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PERSPECTIVES - TANDEM 2018

THE ROLE OF TRANSPLANT 
IN AN ERA OF NOVEL THERAPIES

EMN 2017. From Transplant to novel cellular therapies in multiple 
myeloma: European Myeloma Network guidelines and future 
perspectives 

F. Gay et al 

The EMN investigated multiple myeloma (MM) data published in 2017 to 
provide recommendations on induction, consolidation and maintenance 
regimens. There have been improved clinical outcomes in MM patients 
over the last two decades from the development of numerous salvage 
treatment and combination therapy options (e.g. monoclonal antibodies 
and proteasome inhibitors). In developing these guidelines, clinical 
EMN experts came to a consensus on treatment approaches for MM 
patients and delineated upfront autologous (auto) hematopoietic stem 
cell transplant (HSCT), salvage auto-HSCT and allogeneic (allo) HSCT. 
This section presents key takeaways from the EMN’s publication on 
HSCT in combination with novel immunotherapies and a Tandem 2018 
abstract investigating the ability of CAR T-cell therapy to improve 
transplant outcomes. 

CARETM FACULTY PERSPECTIVES:

The EMN suggests the following:

• There is a role for transplant in hematology, specifically in 
combination with novel agents (drugs administered pre- and post-
transplant). 

• Novel agent-based induction followed by upfront auto-HSCT should 
be standard of care. 

• Post-transplant maintenance can improve patient outcomes.

• A second auto-HSCT should be considered after relapse if there is 
prolonged remission after an upfront auto-HSCT.

• Young and fit patients who experience early relapse or are high-
risk could enroll in an allo-HSCT plus novel agent clinical trial for 
increased chances of prolonged survival. 

• Cell therapies (e.g. CAR-T cell therapy) should be optimized and 
made more accessible.

• Future studies with more patients and longer study durations 
should look at patient selection, costs, inducing long-term 
remission, treatment-free intervals, efficacy, quality of life, and  
treatment sequencing.

Tandem 2018. 6. Chimeric Receptor T-Cell (CAR-T) Therapy Can Render 
Patients with ALL into PCR-Negative Remission and Can be an Effective 
Bridge to Transplant (HCT)

H. Shalabi et al. 

Results: On our CD19 and CD22 CAR trials, 52 and 33 patients were 
treated, respectively. 51 patients attained a CR, 43 of whom were MRD 
negative by FC (28 on CD19 CAR; 15 on CD22 CAR) of whom 25 went to 
transplant. The median time to HCT was 57 days (range: 44-126 days) 
post-CAR-T, which was a first HCT in 19, and a 2nd or greater HCT in 6. Using 
a competing risks analysis (risk of relapse vs transplant related mortality 
(TRM)), the 24-month cumulative incidence of post-HCT relapse of all 
HCT patients and limited to first HCT only was 13.5% (95% CI: 3.2-32.1%) 
and 11.3% (95% CI: 1.7-31.1%), respectively. 10 of 25 (40%) developed acute 
GVHD, which was grade 3-4 in 3 (12%). Six died from TRM, in 2, this was 
following a second HCT. PCR based MRD analysis available in 8 patients 
on the CD22 protocol demonstrated that all patients achieved PCR based 
negativity. In 6, this was simultaneous with the 1 month MRD negative FC, 
and in 2, PCR negativity was achieved over time (FC remained negative).  
Regarding CAR persistence, 10 patients had detectable CAR-T cells on 
the pre-HCT marrow, of whom 7/21 received CD19 and 3/4 received CD22, 
suggesting a longer persistence of the 41BB co-domain based CAR.

Conclusions: By inducing PCR negativity, CAR-T therapy may have a 
synergistic role with HCT to improve leukemia free survival, prior to 
emergence of antigen negative leukemia, without an increased risk 
of severe GVHD. The limited persistence of the CD28-based CAR-T is 
noteworthy where the potential for post-HCT CAR toxicity could be of 
concern. Given the underlying risk of HCT related TRM, pre-HCT CAR 
may potentially allow for HCT conditioning de-intensification as it may 
not be needed to eradicate residual disease.

CARETM FACULTY PERSPECTIVES:

Studies have shown that CAR-T cell therapy can help patients achieve 
MRD negativity and HSCT can help remedy R/R ALL patients who 
have achieved MRD negative remission. Abstract 6 from Tandem 2018 
suggests that CAR-T cell therapy’s ability to induce MRD negativity in 
combination with HSCT can improve ALL patient outcomes. 

Overall, administering cell therapies prior to HSCT could be beneficial in 
eradicating any evidence of disease in the blood. 

This section opens with an overview of the EMN guidelines publication augmented with a Tandem 2018 abstract. 
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PERSPECTIVES - TANDEM 2018

PERIPHERAL BLOOD 
STEM CELL MOBILIZATION  

Tandem 2018. 171. Low-Dose Plerixafor Is Effective and Less Costly for 
Peripheral Blood Stem Cell Mobilization in Patients with Lymphoma and 
Multiple Myeloma Undergoing Autologous Transplantation.

