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Version 2022 updates of Version 2020 of the VI Consen-
sus of the Brazilian Society of Bone Marrow Transplan-
tation for Graft-versus-Host-Disease (GVHD) include:

Table 1: GVHD prophylaxis regimens used, with lev-
els of evidence and grades of recommendation:

New evidence of GVHD prophylaxis with post-trans-
plantation cyclophosphamide (PTCy) in myeloabla-
tive (MA) allogeneic hematopoietic stem cell trans-
plantation (allo-HSCT) from matched related and
matched and mismatched unrelated donors;

New evidence of GVHD prophylaxis with PTCy in
reduced intensive conditioning (RIC) and non-mye-
loablative (NMA) allo-HSCT.

Table 2: First-line therapy for grade I-IV acute GVHD
(aGVHD), with levels of evidence and grades of rec-
ommendation:

Included treatment for Grade | and lla aGVHD;
Included definition of Grade lla aGVHD and options
of topical therapies.

Included Table 3: chronic GVHD (cGVHD) indication
for systemic treatment.

Included Table 4 with first-line therapy of cGVHD, with
criteria for initiating systemic treatment, and with lev-
els of evidence and grades of recommendation.

Included Table 5: Definition of steroid refractoriness
or resistance, steroid dependence, and steroid intol-
erance for aGVHD and cGVHD.

Table 7: Second-line therapy of cGVHD, with levels
of evidence and grades of recommendation:

New level of evidence for ruxolitinib, Level 1b, Grade
of recommendation A;

Included belumosudil.
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INTRODUCTION

Graft-versus-host disease (GVHD) can develop af-
ter allogeneic hematopoietic cell transplantation
(allo-HSCT) when immune cells from a non-iden-
tical donor (the graft) initiate an immune reaction
against a transplant recipient (the host). Acute GVHD
(@GVHD) and chronic GVHD (cGVHD) are multisys-
tem disorders that are distinguished by their clinical
findings, according to National Institutes of Health
(NIH) consensus criteria’.

Despite prophylactic treatment with immuno-
suppressive agents, 20-80% of recipients develop
aGVHD after allo-HSCT2. The main risk factors for
aGVHD are HLA-mismatch between donor and re-
cipient; gender disparity between donor and pa-
tient; conditioning regimen intensity; prophylaxis
regimen used; progenitor stem cell source (periph-
eral blood > bone marrow > umbilical blood cord)>.

The Mount Sinai Acute GVHD International Consor-
tium (MAGIC) has recently allowed for a better stan-
dardization of the criteria for classification and data
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collection related to aGVHD". It is currently regarded
as the most appropriate method for the diagnosis,
staging, and grading of aGVHD*>. The app for grad-
ing can be accessed at https://www.uzleuven.be/
egvhd.

With a prevalence of 30-70% among allo-HSCT re-
cipients, cGVHD remains the main cause of long-
term post-transplant morbidity and mortality in this
population®®. The cumulative incidence of cGVHD
at 2 years in patients undergoing related or unrelat-
ed, bone marrow or peripheral blood stem cell al-
lo-HSCT, as defined by the NIH criteria, was 34%3. Risk
factors associated with cGVHD were HSCT with HLA-
matched unrelated donors, HLA mismatched related
donors, or HLA-mismatched unrelated donors, use
of a female donor for a male recipient, grafting with
mobilized blood, and older donor and recipient age®.
cGVHD is classified and severity is graded according
to the widely-accepted NNIH consensus criteria’.The
app for the assessment of cGVHD can be accessed at
https://www.uzIHYPERLINK “https://www.uzleuven.
be/egvhd”euven.be/egvhd.

TABLE 1: GVHD prophylaxis regimens, with levels of evidence and grades of recommendation

TYPE OF ALLO-HSCT

PROPHYLAXIS REGIMEN

LEVEL OF EVIDENCE

MA allo-HSCT from matched related
and matched and mismatched
unrelated donors

Calcineurin inhibitor and Methotrexate
(MTX)9-15

Level 1a, grade of recommendation A

Calcineurin inhibitor and Mycophenolate
Mofetil (MMF)14-19

Level 13, grade of recommendation B

High-Dose PTCy (50 mg/kg on D+3 and
D+4) 20-29 (for adults)

Level 2b, grade of recommendation C

Level 3b, grade of recommendation B
Level 2b, grade of recommendation B

RIC and NMA allo-HSCT

Calcineurin inhibitor and MMF30
PTCy (50 mg/kg on D+3 and D+431,32 (for
adults)

Level 4, grade of recommendation C
Level 2b, grade of recommendation B
Level 1b, grade of recommendation A

HLA-identical allo-HSCT from related
and unrelated donors using PBSC as
stem cell source

Rabbit Antithymocyte Globulin (rATG) < 6
mg/kg33-40

Level 13, grade of recommendation A

Haploidentical allo-HSCT - Baltimore
protocol

High-Dose PTCy (50 mg/kg on D+3 and
D+4) plus a calcineurin inhibitor and
MMF41-43

