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Learning objectives 

 Understand the biology and treatment of relapse after 
allogeneic stem cell transplantation 

 

 Update novel biomarker to improve GvHD risk-stratification 
and novel agents to prevent GvHD 

 

 Emphasize the significant role of minimal residual disease in 
determining outcomes of transplant 
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ALLOGENEIC 

TRANSPLANTATION 

Better, Safer, Stronger and 
Smarter in 2017 
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Cause of death after HLA-matched sibling HCT 

(2013-2014) 
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Cause of death after unrelated donor HCT 

(2013-2014) 
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Prevention of  
relapse 

How to improved AlloSCT outcome? 
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Graft versus tumor effects  
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T-cell mediated alloimmune reactivity 

HLA-matched 

HLA-mismatched 
(partially) 
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GVT & GVHD 



 Relative restricted recognition of hematopoietic 
cells 

    - target antigen specificity 

    - strength of T cell-target cell interaction 

 Polyspecificity and polyclonality with 

    - lower amplitude of the immune response 

    - lower diversity of immune response 

 Restricted inflammatory circumstances 

 Immunogenicity of malignant cells 
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Selective GVT as compared to 

GVT+GVHD is associated with:  



 Absence of T cells (TCD without reintroduction) 

 Suppression of T cells by immunosuppression 

 Complete replacement or depletion of recipient-
derived professional APC (late DLI) 

 Exhaustion of the immune response or in vivo 
inhibition of T cell responses at target tissue site 

 Absence of homing and interaction at tumor sites 

 Tumor tissue-associated antigen escape  

 Complete loss of HLA alleles  
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Failure of GVT responses 
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Pharmacologic agents to 

prevent and treat relapse post 

alloSCT 
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 Active against the underlying disease 

 Minimal off-target toxicity 

 Does not cause cytopenias 

 Does not cause immunosuppression  

 Does not induce GvHD 

 Few drug-drug interactions 

 East of administration  

 Encourage GVT 
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Ideal maintenance drug after SCT 



Pharmacologic interventions 

 Conditioning regimen - dose intensification 

 Lesson from autologous SCT - maintenance therapy 

 BCR-ABL in CML and Ph+ALL 

 TKI targeting FLT3-ITD in AML 

 Hypomethylating agent (HMA) 

 Histone deacetylase (HDAC) inhibitor 

 Immunomodulatory agent  

 Proteosome inhibitor 

 Monoclonal antibodies 

 Checkpoint inhibitors 

 Other novel agents  
17 



Pharmacologic interventions 

 Conditioning regimen - dose intensification 

18 Scott BL, JCO 2017 BMT CTN 0901 

OS, Incidence of relapse and RFS TRM 

p=0.07 

p<0.00
1 

p<0.01 

p=0.02 

- MAC: 30/135 pts. died - GvHD (50%), relapse (33.3%) 
- RIC: 44/137 pts. died - relapse (86.4%) 



Pharmacologic interventions 

 Conditioning regimen - dose intensification 

 Lesson from autologous SCT - maintenance therapy 
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Multiple Myeloma  

McCarthy, et al (JCO 2017) Meta-analysis 3 RCTs 

    [CALGB 100104, GIMEMA RV-MM-PI-209, IFM 2005-02]  

    maintenance Lenalidomide following ASCT:   

        Risk for progression or death was 52% lower in 
maintenance group with PFS benefit shown in all 3 studies 

        7-yr survival rate was 62% with maintenance group 
compared with 50% with placebo group   

        HRs for the subgroup analysis - all favored LEN 
maintenance except for patients with ISS III disease 



Pharmacologic interventions 

 Conditioning regimen - dose intensification 

 Lesson from autologous SCT - maintenance therapy 
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Follicular lymphoma 

Pettengell, et al (JCO 2013) EBMTLym1 

    Rituximab maintenance following ASCT:   

p=0.012 

PFS OS 



Pharmacologic interventions 

 Conditioning regimen - dose intensification 

 Lesson from autologous SCT - maintenance therapy 
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Hodgkin lymphoma 

Moskowitz, et al (Lancet 2015) AETHERA trial 

    Consolidation Brentuximab vedotin following ASCT: 

 

 

 

 

 

    - improved PFS but not OS   

PFS OS 

p=0.0013 p=0.6204 



Pharmacologic interventions 

 Conditioning regimen - dose intensification 

 Lesson from autologous SCT - maintenance therapy 
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Mantle cell lymphoma  

