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Abstract 2325

Carfilzomib, Dexamethasone, and Daratumumab Versus Carfilzomib and 
Dexamethasone in Relapsed or Refractory Multiple Myeloma: Updated Efficacy 
and Safety Results of the Phase 3 Candor Study 

Meletios A Dimopoulos1, Hang Quach, MD, FRACP, FRCPA, MBBS2, María-Victoria Mateos3, Ola Landgren, MD, 
PhD4, Xavier Leleu, MD5, David S. Siegel, MD6, Katja Weisel, MD7*, Maria Gavriatopoulou8*, Albert Oriol, MD9*,  
Neil K Rabin10*, Ajay Nooka, MD, MPH11, Ming Qi, MD, PhD12*, Bifeng Ding13*, Anita Zahlten-Kumeli14  
and Saad Z. Usmani, MD, MBBS, MBA15,16

1University of Athens School of Medicine, Athens, Greece
2Melbourne Blood Specialist, East Melbourne, VIC, Australia
3Institute of Cancer Molecular and Cellular Biology, University Hospital of Salamanca, Salamanca, Spain
4Myeloma Service, Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, NY
5CHU de Poitiers – Hôpital La Milétrie, Service d’Hématologie et Thérapie Cellulaire, Pôle Régional de Cancérologie, POITIERS, France
6Hackensack Univ. Med. Ctr., Hackensack, NJ
7Department of Oncology and Hematology, University Medical Center Hamburg-Eppendorf, Hamburg, Germany
8Department of Clinical Therapeutics, National and Kapodistrian University of Athens, School of Medicine, Athens, Greece
9Institut Català d’Oncologia and Institut Josep Carreras, Hospital Germans Trias i Pujol, Barcelona, Spain
10University College London Hospitals NHS Foundation Trust, London, United Kingdom
11Winship Cancer Institute, Emory University, Atlanta, GA
12Janssen Research & Development, Spring House, PA
13Amgen Inc., 1 Amgen Center Drive, CA
14Amgen Inc., Thousand Oaks, CA
15Levine Cancer Institute, Charlotte, NC
16Atrium Health, Charlotte, NC

Introduction: The randomized, open-label, multicenter, phase 3 CANDOR study compared carfilzomib, 
dexamethasone, and daratumumab (KdD) to carfilzomib and dexamethasone (Kd) in patients with multiple myeloma 
who have relapsed after 1–3 prior lines of therapy (ClinicalTrials.gov, NCT03158688). In the previously reported 
primary analysis (Dimopoulos et al, Lancet 2020), a significant progression-free survival (PFS) benefit was demonstrated 
in patients treated with KdD vs patients treated with Kd (hazard ratio [HR], 0.63 [95% CI, 0.46–0.85]; two-sided 
P=0.0027). However, after a median follow-up of 16.9 months, median PFS was not reached in the KdD arm. Here,  
we report updated efficacy and safety outcomes from the CANDOR study.

Methods: Adult patients with relapsed or refractory multiple myeloma (RRMM) received 28-day cycles of KdD or Kd 
(randomized 2:1). In the primary analysis, PFS was the primary endpoint and overall survival (OS) a key secondary 
endpoint. In this prespecified interim OS analysis, statistical testing was based on the actual number of OS events 
observed by the data cutoff (approximately 36 months after enrollment of the first patient); PFS was summarized 
descriptively. Disease progression was determined locally by investigators in an unblinded manner and centrally by the 
sponsor using a validated computer algorithm (Onyx Response Computer Algorithm [ORCA]) in a blinded manner. 
PFS and OS were compared between the KdD and Kd arms using a stratified log-rank test, and HRs were estimated by  
a stratified Cox proportional-hazards model.