Level 2b, grade of recommendation B

Haploidentical allo-HSCT - Beijing
protocol

High-Dose rATG (10 mg/kg), MMF,
calcineurin inhibitor, and MTX44

Level 2b, grade of recommendation B

Legend: GVHD: graft-versus-host disease; allo-HSCT: allogeneic hematopoietic stem cell transplant; MA: myeloablative; PTCy: post-transplant cyclophosphamide; NMA:

non-myeloablative; RIC: reduced-intensity conditioning; HLA: human leukocyte antigen; PBSC: peripheral blood stem cells.
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TABLE 2: First-line therapy for grade I-IV aGVHD, with levels of evidence and grades of recommendation

GRADE

TREATMENT

LEVEL OF EVIDENCE

Optimize prophylaxis regimen, adjust calcineurin
inhibitor trough levels, add topical agents (corticosteroids
or tacrolimus). No systemic immunosuppression is
recommended45

Level of evidence 1b, grade of
recommendation A

Ila (less severe forms)

Start MP 0.5-1mg/kg/day, escalating up to 2 mg/kg if
worsening occurs after 72h46. Concomitant calcineurin
inhibitor (cyclosporine or tacrolimus) prophylaxis should not
be withdrawn
Non-absorbable glucocorticoids (beclomethasone and
budesonide) for mild upper or lower Gl aGVHD (500-
1000 ml/stool output/day) as an adjuvant to systemic
corticosteroids47,48

Level of evidence 1b, Grade of
recommendation A

Level of evidence 1b, Grade of
recommendation A

-V

Start MP 2mg/kg/day or its prednisone equivalent49.
Concomitant calcineurin inhibitor (cyclosporine or
tacrolimus) prophylaxis should not be withdrawn

Level of evidence 1a, Grade of
recommendation A

Grade lla: any combination that includes rash covering < 50% of the body surface area (BSA) and not progressing rapidly within the first 6-24 hours, anorexia, nausea, em-
esis or diarrhea < 1 L day (children < 20 mL/kg/day), and absence of liver involvement (bilirubin < 2 mg/dL in the absence of either hepatic complications or < 3 mg/dL if
hepatic complications other than GVHD are present); mild GVHD confined to the skin which involves < 50% of the total BSA not rapidly progressing does not usually require
treatment with prednisone50.

Legend: aGVHD: acute graft versus host disease; MP: methylprednisolone; Gl: gastrointestinal.

TABLE 3: cGVHD indication for Systemic Treatment1 - Level of evidence 2b, Grade of recommendation B

GLOBAL SEVERITY HIGH RISK FOR MORTALITY* SYSTEMIC TREATMENT
Mild No No
Mild Yes Yes#
Moderate No/Yes Yes
Severe No/Yes Yes

* Platelets <100,000/mm3 or receiving steroids at time of diagnosis of cGVHD
# The benefits of graft-vs.-tumor effect and the risk of cGVHD need to be weighed

TABLE 4: First-line therapy of cGVHD, with levels of evidence and grades of recommendation

Treatment

Level of evidence

Standard treatment consists of prednisone at a dose of Tmg/kg/day
and cyclosporine2,51

Level of evidence 1¢, Grade of recommendation A

Legend: cGVHD: chronic graft-versus-host disease.

Criteria for initiating systemic treatment for cGVHD: score >2 in at least one organ, involvement of three or more organs with score 1, lung score 1 or 2, and mild cGVHD with
high-risk features (thrombocytopenia <100.000/mm3 and use of immunosuppressants at cGVHD diagnosis)52
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TABLE 5: Definition of steroid refractoriness or resistance, steroid dependence, and steroid intolerance for
aGVHD and cGVHDS5 - Level of evidence 5, Grade of recommendation D

AGVHD CGVHD
Progression of aGVHD within 3-5 days of therapy cGVHD progression while on
onset with >2 mg/kg/day of prednisone prednisone at >1 mg/kg/day for
Refractoriness or resistance OR failure to improve within 5-7 days of treatment 1-2 weeks OR stable GVHD while
initiation OR incomplete response after >28 days of on =0.5 mg/kg/day of prednisone
immunosuppressive treatment including steroids for 1-2 months

Inability to taper prednisone
below 0.25 mg/kg/day in at
least two unsuccessful attempts
separated by at least 8 weeks

Inability to taper prednisone below 2 mg/kg/day
Dependence OR recurrence of aGVHD activity during steroid
tapering

Emergence of unacceptable toxicity due to the use

Intolerance . .
of corticosteroids

Legend: aGVHD: acute graft-versus-host disease; cGVHD: chronic graft-versus-host disease.

TABLE 6: Second-line therapy for grade II-IV aGVHD, with levels of evidence and grades of recommendation

Complete Response (CR) and Partial
Response (PR) rates of up to 77% in 6
months.

Level of evidence 2b, Grade of

MMF recommendation C53-56

Overall response rates (ORR) of 84% in

Leve aifevislznde 25, Cradz el aGVHD of the skin and 65% in that of the

Extracorporeal Photopheresis recommendation B57-68

qut
ATG Level of evidence 2b, Grade of ORR between 20% and 50%, particularly in
recommendation C69,70 aGVHD of the skin
Basiliximab Level of evidence 2b, Grade of recommendation B71,72
Response rates of approximately 80%, with an overall survival of 30% at 5 years
- Level of evidence 2b, Grade of ORR of approximately 70%, particularly in
Infliximab and Etarnecept recommendation C73 aGVHD of the gut

*
Ll e ol i, Eladtans REACH2* phase Ill study showed an ORR of

e 0 N .
Ruxolitinib recommendation A74-79 62% at 28 days, compared to a 39% ORR in
the control group
Mesenchymal Level of evidence 2¢, Grade of ORR 50%; the estimated probability of
Stromal Cell infusion recommendation B80 survival at 2 years was 17.4%.

