P . 7
university of :7’%//4
groningen ?',,g’z,, University Medical Center Groningen

i

University of Groningen

Incidence of graft-versus-host-disease in Germany

Scheid, Christof; Kudernatsch, Robert; Eckart, Marie; Libutzki, Berit; Feig, Chiara; Mahlich,
Joerg

Published in:
Journal of Public Health

DOI:
10.1007/s10389-022-01736-w

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2023

Link to publication in University of Groningen/lUMCG research database

Citation for published version (APA):

Scheid, C., Kudernatsch, R., Eckart, M., Libutzki, B., Feig, C., & Mahlich, J. (2023). Incidence of graft-
versus-host-disease in Germany: evidence from health care claims data. Journal of Public Health, 31,
1609-1620. https://doi.org/10.1007/s10389-022-01736-w

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/lUMCG research database (Pure): http.//www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 01-02-2024


https://doi.org/10.1007/s10389-022-01736-w
https://research.rug.nl/en/publications/fe306057-5507-4dc1-a0bb-a0608694dd85
https://doi.org/10.1007/s10389-022-01736-w

Journal of Public Health (2023) 31:1609-1620
https://doi.org/10.1007/510389-022-01736-w

ORIGINAL ARTICLE q

Check for
updates

Incidence of graft-versus-host-disease in Germany: evidence
from health care claims data

Christof Scheid’ - Robert Kudernatsch? - Marie Eckart? - Berit Libutzki** - Chiara Feig® - J6rg Mahlich>¢

Received: 21 February 2022 / Accepted: 18 July 2022 / Published online: 8 August 2022
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract

Objective Graft-versus-host disease (GvHD) can occur as an immunological response after an allogeneic hematopoietic cell
transplantation (allo-HCT). Due to the rarity of the disease, German epidemiological data are scarce. Moreover, not all cases
of GvHD are properly documented in daily practice. Against this background, this study aims at providing new estimates on
the incidence of GVHD in Germany.

Methods Based on a large German claims database, a retrospective longitudinal analysis was conducted over a 6-year
period. Patients were selected that received allo-HCT between 2014 and 2015. Follow up period was 3 years. To adjust the
incidence for undocumented cases, steroid prescriptions after an allo-HCT was used as an approximation. Based on both
documented and undocumented GvHD patients, incidence rates were calculated for the population of the German statutory
health insurance (SHI).

Results Among 4,395,540 eligible database enrollees 3,737,317 were continuously insured. Among them we identified
297 patients who received an allo-HCT between 2014 and 2015. Depending on the extrapolation method, this corresponds
to a yearly incidence of 2415-2840 for the SHI population. Of the 297 patients, 134 (i.e., 45.1%) developed a documented
GvHD within three years after the transplantation which translates into a yearly incidence of 1125—1300 GvHD patients.
Based on the medication regimens, we identified 83 additional patients with an suspected GVHD without a documented
diagnosis. Extrapolated to the German SHI population, our estimates suggest that the annual incidence of GVHD, including
undocumented cases, could be as high as 1822—2105, which is higher than previously reported.

Conclusion More patients may be affected by GVHD in Germany than reported. Appropriate adjustments need to be made
when utilizing administrative data.

Keywords Graft vs host disease - Epidemiology - Germany - Database analysis - Claims data
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Allogeneic hematopoietic cell transplantation (allo-HCT)
is an increasingly used curative modality for hematological
malignancies (Harris et al. 2013). Graft-versus-host-disease
(GvHD) is a common complication after allo-HCT and is
associated with a mortality rate of 50% (Barton-Burke et al.
2008). GvHD can be subdivided into acute GvHD (aGvHD)
and chronic GvHD (cGvHD). aGvHD usually manifests
within 100 days following allo HCT but may also occur
later (“late-onset”) (Zeiser et al. 2019). It primarily affects
the skin (rash/dermatitis), liver (hepatitis/jaundice), and
gastrointestinal tract (abdominal pain/diarrhea) (Jacobsohn
et al. 2007). aGvHD is staged (I-1V) and graded (0—4) by the
extent of organ involvement (Zeiser et al. 2019). In compari-
son, the onset of cGVHD normally begins > 100 days after
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allo-HCT either de novo or following an aGvHD (Toubai
et al. 2008). It can be divided into mild, moderate, and severe
forms (Wolff et al. 2019) and has a wide range of clinical
manifestations, including the skin, mucosa, muscles/joints,
gastrointestinal tract, and lungs (Flowers and Martin 2015).

