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Introduction: Although extracorporeal photopheresis (ECP) is a promising second-line ther-

apy in the treatment of chronic graft-versus-host disease (cGVHD), its use is limited by its

high cost. This study aims to describe the clinical evolution of patients who underwent ECP

therapy for cGVHD and to perform an economic analysis of the therapy

Methods: This was a case series between 2016 and 2020 describing the clinical response to

ECP and a micro-cost analysis of the therapy using time-driven activity-based costing.

Results: Six patients underwent ECP for corticosteroid-dependent cGVHD The cost per ECP

session is 14,960.90 Brazilian reais (BRL), which primarily consists of the ECP kit with an

activator (82.78%), followed by the hospital’s physical structure (14.66%), human resources

(2.48%) and exams/inputs (0.08%). The number of sessions performed ranged from 2 to 42.

The total cost of the therapy per patient ranged from BRL 30,000 to 500,000.

Conclusion: The response of the patient with cGVHD to treatment with ECP was variable.

These micro-costing results can be used to develop remuneration and cost control strate-

gies in hematopoietic stem cell transplantation programs, as well as in further economic

studies.

� 2021 Published by Elsevier España, S.L.U. on behalf of Associação Brasileira de Hematolo-

gia, Hemoterapia e Terapia Celular. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/). TaggedEnd
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TaggedH1Introduction TaggedEnd

TaggedPPatients undergoing hematopoietic stem cell transplantation

(HSCT) are at a high risk for immediate and late complica-

tions, with graft-versus-host disease (GVHD) being one of the

TaggedEndTaggedPmost prevalent and having the highest mortality.1 Chronic

GVHD (cGVHD) affects between 35% and 50% of HSCT recipi-

ents and is especially challenging due to the heterogeneity of

its clinical presentation and treatment response. It can affect

the skin, liver, eyes, lungs, joints, fascia, genitals, oral cavity

and gastrointestinal tract.2−4 TaggedEnd

TaggedPLess than 20% of patients with cGVHD have a complete or

partial durable response to first-line corticosteroid treatment

and survive one year after initial treatment without addi-

tional systemic therapy.5 The persistence of the symptoms
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TaggedEndTaggedPand the deleterious effects of chronic corticosteroid use limit

performance and impair productive capacity, with a signifi-

cant impact on the patient’s quality of life.6,7TaggedEnd

TaggedPExtracorporeal photopheresis (ECP), a second-line treat-

ment option for GVHD, consists of the following steps:

