
Case Presentation : 

An adolescent (21 year old) male patient with Tcell –ALL had Primary Induction Failure with 

Augmented BFM undergo  Inotuzumab Ozogamicin Proceeded to HSCT

• Allogeneic Hematopoietic Stem Cell Transplantation

• Mismatched Unrelated Donor (MMUD; 9/10 HLA-A Mismatch) HSCT(PBSC) 

• Conditioning Regimen (MAC/ BuCy)

Busulfan (Total dose : 12.8 mg/ kg body weight)

Cyclophosphamide (Total dose : 120 mg/ kg body weight)

Rabbit ATG (Thymoglobulin) (Total dose : 7.5 mg/ kg body weight) ( Day -3 to -1)

GVHD prophylaxis with cyclospurine and methotrexate for. Day 11 methotrexate was 50% 

dose reduced, and leucovorin rescue was added for severe mucositis
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• Calcineurin inhibitors (tacrolimus/Tac and cyclosporine/CyA) inhibit the 
proliferation and activation of Tcells and have been used in combination 
with either methotrexate (MTX) or mycophenolate mofetil (MMF) as 
standard prophylaxis in HLA-matched HSCT

• The combination of Tac/MTX was found to be significantly superior to 
CyA/MTX is the prevention of grade II-IV aGVHD and extensive chronic 
GVHD in HLA-matched sibling and unrelated donors, although a benefit in 
overall survival (OS) was not shown 



• Therefore, both regimens are considered standard backbones to 

most GVHD prevention strategies for patients undergoing allogeneic 

HCT.



Mycophenolate mofetil (MMF) 

• a selective inhibitor of inosine monophosphate dehydrogenase that is 

a key enzyme in the de novo synthesis of guanine nucleotides

• A recent Center for International Blood and Marrow Transplant 

Research study of 3979 matched sibling donors and 4163 unrelated 

donors showed significantly inferior GVHD and survival outcomes 

with CSA  MMF compared with Tac , MTX, CSA , MTX, and Tac , 

MMF in myeloablative transplantation, suggesting an advantage of 

MTX over MMF for GVHD prevention.



• Sirolimus is a mTOR inhibitor which inhibits effector Tlymphocytes

and in in-vitro studies appeared to spare regulatory T-lymphocytes.

• shown to be associated with better GVHD outcomes and hence 

sirolimus has an immunologic profile that was thought to be 

potentially beneficial for GVHD prevention.



• sirolimus in combination with tacrolimus was compared with the 

standard Tac/MTX platform.

• There was no difference in grades II-IV aGVHD and Cgvhd

• better grade III-IV aGVHD outcomes with sirolimus/Tac were seen



• Tac + sirolimus is thus considered an important alternative for 

patients undergoing total body irradiation-based transplantation, 

particularly  for may be at higher risk for developing severe 

mucositis or require faster engraftment for risk of infection.



Translational Advances in GVHD Prophylaxis

• In-vivo T-Cell Depletion/Modulation

• Post-transplant Cyclophosphamide

• Anti-thymocyte Globulin

• Ex-vivo T-Cell Depletion/Modulation































Abatacept for GVHD prophylaxis can reduce racial disparities by 

abrogating the impact of mismatching in unrelated donor stem cell transplantation

Muna Qayed,Benjamin Watkins,Scott Gillespie,Brandi

Bratrude,Kayla Betz,Sung W. Choi,Jeffrey Davis,Christine

Duncan,Roger Giller,Michael Grimley,Andrew C. 

Harris,David Jacobsohn,Nahal Lalefar,Maxim

Norkin,Nosha Farhadfar,Michael A. Pulsipher,Shalini

Shenoy,Aleksandra Petrovic,Kirk R. Schultz,Gregory A. 

Yanik,Edmund K. Waller,Amelia Langston,Leslie S. 

Kean,John T. Horan, Abatacept for GVHD prophylaxis can 

reduce racial disparities by abrogating the impact of 

mismatching in unrelated donor stem cell transplantation, 

Blood Adv, 2022, Figure 1.

Copyright © 2023 American Society of 
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Patient No. Diagnosi

s

Age Donor Type of Graft 

manipulation

Gvhd

1 (SF) SAA 34 Unrelated (9/10) CD34 Selection NO

2 (ST) AML 38 Related (FM) CD3/CD19 depletion NO

3 (KR) SAA 29 Related (FM) CD34 Selection NO

4 (NF) SAA 30 Related (FM) CD34 Selection NO

5 (RR) MD 7 Haplo-father CD3/CD19 depletion NO

6 (ANA) SAA 29 Related (FM) CD34 Selection NO

7 (MA) SAA 26 Unrelated (9/10) CD34 Selection NO

8 (ZG) AML 27 Unrelated (FM) CD3/CD19 depletion+T cell Add-back NO

9 (HR) HD 17 Haplo-brother CD3/CD19 depletion+T cell Add-back Grade I

10 (MJ) NHL 37 Related (FM) CD34 selection +T cell Add-back NO

11 (FY) AML 19 Haplo-Sister CD34 Selection + T cell Add-back NO

12 (AZ) AML 16 Haplo-mother CD34 Selection + T cell Add-back NO

13 (FF) AA 22 Haplo-sister CD3/CD19 depletion NO

14 (EA) AML 18 Unrelated (9/10) CD3 Selection NO

15 (HF) ALL 42 Related (FM) CD3/CD19 depletion Grade III

16 (MM) AML 52 Haplo-brother CD3/CD19 depletion HC

17 (AS) SAA 40 Haplo-sister CD3/CD19 depletion Grade IV

18 (MF) SAA 35 Unrelateed (FM) CD3 Selection NO

19 (MA) AML 55 Related (9/10) CD3/CD19 depletion Grade II

20 (SF) MD 7 Related (FM) TCRαβ/CD19 Depletion NO



Take home

• Choose an appropriate combination of immunosuppressants with respect 

to the pharmacokinetics and pharmacodynamics in the target species

• Single-drug protocols should be limited to verified exemptions

• Along with the changing transplant population, the field of HCT has 

dramatically shifted in the past decade because of the widespread 

adoption of posttransplantation cyclophosphamide (PTCy), which has 

increased the use of HLA-mismatched related donors to levels comparable 

to HLA-matched related donors.



• Role of biomarkers

• Preventive algorithm based on biology

• Graft manipulation accessible for bmt ward





Case Presentation 1 : An adolescent (21 year old) male patient with acute lymphoblastic leukemia (ALL)

Primary Induction Treatment Failure (Inotuzumab Ozogamicin)/Post HSCT

• Myeloid and Platelet Engraftment occurred on day +12 and +15 respectively

•Day 11 methotrexate was 50% dose reduced, and leucovorin rescue was added for severe mucositis

• On day +18 post transplant : he developed a patchy maculopapular skin rash involving a body 

surface area (BSA) of <20% Erythematous maculopapular rash; both palmars

Topical steroid started and was started on 0.1% triamcinolone topical cream.

• On day +20 post transplant: 

Worsening Erythematous maculopapular  rash involving his face, anterior/posterior torso, and lower 

extremities to his knees (60% BSA). He had stage 3 skin, more than 60% BSA (acute skin GvHD stage 

III)

Watery diarrhea; six times/day (1200 cc) (acute lower GI GvHD stage II)

Acute GvHD Grade III (MAGIC Criteria for GvHD grading)





Case Presentation 1 : An adolescent (21 year old) male patient with acute lymphoblastic leukemia (ALL)

Post-HSCT/ Acute GvHD

• Methylprednisolon 2mg/kg & Cyclosporine in therapeutic level 

• On day +5 after recieving Methylprednisolon (+26 post transplant):

Skin GvHD stage II

Watery and bloody diarrhea, 7 times/day (1600 cc)



DDX: GI GvHD or  CMV Colitis?

Indication of Biopsy in aGVHD

what‟s  Therapeutic decision?



Dr. Dabiri

























































































EBMT/ELN Treatment Guidelines 

for Acute GVHD

Corticosteroid resistance

aGVHD 
(based on clinical symptoms or signs) 

Grade ≥II

Systemic 
methylprednisolone

2 mg/kg divided BID for 7 days

Taper dose;
optimal rate is not 

defined

Second-line therapy

If GI aGVHD: 
Add nonabsorbable oral 

steroid 

If skin aGVHD:
Add topical steroids

or

Clinical study

Stop treatment 
when all signs of 
GVHD disappear

Gold 
standard is 

systemic 
steroid 
therapy

Taper steroid 
doses as soon 

as major 
improvement 

is seen 

Major 
improvement

No response after 7 days
or

Clear progression after 5 
days

Penack. Lancet Haematol. 2020;7:e157. Slide credit: clinicaloptions.com

http://www.clinicaloptions.com/


Response to Steroids in Patients 

With aGVHD

Steroids are effective 

in only 40% of patients 

with aGVHD

Only 30% of patients with 
aGVHD have a long-lasting 

response to steroids

Murray. The European Blood and Marrow Transplantation Textbook for Nurses: Under the Auspices of EBMT. 2018:221-251. Slide credit: clinicaloptions.com

http://www.clinicaloptions.com/


REACH 2: DoR and Survival in Patients with Acute GVHD 

Treated With Ruxolitinib vs Best Available Therapy

Duration of Response Event-Free Survival

Slide credit: clinicaloptions.comMohty. EBMT 2021. Abstr O067. 
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Chronic GVHD: The Bane of Allogeneic Transplantation