Although yearly transplant activities are accessible
through the German registry for stem cell transplants
(DRST) (DRST 2018), data on incidence of graft-versus-
host-disease (GvHD) is limited. The current German con-
sensus guideline on GvHD estimates that the risk of devel-
oping cGvHD after allo-HCT is around 50%, while it is
between 30-60% for aGvHD (Wolff et al. 2019; Zeiser et al.
2019). The individual risk for aGvHD depends on several
patient, donor, and transplant-related factors (Ferrara et al.
2009; Jamil and Mineishi 2015; Zeiser and Blazar 2017).
The incidence of cGvHD is rising due to the increase in
age, the increasing use of unrelated donors, of dose-reduced
conditioning, and the use of blood stem cells (Lee et al.
2003). According to the consensus guidelines on aGvHD
and cGvHD, immunosuppressive corticosteroid treatment
plays an important role as first-line therapy. In mild cases,
topical corticosteroids may be used. The combination of cor-
ticosteroids with other immunosuppressive agents should
be considered to reduce the long term use of corticosteroids
(Wollff et al. 2010; Martin et al. 2012; Mielcarek et al. 2015).
In moderate or severe cases, systemic glucocorticoids are
typically needed. For preventive measures, a combination of
calcineurin inhibitors (CNI) and other immunosuppressants
given from the time of transplantation is recommended.
Corticosteroids are generally not considered appropriate for
prophylaxis of GVHD (Wolff et al. 2019).

Although GvHD is a frequent immunological complica-
tion after an allo-HCT, the number of transplants is rela-
tively small, making GVHD a rare disease with limited data
on epidemiology. Moreover, in Germany coding in clinical
practice is dominated by the main disease and related pro-
cedures, and therefore accurate coding of GvHD may be
surrounded by uncertainties. Hence, it can be assumed that
there are undocumented cases, and that the actual burden of
disease for GVHD is higher than reported.

Based on claims data of the German statutory health
insurance (SHI) system, the objective of this study was
to evaluate the incidence of GvHD for both aGvHD and
cGvHD after an initial allo-HCT considering both docu-
mented and potentially undocumented cases.

Methods
Data source and sample size

This retrospective longitudinal study was based on an
anonymized database (Institute for Applied Health Research

@ Springer

Berlin GmbH, InGef) from the German SHI claims data sys-
tem. The German SHI was established in 1883 by chancellor
Bismarck and was the first social health insurance system
in the world (Busse et al. 2017). Currently, it covers around
88% of the German population. The InGef database provides
information on ~4.9 million member-records from over 53
nationwide sick funds and resembles the overall German
population in terms of morbidity, mortality, hospitalization,
and drug usage (Andersohn and Walker 2016). The data-
base has been used for health care research covering various
indications (Kossack et al. 2018; Gothe et al. 2022; Sewerin
et al. 2021, 2022; Mahlich et al. 2021). This analysis was
conducted over a six-year period (2013-2018). The analy-
sis was in line with the German guidelines of the “Good
Practice of Secondary Data Analysis” (Swart et al. 2015).
Moreover, we applied the items of the STROSA-checklist
(STandardized Reporting Of Secondary data Analyses)
(Swart and Schmitt 2014).

Ethical approval, data protection, and data
availability

The analysis did not involve any decisions regarding inter-
ventions or the omission of interventions. Moreover, all indi-
vidual patient data are anonymized in the research database
to comply with German data protection regulations. Patient
numbers below five were not reported. Accordingly, institu-
tional review board/ethical approval and informed consent
of the individuals were not required.

To conduct this study, the authors had access to the aggre-
gated, anonymized healthcare data as per pre-defined study
protocol. Due to the sensitivity of the data and data protec-
tion regulations, the analysis datasets of the current study
will not be shared or stored at a public repository. Analysis
datasets can be assessed upon request at the Institute for
Applied Health Research Berlin (InGef), if required.

Patient selection for documented
and undocumented cases

According to the German modification of the International
Classification of Procedures in Medicine (ICPM), the index
was defined as the first day of hospitalization with Operation
and Procedure classification System (OPS) coding, of trans-
fusion of peripheral hematopoietic stem cells (8—-805.2—
8-805.5 OPS codes) or transplantation of hematopoietic
stem cells from the bone marrow (5-411.2—5-411.5 OPS
codes) in 2014-2015 (two years pooled). Only continuously
insured patients were included in the analysis to avoid loss
to follow-up. Patients with initial allo-HCT were identified
as having no record of transplantation and no documentation
of GvHD diagnosis 365 days (baseline) before index. Those
patients were individually observed over three years for
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development of GVHD after allo-HCT and were identified
using the International Statistical Classification of Diseases,
10th revision, German Modification (ICD-10-GM) of T86*
(failure and rejection of transplanted organs and tissues) as
at least one confirmed outpatient or inpatient (main or sec-
ondary) diagnosis, see Table 1. Steroid prescription is not
a requirement to count as documented case (based on ICD-
10). Since patients can develop both aGvHD and cGvHD,
patients with documentation of both diseases were assigned
into both subgroups (including initial documented diagnoses
and diagnoses documented in the follow-up period).