Results: Patients were randomized to KdD (n=312) and Kd (n=154). Of all randomized patients, median age was 
approximately 64 years; 42% received previous lenalidomide, and 33% were lenalidomide refractory; 90% received 
previous bortezomib, and 29% were bortezomib refractory. At the data cutoff date of June 15, 2020, 199 (63.8%) 
patients in the KdD arm and 88 (57.1%) in the Kd arm remained on study. Among patients treated with KdD and Kd, 
140 (44.9%) and 85 (55.2%) had PFS events, respectively; median follow-up was 27.8 months (KdD) and 27.0 months 
(Kd). Median PFS by ORCA was 28.6 months for the KdD arm versus 15.2 months for the Kd arm (HR, 0.59 [95% CI, 
0.45–0.78]; Figure). OS data were not mature and will be updated at a future prespecified analysis. Median treatment 
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duration was 79.3 weeks with KdD versus 40.3 weeks with Kd. Grade ≥3 adverse events (AEs) occurred in 87.0% and 
75.8% of patients in the KdD and Kd arms, respectively, and fatal AEs occurred in 8.8% and 4.6%; one fatal AE in the 
KdD arm (due to arrhythmia) and one fatal AE in the Kd arm (due to COVID-19 pneumonia) had occurred since the 
primary analysis. Carfilzomib treatment discontinuation rates due to AEs were 26.0% with KdD and 22.2% with Kd. 
Exposure-adjusted AE rates per 100 patient years were: 171.2 and 151.9 for grade ≥3 AEs and 6.9 and 5.6 for fatal AEs 
in the KdD and Kd arms, respectively. Updated data by key subgroups will be presented.

Conclusion: With approximately 11 months of additional follow-up, a 13.4-month improvement in median PFS was 
observed in patients treated with KdD (28.6 months) versus patients treated with Kd (15.2 months; HR, 0.59 [95% CI, 
0.45–0.78]). Safety was consistent with previously reported results. KdD continues to show a favorable benefit-risk 
profile and represents an efficacious treatment option for patients with RRMM.
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Abstract 2287

Carfilzomib, Dexamethasone, and Daratumumab Versus Carfilzomib and 
Dexamethasone in Relapsed or Refractory Multiple Myeloma: Subgroup Analysis 
of the Phase 3 Candor Study in Patients with Early or Late Relapse 

Katja Weisel, MD1*, George F. Geils, MD2, Lionel Karlin, MD3*, Peter Mollee, FRACP, MBBS, MSc, FRCPA4, Tae-Hoon 
Chung5*, Chang-Ki Min, MD, PhD6*, Kazutaka Sunami, MD, PhD7, Amanda Goldrick, MD8*, Belle Fang8*, Jessica 
Fowler, PhD8* and Maria-Victoria Mateos, MD, PhD9

1Department of Oncology, Hematology and Bone Marrow Transplantation with Section of Pneumology, University Medical Center Hamburg-Eppendorf, 
Hamburg, Germany
2Charleston Oncology, Charleston, SC
3Centre Hospitalier Lyon Sud, Lyon, France
4Department of Haematology, Princess Alexandra Hospital, Brisbane, QLD, Australia
5National University of Singapore, Singapore, SGP
6Seoul St. Mary’s Hospital, Seoul, Korea, Republic of (South)
7National Hospital Organization Okayama Medical Center, Okayama, Japan
8Amgen Inc., Thousand Oaks, CA
9Institute of Cancer Molecular and Cellular Biology, University Hospital of Salamanca, Salamanca, Spain

Introduction: Although outcomes for patients with multiple myeloma (MM) have improved with recent advances 
in treatment, relapse is still frequent. Early relapse is associated with poorer outcomes (Majithia et al., Leukemia 
2016;30:2208–13) and is thought to reflect more aggressive disease, particularly within 12 months of autologous 
stem cell transplantation (ASCT). In the randomized phase 3 CANDOR study, progression-free survival (PFS) was 
significantly improved in patients with relapsed or refractory MM (RRMM) receiving carfilzomib, dexamethasone, and 
daratumumab (KdD) compared with carfilzomib and dexamethasone (Kd) (ClinicalTrials.gov, NCT03158688; Usmani 
et al., Blood 2019;134:LBA-6). In this post hoc analysis of the CANDOR study, we studied the safety and efficacy of KdD 
vs Kd in patients with early or late relapse following the most recent therapy.

Methods: In the CANDOR study, patients with RRMM who received 1–3 prior lines of therapy were randomized 2:1 
to receive KdD or Kd. The primary endpoint was PFS; secondary endpoints included overall response rate (ORR), rate 
of complete response or better (≥CR), and safety. In this analysis, subgroups were defined by relapse timing following 
the most recent therapy. Relapse <12 months from initiation of the most recent line of therapy was defined as early, 
and relapse ≥12 months from initiation of the most recent line of therapy was defined as late (except for the subgroup 
of patients who received only one prior line of therapy, where a cutoff of 18 months was used to define early and late 
relapse). For the subgroup of patients with prior ASCT, relapse <12 months following prior transplant was classified 
as early, and relapse ≥12 months following prior transplant was classified as late. Median PFS was estimated using the 
Kaplan-Meier method, while hazard ratios (HRs) and 95% CIs were estimated from a nonstratified Cox regression 
model. Response rates were defined per the International Myeloma Working Group Uniform Response Criteria.