Legend: MMF: mycophenolate mofetil; ATG: antithymocyte globulin; aGVHD: acute graft-versus-host disease.
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TABLE 7: Second-line therapy of cGVHD, with levels of evidence and grades of recommendation

Extracorporeal Level of evidence 1b, Grade of Mucocutaneous manifestations, with complete response (CR)
Photopheresis recommendation A67,81-85 rates of > 80% and significant improvement of sclerotic cGVHD.
MME Level of evidence 4, Grade of Overall response rates (ORR) vary between 23% and 79% in

recommendation B86,87

Level of evidence 4, Grade of

sirolimus recommendation B88-90
Rituximab Level of evidence 2b, Grade of
recommendation B91- 93
Imatinib Level of evidence 2b, Grade of
recommendation B93, 94
Level of evidence 4, Grade of
EineEEE recommendation B95, 96
Ibrutinib Level of evidence 2b, Grade of
recommendation B97, 98
Rusolitinib Level of evidence 1b, Grade of
recommendation A99
. Level of evidence 2b, Grade of
Belumosudil

recommendation B100

several case series
ORR varying between 63% and 81% in several case series

Mucocutaneous and musculoskeletal manifestations, with an
ORR of approximately 70%

Cutaneous, ocular, and gut manifestations, with an ORR
between 50% and 80%

ORR varying between 58.8% and 71% in most case series

ORR of 67%, with a 21% CR rate

ORR of 49.7% vs 25.6% for ruxolitinib and controls, respectively
(odds ratio, 2.99; P<0.001); longer median failure-free survival
for ruxolitinib than control, >18.6 months vs. 5.7 months (hazard
ratio, 0.37; P<0.001), and higher symptom response, 24.2% vs.
11.0% (odds ratio, 2.62; P = 0.001).

ORR for belumosudil 200 mg daily x 200 mg twice daily was 74%

(95% Cl, 62-84%) and 77% (95% Cl, 65-87%); symptom reduction

with belumosudil 200 mg daily and 200 mg twice daily was 59%
and 62%, respectively.

Legend: cGVHD: chronic graft-versus-host disease; MMF: mycophenolate mofetil.

REFERENCES

1.

-~ JBMTCT. 2023 4(1)

Jagasia MH, Greinix HT, Arora M, et al. Nation-
al Institutes of Health Consensus Development
Project on Criteria for Clinical Trials in Chronic
Graft-versus-Host Disease: |. The 2014 Diagnosis
and Staging Working Group Report. Biol. Blood
Marrow Transplant. 2015;21(3):389-401.e1.

. Flowers MED, Martin PJ. How we treat

chronic  graft-versus-host  disease. Blood.
2015;125(4):606-15.

. Flowers MED, Inamoto Y, Carpenter PA, et al.

Comparative analysis of risk factors for acute
graft-versus-host disease and for chronic graft-
versus-host disease according to National In-
stitutes of Health consensus criteria. Blood.
2011;117(11):3214-9.

. Harris AC, Young R, Devine S, et al. Internation-

al, Multicenter Standardization of Acute Graft-

versus-Host Disease Clinical Data Collection: A
Report from the Mount Sinai Acute GVHD Inter-
national Consortium. Biol. Blood Marrow Trans-
plant. 2016;22(1):4-10.

5. Schoemans HM, Lee SJ, Ferrara JL, et al. EBMT—
NIH—CIBMTR Task Force position statement on
standardized terminology &amp; guidance for
graft-versus-host disease assessment. Bone
Marrow Transplant. 2018;53(11):1401-15.

6. Lee SJ. Severity of chronic graft-versus-host dis-
ease: association with treatment-related mortal-
ity and relapse. Blood. 2002;100(2):406-414.

7. Couriel D, Carpenter PA, Cutler C, et al. Ancil-
lary Therapy and Supportive Care of Chronic
Graft-versus-Host Disease: National Institutes
of Health Consensus Development Project on
Criteria for Clinical Trials in Chronic Graft-versus-

46




Host Disease: V. Ancillary Therapy and Support-
ive Care Working. Biol. Blood Marrow Transplant.
2006;12(4):375-96.

8. Arora M, Klein JP, Weisdorf DJ, et al. Arora M,
Klein JP, Weisdorf DJ, et al. Chronic GVHD risk
score: a Center for International Blood and
Marrow Transplant Research analysis. Blood.
2011;117(24):6714-20.Blood.2011;118(26):6992.

9. Nash RA, Pifieiro LA, Storb R, et al. FK506 in com-
bination with methotrexate for the prevention
of graft-versus-host disease after marrow trans-
plantation from matched unrelated donors.
Blood. 1996;88(9):3634-41.