As corticosteroids are typically used for initial treat-
ment of GVHD according to German guidelines and other
literature (Flowers and Martin 2015), the epidemiology of
GvHD beyond documentation of the diagnosis (estimated

Table 1 Identification of patients with GVHD diagnosis based on the
German modified International Statistical Classification of Diseases,
10th revision (ICD-10-GM)

ICD-10-GM classification according to the German
Institute for Medical Documentation and Information

(DIMDI)
T86.— Failure and rejection of transplanted organs and tissues
T86.00 Hematopoietic stem cell transplant failure
T86.01 Acute GvHD, grades I and 11
T86.02 Acute GvHD, grades III and IV
T86.05 Chronic GvHD, mild
T86.06!  Chronic GvHD, moderate
T86.07>  Chronic GvHD, severe
T86.09 GvVvHD, unspecified

1786.06: T86.03 ICD-10 code before 2016
2T86.07: T86.04 ICD-10 code before 2016

number) was based on the outpatient medication use of
topical and/or systemic corticosteroids. The division into
topical and systemic corticosteroids was made using the ana-
tomical therapeutic chemical classification (ATC), listed in
Table 2. To distinguish between undocumented acute and
chronic patients, the time to first corticosteroid prescrip-
tion after allo-HCT was calculated and patients were dif-
ferentiated according to time to steroid prescription (first
prescription < 100 days after allo-HCT or first prescrip-
tion > 100 days after allo-HCT). The former category likely
corresponds with an aGvHD and the latter with cGVHD as
this distinction in timing post-transplant (< 100 days ver-
sus > 100) has been suggested based on the current German
guideline on GVHD rather than clinical manifestation, which
is not accessible in the claims database used.

To account for a progressive onset of cGVHD after docu-
mented de novo aGvHD, both the time of first corticoster-
oid prescription and the length of corticosteroid prescrip-
tion were examined. Patients with only documented aGvHD
diagnosis who initially received first prescription of corticos-
teroids either (1) > 100 days after allo-HCT or (2) < 100 days
after allo-HCT and continued prescriptions for > 6 months,
were subsequently assigned to the cGvHD group. Patients
with only documented cGvHD were analyzed for prescrip-
tions < 100 days after allo-HCT to be additionally assigned
to the aGvHD group.

Three patient groups with allo-HCT were analyzed to
determine estimated number by identifying additional
patients with potentially undocumented GvHD cases:

(1) Patients with initial documented unspecific GVHD cod-
ing (T86.00 and/or T86.09 ICD-10-GM),

Table 2 Topical and systemic
corticosteroids for outpatient

Corticosteroids

treatment of GVHD

Prescriptions based on anatomical therapeutic chemical (ATC) level in the

outpatient setting and according to DIMDI

Systemic corticosteroids

Betamethasone

HO2 Corticosteroids for systemic use, pure

Cortisone
Dexamethasone
Hydrocortisone
Methylprednisolone
Prednisolone
Prednisone
Triamcinolone

Topical corticosteroids

Betamethasone
Budesonid
Cortisone
Dexamethasone
Hydrocortisone
Methylprednisolone

AO1C Corticosteroids for oral local treatment
AO7EA Corticosteroids with local effects

D07 Corticosteroids, dermatological preparations
RO1AD Corticosteroid

S01 Ophthalmics

S03 Ophthalmological and otological preparations

Prednisolone
Prednisone
Triamcinolone

@ Springer
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(2) Patients with initial documented specific acute (T86.01-
T86.02 ICD-10-GM) or chronic (T86.05-T86.07 ICD-
10-GM) GvHD coding, and

(3) Patients without GvHD documentation, see Table 3.

Hence, undocumented cases were searched for in these
three groups via steroid prescription pattern.

