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TCT / EBMT 2019
The 2019 Transplant and Cellular Therapy Meetings of the ASBMT and CIBMTR (also known as the TCT Meetings) 
were held from February 20th to 24th in Houston, Texas. The European Society for Blood and Marrow Transplantation 
Meeting (also known as the EBMT Meeting) occurred from March 24th to 27th in Frankfurt, Germany. 

The TCT and EBMT meetings focused on transplantation and cellular therapies for the treatment of various  
disorders. This issue of CARE™ Perspectives from TCT/EBMT provides updates on key news along with insights from a  
recent CARE™ BMT/Cell Therapy Working Group. 

The content that follows is written in the language in which it was presented and is adapted from the  
abstracts of the TCT and EBMT 2019 meetings. Perspectives are provided by Dr. Dennis Kim (Princess Margaret Can-
cer Centre) of the CARE™ Hematology Faculty.

Dr. Dennis Kim
CARE™ Hematology Faculty 
Princess Margaret Cancer Centre

I am pleased to lead this CARE™ Report on the TCT and EBMT conferences. This report focuses on updates in the 
categories of stem cell mobilization (with insights from the 2019 CARE™ Faculty BMT/Cell Therapy Working Group), 
transplant for myeloma, transplant for lymphoma, graft versus host disease, general cell therapy and gene therapy. 

CARE™ Faculty have an interest in/focus on sharing news and information on innovative therapies framed from a  
Canadian perspective. The potential for innovations to lead to cost savings, which in turn fuels the development of new 
innovations, has been of particular interest to the CARE™ Faculty over the last several years.    

The emergence of CAR T-cells and extended discussion on CAR T-cell therapy might suggest to clinicians that  
innovation and development is being confined to the CAR T-space. Not to diminish the impact that CAR T-cells 
will have, they are very exciting, but they are also expensive and have a funding system and a treatment strategy  
system that is not yet prepared to account for a large volume of patients. There needs to be continued attention and  
consideration assigned to innovation that is currently available, specifically, innovations that can lead to cost savings 
which can then fuel further developments.
 
The concepts of cost, efficiency, and innovative therapy were central to the recent CARE™ Working Group  
Meeting on BMT/Cell Therapy (February 2019). I am pleased to have collaborated with Dr. Rob Laister (CARE™ 
Faculty member, translational scientist at Princess Margaret Cancer Centre and CARE™ BMT/Cell Therapy Working 
Group attendee) on summarizing notes and discussion that can be found in “Insights from the CARE™ BMT/Cell 
Therapy Working Group” (supplemental content to TCT/EBMT 2019) at the end of the “Stem Cell Mobilization” section.
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CARETM FACULTY PERSPECTIVES: 

Recombinant human granulocyte colony-stimulating factor,  
rh-GSF (filgrastim), has been historically utilized during mobilization. 
Filgrastim-SNDZ, a biosimilar of filgrastim, has been evaluated for its 
safety, efficacy (for stem cell collection concerning the number of 
CD34+ cells collected (p=0.17)), and the number of days of apheresis 
(p=0.36). Cost saving was also demonstrated. Filgrastim biosimilars, 
such as filgrastim-SNDZ, are an effective and cost saving option 
for mobilization prior to autologous stem cell transplantation. A 
biosimilar of filgrastim, marketed as Grastofil™, is also approved for 
use in Canada (as of 2015). 

STEM CELL MOBILIZATION  

PERSPECTIVES FROM TCT & EBMT 201901

Plerixafor is used as adjuvant treatment to increase CD34+ cell mobilization and decrease the need for multiple days of collection. There 
has been significant advancement in the development of mobilization strategies that incorporate the preemptive use of plerixafor for 
autologous hematopoietic stem cell collection. The threshold for plerixafor administration has been investigated by many groups in order 
to increase patient satisfaction and improve the utilization of this limited resource. This information can be applied to Canadian practice in 
autologous hematopoietic stem cell collection concerning the threshold of CD34+ cell counts on the day of apheresis, and the identification 
of candidates requiring a dose of preemptive plerixafor administration for successful mobilization/collection.

 
TCT 2019. 405. EFFICACY AND COST SAVINGS 
ASSOCIATED WITH A CONVERSION FROM FILGRASTIM 
TO FILGRASTIM-SNDZ IN STEM CELL TRANSPLANT 
PATIENTS UNDERGOING MOBILIZATION  
Lauren Dawn Curry et al.  

In total, 186 patients received an aSCT during this time frame. 
Sixty-nine patients were included in the filgrastim group and 
78 were included in the filgrastim-SNDZ group. The difference 
in number of CD34 cells collected was not significant (p= 0.17). 
The median number of CD34 cells collected was 7.24 x 106 in the 
filgrastim group and 8.245 x 106 in the filgrastim-SNDZ group. 
The filgrastim-SNDZ group had a larger range of CD34 cells 
collected during apheresis than the filgrastim group. There was 
no statistically significant difference in number of CD34 cells 
collected between the groups in patients with multiple myeloma 
(p=0.0969) or with non-Hodgkin’s lymphoma (p=0.976). Number 
of CD34 cells collected was also tested for non-inferiority with 
a non-inferiority margin of 0.73 (10%) and filgrastim-SNDZ was 
shown to be non-inferior in this outcome to filgrastim. The median 
number of days of apheresis was 2 in both groups and there was no 
significant difference in this outcome between the groups (p= 0.36). 
 
The cost comparison between groups showed significant cost 
savings with filgrastim-SNDZ. Annual cost savings is projected 
to be $92,000 for 93 patients receiving an average of 5 doses of 
filgrastim-SNDZ. This study shows that using filgrastim-SNDZ is an 
effective and cost savings option for mobilization prior to aSCT.

TCT 2019. 308. OPTIMIZING PLERIXAFOR ALGORITHM 
FOR MOBILIZATION OF PERIPHERAL BLOOD STEM 
CELLS IN PATIENTS WITH MULTIPLE MYELOMA 
REQUIRING TANDEM TRANSPLANTS  
Darren Johnson et al.  

Results: In the <20+P group, 55/60 (91.6%) patients reached goal 
with a median collection of 7.18x106 CD34/kg (range 2.05x106 – 
12.7x106) after one day and 5 required a second day of apheresis. 
In the 20to30 noP group, 7 of 19 (37%) reached goal with a median 
collection of 6.40x106 CD34/kg (range 2.36x106 – 7.77x106) in one 
day and 12 collected on day 2. Notably, in the 20to30+P group, 
14/14 (100%) reached goal in one day (range 5.44x106 – 12.3x106 
CD34/kg). Finally, as expected in the >30noP group, 23/26 (88%) 
patients reached goal (range 4.01x106 – 9.14x106 CD34/kg) on 
day 1. Patients with Day 4 CD34 count between 20-30/ µl were 
significantly more likely to collect in one day if they have received 
plerixafor (P=0.002).

Conclusions: This data justifies revision of the threshold for 
plerixafor administration to patients with a day 4, CD34 count 
from <20 to <30 cells/µl due to the potential for increased patient 
satisfaction and improved resource utilization in the apheresis and 
cell processing department.