Le Gouill, et al (N Eng J Med 2017) Lyma trial 

    Rituximab maintenance following ASCT:   

PFS OS 

p=0.04 p<0.001 



Pharmacologic interventions 

 Conditioning regimen - dose intensification 

 Lesson from autologous SCT - maintenance therapy 

 BCR-ABL in CML and Ph+ALL 

 TKI targeting FLT3-ITD in AML 

 Hypomethylating agent (HMA) 

 Histone deacetylase (HDAC) inhibitor 

 Immunomodulatory agent  

 Proteosome inhibitor 

 Monoclonal antibodies 

 Checkpoint inhibitors 

 Other novel agents  
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 Aberrant patterns of DNA methylation at the time 
of AML relapse 

 Epigenetic therapy enhances CTLA-4 and CD80 
expression (mRNA analysis from leukemic blasts 
collected from treated patients) 

 Epigenetic therapy induces leukemia antigen 
expression  

 HMA modulates MDSC activitiy 

 AZA post SCT induces cytotoxic T cells and Treg 
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Immunomodulatory effects of HMA 

N Eng J Med 2013; 368:2059-74 

PLoS One 2013;8:e62694 

Leukemia 2014;28:1280-0 

Oncotarget 2016, 12840-56 

Blood 2012;119: 3361-9 



 de Lima, et al (Cancer 2010) 

    Phase 1 45 pts AZA-optimal dose 32 mg/m2: 1 yr-EFS 57%  

 Craddock, et al (BBMT 2016) RICAZA trial 

    Phase 2 37 pts AZA induced CD8 response-linked to better EFS 

 Platzbecker, et al (Leukemia 2012) RELAZA trial 

    AZA pre-emptive (falling chimerism <80%): delayed but not 
eliminate relapse 

 Pusic, et al (BBMT 2015) 

    Phase 1 Decitabine-optimal dose 10 mg/m2 q 6 weeks 

 Phase 3 RCT (MDACC) NCT 00887068  AZA 32 mg/m2 for 5 
consecutive days of each 28-day cycle x 12 cycles: near 
completion and results are awaited 
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HMA as maintenance to prevent 

AML/MDS relapse post alloSCT 



SESSION 723. CLINICAL ALLOGENEIC AND 

AUTOLOGOUS TRANSPLANTATION: LATE 

COMPLICATIONS AND APPROACH TO DISEASE 

RECURRENCE  

4512 Final Analysis of the Phase I/II Study of CC-486 
(Oral Azacitidine) Maintenance Therapy after Allogeneic 
Stem Cell Transplantation (Allo-SCT) in Patients with Acute 
Myeloid Leukemia (AML) or Myelodysplastic Syndromes 
(MDS) 
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4512 Final Analysis of the Phase I/II Study of CC-486 

(Oral Azacitidine) Maintenance Therapy after Allogeneic 

Stem Cell Transplantation in Patients with AML or MDS 

 Azacitidine increase expression of epigenetic silenced 
leukemia antigens and induce CD8+ T cell response to tumor 
antigens post-transplant, also accelerate Treg reconstitution 
in murine models resulting in reduced risk of GvHD 

 

 Encouraging prelim data of subcutaneous AZA have been 
reported 

 

 CC-486 is a novel oral formulation of AZA the allow 
prolonged AZA exposure and sustained DNA 
hypomethylation 
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4512 Final Analysis of the Phase I/II Study of CC-486 

(Oral Azacitidine) Maintenance Therapy after Allogeneic 

Stem Cell Transplantation in Patients with AML or MDS 

 Eligibility criteria: Prior alloSCT for MDS or AML  

                                        In morphological CR at CC-486 initiation 

 CC-486 begin 42-84 days after alloSCT; 4 dosing schedules 

        - 200 mg OD on D1-7 (n=3)         - 150 mg OD on D1-14 (n=4) 

        - 300 mg OD on D1-7 (n=4)         - 200 mg OD on D1-14 (n=19) 

     CC-486 was continue for up to 12 cycles (q 28 day-cycle) 

 N=30  

 The most common reason for discontinuation were disease 
recurrence (n=6), consent withdraw (n=5) and treatment 
emergent AEs (n=4) 

 Median follow up 19 months (range 1-41.3) 

 Median number of CC-486 cycle was 9 (range 1-12) 28 
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- 6 patients 

(21%) 

relapse 

 

- 1-yr CIR 

   43% in 7-day 

   13% in 14-day 

 

- 1-yr RPFS  

    54% in 7-day 

    72% in 14-day 

 