Our basic assumption is that patients do not receive
steroids in the outpatient setting for reasons other than
GvHD. However, in some cases, corticosteroids may
potentially be used as part of a therapy for relapse of
the malignant disease. To correct for this potential bias
in the estimated GvHD rate, patients with at least one
prescription of a defined relapse medication (Table 4)
within 6 months after first prescription of predefined cor-
ticosteroids were excluded from the estimated number.
This applied to only one patient. This small correction

factor highlights that GVHD case identification by using
steroid prescription patterns is a sound approach. Based
on the described patient selection (Table 3), the aim was
to determine epidemiologic data and subsequently pro-
vide an epidemiological range from the minimum (docu-
mented patient counts with GvHD) to the maximum (sum
of documented patients counts and estimated number of
GvHD). We extrapolated our results to the entire Ger-
man SHI population. For this, two factors were calculated
based on the mean number of the German SHI population
of 71,490,069 (2014-2018) and the number of insured
persons in the database (lower range; 4,318,401), which
is age- and gender-adjusted, versus the number of con-
tinuously insured persons in the database (upper range;
3,887,554) (Table 5). The number of insured persons
in Germany was extracted from the KM6 statistics of
the Federal Ministry of Health (Bundesministerium fiir
Gesundheit 2022).

Table 3 Criteria for assigning patients after allo-HCT into the estimated number of undocumented cases

Patient selection for estimated number

Interim steps for identifying potential undocumented GvHD patients after

allo-HCT

Number of patients without any documented GvHD diagnosis in FU total® and

started first steroid prescription either < 100 days or > 100 days

Assign to:
GvHD (total) Undocumented GvHD
Acute GVHD (1) Undocumented GvHD

Number of patients without any documented GvHD diagnosis in FU total and

started first steroid prescription < 100 days

(2) Unspecific GYHD Dx' (T86.00+T86.09) Number of patients only documented with unspecific GVHD (no specific acute
GvHD diagnosis coded in FU total). Out of these, the number of patients
started first steroid prescription < 100 days

(3) Chronic GVHD Dx (T86.05-T86.07)

Number of patients with documented chronic GvHD and without documented

acute GVHD Dx in FU total. Out of these, the number of patients started first
prescription < 100 days

Chronic GVHD (4) Undocumented GVHD Dx

Number of patients without any documented GvHD diagnosis in FU total and

started first steroid prescription > 100 days

(5) Undocumented GvHD Dx

Out of (1), patients with steroid use after > 100 days and for longer than

6 months

(6) Unspecific GVHD Dx (T86.00+T86.09)

Number of patients only documented with unspecific GVHD (no specific

chronic GvHD diagnosis coded in FU total). Out of these, the number of
patients started first steroid prescription > 100 days

(7)  Unspecific GVHD Dx (T86.00+T86.01)

Number of patients only documented with unspecific GVHD (no specific

chronic GVHD diagnosis coded in FU total). Out of these, the number of
patients started first steroid prescription < 100 days and continued steroid
prescriptions longer than 6 months (after 100 days)

(8) Acute GvHD Dx (T86.01-T86.02)

Number of patients with documented acute GvHD and without documented

chronic GVHD Dx in FU total. Out of these, the number of patients started
first prescription > 100 days

(9) Acute GVHD Dx (T86.01-T86.02)

Number of patients only documented with acute GvHD (no specific chronic

GvHD diagnosis coded in FU total). Out of these, the number of patients
started first steroid prescription < 100 days and continued steroid prescrip-
tions longer than 6 months (after 100 days)

'Dx = coded/documented ICD-10-GM diagnosis; “FU total refers to the follow-up period of three years
2T86.06: T86.03 ICD-10 code before 2016; T86.07: T86.04 ICD-10 code before 2016

@ Springer
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Table 4 Examination of relapse
medication (for relapse) to
correct the estimated number
of GvHD

Relapse medication (recurrence)

Prescriptions based on both anatomical therapeutic chemical (ATC) level in the
outpatient setting and operation and procedure classification system (OPS) level in
the inpatient setting according to DIMDI

Relapse medication ATC OPS
Carfilzomib LO1XX45 6-008.9
Daratumumab L01XC24 6-009.a
Lenalidomide LO4AX04 6-003.g
Elotuzumab LO1XC23 6-009.d
Panobinostat LO1XX42 6-009.2
Ixazomib LO1XX50 6-00a.9
Melphalan LOIAAO3 /
Pomalidomide L0O4AX06 6-007.a
Doxorubicin L01DBO01 6-001.b or 6-002.8
Vincristine LO1CAO02 J
Etoposide LO1CBO1 J
Cytarabine (Ara-C) L01BCO1 6-002.a
Cisplatin LO1XAO1 J
Daunorubicin L01DB02 A
Blinatumomab LO1XC19 6-008.7
Gemcitabine LO1BCO5 6-001.1
Vinblastine LO1CAO1 /
Vinorelbine LO1CA04 J
Bleomycin LO1DCO1 A
Procarbazin L01XBO01 /
Carmustin LO1ADO1 6-003.3
Vindesin LO1CAO03 J
Carboplatin LO1XA02 A
Ifosfamid LO1AAO6 J
Asparaginase LO1XX02 6-003.n or 6-003.p or 6-003.r