• >50% incidence following related and unrelated alloHCT 

• Incidence increasing as aGVHD outcomes improve

• Most important cause of morbidity following alloHCT

• Affects quality of life and causes irreversible functional deficits

• Most have ≥1 organ system involved

• Median 2-3 yr of treatment

• <80% of patients with cGVHD come off immune suppression

Ratanatharathorn. Bone Marrow Transplant. 2001;28:121. Steward. Blood. 2004;104:3501. Slide credit: clinicaloptions.com

http://www.clinicaloptions.com/


Initial Treatment in Chronic GVHD: Corticosteroids

• Systemic symptoms or multiple local sites  systemic treatment

• Initial treatment:

• Prednisone: 1 mg/kg/day

• Tacrolimus: 5-10 ng/mL or

• Cyclosporine: 200-400 µg/L

• Complete response rate: 50% to 55% 

• Median time to discontinue immune therapy: 1.6-2.2 yr

• Additional agents at onset of GVHD: Not shown to be beneficial

Arora. Biol Blood Marrow Transplant. 2001;7:265. Koc. Blood. 2002;100:48. Slide credit: clinicaloptions.com

http://www.clinicaloptions.com/


Ibrutinib Treatment for Chronic GVHD

• Ibrutinib resulted in clinically meaningful and sustained responses in patients who have failed ≥1 prior treatment for cGVHD

• ORR: 67%

• 71% had a sustained response of ≥20 wk

• Similar response rate across all affected organs

• Patients experienced reductions in corticosteroid doses while receiving ibrutinib

• Biomarker changes support a beneficial effect of ibrutinib on cGVHD-related immune cell subsets

• AEs are consistent with those previously reported for ibrutinib and those observed in patients with cGVHD receiving 
concomitant corticosteroids

• Efficacy of ibrutinib in this population supported FDA approval of ibrutinib for patients with established cGVHD requiring 
additional therapy in August 2017

Miklos. Blood. 2017;130:2243. Ibrutinib PI. Slide credit: clinicaloptions.com

http://www.clinicaloptions.com/


Phase III Trials for Treatment of Steroid-Refractory

Chronic GVHD

Arms Estimated N Patient Characteristics

Trial 

Identifier(s) Primary Endpoint

Ruxolitinib vs best 
available therapy

329
Steroid-refractory 

moderate or severe 
GVHD

NCT03112603
REACH3

Response rate at 
cycle 7 (Wk 24)

Zeiser

NEJM 2021

Belumosudil 
(KD025-213)

200 mg QD vs BID

132
cGVHD after 

2-5 prior lines of 
therapy

NCT03640481
ROCKstar Study

Overall response 
rate

Cutler Blood 2021

Arms Estimated N Patient Characteristics

Trial 

Identifier(s) Primary Endpoint

CD34-selected 
T-cell depletion in 

PBSC grafts vs PTCy 
vs tacrolimus + MTX

346

Prophylaxis in 
patients 

undergoing HSCT 
from matched 

related donor or 
unrelated donor

NCT02345850
BMT CTN 1301

PROGRESS-II

cGVHD-free 
relapse-free 

survival at 2 yr
Luznik JCO 2021 

Slide credit: clinicaloptions.comZeiser. NEJM. 2021;385:228. Cutler. Blood. 2021;38:2278.  Luznik. JCO. 2021;[Epub].

Another notable phase III trial for 
prevention of cGVHD

http://www.clinicaloptions.com/


REACH3: ORR at Wk 24 in Patients With Steroid-Refractory Chronic 

GVHD Treated With Ruxolitinib 

• ORR was significantly higher with RUX

• FDA approved ruxolitinib 10 mg BID for treatment of cGVHD after failure of 1-2 prior lines of systemic therapy in 
adults and pediatric patients 12 yr of age or older (9/22/21)

Zeiser. NEJM. 2021;385:228. Ruxolitinib PI. Slide credit: clinicaloptions.com
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Characteristic, n (%)
RUX

(n = 165)
BAT

(n = 164)

Responders
CR
PR

82 (49.7)
11 (6.7)

71 (43.0)

42 (25.6)
5 (3.0) 

37 (22.6)

Nonresponders
Unchanged response
Mixed response
Progression
Other*
Unknown†

9 (5.5)
10 (6.1)
4 (2.4)
5 (3.0)

55 (33.3)

15 (9.1)
17 (10.4)
21 (12.8)

9 (5.5)
60 (36.6)

http://www.clinicaloptions.com/


ROCKstar: ORR in Patients With Steroid-Refractory Chronic 

GVHD Treated With Belumosudil

• Median time to response: 5 wk 

(range: 4-66)

• Prespecified statistical significance 

was achieved as lower bound of the 

95% CI of ORR exceeded 30% 

• FDA approved belumosudil 

200 mg daily for treatment of 

cGVHD after failure of ≥2 prior 

lines of systemic therapy 

(7/16/21)

Slide credit: clinicaloptions.com
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Chronic GVHD With HCT: Conclusions

• cGVHD is clinically heterogeneous and pathogenesis complex involving dysregulated B-cells and T-

cells due to alloreactive damage to thymus, BM, and germinal centers; cGVHD pathogenesis involves 

macrophage mediated fibrosis

• FDA approved for cGVHD treatment after ≥1 line of therapy:

• Ibrutinib 420 mg/day

• Irreversibly inhibits activated B-cells and TFH cells inhibiting GC and allo-antibodies

• PCYC1129: Ibrutinib 67% ORR at 1 yr and  31% CR at 2-yr follow-up

• Ruxolitinib 10 mg twice daily

• Inhibits STAT3 decreasing Th17 cells; decreased IL17 and TGF-ß decreases macrophage fibrosis

• REACH3: ruxolitinib with higher ORR at Wk 24 than BAT (49.7% vs 25.6%; P <.0001)

• FDA approved for cGVHD treatment after ≥2 lines of therapy:

• Belumosudil 200 mg/day

• Inhibits Th17 cells, IL-21 secretion, regulates profibrotic genes and mediates stress fiber formation.  

• Phase II ROCKstar: belumosudil ORR: 74% with daily dosing (200 mg BID ORR: 77%)

Sahaf. Biol Blood Marrow Transplant. 2018;24:S20. Gomez-Rodriguez. FEBS J. 2011;278:1980. Miklos. Blood. 2017;130:2243. Ibrutinib 
PI. Chao. NEJM. 2020;382:1853. Zeiser. NEJM. 2021;385:228. Ruxolitinib PI. Cutler. Blood. 2021;38:2278. Belumosudil PI. Slide credit: clinicaloptions.com

http://www.clinicaloptions.com/


Does GVHD Impact Survival?

Westin. Adv Hematol. 2011;2011:601953. Slide credit: clinicaloptions.com
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Safety and Efficacy of Ruxolitinib vs BAT in Patients 

With SR aGVHD: REACH2 Phase III Study Design

• Multicenter, open-label, randomized trial 

Slide credit: clinicaloptions.com

 Primary endpoint: ORR at Day 28

 Key secondary endpoint: durable ORR at Day 56

Patients ≥12 yr of age 
with grade II, III/IV 

SR aGVHD; evidence 
indicating myeloid 

engraftment with ANC 
>1000/mm3 and 

platelets 
≥20,000/mm3

(N = 309)

Ruxolitinib 10 mg BID + 
steroids ±

calcineurin inhibitors 
(n = 154)

BAT* +
steroids ±

calcineurin inhibitors 
(n = 155)

Ruxolitinib 10 mg BID + 
steroids ±

calcineurin inhibitors

BAT +
steroids ±

calcineurin inhibitors

Day 1 Day 28Screening 6 MoDay 56 18 Mo
Core Treatment Phase Extension Phase

At 6 mo: 
Secondary 

analysis
for

OS and NRM

At 18 mo: Final 
analysis of
safety and 

efficacy

*Patients randomized to BAT arm could cross over to ruxolitinib arm if primary endpoint not attained or response 
lost with disease progression, mixed response, or no response and requiring further systemic immunosuppressive therapy. 

Zeiser. NEJM. 2020;382:1800.

http://www.clinicaloptions.com/


Urinary-Derived Human Chorionic Gonadotropin/ Epidermal Growth Factor 

for aGVHD: Study Design

• Prospective phase II trial

 Primary outcome: Day 28 response

 Secondary outcomes: safety, survival, exploratory metabolomics analysis, biomarkers

uhCG/EGF 2000 units/m2 SC 
every other day x 7 days +

High-dose steroids*
(n = 22)

Patients with 
life-threatening 

aGVHD; creatinine 
<2.5x ULN; LVEF ≥35%

Holtan. ASH 2021. Abstr 261. NCT02525029. 

uhCG/EGF 2000 units/m2 SC 
(steroid dependent) or 5000 units/m2 SC  

(steroid refractory) every other day x 14 days +
SoC immunosuppression*

(n = 22)
*Responders eligible to receive optional maintenance doses 

twice weekly x 5 wk.