Results: In total, 452 patients (156 of whom received prior ASCT) were included in this post hoc analysis; 210 patients 
received 1 prior line of therapy, and 242 patients received ≥2 prior lines of therapy. PFS HRs (KdD vs Kd) were 
consistent across subgroups regardless of early or late relapse, including in patients with prior ASCT (Figure). In 
patients who received 1 prior line of therapy, the ORR was 86.4% vs 57.6% for early relapsers in the KdD vs Kd arms and 
93.9% vs 88.9% for late relapsers, respectively. The rate of ≥CR was 28.8% vs 3.0% for early relapsers and 39.0% vs 16.7% 
for late relapsers. In patients who received ≥2 prior lines of therapy, the ORR was 75.3% vs 65.1% for early relapsers in 
the KdD vs Kd arms and 82.9% vs 86.1% for late relapsers. The rate of ≥CR was 19.8% vs 4.7% for early relapsers and 
28.0% vs 16.7% for late relapsers. The rates of grade ≥3 treatment-emergent adverse events (TEAEs) observed in the 
early and late relapse subgroups were similar to that in the overall CANDOR population.
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Conclusion: In this post hoc analysis from the phase 3 CANDOR study, efficacy results were generally consistent across 
early and late relapse subgroups. In particular, rates of ≥CR were higher with KdD vs Kd among patients with early 
relapse. The rates of grade ≥3 TEAEs were consistent with the safety profile of overall KdD and Kd cohorts. These results 
support the use of KdD in patients with RRMM, regardless of early or late relapse, prior ASCT, or whether patients 
relapsed after one prior line of therapy or 2 or more prior lines of therapy.

Figure

KdD (n=304)* KdD (n=148)†

Subgroup
Events/ 
Patients

Median PFS 
(95% CI), 
months

Events/ 
Patients

Median PFS 
(95% CI), 
months

Favors KdD  Favors Kd
Hazard ratio 

(KdD/Kd) 
(95% CI)

≥1 prior line of therapy
 � Early relapse 

(<12 months)
51/116 18.5 

(12.1, NE)
32/64 11.1 

(7.4, 17.6)
0.6 

(0.4, 1.0)
 � Late relapse 

(≥12 months)
56/188 NE 

(NE, NE)
34/84 NE 

(15.2, NE)
0.7 

(0.4, 1.0)
1 prior line of therapy
 � Early relapse 

(<18 months)
23/59 NE 

(13.3, NE)
13/33 13.2 

(5.7, NE)
0.6 

(0.3, 1.2)
 � Late relapse 

(≥18 months)
17/82 NE 

(NE, NE)
11/36 NE 

(15.7, NE)
0.7 

(0.3, 1.4)
≥2 prior lines of therapy
 � Early relapse 

(<12 months)
38/81 18.5 

(9.2, NE)
24/43 12.0 

(7.4, 15.3)
0.7 

(0.4, 1.1)
 � Late relapse 

(≥12 months)
29/82 NE 

(17.0, NE)
18/36 15.8 

(9.3, NE)
0.6 

(0.4, 1.2)
Prior ASCT‡

 � Early relapse 
(<12 months)

12/25 16.0 
(4.2, NE)

6/8 4.3 
(0.5, 17.6)

0.4 
(0.2, 1.1)

 � Late relapse 
(≥12 months)

27/92 NE 
(NE, NE)

12/31 NE 
(12.3, NE)

0.7 
(0.4, 1.5)

ASCT, autologous stem cell transplantation; CI, confidence interval; Kd, carfilzomib, dexamethasone; KdD, carfilzomib, dexamethasone, daratumumab; 
NE, not estimable; PFS, progression-free survival.
*From the CANDOR intention-to-treat population, n=8 patients in the KdD arm had missing data or did not receive treatment per randomization and 
were excluded from this analysis.
†From the CANDOR intention-to-treat population, n=6 patients in the Kd arm had missing data or did not receive treatment per randomization and 
were excluded from this analysis.
‡Includes patients with ≥1 prior lines of therapy.
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OffLabel Disclosure: Carfilzomib is a proteasome inhibitor and daratumumab is an anti-CD38 monoclonal antibody, which can both be used to treat 
RRMM. 
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Abstract 2282