10. Przepiorka D, Ippoliti C, Khouri |, et al. Tacroli-
mus and minidose methotrexate for prevention
of acute graft-versus-host disease after matched
unrelated donor marrow transplantation. Blood.
1996;88(11):4383-9.

11. Ratanatharathorn V, Nash RA, Przepiorka D,
et al. Phase Ill study comparing methotrexate
and tacrolimus (prograf, FK506) with meth-
otrexate and cyclosporine for graft-versus-
host disease prophylaxis after HLA-identical
sibling bone marrow transplantation. Blood.
1998;92(7):2303-14.

12. Nash RA, Antin JH, Karanes C, et al. Phase 3
study comparing methotrexate and tacrolimus
with methotrexate and cyclosporine for pro-
phylaxis of acute graft-versus-host disease after
marrow transplantation from unrelated donors.
Blood. 2000;96(6):2062-8.

13.Inamoto Y, Flowers MED, Appelbaum FR, et al. A
Retrospective Comparison of Tacrolimus versus
Cyclosporine with Methotrexate for Immuno-
suppression after Allogeneic Hematopoietic Cell
Transplantation with Mobilized Blood Cells. Biol.
Blood Marrow Transplant. 2011;17(7):1088-92.

14. Ram R, Yeshurun M, Vidal L, Shpilberg O,
Gafter-Gvili A. Mycophenolate mofetil vs. meth-
otrexate for the prevention of graft-versus-host-
disease — Systematic review and meta-analysis.
Leuk. Res. 2014;38(3):352-60.

15. Bolwell B, Sobecks R, Pohlman B, et al. A pro-
spective randomized trial comparing cyclospo-
rine and short course methotrexate with cyclo-
sporine and mycophenolate mofetil for GVHD
prophylaxis in myeloablative allogeneic bone
marrow transplantation. Bone Marrow Trans-
plant. 2004;34(7):621-5.

-~ JBMTCT. 2023 4(1)

JOURNAL OF BONE MARROW TRANSPLANTATION AND CELLULAR THERAPY JBMTCT

16. Perkins J, Field T, Kim J, et al. A Randomized
Phase Il Trial Comparing Tacrolimus and My-
cophenolate Mofetil to Tacrolimus and Meth-
otrexate for Acute Graft-versus-Host Disease
Prophylaxis. Biol. Blood Marrow Transplant.
2010;16(7):937-47.

17. Kharfan-Dabaja M, Mhaskar R, Reljic T, et al.
Mycophenolate mofetil versus methotrexate for
prevention of graft-versus-host disease in peo-
ple receiving allogeneic hematopoietic stem
cell transplantation. Cochrane Database Syst.
Rev. 2014; (7):CD010280.

18. Hamilton BK, Rybicki L, Dean R, et al. Cyclo-
sporine in combination with mycophenolate
mofetil versus methotrexate for graft ver-
sus host disease prevention in myeloablative
HLA-identical sibling donor allogeneic hema-
topoietic cell transplantation. Am. J. Hematol.
2015;90(2):144-8.

19.Chhabra$, LiuY, Hemmer MT, et al. Comparative
Analysis of Calcineurin Inhibitor-Based Metho-
trexate and Mycophenolate Mofetil-Containing
Regimens for Prevention of Graft-versus-Host
Disease after Reduced-Intensity Conditioning
Allogeneic Transplantation. Biol. Blood Marrow
Transplant. 2019;25(1):73-85.

20. Luznik L, Bolanos-Meade J, Zahurak M, et al.
High-dose cyclophosphamide as single-agent,
short-course prophylaxis of graft-versus-host
disease. Blood. 2010;115(16):3224-30.

21. Kanakry CG, O’Donnell P V., Furlong T, et al.
Multi-Institutional Study of Post-Transplantation
Cyclophosphamide As Single-Agent Graft-Ver-
sus-Host Disease Prophylaxis After Allogeneic
Bone Marrow Transplantation Using Myeloab-
lative Busulfan and Fludarabine Conditioning. J.
Clin. Oncol. 2014;32(31):3497-505.

22. Mielcarek M, Furlong T, O'Donnell P V., et al.
Posttransplantation cyclophosphamide for pre-
vention of graft-versus-host disease after HLA-
matched mobilized blood cell transplantation.
Blood. 2016;127(11):1502-8.

23. Jacoby E, Chen A, Loeb DM, et al. Single-Agent
Post-Transplantation Cyclophosphamide as
Graft-versus-Host Disease Prophylaxis after
Human Leukocyte Antigen—-Matched Relat-
ed Bone Marrow Transplantation for Pediatric
and Young Adult Patients with Hematologic
Malignancies. Biol. Blood Marrow Transplant.
2016;22(1):112-8.

41




24. Kanakry CG, Tsai H-L, Bolafios-Meade J, et al.
Single-agent GVHD prophylaxis with posttrans-
plantation cyclophosphamide after myeloabla-
tive, HLA-matched BMT for AML, ALL, and MDS.
Blood. 2014;124(25):3817-27.

25.Nagler A, Labopin M, Dholaria B, et al. Graft-ver-
sus-Host Disease Prophylaxis with Post-Trans-
plantation Cyclophosphamide versus Cyclo-
sporine A and Methotrexate in Matched Sibling
Donor Transplantation. Transplant. Cell. Ther.
2022;28(2):86.e1-8.

