
Vol.:(0123456789)1 3

The European Journal of Health Economics (2021) 22:169–180 
https://doi.org/10.1007/s10198-020-01249-x

ORIGINAL PAPER

Real‑world study of direct medical and indirect costs and time spent 
in healthcare in patients with chronic graft versus host disease

Frida Schain1,2,3   · Nurgul Batyrbekova4,5 · Johan Liwing1,6   · Simona Baculea7 · Thomas Webb7 · 
Mats Remberger8   · Jonas Mattsson9,10,11

Received: 11 December 2019 / Accepted: 17 November 2020 / Published online: 4 December 2020 
© The Author(s) 2020

Abstract
Chronic graft versus host disease (cGVHD) is a debilitating and costly complication following haemopoietic stem cell 
transplantation (HSCT). This study describes the economic burden associated with cGVHD. Direct costs associated with 
specialised healthcare utilisation (inpatient admissions and outpatient visits), as well as indirect costs associated with sick-
ness absence-associated productivity loss were estimated in patients who underwent allogeneic HSCT in Sweden between 
2006 and 2015, linking population-based health and economic registers. To capture the period of chronic GVHD, patients 
were included who survived > 182 days post-HSCT (start of follow-up), and cGVHD was classified based on patient treat-
ment records to correct for any diagnosis underreporting. Patients were classified as ‘non-cGVHD’ if they received no 
immunosuppressive treatment, ‘mild cGVHD’ if they received only systemic corticosteroid treatment or immunosuppressive 
treatment, or ‘moderate–severe cGVHD’ if they received extracorporeal photopheresis (ECP) only, corticosteroid treatment 
and immunosuppressive treatment, or systemic corticosteroid treatment and ECP treatments. Patients with moderate–severe 
cGVHD spent more time in healthcare, had higher healthcare resource costs and higher sickness absence-related productivity 
loss compared to patients with non- or mild cGVHD. The cumulative total costs during the first 3 years of follow-up were 
EUR 14,887,599, EUR 20,544,056, and EUR 47,811,835 for non-, mild, and moderate–severe groups, respectively. The long-
term costs incurred with cGVHD following HSCT continue to be very high and significantly impacted by cGVHD severity. 
This study adds real-world health resource and economic insight relevant for policy-makers and healthcare providers when 
considering the clinical challenge of balancing immunosuppression to reduce cGVHD.
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Introduction

In 2012, there were 31,926 reported allogeneic haemopoi-
etic stem cell transplantations (HSCTs) in 77 of the 79 
countries known to have performed HSCTs [1]. Chronic 
graft versus host disease (cGVHD) is a debilitating long-
term complication associated with HSCT [2], affect-
ing approximately 30%–70% of HSCT recipients [3–5], 
with many associated symptoms presenting in the first 
year post-HSCT [6]. An incidence model estimated that 
the number of patients with mild, moderate, and severe 
cGVHD in Europe will rise from 908 to 977, 1375 to 1481, 
and 935 to 1007, respectively, between 2019 and 2023 
[7]. The skin, eyes, lungs, mouth, gastrointestinal tract, 
musculoskeletal system, genitals, liver, and immune sys-
tem are commonly affected [8, 9]. cGVHD is associated 
with a lower risk of relapse of haematological malignancy 
[10, 11]. However, it is also associated with an increased 
risk for non-relapse-related mortality and inferior overall 
survival in patients with more severe disease [10, 12, 13]. 
Further, cGVHD adversely affects patients’ health-related 
quality of life (QoL) and functional status, with disease 
severity and organ involvement being key risk factors for 
such outcomes [14–16].

The disease has been recently well characterized by the 
2005/2014 National Institutes of Health (NIH) Consensus 
Conference that standardized the criteria for the diagnosis 
of cGVHD [17]. These criteria are the standard for imple-
menting decisions on cGVHD treatment and enrolment in 
clinical trials. Data from an international survey to estab-
lish the uptake of NIH recommendations suggest, however, 
that these recommendations were used only by 54%–69% 
of respondents (including physicians, nurse practitioners, 
and physicians’ assistants) [18]. Without widespread adop-
tion of international standards, there is a potential risk 
of misdiagnosing or under-diagnosing cGVHD. Through 
Swedish national registers, we conducted a retrospective, 
population-based, longitudinal study of patients with 
cGVHD [19]. Instead of a method based on presentation, 
such as the NIH criteria, we have established a method 
that considered the timing and extent to which patients 
received systemic immunosuppressive cGVHD treatment 
following HSCT (Supplementary Fig. 1 and 2 in Online 
Resource; [19]). We found a significantly higher incidence 
of cGVHD (71.9%) in long-term survivors (> 182 days 
post-HSCT) than previously reported in Sweden (38.0%) 
[20], and significantly higher morbidity rates for patients 
with moderate–severe cGVHD versus those with non- and 
mild cGVHD [19].

Studies have shown that cGVHD remains a barrier to 
reducing the cost burden for long-term survivors after 
HSCT. Although a number of studies have assessed this 

cost burden, there are few recent studies of the burden of 
cGVHD following HSCT [21–24]. Notably, an economic 
study in France (n = 134) in adults with acute leukaemia 
showed that patients with cGVHD required an additional 
12 days of hospitalization, at a cost of EUR 765 per day 
[22]. In a recent pharmacoeconomic analysis in Tunisia of 
patients who had undergone HSCT with acute and chronic 
leukaemia, the average direct cost of managing cGVHD 
was threefold higher than for those without cGVHD 
[USD 19,523 (n = 13) versus 6073 (n = 19), respectively; 
p = 0.032] [24]. A recent US claims study (n = 523) 
reported steroid-resistant cGVHD patients spent signifi-
cantly more days in healthcare and had higher healthcare 
resource utilisation costs, particularly inpatient costs, com-
pared to non-cGVHD patients in the first 2 years post-
HSCT [25]. In Belgium, cost of inpatient care alone for 
cGVHD following HSCT was estimated at approximately 
EUR 2600 per month [26].

Beyond direct health care cost, indirect costs also have 
a significant contribution to the total cost of illness [27]. 
Studies published since 2010 have reported that cGVHD 
burden of illness translates into a higher cost to society and 
loss of productivity from those patients with cGVHD who 
are unable to work [16, 28, 29]. A cost-of-illness analysis 
in the United States estimated that the financial burden of 
cGVHD in patients (n = 44,450) would accumulate a total of 
605,631 years in lost wages, and a loss of productivity; only 
37.5% of patients with cGVHD would return to work [28]. 
Similarly, in a longitudinal study that evaluated the QoL and 
number returning to work, 41.0% of patients with cGVHD 
returned to work compared with 95.0% without cGVHD 
[16]. Further, a recent questionnaire study (n = 383) by the 
North American cGVHD Consortium (Canada and United 
States) assessed the insurance, employment, and financial 
challenges endured by patients with cGVHD who had under-
gone HSCT. The study showed that, of respondents who 
reported a financial burden, 40.0% included an inability to 
return to work as a cause [29]. While studies have examined 
the considerable economic cost of cGVHD and have shown 
the association of HSCT with reduced work capacity, there 
are insufficient data concerning productivity and sickness 
absence, and resulting economic costs in patients incurred 
by treating cGVHD following haematological malignancies. 
Additionally, there is a lack of European data on indirect 
costs, with the majority of data from North America [16, 28, 
29]. Considering direct healthcare costs in parallel with the 
indirect cost [27] is important to provide a more integrated 
insight into the economic burden of cGVHD.