CARETM FACULTY PERSPECTIVES: 

Plerixafor can decrease the need for multiple days of collection. 
As discussed in the previous abstract, there is a need to develop 
an algorithm to define the best candidates for preemptive use of  
plerixafor according to the peripheral blood CD34+ cell counts 
on the day of apheresis. Half of the patients required plerixafor 
administration when the peripheral blood CD34+ cell counts 
were 20 cells/µL or below, with a 91.6% success rate for one-day 
stem cell collection. A small number of patients with CD34 cell 
counts between 20-30 cells/µL showed 100% of the successful 
one-day collection after given a dose of plerixafor. Accordingly, 
the threshold for plerixafor administration can be revised to 
peripheral blood CD34 cell count 30 cells/µL in order to increase 
patient satisfaction and improve the utilization of this limited 
resource. This information can be applied into Canadian practice 
in autologous hematopoietic stem cell collection with respect 
to the identification of patients requiring a dose of plerixafor 
injection for successful mobilization/collection.
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TCT 2019. 616. PRE-APHERESIS PERIPHERAL BLOOD 
CD34+ CELL COUNT OBVIATES NEED FOR PRE-EMPTIVE 
PLERIXAFOR IN HALF OF PATIENTS UNDERGOING STEM 
CELL MOBILIZATION  
Amer Assal et al.    

Conclusions: In summary, dosing plerixafor based on pre-apheresis 
PB CD34+ cell counts allows for a high success rate on the first 
mobilization attempt while minimizing plerixafor use.

CARETM FACULTY PERSPECTIVES: 

Plerixafor is used as an adjuvant to increase CD34+ cell mobilization 
and decrease the need for multiple days of collection. In order 
to reduce collection days, we can preemptively use plerixafor. 
However, it is not yet fully clear who the best candidates for the 
preemptive use of plerixafor are. Authors of this abstract developed 
a very attractive strategy of decision making for the preemptive 
use of plerixafor based on the peripheral blood CD34+ cell counts 
on the day of apheresis. Half of the patients required plerixafor 
administration when the peripheral blood CD34+ cell counts were 
20 cells/uL or below, which resulted in 91.7% of successful stem cell 
collection not requiring a second mobilization. 30.5% of patients 
successfully reached the target yield after one apheresis session. 
This information can be applied to Canadian practice in autologous 
hematopoietic stem cell collection with respect to identification of 
the patients requiring a dose of plerixafor injection for successful 
mobilization/collection.

RELATED ABSTRACTS OF INTEREST

TCT 2019. 427. CO-ADMINISTRATION OF MGTA-145 AND 
PLERIXAFOR RAPIDLY MOBILIZES HIGH NUMBERS OF 
HEMATOPOIETIC STEM CELLS AND GRAFT-VERSUS-HOST 
DISEASE INHIBITING MONOCYTIC CELLS IN NON-HUMAN 
PRIMATES  
Kevin A. Goncalves et al.    

TCT 2019. 248. OPTIMIZING THE USE OF PLERIXAFOR 
FOR STEM CELL COLLECTION (SCC) FOR AUTOLOGOUS 
STEM CELL TRANSPLANT (ASCT) AND DEVELOPING AN 
ALGORITHM  
Mary Louise Wieliczka et al. 

Results:   
 
Figure. No difference in PFS is observed between the pre-emptive 
plerixafor and non-pre-emptive plerixafor groups.
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Cost Comparison: Costs of transplant (with mobilization) versus CAR T-cell therapy and therapeutic 
agents in Canada

Comparator: SCT Costs with Mobilizing Agent for 
Collection

Adult patient undergoing stem cell transplant at 
an academic centre in Ontario, Canada. 

Transplant (Autologous) 

Treatment: Auto-SCT (with Plerixafor +G-CSF) 
Cost of plerixafor (20mg/mL, 1.2 ML s.q.)1 =
$ 6 250

Cost of G-CSF1 = 
$ 208 - $ 363 (depending on dose)1

Apheresis costs1 = 
$ 2 050

Cryopreservation/storage of stem cells1 = 
$1 362 for initial bag + $ 30 per subsequent bag.

Approximate cost of each collection day with 
plerixafor and G-CSF (likely only 1, with a maximum of 
3 collection days)1 =

$ 10 025 on day 1 of collection

$ 8 693 for each subsequent collection day

Approximate total costs for stem cell collection 
(assuming one collection day due to increased 
CD34+ cell yield from plerixafor + G-CSF) =

$ 10 025

Approximate cost of transplant2 =

$ 65 145

+ additional $ 2 413 per day beyond 16 days (MLOS or 
maximum length of stay)

Approximate total costs of transplant (assuming no 
stay beyond MLOS) =

$ 65 145

Approximate total costs of full autologous transplant 
procedure =

$ 75 170t

Consolidated Notes from CARE™ Faculty Members  
Dr. Denis Kim and Dr. Rob Laister

CARE™ held a Working Group on BMT/Cell Therapy at the 
CARE™ Hematology Update Meeting in February 2019. The 
CARE™ Working Group on BMT/Cell Therapy brought together 
leading CARE™ Faculty KOLs from across Canada with an 
interest in transplant and other forms of cell therapy. The 
following is based on consolidated notes created by Dr. Denis 
Kim and Dr. Rob Laister (Working Group attendees) from the 
2019 BMT/Cell Therapy Working Group discussion.    

Many Canadian patients and physicians are excited about CAR 
T-cell therapy and the potential benefits that this innovative cell 
therapy may lead to.  However, Canadians should be aware that 
stem cell transplantation is also a form of cell therapy that can 
be improved upon with regards to both its efficacy and cost 
efficiency. One of the main ways in which stem cell transplant 
can be more cost efficient is through the use of a mobilizing 
agent (with or without a G-CSF) to reduce the number of 
“collection attempts” or “collection days” necessary to meet 
CD34+ cell collection goals. 

• Using a mobilizing agent in combination with a G-CSF can 
reduce the number of collection days and apheresis procedures 
necessary to collect sufficient CD34+ cells for a successful SCT. 

• Conducting an SCT with a mobilizing agent often results 
in a lower overall cost to the patient compared to stem cell 
collection from the bone marrow (without mobilization to the 
peripheral blood).  

• Contrary to the system in Canada, transplants (both autologous 
and allogenic) in America are often more expensive than  
CAR T-cell therapy.  

In order to exemplify the cost advantages associated with 
treating a patient with SCT after peripheral blood mobilization 
with an agent, the CARE™ Faculty discussed a three-way price 
comparison between SCT with mobilization versus treatment 
with agents and SCT with mobilization versus CAR T-cell 
therapy.  This price comparison utilizes 2 theoretical situations 
(example cases) to allow for the SCT versus agents comparison 
(adult patient with R/R MM) and the SCT versus CAR T therapy 
comparison (adult patient with R/R DLBCL). It is important to 
note that this price comparison does not account for every cost 
associated with treatment, such as the costs of the physician’s 
time, the resource costs to a treatment centre, the costs of 
managing treatment related toxicities, etc. All numbers are 
subject to scrutiny and refinement.

SUPPLEMENTAL CONTENT TO TCT/EBMT 2019:  
INSIGHTS FROM THE CARE™ BMT/CELL THERAPY WORKING GROUP
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Situation 1: Transplant versus CAR T-cell therapy 
in Canada (using US dollar values) t

Adult patient diagnosed with relapsed/refractory 
diffuse large B-cell Lymphoma (R/R DLBCL) at 
an academic centre in Ontario, Canada. 

CAR T-cell Therapy t  

Treatment: Tisagenlecleucel (CAR T-cell)

Cost of leukapheresis = 
$ 39 916 (30 000 USD)

Cost of tisagenlecleucel = 
$ 632 002 (475 000 USD)

Approximate total costs of CAR T-cell therapy with 
tisagenlecleucel =

$ 671 918t

Situation 2: Transplant versus novel agents in 
Canada

Adult patient diagnosed with relapsed/refractory 
multiple myeloma (R/R MM) at an academic 
centre in Ontario, Canada. 