removal of mononuclear cells from the patient's blood

through an apheresis process; application of photoactivator

8-methoxypsoralen in the selected cells; exposure to ultravio-

let radiation A, and; reinfusion of this product into the

patient.8,9 This procedure has a prolonged immunomodula-

tory effect, as it causes apoptosis of alloreactive T cells and

promotes immunological tolerance. Compared to other thera-

pies, ECP has the advantage of preserving the graft-versus-

leukemia effect, as well as reducing the risk of opportunistic

infections, as it has an immunomodulatory effect, rather

than an immunosuppressive one.8,10−12TaggedEnd

TaggedPRegarding the response to treating cGVHD with ECP, some

studies report an overall response > 50% in at least one of the

sites affected by GVHD, while other studies describe a 50%

improvement in the clinical manifestations of the disease.13

However, treatment response varies in specific organs, with a

greater tendency toward improvement in skin and oral

mucosa.14 Although ECP is a promising therapy and has a bet-

ter response rate than other second-line therapies, no studies

have presented consistent data on its effects, so it is still

controversial.15TaggedEnd

TaggedPMoreover, its use is also limited by its high cost (equip-

ment and procedure). In some cases, this cost can be offset by

reducing immunosuppressive therapy, which directly influ-

ences outcomes such as hospitalization, quality of life and,

sometimes, mortality related to immunosuppressive ther-

apy.16 However, clinical follow-up studies and economic stud-

ies of ECP therapy are still scarce. Thus, this study aims to

describe the clinical evolution of patients undergoing ECP as a

second-line therapy for cGVHD and to perform an economic

analysis of the treatment process. TaggedEnd

TaggedH1Methods TaggedEnd

TaggedPThis case series describes the clinical response to ECP and an

economic analysis of all patients who underwent the therapy

at the Hospital de Clínicas de Porto Alegre (HCPA) between

November 2016 and September 2020. The HCPA is a reference

institution in HSCT in the state, with over 25 years of experi-

ence in transplantation, boasting a qualified multidisciplinary

staff in all stages of care.TaggedEnd

TaggedH2ECP protocol TaggedEnd

TaggedPThe ECP was performed using the “in-line” method with the

TherakosTM UVAR� XTSTM system. In this method, all three

phases (leukapheresis, photoactivation and reinfusion) are

performed sequentially in a cardiopulmonary bypass using a

single device.8,9 The equipment cost was not included in this

analysis, as our institution received the machine as a dona-

tion and the objective was to assess the session cost per

patient. A central venous catheter (CVC) was implanted in the

patients undergoing treatment. The protocol provided for two

sessions per week on consecutive days until the lesions had

TaggedEndTaggedPimproved and the corticosteroid dose had been reduced by

approximately 50%. After this phase, the sessions occurred

fortnightly until the complete cessation of the corticosteroid

therapy was possible without GVHD symptom relapse.17TaggedEnd

TaggedPThe response to ECP therapy was defined as: a) complete -

disappearance of cGVHD in all organs; b) partial - at least 50%

improvement; c) stable disease - less than 50% improvement,

and; d) treatment failure/disease progression - no significant

response to ECP, worsening GVHD in at least one organ or

death after one month or more of ECP therapy.2,18 The clinical

characteristics of the patients were assessed through a review

of the electronic medical records, with the global grading of

chronic GVHD performed according to Jagasia et al.18 TaggedEnd

TaggedH2Economic analysis TaggedEnd

TaggedPThe economic analysis included a micro-costing study of ECP ses-

sions based on time-driven activity-based costing (TDABC). In this

method, resources are individually identified according to consump-

tion, leading to a specific total cost per patient. Data collection for

this individual assessment requires more effort, but provides accu-

rate results that reflect the reality of the location in question.19TaggedEnd

TaggedPThe TDABC has been presented in the literature as the most accu-

rate method for assessing healthcare costs, supporting initiatives for

the management of healthcare systems by value.20 The fundamental

principle of this method is to transform the cost drivers into time

equations, which represent the time needed to carry out such an

activity and, thus, measure the cost of services and/or products

based on the actual consumption of resources. The TDABCmethod

followed these steps: a) determine the details of the main

activities that the patient undergoes; b) identify and calculate

the costing of all resources consumed by the patient and the

involved departments; c) develop time equations and allocate

costs to activities, and; d) calculate the cost per patient.19TaggedEnd

TaggedPThe capacity of the hemotherapy unit where the procedures

took place was determined in hours and the unit's operating

time with medical professionals was considered. To determine

the professional capacity, the mean salary for each professional

class in 2019 was considered. The 2019 hospital exam fees were

considered, as was the 2016 purchase value of the ECP kit. The

time required to conduct the sessions was determined by the

observation of the procedure and interviewing the responsible

physician and nurse. The data were compiled in an Excel�

spreadsheet and the results are presented as absolute values.TaggedEnd

TaggedH2Ethical considerations TaggedEnd

TaggedPAll patients indicated for the ECP therapy agreed to partici-

pate in this study and provide written informed consent. This

project was approved by the research ethics committees of

the Hospital Moinhos de Vento and the HCPA (number

63004716.6.1001.5330). TaggedEnd

TaggedH1Results TaggedEnd

TaggedH2Case presentation TaggedEnd

TaggedPSix patients who underwent ECP during the study period were

included, four underwent HSCT at the HCPA and two
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TaggedEndTaggedPunderwent it at other centers. All of them were referred for