More research is needed to better understand the costs of 
cGVHD, relevant to both patients and to healthcare systems. 
To address this unmet need, we conducted a population-
based longitudinal study of patients with cGVHD through 
Swedish national registers from 2006 to 2017. Swedish 
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national registers were used as they contain comprehensive 
details of treatment, along with inpatient and outpatient vis-
its [30]. This is the first real-world health economic study 
in cGVHD that uses a model to correct for clinical under-
diagnosis [19], thereby contributing a more comprehensive 
analysis of economic outcomes in the recent management 
of cGVHD.

Methodology

Study population identification and characteristics

Instead of the standard 2014 NIH criteria based on the 
degree of organ impact and functional impairment [17], 
we used a method that considered the timing and extent to 
which patients received cGVHD treatment to classify those 
who had developed cGVHD [19] (Supplementary Fig. 1 and 
2 in Online Resource). NIH criteria advise systemic or local 
treatment for mild cGVHD [17], whereas our classification 
defines mild cGVHD based on the extent of systemic treat-
ment [19]. We searched for the treatments that are recom-
mended by these guidelines and those that correspond to 
cGVHD severity. Patients treated with topical corticoster-
oids, with or without the prescription of a doctor, did not 
meet our classification of cGVHD. Further, our classification 
may not capture all patients with mild disease, specifically 
those with mild cGVHD limited to a single organ [17].

After ethics committee approval (dnr 2017/1716-31/1), 
we used nationwide Swedish population-based registers, 
which are managed by the National Board of Health and 
Welfare and Statistics Sweden (SCB). Patients who under-
went HSCT were identified in the Patient Register. These 
patients were linked to the Cancer Register, the Prescribed 
Drug Register, the Cause of Death Register, and the Longitu-
dinal Integration Database for Health Insurance and Labour 
Market Studies (LISA) Register. The Prescribed Drug 
Register was established in 2006, which provided the start 
date of our study period. We identified 2147 patients who 
underwent HSCT from 2006 to 2015. Patients were excluded 
if they had duplicated proxy identification numbers, were 
aged < 18 or > 75 years, had no record of haematological 
malignancy prior to HSCT, and survived < 182 days follow-
ing HSCT.

Patients were included who survived ≥ 182 days post-
HSCT, a time point based on the common presentation time 
of cGVHD [4]. Using criteria developed by investigators, 
patients classified as having cGVHD were defined as hav-
ing mild or moderate-severe cGVHD, based on timing and 
extent of treatments commonly used for cGVHD (Supple-
mentary Fig 1 and 2 in Online Resource). Patients who did 
not receive systemic immunosuppressive treatment were 
classified as non-cGVHD. Patients with mild cGVHD were 

defined as those who received only systemic corticosteroid 
treatment for > 3 months; whose last date of systemic cor-
ticosteroid treatment ended < 3 months before censoring; 
whose last date of corticosteroid treatment ended < 6 months 
(180 days) before death; who received immunosuppressive 
treatment only. Patients with moderate–severe cGVHD were 
defined as those who received ECP only, or corticosteroid 
treatment and immunosuppressive treatment, or systemic 
corticosteroid treatment and ECP. For the cGVHD classi-
fications, we defined 3 months as 90 days and 6 months as 
180 days.

We included 1246 patients who underwent HSCT from 
2006 to 2015 and met our inclusion criteria. Of these, 28.1% 
were classified as non-cGVHD and 71.9% as cGVHD 
(27.7% as mild cGVHD and 44.2% as moderate–severe 
cGVHD) (Table 1). Age, sex, calendar year, source for 
HSCT, salary, and education level at the start of follow-up 
(182 days post-HSCT) were comparable among the three 
groups (Table 1). There was, however, heterogeneity among 
the three groups for those using matched related or unrelated 
donors (p < 0.0001) (Table 1).

Analyses

Statistical analysis

For statistical analyses, the end of the 182-day period post-
HSCT was the index date (start of observation time) (Sup-
plementary Fig. 1. in Online Resource). Univariate analy-
sis (Chi-square and Kruskal–Wallis) was used to compare 
the demographic and baseline differences among the three 
cGVHD groups (patients with non-, mild, and moderate-
severe cGVHD). Our analysis does not take into account 
the costs for HSCT or those incurred in the first 182 days 
post-HSCT.

Salary estimate

Patients’ salaries at 1–10 years from the start of observa-
tion time were estimated using the calendar year–specific 
total cash gross salary from employment, active business 
activities, and work-related compensation from the LISA 
register [31]. We accounted for payroll taxes and social fees 
by multiplying the annual salary by 1.3142 [32].

Healthcare resource utilisation and direct medical 
costs

Average time spent (days) in healthcare was estimated 
using records in the Patient Register for outpatient visits 
and inpatient admissions per follow-up year. Direct medi-
cal costs associated with specialised healthcare (inpatient 
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and outpatient) were estimated using the diagnosis-related 
group (DRG) codes provided in the Patient Register for 
each healthcare visit [33]. DRG stratifies patients of simi-
lar resource use based on diagnosis, procedures performed, 
age, sex and status at discharge [33]. DRG codes were con-
verted to costs using DRG weights published annually by 
the Swedish Board of Health and Welfare to inform a total 
generalised complete care cost (including clinical care, diag-
nostics and hospital medicine costs). Primary care visits and 
pharmacy medications are not included. Incidence rate ratios 
(IRRs) were derived through multivariate negative binomial 
models to compare health resource utilisation between age 
groups and sexes. IRRs were adjusted for sex and age at the 
start of observation time and follow-up year. The percentile 
bootstrap method was used for computing 95% confidence 
intervals (CIs).

Sickness absence and indirect cost

Indirect cost describes losses in productivity due to 
absence from work using the human capital approach [34]. 
This approach uses salary (including social taxes) as a 
proxy for the value of productivity, cumulatively reflect-
ing the lost value of production impacting society due to 
reduced labor force. The indirect cost dataset comprised 

1095 patients, as patients aged > 65 years (the typical 
retirement age in Sweden) during follow-up (n = 148) 
and those with missing salary data (n = 3) were excluded 
from this productivity analysis. Sickness absence rates 
were derived from the LISA Register. We defined sick-
ness absence days as the total number of days during the 
specific period that a patient was absent from work due to 
sickness (+ 14 days that are employer paid and therefore 
not captured in the population register), and/or the number 
of days a patient received sickness compensation, sickness 
benefits, activity allowance, or early-retirement pension 
due to sickness. A year is defined as 365.25 days and a 
month as 30.4 days.

The sickness absence rate for the follow-up year was 
defined as the total number of sickness absence days divided 
by the total contributed follow-up time. Further description 
is provided in the “Methods” of the Online Resource. Indi-
rect costs for each follow-up year were calculated as the 
number of sickness absence days in this year and multiplied 
by the average daily salary for the given follow-up year. The 
IRRs from the multivariate negative binomial regression 
with 95% CI from the percentile bootstrap method were used 
to compare sickness absence rates among the three cGVHD 
groups, while adjusting for sex and age at the start of obser-
vation time and follow-up year.