Evaluation of Minimal Residual Disease (MRD) Negativity in Patients  
with Relapsed or Refractory Multiple Myeloma Treated in the Candor Study 

Ola Landgren, MD, PhD1, Katja Weisel, MD2*, Laura Rosinol, MD, PhD3*, Philippe Moreau4*, Mehmet Turgut, MD5*, 
Roman Hajek, MD, PhD6, Peter Mollee, FRACP, MBBS, MSc, FRCPA7, Jin Seok Kim, MD, PhD8*, Jianqi Zhang9*,  
Ning Go, PhD9*, Christopher L. Morris, PhD, MD9* and Saad Z. Usmani, MD, MBBS, MBA10

1Myeloma Service, Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, NY
2Department of Oncology, Hematology and BMT, University Medical Center of Hamburg-Eppendorf, Hamburg, Germany
3Servicio de Onco-Hematología, Hospital Clínica de Barcelona, Barcelona, Spain
4Department of Hematology, CHU de Nantes, Nantes, France
5Department of Internal Medicine, Division of Hematology, Ondokuz Mayıs University Faculty of Medicine, Samsun, Turkey
6Department of Haematooncology, University Hospital Ostrava, Ostrava, Czech Republic
7Department of Haematology, Princess Alexandra Hospital, Brisbane, QLD, Australia
8Yonsei University College of Medicine, Severance Hospital, Seoul, Korea, Republic of (South)
9Amgen Inc, Thousand Oaks, CA
10Atrium Health, Charlotte, NC

Introduction: CANDOR is a multicenter, phase 3, randomized study of adult patients with relapsed or refractory 
multiple myeloma (RRMM) previously treated with 1–3 prior lines of therapy (NCT03158688). 466 patients received 
carfilzomib, dexamethasone, and daratumumab (KdD) or carfilzomib and dexamethasone (Kd) in 2:1 randomization 
(KdD: 312; Kd: 154). Based on the primary endpoint, KdD demonstrated superior progression-free survival (PFS) vs 
Kd (hazard ratio [HR], 0.63 [95% CI, 0.46–0.85]; P=0.0014). Deep responses and minimal residual disease (MRD) 
negativity have been associated with improved PFS for patients with RRMM. Herein, we present an analysis of MRD 
results from CANDOR.

Methods: Details of the dose and schedule were previously reported (Dimopoulos et al., Lancet 2020). The rate of 
patients with confirmed CR which were MRD negative (MRD[-]CR) in bone marrow aspirate at 12 months (± 4 weeks) 
measured by next-generation sequencing (NGS; threshold, 1 tumor cell/10-5 white blood cells) was a prespecified key 
secondary endpoint. Exploratory analyses included MRD[-]CR at increasing sensitivity (10-4, 10‑5, 10-6) and best overall 
response MRD[-] status at any time point. All reported responses were by Independent Review Committee and were 
analyzed for the Intent-to-Treat population. MRD[-] status is at <10-5 unless otherwise specified.

Results: The best overall MRD[-]CR rate at any time was 13.8% vs 3.2% in the KdD vs Kd arm (Odds ratio [OR], 4.95; 
P<0.0001) and the MRD[-] rate regardless of overall response status was 22.8% vs 5.8% (OR, 5.15; P<0.0001). At the 
12-month landmark, the MRD[-]CR rate was 12.5% vs 1.3% in the KdD vs Kd arm (OR, 11.3; P<0.0001) and the  
MRD[-] rate was 17.6% vs 3.9% (OR, 5.76; P<0.0001) with the proportion of patients with MRD[-]VGPR being 4.2% 
vs 2.6%, respectively. The MRD[‑]CR rates at the 12-month landmark for KdD vs Kd were consistent across clinically 
relevant subgroups (Table). 

At the 12-month landmark, KdD treatment resulted in a greater proportion of CR rates (26.9% vs 9.7%) and deeper 
MRD responses than Kd. Among patients in CR, the depth of response as measured by NGS MRD level at the 12-month 
landmark was deeper for KdD relative to Kd: cutoff of >10-4, 36.9% vs 73.3%; 10-4 to 10‑5, 16.7% vs 13.3%; 10-5 to 10-6,  
23.8% vs 13.3%; <10-6, 22.6% vs 0% for KdD vs Kd, respectively (Figure). Similar to the results at the 12-month 
landmark, MRD responses independent of the landmark were deeper among patients in the KdD compared to the 
Kd arm. With median follow-up of 6 months from the 12-month landmark, no patient with MRD[-]CR response 
progressed or died.

