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Transplant Complications on a Time Scale 

• Pre-engraftment period (from the start of 
the conditioning regimen to neutrophil 
recovery).

• Early post-engraftment period (from 
neutrophil recovery to post-
transplantation day 100).

• Late post-engraftment period (day 100 
and beyond).



Pre Engraftment Complications  

•  Pancytopenia.

•  Gastrointestinal toxicities.(mucositis ,nausea, vomiting)

• Hemorrhagic Cystitis.(Therapy related/Viral related (BK ,adeno))

•  Organ dysfunction.

•  Endothelial Damage Syndrome .  

• Infections related to neutropenia :gram-positive and gram-negative 

bacteria, herpes simplex virus, candidiasis, and invasive aspergillosis 



Early Post Engraftment 

• Graft failure. Primary / Secondary.

• ABO MM complications.

• Acute GVHD. 

• Impaired Immunity . Risk of opportunistic infections (PCP,CMV ,RSV, 

Influenza ,adeno, Aspergillus ).



Late Post Engraftment

• Chronic GVHD 

• Impaired immunity

• Cardiovascular disease

• Metabolic disorders including diabetes, dyslipidemia. 

• Hypothyroidism

• Osteoporosis 

• Secondary malignancies

• Gonadal and reproductive dysfunction

• Neuropsychiatric disorders



Graft Function-Graft Failure



Graft Function-Graft Failure

Ozdemir. ZN .Transfusion and Apheresis Science, 2018-04-01, 
Volume 57, Issue 2, Pages 163-167



Graft failure-definitions 

• GF: lack of donor HSCT engraftment 

• Primary GF ( in MAC SCT) :  Failure to achieve a threshold of ANC 0.5x109/L 

by day 28 with associated cytopenia and absence of initial donor engraftment 

•   IN NMA SCT: the above by day +42

• Secondary GF: Loss of previously functioning graft with loss of full donor 

chimerism.

• Graft Rejection: GF caused by immune mediated process by  host cells

• Poor graft function: severe cytopenia of at least two cell lines or dependence 

on blood/plt transfusion/growth factors with full donor chimerism. 

  



Risk Factors for Graft failure



Treatment of Graft failure 

• Stem cell boost

• 2ⁿᵈ SCT 

• Growth factors (erythropoietin/GCSF)

• TPO 

 



ABO Mismatch



ABO Mismatch



Graft Versus Host 
Disease





Immunology of Stem Cell Transplantation 





GVHD Classification



GVHD  Biology 



Donor T Cells Responds to Foreign Recipient Antigens

• The HLA system :genetically determined highly polymorphic 

proteins encoded by the MHC 

    Class I – A,B,C : proteins expressed on all nucleated cells 

with different density

Class II- DR,DQ : proteins expressed mainly on 

hematopoietic cells     



•  Genetic determinants outside the HLA system: minor 
histocompatibility antigens 

• Polymorphism in both donor and recipient for various cytokines 
involved in the cytokine storm of aGVHD: TNF,IFN ,IL-10.



Role of T cells in Stem Cell Transplantation 







Staging of aGVHD 

GITliverskinStage 

Diarrhea 500-
1000cc/d /Bx of UGIT 
involvement 

Bilirubin 2-2.9mg/dlRush  <25%I

Diarrhea 1000-
1500cc/d

Bilirubin 3-6mg/dlRush 25-50%II

Diarrhea 1500-
2000cc/d

Bilirubin 6.1-15 mg/dlRush >50%III

Diarrhea>2000cc/d
,abdominal pain, ileus  

Bilirubin>15mg/dl
Generalized 
+bullae

IV



Grading of aGVHD 

GITLiverSkinOrgan Stage

NoneNoneStage1-2I

Stage 1Stage 1Stage 3II

Stage 2-4Stage 2-3-III

-Stage  4Stage4IV
Grade II GIT includes: anorexia, vomiting, weight loss, 
abdominal pain 



Skin aGVHD Grade IV  



GIT  GVHD grade 4 



GVHD Risk Factors

• HLA Disparity 

• Transplant from unrelated donor 

• Donor/ recipient gender disparity: Female to male

• Recipient (donor?) age.