Table 1   Demographic 
characteristics per group at 
the start of follow-up time 
(182 days post-HSCT)

cGVHD chronic graft versus host disease, HSCT allogeneic haematopoietic stem cell transplantation, IQR 
interquartile range
a Only includes patients ≤ 65 years

Non-cGVHD Mild cGVHD Moderate-
severe 
cGVHD

p value Overall

Total, n (%) 350 (28.1) 345 (27.7) 551 (44.2) 1246 (100)
Sex, n (%)
 Men 206 (59) 192 (56) 323 (59) 0.618 721 (58)
 Women 144 (41) 153 (44) 228 (41) 525 (42)

Median age, years (IQR 1–3) 53 (41–61) 52 (40–61) 52 (39–62) 0.985 52 (40–61)
Calendar year, n (%)
 2006–2010 116 (33) 122 (35) 195 (35) 0.758 433 (35)
 2011–2015 234 (67) 223 (65) 356 (65) 813 (65)

Donor, n (%)
 Related 95 (27) 88 (26) 209 (38)  < 0.0001 392 (31)
 Unrelated 255 (73) 257 (74) 342 (62) 854 (69)

Education level, n (%)
 Below university 222 (63) 220 (64) 345 (63) 0.994 787 (63)
 University and higher 126 (36) 123 (36) 202 (37) 451 (36)
 Missing 2 (1) 2 (1) 4 (1) 8 (1)

Salary (EUR)a (n = 1095)
 0–9650 72 (24) 79 (26) 136 (28) 0.47 287 (26)
 9752–29,158 105 (35) 123 (40) 173 (35) 401 (37)
 29,256–38,910 74 (25) 65 (21) 106 (22) 245 (22)
 39,008 47 (16) 37 (12) 78 (16) 162 (15)



173Real-world study of direct medical and indirect costs and time spent in healthcare in patients…

1 3

Total costs

Total costs per follow-up year were calculated as a sum of 
direct medical and indirect productivity costs.

Inflation and currency adjustment

We collected all costs in SEK, adjusted for inflation for 
2018, and converted these costs to EUR using the 2018 aver-
age conversion rate SEK 1 = EUR 0.09752 [35].

Results

Direct medical costs

To get an overall view of direct medical costs associated 
with specialised healthcare, we assessed the costs incurred 
in inpatient and outpatient care during 1–10 years from 
the observation time (Fig. 1; Supplementary Table 1 in 
Online Resource). Over the 10-year period, the first year of 
follow-up was the most costly and there was a decrease in 
both cumulative (Fig. 1a) and per person costs (Fig. 1b) at 
each subsequent follow-up year in each patient group (non-
cGVHD, mild cGVHD, and moderate–severe cGVHD). 
Generally, patients with moderate–severe cGVHD showed 
the greatest costs throughout the follow-up period (Fig. 1a, 
b; Supplementary Table 1 in Online Resource).

The cumulative direct costs (in- and outpatient care), 
borne by the Swedish universal healthcare system, of all 
patients in the first three years of follow-up were estimated 
at EUR 7,845,114, EUR 11,971,307, and EUR 30,643,472 
for patients with non-, mild, and moderate–severe cGVHD, 
respectively (Fig. 1a; Supplementary Table 1 in Online 
Resources). Costs per person-year were also higher for mod-
erate-severe cGVHD patients across subsequent follow-up 
years (Fig. 1b). The cumulative average per person cost for 
the first 3 years of follow-up was EUR 29,812, EUR 43,025 
and EUR 65,559 for patients with non-, mild, and moder-
ate–severe cGVHD, respectively (Fig. 1b; Supplementary 
Table 1 in Online Resources).

Inpatient care costs were generally higher than outpatient 
care costs in patients with moderate-severe cGVHD (Sup-
plementary Table 1 in Online Resources). At 1–3, 6, and 
8–10 years of follow-up, patients with mild cGVHD also 
showed higher inpatient than outpatient costs. This finding 
was not seen in patients with non-cGVHD, where outpatient 
costs were higher at each follow-up year. It should be noted 
that the number of patients was low, and these numbers 
declined over time.

Moderate–severe cGVHD patients spent more time in 
healthcare than non or mild cGVHD patients. In the first 
year, moderate–severe patients spent on average 44.7 days in 

Fig. 1   Direct medical costs and days spent in healthcare for patients 
with non-, mild and moderate–severe cGVHD, per follow-up year 
from 182  days post-HSCT. Cumulative direct medical all patient 
costs (a) and per patient cost (b) by cGVHD severity. Number of days 
spent in healthcare (inpatient and outpatient) (c). cGVHD chronic 
graft versus host disease, IQR interquartile range
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healthcare (inpatient and outpatient) per patient, compared 
to 24.2 and 31.3 days for non- and mild cGVHD patients 
(Fig. 1c). While this dropped to an average 27.2 days in the 
second follow-up year (non cGVHD 11.1 days; mild cGVHD 
19.0 days), moderate–severe cGVHD patients continued 
to generally spend a higher number of days in healthcare 
across all follow-up years. We have shown previously that 
higher outpatient resource usage was prominent in moder-
ate–severe cGVHD patients [19]. Multivariate analysis of 
overall time in care showed that, compared with patients 
aged 18–39 years, patients aged 40–59 years utilised more 
healthcare resources (IRR [95% CI] 1.18 [1.02–1.39]), but 
this trend was not seen in those aged 60–75 years (IRR [95% 
CI] 1.14 [0.94–1.36]). Compared with men, there was no 
difference in time spent in healthcare among women (IRR 
[95% CI] 1.02 [0.90–1.17]).

Indirect costs

To determine indirect costs associated with lost produc-
tivity, we assessed these costs at 1–10 years from the 182 
post-HSCT observation start time (Fig. 2; Supplementary 
Table 2 in Online Resources). Overall, the highest indirect 
costs were seen in patients with moderate-severe cGVHD.

During the first year (n = 1095) from the start of follow-
up, we found that the sickness absence rate for patients 
with moderate-severe cGVHD was 77.7% versus 69.7% 
for patients with non-cGVHD and 70.5% for patients with 
mild cGVHD (Fig. 2a). Showing a similar trend, during the 
third year (n = 635), the sickness absence rate for patients 
with moderate–severe cGVHD was 41.4% versus 15.1% 
for patients with non-cGVHD and 22.4% for patients with 
mild cGVHD (Fig. 2a). Multivariate analysis revealed that 
the incidence of sickness absence increased with increas-
ing cGVHD severity, and that during the overall study 
period (n = 1095), sickness absence rate ratios were sig-
nificantly lower for patients with non-cGVHD (IRR [95% 
CI] 0.59 [0.53–0.65]) and mild cGVHD (IRR [95% CI] 
0.72 [0.66–0.79]) cGVHD compared with moderate-severe 
cGVHD.

Cumulative indirect cost for all patients was highest 
for the moderate–severe cGVHD patient group in the first 
year of follow-up, and this trend remained for each subse-
quent follow-up year (Fig. 2b; Supplementary Table 2 in 
Online Resource). We found that the mean indirect costs 
of all patients in the first 3 years of follow-up were EUR 
7,042,484, EUR 8,572,749, and EUR 17,168,364 for patients 
with non-, mild, and moderate–severe cGVHD, respectively.

The mean cost per patient was similar among cGVHD 
groups during the first follow-up year (Fig. 2c; Supplemen-
tary Table 2 in Online Resource). After the first year, while 
indirect costs decreased for all cGVHD groups, it remained 
persistently higher for moderate-severe patients compared 

to non- or mild cGVHD patients. Mean indirect costs per 
patient increased with increasing cGVHD severity in all 
subsequent years from the second follow-up year, except 

Fig. 2   Indirect costs due to sickness absence-associated productiv-
ity loss in patients with non-, mild and moderate–severe cGVHD, 
per follow-up year from 182 days post-HSCT. Sickness absence rates 
(a), cumulative all patient (b) per patient productivity loss costs by 
cGVHD severity. cGVHD chronic graft versus host disease, IQR 
interquartile range
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for the tenth year (Fig. 2c; Supplementary Table 2 in Online 
Resource).

