHS 69.5 (20.2) 0.488
Functional Scales Physical Functioning 81.2 (19.5) 0.488

Role Functioning 83.3 (22.4) 0.342
Emotional Functioning 77.6 (19.4) 0.249
Cognitive Functioning 81.3 (19.9) 0.062

Social Functioning 87.9 (19.6) 0.230
Symptom Scales Fatigue 28.0 (25.7) 0.118

Nausea and Vomiting 3.0 (12.8) 0.789
Pain 29.3 (30.6) 0.281

Dyspnea 9.1 (19.1) 0.336
Insomnia 39.3 (33.9) 0.106

Appetite loss 3.0 (12.8) 0.090
Constipation 8.0 (16.7) 0.098

Diarrhea 9.0 (17.2) 0.098
Financial Difficulties 11.1 (23.0) 0.694

SD = standard deviation; cGvHD = chronic graft-versus-host-disease.

3.5. Vitamin D Metabolism and Influence on Immunological Factors

Regarding vitamin D metabolism, the mean calcium in mmol/L was 2.3 (SD 0.08; lab-
oratory reference: 2.12–2.52), the mean phosphate in mmol/L was 0,9 (SD 0.15; laboratory
reference: 0.60–1.60), calcifediol in µg/L was 25.8 (SD 13.9; laboratory reference: >30.0),
calcitriol in ng/L was 46.8 (SD 18.1; laboratory reference: 20.0–62.5), and PTH in pg/mL
was 73.9 (SD 82.8; laboratory reference: 15.0–65.0), respectively. One patient (3.0%) took
calcium substitution and three patients (9.1%) had a shortage of calcitriol (defined according
to the Clinical Subcommittee of the Endocrine Society as a deficiency of calcitriol, as an active
metabolite of vitamin D, less than 20 ng/mL).

Table 5 gives an overview on associations of the cellular immune system and im-
munoglobulins with the shortage of calcitriol. Overall, there is no significant association.
Additionally, the shortage is also not significantly linked to chronic GvHD at time of study
presentation (p = 0.464). Interestingly, the shortage is significantly associated with increased
infection rates in patient history (p = 0.038). Concerning HRQoL, the shortage of calcitriol is not
significantly associated with GHS under 80 (p = 0.170) and under 50 (p = 0.500). Furthermore,
it is not associated with a significant symptom score in pain above 50 (p = 0.578).

Table 5. Association of shortage of calcitriol with immunological factors (n = 33).

Immunological Parameter Median (IQR) Reference
p Value

Association with
Shortage of Calcitriol

Lymphocytes in GpT/L 1.9 (1.4–2.7) 1.0–5.0 0.950
Neutrophiles in GpT/L 3.0 (2.4–3.7) 1.5–7.5 0.287

Basophiles in % 0.5 (0.4–0.9) 0–4.0 0.193
Eosinophiles in % 1.5 (1.2–2.8) 0.0–7.0 0.706

T4/T8 ratio 0.9 (0.7–1.3) 0.6–2.8 0.474
NK cells in µL 300.0 (172.5–431.0) 90–590 0.943
B cells in µL 275.0 (173.0–378.5) 90–660 0.886

Immunglobuline G in g/L 9.8 (7.7–12.9) 7.0–16.0 0.552
Immunglobuline A in g/L 2.2 (1.8–2.8) 0.7–4.0 0.117
Immunglobulin M in g/L 0.8 (0.6–1.2) 0.4–2.3 0.707

Immunglobulin E in IU/mL 17.0 (6.3–52.0) 0–100 0.103
IQR = Interquartile range.
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4. Discussion