D. Gómez-Almaguer et al

Results: Fifteen patients have been enrolled. Eight with MM, 5 with NHL, 
and 2 HL. The median PB CD34+ cell count for patients on day 4 before 
receiving plerixafor was 12.3/mL (range, 2.2-168.8) whereas on day 5 
after plerixafor was 50.8/mL (range, 8.2-360.7) (P=0.001). The median 
collection yield was 4.5 x 106 CD34+ cells/Kg (range, 1.27 – 24.5 million 
CD34+ cells/Kg). Plerixafor was well tolerated in most patients, only 2 
referred moderate diarrhea. Thirteen of the fifteen patients reached the 
target cell count (86%) with only 1 day of collection. Median neutrophil 
and platelet engraftment of 12 (range, 9-18) and 12 days (range, 9-16), 
respectively. Two patients are on day +2 and +6 and waiting for 
engraftment.

As is reinforced by the previous section, BMT still has a place in hematology. This section presents abstracts investigating PBSC mobilizing 

agents, a method considered to improve the success of BMTs. What follows are results examining the use of plerixafor (or AMD3100), a 

CXCR4 antagonist that has been approved for stem cell collection, in auto-, allo-, and haploidentical (haplo) HSCT. 

BMT, or HSCT, is a procedure where hematopoietic stem cells (HSCs) are harvested to treat patients with hematological malignancies. 

Despite an increase in successful HSCT outcomes, the invasiveness of the procedure often makes it difficult to achieve high quality and 

sufficient numbers of HSCs. Harvesting stem cells from bone marrow frequently results in extensive time spent hospitalized and high levels 

of discomfort. In fact, collecting a sufficient amount of CD34+ cells/kg is only seen in 10-30% of patients who require a HSCT. HSCs are 

now primarily collected through peripheral blood grafts after they have been mobilized into the bloodstream, and five days of granulocyte 

colony-stimulating factor (G-CSF) is the most common protocol used to achieve this. However, this technique has been shown to have 

unpredictable yields and cause severe bone pain, nausea and fatigue. Various novel therapies are being developed to improve the safety 

and quality of life of patients who require this procedure, as the development of a powerful, predictable mobilization method that is time-

efficient would be a significant improvement over the current standard of care. 

PBSC MOBILIZATION FOR AUTOLOGOUS TRANSPLANTATION

Conclusions: Failure of PBSC mobilization is a critical issue for MM and 
NHL patients undergoing autologous HSCT. The combination of low-
dose plerixafor with G-CSF in this study achieved 86% of successful 
yields, and appears to be an efficient and safe approach in first-line to 
improve the success of the yield. Aside of the costs related to plerixafor, 
this strategy can be counterweighed by reducing other resources as 
reducing number of apheresis and possibly reducing the impact on 
quality of life for patients.

THE COMBINATION OF LOW-DOSE PLERIXAFOR WITH G-CSF IN THIS STUDY ACHIEVED 86% OF SUCCESSFUL YIELDS, AND APPEARS 

TO BE AN EFFICIENT AND SAFE APPROACH IN FIRST-LINE TO IMPROVE THE SUCCESS OF THE YIELD. ”“
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PERSPECTIVES - TANDEM 2018

PERIPHERAL BLOOD 
STEM CELL MOBILIZATION  

Tandem 2018. 192. Impact of Plerixafor Use at Different Peripheral 
Blood CD34+ Cell Thresholds on Autologous Stem Cell Collection in 
Patients with Multiple Myeloma

E. E. Shah et al

Results: We identified 348 mobilization attempts. Median age was 59.9 
years (range, 28 – 74) and 60% were male patients. Most patients were 
in CR (n=94), VGPR (n=107), or PR (n=98). On average, patients received 
1.9 prior lines of systemic therapy. Plerixafor use increased from 80% in 
the <15/µL group to 91% in the <40/µL group, while average number of 
doses increased from 1.32 to 1.74 per mobilization. The average apheresis 
days decreased from 2.15 days for the <15/µL group to 1.89 days for 
the <40/µL group. For patients in the <15/µL and <20/µL groups, 23% 
completed collection in 1 day, and 65-70% completed within 2 days. For 
patients in the <40/µL group, 39% completed collection in 1 day and 
77% completed within 2 days. A collection yield > 4 x 106 CD34+ cells/kg 
was reached in 91% of cases in the <15/µL group and 94% in the <40/µL 
group. More patients (51% vs 41%) collected > 8 x 106 CD34+ cells/kg in 
the <40/µL group than <15/µL group and reached that goal within 2 days 
(49% vs 32%). Mobilization failure rates were <5% across all thresholds. 
Mobilization costs were comparable.

Conclusions: We demonstrate that a liberal strategy for plerixafor 
administration correlates with fewer apheresis days while having similar 
mobilization costs. There were 26 fewer days of collection per 100 
mobilization attempts with a pCD34 threshold of 40/µL compared to 
15/µL at our institution. More patients completed collection in one day, 
and more reached an optimal collection yield.

