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A B S T R A C T   

Background: Extracorporeal photopheresis (ECP) is frequently used to treat moderate-severe chronic graft versus 
host disease (cGVHD), however limited data exists describing ECP treatment effects on healthcare and societal 
costs. We aimed to characterize clinical and health economic outcomes and productivity loss in cGVHD patients 
exposed to ECP. 
Methods: We identified 2708 patients aged ≥ 18 years with a record of allogeneic hematopoietic stem cell 
transplantation (HSCT) in the Swedish Patient Register between 2006 and 2020. Patients exposed to ECP from 3- 
months post HSCT (index) were included (n= 183). Data was linked to the Prescribed Drug Register, the Cause of 
Death Register, and the Longitudinal Integrated Database for Health Insurance and Labor Market Studies (LISA). 
Results: The median patient age at index was 51 years (IQR1–3; 38–61). In the 3-month period before ECP 
initiation compared to 9–12 months post-ECP, the cumulative three-month dose per patient decreased pred
nisolone/prednisone (1,381 mg vs. 658 mg, p < 0.001) and cyclosporin (12,242 mg vs. 3,501 mg, p < 0.001). 
Infection incidence also decreased over the same period (79.2% vs 59.1%, p < 0.001). Time spent in healthcare 
decreased from 68.9% to 22.1% from the first and fifth follow-up year respectively, and corresponding annual 
healthcare cost reduced from €27,719 to €1,981. Among patients < 66 years of age, sickness-related workplace 
absence decreased from 73.2% to 31.9% between the first and fifth follow-up year, with median annual pro
ductivity loss decreasing from €20,358 to €7,211 per patient. 
Conclusions: ECP was associated with reduced use of corticosteroids, immunosuppressive agents, and fewer in
fections. Furthermore, cost and healthcare utilization decreased over time.   

1. Introduction 

Allogeneic hematopoietic stem cell transplantation (HSCT) is a 

treatment intervention with curative potential for several benign and 
malignant conditions. However, approximately 30–70% of HSCT re
cipients who survive at least 100 days following HSCT develop chronic 
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graft-versus-host disease (cGVHD) [1]; a debilitating and 
life-threatening inflammatory complication associated with heteroge
nous organ damage [1–3]. cGVHD has high mortality rates [4] and is the 
leading cause of non-relapse mortality from two years post HSCT [5,6]. 
High dose corticosteroids and immunosuppressive agents are typically 
used as frontline treatment [7–11], however on average half of all pa
tients will become refractory to treatment [12]. Long-term treatment 
with high-dose corticosteroids is also associated with significant toxicity 
and a high proportion of cGVHD patients develop treatment-related 
comorbidities including type 2 diabetes, osteoporosis, and hyperten
sion [13]. Furthermore, immunosuppression is associated with higher 
risk of infection and is a major cause of death in cGVHD patients [1]. The 
costs associated with cGVHD management are significant; with cumu
lative three-year healthcare resource utilization (HRU) cost for mild and 
moderate-severe cGVHD patients in Sweden estimated at over €70,000 
and €100,000, respectively [14]. 

ECP is a leukapheresis-based therapy where patients’ leukocytes are 
collected, treated ex vivo with methoxsalen and exposed to ultraviolet 
light, and returned to the patient. ECP is widely recommended as 
second-line treatment for cGVHD [7,15–21]. While the immunomodu
latory mechanism of action is not fully elucidated, ECP has been shown 
to be effective in treating cGVHD while being safe and associated with 
minimal side effects [21–23]. Prospective and retrospective studies 
focused on real-world effectiveness of ECP in cGVHD have mostly been 
small, single-site or regional studies [21], but none have shown a 
nationwide perspective. Furthermore, few have assessed long-term 
clinical outcomes, as well health economic factors associated with ECP 
treatment such as healthcare resource utilization [24] and productivity 
loss associated with workplace sickness absence [25]. 