• Stem cell source ( peripheral blood>> BM )

• Allo immunized donor(pregnancy, blood transfusion)

• CMV serological disparity

• Presence of aGVHD  



















EBMT 2020 Treatment Guidelines: Acute GvHD







Definition of Steroid Refractory aGVHD

Steroid Resistance: 

• Progression in any organ within 3,4 or 5 days of therapy onset   with ≥ 

2mg/kg/d of prednisone equivalent.

• Failure to improve within 5 or 7 days of treatment initiation.

• Incomplete response after ≥ 28 days of immunosuppressive treatment 

including steroids .

Steroid Dependence:

• Inability to taper prednisone under 2mg/kg/d after an initialy successful 

treatment of at least 7 days.

• Recurrence of GVHD activity  during steroid tapering.

 



Response to Second-line Therapy for 
Steroid-refractory Acute GvHD



REACH2: Study Design



JAK/STAT Signaling Plays a Role in aGvHD



REACH2: Overall Response Rate at day 28 was Significantly 
Higher for Ruxolitinib Vs Best Available Therapy



REACH2: Durable Overall Response Rate at Day 56 was 
Significantly Higher for Ruxolitinib Vs Best Available 

Therapy



REACH2: Failure-free Survival



Chronic GVHD 



Pathophysiology  Chronic GvHD 



Clinical and Histopathological Findings in Chronic GVHD

Zeiser R, Blazar BR. N Engl J Med ;377:2565-2579

●Skin – 67 percent

●Mouth – 60 percent 

●Liver – 52 percent 

●Lung – 50 percent 

●Eye – 48 percent 

●Joints and fascia – 48 percent 

●Gastrointestinal tract – 30 percent

●Genitalia – 12 percent 



2014 NIH Criteria for Chronic GvHD Diagnosis







Severity Grading of cGVHD 





EBMT 2020 Treatment Guidelines: Chronic  GvHD





Response at any Time was Higher with Ruxolitinibᵃ

BAT, best available therapy; CR, complete response; OR, odds ratio; PR, partial response; RR, risk ratio; RUX, ruxolitinib.
ᵃ Among patients who achieved a CR or PR at any time up to week 24. Duration of response from first documented PR or CR. 
Zeiser R, et al. N Engl J Med. 2021;385(3):228-238.

Best Overall Response Duration of Response

Median duration of best overall response at any time point was 6.24 months in the BAT arm but was not reached in the RUX arm

OR, 2.17 (95% CI, 1.34-3.52)

RR, 1.24 (95% CI, 1.07-1.43)
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Ibrutinib for Chronic GvHD

Zeiser R Blood 2022 Mar 17;139(11):1642-1645



Ibrutinib for Chronic GvHD after Failure of Prior Therapy
A phase Ib/II study

• 67% of patients experienced improvements in 
their cGvHD symptoms

• In 48% of patients in the trial, the improvement 
of symptoms lasted for up to 5 months or longer

PD, progressive disease; SD, stable disease.

Miklos D, et al. Blood. 2017;130:2243-50

Waller EK BBMT 2019/ 25(10) . 

1 year Follow-up



Miklos D EHA 2022



Belumosudil: oral selective ROCK2 inhibitor

Th, T helper cell.
Zeiser R Blood 2022 Mar 17;139(11):1642-1645



Rockstar Study: 
Phase 2 Randomized Multicenter 

(28 Centers In USA)

DOR, duration of response; TTR, time to response.



Corey C , Blood, 2021 138 (22).









Conclusions I 

• GvHD is a major complication post SCT and is associated with significant 

morbidity and mortality especially when steroid refractory or dependent . 

• Recent years have advanced our understanding of the pathophysiology of 

the disease and resulted in development of targeted therapy 

• All treatments are targeting at kinase inhibitors resulting in reduction of 

growth signals and activation of key cellular proteins involved in cell 

activation, migration and proliferation.