ECP therapy to treat corticosteroid-dependent cutaneous

cGVHD, of whom five already had complications due to corti-

costeroid therapy (Table 1). Prior to the ECP therapy, in addi-

tion to corticosteroids, these patients were using at least one

immunosuppressant (cyclosporine, tacrolimus or mycophe-

nolate mofetil). All of them had GVHD, which was severe in

most cases, in at least two sites. (Table 1). Only one patient

(P1) had a transient decrease in the hematocrit and hemoglo-

bin related to the procedure, which required a transfusion of

packed red blood cells. However, this did not impact the con-

tinuation of the ECP therapy. No patient experienced severe

toxicity during treatment. TaggedEnd

TaggedH2Micro-cost analysis TaggedEnd

TaggedPThrough the observation of the steps of the procedure and inter-

views with the professionals involved in the process, the patient flow

was designed, identifying the main procedures that patients

underwent during each ECP session (Figure 1): TaggedEnd

TaggedPFor each activity mapped, the resources involved were

identified: professionals, unit structure, ECP kit, exams and

supplies.TaggedEnd

TaggedPThe ECP occurs in the hemotherapy unit and, according to

the institution's estimates, its monthly cost is BRL 357,900.31.

TaggedEndTaggedPBased on this figure, the unit’s monthly capacity was calcu-

lated by obtaining the cost per unit hour. The unit cost rate of

BRL 438.60 was obtained by dividing the cost of the hemother-

apy unit by the hourly capacity of the unit's physicians (816

hours/month) (Table 2). TaggedEnd

TaggedPMonetary values are presented in Brazilian reais (BRL).

Legend: UCR: unit cost rate (BRL/h); Total cost: total ther-

apy cost per patient. 1Occupation refers to the use of the

resource, either in hours (team/location) or in units

(inputs); 2Physical structure refers to the Hemotherapy

Unit; 3Global cost refers to the total ECP cost for all

included patients. TaggedEnd

TaggedPThe total session cost is obtained by multiplying the

time of use by the hourly cost of each resource. For inputs,

the consumption quantities were multiplied by the acqui-

sition cost. TaggedEnd

TaggedPThe cost per ECP session was BRL 14,960.90. This cost con-

sists primarily of the ECP kit with an activator (82.78%), fol-

lowed by the physical structure of the department (14.66%),

human resources (2.48%) and exams/inputs (0.08%). The

number of sessions per patient ranged from 2 to 42, and the

cost of the complete treatment per patient ranged from

approximately BRL 30,000 to BRL 500,000. The cost related to

the staff training and the cost of acquiring TherakosTM UVAR�

XTSTM were not considered. TaggedEnd

TaggedEnd Table 1 – Clinical characteristics of the patients and ECP therapy.

P1 P2 P3 P4 P5 P6

Baseline disease NHL ALL AML CML ALL ALL
HSCT type MRD MRD MRD MRD MRD Haplo
Sex D/R F/F M/F M/M M/M M/F M/M
Age D/R 47/44 59/58 11/9 26/22 31/27 15/NI
HSC source PBSC PBSC BM BM PBSC PBSC
Prior aGVHD No Yes Yes Yes Yes Yes
Prior cGVHD Skin,Liver Skin, Mouth,GIT,

Lung
Subcutaneous,
Mouth

Skin, Lung Skin, Lung Lung, GIT-
Mouth, Skin

Active cGVHD1 Skin Skin, Mouth Subcutaneous,
Mouth

Skin Skin, Lung Lung,Mouth,
Skin

cGVHD degree Moderate Severe Moderate Severe Severe Severe
Corticosteroid
therapy
complications

Osteopenia,
Dyslipidemia

Osteoporosis,
Osteomyelitis,
Osteonecrosis,
DM, Cataracts,
Dyslipidemia

HTN - DM, SAHD
yslipidemia

DM

2nd-line prior to
ECP

Basiliximab
UVAP

- UVAP - Basiliximab
Rituximab

-

Adjuvant thera-
pyto ECP

CSA, MMF
prednisone

MMF, prednisone CSA, prednisone CSA, prednisone prednisone MMF,
prednisone

Response to ECP Complete Partial/
Progression

Complete NA Partial/
Progression

Progression

Protocol completed Yes No Yes No No No
Reason for inter-
rupting ECP

NA Infection(CVC) Infection(CVC) Embolism (CVC
rupture)