First line: Minnesota High Risk

Second line: no response to 
first line or GVHD flare

Slide credit: clinicaloptions.com

http://www.clinicaloptions.com/


uhCG/EGF for aGVHD: Baseline 

Characteristics
Characteristic First-line High Risk (n = 22) Second Line (n = 22)

Median age, yr (range) 61 (22-72) 62 (2-69)

Median Karnofsky score (range) 60 (30-90) 50 (20-100)

Male, n (%) 16 (73) 17 (77)

Graft source, n (%)
Marrow
Peripheral blood stem calls
Umbilical cord

5 (23)
8 (36)
9 (41)

8 (36)
9 (41)
5 (23)

Conditioning, n (%)
Myeloablative
Reduced intensity

10 (45)
12 (55)

5 (23)
17 (77)

Median post-transplant day of 
enrollment, n (IQR)

57 (34-118) 123 (76-209)

Holtan. ASH 2021. Abstr 261. Slide credit: clinicaloptions.com

http://www.clinicaloptions.com/


uhCG/EGF for aGVHD: Day 28 Response 

(Primary Outcome) and Survival Outcomes

• Median OS for entire cohort: 1.2 yr

• 2-yr survival 67% vs 12% for responders vs nonresponders, respectively; P <.01

Outcome, n (%)
First-line High Risk 

(n = 22)
Second Line 

(n = 22)
All Patients 

(N = 44)

CR 64 50 57

PR 0 23 11

Holtan. ASH 2021. Abstr 261. Slide credit: clinicaloptions.com

http://www.clinicaloptions.com/


Conclusions

• There is evidence that acute GVHD affects not only the intestinal 
tract, liver, and skin, but also the CNS, thymus, ovaries, and 
multiple other organs

• 2-yr OS of patients with steroid-refractory acute GVHD is below 40%

• Ruxolitinib was approved by the FDA for SR-aGVHD in 2020

• Amphiregulin is promising as an aGVHD biomarker

• Novel regenerative approaches such as IL-22 and GLP-2 treatment in 
addition to immunosuppression may help improve the outcome of patients 
with SR-aGVHD



Indication of Biopsy in aGVHD
• when GVHD is diagnosed and treated, a confidence level of probable or 

confirmed can be assigned during the first 2 weeks post-transplant depending 

on whether GVHD is biopsy-proven. 

• We therefore only diagnose liver GVHD manifesting as transaminitis without 

concomitant elevation in serum bilirubin when the presence of GVHD is 

confirmed by liver biopsy and score it as stage 0

• if bilirubin levels were elevated before the diagnosis of GVHD in another target 

organ and do not increase further, we do not diagnose liver GVHD in the 

absence of biopsy confirmation 



BIOPSY INTERPRETATION 

• Biopsies are often obtained to confirm a GVHD diagnosis, but 
experienced pathologists from different centers disagree on the 
threshold of histopathologic findings that should be present to 
diagnose acute GVHD 

• Biopsy interpretation can be further complicated by the timing of the 
biopsy post- transplant and by the setting in which the symptoms 
arise and may not clearly identify the etiology of GVHD-like 
symptoms in up to 60% of biopsies 

• These inconsistencies can result in highly variable treatment 
decision-making among clinicians 



Risk-adapted initial treatment 
• 1-For patients with grade 2a manifestations of aGHVD

(defined as upper­ GI symptoms, stool output <1L/d, rash <50% BSA, with­out 
hepatic involvement):                                                                                            
treatment with lower­ dose steroids (0.5mg/kg/d vs 1.0mg/kg/d) has been 
shown to be effective without increasing the risk of secondary 
immunosuppression.

• for patients with grade 2b or higher manifestations (defined as stool volume 
≥1L/d, rash ≥50% BSA, or hepatic involvement):                                                  
treatment with lower ­dose steroids (1.0mg/kg/d vs 2.0mg/kg/d) was associated 
with an increased likelihood of requiring secondary immunosuppressive 
therapy.

• Recently, the BMT CTN reported (trial 1501) a randomized phase 2 study 
testing the steroid ­free initial treatment of Minne­sota standard risk aGVHD
(N=127) with sirolimus vs prednisone 



• Although different doses and schedules have been used, the most 

widely used is methylprednisolone 2 mg/kg per day in divided doses.

• Steroids are continued for several weeks in responders and then 

gradually tapered over a period of several months. Gradual tapering is 

important to prevent a flare of GVHD.

• Patients who demonstrate progression of disease by day 5 or 

nonresponse by day 7 are considered to have corticosteroid resistance.



Case Presentation 1 : An adolescent (21 year old) male patient with acute lymphoblastic leukemia (ALL)

Post-HSCT/ Acute GvHD

• On day +5 after recieving Methylprednisolon (+26 post 

transplant):

Skin GvHD stage II

Watery and bloody diarrhea, 7 times/day (1600 cc)

DDX: GI GvHD or  CMV Colitis?



Case Presentation 1 : An adolescent (21 year old) male patient with acute lymphoblastic leukemia (ALL)

Post-HSCT/ Acute GvHD

• CMV viral load by PCR Quantitative: 980 copies/ml

Gancyclovir

• Rectosigmoidoscopy and biopsy

• Stool exam/culture/c. Diff

Next step? Wait for pathology or second line GvHD Treatment? 

Continue Methylprednisolon? 



SR-aGVHD (steroid ­resistant) definition/

Steroid­ dependent” aGVHD



SR-aGVHD (steroid ­resistant)

definition? 
• progression of aGVHD within 3 to 5 days of treatment with ≥2mg/kg/d prednisone 

equivalent

• Or  failure to improve with 5 to 7 days of treatment

• or incomplete response after more than 28 days of immunosuppres­sive therapy 
including steroids 

• SR­ aGVHD has also been recog­nized as

• (a) worsening GVHD manifestations in patients receiving ≥1mg/kg/d prednisone 
equivalent ≥2 days prior to steroid dose tapering; 

• (b) persistent grade 2 to 4 GVHD without improvement ≥7 days during continued 
treatment with >0.4mg/kg/d predni­sone equivalent, 

• (c) initial improvement followed by exacer­bation ≥3 days during steroid taper at any 
dose of >0.4mg/kg/d prednisone equivalent 



Treatment options for SR-aGVHD

• ruxolitinib, an inhibitor of Janus kinase 1 and 2, for pediatric and adult patients 

12 years of age or older . A starting dose of ruxolitinib, 5mg twice daily, was 

administered with methylprednisolone.

• At day 28, the over­all response rate (ORR) was 55%, durable day­56 ORR 

was also higher 

• Ruxolitinib was associated with a higher incidence of thrombocy­topenia and a 

modest increase in anemia and cytomegalovirus infection. 



TREATMENT OF RESISTANT DISEASE

• Ruxolitinib, rather than other agents, such as mycophenolate mofetil, 

etanercept, extracorporeal photopheresis,anti-thymocyte globulin, alpha-

1 antitrypsin, mesenchymal stromal cells, everolimus, or sirolimus, 

based on superior efficacy and modest toxicity in a phase 3 trial

comparing ruxolitinib with best available therapy (BAT)



• Gene expression studies from human colorectal biopsies showed that human 

SR ­aGVHD is characterized by:                                                                                                

-tis­sue response to damage, cellular stress, and macrophage accu­mulation,         

not T­cell proliferation

• these recent studies suggest that future therapeutic efforts in SR ­aGVHD, in 

addition to targeting the initial T­cell ­mediated damage and inflammation,                                                                                                

might also consider studies of agents designed to enhance tissue repair and to 

correct dysbiosis while trying to avoid broad immunosuppression and its 

inherent risks of infec­tion. 

• Recently described targets such as CD83 suggest this may be feasible. 



Steroid­ dependent” aGVHD

• (a) only achieving a par­tial (not complete) response to steroids after 8 weeks, 

• (b) still requiring >10mg/m2 prednisone after 8 weeks or any prednisone at all after 10 weeks, 

• or (c) a flare of aGVHD symptoms requiring at least a 25% increase in prednisone dose.

• experienced by 31% of patients with aGVHD. 

• not associated with increased mortality, it may be associated with morbidity and a prolonged 
health care burden 



Case Presentation 1 : An adolescent (21year old) male patient with acute lymphoblastic leukemia (ALL)

Post-HSCT/ Acute GvHD

• Mycophenolate mofetil (15 mg/kg/BID)

• On day +30 post transplant (+5 post Mycophenolate mofetil): 

Skin GvHD stage I

Lower GI GvHD stage II 

• Pathology of rectosigmoid biopsy confirmed GvHD



Case Presentation 1 : An adolescent (21 year old) male patient with acute lymphoblastic leukemia (ALL)

Post-HSCT/ Acute GvHD

• On day +35 post transplant (+10 post Mycophenolate mofetil): 

Skin GvHD stage 0

Lower GI GvHD stage II

• Methylprednisolon tapered off



Case Presentation 1 : An adolescent (17 year old) male patient with acute lymphoblastic leukemia (ALL)

Post-HSCT/ Acute GvHD

• On day On day +38 post transplant (+15 post Mycophenolate mofetil): 

Skin GvHD stage 0

Lower GI GvHD stage 0
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Management of Acute GVHD 

Mohammad Biglari MD, MSc

Assistant Professor of Hematology, Medical Oncology & Bone Marrow Transplant

Research Institute for Oncology, Hematology & Cell Therapy

Tehran University of Medical Sciences
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EBMT/ELN Treatment Guidelines for Acute GVHD

Corticosteroid resistance

aGVHD 
(based on clinical symptoms or signs) 

Grade ≥II

Systemic 
methylprednisolone

2 mg/kg divided BID for 7 days

Taper dose;
optimal rate is not 

defined

Second-line therapy

If GI aGVHD: 
Add nonabsorbable oral steroid 

If skin aGVHD:
Add topical steroids

or

Clinical study

Stop treatment 
when all signs of 
GVHD disappear

Gold standard is 
systemic 

steroid therapy

Taper steroid 
doses as soon as 

major improvement 
is seen 

Major 
improvement

No response after 7 days
or

Clear progression after 5 days

Penack. Lancet Haematol. 2020;7:e157.