• Following phase II-III studies FDA approved since 2017 1 treatment in 

aGVHD and 3 in cGVHD .However only the Ruxolitinib was a a phase III study.





SCT-Associated Endothelial Damage- Pathogenesis

הסינדרומים השונים נקבעים לפי  

-פרו)השינוי הפנוטיפי הדומיננטי 

-טרומבוטי או פרו-פרו, אינפלמטורי

סיסטמי או  )ומיקומו ( אפופטוטי

(ממוקם לאיבר .

Endothelial syndromes after HSCT
E Carreras and M Diaz-Ricart, BMT (2011) 46, 1495-1502





VOD / SOS - introduction      

•  SOS – the most common and studied from these 
syndromes, the only one with diagnostic clinical criteria

• Incidence – Allo, MAC – 14%, RIC/Auto- <5% influenced by 
several risk factors

• High morbidity and mortality, severe VOD - >90% in 100d 
(McDonald, 93)

• Several therapeutic measures for prevention and treatment – 
no consensus



SOS Pathogenesis 

1.Loss of sinusoidal fenestration and formation of gaps 
in the endothelial barrier. 

2.Endothelial cell round up and red blood cells penetrate 
the space of Disse.

3. Obstruction of the sinusoidal blood flow. 
4.Necrosis of hepatocytes and denudation of endothelial 

lining. 
5. Loss of Kupffer cells and activation of coagulation 

obstruct larger vessel (centrilobular vein).





SOS risk factors
Lower risk<higher risk of SOSRisk factor

Normal < fibrosis, cirrhosis, tumorLiver status

Absent < presentIron overload

Gemtuzumab ozogamicin (MYLOTARG)Previous drugs

Autologous < allogeneic (first < second)Type of HCT

HLA identical sibling < unrelatedType of donor

Match < minor mismatch < major mismatchGrade of compatibility

Conditioning regimen

RIC < MAC Total dose

IV < oral dose targeted < oral non adjustedBusulfan

Other combinations < Busulfan first than CyOrder of administration
Carreras, How I Manage SOS after HCT
British Journal of Hematology, 2015, 168, 481-491



SOS Severity Grading 
• Retrospective clinical criteria
• Mild – spontaneous resolution
• Severe - >100d or the cause of death
• Nowadays the presence of Multi Organ Failure 

(MOF) - renal, respiratory or CNS, is considered 
the most powerful prognostic factor for severe 
VOD  



Grade of SOS
Severe*Moderate*Mild  *Clinical data/grade

Rapid (over 2-3 d)Mod (over 4-5 d)Slow (over 6-7 d)Rate of change (d)

 >53-52-2.99Bilirubin (mg/dL)

 >5X normal3-5X normal <3X normalLiver function tests

 >5%2.1-5%2%
Weight above 
baseline

2X normal≤ <2X normalnormalRenal function

* 2 or more of the followings Carreras, BJH, 2015
Adopted from Chao, 2014



Diagnosis – Methods  

• A “rule-out” diagnosis

• Trans-jugular biopsy (not mandatory)

• Hepatic venous gradient pressure (HVGP)

• Ultra-Sound

• Plasminogen activator inhibitor (PAI-1)

Carreras et al. 1993, BMT





TA-TMA: Clinical features 

Diagnosis and causes of TMA in HSCT patients  (Blood 2014, Laskin B et al)

• Multisystem, multifactorial disease with hyper-activated complement system -> tissue damage 
caused by micro-vessel thrombosis, that usually presents 20-100 days post-transplant

• A member of the family of thrombotic microangiopathies (TTP, HUS) BUT normal ADAMTS13 levels
 

Schistocytes on blood smear

Incidence: 0.5% - 76% (recent studies: 10%-35%)
Mortality rate : 80%-90%  if patients develop multi-organ failure 









בהצלחה בבחינות  

T_Zuckerman@rambam.gov.il
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