Agents/Combinations 

Treatment: daratumumab + lenalidomide + 
dexamethasone

Treatment costs (acquisition)3 =

Cycles 1 and 2 are $ 35 707 per 28 day course.

Cycles 3 to 6 are $ 22 312 per 28 day cycle.

7 cycles or more are $ 15 614 per 28 day cycle.

Total cost of treatment with agents (based on 7 
cycles of treatment - following POLLUX design)4 =

$ 153 964t

Canadians would benefit from increased use of SCT with a 
mobilizing agent when it is a viable therapeutic option. Not 
only would taking advantage of peripheral blood mobilization 
offer costs savings to the individual patients being treated, 
but it could also support the development of new innovations 
through cost savings. Biosimilar mobilizing agents may be 
able to offer even greater costs savings than their originator 
counterparts, and Canadian physicians should consider them 
when managing their patients.       
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t  

t

Uses US model. In the US, if patients don’t respond 
to CAR T-cell therapy within 30 days of receiving 
treatment they are reimbursed for the therapy 
acquisition costs. Domestically engineered (Canadian) 
CAR T-cell therapies are not provincially approved (in 
Canada). Negotiations are ongoing and prices are not 
definitive or disclosed.

All number values are subject to scrutiny and  
re-assessment.

CONTINUED...



HEMATOPOIETIC TRANSPLANT FOR MULTIPLE MYELOMA 
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In the following section, the increasing use of autologous stem cell transplant (ASCT) as well as CAR T-cell therapy in multiple myeloma 
(MM) is summarized. This section covers: maintenance with ixazomib following ASCT, Melphalan dose for ASCT, combined infusion of CD19/
BCMA specific CAR T-cell after tandem ASCT in high risk MM, upfront ASCT for high risk cytogenetics newly diagnosed MM, and minimal 
residual disease before and after ASCT in MM.

TCT 2019. 23. MAINTENANCE THERAPY WITH THE 
ORAL PROTEASOME INHIBITOR (PI) IXAZOMIB 
SIGNIFICANTLY PROLONGS PROGRESSION-FREE 
SURVIVAL (PFS) FOLLOWING AUTOLOGOUS STEM CELL 
TRANSPLANTATION (ASCT) IN PATIENTS WITH NEWLY 
DIAGNOSED MULTIPLE MYELOMA (NDMM): PHASE 3 
TOURMALINE-MM3 TRIAL  
Gareth Morgan et al.  

Results: 656 patients were randomized (395 ixazomib; 261 placebo). 
Patient demographics were balanced between groups; for the 
overall population, median age was 58 years (range, 24–73), 37% 
vs 63% had International Staging System (ISS) disease stage I vs II 
or III, 18% had high-risk cytogenetics, 59%/11%/30% had received PI 
without immunomodulatory drug (IMiD) / IMiD without PI / PI+IMiD 
induction therapy, and 79%/21% had achieved complete or very 
good partial response / partial response following induction+HDT-
ASCT. After a median follow-up of 31 months, with 54% of patients 
having had a PFS event, there was a 28% reduction in the risk of 
progression/death with ixazomib vs placebo (median 26.5 vs 21.3 
months; hazard ratio [HR] 0.72; 95% CI: 0.582, 0.890; p=0.002). 
Ixazomib maintenance led to higher rates of deepened response vs 
placebo (relative risk 1.41; 95% CI: 1.10, 1.80; p=0.004). Conversion 
from documented minimal residual disease (MRD) positivity 
at study entry to MRD negativity occurred at a higher rate with 
ixazomib vs placebo (12% vs 7%). PFS benefit was seen broadly 
across subgroups, including patients with ISS III (HR 0.661), high-
risk cytogenetics (HR 0.625), PI-exposed (HR 0.750) and PI-naïve 
(HR 0.497) patients. With ixazomib vs placebo, discontinuation due 
to adverse events (AEs) was low (7% vs 5%); 42% vs 26% of patients 
had grade ≥3 AEs; 27% vs 20% had serious AEs; and 1 patient vs 
0 died on treatment. Common grade ≥3 AEs were infections (15% 
vs 8%), gastrointestinal disorders (6% vs 1%), neutropenia (5% vs 
3%), and thrombocytopenia (5% vs <1%). Peripheral neuropathy 
rates were 19% vs 15% (<1% vs 0 grade 3). Rate of second primary 
malignancies was 3% in both arms.

Conclusions: This study demonstrated a 28% reduction in the risk of 
progression/death with ixazomib maintenance, supporting ixazomib 
as a valuable option for maintenance therapy in responding patients 
post-ASCT.

TCT 2019. 26. MELPHALAN DOSE INTENSITY FOR 
AUTOLOGOUS STEM CELL TRANSPLANTATION (ASCT) IN 
MULTIPLE MYELOMA 

Samer A. Srour et al.  

Results: A total of 1628 consecutive pts were identified during study 
period; 1525 (94%) received Mel200 and 103 (6%) received Mel140. 
Propensity score matching resulted in 3:1 matches for a total of 
312 pts (234 in the Mel200 group and 78 in the Mel140 group). 
The majority of pts were older with a median age of 69.6 (range: 
43.3 – 80.6) years. For all matched pts, there was a statistically 
significant OS advantage for Mel200 with a HR of 0.46 (95% CI: 
0.26, 0.80; P=0.006), but no significant differences in PFS (HR 0.87; 
95% CI: 0.58, 1.31; P=0.51), CIR (HR 0.96; 95% CI: 0.66, 1.39; P=0.83) 
or NRM (HR 0.57; 95% CI: 0.22, 1.49; P=0.25). In pts with VGPR 
or better, PFS, OS, CIR, and NRM were not significantly different 
between the Mel200 (n=111) and Mel140 (n=37) groups. However, 
for pts with PR or less, there was significantly better OS for Mel200 
(n=123) compared to Mel140 (n=41) (HR 0.39; 95% CI: 0.19, 0.82; 
P=0.013), but no significant differences in PFS, CIR, or NRM. The 
adjusted 3-year PFS with Mel200 and Mel140 for the matched pts 
were 13% and 14% (P=0.25), respectively, and adjusted 3-year OS 
were 67% and 46% (P=0.007). Additionally, multivariable regression 
models were fit using all the data adjusting the models with the 
same measures that were used in the matching. The results and 
conclusions between the two methods were consistent.

Conclusions: Mel200 remains standard of care with superior 
survival in patients with PR or worse, however Mel140 is a suitable 
alternative for patients in VGPR or better. Depth of response prior 
to transplantation is a strong predictor for selecting melphalan 
dose intensity and treatment outcomes. Our findings highlight 
the importance of improving remission status prior to transplant. 
Prospective randomized trials are needed to define the optimal 
melphalan dose

CARETM FACULTY PERSPECTIVES: 

The superior efficacy of ixazomib maintenance reduced risk of 
progression/death by 28% without increasing adverse events. In 
the future, ixazomib maintenance therapy post-ASCT is expected 
to be applied to Canadian practice.

CARETM FACULTY PERSPECTIVES: 

Between high dose regimens of Mel200 (Melphalan 200mg/m2) 
vs. Mel140 (Melphalan 140mg/m2), Mel200 is still a standard of 
care in patients with PR or less, while Mel140 can be considered 
as an alternative for the patients in VGPR or better response. This 
trial highlights the importance of pre-transplant MM remission 
status when determining high dose chemotherapy regimens for 
autologous transplant in MM patients.
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EBMT 2019. OS12-1. TANDEM AUTOLOGOUS 
TRANSPLANTATION AND COMBINED INFUSION OF CD19 
AND BCMA-SPECIFIC CHIMERIC ANTIGEN RECEPTOR T 
CELLS FOR HIGH RISK MM  
Xiaolan Shi et al.  