The objective of the current study was to utilize patient data from 
linked, longitudinal population-based registers over a 15-year period to 
characterize burden of disease and the clinical and health economic 
outcomes associated ECP with treatment for cGVHD patients in clinical 
practice. 

2. Material and methods 

2.1. Ethics and linkage 

This study was approved by the Swedish Ethical Review Authority 
(Dnr 2020–03027) and used nationwide Swedish registers held by the 
National Board of Health and Welfare (Socialstyrelsen) and Statistics 
Sweden (SCB). Informed consent from patients was not required for 
secondary use of pseudonymised register data. Unique personal identi
fication numbers allowed patient data linkage across the Patient Reg
ister, the Prescribed Drug Register, the Cause of Death Register, the 
Cancer Register and the Longitudinal Integrated Database for Health 
Insurance and Labor Market Studies (LISA). To account for under
reporting of ECP treatment records in the Patient Register, data 
enrichment was performed by accessing regional hospital payment 
systems. This additional data was available for all regions in Sweden 
except for Karolinska University Hospital. 

2.2. Study population 

Patients aged ≥ 18 years with a record of allogeneic HSCT in the 
Swedish Patient Register between January 2006 and July 2020 were 
identified (Supplementary Fig. 1). Within this population, patients with 
a record of ECP treatment from at least 3 months after HSCT (index) and 
onwards were included. End of follow-up was December 2020. Patients 
were excluded when ECP treatment was recorded within the first 3 
months post HSCT only, or if death or emigration was less than 3 months 
post HSCT. 

2.3. Statistical analysis 

Univariate all-cause survival for HSCT patients exposed to ECP from 
91 days post HSCT (index date) was calculated with Kaplan Meier 
analysis with 95% confidence interval (CI). Patients were followed until 
death or censoring due to end of follow-up. Survival analysis was per
formed using the R survival package. 

To determine treatment pattern characterization, the proportion of 
HSCT patients who received ECP at each follow-up year post index date 
and the median number of treatments per patient per follow-up year 
were assessed. The number of treatments were defined as each date an 
ECP record was registered. Immunosuppressive drug use was based on 
ATC records registered pre- and post-ECP initiation. Cumulative drug 
dose per patient (mg) three months prior to ECP until one year after ECP 
(− 3 to 0 m; 0–3 m, 3–6 m, 6–9 m, 9–12 m) were calculated. Statistical 
significance between the reference period (ref; − 3 to 0 m prior to first 
ECP record) and time periods after treatment initiation were assessed by 
paired t-test. 

Infection incidence was assessed pre- and post-ECP initiation (− 3 to 
0 m; 0–3 m, 3–6 m, 6–9 m, 9–12 m; see Supplementary Methods for 
infection definition codes). Statistical significance between the refer
ence period (ref; − 3 to 0 m prior to first ECP record) and time periods 
after treatment initiation were assessed by equality of proportion test. 
Stata SE v15 was used for analyses in for both treatment pattern char
acterization and infection incidence. 

2.4. Healthcare resource utilization (HRU) and cost 

The number of patients who accessed specialized healthcare (inpa
tient admissions and outpatient visits) were stratified per follow-up 
year. Average time spent in care per follow-up year was defined as the 
number of days in care for a given follow-up year/total person time 
contributed by patients for given follow-up year. Date of admission/ 
discharge defined inpatient time in care, while each outpatient record 
was counted as one day. Direct medical cost was derived from Diagnosis 
Related Group (DRG) codes recorded in the Patient Register. HRU cost 
analyses follow-up was restricted to December 2019 due to lag time of 
the published annual weighted code costs (Socialstyrelsen). All costs 
were adjusted for inflation as of 2020 according to Swedish Consumer 
Price Index (Statistics Sweden). Cost was converted from Swedish Kro
nor to Euros based on the average conversion rate for 2020 according to 
the European Central Bank (1 Euro =10.4848 SEK). 