Response to Steroids in Patients With aGVHD

Steroids are effective 

in only 40% of patients 

with aGVHD

Only 30% of patients with 
aGVHD have a long-lasting 

response to steroids

Murray. The European Blood and Marrow Transplantation Textbook for Nurses: Under the Auspices of EBMT. 2018:221-251. 



Can We Reduce GVHD by JAK1/2 Targeting?

Spoerl. Blood 2014;123:3832.
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Safety and Efficacy of Ruxolitinib vs BAT in Patients 

With SR aGVHD: REACH2 Phase III Study Design

• Multicenter, open-label, randomized trial 

 Primary endpoint: ORR at Day 28

 Key secondary endpoint: durable ORR at Day 56

Patients ≥12 yr of age 
with grade II, III/IV 

SR aGVHD; evidence 
indicating myeloid 

engraftment with ANC 
>1000/mm3 and 

platelets 
≥20,000/mm3

(N = 309)

Ruxolitinib 10 mg BID + 
steroids ±

calcineurin inhibitors 
(n = 154)

BAT* +
steroids ±

calcineurin inhibitors 
(n = 155)

Ruxolitinib 10 mg BID + 
steroids ±

calcineurin inhibitors

BAT +
steroids ±

calcineurin inhibitors

Day 1 Day 28Screening 6 MoDay 56 18 Mo
Core Treatment Phase Extension Phase

At 6 mo: 
Secondary 

analysis
for

OS and NRM

At 18 mo: Final 
analysis of
safety and 

efficacy

*Patients randomized to BAT arm could cross over to ruxolitinib arm if primary endpoint not attained or response 
lost with disease progression, mixed response, or no response and requiring further systemic immunosuppressive therapy. 

Zeiser. NEJM. 2020;382:1800.



Safety and Efficacy of Ruxolitinib vs 

BAT in Patients With SR aGVHD: REACH2 Results

Zeiser. NEJM. 2020;382:1800.
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REACH 2: 6-Mo Follow-Up 

Duration of Response and Event-Free Survival

Duration of Response Event-Free Survival

Slide credit: clinicaloptions.comMohty. EBMT 2021. Abstr O067. 
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Sirolimus – BMT CTN 1501 



2nd Line treatments



MSC and MSC-Exo

Due to the lack of costimulatory molecules and the lower expression of MHC class II, 

MSCs can evade allogeneic immune response, which is called “immune privilege”

Improved OS (50% vs 28% in a meta analysis) 

ORR of more than 80% and OS at 6 months of 64% 

(in a phase III trial)

Similar 6m survival rates in a phase III trial using 

remestemcel-L

IDUNN is still recruiting 

Morata-Tarifa C, et al. Stem Cell Res Ther. (2020) 11:64. 

Bonig H et al. “MSC-FFM”. Cells. (2019) 8:1577. doi: 10.3390/cells8121577

Kebriaei P et al. Biol Blood Marrow Transplant. (2020) 26:835–44.



Extracorporeal Photopheresis

Its role in the treatment of aGvHD is less clear but also points 
towards an effective second-line therapy option



Novel Approaches for GVHD

• Bendamustine

• IL-2

• Defibrotide

• Atorvastatin

• Leronlimab (CCR5)

• Tocilizumab

• CD24f

• Bortezomib

• Fecal transplant

• Vedolizumab

• Itacitinib

• Canabidiol

• CD40L blockade

• Tildrakizumab (anti-IL23p19)

• Expanded regulatory T-cells

• Basiliximab

• Telmisartan

• RGI 2001 (α gal-cer 
[CD1d ligand])

• MSC

 Panobinostat

 Carfilzomib

 Rituximab

 Milatuzumab (anti-CD74)

 Maraviroc

 Brentuximab vedotin





KIs in aGVHD treatment



FMT in aGVHD

 79 patients from six studies and five case reports

 Complete remission (CR) occurred in 55.9% 

 Partial remission (PR) occurred in 26.5% 

 ORR of 82.4% 

 Nearly no toxicity 



IL-22 “GI Protectant” With Steroids as 

Initial Therapy for GI GVHD

 F-652: recombinant fusion protein of human IL-22 dimer and human IgG2 Fc with an extended t1/2

 Phase II trial with steroids2

1. Hanash. Immunity. 2012:37:339. 2. Ponce. TCT 2020. Abstr 68. 3. NCT04539470.
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Urinary-Derived Human Chorionic Gonadotropin/ Epidermal Growth Factor 

for aGVHD: Study Design

• Prospective phase II trial

 Primary outcome: Day 28 response

 Secondary outcomes: safety, survival, exploratory metabolomics analysis, biomarkers

uhCG/EGF 2000 units/m2 SC 
every other day x 7 days +

High-dose steroids*
(n = 22)

Patients with 
life-threatening 

aGVHD; creatinine 
<2.5x ULN; LVEF ≥35%

Holtan. ASH 2021. Abstr 261. NCT02525029. 

uhCG/EGF 2000 units/m2 SC 
(steroid dependent) or 5000 units/m2 SC  

(steroid refractory) every other day x 14 days +
SoC immunosuppression*

(n = 22)
*Responders eligible to receive optional maintenance doses 
twice weekly x 5 wk.

First line: Minnesota High Risk

Second line: no response to 
first line or GVHD flare



uhCG/EGF for aGVHD: Day 28 Response 

(Primary Outcome) and Survival Outcomes

• Median OS for entire cohort: 1.2 yr

• 2-yr survival 67% vs 12% for responders vs nonresponders, respectively; P <.01

Outcome, n (%)
First-line High Risk 

(n = 22)
Second Line 

(n = 22)
All Patients 

(N = 44)

CR 64 50 57

PR 0 23 11

Holtan. ASH 2021. Abstr 261.



 Centers should have and follow their institutional guidelines, 

and the patients should be treated in trials as far as possible



Our Center – 1st line



Our Center – 2nd line



Our Center – 3rd line



Conclusions

• 2-yr OS of patients with steroid-refractory acute GVHD is below 40%

• Ruxolitinib was approved by the FDA for SR-aGVHD in 2020

• Novel regenerative approaches such as IL-22 and GLP-2 treatment 

in addition to immunosuppression may help improve the outcome of 

patients with SR-aGVHD

• New targets and new targted therapy



Extracorporeal 
Photopheresis (ECP)

Saeed Mohammadi
PhD in Hematology and Transfusion Medicine

Fellowship  of Clinical Laboratory Sciences (FCLS)
Associate Professor at Research Institute for Oncology, Hematology and Cell Therapy











After Apheresis:

Approximately 2TPBV

 The product should be treated with 8-MOP diluted to a final

concentration :

Pediatric :

 In-line technologies 34 mg/100 mL

 Off-line technologies 20 mg/100 mL

5 Technical Aspects









ECP in cGVHD

Graft-Versus-Leukemia effect seems 
not to be impaired by ECP



Inclusion criteria

 ECP was strongly recommended as second-line therapy(grade 1b) for :

 Skin

 Oral 

 liver

 As a third-line treatment(grade 2C) :

 Other organs involving

 The median (range) interval between HSCT and ECP start was 193 days.





Baseline assessment

Medical historyand clinical examination to assess cGVHD symptoms ⁄signs. 
Drug history:corticosteroid dose and other cGVHD treatment.
Skin assessment: skin score, pruritus score if indicated (0–10 visual analogue scale score), +/- clinical 
photography.
Mouth scoresif oral disease.
Joint assessment: Karnovsky’s scale (0–100), +/- physiotherapy assessment if indicated.
Eye assessment: Schirmer’s test if eye involvement, +/-ophthalmology assessment.
Respiratory assessment: pulmonary function tests if lung disease (FEV1 and DLCO), +/-respiratory 
assessment.
Liver assessment: bilirubin, aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase.
Gastrointestinal assessment: frequency of stools per day, weight, gastrointestinal  endoscopy if indicated.
Hematology assessment: hemoglobin, white cell count,      eosinophil count, platelets
Quality of life assessment: Skindex-29 if skin involvement,   EORTC 30, FACT-BMT At each visit for 
extracorporeal              photopheresis treatment. 
Biochemistry: urea and electrolytes, liver function tests.
Hematology: full blood count 



Should be measured in skin, oral mucosa and liver where

these organs are affected with cGVHD.

The overall response should reflect the most severely

affected organ but poor responses on other organs may also

be considered.



Before

After



ECP in aGVHD



Second-line therapy should be considered :

 Progressive aGVHD : after 3 days

 Un-improving grade III/IV aGVHD: after 1 week of persistent 

 Persistent un-improving grade II aGVHD : after 2 weeks

 British Society of Blood and Marrow Transplantation:

 After 5 days of first-line therapy 

 After 3 days in those with progressive disease.











Several questions must be answered in the coming years to improve 

outcomes
• Can biomarkers be used repeatedly over weeks to months as a guide to tapering 

immunosuppression?

• Which patients need different modes of supportive care (eg, remediation of dysbiosis 
vs tissue damage), and can this even be distinguished biologically?

• How long should adjunct repair­ based therapies such as uhCG/EGF be continued to 
achieve maximal mucosal healing?

• What other targets of aGVHD (eg, the endothelium) should be treated?

• Additional clinical trials are urgently needed to address these questions.