CARETM FACULTY PERSPECTIVES:

Tandem 2018 abstracts 171 and 192 consider the safety profile and 
effectiveness of plerixafor as a PBSC mobilization strategy. Results 
from these abstracts suggest that lymphoma and MM patients treated 
with plerixafor have improved quality of life and require less frequent 
apheresis and total days spent harvesting. 

With more patients completing collection in one day and reaching 
optimal collection yield, these efficiencies can lower resource utilization 
and potentially offset the higher drug cost.

Adoption of plerixafor could reduce time spent hospitalized and lower 
patient discomfort, providing an alternative to conventional bone marrow 
harvesting techniques.

Tandem 2018. 188. Single-Agent Plerixafor Mobilization to Collect 
Autologous Stem Cells for Use in Gene Therapy for Severe Sickle  
Cell Disease

J. F. Tisdale et al

Results: As of July 21, 2017, 9 patients with severe Severe Sickle  
Cell Disease (SCD) received LentiGlobin DP manufactured using 
autologous CD34+ cells collected through BMH. An additional 3 patients 
had CD34+ cells collected after plerixafor mobilization and apheresis, 
including 1 patient who also had a BMH. A mean of 5.0 (range 0.3—10.8) 
x 106 CD34+ cells/kg were collected per BMH (N=21 harvests). Eighteen 
grade 3 AEs in 6 patients were attributed to BMH: pain (n=12), anemia 
(n=3), and VOC (n=3). Following plerixafor administration, apheresis 
collected 15.3, 5.6, and 9.0 x 106 CD34+ cells/kg (1 cycle each). A transient 
1.5- to 3-fold increase in peak WBC and ANC levels was observed. Peak 
absolute CD34+ cell counts in PB were 170, 58, and 160 x 106 cells/L. 
No dose-limiting toxicities were observed after plerixafor 240 µg/kg. 
Two patients experienced a single grade 3 AE attributed to apheresis or 
mobilization: hypomagnesemia resolved in one day and a VOC resolved 
in 5 days (this patient also experienced a VOC after BMH).

Conclusions: Plerixafor mobilization and apheresis appears to be a 
suitable alternative to BMH for CD34+ cell harvesting in autologous 
HSC gene therapy for patients with severe SCD. In contrast to reported 
G-CSF cases, we observed no life-threatening VOCs after plerixafor 
mobilization. Additional investigation of this mobilization agent  
appears justified.

CARETM FACULTY PERSPECTIVES:

The administration of a G-CSF is a technique used to produce 
white blood cells to fight infection by releasing stem cells into the  
blood stream. There are various side effects associated with G-CSF, 
including a risk of adverse events, vaso-occlusive crises and leukocytosis.

Abstract 188 considers harvesting stem cells through apheresis following 
treatment with plerixafor, a novel immunostimulant. Results suggest 
promising benefits in patients with severe SCD who require an auto-
HSCT. Given the small patient pool of the investigation by Tisdale et al., 
additional trials would be beneficial.
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PERSPECTIVES - TANDEM 2018

Tandem 2018. 214. A Comparative Analysis of Graft Composition 
and Outcome with the Use of Single Dose Plerixafor As an Adjunct 
to GCSF Based PBSC Mobilisation for T Replete Haploidentical 
PBSC Transplantation with Post Transplantation Cyclophosphamide:  
A Pilot Study

S. Jaiswal et al

Results: CD 34 cell count [136(range, 52-351) Vs 139(range,12-240)  
cells/µl]  in the peripheral blood on day 5 as well as that in the graft  
[ 2.7(range 1.1-6.0) Vs 2.3(range 0.5-5.3) X106 /ml , p=0.05] comparable 
between the two groups, despite a significantly lower peripheral CD34+ 
cell count on day 4 in the plerixafor group. The total nucleated cell count 
was higher in the G-CSF group [3.4(range 1.7-5.0) Vs 3.1(range 1.15-4.73) 
X108/ml]. Despite the lower trend of CD4+ T cells [ 2.3(range 0.3-6.8) Vs 
2.7(range 0.53-6.8) X107/ml, p=0.09] in the G-CSF group, mobilisation of 
Tregs was similar (p=0.1). There were no differences noted in the absolute 
number of NK cells, or the CD56+16+/16- subsets [5.7 (range 1.7-12.9) Vs 
5.3 (range 0.8-11.6) X 106/ml, p=0.9]. The time to engraftment was similar 
in both groups. The incidences of acute and chronic GVHD, non-relapse 
mortality and relapse were also similar.

Conclusions: Addition of single dose plerixafor to G-CSF mobilisation 
improves CD34+ recovery and does not significantly alter the T and NK 
cell composition of the graft, including Tregs. No adverse impact was 
noted on engraftment, GVHD, NRM and relapse. Our study demonstrates 
that plerixafor can be safely used as an adjunct to G-CSF to boost CD34+ 
mobilisation without impacting conventional or regulatory T cells and 
NK cells in the graft. Preliminary data suggests no adverse impact on 
transplant outcomes.