Results: To date, 10 patients have completed the CART cells 
infusion. All patients expressed BCMA >30%, while 3/10 patients 
expressed CD19. CRS occurred in 10 patients (100%) grade 1 or 2 
associated with fever(n=10), fatigue (n=10), elevated IL-6 and CRP 
(n=10), elevated ALT (n=1, grade 1). Two patients needed to use low-
dose vascular active drugs (pts 04 and 07). Other toxicities to date 
included coagulopathy (n=7, grade 1 for 5 pts and grade 2 for 2 pts), 
elevated troponin T (n=4, grade 1), and atrial flutter (n=1). There was 
no serious CRS or neurologic complications or TRM occurred in this 
group of patients. And the chronic toxicities were mild.

The ORR was 100% with all patients [that] were monitored for more 
than 3 months, which may be eventually further improved. There 
were 3 CR, 1 VGPR, 4 PR, 2 SD after induction; 4CR, 2 VGPR, 4 PR 
after ASCT; 4 sCR, 3 CR, 3 VGPR after CART therapy latest. MRD 
negativity in BM increased from 44.4% (4/9, < 10-4) after ASCT to 
60.0% (6/10, < 10-6) after CART therapy latest. Four patients (pts 
02, 03, 06 and 07) obtained partial PR after auto-transplantation, 
and got 3 VGPR and 1 sCR after CART cells infusion. We found the 
peaks of CAR-T cells amplification in HRMM patients achieved later 
but sustained longer compared to those in RRMM patients.

Conclusions: Tandem autologous transplantation and combined 
infusion of CART-19 and CART-BCMA cells could be another choice 
of consolidation treatment for high risk MM patients. Toxicities to 
date including CRS and organ function impairment seemed to be 
mild and reversable. CD19 CAR-T and BCMA CAR-T cells appeared 
simultaneously in patients’ blood after combined infusion even 
in MRD state. Immune environment in high risk patients with 
multiple myeloma remodelled by auto-HSCT may contribute to 
more expansion of CART cells other than tumour burden.

EBMT 2019. OS12-2. IMPACT OF HIGH-RISK 
CYTOGENETICS IN NEWLY DIAGNOSED MULTIPLE 
MYELOMA UNDERGOING UPFRONT STEM CELL 
TRANSPLANTATION: A STUDY FROM THE EBMT CHRONIC 
MALIGNANCIES WORKING PARTY  
Nico Gagelmann et al.  

Results: Within the EBMT registry, 623 high-risk NDMM patients 
according to cytogenetics underwent single autologous (n=446), 
tandem autologous (n=105), autologous-allogeneic (n=72) stem 
cell transplantation between 2000 and 2015. The median follow-
up of all patients was 58 months (95% CI, 52-63 months), the 
median age was 59 years (range, 25-76 years) and the median time 
between diagnosis and transplantation was 5.6 months (range, 2.2-
11.7 months). Frequencies according to cytogenetic were: del(17) 
(n=333, 54%), t(4;14) (n=344, 55%), gain or deletion in chromosome 
1 (n=85, 14%), t(14;16) (n=19, 3%). Two or more cytogenetic 
abnormalities were documented in 143 patients (23%). 56% of 
patients were male and most patients had IgG (53%) or IgA (26%) 
paraproteins. A Karnofsky performance status < 90% had 29% 
of patients while frequencies according to International Staging 
System (ISS) I/II/III were 21%/57%/22%. Complete remission (CR) at 
time of transplantation was achieved by 18%. In univariable analysis, 
presence vs absence of del(17) or t(4;14) did not show different 
5-year OS being 53% vs 44% (p=0.48) and 45% vs 53% (p=0.26). 
Furthermore, no difference in outcome was found with respect to 
5-year PFS (p=0.82 and 0.25), relapse (p=0.54 and 0.22), and NRM 
(p=0.42 and 0.82). Two or more abnormalities showed significantly 
worse 5-year OS and PFS of 44% and 17% vs one abnormality 
showing 51% and 21% (p=0.04 and 0.02). Relapse incidence was 
significantly higher in patients with two or more abnormalities 
resulting in 80% vs 76% (p=0.02) while NRM showed no difference 
(4% vs 3%, p=0.78). In multivariable analysis including cytogenetics 
and clinical variables, two or more high-risk abnormalities (HR, 
1.49, 1.04-2.14; p=0.03), older age (HR, 1.03, 1.01-1.04; p=0.004) 
and stage III vs I (HR, 1.72, 1.13-2.61; p=0.01) were independent 
predictors of worse OS while Karnofsky performance status 90-
100% showed improved OS (HR, 0.72, 0.53-0.97; p=0.03). Presence 
of either del(17) or t(4;14) showed no difference in OS (HRs, 0.98 
and 1.12; p=0.93 and 0.65). Regarding PFS, only < CR at time of 
transplantation (HR, 1.64, 1.20-2.23; p=0.002) and stage III (HR, 
1.59, 1.16-2.18; p=0.004) were associated with worse outcome.

CARETM FACULTY PERSPECTIVES: 

The work presented in EBMT abstract OS12-1 is an 
interesting pilot study on combined infusion of two kinds of  
CAR-T-cells (one targeting CD19 and one targeting BCMA) 
following tandem autologous stem cell transplantation in multiple 
myeloma patients. This study is designed to infuse CAR T-19 in one 
day and CAR T-BCMA in two days as a split dose in combination 
on day 14 to 20 after tandem autologous transplantation in high-
risk myeloma patients.  Results showed very promising efficacy 
with a 100% overall response rate. 70% of responders experienced 
sCR+CR with the additional 30% experiencing very good PR after 
CAR T therapy. Thus, it can be another choice of consolidation 
therapy for high-risk MM patients. 

Conclusions: In NDMM patients with at least one high-risk 
cytogenetic abnormality undergoing upfront transplantation, 
outcome was similar between del(17) and t(4;14) while the 
presence of two or more high-risk cytogenetic abnormalities 
showed significantly worse OS compared with only one high-risk 
abnormality.
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EBMT 2019. OS12-6. MINIMAL RESIDUAL DISEASE 
(MRD) RATIO BEFORE AND AFTER AUTOLOGOUS 
STEM CELLS TRANSPLANTATION (ASCT) IN MULTIPLE 
MYELOMA (MM) 

Riccardo Boncompagni et al.    

Results: Post-induction therapy MRD was found predictive of 
post-ASCT MRD status. Indeed, patients transplanted in a MRD 
positive status had a significantly increased risk to maintain a 
MRD positivity status after transplantation (Odds Ratio - OR - 
15,053, p = 0,002). Detection of post-ASCT MRD had a negative 
impact on median PFS (28 months vs not reached respectively, p 
= 0,001). In Cox-Regression analysis, a complete remission status 
(CR) with an undetectable MRD after the ASCT resulted to be the 
major protective factor from relapse (Hazard Ratio - HR - 0,012, 
p = 0,005), while patients with a detectable MRD before and 
after the ASCT had the worse PFS (22 months, HR 2,958; p = 
0,029). Risk analysis showed 3 different PFS risk groups: “high” 
for the patients with MRD detectable before and after the ASCT, 
“intermediate” for patients with MRD positivity before the ASCT 
who achieve a negativity after, and “low” in the case of MRD 
undetectable before and after. In our study, response evaluated 
by FDG-PET/CT showed no correlation with PFS.