26. Pedraza A, Jorge S, Sudrez-Lledé M, et al.
High-Dose Cyclophosphamide and Tacrolim-
us as Graft-versus-Host Disease Prophylaxis
for Matched and Mismatched Unrelated Do-
nor Transplantation. Transplant. Cell. Ther.
2021;27(7):619.e1-8.

27. Lorentino F, Labopin M, Ciceri F, et al
Post-transplantation cyclophosphamide GvHD
prophylaxis after hematopoietic stem cell trans-
plantation from 9/10 or 10/10 HLA-matched
unrelated donors for acute leukemia. Leukemia.
2021;35(2):585-94.

28. Galli E, Metafuni E, Giammarco S, et al. Tri-
ple post transplant cyclophosphamide (PTCY)
based GVHD prophylaxis: HLA matched versus
HLA haploidentical transplants. Bone Marrow
Transplant. 2022;57(4):532-7.

29. Battipaglia G, Galimard J-E, Labopin M, et al.
Post-transplant cyclophosphamide in one-an-
tigen mismatched unrelated donor transplan-
tation versus haploidentical transplantation in
acute myeloid leukemia: a study from the Acute
Leukemia Working Party of the EBMT. Bone Mar-
row Transplant. 2022;57(4):562-71.

30. McSweeney PA, Niederwieser D, Shizuru JA, et
al. Hematopoietic cell transplantation in older
patients with hematologic malignancies: replac-
ing high-dose cytotoxic therapy with graft-ver-
sus-tumor effects. Blood. 2001;97(11):3390-400.

31.Bolanos-Meade J, Reshef R, Fraser R, et al. Three
prophylaxis regimens (tacrolimus, mycopheno-
late mofetil, and cyclophosphamide; tacrolimus,
methotrexate, and bortezomib; or tacrolimus,
methotrexate, and maraviroc) versus tacroli-
mus and methotrexate for prevention of graft-
versus-host disease with. Lancet Haematol.
2019;6(3):e132-43.

32. De Jong CN, Meijer E, Bakunina K, et al.
Post-Transplantation Cyclophosphamide after

-~ JBMTCT. 2023 4(1)

JOURNAL OF BONE MARROW TRANSPLANTATION AND CELLULAR THERAPY JBMTCT

Allogeneic Hematopoietic Stem Cell Transplan-
tation: Results of the Prospective Randomized
HOVON-96 Trial in Recipients of Matched Relat-
ed and Unrelated Donors. Blood. 2019;134(Sup-
plement_1):1-1.

33. Kroger N, Solano C, Wolschke C, et al. Anti-
lymphocyte Globulin for Prevention of Chron-
ic Graft-versus-Host Disease. N. Engl. J. Med.
2016;374(1):43-53.

34. AraiY, JoT, Matsui H, Kondo T, Takaori-Kondo A.
Efficacy of antithymocyte globulin for allogene-
ic hematopoietic cell transplantation: a system-
atic review and meta-analysis. Leuk. Lymphoma.
2017;58(8):1840-8.

35. Theurich S, Fischmann H, Shimabukuro-Vorn-
hagen A, et al. Polyclonal anti-thymocyte glob-
ulins for the prophylaxis of graft-versus-host dis-
ease after allogeneic stem cell or bone marrow
transplantation in adults. Cochrane Database
Syst. Rev. 2012;(9):CD009159.

36. Bacigalupo A, Lamparelli T, Bruzzi P, et al. An-
tithymocyte globulin for graft-versus-host dis-
ease prophylaxis in transplants from unrelated
donors: 2 randomized studies from Gruppo Ital-
iano Trapianti Midollo Osseo (GITMO). Blood.
2001;98(10):2942-47.

37. Finke J, Bethge WA, Schmoor C, et al. Standard
graft-versus-host disease prophylaxis with or
without anti-T-cell globulin in haematopoiet-
ic cell transplantation from matched unrelated
donors: a randomised, open-label, multicentre
phase 3 trial. Lancet Oncol. 2009;10(9):855-64.

38. Socié G, Schmoor C, Bethge WA, et al. Chronic
graft-versus-host disease: long-term results from
a randomized trial on graft-versus-host disease
prophylaxis with or without anti-T-cell globulin
ATG-Fresenius. Blood. 2011;117(23):6375-82.

39.Walker I, Panzarella T, Couban S, et al. Pretreat-
ment with anti-thymocyte globulin versus no
anti-thymocyte globulin in patients with hae-
matological malignancies undergoing hae-
mopoietic cell transplantation from unrelated
donors: a randomised, controlled, open-label,
phase 3, multicentre trial. Lancet Oncol.
2016;17(2):164-73.

40. Baron F, Mohty M, Blaise D, et al. Anti-thymo-
cyte globulin as graft- versus -host disease pre-
vention in the setting of allogeneic peripheral
blood stem cell transplantation: a review from
the Acute Leukemia Working Party of the Euro-

48




pean Society for Blood and Marrow Transplanta-
tion. Haematologica. 2017;102(2):224-34.

41. O’'Donnell P, Luznik L, Jones R., et al. Nonmy-
eloablative bone marrow transplantation from
partially HLA-mismatched related donors using
posttransplantation cyclophosphamide. Biol.
Blood Marrow Transplant. 2002;8(7):377-86.