Additional post hoc analyses were conducted within patients randomized to KdD to explore prognostic characteristics 
for MRD[-]CR. Importantly, prior lenalidomide exposure did not meaningfully impact the MRD[-]CR rate at the 
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12-month landmark; 13.2% (25/189), 11.4% (14/123), and 13.1% (13/99) for naïve, exposed, and refractory subgroups, 
respectively. For prior bortezomib, the MRD[-]CR rates were 24% (6/25), 11.5% (33/287), and 6.8% (6/88) for naïve, 
exposed, and refractory subgroups, respectively. The rates of MRD[-]CR at the 12-month landmark within the KdD arm 
were consistent across subgroups: patients refractory to the last prior therapy (yes vs no, 10.9% vs 14.3%), number of 
prior regimens (1–2 vs 3 prior regimens; 13.2% vs 10.1%), prior transplant (yes vs no, 11.8% vs 13.7%), duration of first 
remission (≤2 vs >2 years, 12.3% vs 13% and ≤1 vs >1 year, 10.7% vs 13.4%), baseline creatinine clearance (≥15 to <50, 
≥50 to <80, and ≥80 mL/min, 10.5%, 14.4%, and 11.9%, respectively), age (≤75 vs >75 years, 12.9% vs 8.0%), or dose 
intensity (< vs ≥ median) for carfilzomib or daratumumab (10.5% vs 14.9% and 9.8% vs 15.6%, respectively). Data on 
cytogenetics will be included at the time of presentation.

Conclusion: At the primary analysis, patients treated with KdD achieved significantly higher MRD[‑]CR rates vs Kd at 
the 12-month landmark. Among patients with an MRD[-]CR, the depth of MRD was deeper with KdD vs Kd. With a 
median of 6 months follow-up, no patient with an MRD[-]CR has progressed; duration of response will be updated at 
time of presentation. Within the KdD arm, lenalidomide exposure or refractoriness did not diminish the MRD[-]CR 
rate. These findings support the efficacy of the KdD regimen as an effective treatment for RRMM, including patients 
who have become lenalidomide refractory.

Table.  Subgroup Analyses of MRD-negative rates at 12 months for patients who had achieved complete response

Group n/N
Kd 

MRD[-]CR n/N
KdD 

MRD[-]CR Odds Ratio
Prior lines of therapy per IXRS
  1 1/67 1.5% 22/133 16.5% 13.1 (1.7, 99.3)
  ≥2 1/87 1.1% 17/179 9.5% 9.0 (1.2, 69.0)
Age at baseline, years
  ≤75 1/136 0.7% 37/287 12.9% 20.0 (2.7, 147.2)
  >75 1/18 5.6% 2/25 8.0% 1.5 (0.1, 17.7)
Baseline CrCl, mL/min
  ≥15 to 49 0/27 0.0% 4/38 10.5% NE
  ≥50 to 79 1/50 2.0% 14/97 14.4% 8.3 (1.0, 64.8)
  ≥80 1//77 1.3% 21/176 11.9% 10.3 (1.4, 78.0)
Prior lenalidomide
  Yes 0/74 0.0% 14/123 11.4% NE
  No 2/80 2.5% 25/189 13.2% 5.9 (1.4, 25.7)
Refractory to lenalidomide
  Yes 0/55 0.0% 13/99 13.1% NE
  No 2/99 2.0% 26/213 12.2% 6.7 (1.6, 29.0)
Prior bortezomide or ixazomib exposure
  Yes 2/137 1.5% 34/289 11.8% 9.0 (2.1, 38.0)
  No 0/17 0.0% 5/23 21.7% NE
Refractory to bortezomide or ixazomib
  Yes 1/55 1.8% 7/100 7.0% 4.1 (0.5, 33.9)
  No 1/99 1.0% 32/212 15.1% 17.4 (2.3, 129.4)
Prior IMiD exposure
  Yes 0/110 0.0% 24/206 11.7% NE
  No 2/44 4.5% 15/106 14.2% 3.5 (0.8, 15.8)
Refractory to IMiD
  Yes 0/65 0.0% 16/130 12.3% NE
  No 2/89 2.2% 23/182 12.6% 6.3 (1.4, 27.3)