We conducted a prospective clinical study of the health status and HRQoL in very
long-term survivors of alloSCT with a median overall survival time of 9.0 years. Overall,
the patients are in a good health condition. Relevant cardiovascular risk factors in the
study population are the body mass index (BMI; above 25.0), cholesterol (above 6.0 mmol),
LDL cholesterol (above 3.4 mmol/L), and lipoprotein(a) (above 300 mg/L), but luckily,
they do not seem to have an impact on HRQoL. However, recent reports emphasize the
importance of cardiovascular risk assessment and impairment of cardiac function in long-
term survivors of alloSCT [14,16]. Despite the fact that our patient population is mostly
in good shape, cardiovascular risk factors are still present, so we must agree with the
other publications that cardiovascular risk assessment and monitoring is necessary in
this special patient group [14,16]. Furthermore, Dillon et al. concluded in their study
that their results highlight the potential therapeutic awareness and utility of exercise-
based cardiovascular assessment in discovering cardiovascular dysfunction in alloSCT
survivors [14]. Consequently, we must state that careful monitoring of cardiovascular
risk in this special patient group gives the opportunity for early intervention or even
prehabilitation, so there is potential for further improvement of outcome parameters.

Regarding chronic GvHD, we only observed six cases (18.2%) of chronic GvHD, limited
disease, all involving the skin. This is in contrast to the literature, where the prevalence is
described as high (over 30%) [18,23]. One reason for our observation might be that this is a
patient group of very long-term survivors (at least over 5 years), and most other reports
arise from populations which survived only for at least 2 years. Additionally, in our study
population, chronic GvHD does not have an impact on HRQoL. Diep et al. stated the
same. There was a high prevalence of chronic GvHD, but there was no real impact on
HRQoL [18]. This finding stays in contrast to most recent reports, where chronic GvHD
seems to be the most important clinical factor, which has a strong impact on physical
functioning and activities of daily life [12,15]. Furthermore, Hansen et al. reported that
patients with chronic GvHD manifesting in the skin and gastrointestinal tract have the
most severe symptoms interfering with HRQoL, like mood disturbance, fatigue, and pain.
The authors concluded that their results suggest that patients with more severe chronic
GvHD, and those with chronic GvHD manifesting in the skin, gastrointestinal tract, or
lungs, are at risk for poorer psychological and physical outcomes and may benefit from
proactive interventions to optimize functioning [19]. On the whole, we must agree that
chronic GvHD, and the impact of physical functioning or psychological problems, needs
close monitoring in long-term survivors of alloSCT. This monitoring might further improve
outcomes, especially functional ones.

Some authors suggest close immune monitoring in this special patient group, espe-
cially when they suffer from GvHD [13,17]. Therefore, we evaluated the association of
chronic GvHD with factors of the cellular immune system and immunoglobulins. We only
found a significant association between eosinophilia and chronic GvHD. This must be
discussed in detail since results from the literature about the association of GvHD and
eosinophilia are inconclusive. Most knowledge about this topic arises from retrospective
data. Imahashi et al. concluded in their retrospective adult patient cohort of survivors
of adult alloSCT that eosinophilia was associated with milder acute GvHD and better
prognosis among patients with acute GvHD, but the prognostic value of eosinophilia for
GVHD might be limited. Additionally, the pathophysiology behind eosinophilia remains
to be investigated [27]. Regarding chronic GvHD, Brandt Mortensen et al. observed in their
retrospective study no significant association between chronic GvHD with concomitant
eosinophilia and long-term clinical outcomes, and subgroup analyses revealed a consider-
able confounding effect of ongoing steroid treatment. The authors concluded that prognostic
conclusions regarding chronic GvHD with concomitant eosinophilia after alloSCT should be
interpreted with caution, and they suggest a prospective evaluation of chronic GvHD with
eosinophilia following strict definitions and additional cytokine profiling [28]. However, the
study of Beier et al. proposes that the course of eosinophil counts may provide a useful
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parameter in the assessment of chronic GvHD development and activity, allowing the
potential identification of patient subgroups with ongoing outcomes and reduced chronic
GvHD mortality. In this setting, the authors suggest IL-4 and IL-5 as mediators in immune
response due to GvHD causing eosinophilia, as well as steroid therapy being a possible
confounder [29]. At least to our knowledge, Basara et al. performed the only prospective
investigation in this subject area. It was concluded that bone marrow eosinophilia after
alloSCT, probably mediated by endogenous IL-2, predicts severe acute GvHD, but its func-
tional significance is not known and should be determined [30]. So, what is special about
our patient population in comparison to the other studies? Firstly, we provide prospective
data with a point prevalence of chronic GvHD and eosinophilia. Secondly, these are very
long-term survivors with a median overall survival time of 9.0 years, and finally, our pa-
tients did not take any systemic steroids. In summary of this data situation, we propose that
eosinophilia might not be a good prognostic marker, but a good marker for monitoring the
activity of GvHD. Furthermore, it is a very convenient as well as cost-effective marker and
should be considered because of the economic pressure in the healthcare system. Therefore,
further prospective investigations are necessary, including clear definitions and predefined
time points of blood collection as well as evaluation of the pathophysiology behind this
correlation of eosinophilia and GvHD. In this case, we first suggest to include a panel of
proinflammatory interleukins, e.g., IL-2, IL-4, and IL-5, into these prospective studies.

