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Chronic graft versus host disease (cGVHD) is an important transplant complication that affects the quality of life
of the recipient by causing organ damage after hematopoietic stem cell transplantation. Prospective controlled
studies conducted to date for the treatment of the disease are limited. The results obtained in current studies are
not sufficient to establish a standard treatment algorithm. Therefore, clinical experience and adequate clinical

observations of the transplant team come to the fore for the treatment strategy to be established. Rational use of
available instruments is possible, provided that we understand the mechanisms of the disease and use validated
diagnostic and response criteria. In this study, we tried to create a practical workflow by evaluating current

literature data.

1. Introduction

Chronic graft versus host disease (cGVHD) can be defined as a
chronic multisystemic immune deviation disease, which is accompanied
by the absence of an adequate immune tolerance of donor-derived im-
mune effector cells against the recipient’s tissues and cells after the
engraftment of the allogeneic hematopoietic stem cells. As an important
complication, cGVHD can develop classically beyond the 100th day after
allogeneic hematopoietic stem cell transplantation (Allo HSCT) and can
lead to 20-30 % mortality. The cumulative incidence of cGVHD is
approximately 50 % [1]. Inflammation may result in increased fibrosis
and deformities. Skin, muscle tissue and joints are the most affected
tissues. The slowly and progressively increasing serum bilirubin level
affects the intra and extra hepatic bile clearance, as in Sjogren’s syn-
drome. In the digestive tract, deterioration of the mucosal structure
(mucositis, ulcer, lichenoid plaques, atrophy and fibrosis) causes struc-
tural and functional (absorption) problems. Eyes, genitals, lungs are
among the most frequently involved organs. In overlap GVHD, acute
GVHD (aGVHD) and cGVHD findings may coexist. In 2013, the National
Institude of Health (NIH) helped standardize clinical definitions and
criteria of cGVHD, as it has prognostic implication [2].

Although the pathogenetic mechanism is not fully known, it involves
thymus atrophy, humoral immunity defect, transformation of naive T
cells into deviated effector T cells with the aid of T helper 17, interleukin

4 (IL-4) and IL-7. Development of autoantibodies as a result of contin-
uous stimulation of B cell receptors are held responsible for the emer-
gence of cGVHD [3,4]. Due to this chronic inflammatory process that
results in organ damage to the recipient, it is often not possible to dis-
continue immunosuppressive drugs in the recipient. The result is organ
damage, immune deficiency, and secondary malignancies due to
long-term immunosuppressive drugs [5].

The emergence of ¢cGVHD is facilitated by the widespread use of
peripheral blood stem cells, HLA and non-HLA tissue group antigens,
female donor and donors lymphocyte infusions. The management of the
disease is very difficult. The use of systemic immunosuppressive drugs,
particularly corticosteroids and calcineurin inhibitors may be insuffi-
cient to keep the chronic inflammatory process under control for a long
time. It is reported that clinical efficacy can be achieved with a large
number of molecules in the treatment [6]. However, due to complex
immunological factors, multiple patient and disease-related factors, it is
not easy to establish immune tolerance. For this reason, treatment op-
tions are always discussed, but these efforts are often insufficient to
reach a standard treatment approach. In this study, it is aimed to
establish a logical workflow in the management of cGVHD by system-
atically evaluating scientific studies on treatment options.
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2. Methods

This systematic review adheres to the Preferred Reporting Items for
Systematic Research guidelines.

2.1. Data sources and searches

The Pubmed/ MEDLINE and COCHRANE database were searched in
September 2021, in order to identify all published work on the topics of
interest. The searches were performed using keywords and Medical
Subject Headings terms.

Search terms: (((("stem cell transplant*"[Text Word] OR "hemato-
poietic stem cell transplant*'[Text Word] OR "bone marrow trans-
plant*"[Text Word])) AND (chronic graft-versus-host disease [Text
Word] AND "methyl prednisolone "[Text Word] OR, "mycophenolate
mofetyl" [Text Word] OR, "fluticasone" [Text Word] OR 'rapamyci-
ne"[Text Word] OR ruxolutinib [Text Word] OR ibrutinib [Text Word]
OR imatinib [Text Word] OR dasatinib [Text Word] OR cyclosporine
[Text Word] OR tacrolimus [Text Word] OR rituximab [Text Word]
hydroxyl chloroquine [Text Word] OR pentostatin [Text Word] OR,
alemtuzumab [Text Word] OR abaltecept [Text Word] OR etanercept
[Text Word] OR bortezomib [Text Word] OR methotrexate [Text Word]
OR photopheresis

2.2. Data extraction and Bias assessment

The total number of cases in the articles and the total follow-up
period were determined. The articles were reviewed by two re-
searchers (MY and CB) in terms of suitability or exclusion. From the
articles found, the cumulative incidence of ¢cGVHD, life expectancy
without ¢cGVHD, response rate, non-relapse mortality rate (NRM),
relapse rate (RR), and significant authors’ messages were extracted ac-
cording to the study design and treatment options used for cGVHD
management, organ damage risk factors and side effects and toxicities
were noted.