CARETM FACULTY PERSPECTIVES:

Haplo-HSCT is a technique where a half-identical match is used for stem 
cell transplantation. This strategy is being studied around the world for 
patients who don’t have access to a full-matched donor.  

Results from this prospective, pilot study on graft composition and 
transplant outcome suggest that patients treated with single-dose 
plerixafor in addition to G-CSF have improved CD34+ mobilization 
compared to those treated with G-CSF alone.

Showing no adverse outcomes upon engraftment and no significant 
alterations to natural killer and T-cell graft composition, Tandem 
2018 abstract 214 suggests plerixafor is a promising option for stem  
cell mobilization.

Tandem 2018. 630. The Combination of Groβt and AMD3100 Leads 
to Rapid and Robust Mobilization of Hematopoietic Stem Cells in 
Nonhuman Primates

P. Falahee et al

Results: We tested the efficacy of GROβT alone or in combination with 
AMD3100 in Rhesus macaques. As previously published, administration 
of AMD3100 alone induced significant mobilization of hematopoietic 
stem and progenitor cells. The combination of GROβT+AMD3100 yielded 
2-fold more CD34+ cells (30/μL) along with a 1.5-fold increase in CFU 
over that achieved with AMD3100 alone (p <0.05). The increase in CD34+ 
number was associated with a rapid and significant increase in CD34+ 
frequency apparent within one hour of treatment that continued to rise 
for four hours post-treatment. Interestingly, the majority of CD34+ cells 
mobilized with GROβT+AMD3100 express CD90+ and not CD45RA, 
representing a highly enriched HSC fraction and suggesting that these 
grafts may contain increased numbers of true HSC relative to G-CSF-
mobilized cells.

Conclusions: We describe a rapid mobilization method that results in 
robust hematopoietic mobilization in nonhuman primates within four 
hours of a single treatment. The GROβT + AMD3100 regimen may 
allow for highly predictable, single day mobilization of HSPC for both 
autologous and allogeneic donors. These grafts are enriched in primitive 
HSCs and may be particularly useful for gene-therapy indications or 
where G-CSF is contraindicated.

CARETM FACULTY PERSPECTIVES:

Recent studies suggest that GROβ (a signaling molecule) has been shown 
to mobilize bone marrow stem and progenitor cells in monkeys and 
mice. Abstract 630 from Tandem 2018 presents results that suggest 
the combination of GROβT and AMD3100 (plerixafor) can successfully 
mobilize CD34+ cells within four hours of treatment. 

This study considers this combination to be a highly-predictable, single 
day therapy option that could be faster, easier to transplant, and of 
higher quality than G-CSF. Given that this is a non-human study, more 
data is needed to see how the GROβT/AMD3100 combination can be 
translated into future clinical trials for HSC mobilization.

PBSC MOBILIZATION FOR HAPLOIDENTICAL 
TRANSPLANTATION 

NOVEL COMBINATION THERAPY IN DEVELOPMENT 

”
“      RESULTS SUGGEST THE COMBINATION OF GROβT AND 

AMD3100 (PLERIXAFOR) CAN SUCCESSFULLY MOBILIZE CD34+ 

CELLS WITHIN FOUR HOURS OF TREATMENT.
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PERSPECTIVES - TANDEM 2018

ALLOGENEIC HEMATOPOIETIC 
STEM CELL TRANSPLANT

Tandem 2018. 51. Allogeneic Hematopoietic Stem Cell Transplantation 
for Patients over 60 Years with Acute Myeloid Leukemia: A Single 
Center Donor Comparison

R. Devillier et al. 

Results: The cumulative incidence of grade 3-4 acute GVHD was 
significantly higher after UD Allo-HSCT compared with MSD or HRD 
Allo-HSCT (day-100: MSD vs. UD vs. HRD: 3% vs. 33% vs. 6%, Gray-
test p=0.006, Figure 1A). No difference was observed in the cumulative 
incidence of extensive chronic GVH (2-year: MSD vs. UD vs. HRD: 17% 
vs. 27% vs. 16%, Gray-test p=0.487). The cumulative incidence of non-
relapse mortality (NRM) and relapse (CIR) at 2 years were not significantly 
different according to donor type (NRM: MSD vs. UD vs. HRD: 19% vs. 
27% vs. 24%, Gray-test p=0.709; CIR: MSD vs. UD vs. HRD: 32% vs. 25% 
vs. 25%, Gray-test p=0.411). Finally, we found similar progression free 
survival (PFS) and overall survival (OS) in the 3 donor groups (PFS: MSD 
vs. UD vs. HRD: 48% vs.48% vs. 50%, Log rank-test p=0.865; OS: MSD 
vs. UD vs. HRD: 50% vs. 51% vs. 55%, Log rank-test p=0.960, Figure 1B). 
Interestingly, both HCT-CI (< 3 vs. >= 3) and age (< 65 vs. >= 65 years) 
failed to predict differential NRM.

Figure 1. Cumulative incidence of grade 3-4 acute GVHD (A) and overall 
survival in the three donor groups (B).

Allogeneic transplant is a commonly adopted transplantation strategy for patients who cannot act as their own stem cell donors (autologous). 