Odds ratios and corresponding 95% CIs were estimated by unstratified analysis using the Mantel-Haenszel method as specified.
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Figure.  Level of Residual Disease in CR Patients at 12-month Landmark
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Disclosures: Landgren: Adaptive: Consultancy, Honoraria; Amgen: Consultancy, Honoraria, Research Funding; Pfizer: Consultancy, Honoraria; 
Juno: Consultancy, Honoraria; Cellectis: Consultancy, Honoraria; BMS: Consultancy, Honoraria; Binding Site: Consultancy, Honoraria; Karyopharma: 
Research Funding; Merck: Other; Pfizer: Consultancy, Honoraria; Seattle Genetics: Research Funding; Juno: Consultancy, Honoraria; Glenmark: 
Consultancy, Honoraria, Research Funding; Cellectis: Consultancy, Honoraria; BMS: Consultancy, Honoraria; Takeda: Other: Independent Data 
Monitoring Committees for clinical trials, Research Funding; Binding Site: Consultancy, Honoraria; Karyopharma: Research Funding; Janssen: 
Consultancy, Honoraria, Other: Independent Data Monitoring Committees for clinical trials, Research Funding; Seattle Genetics: Research Funding; 
Celgene: Consultancy, Honoraria, Research Funding; Glenmark: Consultancy, Honoraria, Research Funding; Takeda: Other: Independent Data 
Monitoring Committees for clinical trials, Research Funding; Janssen: Consultancy, Honoraria, Other: Independent Data Monitoring Committees 
for clinical trials, Research Funding; Celgene: Consultancy, Honoraria, Research Funding; Merck: Other. Weisel: Roche: Consultancy, Honoraria; 
Amgen: Consultancy, Honoraria, Research Funding; Celgene: Consultancy, Honoraria, Research Funding; Janssen: Consultancy, Honoraria, Research 
Funding; Sanofi: Consultancy, Honoraria, Research Funding; Bristol-Myers Squibb: Consultancy, Honoraria; Adaptive: Consultancy, Honoraria; 
GlaxoSmithKline: Honoraria; Karyopharm: Consultancy, Honoraria; Takeda: Consultancy, Honoraria; Abbvie: Consultancy, Honoraria. Rosinol: 
Janssen: Honoraria; Celgene: Honoraria; Amgen: Honoraria; Takeda: Honoraria; Sanofi: Honoraria. Moreau: Abbvie: Consultancy, Honoraria; Novartis: 
Honoraria; Takeda: Honoraria; Celgene/Bristol-Myers Squibb: Consultancy, Honoraria; Janssen: Consultancy, Honoraria; Amgen: Consultancy, 
Honoraria; Sanofi: Consultancy, Honoraria. Hajek: PharmaMar: Consultancy, Honoraria; Takeda: Consultancy, Honoraria, Membership on an entity’s 
Board of Directors or advisory committees, Research Funding; Abbvie: Consultancy, Honoraria; Oncopeptides: Consultancy; Novartis: Consultancy, 
Research Funding; Janssen: Consultancy, Honoraria, Research Funding; Amgen: Consultancy, Honoraria, Membership on an entity’s Board of 
Directors or advisory committees, Research Funding; BMS: Consultancy, Honoraria, Research Funding; Celgene: Consultancy, Honoraria, Research 
Funding. Mollee: Janssen: Membership on an entity’s Board of Directors or advisory committees, Research Funding; BMS/Celgene: Membership 
on an entity’s Board of Directors or advisory committees; Amgen: Membership on an entity’s Board of Directors or advisory committees; Takeda: 
Membership on an entity’s Board of Directors or advisory committees; Pfizer: Membership on an entity’s Board of Directors or advisory committees; 
Caelum: Membership on an entity’s Board of Directors or advisory committees. Kim: Alexion Pharmaceuticals Inc.: Honoraria, Research Funding. 
Zhang: Amgen: Current Employment. Go: Amgen: Current Employment. Morris: Amgen: Current Employment. Usmani: Amgen: Consultancy, 
Honoraria, Other: Speaking Fees, Research Funding; Pharmacyclics: Research Funding; Incyte: Research Funding; Merck: Consultancy, Research 
Funding; Seattle Genetics: Consultancy, Research Funding; SkylineDX: Consultancy, Research Funding; Janssen: Consultancy, Honoraria, Other: 
Speaking Fees, Research Funding; Takeda: Consultancy, Honoraria, Other: Speaking Fees, Research Funding; Sanofi: Consultancy, Honoraria, 
Research Funding; Abbvie: Consultancy; BMS, Celgene: Consultancy, Honoraria, Other: Speaking Fees, Research Funding; Array Biopharma: Research 
Funding; GSK: Consultancy, Research Funding; Celgene: Other.
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Abstract 2316