The risk of bias in individual studies was evaluated using the
Cochrane Risk of Bias assessment tool for randomised clinical trails
(RCTs) [71.

2.3. Eligibility criteria

Randomized clinical trials, prospective observational studies,
multicenter retrospective studies, meta-analyses, and single center
retrospective studies investigating cGVHD management in adults un-
dergoing allogeneic HSCT were considered eligible for inclusion in this
review. We only included studies published after 2000.

We did not include case reports, narrative reviews, surveys, animal
studies and unpublished records. In addition, we decided to focus on
adult patients receiving allogeneic transplantation, thereby excluding
trials in pediatric patients or autologous transplanted subjects.

2.4. Definitions

Classical cGVHD was defined as GVHD without characteristics of
aGVHD, while overlap GVHD was defined as the presence of features of
chronic and acute GVHD appearing together. Extensive GVHD, persis-
tent, recurrent, or late onset acute GVHD: features of classic acute GVHD
occurring beyond 100 days post-transplantation or donor lymphocyte
infusion (DLI) in a patient not meeting criteria for the diagnosis of
chronic GVHD (often seen during the taper or after withdrawal of im-
mune suppression) [8]. Patients with localized skin involvement, with or
without hepatic dysfunction are considered to have limited disease.
Extensive chronic GvHD is defined as either generalized skin involve-
ment or localized skin involvement in association with eye and/or oral
involvement, abnormal liver histology (chronic progressive hepatitis,
bridging necrosis, or cirrhosis), or other target organ involvement [9].
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Diarrhea was deemed present if stated as such by the authors or if an
increased frequency or volume or watery consistency of stools was
described. Elevated liver enzymes was any increase (above the upper
limit of normal as specified in the publication) in aminotransferases,
alkaline phosphatase, and/or bilirubin. Pancytopenia was deemed pre-
sent if explicitly stated by authors or if a decline in 3 cell lines (leuko-
cytes, red bloodcells, and platelets) below the lower limit of normal was
reported.

3. Results

A total of 798 references was identified through a systematic search
of the Cochrane Library and PubMed/MEDLINE after exclusion of du-
plications. Abstracts from relevant conference case reports, pediatric
studies, and animal studies were 562 (Fig. 1). Two hundred thirty six
references were potentially relevant and retrieved for full details. Of the
236 studies, 186 were excluded due to the lack of an study design. Fifty
studies conducted between 2001 and 2021 met the inclusion criteria.

Seven RCTs were included in the current analysis [10,15,23,35,39,
52,57](Table 1). The following domains were assessed individually:
random sequence generation, allocation concealment, blinding of par-
ticipants and personnel, blinding of outcome assessment, incomplete
outcome data reporting, selective outcome reporting, and other bias. We
assessed each domain separately and graded them as low risk of bias,
unclear risk (lack of information or uncertainty regarding the potential
for bias), or high risk of bias according to the criteria specified in the
Cochrane handbook for RCTs (version 5.1.0) [9]. The quality assessment
is described in Table 2.

Due to consistency in the risk of bias across included studies, we
could not perform a sensitivity analysis according to methodological
quality domains.

Database search
Pubmed/ Medline

N:1559
Excluded N: 761
dublication
References
reviewed
N:798
Excluded N: 562
case report
pediatric study
animal study
Full text
reviewed
N:236
Excluded N: 186
narrative review
small retrospective
study
Included in

systematic review
N:50

Fig. 1. Study selection.
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Table 1

Baseline characteristics of randomised trials.
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Characteristics

Zeiser 2021 [15]

Arai 2016 [35]

Koc 2002 [10]

Chen 2019 [57]

Curtis 2021 [39]

Carpenter 2018 [52]

Flowers 2008 [23]

Prior IS drug
for cGVHD

Center

Study duration
No. of patients
Primary
outcome
Secondary
outcome

Median follow-
up, mo

Treatment arms

Disease type

Transplant type
Cell source

Median age
(range), y

Male sex, no
(%)

Glucocorticoids or,
glucocorticoids plus
1 IS drug or
ruxolutinib
Multicenter,
International
(Germany)
2017-2019