2.5. Sickness absence and productivity loss 

The proportion of time patients were absent from work was assessed 
for patients < 66 yrs of age (assumed retirement age in Sweden). Sick
ness absence days were defined as the cumulative number of days a 
patient received sickness benefit, preventive sickness benefit, occupa
tional injury sickness benefit and/or rehabilitation benefit per year 
recorded in the LISA register (plus 14 days per follow up year to account 
for initial employer funding of sick leave). Productivity loss was defined 
based on an individuals’ sickness absence days and their salary; calcu
lated using earned income and work-related remuneration from the LISA 
register. LISA data was available for follow-up until December 2018. 
Productivity loss cost was multiplied by 1.3142 to account for payroll 
and social fees and converted to Euro as described above. 

3. Results 

3.1. Patient characteristics 

2,708 patients with a record of allogenic HSCT were identified in the 
Patient Registry (Supplementary Fig. 1). Patients were excluded who 
were exposed to ECP less than 3 months after HSCT only (n= 18), had an 
index date prior to 01.01.2006 (n= 12), and were under 18 years of age 

F. Schain et al.                                                                                                                                                                                                                                  



Transfusion and Apheresis Science 62 (2023) 103705

3

at index (n= 14). Overall, 183 patients treated with ECP ≥ 91 days post 
HSCT were included in the study population (Table 1). The median age 
at index was 51 years, with men representing 65.6% of all patients. The 
main underlying conditions were acute leukemia (43.2%) and chronic 
leukemia (15.3%). For HSCT, 16.9% of patients received stem cells from 
an unrelated donor, and 83.1% received peripheral blood stem cells 
(Table 1). The median follow-up time was 2.7 years. 

3.2. ECP treatment pattern 

The median time from index date to first ECP exposure was 7.8 
months (IQR 1–3; 3–19). Median number of ECP treatments was 18 (IQR 
1–3; 4–39) and mean was 17.8 (SD 42.6) (Table 2). Median time from 
index to first ECP for patients transplanted 2006–2015 was 10.1 months 
(IQR 2.7–26.8) compared to 7.1 months for patients transplanted in 
2016–2020 (IQR 3.6–15.9), despite no significant difference in baseline 
characteristics (Supplementary Table 2). 112 of 183 ECP-treated pa
tients (61%) received ECP within the first follow-up year from index 
date (Table 2). In the fifth follow-up year, 22 of 67 ECP-treated patients 
(32%) received treatment that year. During the 3-month period prior to 
first ECP treatment, 90.0% of patients (n= 165) received cyclosporine, 
52.5% (n= 96) received prednisolone/prednisone, 9.8% (n= 18) 
received tacrolimus and 3.8% (n= 7) received ruxolitinib (Table 3). 

3.3. Overall Survival, Corticosteroid and Immunosuppressant Usage, and 
Infections 

The median overall survival time from index date was 6.0 years 
among all HSCT patients exposed to ECP treatment (Fig. 1). After ECP 
treatment initiation, patient use of prednisolone/prednisone and 
cyclosporin was reduced, when compared to the 3-month period prior to 
the first ECP treatment (Table 4). Cumulative dose dispensed by phar
macies per patient decreased for prednisolone/predinsone (1,381 mg 
versus 658 mg [9–12 months post ECP initiation], p < 0.001) and 
cyclosporin (12,242 mg versus 3,501 mg [9–12 months post ECP initi
ation], p < 0.001). Too few patients were treated with tacrolimus (n=

18), ruxolitinib (n= 7), hydrocortisone, methylprednisolone or flu
drocortisone (n= 4) or dexamethasone or betamethasone (n= 2) in the 
period 3–0 months prior to ECP initiation to enable post-ECP initiation 
treatment comparisons (Supplementary Table 1). The incidence rate of 
infections during the 3-month period prior to ECP initiation was 79.2% 
and decreased over time to 59.1% ([9–12 months after-ECP initiation] p 
< 0.001) (Table 5). 