Total cost

Finally, we assessed total cost; defined as combined direct 
medical (inpatient and outpatient) and indirect costs. Gen-
erally, the mean total (Fig. 3a) and per-person (Fig. 3b) 
total costs decreased across follow-up years in each patient 
group over the 10-year period. However, the greatest total 
costs were shown in patients with moderate-severe cGVHD. 

Of total costs, direct costs were the largest contributor to 
total costs (Fig. 3a). The total cumulative all patient cost 
for first three years of follow-up from our start date was 
EUR 14,887,599, EUR 20,544,056, and EUR 47,811,835 
for patients with non-, mild, and moderate-severe cGVHD, 
respectively (Fig. 3a; Supplementary Table 3 in Online 
Resources).

The mean total cost per patient during the first follow-up 
year was highest for with moderate-severe cGVHD com-
pared to patients with non- and mild cGVHD. This find-
ing was seen in all subsequent follow-up years except for 

Fig. 3   Total costs combining 
direct medical and indirect 
productivity costs in patients 
with non-, mild and moderate–
severe cGVHD, per follow-up 
year from 182 days post-HSCT. 
Cumulative all patient total 
cost, with proportion of direct 
medical cost (dark shading) 
and indirect productivity cost 
(light shading) (a). Total costs 
per patient per year (b). cGVHD 
chronic graft versus host dis-
ease, IQR interquartile range, 
D direct medical cost, I indirect 
medical cost
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the tenth year (Fig. 3b; Supplementary Table 3 in Online 
Resource). The cumulative total cost per patient over the 
first 3 years of follow-up was EUR 55,859, EUR 73,000 and 
EUR 101,777 (Fig. 3b; Supplementary Table 3 in Online 
Resources).

Discussion

In this study, we aimed to estimate healthcare costs, time 
spent in healthcare, sickness absence, and productivity loss 
of patients with cGVHD in Sweden who survived 182 days 
post-HSCT. Despite the debilitating and long-term impact 
of cGVHD in a large proportion of patients who undergo 
HSCT, there is a paucity of recent studies addressing the 
economic costs variables in the management of cGVHD, 
and even fewer from a European perspective. Using Swed-
ish population-wide patient health and economic registers, 
we provide a comprehensive analysis of direct healthcare 
cost and indirect costs due to productivity loss. First, using 
our novel real-world treatment-based criteria [19], we more 
accurately identified patients treated for cGVHD; a diagnosis 
shown to be underreported due to low adoption of stand-
ardized criteria. This means we are able to present a more 
complete picture of the total societal costs in the manage-
ment of cGVHD. Second, Sweden is renowned as a world 
leader in comprehensive patient registers [36], and data from 
a centralized health and social security means data is derived 
from the whole population without selection bias. Third, 
unique personal identification numbers facilitate patient-
level linkage of health and economic registers, and we use 
individual patient salary to more accurately describe pro-
ductivity loss, rather than population-based averages often 
used in such analyses.

The key findings of this retrospective analysis of real-
world data are that in recent times treatment for cGVHD, 
and in particular moderate–severe disease, continued to have 
an unmet need and patients continued to spend significant 
time in healthcare, consume specialised care resources and 
do not contribute to economic productivity due to sickness 
absence. This has both economic impacts for society, and 
quality of life implications for patients. Furthermore, under-
standing resource usage and overall costs in the management 
of cGVHD has implications for policy-makers, healthcare 
providers and industry to drive innovation and introduction 
of novel diagnostics and treatments to manage cGVHD.

Our present study showed that the cumulative direct med-
ical cost of specialised healthcare during the first 3 years 
of follow-up in patients with moderate–severe cGVHD was 
approximately four- and threefold higher versus patients 
with non-cGVHD or mild cGVHD, respectively. Similarly, a 
Tunisian pharmacoeconomic study showed that the expendi-
ture on patients with cGVHD was threefold higher versus 

patients with non-cGVHD [24]. A study assessing the base-
case estimated costs for cord-blood transplantations reported 
that the presence of cGVHD was associated with direct costs 
of USD 2716 (EUR 2288 [adjusted for inflation for 2018]) 
[23]. Another study showed that, following umbilical cord 
transplantation, the presence of cGVHD required a mean of 
12 additional days of hospitalization. This led to incremen-
tal costs of EUR 9180 (EUR 9322 [adjusted for inflation 
for 2018]) in the first year [22]. Our study also showed that 
generally patients with moderate-severe cGVHD needed 
more inpatient care than outpatient care than other patient 
severity groups, whereas in patients with non-cGVHD, the 
reverse trend was mostly seen. Indeed, a recent US study 
also described inpatient costs as the most significant cost 
burden in treating cGVHD patients in the first two years 
after HSCT [25]. Furthermore, our cost estimation for the 
period after 182 days post-transplant may be considered 
conservative given it did not the costs for HSCT or those 
incurred in the first 182 days post-HSCT. Within our obser-
vation period, costs did not include primary care visits or 
pharmacy dispensed medication.

We have shown that healthcare utilisation and sickness 
absence were considerably higher in patients with mod-
erate–severe cGVHD than patients with non- and mild 
cGVHD. In a different analysis of our dataset, we observed 
greater morbidity in patients with moderate–severe cGVHD 
compared with non- and mild cGVHD [19]. During the 
third year, mean indirect cost per patient for those with 
non-cGVHD was EUR 1968 (median: EUR 0 [IQR: EUR 
0–0]), due to skewed data. We have observed a small pro-
portion of patients with high costs as shown by the IQR and 
mean cost, whereas the majority of non-cGVHD patients 
have shown to be economically active, thus incurring no or 
very low indirect costs. Nevertheless, our current analysis 
also revealed that the indirect cost (cumulative productivity 
loss) during the first 3 years of follow-up in patients with 
moderate–severe cGVHD was approximately twofold higher 
versus both patients with non-cGVHD or with mild cGVHD, 
respectively. High costs associated with moderate–severe 
cGVHD lasted for several years compared with patients with 
non- and mild cGVHD.

Our present analysis showed that the combined direct 
medical and indirect productivity costs during the first 
3 years of follow-up was approximately three- and twofold 
higher in patients with moderate–severe cGVHD versus 
those with non- and mild cGVHD, respectively—posing a 
considerable burden on the healthcare system and to soci-
ety in Sweden. In our study, 89% of patients with mild and 
moderate-severe cGVHD had received an income, showing 
the high proportion of patients working with this condition. 
Moreover, a longitudinal study in the United States showed 
that, among patients who had undergone HSCT, only 41% 
of patients with cGVHD had returned to work by the third 
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year of follow-up compared with 95% of patients without 
cGVHD [16]. Similarly, a sensitivity analysis in the United 
States on the loss of wages and productivity in patients 
with all cases of cGVHD showed that only 37.5% of these 
patients would ever return to work [28]. Of those studied, 
75% of patients would be expected to fully recover and only 
lose 3 years of earnings, the remaining 25% would each lose 
20 years of earnings because of permanent disability [28]. 
Again, showing similar findings on the impact of work, a 
recent questionnaire study by the North American cGVHD 
Consortium (Canada and United States) assessed the insur-
ance, employment, and financial challenges endured by 
patients with cGVHD who had undergone HSCT [29]. The 
study showed that, of respondents who reported a financial 
burden, 40% included ‘inability to return to work’ as a cause 
[29]. Further causes included the need for multiple medica-
tions/treatments (41%), frequent physician visits (32%), and 
losing/changing insurance (8%) [29].