Isatuximab Plus Carfilzomib and Dexamethasone Vs Carfilzomib  
and Dexamethasone in Relapsed/Refractory Multiple Myeloma (IKEMA):  
Interim Analysis of a Phase 3, Randomized, Open-Label Study 

Philippe Moreau1*, Meletios A. Dimopoulos, MD2, Joseph Mikhael, MD, FRCPC, MEd3, Kwee Yong, MD, PhD4*, 
Marcelo Capra, MD, PhD5, Thierry Facon, MD6*, Roman Hajek, MD7, Ivan Spicka, MD, PhD8*, Marie-Laure Risse9*, 
Gaelle Asset10*, Sandrine Macé11* and Thomas G. Martin III, MD12

1Department of Hematology, University Hospital of Nantes, Nantes, France
2The National and Kapodistrian University of Athens, Athens, Greece
3Translational Genomics Research Institute, City of Hope Cancer Center, Phoenix, AZ
4University College Hospital, London, United Kingdom
5Departamento de Oncologia, Hospital Mãe de Deus, Porto Alegre, Brazil
6Department of Hematology, Lille University Hospital, Lille, France
7Department of Hemato-oncology, University Hospital Ostrava, Ostrava, Czech Republic
8First Faculty of Medicine, Charles University, Prague, Czech Republic
9Aixial (for Sanofi), Boulogne-Billancourt, France
10Sanofi R&D, Chilly-Mazarin, France
11Sanofi Research and Development, Vitry-Sur-Seine, France
12Department of Hematology, University of California, San Francisco, San Francisco, CA

Background: Treatment of relapsed/refractory multiple myeloma (RRMM) has greatly improved, yet relapse is 
inevitable and additional effective treatments are needed. Isatuximab (Isa), a monoclonal antibody targeting a specific 
epitope on CD38, is approved in combination with pomalidomide and dexamethasone (d) in the United States, the 
European Union, Canada, Australia, Switzerland, and Japan for the treatment of adult patients with RRMM who have 
received at least two prior therapies including lenalidomide and a proteasome inhibitor.

Aim: Demonstrate benefit of adding Isa to carfilzomib (K) plus d (Kd) vs Kd in RRMM.

Methods: In this Phase 3 study (NCT03275285), pts with RRMM and 1–3 prior lines of therapy were randomized 
3:2 and stratified by number of prior lines and R-ISS to receive Isa-Kd or Kd. Isa-Kd arm received Isa (10 mg/kg IV) 
weekly for 4 weeks, then every 2 weeks. Both arms received K (20 mg/m2 Days 1–2, 56 mg/m2 thereafter) twice-weekly 
for 3 of 4 weeks, and d (20 mg) twice-weekly. Treatment continued until disease progression or unacceptable adverse 
events (AE). Primary objective: demonstrate an increase in progression free survival (PFS) of Isa-Kd vs Kd, determined 
by an Independent Response Committee (IRC). Comparison between arms conducted through log-rank testing. Key 
secondary objectives: evaluation of overall response rate (ORR), rate of very good partial response (VGPR) or better, 
complete response (CR) rate, minimal residual disease (MRD) negativity rate (10-5 by NGS), and overall survival (OS). 
Key secondary endpoints tested with a closed test procedure. Safety data included treatment emergent adverse events 
(TEAE), and hematology and biochemistry results for all pts. Interim efficacy analysis was planned when 65% of the 
total expected PFS events were observed.