Statistical analysis and outcomes

Descriptive statistics were used to analyze patient charac-
teristics and summarized in a patient flow. Time in months
from allo-HCT until first documented GvHD diagnosis
(acute and chronic) was examined. Additionally, time in
months from allo-HCT until first prescription of prede-
fined topical and/or systemic corticosteroids for both docu-
mented and undocumented GvHD patients was analyzed.
The outcome parameters, namely time-to-GvHD-diagnosis
and time-to-steroid prescriptions based on Kaplan—-Meier
estimator, were evaluated to verify the comparability of
documented and undocumented patients. For the time-
to-steroid prescription analyses, logrank tests (pairwise)
were performed between the group of documented and
undocumented GvHD patients to show that there is no
difference between the cohorts in the probability of an
event (prescription of steroid). The aim was to confirm
comparability between the two patient cohorts and to show
that the estimation of undocumented GvHD cases and cor-
rection mechanism is reasonable. Calculation of probabili-
ties was performed per month for the total observation of
three years.

Results
Patient flow and characteristics of allo-HCT patients

Out of 4,395,540 insured persons in 2014-2015, 297 patients
with initial allo-HCT were identified in the database, which
corresponds to 2451-2840 patients extrapolated to the Ger-
man SHI population per year (Fig. 1). This annual incidence
of allo-HCT is comparable to the number of cases regis-
tered in the DRST (2996 in 2014 and 3052 in 2015) (Beelen
and Mytilieneos 2015, 2016). Gender distribution showed a
higher share of male patients (64%). Patients were on aver-
age 50.6 years old (SD 16.7), which is comparable to the
median age of 50.09 estimated for Germany according to
the DRST (Beelen and Mytilieneos 2019).

Documented GvHD diagnosis

Out of the 297 patients receiving an allo-HCT, 134
patients (i.e., 45%) developed GvHD (T86* ICD-10-GM)
after allo-HCT within the follow-up period of 3 years
(2016-2018). Among those, most patients (40%, n = 120)
developed initial GvHD within the first year. The initial

@ Springer
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Table 5 Epidemiological ranges of GVHD population (including documented cases and estimated number) and extrapolation to the German
population

Epidemiological ranges (incidence)

GvHD within 3 years of follow-up after allo-HCT

Documented Documented unspecific Documented specific Undocumented Upper range
GvHD coding!  GvHD coding and steroid GvVvHD coding and steroid ~ GvHD and steroid (extrapolation per year)
Lower range’  Rx? Rx? Rx*
(extrapolation
per year)
GvHD total 134 J A 83 217
(1125—1300) (1822 -2105)
Acute GVHD 90 9 14 60 173
(756-873) (1452- 1678)
Chronic GYHD 71 10 (4+6) 27 (21+6) 57 (23+34) 165
(596-689) (1385 -1601)

!Patients with documented acute and/or chronic GVHD based on ICD-10-GM as well as patients with documented unspecific GYHD coding and
later in FU total specific acute or chronic GvHD coding

ZPatients with documented unspecific GVHD coding and started first steroid prescription either < 100 days or> 100 days after allo-HCT. And
patients continuing with steroid prescription after > 100 days and for longer than 6 months

3Patients with documented acute or chronic GVHD coding and estimated undocumented acute or chronic GvHD based on corticosteroids
2.3 is only included when considering aGvHD and cGvHD separately

“Patients with no coding of GVHD (none) and started first steroid prescription either < 100 days or> 100 days after allo-HCT

5 Number of GvHD total excludes double count of patients with aGvHD and cGvHD

"For the extrapolation of patients with allo-HCT two factors are calculated based on the mean number of German members of the statutory
health insurance of 71,490,069 (2014-2018) and the number of insured persons in the database (lower range; n=4,395,540) versus the num-
ber of continuously insured persons in the database (upper range; n=3,737,317). Factors range from 16.79 (71,490,069/4,395,540) to 19.40
(71,490,069/3,737,317)

Fig.1 Flow chart of study Total insured persons in database 2013-2018 (age- and gender-

population with initial allo-HCT adjusted): 4,932,496
and extrapolated to the German
population l

Total insured persons in database 2014-2015 (age- and gender-
adjusted): 4,395,540

|

Continuously insured persons in database 2014-2015:

3,737,317 E Transfusion of peripheral
# > \ hematopoietic stem cells: 272
___________________ -

Transplantation of hematopoietic
v stem cells from bone marrow: 25

Patients receiving allogeneic HCT (index date-specific in
inpatient care) in Q1 2014 — Q4 2015: 297

Mean age: 50.6 i
Gender: 64% (n=191) male; !
36% (n=106) female !