CARETM FACULTY PERSPECTIVES: 

The result of this study strongly suggests upfront autologous 
stem cell transplantation in newly diagnosed high risk multiple 
myeloma with at least one high risk cytogenetic abnormality 
defined as t(4;14), t(14;16), t(14;20), gain and/or deletion in 
chromosome 1, and del(17/17p). It is very relevant clinically 
with respect to Canadian practice in the management of newly 
diagnosed high-risk multiple myeloma patients.

Conclusions: Multiparametric flow cytometry is a relatively recent 
method to assay MM MRD, and its role in MM therapeutic path 
is still under investigation. According to our data, a detectable 
MRD after the ASCT is a major relapse risk. Interestingly we found 
that it can be early predicted by the post-induction MRD status 
and its negativization after ASCT has a modest impact on this. 
Therefore, we support the concept of treatment escalation when 
a CR is not reached after the induction treatment, in order to 
undergo to the ASCT in the best possible response. However, 
double MRD determination before and after ASCT may increase 
the prediction potency of currently validated.

CARETM FACULTY PERSPECTIVES: 

MRD detection before or after ASCT is correlated with worse 
progression-free survival and major relapse risk. Accordingly, 
early detection of MRD and prediction of relapse by the MRD 
can help in the application of a preemptive treatment strategy 
(of treatment escalation after induction failure) to achieve MRD.

THE RESULT OF THIS 
STUDY STRONGLY 

SUGGESTS UPFRONT 
AUTOLOGOUS STEM CELL 

TR ANSPL ANTATION IN 
NEWLY DIAGNOSED HIGH 
RISK MULTIPLE MYELOMA 

WITH AT LE AST ONE 
HIGH RISK CY TOGENETIC 

ABNORMALIT Y
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EBMT 2019. OS4-1. TANDEM AUTOLOGOUS-REDUCED 
INTENSITY ALLOGENEIC STEM CELL TRANSPLANTATION 
IN RELAPSED HODGKIN LYMPHOMA: A RETROSPECTIVE 
STUDY OF THE LWP-EBMT  
Leyre Bento et al.  

Results: One-hundred and thirty patients [58% male, median age 
at auto-SCT, 30 years (range: 18-65)] fulfilled the inclusion criteria. 
The median time between diagnosis and auto-SCT was 16 months 
(range: 2-174) and the median number of lines prior to auto-SCT 2 
(2-4). Disease status at auto-SCT was complete response in 32%, 
partial response in 27% and the remaining 41% were transplanted 
with active disease. The median time from auto to allo-SCT was 3 
months (1-6). Forty percent underwent an identical sibling allo-SCT, 
39% unrelated and 21% haplo. TBI was used in 35% of the patients 
as a part of RIC. GVHD prophylaxis was cyclosporine-methotrexate 
in 36% of the patients, cyclosporine-micofenolate mofetil in 16% 
and post-transplant cyclophosphamide in the remaining 17%. 91% 
of the patients engrafted after RIC-SCT. After a median follow-up 
of 44 months (6-130), 33% of the patients have relapsed and 34% 
died. The main causes of death were SCT-related in 53% and disease 
in 35%. 36-months PFS, OS, IR and NRM were 53% (44-63), 72% 
(64-80), 34% (25-43) and 13% (8-20), respectively. Cumulative 
incidence of grade 3-4 acute GVHD at 100 days after RIC-SCT was 
10% (5-16) and chronic GVHD at 36 months 48% (38-58). PFS and 
IR were influenced by patient sex (p=0.025 and 0.04) and disease 
status at allo-SCT (p=0.024 and 0.001); engraftment by TBI before 
allo-SCT (p=0.039) and stem cell source (p=0.04); acute grade 3-4 
GVHD by donor type (p=0.037) and chronic GVHD by allo-SCT 
conditioning (p=0.016) and donor sex (p=0.01).

Conclusions: This is the largest series analysing the efficacy and 
safety of a tandem auto-RIC-SCT approach in R/R HL. The low NRM 
and IR with promising PFS and OS suggest that this might be an 
effective approach in this high-risk population.

EBMT 2019. OS4-4. ALLOGENEIC HEMATOPOIETIC 
CELL TRANSPLANTATION IN ELDERLY NON-HODGKIN 
LYMPHOMA PATIENTS: A TIME TRENDS ANALYSIS 
FROM THE CENTER FOR INTERNATIONAL BLOOD AND 
MARROW TRANSPLANT RESEARCH (CIBMTR)  
Mehdi Hamadani et al.  

Results: 

HEMATOPOIETIC TRANSPLANT FOR LYMPHOMA 

The increasing use of hematopoietic stem cell transplant in lymphoma is summarized in the following section. This section features content 
on: sequential use of tandem autologous followed by reduced-intensity allogeneic transplant in relapsed Hodgkin lymphoma, trend of 
increasing use of allogeneic transplant in elderly lymphoma patients and prognostic factor analysis for autologous transplant in mantle 
cell lymphoma patients.

CARETM FACULTY PERSPECTIVES: 

The use of allogeneic stem cell transplantation in patients with 
relapsed/refractory Hodgkin lymphoma has been investigated 
over the last two decades. This study evaluated a large number 
of patients (n=130) who received tandem autologous-reduced 
intensity allogeneic HCT.  Results indicate lower NRM (13%) and 
relapse (34%) with promising PFS of 53% and OS rate of 72% at 
3 years. It can be considered as a potential therapeutic option in 
the high-risk patient. 

Figure. 4 -year probabilities of NRM, Prog/Rel, PFS and OS (2000-
2005 vs. 2006-2010 vs. 2011-2015).

Conclusions: Utilization of allo-HCT has steadily increased in elderly 
NHL patients in the U.S. since 2000. In the recent years despite 
decline in the use of HLA-matched sibling donors and transplanting 
elderly patients with higher HCT-CI and more heavily pretreated 
disease, survival outcomes have improved. Age alone should not 
be a determinant for allo-HCT eligibility in NHL.

CARETM FACULTY PERSPECTIVES: 

This study shows us a trend of increasing use of allogeneic stem 
cell transplantation in elderly (≥65 years) non-Hodgkin’s lymphoma 
(NHL) patients over the last 15 years from 2000 to 2015. One of 
the reasons for increased use of allogeneic transplant in elderly 
lymphoma patients can be improved treatment outcomes over 
time: for progression-free survival, it was 17% vs. 31% vs. 30% in 
elderly NHL patients receiving an allogeneic transplant in 2000-
2005 vs. 2006-2010 vs. 2011-2015. Also, for overall survival, it 
was 21% vs. 42% vs. 44% in elderly NHL patients receiving an 
allogeneic transplant in 2000-2005 vs. 2006-2010 vs. 2011-2015. 
An allogeneic transplant is a viable option for the treatment of 
elderly NHL patients.
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TCT 2019. 29. PROGNOSTIC VARIABLES OF 
PROGRESSION FREE SURVIVAL IN MANTLE CELL 
LYMPHOMA AFTER AUTOLOGOUS STEM CELL 
TRANSPLANTATION 

Michael C. Churnetski et al.   