Although using another individual as a source of stem cells greatly expands a patient’s potential donor options, allo-transplant is associated 

with several challenges including finding a compatible donor and accessing sensitive tests for patient monitoring. Tandem abstract 51 

investigates donor choice for allo-transplant in the elderly, while abstract 100 explores genetic MRD testing as a viable, pre- and post-

transplant strategy for patient monitoring.  

Conclusions: We conclude that in the specific setting of patients >= 
60 years transplanted for AML, the use of HRD is not associated with 
unfavorable outcome compared with MSD and UD, confirming that it 
is a valuable alternative for patients without HLA-matched donors. 
Moreover, Allo-HSCT from a familial donor (MSD or HRD) apparently 
results in a lower incidence of acute GVHD. Thus, we consider that there 
is no evidence for limiting the access to Haplo-SCT in elderly patients 
with AML who need transplantation, and that HRD favorably compares 
with UD in absence of MSD.

CARETM FACULTY PERSPECTIVES:

The use of a haplo-identicial related donor (HRD) for allo-HSCT has 
increased over the last decade. However, the current notion is that it 
is only a valid option in the absence of a matched related or unrelated 
donor. Many community hematologists are reluctant to refer their 
patients, especially elderly patients, to this alternative. 

This Tandem 2018 abstract evaluated transplant outcomes according to 
the donor option (HRD vs matched related donor [MRD] vs MUD [MUD]) 
in patients who received allo-transplant for acute myeloid leukemia 
(AML), 60 years old or older. Results indicate that there was no difference 
of extensive chronic GVHD, non-relapse mortality, relapse, progression-
free or overall survival among the three groups. Equally interesting, the 
two year overall survival rate was not different among the three groups 
(55% HRD, 50% MSD, 51% MUD, p=0.960). 

There is no evidence to support the limiting of access to haplo-identical 
family donors in elderly patients with AML who need allogeneic 
transplantation.

        THERE IS NO EVIDENCE TO SUPPORT THE LIMITING OF ACCESS TO HAPLO-IDENTICAL FAMILY DONORS IN ELDERLY PATIENTS WITH AML 

WHO NEED ALLOGENEIC TRANSPLANTATION. ”“

 5



PERSPECTIVES - TANDEM 2018

Tandem 2018. 100. Ultrasensitive Detection of Genomic Minimal 
Residual Disease before or after Allogeneic Hematopoietic Cell 
Transplantation for Adult AML Is Associated with Inferior Survival

B. Parkin et al. 

Results: A median of 2 mutations was measured with ddPCR per case 
(range 1-4). Pre-HSCT, at least 1 mutation per case was detected in 85% 
(34 of 40) of cases, and all mutations measured per case were detected 
in 68% (27 of 40) of cases. ASXL1 (5 of 5), RUNX1 (3 of 3), TP53 (3 of 3), 
DNMT3A (7 of 8), and IDH2 (5 of 6) mutations were frequently detected 
Pre-HSCT, while NPM1 (7 of 13), FLT3 (1 of 3), and WT1 (1 of 3) were less 
likely to be detected. At D30, at least 1 mutation per case or all mutations 
measured per case were still detected in 34% (15 of 44) and 16% (7 of 44) 
of cases, respectively. ASXL1 (4 of 5), RUNX1 (2 of 3) and TP53 (2 of 3) 
mutations frequently persisted at D30, but ≤25% of cases with mutant 
DNMT3A (2 of 8), TET2 (2 of 8), IDH1 (1 of 5) or NPM1 (2 of 12) and no 
cases with mutant FLT3, IDH2 or WT1 had detectable mutations.

Detection of all measured mutations in Pre-HSCT PBMC associated with 
inferior leukemia free survival (LFS) (HR 3.0 [95% CI 1.3-7.4], p=0.03) and 
overall survival (OS) (HR 2.67 [1.1-6.6], p=0.04) with a relapse rate (RR) 
of 66% at 1 yr. At D30, detection of any measured mutation associated 
with substantially worse LFS (HR 5.3 [1.9-14.7], p<0.001) and OS (HR 6.5 
[2.2-18.1], p<0.001) and RR of 71% at 1 yr.

D100 specimens (N=21) were available for 8 cases that relapsed post-
HSCT and 13 who did not relapse. ≥1 mutations were detected in 5 of 8 
relapsed cases compared with 1 of 13 non-relapse cases (63% vs 9%, 
respectively; p<0.01). Of the 5 relapsed cases with detectable mutations, 
the time from sampling to relapse was 46-92 d versus 148-264 d for the 
3 relapsed cases without detectable D100 mutations.

Conclusions: In this cohort, ASXL1, RUNX1 and TP53 mutations frequently 
persisted 30 days after HSCT, and detection of gene mutations in PBMC 
of AML patients measured either just prior to conditioning or 30 days 
after HSCT was associated with inferior LFS and OS.

CARETM FACULTY PERSPECTIVES:

Relapse after an allo-HSCT remains a cumbersome issue as the detection 
of a relapsing clone is sometimes difficult. This is due to limited sensitivity 
of mutation detection.