Demographics

v

2,415 (factor: 16.26)" to 2,840
(factor19.13)" / per year

Extrapolation to the German population

Annual incidence of allo-HCT per year and
extrapolated to the Germen population of the
statutory health insurance:

2,451 - 2,840 (administrative incidence
0.0034% - 0.0040%)

@ Springer
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diagnosis was documented 6.9 months (median) after
allo-HCT (> 100 days) for cGvHD, and 1.8 months
(median) after allo-HCT (< 100 days) for aGvHD.

Documented GvHD diagnosis was considered as the
lower boundary of the epidemiological range, meaning
that all patients with a respective diagnosis independent of
a previous other GVHD diagnosis were considered. Out of
the 134 patients with GvHD (total), 90 patients developed
aGvHD (n=78 with initial aGvHD, n=8 with aGvHD
after or simultaneously to cGvHD and n=4 with aGvHD
after unspecific GVHD diagnosis). In total, 71 patients
with cGvHD in follow-up were identified (n=30 with ini-
tial cGvHD, n=34 with cGvHD after or simultaneously
to aGvHD and n=7 with cGVHD after unspecific GYHD
diagnosis).

Undocumented GvHD diagnosis (estimated number)

Among the unspecific GVHD coded patient group
(Table 3), nine patients were assigned to the aGvHD
type and ten to the cGvHD type. Of those ten patients,
six patients initiated steroids > 100 days after an allo-
HCT, and four started steroid treatment < 100 days after
an allo-HCT and continued for more than 6 months.
Fourteen patients with only documented cGvHD diag-
nosis were identified by prescriptions < 100 days after
allo-HCT to be additionally assigned to the aGvHD
group. Twenty-one patients with only documented
aGvHD diagnosis who still received corticosteroids
after > 100 days after allo-HCT and continued prescrip-
tions for > 6 months were subsequently assigned to the
c¢GVvHD group. In addition, six patients with only docu-
mented aGvHD diagnosis received their first prescrip-
tion > 100 days after an allo-HCT and therefore were also
assigned to cGvHD.

Eighty-four patients without documented GvHD diag-
nosis received at least one prescription of topical and/
or systemic corticosteroids (Table 2) within the 3-year
follow-up. One patient was excluded due to relapse medi-
cation (Table 4); thus, 83 patients were assigned to the
estimated number (28% after allo-HCT) that showed no
documented GvHD coding.

Out of these 83 patients, 72% (n=60) received their
first prescription < 100 days after an allo-HCT, and hence
were assigned to aGvHD; 28% (n=23) received their
first prescription > 100 days after an allo-HCT, and hence
were assigned to cGvHD. Of those 60 aGvHD patients
that received their first prescription < 100 days after allo-
HCT, 34 patients continued treatment with corticoster-
oids and had at least one prescription after 100 days for
longer than 6 months and were therefore assigned to
cGvHD as well.

Epidemiological ranges

Epidemiological ranges including extrapolation to the Ger-
man population were computed, see Table 5. Documented
GvHD diagnoses were used as the lower range. The sum
of documented GvHD patient counts and estimated number
resulted in the upper range. Considering both documented
(GVvHD total n=134; excluding double count of patients
with aGvHD and ¢cGvHD) and undocumented (n=83)
patients, the share of patients developing GvHD after allo-
HCT within three follow-up years was at 73%.

Patient characteristics

The share of male patients is comparable between docu-
mented GVHD at 60% (n=_81 out of 134) and undocumented
GVvHD at 69% (n=57 out of 83) (Table 6). Regarding
aGVvHD type, the share of male patients is 13% higher for
the estimated number (70%) compared to the documented
aGVHD patients (57%), whereas the share of chronic male
patients is only 4% higher for the estimated number (62%)
compared to documented patients (58%). This male predom-
inance aligns with the literature (Beelen and Mytilieneos
2019). Age stratification (< 12 years vs.> 12 to < 18 years
vs. > 18 years) reveals that the majority of GvHD patients
(n=202; 93%) were 18 years or older (> 18 years). Among
those patients being 18 years or older, 62% (n= 126 out of
202) were documented and 38% (n=76 out of 202) were
undocumented. Only 7% (n=15) of the GvHD patients
(total) were younger than 18 years, with a mean age for
GvHD patients (total) of 50.7 years (SD 16.4). Overall,
patient characteristics are comparable between documented
GvHD patients and the estimated number.