In the context of costs incurred by haematological malig-
nancies, the economic burden of chronic lymphocytic leu-
kaemia (CLL) was assessed from a German database of 4198 
patients with CLL [37]. The total mean cost incurred by a 
patient with CLL in Germany was revealed to be EUR 9753 
per year [37]. Compared with our analysis, a twofold higher 
mean cost was seen for a patient with moderate–severe 
cGVHD during the third year (EUR 21,156 per year). Com-
paring our findings with other complications experienced 
following HSCT, a retrospective database study assessed the 
cost of patients with severe sinusoidal obstruction syndrome 
(SOS)/veno-occlusive disease and multi-organ dysfunction 
(MOD), a life-threatening complication associated with 
HSCT [38]. Of those patients assessed, 5.4% had SOS and 
46% had MOD [38]. There was a 1.4-fold higher mean hos-
pital cost in patients with SOS/MOD versus those without 
SOS/MOD. In relation to our findings, patients with moder-
ate–severe cGVHD incurred threefold higher total cumula-
tive costs during the first 3 years of follow-up versus patients 
with non-cGVHD. An important consideration is that our 
analysis does not take into account the costs for HSCT or 
costs incurred in the first 182 days post-HSCT. HSCT costs 
in patients with malignancies from 2012 have been reported 
as averaging EUR 141,493 in the first year post-HSCT [39].

Despite improved survival following HSCT in patients 
with cGVHD [12], there is high long-term sickness absence 
in these patients that persists for at least 10 years. An inci-
dence model suggested that, with the steady growth in 
HSCTs performed in Europe, the number of patients with 
cGVHD will increase by approximately 7.5% in the next 
5 years [7]. Therefore, there remains an unmet need for 
new therapies for cGVHD, and new strategies that improve 
disease control with fewer associated morbidities. Future 
analysis of cGVHD-driven expenditure may necessitate the 
extrapolation of these costs in the future to determine fully 

the projected impact this condition has on spending and 
social security systems. Addressing areas of cost reduction, 
a retrospective analysis in patients continuing secondary 
systemic treatments (mTOR inhibitors, ECP, and imatinib) 
for cGVHD for a median of 15 months indicated a potential 
cost benefit of continuing treatment [40]. The study showed 
a reduction in hospitalization costs in patients continuing 
secondary systemic treatments compared with those who 
discontinue treatment.

Our methodology focuses on the timing and extent 
to which patients received systemic immunomodulatory 
cGVHD treatment to identify those with cGVHD [19]. Mod-
erate–severe cGVHD patients were classified based on treat-
ment in clinical practice; defined by several potential treat-
ment regimens encompassing co-administration of systemic 
corticosteroids and immunosuppressives, and ECP (Sup-
plementary Fig. 2 in Online Resource). While treatment-
specific analysis was beyond the scope of the study, systemic 
corticosteroids and immunosuppressant co-administration 
was the most common regimen for moderate–severe cGVHD 
patients, and approximately 10% received ECP as part of 
their treatment (Supplementary Fig. 2 in Online Resource).

By assessing long-term survivors (patients from 182 days 
post-HSCT), we have observed a high cGVHD incidence 
of 71.9%. Even when comparing all transplant patients in 
our study population (defined as 18–75 years of age with 
a hematological malignancy diagnosis who underwent 
HSCT 2006–2015), the incidence rate of cGVHD was 
62%. And while this is on the higher side of the incidence 
rates reported by other studies using NIH criteria (30–70%; 
[3–5]), the lack of uptake of NIH criteria has been reported 
to be high as approximately 60% [18]. As we included all 
patients who actually received a treatment that meets the 
clinical indication of cGVHD, this study adds to the impor-
tant discussion about underdiagnosis of cGVHD.

The limitations of our study include those inherent 
in real-world evidence studies. This analysis is limited 
by the data derived from the national registers. As sick-
ness absence days are provided as aggregated days for 
the whole calendar year in the LISA Register, this may 
underestimate the absence rates. Additionally, there is 
considerable between-patient variability in costs, indi-
cated by the IQR. However, this might be expected given 
the considerable heterogeneity in the presentation of the 
disease between different patients. Further, our criteria 
may not capture all patients with mild disease, specifi-
cally those with mild cGVHD limited to a single organ 
and those managed only with topical treatments [17]. Our 
retrospective definition of disease severity does not fol-
low NIH guidelines; the NIH 2014 criteria are the stand-
ard for implementing decisions on cGVHD treatment and 
enrolment in clinical trials [17]. Furthermore, although 
the 182-day post-HSCT study period was chosen to best 
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capture the period of cGVHD, there is a risk that some 
late acute GVHD patients may be included in our cGVHD 
classification. DRG-based hospital costing accounts for 
complete care needs for specialised healthcare (inpatient 
and outpatient); however, it does not include primary doc-
tor visits and pharmacy collected medicine, and therefore 
may underestimate total cost of care.

Nonetheless, the strengths of our study include its 
population-based innovative design, providing real-world 
estimates of direct medical and indirect costs associated 
with cGVHD. Supportive of our methodology, register 
data have been used to assess morbidities in cGVHD pre-
viously in a Japanese study [41]. Sweden is an interna-
tional leader in the establishment of such disease registers 
[36] and have been used as the data source when defining 
disease severity in observational studies in disease areas 
such as psoriasis [42] and depression [43]. Highlighting 
the clinical relevance of such register-based analysis, a 
validation study using psoriasis register data demonstrated 
a high degree of sensitivity and positive predictive value, 
within the range of accepted values used for operational 
research [44].

Conclusion

In conclusion, our study based on the innovative method 
of defining cGVHD severity showed that cGVHD poses a 
high economic burden to healthcare systems and society in 
Sweden—in terms of both direct specialised healthcare and 
indirect costs—leading to a considerable economic impact. 
Severity of cGVHD is a major driver of these rising costs, 
with moderate–severe cGVHD patients spending more time 
in healthcare, consuming more healthcare resources and 
having greater productivity loss due to significant sickness 
absence. This indicates the importance of continued diag-
nostic and treatment innovation to reduce moderate–severe 
cGVHD, not only to maintain the clinical graft versus 
tumour benefits of HSCT, but also to reduce the consider-
able economic cost to society and patients’ quality of life.

Acknowledgements  The source data were provided by the Swedish 
National Board of Health and Welfare and Sweden Statistics. Writing 
assistance was provided by Christina Jones, Ph.D., of Schain Research, 
and Sue Neville, M.Sc., and Ian Phillips, Ph.D., of Parexel. The authors 
would like to thank all the patients who were included in this register 
analysis. Frida Schain was previously an employee of Janssen, but is 
currently the owner of and employed by Schain Research and provides 
consultancy services for Janssen and is affiliated with the Karolinska 
Institutet. Thomas Webb was previously employed by Janssen and is 
now employed by Eisai Ltd, UK.

Funding  Open access funding provided by Karolinska Institute. This 
study was funded by Janssen Research & Development, LLC.

Compliance with ethical standards 

Conflict of interest  Frida Schain is now the owner of and employed by 
Schain Research AB and acts as a contractor for Janssen; has also been 
an employee for Janssen; has also previously been a shareholder of 
Johnson & Johnson stocks; and is affiliated to Karolinska Institutet but 
receives no payments or salary. Nurgul Batyrbekova is employed by 
Scandinavian Development Services, who received financial compen-
sation from Janssen-Cilag for conducting statistical analysis. Simona 
Baculea is employed by Janssen and owns company shares. Johan Li-
wing is employed by Janssen and owns stocks and options. Thomas 
Webb was previously employed by Janssen Global Services; reports 
personal fees from Janssen during the conduct of the study; and is now 
employed by Eisai Ltd, UK. Mats Remberger and Jonas Mattsson de-
clare they have no conflicts of interest.