319

OR, FFS

BOR, DR, 0S, QOL,
change in
glucocorticoid dose

14.3

Ruxolutinib
vs

BAC

NA

Related, unrelated

NA

49 (13-73)
vs

50 (12-76)

66 vs 56

Glucocorticoids

Multicenter, national
(United States)

2011-2014
30 vs 31
SCR

TF, change in
glucocorticoid dose,
PRO, Skin biopsy, B
cell profiles

6

Imatinib vs
rituximab

NA

Related, unrelated

PBSC, BM
56 (19-72)
vs

56 (21-78)

56 vs 51

None

Single center
(Fred
Hutchinson)
1985-1992
287

TRM

Time-to- event,
DIS, RM

60

Cylosporine
plus prednisone
vs prednisone

NA

MRD, MUD,
MMRD, MMUD
NA

30 (2—-56)

Vs

31 (0.9-571)

65 vs 53

Unclear Any IS drug and/or Glucocorticoids or, Corticosteroid,
ECP glucocorticoids plus MMF, FK-506,
non-sirolimus IS cyclosporine A
Multicenter, Multicenter, national Multicenter, Multicenter,
national (China) (United States) national (United International
States)
2014-2017 2013-2016 2002—-2005
81 (49 vs 32) 34 72 vs 66 48 vs 47
RR, DP OR OR, CR, PR TSS
TEFEV1 decline, TD, median daily FFS, 0OS, QOL, AE change in
LFS, OS, dose of glucocorticoid
infections, AE pomalidomide, QOL, dose
AE, changes in
biomarkers
19.8 vs NA 24 6
MSC ;')lus Pomalidomid 0.5 P.red.msone/ ECP /CTA
prednisone plus sirolimus Vs
azithro vs. Vs Vs
prednisone plus . . prednisone/ CTA
azithro pomalidomid 2 mg sirolimus/ CNI
AML, ALL Mye‘101d, lymphoid AL, CL, MDS, AML, ALL, KML,
malignency lymphoma NHL
MRD, MUD,
MMRD, MMUD Related, unrelated Related, unrelated Related, unrelated
PBSC, PBSC/BM PBSC, BM, UCB PBSC, BM, UCB PBSC, BM
352 (18-59) 357 (20-73) \5,;) (5-67) 41(16-67) vs 43
13—
25 (18-52) 52 (21-68) 55 (2—-64) (13-67)
55 vs 59 65 67 vs 50 63 vs 55

CR. Complate response, PR: Partial response, IS: Immunosuppressive, OR: Overall response, TF: Treatment failure, FFS: failure free survival, BOR: Best overall
response, TSS:Total skin score SCR: Significant clinical response, DR: Duration of response, QOL: Quality of life, BAC: Best available care, CTA: conventional treatment
arm, DP: Disease progression, AE : Adverse event, TEFEV1: Treatment effect of FEV1, Azithro: Azithromycine, NA: None available, TRM: Transplantation-related
mortality, DIS: Discontuniation of immunosppressive drugs, RM: Recurrent malignancy, MRD: Matched related donor, MUD: Matched unrelated donor, MMRD:
Mismatched related donodr, MMUD: Mismatched unrelated donor, PBSC: Peripheral blood stem cell, BM: Bone marrow, ECP: Extracorporeai photopheresis, TD:
Therapy duration, UCB: Umblical cord blood, MSC: Mesenchymal stem cell.

Table 2

Risk of bias in the included studies by Zeisser et al. [15], Arai et al. [35], Koc et al. [10], Chen et al. [57], Curtis et al. [39], Carpenter et al. [52] and Flowers et al. [23].
Randomized Random sequence Allocation Blinding of participants and Blinding of Incomplete Selective reporting Other
trials generation (selection concealment personnel (performance bias)  outcome outcome data (reporting bias) bias

bias) (selection bias) assessment
Zeisser 2021 + - - + + ? +
Arai 2016 + + - + + + +
Koc 2002 ? ? - ? ? + ?
Chen 2019 - ? - ? + + +
Curtis 2021 + ? - ? ? ? +
Carpenter ? - - ? ? + ?
2018

Flowers 2008 + + ? + ? ? +

+indicates low risk of bias.

?indicates unclear

risk of bias.

-indicates high risk of bias.

3.1. Cyclosporine

Second-line treatment options in steroid-refractory ¢cGVHD are
controversial in terms of their efficacy and superiority. Studies
comparing these options are scarce. Koc et al. (2002), in a randomized
prospective study comparing prednisone with prednisone and cyclo-
sporine, showed that overall survival (OS) was 67 % and 72 %,
respectively, at 5 years. They found no difference in the rate of discon-
tinuation of immunosuppressives (54 % vs 53 %), and there was no
difference in the frequency of development of avascular necrosis (13 %
vs. 22 %). Transplant-related mortality (TRM) was found to be 17 % and

13 %, respectively. While the addition of cyclosporine reduced steroid-
related complications, it did not alter the clinical course [10].