42. Luznik L, O'Donnell P V., Symons HJ, et al.
HLA-Haploidentical Bone Marrow Transplanta-
tion for Hematologic Malignancies Using Non-
myeloablative Conditioning and High-Dose,
Posttransplantation Cyclophosphamide. Biol.
Blood Marrow Transplant. 2008;14(6):641-50.

43. Kasamon YL, Bolahos-Meade J, Prince GT, et
al. Outcomes of Nonmyeloablative HLA-Hap-
loidentical Blood or Marrow Transplantation
With High-Dose Post-Transplantation Cyclo-
phosphamide in Older Adults. J. Clin. Oncol.
2015;33(28):3152-61.

44. Lu D-P, Dong L, Wu T, et al. Conditioning
including antithymocyte globulin followed
by unmanipulated HLA-mismatched/hap-
loidentical blood and marrow transplanta-
tion can achieve comparable outcomes with
HLA-identical sibling transplantation. Blood.
2006;107(8):3065-73.

45, Van Lint MT, Uderzo C, Locasciulli A, et al. Ear-
ly treatment of acute graft-versus-host disease
with high- or low-dose 6-methylprednisolone:
a multicenter randomized trial from the Italian
Group for Bone Marrow Transplantation. Blood.
1998;92(7):2288-93.

46. Mielcarek M, Storer BE, Boeckh M, et al. Initial
therapy of acute graft-versus-host disease with
low-dose prednisone does not compromise pa-
tient outcomes. 2009;113(13):2888-94.

47. McDonald GB, Bouvier M, Hockenbery DM, et
al. Oral beclomethasone dipropionate for treat-
ment of intestinal graft-versus-host disease: A
randomized, controlled trial. Gastroenterology.
1998;115(1):28-35.

48. Hockenbery DM, Cruickshank S, Rodell TC,
et al. A randomized, placebo-controlled tri-
al of oral beclomethasone dipropionate as
a prednisone-sparing therapy for gastro-
intestinal graft-versus-host disease. Blood.
2007;109(10):4557-63.

49. Van Lint MT, Uderzo C, Locasciulli A, et al. Ear-
ly treatment of acute graft-versus-host disease

-~ JBMTCT. 2023 4(1)

JOURNAL OF BONE MARROW TRANSPLANTATION AND CELLULAR THERAPY JBMTCT

with high- or low- dose 6-methylprednisolone:
A multicenter randomized trial from the Italian
group for bone marrow transplantation. Blood.
1998;92(7):2288-93.

50. Rostagno E, Campanati A, Mordini N, et al.
Phototherapy and topical treatments for cuta-
neous graft vs. host disease in haematopoietic
stem cell transplantation patients: a scoping
review. J. Eur. Acad. Dermatology Venereol.
2022;36(7):1003-15.

51. Koc S, Leisenring W, Flowers MED, et al. Ther-
apy for chronic graft-versus-host disease: a
randomized trial comparing cyclosporine plus
prednisone versus prednisone alone. Blood.
2002;100(1):48-51.

52. Filipovich AH, Weisdorf D, Pavletic S, et al.
National Institutes of Health Consensus De-
velopment Project on Criteria for Clinical
Trials in Chronic Graft-versus-Host Disease:
I. Diagnosis and Staging Working Group
Report. Biol. Blood Marrow Transplant.
2005;11(12):945-56.

53. Martin PJ, Rizzo JD, Wingard JR, et al. First-
and Second-Line Systemic Treatment of Acute
Graft-versus-Host Disease: Recommendations
of the American Society of Blood and Marrow
Transplantation. Biol. Blood Marrow Transplant.
2012;18(8):1150-63.

54. Alousi AM, Weisdorf DJ, Logan BR, et al. Etaner-
cept, mycophenolate, denileukin, or pentostatin
plus corticosteroids for acute graft-versus-host
disease: a randomized phase 2 trial from the
Blood and Marrow Transplant Clinical Trials Net-
work. Blood. 2009;114(3):511-7.

55. Furlong T, Martin P, Flowers MED, et al. Therapy
with mycophenolate mofetil for refractory acute
and chronic GVHD. Bone Marrow Transplant.
2009;44(11):739-48.

56. Krejci M, Doubek M, Buchler T, et al. Mycophe-
nolate mofetil for the treatment of acute and
chronic steroid-refractory graft-versus-host dis-
ease. Ann. Hematol. 2005;84(10):681-5.

57. Hart JW, Shiue LH, Shpall EJ, Alousi AM. Extra-
corporeal photopheresis in the treatment of
graft- versus -host disease: evidence and opin-
ion. Ther. Adv. Hematol. 2013;4(5):320-34.

58. Greinix HT, Knobler RM, Worel N, et al. The effect
of intensified extracorporeal photochemothera-
py on long-term survival in patients with severe

49




acute graft-versus-host disease. Haematologica.
2006;91(3):405-8.

59. Modemann F, Ayuk F, Wolschke C, et al. Ruxoli-
tinib plus extracorporeal photopheresis (ECP)
for steroid refractory acute graft-versus-host
disease of lower Gl-tract after allogeneic stem
cell transplantation leads to increased reg-
ulatory T cell level. Bone Marrow Transplant.
2020;55(12):2286-93.