Ethics approval  This study was approved by Stockholm ethics com-
mittee (dnr 2017/1716–31/1).

Consent to participate  Data were collected from population-wide reg-
isters without the requirement for individual consent.

Consent for publication  All authors have approved the manuscript for 
submission. We declare that all authors have made substantial contribu-
tions to the study, drafted the work or revised it critically for important 
intellectual content, approved the version to be published, and agree 
to be accountable for all aspects of the work in ensuring that questions 
related to the accuracy or integrity of any part of the work are appro-
priately investigated and resolved.

Previous presentations  These findings were submitted as an abstract 
to the International Society for Pharmacoeconomics and Outcomes 
Research conference (18–22 May 2019) and presented as a poster. Sup-
plementary Method Fig. 2a was presented in a poster at the American 
Society for Blood and Marrow Transplantation conference (20–24 
February 2019).

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, 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 licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence 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 licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

References

	 1.	 Niederwieser, D., Baldomero, H., Szer, J., Gratwohl, M., Aljurf, 
M., Atsuta, Y., Bouzas, L.F., Confer, D., Greinix, H., Horow-
itz, M., Iida, M., Lipton, J., Mohty, M., Novitzky, N., Nunez, J., 
Passweg, J., Pasquini, M.C., Kodera, Y., Apperley, J., Seber, A., 
Gratwohl, A.: Hematopoietic stem cell transplantation activity 
worldwide in 2012 and a SWOT analysis of the Worldwide Net-
work for Blood and Marrow Transplantation Group including the 
global survey. Bone Marrow Transpl. 51(6), 778–785 (2016)

	 2.	 Socie, G., Ritz, J.: Current issues in chronic graft-versus-host dis-
ease. Blood 124(3), 374–384 (2014)

http://creativecommons.org/licenses/by/4.0/


179Real-world study of direct medical and indirect costs and time spent in healthcare in patients…

1 3

	 3.	 Horwitz, M.E., Sullivan, K.M.: Chronic graft-versus-host disease. 
Blood Rev. 20(1), 15–27 (2006)

	 4.	 Lee, S.J., Flowers, M.E.: Recognizing and managing chronic 
graft-versus-host disease. Hematol. Am. Soc. Hematol. Educ. 
Program 2008(1), 134–141 (2008). https​://doi.org/10.1182/ashed​
ucati​on-2008.1.134

	 5.	 Wingard, J.R., Majhail, N.S., Brazauskas, R., Wang, Z., Sobocin-
ski, K.A., Jacobsohn, D., Sorror, M.L., Horowitz, M.M., Bolwell, 
B., Rizzo, J.D., Socie, G.: Long-term survival and late deaths 
after allogeneic hematopoietic cell transplantation. J. Clin. Oncol. 
29(16), 2230–2239 (2011)

	 6.	 Flowers, M.E., Martin, P.J.: How we treat chronic graft-versus-
host disease. Blood 125(4), 606–615 (2015)

	 7.	 Ágh, T., Vokó, Z., Otero, B., Bacon, T., Csanadi, M.: PCN261 
Estimating the number of patients with chronoc graft-versus-
host disease across Europe. Value Health. 22, S486 (2019). https​
://doi.org/10.1016/j.jval.2019.09.456

	 8.	 Jacobsohn, D.A., Kurland, B.F., Pidala, J., Inamoto, Y., Chai, 
X., Palmer, J.M., Arai, S., Arora, M., Jagasia, M., Cutler, C., 
Weisdorf, D., Martin, P.J., Pavletic, S.Z., Vogelsang, G., Lee, 
S.J., Flowers, M.E.: Correlation between NIH composite skin 
score, patient-reported skin score, and outcome: results from the 
Chronic GVHD Consortium. Blood 120(13), 2545–2552 (2012) 
((quiz 2774))

	 9.	 Presland, R.B.: Biology of chronic graft-vs-host disease: 
immune mechanisms and progress in biomarker discovery. 
World J. Transpl. 6(4), 608–619 (2016)

	10.	 Storb, R., Gyurkocza, B., Storer, B.E., Sorror, M.L., Blume, K., 
Niederwieser, D., Chauncey, T.R., Pulsipher, M.A., Petersen, 
F.B., Sahebi, F., Agura, E.D., Hari, P., Bruno, B., McSweeney, 
P.A., Maris, M.B., Maziarz, R.T., Langston, A.A., Bethge, W., 
Vindelov, L., Franke, G.N., Laport, G.G., Yeager, A.M., Hubel, 
K., Deeg, H.J., Georges, G.E., Flowers, M.E., Martin, P.J., Miel-
carek, M., Woolfrey, A.E., Maloney, D.G., Sandmaier, B.M.: 
Graft-versus-host disease and graft-versus-tumor effects after 
allogeneic hematopoietic cell transplantation. J. Clin. Oncol. 
31(12), 1530–1538 (2013)

	11.	 Kuzmina, Z., Eder, S., Bohm, A., Pernicka, E., Vormittag, L., 
Kalhs, P., Petkov, V., Stary, G., Nepp, J., Knobler, R., Just, U., 
Krenn, K., Worel, N., Greinix, H.T.: Significantly worse sur-
vival of patients with NIH-defined chronic graft-versus-host 
disease and thrombocytopenia or progressive onset type: results 
of a prospective study. Leukemia 26(4), 746–756 (2012). https​
://doi.org/10.1038/leu.2011.257

	12.	 Csanadi, M., Agh, T., Tordai, A., Webb, T., Jeyakumaran, D., 
Sengupta, N., Schain, F., Mattsson, J.: A systematic literature 
review of incidence, mortality, and relapse of patients diagnosed 
with chronic graft versus host disease. Expert Rev. Hematol. 
12(5), 311–323 (2019)

	13.	 Moon, J.H., Sohn, S.K., Lambie, A., Ellis, L., Hamad, N., Uhm, 
J., Gupta, V., Lipton, J.H., Messner, H.A., Kuruvilla, J., Kim, 
D.: Validation of National Institutes of Health global scoring 
system for chronic graft-versus-host disease (GVHD) according 
to overall and GVHD-specific survival. Biol. Blood Marrow 
Transpl. 20(4), 556–563 (2014)

	14.	 Agh, T., Csanadi, M., Voko, Z., Webb, T., Jeyakumaran, D., 
Trudeau, J., Sengupta, N., Schain, F., Mattsson, J.: Humanistic 
burden of patients with chronic graft-versus-host disease—sys-
tematic literature review of health-related quality of life and 
functional status. Expert Rev. Hematol. 12(5), 295–309 (2019)

	15.	 Pidala, J., Kurland, B., Chai, X., Majhail, N., Weisdorf, D.J., 
Pavletic, S., Cutler, C., Jacobsohn, D., Palmer, J., Arai, S., 
Jagasia, M., Lee, S.J.: Patient-reported quality of life is associ-
ated with severity of chronic graft-versus-host disease as meas-
ured by NIH criteria: report on baseline data from the Chronic 
GVHD Consortium. Blood 117(17), 4651–4657 (2011)