Thrombosis(CVC) Respiratory
infection and
CMV

Reason for sus-
pending ECP

NA CVC2 NA CVC2 Therapeutic
failure

Therapeutic
failure

Final status Alive Dead Alive Alive Living Dead
Reason for death NA Infection NA NA NA cGVHD

progression

NHL: Non-Hodgkin's lymphoma; ALL: acute lymphoid leukemia; AML: acute myeloid leukemia CML: chronic myeloid leukemia; HSCT: hemato-

poietic stem cell transplantation; MRD: matched related donor; Haplo: HLA-haploidentical donor; F: female; M: male; D/R: donor/recipient; HSC:

hematopoietic stem cells; PBSC: peripheral blood stem cells; BM: bone marrow; NI: not informed; aGVHD: acute graft-versus-host disease;

cGVHD: chronic graft-versus-host disease; GIT: gastrointestinal tract; ECP: extracorporeal photopheresis; DM: diabetes mellitus; HTN: systemic

arterial hypertension; UVAP: psoralen with ultraviolet A phototherapy; NA: not applicable; CSA: cyclosporine; MMF: mycophenolate mofetil;

CVC: central venous catheter; CMV: cytomegalovirus. 1 The cGVHD was active at the time the ECP was indicated; 2 CVC - related complications.
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TaggedH1Discussion TaggedEnd

TaggedPThis is the first micro-costing study to use the TDABCmethod

to assess ECP costs. It was found that each session cost

approximately BRL 15,000 and the response to treatment var-

ied. Although it benefitted four patients, only two had a com-

plete response and these patients had moderate global

cGVHD without lung involvement. TaggedEnd

TaggedPTo date, only one randomized clinical trial has assessed

ECP in patients with GVHD refractory to/dependent on corti-

costeroids.13 In this trial, a ≥ 50% reduction in the corticoste-

roid dose and a ≥ 25% reduction in the total skin involvement

were reported and this reduction was maintained even after

the treatment interruption.13 Due to these benefits, this trial

was interrupted in the 12th week and the ECP was also

applied to patients in the control group, who had progressive

improvement of skin/extracutaneous GVHD and reduced cor-

ticosteroid dose.14 These findings support the hypothesis that

more prolonged ECP therapy may be more effective. TaggedEnd

TaggedPRegarding serious adverse events, Flowers et al. reported

that there were serious complications in 28.6% of patients

who underwent ECP, especially infection (18.4%), although

there were no significant differences between the control and

treatment groups. Other adverse events included anemia

(24.5%), diarrhea (20.4%) and nausea (18.4%).13 There was only

one case of a decrease in the hematocrit/hemoglobin concen-

tration in our sample, which was transient and had no impact

TaggedEndTaggedPon the treatment. Three patients had CVC-related complica-

tions which culminated in the interruption/suspension of the

ECP. Although the ECP can be performed through a peripheral

access, the insertion of a CVC was necessary in all cases due

to the profile of transplant patients who are submitted to che-

motherapy/radiotherapy and multiple vascular punctures

before the ECP. The described frequency of these complica-

tions is low, compared to those of long-term corticosteroid

use.21TaggedEnd

TaggedPThere have been no economic studies on the use of the

ECP in Brazil. Only two cost-effectiveness studies with a simi-

lar clinical context have been published worldwide and they

estimated the cost of the ECP sessions at € 1,125.50 and €

1,200.00.22,23 Despite the fact that there is less willingness to

pay for the ECP in Brazil,24 it paradoxically has a higher cost

based on current exchange rates. TaggedEnd

TaggedPFrom the introduction of the ECP therapy in 2016 until Sep-

tember 2020, only six patients underwent the process at our

institution. This small sample is related to other options for

second-line agents, the number of kits available and the pre-

viously mentioned high cost. Due to the limited number of

kits, only themost difficult GVHD cases were referred for ther-

apy, which may have impacted clinical response, as early ini-

tiation of treatment in refractory GVHD is related to better

clinical response and favorable outcomes.25,26TaggedEnd

TaggedPThe greatest impact on the cost of the ECP therapy is the

activator kit itself, which represents 82.68% of the cost of

each session. Other studies have also observed a high

TaggedEnd TaggedFigure

Figure 1 –ECP flowchart. TaggedEnd

TaggedEnd Table 2 – The cost of ECP therapy.