60. Schneiderman J. Extracorporeal photopheresis:
cellular therapy for the treatment of acute and
chronic graft-versus-host disease. Hematology.
2017;2017(1):639-44.

61.Abu-Dallel, ReljicT, NishihoriT, et al. Extracorpo-
real Photopheresis in Steroid-Refractory Acute
or Chronic Graft-versus-Host Disease: Results of
a Systematic Review of Prospective Studies. Biol.
Blood Marrow Transplant. 2014;20(11):1677-86.

62. Rafei H, Kharfan-Dabaja MA, Nishihori T. A Crit-
ical Appraisal of Extracorporeal Photopheresis
as a Treatment Modality for Acute and Chron-
ic Graft-Versus-Host Disease. Biomedicines.
2017;5(4):60.

63. Shapiro RM, Antin JH. Therapeutic options
for steroid-refractory acute and chronic GVHD:
an evolving landscape. Expert Rev. Hematol.
2020;13(5):519-32.

64. Malagola M, Cancelli V, Skert C, et al. Extracor-
poreal Photopheresis for Treatment of Acute
and Chronic Graft Versus Host Disease. Trans-
plantation. 2016;100(12):e147-55.

65. Jagasia M, Greinix H, Robin M, et al. Extra-
corporeal Photopheresis versus Anticytokine
Therapy as a Second-Line Treatment for Ste-
roid-Refractory Acute GVHD: A Multicenter
Comparative Analysis. Biol. Blood Marrow Trans-
plant. 2013;19(7):1129-33.

66. Greinix HT, Volc-Platzer B, Kalhs P, et al. Extracor-
poreal photochemotherapy in the treatment of
severe steroid-refractory acute graft-versus-host
disease: a pilot study. Blood. 2000;96(7):2426-31.

67.0arbeascoa G, Lozano ML, Guerra LM, et al. Ret-
rospective Multicenter Study of Extracorporeal
Photopheresis in Steroid-Refractory Acute and
Chronic Graft-versus-Host Disease. Biol. Blood
Marrow Transplant. 2020;26(4):651-8.

68. Sestili S, Eder S, Belhocine R, et al. Extracor-
poreal photopheresis as first-line strategy in

-~ JBMTCT. 2023 4(1)

JOURNAL OF BONE MARROW TRANSPLANTATION AND CELLULAR THERAPY JBMTCT

the treatment of acute graft-versus-host dis-
ease after hematopoietic stem cell transplanta-
tion: A single-center experience. Cytotherapy.
2020;22(8):445-9.

69. MacMillan ML, Weisdorf DJ, Davies SM, et al.
Early antithymocyte globulin therapy improves
survival in patients with steroid-resistant acute
graft-versus-host disease. Biol. Blood Marrow
Transplant. 2002;8(1):40-6.

70. Carpenter PA, Sanders JE. Steroid-refractory
graft-vs.-host disease: past, present and future.
Pediatr. Transplant. 2003;7:19-31.

71. Massenkeil G, Rackwitz S, Genvresse |, et al.
Basiliximab is well tolerated and effective in
the treatment of steroid-refractory acute graft-
versus-host disease after allogeneic stem cell
transplantation. Bone Marrow Transplant.
2002;30(12):899-903.

72. Funke VAM, de Medeiros CR, Setubal DC, et al.
Therapy for severe refractory acute graft-ver-
sus-host disease with basiliximab, a selective
interleukin-2 receptor antagonist. Bone Marrow
Transplant. 2006;37(10):961-5.

73. Couriel D, Saliba R, Hicks K, et al. Tumor necro-
sis factor-a blockade for the treatment of acute
GVHD. Blood. 2004;104(3):649-54.

74. Schroeder MA, Choi J, Staser K, DiPersio JF. The
Role of Janus Kinase Signaling in Graft-Versus-
Host Disease and Graft Versus Leukemia. Biol.
Blood Marrow Transplant. 2018;24(6):1125-34.

75. Choi J, Cooper ML, Alahmari B, et al. Pharma-
cologic Blockade of JAK1/JAK2 Reduces GvHD
and Preserves the Graft-Versus-Leukemia Effect.
PLoS One. 2014;9(10):e109799.

76. Jagasia M, Perales M-A, Schroeder MA, et al.
Ruxolitinib for the treatment of steroid-refracto-
ry acute GVHD (REACH1): a multicenter, open-la-
bel phase 2 trial. Blood. 2020;135(20):1739-49.

77. FDA. FDA approves ruxolitinib for acute graft-
versus-host disease [Internet]. Silver Spring,
MD; 2019 [ cited 2022 Nov 25]. Available from:
https://www.fda.gov/drugs/resources-informa-
tion-approved-drugs/fda-approves-ruxolitinib-
acute-graft-versus-host-disease

78. Zeiser R, von Bubnoff N, Butler J, et al. Rux-
olitinib for Glucocorticoid-Refractory Acute
Graft-versus-Host Disease. N. Engl. J. Med.
2020;382(19):1800-10.