- 1-yr OS 

    86% in 7-day 

   81% in 14-day 
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 FLT3-ITD occurs in 25-40% of de novo AML 

 AlloSCT in CR1 improves outcome of FLT3+ AML 

 MOA: direct tumor cell killing 

            synergize alloSCT (Sorafenib induced IL-15 
production in leukemic cells -- more immunogenic) 

             

 jblkuh 
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Tyrosine kinase inhibitor targeting 

FLT3-ITD  
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MORPHO: Gliteritinib as maintenance therapy 

in FLT3-ITD+ AML following HSCT (NCT02997202) 



Cells to prevent/treat relapse 

following alloSCT  
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Cell therapies for post transplant 

relapse 

 Second transplant 

 Donor lymphocyte infusion (DLI) 

 Antigen-primed cytotoxic T lymphocyte (CTL) 

 Cytokine induced killer cells (CIK) 

 Marrow & tumor infiltrating lymphocyte (MIL, TIL) 

 Chimeric antigen receptor T cells (CAR-T) 

 Monocyte-derived dendritic cell vaccines 

 Natural killer (NK) cells  
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 Relapse free survival rates 20-45% reported in 
selected group 

 Many patients not suitable candidates: poor 
disease control, performance status, organ 
function 

 Complications - high TRM 

 Use of different donor original transplant without 
proven advantage 

 The role of second SCT to consolidate CR achieved 
after other cell therapy (eg. CAR-T cell) is not fully 
defined 
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Second transplant 



 Unmanipulated DLI is well established therapy for 
post alloSCT relapse 

 Efficacy is limited by high tumor burden, disease 
kinetic and time of intervention 

 Prolonged RFS for high risk disease is more likely if 
CR is achieved prior to DLI  

 Approach to augment efficacy is under 
investigated 

 Complications: GvHD (Methods designed to reduce 
risk: immunosuppression, T-cell 
selection/depletion, T-cell modification (eg. suicidal 
gene insertion))  
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Donor Lymphocyte Infusion 



 lymphocyte clone directed specific antigens 

 can be derived from patient or donors 

       in vivo priming eg. endogenous exposure 

       ex vivo eg antigen exposure in culture 

 CTLs can targeted intracellular or surface tumor-
associated antigens 

        - leukemia associated antigens (eg. WT1, PR1, PRAME) 

        - leukemia specific antigens (eg. BCR/ABL) 

        - minor histocompatibility antigen (eg. HA-1, HA-2) 

 Most clinical experience with post transplant 
relapse has been with EBV-specific CTLs for EBV-
associated LPD or lymphomas 38 

Cytotoxic T lymphocyte 



 CD19 targeted CAR-T cells are highly effective for B-
lineage leukemia and lymphoma, trafficking to BM, 
CNS, other extramedullary sites 

 FDA approved CD19 CAR-T cell product 

        Axicabtagene ciloeucel (KTE-C19) for pediatric ALL 

        Tisagenlecleucel (CTL019) for adult B-NHL 

 Complications: cytokine relapse syndrome (CRS) 

                               Neurotoxicity 

                               B-cell aplasia with hypogammaglobulinemia 

 Relapse due to loss of CAR-T cells, loss of CD19 
epitope from malignant cells (Ag escape) and 
lineage switch  
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CAR-T cells for hematologic 

malignancies 



 published series of CAR-T cells after alloSCT in ALL 
demonstrated  

       - High MRD- CR rates (50-90%); Low rate of GvHD (<10%)   
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CAR-T cells for hematologic 

malignancies 

N CR (MRD-) GvHD CD19 CAR Construct 

Maude NEJM 2014 39 92%(90%) None FMC63, 4-1BB, CD3ζ 

Gardner Blood 2017 28 93%(93%) 1 aGvHD (grade 3) FMC63, 4-1BB, CD3ζ 

Lee Lancet 2015 21 52%(48%) None FMC63, CD28, CD3ζ 

Turtle JCI 2016 11 91%(91%) 1 cGvHD FMC63, 4-1BB, CD3ζ 

Brudno JCO 2016 5 80%(80%) None FMC63, CD28, CD3ζ 



 NK cells are CD56+, CD3- innate immune effectors 
capable of T cell independent eradication of 
allogeneic, malignant, and pathogen-infected cells 

 NK-mediated antitumor effects have been best 
characterized in the setting of SCT  

 NK infusions have been studied in both ASCT and 
alloSCT; generally well tolerated but with modest 
activity 