• What do perform standardizing data reporting

• Question: over suppression of aGVHD may be facilitate cGVHD??Relapse/Graft 
Failure



• 1-valid and reliable tool specific for symptoms of acute GVHD; 

• (2) the need for frequent patient ­reported assess­ments, which can place 
substantial burden on this acutely ill population; and 

• (3) lack of robust studies correlating the objec­tive response criteria with 
clinically meaningful changes in QOL and acute GVHD symptoms 

• clinicians should at minimum screen for psychological distress. 

• serial patient ­reported outcomes monitoring during the acute GVHD 
course will help clinicians guide clinical care in addressing the unmet 
needs of this popula­tion, as well as monitor potential response to therapy 



Cyclosporine & Tacrolimus

Nephrotoxicity

Bita Shahrami

PharmD, iBCPS, Fellowship of Critical Care Pharmacotherapy

Assistant Professor at Tehran University of Medical Sciences



CNI nephrotoxicity

• The most common adverse effects

• Occurs to some degree in all patients!

• Most data on CNI nephrotoxicity pertain to Cyclosporine since it has 

been used for a much longer time. 

• However, a similar pattern of kidney injury from cyclosporine is seen 

with the use of Tacrolimus, thereby suggesting a drug class effect.



CNIs ADR?!
• It is important to distinguish CNIs-associated nephrotoxicity from ARDs of other drugs:

• MTX

• Cyclophosphamide 

• Amphotericin B

• Vancomycin

• Aminoglycosides

• GVHD



Forms of CNI nephrotoxicity

1. Functional or acute renal dysfunction

2. Structural or chronic nephrotoxicity



Structural or chronic nephrotoxicity

• Usually seen after 6 months of therapy

• Associated with proteinuria and tubular dysfunction

• May be irreversible

• Chronic progressive deterioration in kidney function

• May present with hyperkalemia, hypomagnesemia, hyperchloremic

metabolic acidosis, hyperuricemia, and HTN



Electrolyte and acid-base 

disturbances
• CNIs have also been associated with a number of electrolyte and acid-base abnormalities that are 

a result of CNI-induced tubular dysfunction.

• Hyperkalemia

• Hyperuricemia and gout

• Metabolic acidosis

• Hypophosphatemia

• Hypomagnesemia

• Hypercalciuria



CsA vs Tac

• CsA is tought to have higher nephrotoxicity potential as compared to 

Tac

• However, not all studies have observed this pattern!



Risk factors

High doses of CsA or Tac

Concomitant use of nephrotoxic drugs, particularly NSAIDs

Salt depletion and diuretic use

Inhibitors of CYP3A4/5 P-glycoprotein

Genetic polymorphisms in the genes encoding CYP3A4/5 and P-

glycoprotein (ABCB1)



Drug interactions 

Strong inhibitors 

• Azoles (Ketoconazole, Itraconazole, Posaconazole, Voriconazole)



CNI concentrations ?!

• CNI concentrations may be elevated,

• However, some patients may experience CNI nephrotoxicity even 

with levels below or within the targeted therapeutic range!

• Acute nephrotoxicity is more likely to associated with high CNI doses 

and levels



Prevention

• Reduced exposure to CNIs

• TDM and dose adjustment 

• Consider drug-drug interactions



TDM of CNIs

• Trough levels are measured 12 hours after a dose



Target levels
• CsA

200- 300 ng/mL during the first 3-4 weeks of HSCT

100- 200 ng/mL if there is no GVHD after 3-4 weeks

200- 400 ng/mL in aplastic anemia 

• Tac 

10-20 ng/mL for HSCT

14- 15 ng/mL during the first 2 weeks of HSCT

8- 12 if there is no GVHD after 3-4 weeks

• Lower limit of normal in patients with preexisting CKD (eGFR <60 mL/min)



Dose calculation 



Dose calculation 



Question  
• A 32- years old man undergoing HSCT (day +20) 

• A trough level of oral CsA is recorded as 150 mg/mL

• The dosing regimen is 75 mg twice daily  

Which dose is appropriate for this patient?



Answer  



Switching formulations
• Cyclosporine IV to oral: 1 : 3 (with comedication of azole: 1 : 1)

• first oral dose is twice the IV dose

• Tacrolimus IV to oral: 1 : 3-5 (with comedication of azole: 50% reduction)

• 0.03 to 0.04 mg/kg/day by continuous infusion

• converted to the oral route (0.15 mg/kg/day, in two divided doses)

• Cyclosporine to Tacrolimus: 40 : 1



Management 
• No standard treatment!

• Individualized approach is necessary!

• TDM should be applied 

• If drug level is higher than target level: modify the dose

• If drug level is normal or bellow the range: reduce the dose



Expert opinion
If SrCr increases 50% above baseline: reduce dose by 25-50% and monitor 

SrCr for 1 month 

If SrCr dose NOT decrease to 30% of baseline, further reduce dose by 25-
50% for 1 month 

If SrCr dose NOT decrease to 30% of baseline, discontinue CNI







General advice 
Most patients report that their skin is much drier post-transplant so they 

should use: 

 Emollients

• Applied regularly and liberally at least 2–3 times daily 

 Use soap substitutes or bath additives when bathing / showering to 

improve hydration of the skin 



Photoprotection

• Ultraviolet light exposure can trigger a flare of GVHD and can 

prolong or worsen cutaneous GVHD. 

• UV light can also trigger phototoxic drug eruptions e.g. Voriconazole, 

NSAIDs. 

• The risk of skin cancer is higher in patients with GVHD; this risk is 

already elevated by immunosuppressive agents and/or prior 

phototherapy treatment. 



Advice should include:
• Avoiding the peak hours of sunshine (11am – 3pm) 

• Using a broad spectrum sun screen SPF 30+ regularly 

• Using broad-brimmed hats, long sleeves, trousers or UV-
protective clothing

Physical methods of sun protection are more effective than 
relying on sunscreens!



اصول کلی مراقثت و سلامت پوست

 نوشیدن آب ته میشان کافی در روس

  (ضد آفتاب)محافظت اس نور آفتاب

  (میوه، سثشیجات تاسه، سویا)تغذیه مناسة

 تزک سیگار و مشزوتات الکلی

   ورسش

  کاهش استزس

 خواب کافی



  Wear cotton clothes

  Try not to get too hot or too cold

  When you are washing don‟t have the water too hot

  Let your skin dry in the air or gently pat it dry instead of rubbing it

 Keep nails trimmed/filed to prevent breakage and pain

 Clear nail lacquer can be used as a nail hardener



Advise patients about self-skin examination! 

 Erythematous rashes may not be symptomatic in the early 

stages! 

Advise patients to contact if they notice any new or rapidly 

growing lump on the skin or any skin lesion.



Topical treatments

 Moisturisers/ Emollients

 Antihistamines (for itching)

 Topical corticosteroids

 Topical tacrolimus



انتخاب پایه دارویی مناسة تر اساس محل ضایعه

If it‟s wet, dry it; if it‟s dry, wet it!

As a rule:



بیه اوگشتان، 
ضایعات 

مرطوب و له 
شده

وواحی عفووی کف دست و پا وواحی مودار

پوست صاف و 
بدون مو، 
ضایعات 

هایپرکراتوز

پایه

- - +++ - +++ پماد

++ + ++ + ++ کرم

++ ++ - ++ - لوسیون

++ +++ - +++ - محلول

+ + - ++ - ژل

++ ++ ++ +++ ++ فوم

+++ preferred

++ acceptable

+ infrequently used

Ointments are typically more potent than creams!



Potency of topical 

steroid 
Examples 

Mild 
Hydrocortisone 1%

Fluocinolone acetonide 0.01%

Moderate 

Clobetasone butyrate 0.05% 

Fluocinolone acetonide 0.025%

Triamcinolone acetonide 0.1%

Potent 

Betamethasone dipropionate 0.05%

Betamethasone valerate 0.1% 

Clobetasol propionate 0.025% 

Mometasone furoate 0.1% 

Triamcinolone acetonide 0.5%

Hydrocortisone probutate

Super-potent 
Betamethasone dipropionate, Augmented 0.05% 

Clobetasol propionate 0.05%

Topical steroids are typically used twice daily.



Low-potent topical corticosteroids 

• For thinner skin areas (face, neck, axillae, and groin)

• For epidermal forms of cGVHD (ichthyosiform, lichenoid, 
papulosquamous)

Hydrocortisone 1%

Fluocinolone 0.01%

Triamcinolone 0.1% 



High-potent topical corticosteroids 

• For lichen sclerosus and sclerotic forms of cGVHD.

• Especially in cases where the lesions are active or progressing

• For Poikiloderma, acral erythema 

Clobetasol propionate 0.05%

Betamethasone 0.1%

Fluocinonide 0.05%



Adverse effects of topical corticosteroids 

• The adverse effects associated with topical steroids include:

• Atrophy

• Blood vessel dilation

• Steroid acne

• Systemic absorption (in prolonged use)



Topical Tacrolimus 



Topical Tacrolimus 
• As a steroid-sparing agent for atopic dermatitis. 

• For lichen planus-like

• In contrast to corticosteroids, tacrolimus does NOT affect collagen synthesis and 
can be used where atrophy is of particular concern (the face, flexural surfaces, 
axillae, etc.)

• Systemic absorption has been reported in patients who apply topical tacrolimus to 
mucosal surfaces!