	16.	 Wong, F.L., Francisco, L., Togawa, K., Bosworth, A., Gonzales, 
M., Hanby, C., Sabado, M., Grant, M., Forman, S.J., Bhatia, S.: 
Long-term recovery after hematopoietic cell transplantation: 
predictors of quality-of-life concerns. Blood 115(12), 2508–
2519 (2010)

	17.	 Jagasia, M.H., Greinix, H.T., Arora, M., Williams, K.M., Wolff, 
D., Cowen, E.W., Palmer, J., Weisdorf, D., Treister, N.S., 
Cheng, G.S., Kerr, H., Stratton, P., Duarte, R.F., McDonald, 
G.B., Inamoto, Y., Vigorito, A., Arai, S., Datiles, M.B., Jacob-
sohn, D., Heller, T., Kitko, C.L., Mitchell, S.A., Martin, P.J., 
Shulman, H., Wu, R.S., Cutler, C.S., Vogelsang, G.B., Lee, S.J., 
Pavletic, S.Z., Flowers, M.E.: National Institutes of Health Con-
sensus Development Project on Criteria for Clinical Trials in 
Chronic Graft-versus-Host Disease: I. The 2014 Diagnosis and 
Staging Working Group report. Biol. Blood Marrow Transpl. 
21(3), 389–401 e381 (2015)

	18.	 Duarte, R.F., Greinix, H., Rabin, B., Mitchell, S.A., Basak, G., 
Wolff, D., Madrigal, J.A., Pavletic, S.Z., Lee, S.J.: Uptake and 
use of recommendations for the diagnosis, severity scoring and 
management of chronic GVHD: an international survey of the 
EBMT-NCI Chronic GVHD Task Force. Bone Marrow Transpl. 
49(1), 49–54 (2014)

	19.	 Mattsson, J., Webb, T., Sengupta, N., Batyrbekova, N., Rem-
berger, M., Schain, F.: A novel method to evaluate outcomes of 
chronic graft versus host disease by using national population-
based real-world data. Paper presented at the ASBMT, Houston, 
TX, 20–24 February 2019

	20.	 Remberger, M., Afram, G., Sundin, M., Uhlin, M., LeBlanc, K., 
Bjorklund, A., Mattsson, J., Ljungman, P.: High incidence of 
severe chronic GvHD after HSCT with sibling donors. A single 
center analysis. Bone Marrow Transpl. 51(11), 1518–1521 (2016)

	21.	 Esperou, H., Brunot, A., Roudot-Thoraval, F., Buzyn, A., Dhedin, 
N., Rio, B., Chevret, S., Bassompierre, F., Gluckman, E., Cordon-
nier, C., Durand-Zaleski, I.: Predicting the costs of allogeneic 
sibling stem-cell transplantation: results from a prospective, mul-
ticenter, French study. Transplantation 77(12), 1854–1858 (2004)

	22.	 Labopin, M., Ruggeri, A., Gorin, N.C., Gluckman, E., Blaise, 
D., Mannone, L., Milpied, N., Yakoub-Agha, I., Deconinck, E., 
Michallet, M., Fegueux, N., Socie, G., Nguyen, S., Cahn, J.Y., 
de Revel, T., Garnier, F., Faucher, C., Taright, N., Kenzey, C., 
Volt, F., Bertrand, D., Mohty, M., Rocha, V.: Eurocord Societe 
Francaise de Greffe de Moelle et de Therapie Cellulaire: Cost-
effectiveness and clinical outcomes of double versus single cord 
blood transplantation in adults with acute leukemia in France. 
Haematologica 99(3), 535–540 (2014)

	23.	 Costa, V., McGregor, M., Laneuville, P., Brophy, J.M.: The cost-
effectiveness of stem cell transplantations from unrelated donors 
in adult patients with acute leukemia. Value Health 10(4), 247–
255 (2007)

	24.	 Razgallah Khrouf, M., Achour, L., Thabti, A., Soussi, M.A., 
Abdejelil, N., Lazreg, O., Drira, C., Zahaf, A., Ladab, S., Ben 
Othman, T.: Direct cost analysis of the second year post-alloge-
neic hematopoietic stem cell transplantation in the Bone Marrow 
Transplant Centre of Tunisia. J. Mark. Access Health Policy 5(1), 
1335161 (2017)

	25.	 Yu, J., Lal, L., Anderson, A., DuCharme, M., Parasuraman, S., 
Weisdorf, D.J.: Healthcare resource utilization (HCRU) and costs 
among patients with steroid-resistant (SR) chronic graft-vs-host 
disease (cGVHD) in the United States: a retrospective claims data-
base analysis. Biol. Blood Marrow Transpl. 25(3, Supplement), 
S244–S245 (2019). https​://doi.org/10.1016/j.bbmt.2018.12.242

	26.	 Strens, D., Schoemans, H., Renard, M.: Healthcare costs of 
patients with acute and chronic graft-versus-host disease follow-
ing allogeneic haematopoietic stem cell transplantation in bel-
gium: a retrospective data collection and analysis. Value Health 
20(9), A578 (2017). https​://doi.org/10.1016/j.jval.2017.08.1020

https://doi.org/10.1182/asheducation-2008.1.134
https://doi.org/10.1182/asheducation-2008.1.134
https://doi.org/10.1016/j.jval.2019.09.456
https://doi.org/10.1016/j.jval.2019.09.456
https://doi.org/10.1038/leu.2011.257
https://doi.org/10.1038/leu.2011.257
https://doi.org/10.1016/j.bbmt.2018.12.242
https://doi.org/10.1016/j.jval.2017.08.1020


180	 F. Schain et al.

1 3

	27.	 Zhu, B., Pang, R., Chevallier, J., Wei, Y.M., Vo, D.T.: Includ-
ing intangible costs into the cost-of-illness approach: a method 
refinement illustrated based on the PM(2.5) economic burden in 
China. Eur. J. Health Econ. 20(4), 501–511 (2019). https​://doi.
org/10.1007/s1019​8-018-1012-0

	28.	 Jones, C.A., Fernandez, L.P., Weimersheimer, P., Zakai, N.A., 
Sharf, M., Mesa, O.A., Peters, C., di Carlo, A., Norotsky, M.C.: 
Estimating the burden of cost in chronic graft-versus-host disease: 
a human capital approach. JHEOR 4(2), 113–118 (2016)

	29.	 Khera, N., Hamilton, B.K., Pidala, J.A., Wood, W.A., Wu, V., 
Voutsinas, J., Onstad, L., Alousi, A.M., Broady, R., Chen, G.L., 
Arora, M., Cutler, C., Flowers, M.E., Ganetsky, A., Jagasia, M., 
McCarthy, P.L., Sarantopoulos, S., Abel, G.A., Majhail, N.S., Lee, 
S.J.: Employment, insurance, and financial experiences of patients 
with chronic graft-versus-host disease in North America. Biol. 
Blood Marrow Transpl. 25(3), 599–605 (2018)

	30.	 Ludvigsson, J.F., Andersson, E., Ekbom, A., Feychting, M., Kim, 
J.L., Reuterwall, C., Heurgren, M., Olausson, P.O.: External 
review and validation of the Swedish national inpatient register. 
BMC Public Health 11, 450 (2011)

	31.	 Statistics Sweden: Longitudinal Integrated Database for Health 
Insurance and Labour Market Studies (LISA). https​://www.scb.
se/en/servi​ces/guida​nce-for-resea​rcher​s-and-unive​rsiti​es/vilka​
-mikro​data-finns​/longi​tudin​ella-regis​ter/longi​tudin​al-integ​rated​
-datab​ase-for-healt​hinsu​rance​-and-labou​r-marke​t-studi​es-lisa/. 
Accessed 28 May 2019