 Augmentation of NK cell activity via ex vivo 
expansion and activation on artificial APCs 
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Natural killer cell therapy 
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Cell therapies for post SCT relapse 
Interventions Consider 

Immune suppression taper All patients in the absence of GvHD 

Second transplant > 6 months from prior SCT, in 
complete remission and good 

performance status 

Donor lymphocyte infusion Low risk disease, possible use in 
high risk disease in combination 

with other interventions  

Cytotoxic T lymphocytes Clinical trial 

Cytokine induced killer cells Clinical trial 

Marrow/Tumor-derived lymphocytes Clinical trial 

CAR-T cells FDA approved for B-cell lineage 
disease 

Clinical trial 

Vaccines Clinical trial 

Natural killer cells Clinical trial 
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SESSION 722. CLINICAL ALLOGENEIC 

TRANSPLANTATION:SACUTE AND CHRONIC GVHD, 

IMMUNE RECONSTITUTION, PATHOBIOLOGY 

72 Amphiregulin improves stratification of the refined 
Minnesota acute graft versus host disease risk score: 
Results from BMT CTN 0302/0802 
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72 Amphiregulin improves stratification of the refined 

Minnesota acute graft versus host disease risk score: 

Results from BMT CTN 0302/0802 

 Amphiregulin (AREG) is an epidermal growth factor receptor 
(EGFR) ligand that can restored integrity to damaged 
intestinal mucosa 

 previously described as a circulating biomarker for late onset 
acute GvHD 

 Blood samples were obtained at the onset of treatment of 
GvHD in BMT CTN 0302 and BMT CTN 0802   
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Patients with elevated 
AREG (≥33 pg/ml) have 
poor aGvHD outcomes 
and  
 
Incorporating AREG into 
the refined MN risk score 
could further risk stratify 
patients  



SESSION 722. CLINICAL ALLOGENEIC 

TRANSPLANTATION:SACUTE AND CHRONIC GVHD, 

IMMUNE RECONSTITUTION, PATHOBIOLOGY 

212 T cell costimulation Blockade with Abatacept nearly 
eliminate early sever acute GvHD afer HLA-mismatched 
(7/8 HLA matched) URD BMT with a favorable impact on 
disease-free and overall survival 
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SESSION 723. CLINICAL ALLOGENEIC AND 

AUTOLOGOUS TRANSPLANTATION: LATE 

COMPLICATIONS AND APPROACHES TO DISEASE 

RECURRENCE 

3268 Personalized Circulating Tumor DNA Predicts Relapse 
after Allogeneic Hematopoietic Stem Cell Transplantation 
in Acute Myeloid Leukemia and Myelodysplastic Syndrome 
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3268 Personalized Circulating Tumor DNA Predicts Relapse after 

Allogeneic Hematopoietic Stem Cell Transplantation in Acute 

Myeloid Leukemia and Myelodysplastic Syndrome 

 Novel strategy to detect MRD is required for earlier 
therapeutic intervention in post alloHCT relapse: NGS 
screening for driver mutation, detection of circulating tumor 
DNA (ctDNA) via droplet digital PCR (ddPCR) 

 Q? Serial ctDNA monitoring could identify patients who are 
likely to relapse after alloHCT 

 Retrospective study in AML/MDS patients (n=31) undergoing 
alloHCT 

 Cell-free DNA extracted from serum samples; primary tumor 
DNA extracted from diagnostic PB, BM, or buccal swab to 
NGS identifying somatic driver mutation and designed unique 
ddPCR assays for each somatic mutation identified 
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3268 Personalized Circulating Tumor DNA Predicts Relapse after 

Allogeneic Hematopoietic Stem Cell Transplantation in Acute 

Myeloid Leukemia and Myelodysplastic Syndrome 

 Primary endpoint: cumulative incidence of relapse rate (CIR) 

 Secondary endpoint: overall survival (OS) 

 10 de novo AML, 15 AML with myelodysplasia related 
changes, and 6 MDS 

 The median age was 52 years  

 5 patients (16%) are in complete remission at alloHCT 

 Stem cell source: BM (n=2), cord blood (n=29) 

 Preparative regimen: MAC (n=17), RIC (n=14)  

 ddPCR assays could be constructed for 29/31 (94%) patients; 
these mutations includes NRAS, TP53, NPM1, DNMT3A, 
GATA2, etc. 
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51% 

9% 

48% 

83% 

50% 

88% 

57% 

23% 
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SESSION 723. CLINICAL ALLOGENEIC AND 