Axt et al. (2019) compared second-line treatments in 72 patients in a
single-center and retrospective manner. The overall response rate (ORR)
was 45.5 % for calcineurine inhibitors (CNI), 50 % for mycophenolate
mofetil (MMF), 60 % for mTOR inhibitors, 56.3 % for extracorporeal
photopheresis (ECP), and 16.7 % for rituximab in all patients, respec-
tively. While ORR was found to be 44.4 % for the all group [11].

In a retrospective study of Villanueva (2009), oral beclamethasone
and cyclosporine were used in 33 patients with severe gastrointestinal
involvement. At the end of 16 weeks, they achieved a CR of 84.6 % and a
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PR of 7.7 %. However, 7% of the patients were able to maintain their
response [55].

3.2. Mycophenolate mofetil

A total of 3 studies were found in the search that met the study
criteria. These studies were multicenter retrospective studies and
included 141 patients. In a study conducted by the Japanese group
including 84 patients, a subjective response was observed in 69.1 % of
patients. When MMF was administered at a dose of 250—3000 mg/day,
resulting in discontinuation or reduction of the combined immunosup-
pressive agents in 75.9 % of patients. Bacterial infections are the most
common cause of death in 22 % of patients [12]. In another study of 50
patients, the ORR was found to be 52 % (complete remision [CR] 10 %)
[13]. Kim et al. (2004) reported an ORR of 76.9 (CR 7.7 %) at a median
follow-up of 107 months of 13 patients. In this study, OS was found to be
53.9 % at 2 years [14]. The response rate is higher than in other studies,
but the number of patients is quite small. In all studies, the most com-
mon side effects were found to be infection and diarrhea.

3.3. Ruxolutinib

It is known that ruxolutinib has an immunomodulatory effect by
inhibiting the JAK/STAT pathway and an anti-inflammatory effect
through cytokines.

After screening and exclusion according to our study design, 1 pro-
spective randomized double-arm, 1 prospective single-arm, and 7
retrospective studies on ruxolutinib were evaluated. Zeiser et al. (2021),
in a recent prospective phase III study, compared ruxolutinib with a
control group in 329 steroid-resistant or steroid dependent cGVHD pa-
tients. The investigators’ choice of therapy (10 commonly used options)
constituted the control group. At 24 weeks, the response rate was found
to be statistically significantly higher in the ruxolutinib arm compared to
the control arm (49.7 % vs. 25.6 %). Failure free survival (FFS) was
>18.6 months in the ruxolutinib group and 5.7 months in the control
group. Anemia and thrombocytopenia as the most common side effects
of Grade III and above toxicity were 12.7 % and 15.2 % in the first arm,
7.6 % and 10.1 % in the second arm [15]. Moiseev et al. (2020) eval-
uated 43 steroid-refractory cGVHD patients in as a single center. Median
drug use was 2, CR 21 %, ORR 81 %, OS 85 %, and Grade III-IV neu-
tropenia 44 % [16].

Similar to prospective studies, the response rate was found to be high
in retrospective studies. A total of 7 retrospective studies, 3 of which
were multicentric and 4 of which were single-center, which met our
screening criteria were evaluated. Zeiser et al. (2015) reported that ORR
was 85.4 %, OS 97.4 % at 6 months in 41 patients, and relapse rate (RR)
was 5.7 % in responding cases [17]. Modi et al. (2019) reported that
ORR was 47.8 % at 6 months in 46 patients, FFS 45.7 at 12 months and
the rate of reducing dose of steroids was 59 % [18]. Escamilla Gomez
(2020) reported ORR as 81 %, CR 3.5 % at 12 months, OS 81 % at 12
months, Grade III toxicity 32.9 % in 56 patients [61]. Zhao et al. (2021)
showed that ORR was 89.5, CR 26.3 %, relapse rate 16 % in 19 patients
who underwent haploidentical hematopoietic stem cell transplantation
[19]. Wu et al. (2021) reported that ORR was 70.7 %, CR 36.6 % at 6
months, OS 77.3 % at 12 months, and NRM 8.6 % in 41 patients [20].
Ferreira et al. (2021) reported that ORR was 89 %, CR 26 %, OS 67 % at
4 weeks, FFS 71.1 at 6 months, FFS 54 % at 2 years in 35 patients [21].
Bondeelle et al. (2020) investigated the effect of ruxolutinib in patients
with impaired lung function due to sclerotic ¢cGvVHD or bronchiolitis
obliterans. He stated that no statistically significant improvement was
achieved with ruxolutinib compared to those who did not use it [22].