Comparability between documented
and undocumented cases

Kaplan—Meier curves were plotted, showing the time-to-
steroid prescription and time-to-diagnosis-documentation
of aGvHD (Fig. 2). Over the first two months of follow-up,
the prescription patterns for documented and undocumented
aGvHD patients were nearly identical. The median time to
diagnosis was 1.8 months showing that most patients with
documented aGvHD were diagnosed within 100 days after
allo-HCT.

Figure 3 shows the time-to-steroid prescription and time-
to-diagnosis-documentation of cGvHD. Time-to-steroid
prescription patterns after 6 months are comparable for the
documented (23%) and undocumented (28%) cGvHD patient
groups. Over 3 years of follow-up, Fig. 3 illustrates that the
documented cGvHD patient group is not completely congru-
ent with its estimated number, particularly in comparison to
the acute type.
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Table 6 Characteristics of patients with GvHD (including documented cases and estimated number) differentiated between acute and chronic

subgroup

Characteristics of patients with GYHD

GvHD (total) Documented GvHD Estimated number of GvHD Total
Number of patients, n (database) 134 83 217
Age (SD) 50.9 (16.4) 50.4 (16.7) 50.7 (16.4)
N< 12 years <5 <5 7 (3%)
N>12to< 18 years <5 <5 8 (4%)
N> 18 years 126 (94%) 76 (92%) 202 (93%)
Gender, n (%)
Male 81 (60%) 57 (69%) 138 (64%)
Female 53 (40%) 26 (31%) 79 (36%)
Acute GVHD Documented acute GVHD Estimated number of acute GYHD Total
Number of patients, n (database) 90 83 173
Age (SD) 51.4 (17.2) 50.0 (15.2) 50.8 (16.2)
N< 12 years <5 <5 <5
N>12to< 18 years <5 <5 8 (5%)
N> 18 years 83 (92%) 78 (94%) 161 (93%)
Gender, n (%)
Male 51 (57%) 58 (70%) 109 (63%)
Female 39 (43%) 25 (30%) 64 (37%)
Chronic GYHD Documented chronic GvHD Estimated number of chronic GYHD Total
Number of patients, n (database) 71 94 165
Age (SD) 52.6 (13.3) 50.2 (16.5) 51.2 (15.2)
N <12 years 0 <5 <5
N>12 to< 18 years <5 <5 <5
N > 18 years 69 (97%) 88 (94%) 157 (95%)
Gender, n (%)
Male 41 (58%) 58 (62%) 99 (60%)
Female 30 (42%) 36 (38%) 66 (40%)
Discussion developing cGvHD within three follow-up years after allo-

With this study following a comprehensive explorative
analysis of claims data, we are able to present real-world-
evidence for GvHD after allo-HCT in Germany. This ret-
rospective longitudinal study provides insights into the
epidemiology and related burden of disease of patients
with GvHD who are difficult to access and have not been
previously investigated by German health claims data. This
method can be used as a best-practice example to collect
epidemiological data on rare diseases with a potentially
high number of undocumented cases. With regard to the
lack of data on the incidence of GvHD and subgroups in
Germany, these first insights into patient numbers are espe-
cially valuable.

The current consensus guideline on GvHD estimates
that the risk of developing GvHD after allo-HCT is 50%
for cGvHD and 30-60% for aGvHD (Wolff et al. 2019;
Zeiser et al. 2019). This study reveals that by considering
documented cGvHD patients only, the share of patients

@ Springer

HCT is only 24% (n="71 out of 297). However, by adding
the undocumented cases, the share of patients developing
c¢GvHD after allo-HCT increases to 56% (n=165 out of
297), which is even higher than previously described. When
it comes to the extrapolated incidence, older studies reported
500 new patients per year for Germany (Wolff et al. 2011),
which is even slightly lower than the annual number of docu-
mented cases in our analysis (596-689). Including the poten-
tially undocumented patients results in an estimated inci-
dence of 1385—1601, which would be more than three times
that previously reported. One explanation is that increasing
incidence rates for cGVHD are observed all across Europe,
which can be attributed to increasing patient age and the
increasing use of mismatched donors (Arai et al. 2015).