Results: Of 968 total MCL patients, 242 patients completed 
ASCT in first remission and either had a PFS event or were 
relapse-free for at least 5 years post-ASCT. Patients were 80% 
male, and the median age was 59 (Range: 29-83). The patients 
were divided into groups of post-ASCT PFS 0-2 years (n=74), 
2-5 years (n=75), and more than 5 years (n=93).  Post-ASCT 
PFS was shorter in patients with stage 4 disease (p=0.022), 
splenomegaly at baseline (p=0.005), and a lymph node size > 
5 centimeters at baseline (p=0.043). Other variables were not 
significantly associated with PFS, including time to transplant and 
use of intensive therapy. Patients with 0-2 year PFS had a shorter 
median OS (22.1 months, 95% CI: 13.1- 38.1 months) in comparison 
to 2-5 year PFS (132 months, 95% CI: 36-132 months) and 5+ year 
PFS not reached (95% CI: 41.2 – N.A).

Conclusions: Patients with higher tumour burden at baseline 
have a shorter post-ASCT PFS and are more likely to relapse 
within 2 years.  As has been seen in other lymphoma subtypes, 
early relapse is associated with shorter OS. This represents a 
patient group requiring improved therapies and perhaps are the 
best candidates for post-ASCT maintenance or consolidation 
approaches.  Further studies integrating minimal residual disease 
and molecular risk-stratification may better identify patients at 
high risk for early progression.

CARETM FACULTY PERSPECTIVES: 

Prognostic factor analysis for mantle cell lymphoma after 
the autologous transplant is the goal of this study. It includes 
a large set of 242 patients who received an autologous 
transplant for mantle cell lymphoma treated at 10 US centers. 
Significant prognostic factors identified were: stage 4 disease, 
splenomegaly at baseline and large lymph node sized above 
5 cm at baseline. These factors reflect high tumour burden 
with a strong association with progression-free survival, and 
are patients who are more likely to relapse within 2 years. This 
will help Canadians to identify a group of high-risk patients 
requiring post-ASCT maintenance or consolidation treatment.

THIS WILL HELP  
CANADIANS TO IDENTIF Y 
A GROUP OF HIGH - RISK 

PATIENTS REQUIRING 
POST-ASC T MAINTENANCE 

OR CONSOLIDATION 
TRE ATMENT.
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TCT 2019. 66. RUXOLITINIB IN COMBINATION WITH CORTICOSTEROIDS FOR THE TREATMENT OF STEROID-
REFRACTORY ACUTE GRAFT-VS-HOST DISEASE: RESULTS FROM THE PHASE 2 REACH1 TRIAL 

Madan Jagasia et al.  

Results: 

GRAFT VERSUS HOST DISEASE (GVHD) 

GVHD is an inevitable consequence and complication occurring unpredictably in patients receiving allogeneic transplantation. No drug 
has been approved for the indication of steroid-refractory acute GVHD yet which suggests that there is a critical, urgent need for drug 
development in this indication of GVHD. There are several trials which have presented promising efficacy and there are new drugs in 
development for GVHD, including Ruxolitinib for steroid-refractory acute GVHD and Ixazomib for chronic GVHD.

Figure. Duration of response (Efficacy-Evaluable Patients).
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Figure. Overall survival by response status (Efficacy-Evaluable Patients).

Conclusion: In this first prospective trial of RUX in SR aGVHD, ORR 
was 54.9% by Day 28 and 73.2% at any time during treatment. 
Responses were rapid and durable. The AE profile was consistent 
with expectations for RUX and pts with SR aGVHD. RUX represents 
a promising therapeutic strategy.

CARETM FACULTY PERSPECTIVES: 

This is the preliminary result from a pivotal clinical trial (REACH1) 
evaluating the therapeutic efficacy of ruxolitinib in the patients who 
have developed acute GVHD refractory to front line corticosteroid 
therapy.  This is a particularly interesting trial as there is no drug 
approved for steroid refractory GVHD in Canada yet.  Overall 
response rate (ORR) at day 28, which is a primary endpoint of 
the study, was 54.9% irrespective of acute GVHD grade or steroid 
refractoriness criteria. Best ORR during treatment was 73.2%. 
The response was rapid and durable with 345 days of median 
duration of response. Thus, this drug seems very promising option 
of treatment for the patient refractory to frontline steroid therapy 
for acute GVHD treatment. As of now, this drug is under review 
by the US FDA for approval.  At the time of publication (Q2 2019) 
ruxolitinib is not approved for the treatment of steroid refractory 
GVHD in Canada.

CARETM FACULTY PERSPECTIVES: 

Ruxolitinib is a very promising drug for the treatment of steroid-
refractory acute and steroid-resistant chronic GVHD. While it is 
currently being tested for its efficacy in the clinical trials, expanded 
access programs are available for the use of ruxolitinib in these 
indications. This study has evaluated the safety of ruxolitinib in a 
subset of patients with steroid-refractory acute GVHD enrolled in 
these programs. 

TCT 2019. 366. SAFETY ANALYSIS OF PATIENTS WHO 
RECEIVED RUXOLITINIB FOR THE TREATMENT OF 
STEROID-REFRACTORY ACUTE GRAFT-VS-HOST DISEASE 
IN EXPANDED ACCESS PROGRAMS 

Mark A. Schroeder et al.  

Results: At data cutoff (02 Apr 2018), 28 patients with SR aGVHD 
(Incyte EAP, n=13; WU EAP, n=9; single-patient IND, n=6) and 
104 patients with SR chronic GVHD (Incyte EAP, n=33; WU EAP, 
n=31; single-patient IND, n=40) had enrolled in the programs. 
Mean (range) age of patients with SR aGVHD was 48 (13–73) 
years; 71.4% of patients were male. aGVHD was reported in the 
gastrointestinal (GI) tract (57.1%), skin (53.6%), liver (17.9%), lungs 
(7.1%), and eyes (3.6%). Most patients (75.0%) received ≥3 prior 
treatments for GVHD, including corticosteroids; 71.4% of patients 
received calcineurin inhibitors, and 28.6% of patients received prior 
RUX. Most patients (n=25) initially received 5 mg RUX BID; 1 patient 
received 10 mg RUX BID, and 2 patients received RUX 5 mg once 
daily. Five patients (17.9%) received 10 mg RUX BID as their last 
dose. Treatment was ongoing in 13 patients (46.4%) at data cutoff; 
discontinuations were due to death (n=7), withdrawn consent (n=3), 
disease progression (n=2), primary disease relapse (n=2), or drug 
refusal (n=1). The mean (range) duration of treatment was 79.6 (1–
326) days. SAEs were reported in 13 patients (46.4%). There were no 
cytopenia, fungal infection, or cytomegalovirus SAEs. Respiratory 
failure (n=3) and GVHD (n=2) were the only SAEs reported in >1 
patient. Ten patients had fatal outcomes following an SAE. Sepsis 
(n=1) was the only fatal SAE suspected to be related to RUX; no 
others SAEs were considered related to RUX.

Conclusion: Patients in the RUX EAPs were heavily pretreated, 
and more than half of the patients reported GI GVHD. SAEs were 
reported in almost half of the patients (46.4%), but no new or 
unexpected SAEs have been reported.
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CARETM FACULTY PERSPECTIVES: 

Ixazomib, an oral proteasome inhibitor, has been tested for its 
efficacy in 50 patients heavily pre-treated for chronic GVHD 
having 3 or more prior lines of systemic therapy as a phase 2 trial. 
The 6 months treatment failure rate, the primary endpoint, was 
significantly improved at 28% compared to historical benchmark 
at 44%. The overall response rate was 34% at 6 months, and 50% 
of patients remained on Ixazomib suggesting the low treatment 
failure rate was in part due to the prevention of progressive 
GVHD. Thus, this promising efficacy of Ixazomib on chronic 
GVHD warrants further exploration of Ixazomib for chronic GVHD 
treatment in future randomized phase 3 trials.