3.4. Healthcare resource utilization and cost 

The average time spent in healthcare (inpatient and outpatient 
specialized care) declined over follow-up time after ECP initiation; from 
68.9% to 22.1% in the first (n= 181) and fifth (n= 55) follow-up year 
after index, respectively (Table 6). The direct medical cost per patient- 
year decreased from €27,719 to €1,981 when comparing the first and 
fifth follow-up year after index (Table 6). 

3.5. Sickness absence and productivity loss 

Among patients < 66 years (n= 130), sickness-associated time ab
sent from work decreased from 73.2% to 31.9% in the first and fifth 
follow-up year, with a corresponding decrease in productivity loss from 
20,358 euro to 7,211 euro per patient per year (Table 7). 

4. Discussion 

To our knowledge this is the first study which has investigated the 
association between ECP treatment and long-term outcomes, time spent 
in healthcare and patientśability to return to work in cGVHD patients 
from a national-wide, real-world perspective. 

First line treatment for moderate to severe cGVHD treatment is sys
temic immunosuppressive treatment with corticosteroids and immuno
suppressant agents; usually prednisolone and often in combination with 
a calcineurin inhibitor [9,12,26]. However, with high rates of steroid 
refractory disease [9,27,28] and toxicity and morbidities associated 
with high dose steroids [10,29–31], a reduced need for immunosup
pression is an important outcome to assess the benefit of immunomod
ulatory treatments such as ECP. A major finding from our study was that 
cumulative dose of prescribed prednisolone/predinsone was reduced by 
41.3%, 6–9 months after initiation of ECP treatment compared to the 
3-month period pre-ECP. This finding is in line with a previous study 

Table 1 
Baseline characteristics for HSCT patients exposed to ECP.  

Total, n (%) 183 

Sex, n (%)  
Male  120 (65.6) 
Female  63 (34.4) 

Age, years  
Median (IQR 1–3)  51 (38–61) 
Mean (SD)  48.9 (14.2) 

Age group, n (%)  
18–39  55 (30.1) 
40–59  76 (41.5) 
≥ 60  52 (28.4) 

Indication for HSCT, n (%)  
Hematological malignancy   

Acute leukemia  79 (43.2) 
Chronic leukemia  28 (15.3) 
Lymphoma  14 (7.7) 
Myelodysplastic syndrome  22 (12.0) 
Other hematological malignancy  10 (5.5) 

Solid tumor  0 (0.0) 
Other  30 (16.4) 
Donor, n (%)  

Related  70 (38.3) 
Unrelated  108 (59.0) 
Unknown  5 (2.7) 

Source of HSCT, n (%)  
Bone marrow/cord blood  31 (16.9) 
Peripheral blood stem cells  152 (83.1) 

ECP, extracorporeal photopheresis; HSCT, hematopoietic stem cell 
transplantation; 
IQR, interquartile range; SD, standard deviation; Pts, patients 

Table 2 
ECP treatment pattern by follow-up year.  

Follow-up year 
from index date 

Number of patients exposed to 
ECP (total patients at risk) 

Median (IQR 1–3) number 
of ECP treatments 

1 112 (183) 11 (2–21) 
2 82 (149) 16.5 (4–28) 
3 44 (110) 15.5 (7–25) 
4 32 (87) 14 (4–22) 
5 22 (67) 20 (11–29) 
6 11 (54) 7 (4–23) 
7 7 (39) 15 (1–34) 
≥ 8 5 (31) 13 (12–23) 
Overall 183 (183) 18 (4–39) 

ECP, extracorporeal photopheresis; IQR, interquartile range 

Table 3 
Proportion of patients treated with corticosteroids and/or immunosuppressive 
agents 3–0 months prior to ECP treatment initiation.  