Xerosis / Ichthyosis

• Dry skin 

• Very common 



Management of Xerosis / Ichthyosis

 Emollients  

 Consider 50:50 WSP / LP or Epaderm ointment



Keratosis pilaris-like

• Follicular prominence,

• Peri-follicular erythema

• „Hedgehog‟ appearance of skin



Management of Keratosis pilaris-like 

 Emollients containing urea or salicylic acid



Lichen planus-like

• Purple /hyperpigmented

papules

• Plaques often on extensor 

surfaces, acral predisposition 



Management of Lichen planus-like

 Potent topical steroids

 Topical tacrolimus

 Phototherapy (psoralen plus UVA) 



Poikiloderma
• Telangiectasia 

+

• Dyspigmentation

+

• Epidermal atrophy

Often asymptomatic



Management of Poikiloderma

 No specific treatment required

 Consider potent topical steroids



Dyspigmentation

• Post-inflammatory 

hyperpigmentation or vitiligo-

like hypopigmentation 



Management of Dyspigmentation

 Use topical steroids if erythema co-exists suggesting active GVHD

 Low threshold for skin biopsy!



Acral erythema 

• Erythema

• Oedema

• Pain (can appear out of 

proportion to clinical signs)

• Hyperkeratosis 



Management of Acral erythema 

 Super-potent topical steroids +/- salicylic acid if hyperkeratosis  

 Consider oral steroids



Morphoea / Sclerodermoid

• Superficial or deep sclerotic 

patches / plaques 



Management of Morphoea/ Sclerodermoid

 If superficial consider PUVA or UVA1 
phototherapy

 If deeper +/- other organ involvement, 
consider increased immunosuppression or 
extracorporeal photopheresis

 Consider referral to physiotherapist / 
podiatry / orthotics



A, B: lichen planus-like; C: papulosquamous-like; D: lichen 

sclerosus-like; E: morphea-like; F: dyspigmentation;



G, H: dyspigmentation; I, J: poikilodermatous; K, L: 

keratosis pilaris-like;



M, N: dermal and subcutaneous skin 

changes



Mouth and chronic GVHD

(oral GVHD)

• A topical steroid gel or cream 

• An oral rinse containing dexamethasone, budesonide, tacrolimus 

• A rinse or topical treatment with pilcarpine and cevimeline





Case Presentation 1 : An adolescent (17 year old) male patient with acute lymphoblastic leukemia (ALL)

Post-HSCT/ Chronic GvHD (Lung)

• Five months after transplant , patient is immunosuppression free. 

• Bone marrow is in complete remission. 

• He presented with Dry eye symptoms(eye drops >3 per day) without vision impairment.

(GvHD score 2)/ keratoconjunctivitis sicca

• Finally he Underwent Partial tarsorrhaphy



Case Presentation 1 : An adolescent (17 year old) male patient with acute lymphoblastic leukemia (ALL)

Post-HSCT/ Chronic GvHD (Lung)

13 months after transplant he presented with:

Dyspnea and dry cough

Severe painful ulcerations of mouth accompanied with lichenoid changes



Case Presentation 1 : An adolescent (17 year old) male patient with acute lymphoblastic leukemia (ALL)

Post-HSCT/ Chronic GvHD (Lung)

Spiral Chest CT Scan: Focal infiltration 

Pulmonary Function Test: FEV1 40%

BAL: No infection

Severe chronic lung GvHD



Case Presentation 1 : An adolescent (17 year old) male patient with acute lymphoblastic leukemia (ALL)

Post-HSCT/ Chronic GvHD (Lung)

Methylprednisolon 1mg/kg

FAM+LABA



Case Presentation 1 : An adolescent (17 year old) male patient with acute lymphoblastic leukemia (ALL)

Post-HSCT/ Chronic GvHD (Lung)

One week after starting Methylprednisolon, patient presented to emergency room with dyspnea and 

subcutaneous emphysema on neck and upper chest,  no change in mouth ulcerations.

PFT: FEV1: 

Air leak syndrome

This phenomenon (air leak syndrome) controlled by supportive care. 

Next step? Ruxolitinib? Ibrutinib?









Dr.  PORGHARIB

Rehailitation



Rehabilitation

• topical treatments for skin GVHD as well as antidiarrheal therapy for 
patients with gastrointestinal GVHD, should be implemented routinely in 
clinical practice. 

• Given the potential risk of functional decline, physical therapy and 
rehabilitation are also essential components to maximize the QOL and 
functioning of patients with acute GVHD. 

• steroid myopa­thy in patients with acute GVHD is as high as 41%. Studies 
have shown that patients with acute GVHD have baseline impair­ments in 
their function, which are worsened within 14 days of receiving 
corticosteroid therapy. 

• consultation with physical therapy, occupational therapy, and physical 
medicine and reha­bilitation to closely monitor 



Rehab

• lower extremity edema and fluid retention due to corticosteroid use, 

poor nutrition and hypoalbuminemia, and their inflammatory state 

from acute GVHD. 

• future therapies for acute GVHD, including probiotics, nutritional 

supplements, and fecal microbiota transplantation, are currently 

being tested in clinical trials 



In the Name of God

Rehabilitation & Exercise 

intervention in BMT & GVHD
Mohammad Hosein Pourgharib, M.D.

Associate Professor of Sports & Exercise Medicine

Shariati Hospital

Tehran University of Medical Sciences



Challenges and Shortcomings of Research on 

Rehabilitation for cGVHD
• Challenges in Studying Rehabilitation Issues in cGVHD

• Chronic GVHD has not traditionally been a focus of rehabilitation (compared with 

stroke, spinal cord injury, amputation, etc)

• Polymorphic clinical presentation, so outcome measurements and standardization 

of trials is difficult

• Patient populations are essentially limited to tertiary care centers with a BMT 

program

• BMT physicians may not be familiar with rehabilitation physician skill sets, 

may not collaborate frequently2015 American Society for Blood and Marrow Transplantation.



Challenges and Shortcomings of Research on 

Rehabilitation for cGVHD

• Examples of Topics in cGVHD Rehabilitation Needing More Research

• Effects of aerobic exercise on reversing cGVHD

• Bracing and/or splinting trials for sclerotic cGVHD

• Inpatient rehabilitation and the benefits of multidisciplinary assessment

• Prevalence of steroid myopathy and its impact on patient function and health

• Correlation between loss of physical function and hospital readmission
2015 American Society for Blood and Marrow Transplantation.





Common Rehabilitation Issues in cGVHD



Exercise as an Adjuvant Therapy for Hematopoietic 

Stem Cell Mobilization

• HSPC collection protocols rely on pharmacological agents to mobilize 
hematopoietic stem cells (HSPCs) to peripheral blood. 

• Limitations including variable donor responses and long dosing protocols merit 
further investigations into adjuvant therapies to enhance the efficiency of HSPCs 
collection. 

• Exercise, a safe and feasible intervention in patients undergoing HSCT, has been 
shown to robustly stimulate HSPC mobilization from the bone marrow. 

Stem Cells International Volume 

2016, Article ID 7131359





Future Perspectives
• First, the precise parameters of exercise need to be better defined. The 

optimal mode, intensity, and duration of exercise for maximal mobilization 

of HSPCs need to be established,

• Second, a better understanding of the mechanisms responsible for exercise-

induced mobilization is needed.

• Finally, the efficacy of HSPCs mobilized by exercise needs to be 

established in the transplantation setting
Stem Cells International Volume 

2016, Article ID 7131359



The Benefit of Exercise in Patients Who Undergo 

Allogeneic Hematopoietic Stem Cell Transplantation

2019 The Journal of the International Society of 

Physical and Rehabilitation Medicine



Decrease in physical function, disability, and QOL in patients 
with allo-HSCT after treatment



Physical exercise before admission, during hospitalization, and 
after discharge



• Allo-HSCT patients require physical exercise to prevent a decrease in 

physical function or improve physical function. 

• The use of corticosteroids and decreases in physical activity post-HSCT 

seem to be related to decreases in physical function. 

• These patients experience nausea, loss of appetite, and GVHD, and tend 

to experience a decline in nutritional status and weight, which leads to 

muscle loss and loss of physical vitality. 

• Therefore, future studies on the effects of nutritional therapy combined 

with physical exercise for allo-HSCT patients are needed. 



• Moreover, as exercise capacity may be related to mortality in allo-HSCT patients, it 

is possible that muscle strength and physical activity could have a relationship with 

mortality in these patients. 

• Future studies should investigate these possible relationships. 

• Future long-term follow-up studies focusing on the long-term physical function and 

overall QOL are needed. 

• The survival rates of allo-HSCT patients have been improving, with many allo-

HSCT patients living longer than those in the past.

• Thus, the maintenance of physical function, and its relationship to physical exercise, 

should be investigated in long-term survivors of allo-HSCT in addition to inpatient 

populations.



• The review suggests that physical exercise is beneficial for the 

physiological, psychological, and psychosocial health of 

allo-HSCT patients. 

• Clinicians should encourage patients to perform physical 

exercise before, during, and after transplantation, and 

physical exercise should be integrated into the conditioning 

and recovery plans for all allo-HSCT patients.



Cancers 2021, 13, 6187. https://doi.org/10.3390/cancers13246187

• Acute Rehabilitation as an Inpatient

• Acute Rehabilitation as an Outpatient

• Acute Rehabilitation as an Inpatient Later in the Time Course

• Rehabilitation with Chronic GvHD

Rehabilitation after Allogeneic Haematopoietic 

Stem Cell

Transplantation: A Special Challenge



Acute Rehabilitation as an 

Inpatient 
• Malnutrition

• Muscle Loss

• Risk of Infections 

• Psycho-Oncological Aspects

• Psychosocial Aspects



Acute Rehabilitation as an Inpatient 

• Occurs around day +25 (ranging between 19 and 35 days) after 

the transplantation

• Suffer from the same side effects and discomforts as other cancer 

patients soon after therapy, such as: 

• fatigue, nausea, vomiting, neurocognitive deficits, and perhaps diarrhoea. 