Droplet digital PCR (ddPCR) is a recent advancement in precision 
medicine that has improved the sensitivity of mutation detection for 
most recurrently mutated genes in AML.

Abstract 100 from Tandem 2018 suggests that ddPCR-based next 
generation sequencing (NGS) can detect mutations in 36 genes to 
measure mutations as low as 0.005%. 

This approach will be incorporated into clinical practice in the near future 
to improve the detection of relapsing clones with mutations after allo-
HSCTs for AML.

       DROPLET DIGITAL PCR (ddPCR) IS A RECENT ADVANCEMENT 

IN PRECISION MEDICINE THAT HAS IMPROVED THE SENSITIVITY 

OF MUTATION DETECTION. ”
“
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PERSPECTIVES - TANDEM 2018

COMPLICATIONS OF 
TRANSPLANT

Tandem 2018. 224. Rituximab-Based First Line Treatment for Chronic 
GVHD Following Allogenic Transplant: Single Center Analysis of  
95 Patients

S. R. Solomon et al

Results: We evaluated 95 consecutive patients at a single institution that 
received Rituximab as part of the initial treatment of cGVHD from April 
2011 to February 2017. Median (range) age was 55 (24 - 75) years. NIH 
consensus grading was mild, moderate, and severe in 6%, 42% and 52%, 
and onset type was de novo, quiescent, or progressive in 38%, 39% and 
23% respectively.  Median number of sites of cGVHD involvement was 4 
(1-7) with the most frequent sites being mouth, skin, eyes, upper GI tract 
and liver in 84%, 77%, 74%, 44% and 40% of patients.  All patients required 
initiation/continuation of systemic immunosuppression and received 
rituximab induction (375mg/m2 weekly x 4).  Corticosteroids were 
utilized sparingly in short courses for symptom control.  Median length 
of follow-up for surviving patients was 35 (7 -78) months. Quiescence 
of cGVHD manifestations, allowing initial taper of immunosuppressive 
medications, occurred in 69 patients with median (range) of 125 (18-
862) days. Resolution of cGVHD occurred in 54 patients with median 
time to systemic immunosuppression discontinuation of 349 (90-1596) 
days. The cumulative incidence (CI) of cGHVD resolution was 34%, 60% 
and 71% at 1-, 2- and 3-years respectively. Overall survival (OS) at 6mo, 
1- and 2-years was 95%, 88% and 80% respectively; corresponding rates 
of non-relapse mortality (NRM) were 4%, 9% and 15%.  The probability 
of being alive and free of cGVHD at 1-, 2-, and 3-years is 30%, 48%, 
and 53% respectively (Figure 2A). By multivariate analysis, cGVHD 
resolution was strongly associated with lower number of affected sites 
(HR 0.60 per 1 site increment, p<0.001, Figure 2B) but not by NIH grade 
or onset type. Recurrence of cGVHD, requiring reinstitution of systemic 
immunosuppression, occurred in 12 patients at a median time of 321 (96-
609) days. Overall CI of recurrent cGVHD was 15%.  

Patients can acquire life-threatening conditions such as graft versus host disease (GVHD) and bronchiolitis obliterans syndrome (BOS) 

following allo-HSCTs. Preventing GVHD from recurring remains an issue as it has the potential to impact overall outcome following 

transplant. With no approved therapies for acute GVHD (aGVHD) and little change in treatment regimens for chronic GVHD (cGVHD) over 

the past three decades, data on agents to treat and/or prevent GVHD is urgently needed. Further, the lungs are often impacted following 

an allo-HSCT and treatments for BOS have not improved over the last two decades. This section reviews abstracts investigating first- and 

second-line cGVHD treatment options, a late-breaking abstract from Tandem 2018, a highlighted abstract of interest on aGVHD and a 

study on extracorporal photopheresis (ECP) as a therapy option for BOS. 

Figure 2. The probability of being alive and free of cGVHD at 1-, 2- and 
3-years (A), and cGVHD resolution association with number of affected 
sites (B).

Conclusions: This study demonstrates that rituximab-based first line 
treatment for cGVHD has significant activity, demonstrating high 
response rates and rapid discontinuation of systemic immunosuppression 
in the majority of patients. The safety of this approach is demonstrated 
by the low NRM (9% at 1-yr) and favorable OS (88% at 1-yr).  Prevention 
of cGVHD recurrence remains an important issue, and future studies are 
needed to better predict patients that may require additional strategies 
to prevent the re-emergence of cGVHD.

CARETM FACULTY PERSPECTIVES:

Select abstracts presented at Tandem 2018 show promising results for 
patients who will suffer from cGVHD following an allo-HSCT. 

Abstract 224 from Tandem 2018 suggests that front-line rituximab has 
a good safety profile and can improve overall survival in patients with 
cGVHD. Future clinical trials could investigate ways to prevent the relapse 
of cGVHD or prevent cGVHD all together. 