3.4. Extracorporeal photopheresis

Extracorporeal photopheresis (ECP) is one of the treatment ap-
proaches used in cases of steroid-refractory or dependent cGVHD. We
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found 1 prospective randomized, 1 prospective non-randomized and 7
retrospective studies under this topic. Flowers et al. (2008) compared
ECP and standard therapy (n = 48) with standard therapy alone (n =
47). The median percentage improvement in total skin score at week 12
was 14.5 % for the ECP arm and 8.5 % for the control arm (P = .48) [23].
Sakellari et al. (2018) followed 82 patients for a median of 68.1 months
in their prospective study. They achieved CR in 35 patients and partial
remission (PR) in 25 patients. ORR was 73 %. 5-year TRM and OS, were
27.1 % and 64.5 %, respectively. The best response was seen in those
with the cutaneous form. An RR of 83 % in sclerotic patients, 53 % in
patients with visceral involvement, and 27 % in pulmonary involvement
has been reported [24].

Regarding retrospective studies, ECP studies on steroid-refractory or
steroid-dependent ¢cGVHD complied with our study protocol. Api-
sarntthanarax et al. (2003) reported a median photopheresis session of
36, ORR was 56 %, CR 22 %, steroid dose reduction rate 64 %, and
c¢GVHD or infection-related mortality 34 % in 32 patients [25]. Oar-
beascoa at al. (2020) with median photopheresis session of 19 in 48
patients, ORR was 67 % and CR was 23 % [26], Okamoto (2018) re-
ported that ORR was 66.7 % at 6 months in 15 patients [27]. Bisaccia
et al. (2006) reported that ORR was 50 % and CR was 21 % for skin in 14
patients [28]. Couriel et al. (2006) reported that ORR was 61 %, CR 20
%, and OS at 1 year in 71 patients. Steroid discontinuation rate was 73 %
in severe and heavily pre-treated patients [29]. Gunduz et al. (2019)
evaluated the importance of early initiation of photopheresis. In their
study, ORR was 70 % and CR was 29 % in 34 patients. Starting ECP
treatment after 3 months reduced the ORR from 92 % to 59 % [30].
Ussowich (2013) investigated steroid sparing effect of ECP in 13 pa-
tients. After median 28 sessions, OS was 67.7 % at 4 years. Steroid
discontinuated in 46 % of patients and reduced in 38 % [31].

3.5. Ibrutinib

There are few well-designed, prospective studies of ibrutinib, an
inhibitor of Bruton tyrosine kinase. A phase Ib/II study initiated as a
multicentric prospective and updated 1 year later included 42 patients
[32,33]. In this steroid-dependent or refractory group, the CR was 31 %
and the ORR was 69 %, at a median follow-up of 26 months. During the
study, a reduction of <15 mg/kg/day corticosteroids was achieved in 64
% of 42 patients. Grade III drug toxicity, which was observed at a rate of
75 % in the first year, decreased to 25 % in the second year [33]. Doki
et al. (2021) evaluated the efficacy, safety and side effects of ibrutinib in
19 patients in a new multicentric prospective single-arm study. The best
overall response was found to be 73.7 % in this patient group with 2 or
more organ involvements [34]. Toxicity was the most common aetiology
for drug withdrawal 15.8 % [34].

3.6. Imatinib

A total of 140 patients were evaluated in 2 prospective and 1
retrospective studies. All who met the study criteria for imatinib, which
is a tyrosine kinase inhibitor and is especially preferred in sclerotic skin
involvement. In a prospective, multicentric randomized phase II study
designed by Arai (2016), imatinib was compared with rituximab. After 6
months, a significant clinical response was achieved in 9 of 35 (26 %)
patients in the imatinib arm and in 10 (27 %) of 37 patients in the rit-
uximab arm. However, 6 patients (17 %) in the imatinib arm and 5
patients (14 %) in the rituximab arm were able to achieve CR without
crossover and recurrence [35]. Baird et al. (2015) achieved a clinical
improvement between 3% and 94 % in 11 of 14 (78.6 %) patients after 6
months with imatinib in steroid resistant cGvHD [36]. Moles-Poveda
(2018) reported a single center retrospective study, and CR and PR
rates were found to be 22 % and 50 %, respectively [37]. The most
common side effects were hypophosphatemia, nausea, vomiting, and
fluid retention. Drug tolerance increased with dose reduction [36,37].

No data suitable for the study criteria were found for dasatinib. One
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prospective study was found on nilotinib, and it was given sequentially
with rituximab [38].