Muscle Loss

transplantation ward, mainly in their single isolation room, usually lying 

in their bed; 

• their physical activities diminish dramatically (to 10–15%) and their 

muscles shrink. 

• Additional drugs like corticosteroids and CNIs cause myopathy, which is 

then aggravated by the polyneuropathy induced by several drugs (e.g., 

CNIs). 

• Paradigmatic change has happened over the last 25 years, and after the 

first evidence of its benefits was published, exercise was introduced on 

the transplantation wards, and the patients are now motivated to 

exercise. 



• Three different kinds of exercise should be encouraged for 

patients:

• Endurance

• Strength

• Balance 



an individualised training program. 

• Whole body vibration has been introduced without major side effects 

on the transplantation ward; 

• it increases the muscle tissue and improves functional capacity. 

• It is also safe and effective in the rehabilitation setting as well, as are 

Nordic walking, ergometric training, electro muscle stimulation 

(EMS), and low-weight training.

• The main task during rehabilitation is to improve the patient‟s physical 

performance so that they can go home and live without assistance in 



• Special attention should be paid to the climbing of stairs, which is impaired by the 

aforementioned myopathy. 

• One often neglected aspect is balance; patients with balance problems  carry a high 

risk of falling, and osteoporosis leads to fractures. 

• As infections should be avoided, training the breathing muscles is a further target 

of special exercise in this patient group.

• Because these patients are severely immunosuppressed, training in a group may be 

impossible because of the high risk of infections, which is why individualised 

training programs are preferable and should be offered.



Acute Rehabilitation as an Outpatient
• Outpatient rehabilitation in the first three months will primarily consist of 

physical exercise, as mentioned above, involving the training of strength, 

power, and balance. 

• This should be done at least twice a week at two- to three-day intervals. 

• An alternative is web–based training programs, which are individualised 

by the physiotherapists or sports scientists in the transplant centre. 

• These programs can be adopted if the patient’s fitness is improving



Acute Rehabilitation as an Inpatient Later in the Time Course

• If patients come in for rehabilitation later as an inpatient in their post-
alloHCT time course (mainly on days +60–90), then their recovery has 
started, accompanied by the main side effects, and patients are more capable 
of participating in their tasks in the rehabilitation clinic

• These patients can participate in group exercise, lectures, and eat in the 
clinic restaurant.

• If they have not engaged in an intensive outpatient sports programme after 
discharge from the transplant centre, they will still be struggling with muscle 
loss, weakness, and a certain amount of fatigue. 



Rehabilitation with Chronic GvHD
What role does the rehabilitation centre play?

• The main goal of a planned intensive rehabilitation period is physical therapy. 

• The patients’ physical limitations are what mainly prevent them from 

participating in their ADL.

• To achieve this goal, the therapist should possess a great deal of experience in 

treating this alloHCT complication in particular, especially in patients suffering 

from skin/fascia related GvHDs. 



Rehabilitation with Chronic GvHD
What role does the rehabilitation centre play?

• A list of possible interventions is:

• Massage

• breathing exercise 

• connective tissue massage 

• lymph drainage 

• polyneuropathy training 

• wraps 

• light therapy with UVA A and B 

• whole body vibration (WBV)

• These should be done very often (not just once a week); 



• Such cGvHD-associated impairments can affect the patients emotionally, 

and psychologically as well; 

• they cannot move as they used to (reduced performance), 

• can suffer from shortness of breath (which is extremely frightening), 

• their appearance is altered (hair loss, dyspigmentation), 

• sexual activity is impaired in cases of cGvHD of the genitals (in females and males). 

• These problems also require experienced psycho-oncologists because their 

treatment differs from the follow-up care of “normal” oncology patients



• With longer and more frequent support during a 3–4-week 

rehabilitation programme, these discomforts can be dealt with 

effectively. 

• In cases of severe cGvHD involving severe impairments, 

rehabilitation twice a year, or at the very least once a year, helps 

these patients.



• Side effects of the CNIs are damage to the vessel endothelia, which leads 

to hypertension, and vascular diseases of the heart and brain. 

• These impairments should be diagnosed and handled again mainly 

through exercise during follow-up care.



• The clinical manifestation has implication for patients’ physical function, limiting a 

patient’s ability to carry out activities of daily living and subsequently reduces the 

quality of life.

• Impairments in the physical domain is a result of both the disease itself and its 

treatments. 

• Unfortunately, usage of glucocorticoids is associated with a variety of side-efects, 

especially at higher doses and with longer duration of therapy, 

• such as osteoporosis, osteonecrosis, diabetes and 

• myopathy with weakness primarily found in the proximal lower muscles, with particularly the pelvic 

girdle muscles being involved.



• In view of the poor treatment respond and the toxic effects of the GvHD 

therapy, new supportive strategies that will help maintain or even improve 

patients’ quality of life are needed. 

• Such supportive therapies should particularly target the physical domain, 

hence, reducing impacts on activities of daily living resulting in the 

preservation of public participation and autonomy



• A 2021 systematic review yielded that exercise interventions may be 

beneficial on physical functioning and quality of life in patients 

undergoing HSCT. 

• The findings of the positive effects of exercise on HSCT patients are 

supported by another review which found beneficial effects for muscle 

strength and physical fitness. 

• Specifically in patients receiving an allo HSCT, randomized controlled 

studies showed that exercise is capable of counteracting the negative 

consequences of cancer and its treatment and may improve survival



• Pre-clinical findings in a chronic GvHD murine model under standard immunosuppressive 

therapy suggest beneficial effects of exercise on survival, clinical course of GvHD and 

on physical capacity in the exercising mice group compared to control animals. 

• Moreover, the exercising mice showed lower TNF-α and IL-4 levels after 12weeks post 

transplant, reflecting a weaker inflammatory state. 

• These findings give first insight on how exercise may affect the clinical and biological 

course of GvHD patients. 



• A prospective study authored by Morishita et al. showed that the cumulative 

corticosteroids dose is associated with weak handgrip and knee extension. 

• This is in line with recent findings of a small single-arm cohort study by Ngo-

Huang et al. , who investigated acute GvHD patients on high-dose steroids and 

their decline in objective functional tests. 

• They found a significant association between cumulative corticosteroid dose 

and the following functional tests: 6min walk test, hip flexors and knee 

flexors strength, manual muscle testing strength,  sit to stand test.



• In terms of the timing of the decline, weakness can be detected as early as 

day 14, suggesting that early supportive interventions are needed to 

mitigate these changes. 

• Interestingly, Morishita et al. found that physical therapy is positively 

associated with physical function, indicating that exercise may be capable of 

ameliorating the detrimental effects of GvHD and its treatment. 



Combined exercise and nutritional support

• it is likely that a combination of an exercise and nutritional 

intervention will be of greater benefit than one intervention in 

isolation.



Understanding the Process and Challenges for Return-to-Work Post-Hematopoietic Cell Transplantation from 

a Musculoskeletal Perspective: A Narrative Review

Occupational erapy International Volume 2021, Article ID 5568513, 



Physical exercise before admission, during hospitalization, and 
after discharge



Thanks



﻿Cardiovascular considerations IN HSCT

Azin Alizadehasl, md, FACC, FASE; ECHOCARDIOLOGIST; Cardio-oncologist;

Cardio-oncology department, rajaei heart center



﻿Haematopoietic stem cell 

transplantation (HSCT)

• ﻿HSCT constitutes a potentially curative therapeutic option for many hematological malignancies (1.5 million 

patients received HSCT in 2019). 

• Improvements in HSCT techniques and supportive strategies have markedly decreased treatment-related 

mortality

• Prevalence of all cardiovascular complications  in post HSCT patients is about 17% (more common in late phase)



risk factors for HSCT-related Cardiovascular toxicity

1. HSCT ﻿type (higher risk after allogeneic HSCT)

11. Multiple uncontrolled CVRF (specially DM & HTN)

111. Pre-existing CV disorders (AF or atrial flutter, sick sinus syndrome, ventricular arrhythmias, CAD, MI, moderate-to-severe VHD, and 

HF or LVEF < 40%)

1V.  Direct cardiotoxic effects of anticancer therapies received prior to and during HSCT (anthracycline, tyrosine kinase inhibitors and other 

molecular targeted agents combined induction regimen, mediastinal RT, total body irradiation, or cyclophosphamide-based conditioning 

regimen)

V. ﻿Development of graft vs. host disease (GVHD, thrombotic microangiopathy)

VI. Sepsis





Screening tests

-All patients should be screened with  : Clinical history

12-lead  ECG

TTE (echocardiography)

CXR

NP assessment

﻿-TTE is a core component of the pre-HSCT assessment to detect undiagnosed CVD, stratify CTR-CVT(﻿Cancer therapy-
related cardiovascular toxicity ) risk and optimize pre-existing CV conditions

- Patients with high-risk features  should be referred to a cardio-oncologist for further evaluation  and  risk  factor  
modification



• A dose-dependent association between pre-transplantation exposure to 
anthracyclines and the incidence of CHF in HSCT patients is shown 
accompanied with other cardiac complication such as hypertension, ischemia 
and arrhythmia.