Patients Cyclosporine, 
n (%) 

Tacrolimus, 
n (%) 

Ruxolitinib, 
n (%) 

Prednisolone and/ 
or prednisone, n 
(%)  

183  165 (90.0)  18 (9.8)  7 (3.8)  96 (52.5) 

ECP, extracorporeal photopheresis 
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including Polish patients, which showed ECP treatment was associated 
with a reduction in prednisone dose from 0.32 mg to 0.07 mg per kg 
bodyweight and complete steroid discontinuation in 6 of 13 patients 
[32]. Similarly, a Spanish multicenter study showed that reduction in 

steroid therapy after ECP treatment was associated with improved 
overall survival rates [33]. Overall, these findings for ECP support the 
overarching objectives for effective cGVHD treatments to enable steroid 
tapering. 

We further assessed the need for other immunosuppressive agents 
after ECP treatment initiation. The cumulative prescribed dose of 
cyclosporin decreased 3 months after ECP initiation by 48.2% compared 
to the 3-month period pre-ECP. Too few patients received tacrolimus 
and ruxolitinib for meaningful comparisons, however a trend toward 
similar or increased usage, respectively, was observed. Increased rux
olitinib over time may be reflective of the only recent EMA approval for 
cGVHD [34]. Similarly with hydrocortisone, methylprednisolone and 
fludrocortisone, an increase may be associated with use in later stages of 
cGVHD therapy, however with so few patients, larger patient numbers 
would be required for meaningful conclusions. 

Infection is a severe problem associated with immunosuppression 
[35], but immunosuppression is important to prevent or reduce the 
severity of cGVHD. A systematic review of adverse events associated 

Fig. 1. All-cause survival analysis for HSCT patients exposed to ECP, from index 91 days post-HSCT.  

Table 4 
Cumulative dose of prednisolone/prednisone and cyclosporin associated with 
treatment initiation.  

Time period Patients, 
n 

Patient- 
time (3 m) 

Prednisolone / 
prednisone, mg (p- 
value) 

Cyclosporin, mg 
(p-value) 

3–0 months 
before 
first ECP 

183 183 1381 (ref). 12,242 (ref). 

0–3 months 
after first 
ECP 

183 182 1064 (0.059) 6339 (<0.001) 

3–6 months 
after first 
ECP 

179 176 1117 (0.090) 5245 (<0.001) 

6–9 months 
after first 
ECP 

173 162 811 (<0.05) 4627 (<0.001) 

9–12 
months 
after first 
ECP 

154 152 658 (<0.001) 3501 (<0.001) 

ECP, extracorporeal photopheresis; mg, milligram; ref, reference. 

Table 5 
Infection rates associated with ECP treatment initiation.  

Time period Patients, 
n 

Patient-time 
(3 m) 

Patients with 
infection, n (%) 

P- 
value 

3–0 months before 
first ECP 

183 183 145 (79.2) ref 

0–3 months after 
first ECP 

183 182 135 (73.8) n.s. 

3–6 months after 
first ECP 

179 176 121 (67.6) <

0.01 
6–9 months after 

first ECP 
173 162 125 (72.3) <

0.01 
9–12 months after 

first ECP 
154 152 91 (59.1) <

0.01 

ECP, extracorporeal photopheresis; mg, milligram; ref, reference; n.s, not 
significant 

Table 6 
Average time spent in healthcare and associated direct medical cost.  

Follow-up 
year 

Patients, 
n 

Patient- 
time (years) 

Percentage of time 
spent in healthcare, % 

Cost per 
patient-year 
(euro) 

1 183 163a 68.9 27,719 
2 149 131 40.7 13,781 
3 110 98 31.2 3,744 
4 87 77 25.0 1,877 
5 67 61 22.1 1,981  

a Patient-years for medical cost is based on n = 163, since DRG codes used to 
calculate direct medical cost were available only until December 2019. 

Table 7 
Sickness absence and productivity loss among ECP-treated patients < 66 years.  