TCT 2019. 35. IXAZOMIB FOR TREATMENT OF 
REFRACTORY CHRONIC GRAFT VS. HOST DISEASE: A 
CHRONIC GVHD CONSORTIUM PHASE II TRIAL 

Joseph A. Pidala et al.  

Results:  
Figure. Cumulative incidence of treatment failure. 

Figure. Treatment response determined by 2014 NIH response 
criteria.  

Conclusion: Ixazomib met the primary endpoint of low treatment 
failure at 6 months in the setting of advanced chronic GVHD. At 
6 months the ORR rate was 34% and 50% remained on ixazomib 
suggesting the low treatment failure rate was in part due to 
prevention of progressive disease that would have required 
additional treatment. Randomized studies are warranted.

TCT 2019. 33.  THE EFFECT OF AZITHROMYCIN ON 
RELAPSE IN PATIENTS WITH MODERATE-SEVERE 
CHRONIC GRAFT VERSUS HOST DISEASE (CGVHD) 

Mark Shamoun et al.  

Results: Decreased rates of relapse and improved survival were 
noted for patients treated with azithromycin for CGVHD. At 2 
years, the cumulative incidence of relapse was 2% (95% CI:1-9%) 
for patients in cohort 1 vs 16% (95% CI: 11-23%) in cohort 2, p=0.001. 
Overall survival (2-year OS) in cohort 1 was 93% (95%CI: 88-99%) vs 
78% (95% CI:72-85%) for cohort 2, p=0.003. Overall, 7 of 86 (8.1%) 
CGVHD patients treated with an extended course of azithromycin 
(cohort 1) have relapsed, the median time to relapse 876 days (range 
379-1303) post-HCT. In comparison, 28 of 153 (18.3%) in cohort 2 
have relapsed, a median 371 days (range 98-1252) post-HCT.

Conclusion: The use of azithromycin for the management of 
moderate to severe CGVHD was not associated with an increased 
risk of relapse in patients undergoing HCT for a hematologic 
malignancy. Azithromycin therapy for patients with CGVHD should 
not be contra-indicated in this patient population.

CARETM FACULTY PERSPECTIVES: 

Recently the US FDA warned (in 2018) that the preventive use 
of azithromycin for preventing bronchiolitis obliterans syndrome 
could increase the risk of relapse in patients with hematologic 
malignancies. It triggered this retrospective study in 239 patients 
with moderate-severe chronic GVHD, receiving azithromycin for 
cGVHD management vs. not. Decreased relapse rate and improved 
survival was noted for the patients treated with azithromycin 
compared not (2% vs. 16% of relapse at 2 years; 93% vs. 78% of 
overall survival at 2 years). Azithromycin therapy for patients 
with chronic GVHD should not be contraindicated in this patient 
population.
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TCT 2019. 79. CD30-CHIMERIC ANTIGEN RECEPTOR 
(CAR) T CELLS FOR THERAPY OF HODGKIN LYMPHOMA 
(HL)  
Carlos A. Ramos et al.  

We have manufactured CD30.CARTs for 18 patients using retroviral 
transduction. Cell products comprise >98% T cells with a final 
transduction efficiency of 97.6%±1.8%. Ten relapsed/refractory 
HL patients have received these CD30.CARTs under the RELY-
30 trial, 7 of whom had relapsed or progressed after treatment 
with brentuximab. Three patients have been treated on dose level 
(DL) 1 (2×107 CD30.CAR+ T cells/m2), 6 on DL2 (1×108) and 1 on 
DL3 (2×108). All patients received preceding lymphodepleting 
chemotherapy (cyclophosphamide 500 mg/m2 and fludarabine 30 
mg/m2 daily for 3 days). CART infusions were associated with grade 
1 cytokine release syndrome in 4 of the patients, and a transient 
maculopapular rash in 6 of the patients, starting approximately 
one week after administration. The molecular signal from CARTs, 
assessed by Q-PCR in peripheral blood, peaked at 1-2 weeks 
following infusion, but dropped progressively after 4 weeks and 
decreased to the limit of detection by 6 months. The signal level 
was dose dependent, with a peak average of 19,371 copies/mg 
DNA in patients treated on DL2 versus 7,132 copies/mg for DL1; this 
expansion was 45 and 119-fold higher, respectively, than patients 
receiving the same CART dose without prior cytoreduction in our 
previous trial.

Nine patients have been evaluated at 6 weeks after infusion. Six 
have had a CR lasting up to >9 months, while 3 patients had disease 
progression. Hence, infusion of CD30.CARTs after cytoreductive 
chemotherapy is well tolerated at the doses used. Inclusion of 
cytoreduction pre-infusion substantially improves CD30.CART 
expansion and appears associated with superior anti-tumour 
activity in relapsed patients (6/9 CR versus 1/6 CR, P = 0.04).

TCT 2019. 82. 2-YEAR FOLLOW-UP AND HIGH-RISK 
SUBSET ANALYSIS OF ZUMA-1, THE PIVOTAL STUDY OF 
AXICABTAGENE CILOLEUCEL (AXI-CEL) IN PATIENTS 
WITH REFRACTORY LARGE B CELL LYMPHOMA  
Sattva S. Neelapu et al.  

Results: As of August 11, 2017, all 108 patients had at least 1 year of 
follow-up, with a median follow-up of 15.4 months. The objective 
response rate (ORR) was 82% with a complete response (CR) rate 
or 58%. Grade ≥ 3 cytokine release syndrome (CRS) and neurologic 
events (NE) were generally reversible and reported for 12% and 31% 
of patients, respectively. High-risk genetics were assessed in the 47 
evaluable pre-treatment tumour samples: 37 patients (79%) had 
HGBCL or double-expressor B cell lymphoma and had an ORR of 
89% (33/37) including a CR rate of 68% (25/37). Forty-two percent 
of patients overall had ongoing responses with a median follow-
up of 15.4 months including 49% (18/37) of patients with high-risk 
genetics.

Overall, of the 87 evaluable patients, 47% had no detectable B 
cells at baseline, and the remainder had levels close to or below 
the lower level of quantification of the assay. In patients with 
ongoing responses at 12 months post axi-cel infusion, 19 of the 
35 (54%) patients with evaluable samples had detectable B cells 
at 12 months. This suggests B cell recovery in some patients with 
ongoing response as only 6 of 40 (15%) patients with evaluable 
samples had detectable B cells at 3 months after axi-cel infusion.

Conclusion: Patients with high-risk genetics had similar favorable 
outcomes as observed for the overall study population, with 
approximately half of these patients (18/37) maintaining CR at 
≥ 1 year. At 12 months, B-cell recovery was observed in over half 
the patients with ongoing remission. Updated safety and efficacy 
results will be presented with a minimum follow-up of 2 years and 
a median follow-up of 27.1 months. 

CELL THERAPY

CAR T-cell therapy is in a renaissance for its development. US-FDA has approved CD19 CAR T-cell therapy in acute lymphoblastic leukemia 
or relapsed/refractory B-cell lymphoma. Its development is expanding not only in other types of hematologic malignancies such as 
Hodgkin lymphoma but also applying it for other targets such as CD30, BCMA, or CD20. Also, adoptive T-cell therapy is in development. 
In the near future, these cell products will be available in our clinical practice (in Canada) and will be incorporated into the patient’s care 
and management.