• The American Society of Clinical Oncology (ASCO) define risk factor for 

cardiotoxicity as dose of doxorubicine ≥ 250 mg/m2 or 
epirubicin ≥ 600 mg/m2. 



TARGETED THERAPY

These agents are related to several cardiovascular 

complications  such as pulmonary hypertension, myocarditis, 

pericarditis, arrhythmia, myocardial ischemia and vascular 

events

Among different types of these agents ,TKI have a certain 

relation with cardiovascular complications and are used as 

both traditional chemotherapy and in post HSCT pts as 

maintenance therapy to prevent relapsing



Radiation

• Previous chest radiotherapy increases the risk of cardiomyopathy, 

cardiac dysfunction and CAD in post HSCT pts 

• Exposure dose ≥30 Gy is a risk factor for radiotherapy-induced 

cardiotoxicity 

• Anthracycline at a lower dose can cause cardiotoxicity by 

additional low-dose radiotherapy (<30GY)





Cyclophosphamide

• A high dose of  >100 mg/kg is correlated with cardiac damage, 

the HF is dose-dependent and is reported at the rate of 8.5, 1.5, 

and 0% of the pts treated with a total dose of 200, 120, and 100 

mg/kg , respectively 

• Other Cardiac complications includes malignant arrhythmia, 

pericarditis and myocarditis 

• Cyclophosphamide is also used in post HSCT patients as 

GVHD prophylaxis and this dose is lower than used in the 

conditioning.

CONDITIONING REGIMEN & CARDIOVASCULAR RISK



Total body radiation

• Early and Late radiation induced cardiac complications.

• HSCT following conditioning with radiotherapy causes excessive 
iron accumulation due to RBC transfusion and thus 
cardiomyopathy can be occurred by generating free radicals and 
reactive oxygen species (ROS). 



Fluid Overload as New Toxicity Category can affect 

the heart

• Patients who experienced weight gain ≥10% (grade 2) early during hospitalization 
experienced higher non-relapse mortality (NRM) and worse survival.

• Fluid toxicity had the greatest impact on NRM of all known causes.

• Further cardiac monitoring are needed to better prevent of complications.



﻿In early surveillance, TTE monitoring 

is recommended in HSCT recipients 

at 3 and 12 months as LVEF and GLS 

can decrease after transplant
• High risk PTS need more and more monitoring:

Allogenic HSCT, pre-existing CVD or multiple uncontrolled CV-RF, cancer 

treatment history (mediastinal or mantle field radiation, alkylating agents,  >250 

mg/m2 doxorubicin or equivalent, total body irradiation or cyclophosphamide-

based conditioning regimen) and GVHD





Early and late  toxicities

• ﻿In the early phase following HSCT (during and first100 days), 

the most frequent CV event is AF, although some patients may 

experience HF , hypertension, hypotension, pericardial effusion 

or VTE

• ﻿Late toxicities include DM, dyslipidemia, metabolic syndrome, 

hypertension, HF, CAD, conductions disorders, and pericardial 

effusion.



GVHD

• Acute ﻿GVHD (30-70%) is associated with thrombosis and

inflammatory myocardial and endocardial damage (myocarditis,

HF, conduction abnormalities, arrhythmias and pericardial

effusions)

• Chronic GVHD has been linked with increasing risk of

hypertension, DM, and dyslipidemia (Metabolic Syndrome)



Cardiac GVHD

• GVHD have direct cardiotoxicity effect through donor T-cells 

infiltration in myocardium and indirect toxicity via cytokines 

release such as TNF-α and IL-2. 

• TNF-α can affect muscle electrical activity, and reduces 

myocardial contractility.

• IL-2 is also associated to arrhythmia (tachyarrhythmia, 

bradyarrhythmia and high degree atrioventricular block).



• Post HSCT survivors who develop grade II-IV 

acute GVHD, have about nine-fold risk of 

hypertension , six-fold risk of diabetes and 

three-fold risk of dyslipidemia compared to 

autologous HSCT survivors.



• Steroids and calcineurin inhibitors including cyclosporine are 

used in post HSCT patients who present with high grade GVHD 

and cardiovascular risk factors such as DM ,HTN and HLP can 

develop as side effects of these agents. 

• Ruxolitinib, an off-label treatment, has been added in steroid 

refractory GVHD and has known effect on lipid profile too.



GVHD and endothelial damage 

• Arterial wall inflammation, lipid storage in endothelium 

and further vascular endothelial damage contribute to 

atherosclerosis. 

• Loss of thrombomodulin, as a natural anticoagulant, is 

observed in biopsies of GVHD patients, too.

• In addition, endothelial damage leads to steroid 

resistance and failure of GVHD recovery.





CARDIOMYOPATHIES

LV mass and wall thickness accompanied with reduced E/A in those 

pts have developed chronic GVHD compared to non-GVHD group. 
however, LV diameter and LVEF have no significant difference in two 
groups. 

GVHD patients who receive immune suppressive agents such as 
cyclosporine, have significantly increased LV thickness and mass 
compared to patients did not. 

Also post transplantation cyclophosphamide lead to reduce incidence of 
GVHD, although it is associated to LV systolic dysfunction and cardiac 
events within first 100 days after transplantation.



Coronary artery disease and Vascular thromboembolism

• Traditional risk factors ,inflammatory responses and endothelial 
damage can contribute to atherosclerosis in GVHD patients. 
Atherosclerosis and CAD are rare and life threatening late complications 
in these patients and can be observed in young post HSCT pts.

• IMT as an early predictor of atherosclerosis in GVHD patients and they 
reported higher IMT in ultrasonography of post BMT patients with chronic 
GVHD

• Venous and arterial thromboembolism is often associated to 
inflammation. Endothelial dysfunction, decreased thrombomodulin-
dependant generation of activated protein C are implicated in GVHD 
pathogenesis and lead to procoagulant state. 



tachyarrhythmia, brady arrhythmia or Sinus node dysfunction and high degree atrioventricular 

block needs PPM

• Lympho-histiocytic infiltration, foci of necrosis and scaring in atrium and 

ventricle myocardium, atrioventricular node, bundle of His , right and left bundle 

branches were detected in patient‟s autopsy.

• Bradycardia associated GVHD often improve by increase immunosuppressive agents. A 

differential diagnosis for bradyarrhythmia in these pts is drug toxicity especially those received 

rapid infusion of high dose steroids pulse. In fact, high dose of methyl 

prednisolone(>=4mg/kg/day) can cause lymphocytes death and an abrupt release of 

cytokines. High serum concentration of cyclosporine is associated to bradyarrhythmia, too. 

Ibrutinib is used for treatment of chronic GVHD and is related to atrial fibrillation.

• Totally, in post HSCT patients who have developed GVHD and present with 

unexplained dysrhythmia or coronary arteries disease ,cardiac GVHD should be 

considered.



Constrictive pericarditis 

Constrictive pericarditis associated to GVHD is a 

rare but potentially reversible condition . It has been 

resolved by systemic immunosuppressive therapy in 

early stage of disease and before permanent 

pericardium thickening. Although, Surgical partial 

pericardectomy and immunomodulatory therapy with 

ruxolitinib were performed for patient with CP.





•ONLY ONE NUMBER (LVEF) 

CANNOT CANCEL THE HSCT



• Our study demonstrates that patients with asymptomatic borderline 

systolic dysfunction can safely undergo HCT with RIC. Coronary artery 

disease remains a risk factor for increased TRM. Patients with borderline 

systolic dysfunction can safely undergo HCT, but may need particular 

vigilance for potential hemodynamic or ischemic cardiac complications.









• In multivariate analysis, allogeneic HSCT (RR: 14.5; P =.003), and at 

least 2 of 4 cardiovascular risk factors (hypertension, dyslipidemia, 

diabetes, obesity) (RR: 12.4; P =.02) were associated with a higher 

incidence of arterial events after HSCT. Thus, long-term survivors 

after allogeneic HSCT are at high risk for premature arterial vascular 

disease. HSCT might favor the emergence of established risk factors, 

such as hypertension, diabetes, and dyslipidemia.





Studies of treatments during HSCT to 

prevent both acute and late CV 

toxicity are limited

• ﻿ACE-I and beta-blockers are effective

• Outpatient and home-based exercise

after HSCT can improve exercise capacity 

and quality of life 



• Clinical factors independently associated with 2D-LVEF and/or GLS 

included age, anthracyclines, graft versus host disease (GVHD), 

heart rate, and hypertension. In the 45% of survivors pre-treated 

with anthracyclines, the effect of anthracyclines on 2D-LVEF and 

GLS was dose-dependent.



• Collaborations between 

hematologists and cardio-

Oncologists are crucial in 

limiting toxicity during 

HSCT and managing late 

complications.



ONLY ONE NUMBER (LVEF) 

CANNOT CANCEL THE HSCT



Several questions must be answered in the coming years to improve 

outcomes
• Can biomarkers be used repeatedly over weeks to months as a guide to tapering 

immunosuppression?

• Which patients need different modes of supportive care (eg, remediation of dysbiosis 
vs tissue damage), and can this even be distinguished biologically?

• How long should adjunct repair­ based therapies such as uhCG/EGF be continued to 
achieve maximal mucosal healing?

• What other targets of aGVHD (eg, the endothelium) should be treated?

• Additional clinical trials are urgently needed to address these questions.

• What do perform standardizing data reporting

• Question: over suppression of aGVHD may be facilitate cGVHD??Relapse/Graft 
Failure