AUTOLOGOUS TRANSPLANTATION: LATE 

COMPLICATIONS AND APPROACHES TO DISEASE 

RECURRENCE 

3279 Development of Prognostic Prediction Model for 
Decision of Secondary Allogeneic Stem Cell 
Transplantation for Relapsed Acute Myeloid Leukemia after 
First Stem Cell Transplantation 
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3279 Development of Prognostic Prediction Model for Decision of 

Secondary Allogeneic Stem Cell Transplantation for Relapsed Acute 

Myeloid Leukemia after First Stem Cell Transplantation 

 Limited therapeutic options are available for AML relapse 
following first auto/alloHCT, the second alloHCT (alloHCT2) 
could achieve durable remission in some selective patients 

 This study aimed to identify factors for patients who are 
candidate for alloHCT2 

 Retrospective cohort of 78 AML patients who received 
alloHCT2 after intensive chemotherapy for disease relapse 
after first alloHCT 

 18 patients were refractory but 60 patients achieved 
complete remission at the time of alloHCT2 

 Median follow up of survivors (n=22) was 40.7 months 
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3279 Development of Prognostic Prediction Model for Decision of 

Secondary Allogeneic Stem Cell Transplantation for Relapsed Acute 

Myeloid Leukemia after First Stem Cell Transplantation 

 Four years from alloHCT2: OS rate28.7%, Leukemia free 
survival rate 28.7%, cumulative incidences of relapse 24.6% 
and non-relapse mortality 43.6% 

 In multivariate analysis, the poor cytogenetic risk at diagnosis 
(p<0.001), the circulating blast ≥20% at relapse (p=0.007), the 
duration from first transplant to relapse <9 months (p=0.003) 
and the failure to achieve morphologic CR at alloHCT2 
(p=0.001) were potential factors associating with poor OS 

 The Catholic AML Second Transplantation (CAST) model was 
developed; intermediate and poor cytogenetic risk at 
diagnosis (0.5 and 1 point), PB blast ≥20% at relapse (1 point), 
duration from first transplant to relapse <9 mos (1 point) and 
the failure to achieve morphologic CR at alloHCT2 (1 point)  59 



100% 

46.5% 

2.8% 
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SESSION LATE-BREAKING ABSTRACTS  

LBA-5 Prospective Molecular MRD Detection by NGS: A 
Powerful Independent Predictor for Relapse and Survival in 
Adults with Newly Diagnosed AML 
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LBA-5 Prospective Molecular MRD Detection by NGS: A 

Powerful Independent Predictor for Relapse and Survival in Adults 

with Newly Diagnosed AML 

 Q? The value of molecular MRD detection by NGS of newly 
diagnosed AML 

 482 AML patients (<65 years) were treated with 2 cycles of 
standard induction followed by consolidation in HOVON-
SAKK trials 

 NGS (panel 54 genes) performed at diagnosis and in 
morphologic CR after completion of induction therapy 

 The primary and secondary endpoint were relapse and 
overall survival, respectively 

 To establish and test definition of NGS MRD, the cohort was 
split in to a training  (n=283) and validation cohort (n=147) 
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LBA-5 Prospective Molecular MRD Detection by NGS: A 

Powerful Independent Predictor for Relapse and Survival in Adults 

with Newly Diagnosed AML 

 Somatic driver mutations at diagnosis were present in 
430/482 (89.2%) AML patients 

 In 51.4% of subjects persisting mutation were detected in 
morphologic CR at high VAF, predominantly DMNT3A (78.7%), 
TET2 (54.2%), ASXL1 (51.6%) [DTA] which these mutations in 
the training cohort did not associate with the incidence of 
relapse 

 In  the subset of AML patients with persisting DTA mutation, 
a significant correlation with relapse was observed when any 
other non-DTA mutation was considered  

 NGS MRD defined by persistent non-DTA mutation 

      (training cohort: 5-yr CIR 76.4% vs. 39.4%; p=0.002) 
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58.3% 

33.9% 

p<0.001 

 Multivariable analysis including 430 AML patients with 
adjustment for age, WBC, ELN2017 risk and number of 
induction cycles needed to achieve CR revealed that NGS 
MRD is independent prognostic for relapse (SHR 1.89 
[95%CI:1.34-2.65]; p<0.001) and OS (HR 1.64 [95%CI:1.18-2.27]; 
p=0.003) 

 Sensitivity analysis with time-dependent correction for 
alloHCT, NGS MRD remained highly prognostic for relapse 
and OS 
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