3.7. Pomalidomide

Pomalidomide has a positive effect by showing an antifibrotic effect
and increasing Treg cells. Curtis et al. (2021) reported in this prospective
trial that 34 patients receiving median 5 drug therapy for sclerotic
c¢GVHD were randomized to compare low dose (0.5 mg/d) with high
dose (2 mg/d). Eight of the high-dose patients required dose reduction
due to toxicity. There was no difference in the 6-month ORR in the low-
dose and high-dose arm [39].

3.8. Rituximab

Within the scope of our study, a total of 127 patients were evaluated
in 5 prospective and 1 retrospective studies on rituximab [40-45]. The
prospective studies were phase II and non-randomized trial. Teshima
(2009) investigated 7 patients with early phase II study in terms of ef-
ficacy and safety. In the study, ORR was 43 % and OS was 71.5 % [40].
Although there was no toxicity in the early period, infections were noted
in the late period. In the study of Solomon SR (2015) 25 patients
received first-line therapy with MMF, tacrolimus, or sirolimus without
corticosteroids, and demonstrated ORR, CR, and OS at 2 years as 88 %,
84 %, and 82 %, respectively. Immunosuppressive agents were dis-
continued in 77 % of patients at a median of 300 days. However, cGVHD
recurred in 37 % after immunosuppressive drugs were discontinued
[41]. Malard (2017) aimed to achieve a faster response and to discon-
tinue the drugs earlier by administering cyclosporine and rituximab in
addition to steroids in newly developed cGVHD patients. They reported
1-year CR, ORR, and OS non-relapse mortality (NRM) as 29 %, 83 %, 83
%, and 14 %, respectively [42]. It is understood that when rituximab is
added to single immunosuppressive regimens, its side effects are low
and manageable, but when it is added to dual immunosuppressive
treatment protocols containing steroids, Grade III and above infectious
and non-infectious complications will occur [40-42]. Van Drop (2011)
observed that the ORR was 61 % in steroid-refractory patients, and the
best response was in skin involvement [43]. Van der Wagen (2018)
evaluated sequential treatment with nilotinib after rituximab in a pro-
spective non-randomized study in 24 sclerotic cGVHD patients with 89.7
%-75.9 % of cases involving fascia, mouth, and eyes. The objective
response rate was 71 %, steroid reduction rate was 50 % [44]. In the
Klobuch’s (2019) single-center retrospective study, 3 months after rit-
uximab administration in 29 patients with 2 or more organ involvement,
the ORR was reported as 31 % and CR 7%. It has been stated that the
response is better in those who are steroid dependent than in those who
are resistant [45].

3.9. Alemtuzumab

Gutiérrez-Aguirre (2012), in a prospective non-randomized study of
15 patients, reported that the ORR and CR at day 30 were 100 % and 33
%, and at day 90, 78 % and 28 %, respectively, with low-dose alemtu-
zumab and rituximab combination therapy in steroid-resistant cGVHD.
The most common side effects were infections with a rate of 67 %.
Cytomegalo virus (CMV) infection was seen in 3 patients and 1 patient
died due to lung infection [46]

3.10. Tocilizumab

No prospective studies on IL6 inhibitor were found. One retrospec-
tive study belongs to Kattner (2020). In 11 patients with advanced
c¢GVHD, they reported an ORR of 70 %, CR 0, FFS 55 % at 12 months
with tocilizumab [47].
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3.11. Abaltecept

Wertheimer (2021) retrospectively analyzed the effect of abatecept
in 15 patients. Previous exposure to 4 or more immunosuppressive drugs
was present in 67 % of the cases. They reported the six-month and 12-
month ORR as 33 % and 25 %, and the FFS as 64 % and 25 %. How-
ever, 3 patients died due to infection [48].

3.12. Bortezomib

We found one prospective phase II multicentric study. Herrera
(2014) reported that in 120 patients who received bortezomib in com-
bination with steroids as first-line therapy, the ORR was 80 %, CR10 %,
and FFS 82 % after 15 weeks. In 70 % of the patients, the prednisone
dose could be reduced by more than 50 %. However, at the end of 1 year,
50 % of patients required additional drug treatment [49].

3.13. Thalidomide

In the study conducted by Kulkarni (2003), combination therapy
with steroid and cyclosporine in 59 steroid refractory patients resulted
in ORR 39 % in patients with limited cGVHD and 33 % in extensive
c¢GVHD [50].

3.14. Methotrexate

Two studies were found on the use of methotrexate in chronic GVHD.
One could not be evaluated because its fulltex could not be reached.
Wang et al. (2009), in his studies, reported that the ORR was 83 % and
the CR 62 % in cases used in combination with other immunosuppres-
sive drugs (n 86). The best response was seen in skin involvement and
single organ involvement [51].