Follow- 
up year 

Patients, 
n 

Patient- 
time 
(years) 

Proportion of time 
with sickness absence 
(%) 

Productivity 
loss (euro) 

1 130 124 73.2 20,358 
2 115 100 61.9 17,416 
3 85 73 52.2 14,450 
4 64 54 45.0 11,435 
5 48 42 31.9 7211  
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with cGVHD treatments indicated infection was the most commonly 
reported adverse event, and ECP was associated with the lowest 
observed incidence of treatment-attributable infections and laboratory 
abnormalities [36]. Similarly, a recent US claims study reported 97% of 
GVHD patients had at least 1 steroid-associated complication within the 
first two years after diagnosis, and that infection was the most common 
complication (79.5%) [37]. Furthermore, patients with an infection 
experienced the highest hospitalization rate and highest associated 
healthcare cost. In the current study we observed a decreased incidence 
of infections after initiation of ECP treatment; an important finding as 
effective cGVHD treatments should have a minimal side effect profile. 
All-cause time in specialized care decreased over time among 
ECP-treated patients, as did associated healthcare costs. The major 
factor associated with this decrease was the reduction in time spent in 
inpatient care (42% vs 6% of the year spent in inpatient care in the first 
and fifth follow-up years, respectively, compared to 31.5% vs 16% 
associated with outpatient visits). While we did not specifically quan
titate infection-associated HRU from the registers, the association be
tween decreased all-cause HRU burden over time and lower rates of 
infection among the ECP-treated cGVHD patients is in line with findings 
from the US study [37]. However, despite a median OS of 6 years, 
mortality of the sickest patients in the earlier follow-up periods may also 
contribute to annual costs being lower for cGVHD patients after 5 years 
post HSCT. 

A unique component of this study is the addition of understanding of 
the broader societal costs by examining the burden of workplace pro
ductivity loss. cGVHD is a potentially debilitating complication and 
economic costs associated with patients’ inability to work are signifi
cant. In the United States it was estimated that only 37.5% of cGVHD 
patients would return to work, which was predicted to total to approx
imately 605,631 years’ worth of lost income [25]. This was estimated to 
cost five-times more than the 10-year cost of treating the condition [25]. 
To our knowledge, the current study is the first to analyze sickness 
absence and productivity loss associated with ECP-treated cGVHD pa
tients. The finding that patients’ sickness absence reduced from 73.2% 
in the first year to 31.9% in the fifth follow-up after HSCT is in line with 
our other findings of less time spent in healthcare and a lesser burden of 
infections. 

Furthermore, return to work after illness/injury has been shown to 
be associated with improved quality of life (QoL) outcomes for patients 
[38,39]. This is of relevance to cGVHD patients, where QoL impact is 
significant [40], and ECP treatment has been reported to improve QoL in 
steroid refractory cGVHD patients [23,41]. In a randomized clinical 
trial, Flowers et al. reported greater improvement of QoL associated 
with ECP among cGVHD patients, attributed to both betterment of the 
disease status and a reduction in corticosteroid use [23]. Similarly, 
Dignan et al. reported improved QoL scores among 17 out of 18 cGVHD 
patients treated with ECP [41]. While QoL was not measured in our 
study, the finding of reduced time spent in healthcare and a greater 
ability to return to work are positive outcome for ECP-treated cGVHD 
patients that may lead to QoL improvements. 

Regarding direct medical costs, previous studies have suggested the 
cost-effectiveness of ECP for the treatment of cGVHD. A modeling study 
in Spain simulating third-line strategies for cGVHD suggested that 
despite higher initial acquisition costs for ECP, ECP would be more cost 
effective compared to imatinib after 9 months and rituximab after 5 
years [42]. Similarly, Italian and Australian modeling studies have 
similarly reported lower medical costs associated with ECP [43,44]. In a 
previous register study in Sweden, HRU cost was assessed for 
moderate-severe cGVHD patients; encompassing both ECP-treated pa
tients and those treated with pharmacological agents. That study 
showed that the mean cumulative three-year HRU cost for 
moderate-severe cGVHD patients who survived 6-month post HSCT was 
€65,559 [14]. While not directly comparable, that was higher than the 
current finding for ECP-treated cGVHD patients in the same time period 
(€45,244). 