GRAFT VERSUS HOST DISEASE

 7



PERSPECTIVES - TANDEM 2018

Tandem 2018. 2. Ibrutinib-Mediated Inhibition of cGVHD Pathogenic 
Pre-Germinal Center B-Cells and Follicular Helper Cells While Preserving 
Immune Memory and Th1 T-Cells

B. Sahaf et al

Results: In initial data from 8 patients using targeted Nanostring GEP, 
ibrutinib reduced inflammatory genes, including NFkB-1, and the 
chemokines, CXCL10, CCL7 and CCL3 by 2.6, 2.3, 25, and 1.8-fold over 
the first 3 months, respectively. Luminex plasma testing supported GEP 
results and unveiled several additional chemotactic, inflammatory, and 
fibrotic factors, which were down-modulated by ibrutinib, including 
CCL22, CXCL9, CXCL10, IL-8, sCD25, CCL4, and ST2. 42-parameter CyTOF 
single cell analysis showed a 10-fold reduction in absolute numbers of 
cGVHD-implicated pre-germinal center B-cells (CD19+, CD27+, CD38+, 
IgD+) and diminished Tfh, Th17, and total B cells by 2.6, 1.5, and 1.4-
fold, respectively, over the first 90 days following ibrutinib. Relative 
numbers of CD4 and CD8 T-cells, class-switched B-cells, and CD14+ 
monocytes remained unchanged, and iNKT, Th1, and Treg cells increased 
incrementally by 1.8, 1.2, and 1.1-fold at day 90, respectively. Plasma 
IgG levels persisted while IgM significantly decreased corroborating an 
ibrutinib germinal center effect that did not deplete long-lived plasma 
cells. T cell reactivity against influenza increased and antibodies against 
EBV and tetanus remained unchanged. Single cell phosphorylation 
analysis showed that BTK and ITK signaling was attenuated following 
ibrutinib treatment in defined B and T cell subsets (Figure 3). PLCγ1/2 
activation was simultaneously diminished in the pre-germinal center and 
plasmablast B-cell subsets.

Conclusions: Ibrutinib selectively inhibits cGVHD pathogenic pre-
germinal center B-cells and Tfh cells, while preserving immune memory 
and Th1 T-cells. These data support the clinical efficacy of ibrutinib in 
cGVHD and highlight ibrutinib’s multifactorial mechanism of action in 
this disease.

CARETM FACULTY PERSPECTIVES:

Early phase trials have shown benefit for ibrutinib as a second-line 
therapy option for those with GVHD. Abstract 2 from Tandem 2018 
suggests that ibrutinib, an FDA-approved BTK and ITK inhibitor, may 
have clinical benefits for patients who fail front-line therapy.

While initial results from this study appear promising, data on the rest of 
the patients (34) involved in the study are needed to confirm findings. 

Tandem 2018. LBA1. Novel Approaches for Graft-Versus-Host Disease 
(GvHD) Prophylaxis: Primary Results of Progress I Multicenter Trial of 
Matched Allogeneic Hematopoietic Cell Transplantation (alloHSCT) 
Using Reduced Intensity Conditioning (RIC) BMT CTN 1203

J. Bolanos-Meade et al. 

Results: 92 pts were assigned to MMF/Tac/PTCy; 89 to Tac/MTX/
bortezomib; 92 to MTX/Tac/maraviroc; and 224 controls received Tac/
MTX. The 4 groups were well balanced with a median age of 64, except 
for higher comorbidities in the controls (Table 1). For the primary 1-year 
GRFS endpoint, only the MMF/Tac/PTCy arm was superior to control (p 
0.04) (Table 2). The cumulative incidence of grade II-IV aGvHD through 
day 180 was not different for each arm vs. control; however grade III-IV 
aGvHD and GVHD-free survival, MMF/Tac/PTCy was superior to control 
(p 0.006, p 0.01 respectively). While there was no difference in overall 
cGvHD incidence, cGVHD requiring SIS the MMF/Tac/PTCy arm was 
superior to control (p 0.04). Treatment-related mortality at 1 year was 
11% for MMF/Tac/PTCy vs 16% in controls and 17% in the other 2 arms, but 
was not statistically different. There were no differences in engraftment, 
relapse/progression, and overall survival. 

Conclusions: This trial utilized 2 novel approaches in design to better 
and efficiently assess outcomes on GvHD prophylaxis trials: GRFS and 
a concurrent standard of care control. In the setting of PBSC allo-HCT 
with RIC in adults with hematological malignancies, MMF/Tac/PTCy was 
associated with a superior 1-year GRFS, lower rates of severe aGvHD 
and cGvHD requiring SIS, as well as better GvHD free survival, without a 
significative impact on death or relapse, compared to Tac/MTX.

CARETM FACULTY PERSPECTIVES:

Improving GVHD and relapse-free survival (GRFS) remains an unmet 
need in patients with hematological malignancies following an allo-
HSCT. Late-breaking abstract 1 from Tandem 2018 presented results 
on the PROGRESS I trial, which investigated maraviroc, bortezomib or 
post-transplant cyclophosphamide in comparison to conventional GVHD 
prophylaxis treatments (tacrolimus and methotrexate). 