Resource Session cost composition Session cost Cost of therapy/patient Global cost3

Occupation1 UCR Cost Sessions Total cost

Nursing technician 8.6 (h) 32.81 282.17 14,960.90 P1 19 284,257.06 2,124,447.80

Nurse 0.67 (h) 62.91 42.15 P2 31 463,787.83

Physician 0.3 (h) 154.74 46.42 P3 42 628,357.70

General inputs 1 (unit) 9.05 9.05

ECP kit with activator 1 (unit) 12,385.00 12,385.00 P4 2 29,921.80

Hemogram 1 (unit) 3.11 3.11 P5 34 508,670.52

Physical structure 2 5 (h) 438.6 2,193.00 P6 14 209,452.57
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TaggedEndTaggedPpercentage of the cost of the ECP related to the activator kit.

The total cost of the therapy varies according to the number

of sessions necessary, which is related to the response. Since

this response is variable, it is difficult to estimate the total

cost of therapy per patient and plan institutional expendi-

tures. However, these data should be analyzed with caution

since other second-line therapies may have total costs similar

to that of the ECP and greater associated toxicity.27,28,29 Con-

sidering this, it would be interesting to have a study compar-

ing the cost of the ECP to that of new therapies strategies. TaggedEnd

TaggedPUnderstanding the total cost in the different stages of

patient care in the HSCT, including post-transplant complica-

tions, such as the GVHD, contributes to actions in favor of

improving care that can be initiated, considering the budget

availability of the health system.19TaggedEnd

TaggedPAccurate calculation of costs is challenging and the lack of

cost estimates in healthcare is a limiting factor in the devel-

opment of economic evaluations in Brazil. Due to the use of

different costing methodologies and cost systems, it is diffi-

cult to compare different health services.16 Thus, it is impor-

tant to perform economic studies that contribute to the

improvement of the health management system in Brazil,

providing qualified information for decision-making. The lim-

itations of the ECP in Brazil include the availability of suffi-

cient structure and specialized human resources to perform

the procedure and monitor the patient, in addition to the

acquisition and maintenance cost of the ECP equipment. In

addition, considering that the therapy cost is primarily due to

the ECP kit with an activator, one possible strategy to reduce

the cost of the procedure and make it more accessible would

be to negotiate for a better price with suppliers and govern-

ment representatives through larger scale purchases. Euro-

pean studies on the ECP cost present an activator kit cost

approximately 3.5 times less than the acquisition cost in Bra-

zil, considering the exchange rate on December 31, 2016 of

3.43 euros to one real.TaggedEnd

TaggedPRegarding the study limitations, the cost data collection

from a single institution does not lend itself to extrapolation,

as cost can vary between centers. However, as the main com-

ponent of the ECP cost is the kit, it should not vary signifi-

cantly between institutions. The limitations due to the small

sample size are obvious, preventing a robust analysis of the

treatment response. Nevertheless, the lack of standardization

of a corticoid suspension protocol and the heterogeneity of

the cases may have influenced the results. Despite these limi-

tations, this study is essential, as it is the first to perform such

an analysis in Brazil, discussing hypotheses that have so far

been little explored. In addition, few centers in Brazil offer the

ECP therapy and it is important to describe these cases. Thus,

we believe that this study may assist in the resource manage-

ment, as well as in the decision-making in the implementa-

tion of the ECP-based therapy for treating cGVHD at other

HSCT centers. TaggedEnd

TaggedH1Conclusion TaggedEnd

TaggedPThe clinical response of cGVHD to ECP therapy was variable.

The two patients with a complete response to the treatment

had a moderate global GVHD score, without lung involvement.

TaggedEndTaggedPThe cost analysis model presented here can be applied at other

institutions that perform the ECP. The knowledge of accurate

cost information on health treatments is essential to support

cost control strategies in healthcare.TaggedEnd
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