3.15. M-tor inhibitors

One prospective randomized and two retrospective multicentric
studies were evaluated. The Carpenter (2018) phase II/IIl randomized
multicentric study compared prednisone/sirolimus versus prednisone/
sirolimus/CNI. The 6-month ORR was 48.6 % and 50 % in the two-drug
and three-drug arms, and the CR at 12 months was 14.7 % and 15.5 %.
The OS at two years was reported as 81.5 % and 74 %. Grade III toxicity
was similar in the two-drug arm, but kidney toxicity was statistically
significantly higher in the 3-drug arm [52]. In multicentric retrospective
studies of Mialke (2014), everolimus was used in 42 steroid-refractory
patients and found an ORR of 43 %, and above Grade III toxicity 37
%. The drug withdrawal rate was 27 % [53]. Jurado (2007) reported the
ORR 81 % and CR 38 % with the combination of sirolimus with other
immunosuppressive agents in cGVHD. The main toxicity was seen
especially in combination with CNI (30 % renal toxicity, 8% micro-
angiopathy) [54].

3.16. Bronchiolitis obliterans (BOP)

Williams et al. (2016) found that when they treated new-onset BOP
patients with FAM (inhaler fluticasone/azithromycin/inhaler mon-
telukast) in a prospective phase II single-arm study, the ORR on lung
function was 36 % and the FFS at 6 months was 36 %. In addition, the
steroid dose could be reduced below 50 % in 48 % of the patients [56].
The efficacy of mesenchymal stem cells (MSCs) for BOP was evaluated in
a randomized double-arm study by Chen (2019). The choice of predni-
sone and azithromycin in combination with or without MSCs was based
on patient preferences. The response rate was 35/49 patients (71 %) and
14/32 (44 %) in MSCs and non-MSCs group, respectively (p = 0.013).
MSCs offer an effective and safe therapeutic option for BOS after
allo-HSCT [571].

We could not find any study that met the criteria for etanercept,
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hydroxychloroquine and pentostain.
4. Discussion

A standard approach to the treatment of cGVHD, which leads to a
complex pathogenetic mechanism and a heterogeneous clinical situa-
tion, has still not been established in the third decade of the 21 st cen-
tury. It has been determined that studies have been carried out on
various agents for the treatment of the disease, but randomized
controlled studies are quite limited [10,15,23,35,39,52,57]. Most of the
studies are observational studies or retrospective studies with a small
number of cases [62-64]. In the content of these studies and/or medical
congress presentations, the agents used in the treatment of cGVHD are
discussed, but according to the available information, a clear interpre-
tation cannot be made about which agent should be used at which stage
of the treatment. The European Society for Blood and Marrow Trans-
plantation guideline on the management of cGVHD lists treatment op-
tions that can be used in steroid-refractory disease [58]. However, the
guideline does not contain a clear treatment algorithm to overcome the
difficulties encountered in the management of cGVHD, and the guide-
line needs to be updated. An ideal treatment option cannot be presented
from real-world data.

When examining the limited number of available RCTs, it is
demonstrated that most of the studies are open-label, and the investi-
gator and the patients know which arm they fall in [10,15,23,35,39,52].
It is noteworthy that in some of the studies, adequate power analysis was
not performed and a clear view did not emerge in the calculation of the
number of cases. It seems that a standard approach cannot be estab-
lished with validated methods for the identification and response
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assessment of cGVHD. It appears that only a few studies use standard-
ized NIH diagnostic and response criteria [15,52]. One of the most
important problems is that studies have been conducted for a single
organ or tissue for cGVHD, which is a multisystem disease [35,39,57].
Finding the results insignificant in most of the available RCTs is another
handicap. It is understood that patient characteristics that may affect
disease management, such as the patient groups in which a significant
part of the studies were conducted, and previous treatments, were not
given. The causes of mortality are also not clearly presented.

Since clinical studies are limited for the treatment of cGVHD, it is a
rational treatment approach to make an individual treatment plan,
taking into account the pathogenetic characteristics of the disease and
the clinical condition of the patients. In order to develop an adequate
immune tolerance, treatment alternatives targeting B lymphocytes as
well as effector T cells of donor origin should be considered. Proin-
flammatory cytokines should also be suppressed. Increasing the mass of
Treg cells in the blood should be the top priority for the control of
c¢GVHD. In fact, the basic rationale of cGVHD prophylaxis is to develop
immune tolerance by increasing Treg cells.