Finally, our current finding of a median 7.8 months from index date 
to first ECP treatment is similar to the average 5.4 months from cGVHD 
diagnosis reported in a US claims database study [24]. In terms of sur
vival, an approximate 85% 1-yr OS was also similar to a Danish 
single-site study which reported 94% 1-year OS among moderate-severe 
ECP treated patients after cGVHD diagnosis [45]. A strength of this study 
is that we were able to assess long term survival; reporting a median OS 
of 6 years for cGVHD patients treated with ECP. This is in line with other 
studies showing favorable OS associated with ECP, including in acute 
cGVHD [46], systemic sclerosis [47], HSCT patients with bronchiolitis 
obliterans [48] and cutaneous T-cell lymphoma [49]. With the use of 
ECP in line with the recommendations, and results similar to other 
real-world studies, the current findings have applicability to other 
countries where ECP guidelines and use are similar. 

5. Limitations 

While strengths of the current study include the long-term, popula
tion-wide scope and linkage of comprehensive clinical characterization 
and health economic outcomes, this is a descriptive retrospective study 
and register data has limitations in terms of clinical data granularity. 
Underreporting of cGVHD diagnoses recorded in the Patient Register 
made this unreliable to establish cGVHD start date, and that the proxy of 
91 days post HSCT as index date meant only an estimation of time to ECP 
initiation from cGVHD manifestation could be included. While the time 
period was selected to limit inclusion of acute GVHD cases, some cases 
with late presentation may not have been excluded. Similarly, steroid 
use associated with acute cGVHD treatment may contribute to our pre- 
ECP cGVHD treatment analyses. We acknowledge the MAGIC criteria/ 
NIH 2014 criteria would have been of value for defining the patient 
population [6]. Furthermore, we were unable to determine cGVHD 
severity with enough sensitivity to enable outcome comparisons be
tween moderate-severe cGVHD patients treated with and without ECP. 
To employ a similar treatment-based severity classification strategy as 
used in a recent Swedish study [14] ran the risk of bias by indication, as 
ECP itself is associated with selection of the patient group with the most 
severe disease. Therefore, we have performed intra-patient comparisons 
of cGVHD patients pre- and post-ECP initiation to offer insight into the 
longitudinal treatment patterns of ECP in the real-world. 

The definition for infections was based on records of diagnoses and 
drug treatment proxies aimed to distinguish between prophylaxis and 
treatment, and while it was designed to reflect clinical care practice, it 
may be subject to the limitations inherent in registry-based analyses. 
Limitations also include that drugs administered in hospital are not 
reliably captured, and therefore our dose analyses are derived from 
pharmacy dispensation records. Some patients with severe cGVHD may 
have received additional high-dose steroids or other immunosuppres
sant agents in hospital which are not reflected in the Prescribed Drug 
Register. HRU assessment includes specialized hospital care (inpatient 
and outpatient), however primary care is not included in the Patient 
Register. For time in outpatient care analysis each record is counted as 
one day, which may lead to an overestimation of time patients specif
ically spend within the healthcare system. Similarly, DRG-based costing 
estimates exclude costs associated with primary care and pharmacy 
dispensed medicines. 

6. Conclusions 

The current study utilizes a unique, longitudinal population-based 
dataset in Sweden that enabled a broad characterization of clinical 
and health economic outcomes associated with ECP treatment in clinical 
practice. This study contributes important clinical insights regarding the 
utility of ECP to treat cGVHD among patients who underwent HSCT, 
ultimately supporting better outcomes for cGVHD patients and reduced 
HRU and cost burden for society. Future studies might consider differ
entiating between moderate and severe cases to assess the effects on ECP 
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in these different cGVHD severity states. 
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