Results from this study showed that patients treated with MMF/Tac/
PTCy had more successful outcomes than those treated with Tac/MTX. 
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PERSPECTIVES - TANDEM 2018

Tandem 2018. 48. Extra-Corporal Photopheresis Improves Overall 
Survival in Patients with Bronchiolitis Obliterans Syndrome after 
Allogenic Hematopoietic Cell Transplantation: A Multi-Site Retrospective 
Cohort Study

M. Hefazi et al

Results: Seventy five patients with BOS were assigned to ECP (n = 28) 
and non-ECP (n = 47) groups. Median follow-up for the ECP and non-
ECP groups were 52 and 47 months, respectively. Baseline transplant 
characteristics were similar between the two groups. ECP-treated patients 
had significantly lower FEV1 values (42% vs. 68% predict, p = 0.0002) and 
demonstrated a trend towards steeper declines in FEV1 (-4.5% vs. -2.5%, 
p = 0.09) before ECP/index time. FEV1 PPS after ECP/index time was 
comparable between the two groups (-0.3% vs. -0.7%, p = 0.2) (Table 1). 
ECP-treated patients more frequently received cyclosporine/tacrolimus 
(75% vs. 42%, p = 0.02) or other immunosuppressive agents (61% vs. 
32%, p = 0.01) after BOS diagnosis. OS was numerically better in the ECP 
group (estimated median NR vs. 54 months), without reaching statistical 
significance (HR 0.52, p = 0.12). After adjusting for the differences in 
BOS severity and concomitant therapies, higher FEV1 at ECP/index 
time (HR 0.96, p = 0.01), slower rates of FEV1 decline before ECP/index 
time (HR 0.06, p = 0.02), and ECP therapy (HR 0.12, p = 0.0004) were 
independently associated with a better OS. Respiratory failure secondary 
to infections was the most common cause of death in both groups (85% 
vs. 60%, p = 0.36).

Table 1. PFT data in BOS patients treated with or without ECP. 

Conclusions: In this first-of-a-kind, multi-site retrospective cohort 
study, FEV1 values and their rates of decline after BOS diagnosis were 
independent prognosticators of survival after HCT. ECP stabilized FEV1 
values and was associated with a survival benefit independent of PFT 
responses. Prospective randomized studies are needed to validate these 
findings.

CARETM FACULTY PERSPECTIVES:

Bronchiolitis obliterans syndrome (BOS) is a major cause of death 
following transplantation. The risk of lung GVHD, or BOS, increases in 
patients who have received an allo-HSCT, ultimately increasing morbidity 
and mortality. 

Although extracorporeal photopheresis (ECP) has been accepted as an 
excellent therapeutic option for steroid resistant cGVHD, it has never 
been examined as BOS treatment. 

This study evaluated the impact of ECP on BOS, developed after an allo-
HSCT. Retrospectively, this study compared patients who developed 
BOS with or without ECP. Results suggest that treating BOS with ECP 
following an allo-HSCT improves overall survival. 

Results from this large cohort of patients is exciting because few 
studies have investigated ECP as a therapeutic option for BOS, 
however prospective rather than retrospective studies would  
be additive. 

BRONCHIOLITIS OBLITERANS SYNDROME 

Treated with ECP (n=28) Treated without ECP (n=47) p-value

Months from HCT to BOS diagnosis 12 (3-45) 12 (3-39) 0.20

PFT data before HCT
FEV1 (% predicated)
FEV1/FVC (%)
DLCO (% predicated)

85 (64-109)
75 (61-92)
84 (55-106)

97 (68-124)
76 (64-89)
82 (55-116)

0.02
0.54
0.94

PFT data at BOS diagnosis
FEV1 (% predicated)
FEV1/FVC (%)
DLCO (% predicated)

62 (23-91)
69 (31-86)
65 (42-102)

70 (16-111)
66 (39-86)
69 (38-113)

0.04
0.72
0.08

PFT data at ECP/index time
FEV1 (% predicated)
FEV1/FVC (%)
DLCO (% predicated)

42 (20-79)
57 (30-78)
60 (43-84)

68 (13-94)
64 (38-84)
66 (40-105)

0.0002
0.07
0.009

BOS severity at ECP/index time, n (%)
Mild (FEV1 >60% predicted)
Moderate (FEV1 40-59% predicted)
Severe (FEV1 <39% predicted)

6 (21)
10 (36)
12 (40)

30 (64)
11 (23)
6 (13)

0.0008

PPS of FEV1 before ECP/index time1 -4.5 (-16 to 0.5) -2.5 (-11 to 0.4) 0.09

PPS of FEV1 after ECP/index time1 -0.3 (-7.5 to 1.2) -0.7 (-3.8 to 26) 0.23

All data presented as median (range) unless indicated otherwise.
1 Percent-predicated slope (PPS) of FEV1 change before and after ECP/index time, expressed as percent-predicted change per month, for the periods from BOS diagnosis to ECP/index time and during the first 
12 months after ECP/index time, respectively.
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