50




79. Uygun V, Karasu G, Daloglu H, et al. Ruxolitinib
salvage therapy is effective for steroid-refracto-
ry graft-versus-host disease in children: A sin-
gle-center experience. Pediatr. Blood Cancer.
2020;67(4): €28190.

80. Dotoli GM, De Santis GC, Orellana MD, etal.
Mesenchymal stromal cell infusion to treat ste-
roid-refractory acute GvHD llII/IV after hemato-
poietic stem cell transplantation. Bone Marrow
Transplant. 2017;52(6):859-62.

81. Dignan FL, Scarisbrick JJ, Cornish J, et al. Or-
gan-specific management and supportive care
in chronic graft-versus-host disease. Br. J. Hae-
matol. 2012;158(1):62-78.

82. Greinix HT, van Besien K, ElImaagacli AH, et al.
Progressive Improvement in Cutaneous and
Extracutaneous Chronic Graft-versus-Host Dis-
ease after a 24-Week Course of Extracorporeal
Photopheresis—Results of a Crossover Ran-
domized Study. Biol. Blood Marrow Transplant.
2011;17(12):1775-82.

83. Flowers MED, Apperley JF, van Besien K, et al.
A multicenter prospective phase 2 random-
ized study of extracorporeal photopheresis for
treatment of chronic graft-versus-host disease.
Blood. 2008;112(7):2667-74.

84. Greinix HT, Worel N, Just U, Knobler R. Extra-
corporeal photopheresis in acute and chronic
graft-versus-host disease. Transfus. Apher. Sci.
2014;50(3):349-57.

85. Perotti C, Sniecinski I. A concise review on ex-
tracorporeal photochemotherapy: Where we
began and where we are now and where are we
going! Transfus. Apher. Sci. 2015;52(3):360-8.

86. Martin PJ, Storer BE, Rowley SD, et al. Evaluation
of mycophenolate mofetil for initial treatment
of chronic graft-versus-host disease. Blood.
2009;113(21):5074-82.

87. Lopez F, Parker P, Nademanee A, et al. Efficacy
of mycophenolate mofetil in the treatment of
chronic graft-versus-host disease. Biol. Blood
Marrow Transplant. 2005;11(4):307-13.

88. Zeiser R, Nguyen VH, Beilhack A, et al. Inhibition
of CD4+CD25+ regulatory T-cell function by cal-
cineurin-dependent interleukin-2 production.
Blood. 2006;108(1):390-9.

89. Jurado M, Vallejo C, Pérez-Simoén JA, et
al. Sirolimus as Part of Immunosuppressive

-~ JBMTCT. 2023 4(1)

JOURNAL OF BONE MARROW TRANSPLANTATION AND CELLULAR THERAPY JBMTCT

Therapy for Refractory Chronic Graft-versus-
Host Disease. Biol. Blood Marrow Transplant.
2007;13(6):701-6.

90. Couriel DR, Saliba R, Escalon MP, et al. Siroli-
mus in combination with tacrolimus and corti-
costeroids for the treatment of resistant chron-
ic graft-versus-host disease. Br. J. Haematol.
2005;130(3):409-17.

91. Cutler C, Miklos D, Kim HT, et al. Rituximab for
steroid-refractory chronic graft-versus-host dis-
ease. Blood. 2006;108(2):756-62.

91. von Bonin M, Oelschlagel U, Radke J, et al.
Treatment of Chronic Steroid-Refractory Graft-
Versus-Host Disease With Low-Dose Rituximab.
Transplantation. 2008;86(6):875-79.

93. Arai S, Pidala J, Pusic |, et al. A Randomized
Phase Il Crossover Study of Imatinib or Ritux-
imab for Cutaneous Sclerosis after Hemato-
poietic Cell Transplantation. Clin. Cancer Res.
2016;22(2):319-27.

94, Olivieri A, Locatelli F, Zecca M, et al. Imatinib for
refractory chronic graft-versus-host disease with
fibrotic features. Blood. 2009;114(3):709-18.

95. Giaccone L, Martin P, Carpenter P, et al. Safety
and potential efficacy of low-dose methotrexate
for treatment of chronic graft-versus-host dis-
ease. Bone Marrow Transplant. 2005;36(4):337-
41.

96. Inagaki J, Nagatoshi Y, Hatano M, et al. Low-
dose MTX for the treatment of acute and chronic
graft-versus-host disease in children. Bone Mar-
row Transplant. 2008;41(6):571-7.

97. Miklos D, Cutler CS, Arora M, et al. Ibrutinib for
chronic graft-versus-host disease after failure of
prior therapy. 2017;130(21):2243-50.

98. Jaglowski SM, Blazar BR. How ibrutinib, a B-cell
malignancy drug, became an FDA-approved
second-line therapy for steroid-resistant chronic
GVHD. Blood Adv. 2018;2(15):2012-9.

99. Zeiser R, Polverelli N, Ram R, et al. Ruxoli-
tinib for Glucocorticoid-Refractory Chron-
ic Graft-versus-Host Disease. N. Engl. J. Med.
2021,;385(3):228-38.

100. Cutler C, Lee SJ, Arai S, et al. Belumosudil for
chronic graft-versus-host disease after 2 or more
prior lines of therapy: the ROCKstar Study. Blood.
2021;138(22):2278-89.

51