CARETM FACULTY PERSPECTIVES: 

Autologous CAR T-cell products targeting CD30 has been 
manufactured in 18 patients with relapsed/refractory CD30+ 
Hodgkin lymphoma, of whom the product was infused in 10 
patients. Out of 9 patients evaluated, 6 had a CR, while 3 progressed. 
Cytoreductive chemotherapy (fludarabine/cyclophosphamide) 
improved CD30 CAR T-cell expansion and associated with the 
superior anti-tumour activity. CD30 CAR T-cells seem safe and 
effective in relapsed/refractory CD30+ Hodgkin lymphoma 
patients.

CARETM FACULTY PERSPECTIVES: 

Axi-cel is a US-FDA approved, anti-CD19 CAR T-cell therapy for 
relapsed/refractory large B-cell lymphoma. It has been evaluated 
specifically in high-risk patients defined as: (1) double expression 
of C-MYC/BCL-2 B-cell lymphoma or (2) high-grade B-cell 
lymphoma. The overall response rate was 89% with a 68% CR 
rate in 37 patients meeting the criteria for high-risk disease out 
of 108 patients enrolled through ZUMA-1 trial. Half of the patients 
(49%) maintained CR at over 1 year. Accordingly, the patients with 
high-risk genetics had similar favorable outcomes as observed for 
the overall study population.
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TCT 2019. 77. AUTOMATED MANUFACTURING OF CD20.19 
BI-SPECIFIC CHIMERIC ANTIGEN RECEPTOR T (CAR-T) 
CELLS AT AN ACADEMIC CENTER FOR A PHASE I 
CLINICAL TRIAL IN RELAPSED, REFRACTORY NHL  
Fenlu Zhu et al.  

CAR-T cell products have been successfully generated for all 
8 patients enrolled thus far on the Phase 1 clinical trial with no 
production failures, and all products passed release criteria for 
infusion. Three patients received cryopreserved product and 5 
patients received fresh product. Average T cell recovery from the 
apheresis cell products was 66.0% (56.0-76.0%), and the enriched 
T cells were 94.3% CD3+ (87.8-97.4%). Protein L staining of the final 
cell products indicated 19.6% average CD20.19 CAR expression. 
Patient CAR-T cells were able to kill CD19+ and CD20+ target cells 
in vitro and produce IFNg upon antigen stimulation. An average 
yield of 5.27e+8 CAR T cells was obtained at harvest, exceeding the 
required cell dose for all patients. The CAR-T cells were comprised 
of both CD4 and CD8 T cells, with greater percentages of CD4 T 
cells. The majority of T cells (avg. 83.2%) had an effector-memory 
phenotype.

In summary, we have successfully demonstrated feasibility for 
point-of-care CAR-T cell production for clinical use from patient 
apheresis products utilizing the CliniMACS Prodigy device. A 
major clinical advantage of CAR-T cells generated on-site is 
flexibility in treatment, with either immediate (i.e., fresh) or later 
(cryopreserved/thaw) infusion, dependent on patient need.

TCT 2019. 78. ADOPTIVE T-CELL THERAPY FOR ACUTE 
LYMPHOBLASTIC LEUKEMIA TARGETING MULTIPLE 
TUMOUR-ASSOCIATED ANTIGENS  
Swati Naik et al.  

CARETM FACULTY PERSPECTIVES: 

A phase 1 trial of in-house manufacturing of CAR T-cells using 
CliniMACS Prodigy GMP compliant device is being tested for bi-
specific CAR targeting CD19 and CD20 in relapsed/refractory NHL 
patients. Manufacturing time was 14 days without any production 
failure in 8 patients. The CAR T-cells have shown a good T-cell 
recovery in number as well as in function to kill CD19+ and CD20+ 
target cells in vitro and to produce interferon gamma upon antigen 
stimulation. Three received the cryopreserved product, and 5 
patients received fresh products. This in-house manufacturing of 
CAR T-cell products seems very feasible and effective strategy. CARETM FACULTY PERSPECTIVES: 

Both CAR T-cell therapy and adoptive T-cell therapy are in 
development for acute lymphoblastic leukemia. CD19 CAR T-cell 
therapy showed a remarkable efficacy but is limited to CD19+ 
malignancies. Donor-derived T-cell lines comprising CD3+, CD4+, 
and CD8+ cells were generated targeting PRAME, WT1 and survivin 
simultaneously (multiple tumour-associated antigens, TAAs). In 
10 high-risk post-transplant ALL patients tested, no dose-limiting 
toxicity, GHD or CRS was noted. Expansion of tumour-reactive 
T-cells is documented. This strategy is a feasible and very promising 
strategy to prevent relapse of high risk ALL after transplantation, 
but needs further investigation.

Results:  
Table. 10 high-risk ALL patients treated to prevent disease 
relapse post-transplant.

Conclusion: Infusion of donor-derived multiTAA-T cells to patients 
with ALL post-HSCT is feasible, safe and as evidenced by expansion 
and antigen spreading in patients, may contribute to disease control. 
This strategy maybe a promising approach to prevent leukemic 
relapse after HSCT.

14

ID Age 
(yr) Indication of HSCT Dose 

level Disease response

after infusion

1 5
Ph+ ALL with  

primary induction 
failure, CR1

1 Off Rx

2 18 Relapsed ALL, CR2 1
CCR with mixed 

chimerism for 6 mths 
a Relapse

3 18
Ph+ ALL relapsed s/p 
alloganeic HSCT, CR3

1 CCR (16 months)

4 41
VHR ALL with adverse 

cytogenetics, CR1
1 CCR (23 months)

5 13 Relapsed Ph+ ALL, CR2 1 CCR (9 months)

6 48
Primary Induction 

Failure, CR1
2 Off Rx

7 12
Relapsed T-cell ALL. 

CR2
2 CCR (11 months)

8 18
Primary Induction 

Failure, CR1
2 CCR (9 months)

9 12
VHR Mixed Phenotype 

ALL, CR1
3 CCR (1.5 months)

10 16 Relapsed Ph+ ALL, CR2 3 CCR (1 month)



TCT 2019. 84.LENTIGLOBIN GENE THERAPY FOR TRANSFUSION-DEPENDENT ß-THALASSEMIA: OUTCOMES FROM THE 
PHASE 1/2 NORTHSTAR AND PHASE 3 NORTHSTAR-2 STUDIES  
Usanarat Anurathapan et al.  

Results:  
Table. Veno-occlusive liver disease following treatment with LentiGlobin gene therapy.

GENE THERAPY

Early results of genetically targeted gene therapy focusing on globin switch approach were groundbreaking news according to the data 
presented at the ASH meeting 2018. It was very encouraging not only for its efficacy to reverse sickle cell disease but also for its novel 
engineering strategy. It will open a renaissance for gene therapy in the treatment of hemoglobinopathy or other genetically inherited 
immune disorders.

CARETM FACULTY PERSPECTIVES: 

LentiGlobin gene therapy is a first-in-human trial for a groundbreaking approach to gene therapy for sickle cell anemia, according to 
the data presented at the 2018 ASH meeting. This approach has also been investigated in transfusion dependent beta thalassemia.  
A total of 29 patients were treated with LentiGlobin gene therapy including 18 treated under the phase 1/2 Northstar and 11 under phase 
3 Northstar-2 studies. 80% of patients achieved transfusion independence with near-normal Hb achievement without transfusions. 
The safety profile of LentiGlobin is consistent with myeloablative busulfan conditioning without any graft failure or deaths reported.

Conclusion: In Northstar, 80% of patients with non-ß0/ß0 genotypes achieved TI and early Northstar-2 data suggest that patients can 
achieve near-normal Hb without transfusions. The safety profile of LentiGlobin is consistent with myeloablative busulfan conditioning.  
Longer time to platelet engraftment was observed in few patients, but no graft failure or deaths were reported.
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