A prospective study of extracorporeal photopheresis indicates that
photopheresis may reduce steroid exposure when used in combination
with prednisolone [23]. In the event of moderate/severe cGVHD
development during acute GVHD treatment, it is recommended to add
prednisone to the treatment and to change it if patients are taking a
calcineurin inhibitor (CNI) [58].

On the other hand, it should be taken into account which tissue or
organ is involved. For example, photopheresis, rituximab and tyrosine
kinase inhibitors are known to be more effective in skin involvement
[15,35,39]. In the involvement of the gastrointestinal tract, agents such

The diagnosis should be confirmed by biopsy, if
possible. However, it should not affect the clinical
management of the treatment.

CcGVHD staging is performed according to the NIH
scoring system
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Fig. 2. Proposition of treatment algorithm of cGVHD.
Initial treatment of mild cGvHD (mild organ involvement of 2 organs except lung involvement only) in accessible organs is topical.
Second-line therapy (photopheresis and/or ruxolutinib) should be initiated before disease progression and different organ involvements develop in steroid-resistant

cases.

Microangiopathy should be considered when switching from calcineurin inhibitors (CNI) to sirolimus.
Steroids are discontinued after initiation of second-line therapy in steroid-resistant cGvHD.

The efficacy of second-line therapy for steroid-resistant cGvHD is evaluated one month later.

ECP: Extracorporal photopheresis, CNI: Calcineurin inhibitors, IL-: Interleukin-2, MMF: mucophenolate mofetil, GIS: Gastrointestinal system.
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as JAK-2 inhibitors, and ibrutinib may be preferred [15,16,18,20,
32-34] (Fig. 2). The patient’s comorbid status, humoral immunity defect
(such as acquired hypogammaglobulinemia), previous immunochemo-
therapy regimens, previous infections, avascular bone lesion and renal
functions should be considered.

Supportive treatment is one of the issues that should not be neglec-
ted. When necessary, agents such as immunoglobulin support, adequate
vaccination, nutritional support, prevention of fluid loss for intestinal
c¢GVHD, agents such as loperamid, octreotide, budesonide, and choles-
thyramine can be used because bile acid reabsorption is impaired.
Ursodeoxycholic acid should be considered for liver GVHD [65].

In the light of prospective and retrospective study methods, it is
understood that prednisone is used in the first-line treatment [10,52]. In
cases with moderate and severe cGVHD, the initial dose of prednisone
should be maintained at 0.5—1 mg/kg for two weeks, if a complete
response is obtained, it should be reduced to 0.5—1 mg/kg every other
day with an alternative dose strategy, after continuing for 4-6 weeks,
then reduce the dose and continue the treatment for up to 8 months
[58]. It is not clear when glucocorticoid therapy should be discontinued.
The duration of treatment may be affected by the patient’s clinical
condition, haematological diseases or previous treatments, and comor-
bid conditions. However, it is important that the clinical signs of cGVHD
is observed for reasonable time in terms of exacerbations.

In the event of moderate/severe cGVHD development during acute
GVHD treatment, it is recommended to add prednisone to the treatment
and to change it if patients are taking a calcineurin inhibitor (CNI) [58].
It is not clear what the treatment strategy will be in cases with avascular
bone necrosis or who develop necrosis during treatment. A prospective
study of extracorporeal photopheresis indicates that photopheresis may
reduce steroid exposure when used in combination with prednisolone
[23]. It has been reported that as a result of continuous stimulation of
antigen-specific B cell receptors (BCR) in cGVHD, B lymphocytes turn
into mature and antigen presenting cells to CD4 + T cells. The formation
of apoptosis-resistant B lymphocytes through cytokines leads to the
production of donor-derived alloantibodies from donor cells that are
continuously stimulated with the help of B-cell activating factor.
Increasing understanding of the role played by B cells in the pathogen-
esis of cGVHD has given rise to the idea of applying therapies targeting B
cells. Clinical studies show that rituximab has a 75 % protective effect
from steroids [59,60].

In order to benefit from the steroid-sparing effect of the drugs, it may
be considered that ECP or rituximab is started early in cases with skin
involvement, In the second-line treatment, ECP and/or MMF are
considered, and a third drug can be added depending on the organ
involved [8,19,23,25] (Fig. 2).

An effective treatment plan is not sufficient to control cGVHD.
Regular follow-up of patients, facilitating patient access to hospital, and
using a validated definition or response criteria are essential for disease
management. The importance of implementing a standardized and
improved clinical patient care program within the framework of the
quality management plan is evident. Another point that needs attention
is the evaluation of the patient’s quality of life during follow-up.

In this study, it is seen that studies with evidence value are limited. In
this case, rational evaluation of available drugs becomes important.
Further work is needed to develop a new and more efficient algorithm.
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