Similarly, this study identifies that only 30% (n=90 out
of 297) of documented patients developed aGvHD after
allo-HCT; however, considering the estimated number, this
study identifies a share of 58%, which is at the upper end of
previous estimations.
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Fig.2 Kaplan—Meier plot for

probability in months from

allo-HCT until steroid prescrip- 1.0
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This research has shown that more patients are presum-
ably affected than documented and therefore their resource
use is not visible among the GvHD patient collective. The
high number of estimated but not documented cases war-
rants more detailed analyses within these cohorts. Large
scale studies including documented and undocumented cases
are needed to assess the specific characteristics and needs of
all patients suffering from GvHD after allo-HCT. The high
estimated incidence of GvHD after allo-HCT, as shown in
this study, underlines the necessity for improving interven-
tions for both prevention and treatment of GvHD and related
post-transplant immune dysfunction. This is underlined by a
high burden of disease and mortality rate of GVHD patients
(Goerner et al. 2002).

SHI claims data is primarily designed to allocate
resources in the healthcare system and the accuracy of the
obtained information depends on coding practices (Konrad
et al. 2019). Hence, only documented patients are observed,
which can lead to an underestimation of the administrative
incidence. This is why this methodological approach was
used to identify potentially undocumented cases.

Kaplan—Meier plots showing the probability of prescrip-
tion of corticosteroids among documented and undocu-
mented patients cohorts suggests the comparability of the
aGvHD type, whereas the prescription patterns for the

Time in months

Time-to-prescription aGvHD (estimated number) - -=---- Time-to-aGvHD diagnosis (documented)
Time-to-prescription aGvHD

documented)

c¢GVHD cohorts were less indicative. Such findings hint at a
poor documentation of (late onset) cGvHD diagnosis with-
out steroid prescription after 100 days of allo-HCT.

According to guidelines of aGvHD and cGvHD, treat-
ment with corticosteroids plays an important role as first-line
therapy. However, inpatient prescriptions were not acces-
sible in the analysis due to diagnosis-related group (DRG)
lump sums. For instance, six patients were identified with
only documented aGvHD diagnosis who received their
first prescription > 100 days after an allo-HCT. Therefore,
those patients were assigned to the cGvHD group. However,
those six patients might imply a late onset of aGvHD or they
received first prescription of corticosteroid in the inpatient
sector, which would not be visible in the database. Due to
this limitation of German SHI claims data, patients who
received steroids in the inpatient sector and were not docu-
mented based on ICD-10-GM coding could not be identified
as GvHD cases. Moreover, disease severity was not visible
in the dataset for undocumented cases (estimated number
based on steroid prescription). A differentiation may be of
interest for further studies based on datasets, which include
the specific information.

The key assumption to allow capture of undocumented
GvHD cases is that every GvHD event can be identified
by use of corticosteroids. This may potentially have led to
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Fig.3 Kaplan—Meier plot for

probability in months from

allo-HCT until steroid prescrip- 10
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an overestimation of GvHD cases; however, the analysis
focuses on outpatient steroid prescriptions. In the outpatient
setting it is very unlikely that a patient receives a prescrip-
tion of steroids for reasons other than GvHD (e.g., trans-
fusion premedication). Another assumption in our study is
that corticosteroids are not considered for prophylactic use,
as typically a combination of a CNI such as Cyclosporin A
or Tacrolimus with methotrexate or mycophenolate Mofetil
(MMF) are used as prophylactic therapy (Zeiser et al. 2019).

Moreover, three factors may have influenced the esti-
mation of GvHD cases, which should be considered for
further studies analyzing steroid prescriptions and assess
those as a possible correction factor. First, the distinction
in timing post-transplant (< 100 days versus > 100) for
developing aGvHD or cGvHD has been made based on
the current German guideline on GvHD rather than clini-
cal manifestation, which is not accessible in the claims
database used. Second, corticosteroids may have been pre-
scribed for adverse reactions other than GvHD, such as
auto-immune diseases or patients may have received for a
short time corticosteroids for unspecific reasons (diarrhea,
nausea). Third, patients living at distant sites (distant to

@ Springer

Time in months

Time-to-cGvHD diagnosis (documented)

the transplant center) may have received a preemptive or
anticipatory prescription to be taken in case of GVHD.

Apart from premedication for infusion/transfusion and
relapse medications for the underlying disease, which
may require combination with a corticosteroid, any event,
which triggers the use of corticosteroids, can be consid-
ered a GVHD event after allo-HCT.

In conclusion, to account for the complexity of GvHD
and to take coding practices in a real-world setting into
consideration, one must rely on surrogate parameters for
assessing clinical manifestation or medication intake in
addition to identifying patients solely based on disease
documentation.
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