	32.	 Swedish Tax Agency (Skatteverket). https​://www.skatt​everk​et.se/
foret​agoch​organ​isati​oner/arbet​sgiva​re/arbet​sgiva​ravgi​ftero​chska​
tteav​drag/arbet​sgiva​ravgi​fter.4.233f9​1f712​60075​abe88​00020​817.
html. Accessed 12 Aug 2019

	33.	 NordDRG Users’ Manual. http://www.nordd​rg.net/nordd​rgman​
ual/NordD​RG_2012_SWE/index​.htm. Accessed 28 May 2019

	34.	 Charles, J., Edwards, R.T.: A guide to health economics for those 
working in public health. Bangor University, Bangor (2016)

	35.	 European Central Bank. https​://www.ecb.europ​a.eu/stats​/polic​
y_and_excha​nge_rates​/euro_refer​ence_excha​nge_rates​/html/eurof​
xref-graph​-sek.en.html. Accessed 18 Sept 2019

	36.	 Larsson, S., Lawyer, P., Garellick, G., Lindahl, B., Lundstrom, M.: 
Use of 13 disease registries in 5 countries demonstrates the poten-
tial to use outcome data to improve health care’s value. Health Aff. 
(Millwood) 31(1), 220–227 (2012). https​://doi.org/10.1377/hltha​
ff.2011.0762

	37.	 Blankart, C.R., Koch, T., Linder, R., Verheyen, F., Schreyogg, 
J., Stargardt, T.: Cost of illness and economic burden of chronic 

lymphocytic leukemia. Orphanet. J. Rare Dis. 8, 32 (2013). https​
://doi.org/10.1186/1750-1172-8-32

	38.	 Cao, Z., Villa, K.F., Lipkin, C.B., Robinson, S.B., Nejadnik, 
B., Dvorak, C.C.: Burden of illness associated with sinusoidal 
obstruction syndrome/veno-occlusive disease in patients with 
hematopoietic stem cell transplantation. J. Med. Econ. 20(8), 
871–883 (2017). https​://doi.org/10.1080/13696​998.2017.13366​23

	39.	 Svahn, B.M., Remberger, M., Alvin, O., Karlsson, H., Ringden, 
O.: Increased costs after allogeneic haematopoietic SCT are asso-
ciated with major complications and re-transplantation. Bone 
Marrow Transpl. 47(5), 706–715 (2012). https​://doi.org/10.1038/
bmt.2011.162

	40.	 Huang, X., Joshi, N., Luo, L., Shamseddine, N., Gao, X.: Con-
tinuation of secondary systemic treatment among patients with 
chronic graft versus host disease in the United States Is associated 
with reduced hospital cost (2009–2016). Paper presented at the 
ASBMT 2019, Houston, TX, 20–24 February 2019

	41.	 Oda, K., Nakaseko, C., Ozawa, S., Nishimura, M., Saito, Y., 
Yoshiba, F., Yamashita, T., Fujita, H., Takasaki, H., Kanamori, 
H., Maruta, A., Sakamaki, H., Okamoto, S.: Kanto Study Group 
for Cell Therapy: fasciitis and myositis: an analysis of muscle-
related complications caused by chronic GVHD after allo-SCT. 
Bone Marrow Transpl. 43(2), 159–167 (2009)

	42.	 Hajiebrahimi, M., Linder, M., Hagg, D., Berglind, I.A., McElli-
gott, S., Valgardsson, V.S., Villacorta, R., Sundstrom, A.: Young 
patients with risk factors prevalent in the elderly-differences in 
comorbidity depending on severity of psoriasis: a nationwide 
cross-sectional study in Swedish health registers. Clin. Epidemiol. 
10, 705–715 (2018)

	43.	 Brenner, P., Brandt, L., Li, G., DiBernardo, A., Boden, R., Reut-
fors, J.: Treatment-resistant depression as risk factor for substance 
use disorders-a nation-wide register-based cohort study. Addiction 
114(7), 1274–1282 (2019)

	44.	 Egeberg, A., Gyldenlove, M., Zachariae, C., Skov, L.: Validation 
of psoriasis severity classification based on use of topical or sys-
temic treatment. J. Eur. Acad. Dermatol. Venereol. 32(1), e4–e5 
(2018)

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

https://doi.org/10.1007/s10198-018-1012-0
https://doi.org/10.1007/s10198-018-1012-0
https://www.scb.se/en/services/guidance-for-researchers-and-universities/vilka-mikrodata-finns/longitudinella-register/longitudinal-integrated-database-for-healthinsurance-and-labour-market-studies-lisa/
https://www.scb.se/en/services/guidance-for-researchers-and-universities/vilka-mikrodata-finns/longitudinella-register/longitudinal-integrated-database-for-healthinsurance-and-labour-market-studies-lisa/
https://www.scb.se/en/services/guidance-for-researchers-and-universities/vilka-mikrodata-finns/longitudinella-register/longitudinal-integrated-database-for-healthinsurance-and-labour-market-studies-lisa/
https://www.scb.se/en/services/guidance-for-researchers-and-universities/vilka-mikrodata-finns/longitudinella-register/longitudinal-integrated-database-for-healthinsurance-and-labour-market-studies-lisa/
https://www.skatteverket.se/foretagochorganisationer/arbetsgivare/arbetsgivaravgifterochskatteavdrag/arbetsgivaravgifter.4.233f91f71260075abe8800020817.html
https://www.skatteverket.se/foretagochorganisationer/arbetsgivare/arbetsgivaravgifterochskatteavdrag/arbetsgivaravgifter.4.233f91f71260075abe8800020817.html
https://www.skatteverket.se/foretagochorganisationer/arbetsgivare/arbetsgivaravgifterochskatteavdrag/arbetsgivaravgifter.4.233f91f71260075abe8800020817.html
https://www.skatteverket.se/foretagochorganisationer/arbetsgivare/arbetsgivaravgifterochskatteavdrag/arbetsgivaravgifter.4.233f91f71260075abe8800020817.html
http://www.norddrg.net/norddrgmanual/NordDRG_2012_SWE/index.htm
http://www.norddrg.net/norddrgmanual/NordDRG_2012_SWE/index.htm
https://www.ecb.europa.eu/stats/policy_and_exchange_rates/euro_reference_exchange_rates/html/eurofxref-graph-sek.en.html
https://www.ecb.europa.eu/stats/policy_and_exchange_rates/euro_reference_exchange_rates/html/eurofxref-graph-sek.en.html
https://www.ecb.europa.eu/stats/policy_and_exchange_rates/euro_reference_exchange_rates/html/eurofxref-graph-sek.en.html
https://doi.org/10.1377/hlthaff.2011.0762
https://doi.org/10.1377/hlthaff.2011.0762
https://doi.org/10.1186/1750-1172-8-32
https://doi.org/10.1186/1750-1172-8-32
https://doi.org/10.1080/13696998.2017.1336623
https://doi.org/10.1038/bmt.2011.162
https://doi.org/10.1038/bmt.2011.162

	Real-world study of direct medical and indirect costs and time spent in healthcare in patients with chronic graft versus host disease
	Abstract
	Introduction
	Methodology
	Study population identification and characteristics

	Analyses
	Statistical analysis
	Salary estimate
	Healthcare resource utilisation and direct medical costs
	Sickness absence and indirect cost
	Total costs
	Inflation and currency adjustment

	Results
	Direct medical costs
	Indirect costs
	Total cost

	Discussion
	Conclusion
	Acknowledgements 
	References