Our study population is also in a good condition regarding HRQoL. The most impor-
tant symptoms are fatigue and pain. Consequently, clinical monitoring of these symptoms
and subsequent treatment are necessary during follow-up.

Interestingly, vitamin D deficiency in long-term survivors of adult alloSCT is signifi-
cantly linked to increased infection rates. Several studies have linked low vitamin D levels
to increased risk of infections [21]. It is also described in clinical evaluations that this
deficiency can lead to more severe infections and a worse outcome, e.g., Seok et al. reported
in their prospective cohort study of 129 subjects that severe vitamin D deficiency can inde-
pendently effect poor prognosis related to sepsis [31]. This is also according to experimental
investigations. Yeh et al. described in their murine sepsis model that their findings suggest
that calcitriol treatment after sepsis induction upregulated the renin–angiotensin-system-
associated anti-inflammatory pathway and decreased immune cell infiltration, which may
have alleviated the severity of acute lung injury in obese mice [32]. Unfortunately, little
is known about the benefits and harms of vitamin D substitution in long-term survivors
of adult alloSCT. Still, vitamin D supplementation may have the potential to decrease
infection rates in these patients, but further interventional investigations are necessary [31].
Furthermore, vitamin D deficiency might also have an impact on HRQoL, e.g., in terms
of bone pain or bone discomfort. Detailed and future investigations should also address
this issue. In this context, it deserves mentioning that recent studies mainly focused on
COVID-19 infections. However, in long-term survivors of alloSCT, other infections are
important to investigate as well, e.g., cytomegalovirus (CMV) infections/reactivations and
other types of respiratory virus infections.

Despite some strengths, like the prospective nature of our study and the long overall
survival time, we have some limitations as well, e.g., the small sample size, which might
lead to selection bias. Consequently, we suggest further prospective multicenter inves-
tigations, as discussed before, regarding eosinophilia and GvHD. These studies might
reveal more robust results. Additionally, another confounder to mention is the differential
influence of immune parameters due to different underlying hematological diseases.

In summary, clinical monitoring of cardiovascular risk factors and GvHD is very impor-
tant during follow-up in long-term survivors of alloSCT, because early intervention or even
prehabilitation can further improve outcomes. Further prospective investigations are necessary.
Eosinophilia might be a good and cheap monitoring parameter for GvHD in survivors of alloSCT.
Here, prospective investigations are of special relevance; they should include the question about
the pathophysiology behind eosinophilia in GvHD. Concerning this pathophysiology, evaluation
of proinflammatory cytokines could be an interesting starting point.
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5. Conclusions

In summary, clinical monitoring of cardiovascular risk factors and GvHD are very
important during follow-up in long-term survivors of alloSCT, because early intervention
or even prehabilitation can further improve outcomes. Further prospective investigations
are necessary. Eosinophilia might be a good and cheap monitoring parameter for GvHD in
survivors of alloSCT. Here, prospective investigations are of special relevance; they should
include the question about the pathophysiology behind eosinophilia in GvHD. Concerning
this pathophysiology, evaluation of proinflammatory cytokines could be an interesting
starting point. Additionally, vitamin D metabolism, and its link to increased infection rates
and vitamin D substitution, needs further investigation.
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