Results: 302 pts (179 Isa-Kd, 123 Kd) were randomized. Pt characteristics were well-balanced across arms. Median 
(range) age 64 (33–90) years; R-ISS I, II, III was 25.8%, 59.6%, 7.9% respectively; 44%, 33% and 23% had 1, 2 and 
≥3 prior lines respectively; 90% and 78% had prior proteasome inhibitor and immunomodulatory drug (IMiD) 
respectively; 24% had high-risk cytogenetics. At a median follow-up of 20.7 months and with 103 PFS events per IRC, 
median PFS was not reached for Isa-Kd vs 19.15 months Kd; HR 0.531 (99% CI 0.318–0.889), one-sided p=0.0007. 
Thus, the pre-specified efficacy boundary (p=0.005) was crossed. PFS benefit was consistent across subgroups. ORR 
(≥partial response [PR]) was 86.6% Isa-Kd vs 82.9% Kd, one-sided p=0.1930. ≥VGPR rate was 72.6% Isa-Kd vs 56.1% 
Kd, p=0.0011. CR rate was 39.7% Isa-Kd vs 27.6% Kd. MRD negativity rate (10-5) in the intent to treat population (ITT) 
was 29.6% (53/179) Isa-Kd vs 13.0% (16/123) Kd, descriptive p=0.0004. OS was immature (events 17.3% Isa-Kd vs 
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20.3% Kd). 52.0% Isa-Kd vs 30.9% Kd pts remain on treatment. Main reasons for treatment discontinuation were disease 
progression (29.1% Isa-Kd vs 39.8% Kd) and AEs (8.4% Isa-Kd vs 13.8% Kd). Grade ≥3 TEAEs were observed in 76.8% 
Isa-Kd vs 67.2% Kd. Treatment-emergent SAEs and fatal TEAEs were similar in Isa-Kd and Kd: 59.3% vs 57.4% and 
3.4% vs 3.3%, respectively. Infusion reactions were reported in 45.8% (0.6% Grade 3–4) Isa-Kd and 3.3% (0% Grade 3–4) 
Kd. Grade ≥3 respiratory infections (grouping) were seen in 32.2% Isa-Kd vs 23.8% Kd. Grade ≥3 cardiac failure 
(grouping) was reported in 4.0% Isa-Kd vs 4.1% Kd. As per lab results, Grade 3–4 thrombocytopenia and neutropenia 
were reported in 29.9% Isa-Kd vs 23.8% Kd and 19.2% Isa-Kd vs 7.4% Kd, respectively.

Conclusions: Addition of Isa to Kd provided a superior, statistically significant improvement in PFS with clinically 
meaningful improvement in depth of response. Isa-Kd was well tolerated with manageable safety and a favorable  
benefit-risk profile, and represents a possible new standard of care treatment in pts with relapsed MM.

Disclosures: Moreau: Takeda: Honoraria; Sanofi: Consultancy, Honoraria; Abbvie: Consultancy, Honoraria; Celgene/Bristol-Myers Squibb: 
Consultancy, Honoraria; Janssen: Consultancy, Honoraria; Novartis: Honoraria; Amgen: Consultancy, Honoraria. Dimopoulos: Beigene: Honoraria; 
Janssen: Honoraria; Celgene: Honoraria; Amgen: Honoraria; Bristol-Myers Squibb: Honoraria; Takeda: Honoraria. Mikhael: Amgen, Celgene, GSK, 
Janssen, Karyopharm, Sanofi, Takeda: Honoraria. Yong: Janssen: Honoraria, Research Funding; GSK: Honoraria; Amgen Inc.: Honoraria; Takeda: 
Honoraria, Research Funding; Sanofi: Honoraria, Research Funding. Facon: Janssen, Takeda, Amgen, Roche, Karyopharm, Oncopeptides, BMS, Sanofi: 
Membership on an entity’s Board of Directors or advisory committees, Speakers Bureau. Hajek: Amgen: Consultancy, Honoraria, Membership on 
an entity’s Board of Directors or advisory committees, Research Funding; Pharma MAR: Consultancy, Honoraria; Takeda: Consultancy, Honoraria, 
Membership on an entity’s Board of Directors or advisory committees, Research Funding; Janssen: Consultancy, Honoraria, Research Funding; BMS: 
Consultancy, Honoraria, Research Funding; AbbVie: Consultancy, Honoraria, Research Funding; Celgene: Consultancy, Honoraria, Research Funding; 
Roche: Consultancy, Honoraria, Research Funding; Oncopeptides: Consultancy, Honoraria, Research Funding; Novartis: Consultancy, Honoraria, 
Research Funding. Spicka: Celgene, Amgen, Janssen-Cilag, Takeda, Bristol-Myers Squibb, Novartis, Sanofi: Consultancy, Honoraria, Speakers Bureau. 
Risse: Sanofi: Current Employment. Asset: Sanofi: Current Employment. Macé: Sanofi: Current Employment. Martin: Roche: Consultancy; Juno 
Therapeutics: Consultancy; Amgen: Research Funding; Sanofi: Research Funding; Seattle Genetics: Research Funding.

OffLabel Disclosure: Isatuximab, a monoclonal CD38 antibody, is approved in combination with pomalidomide and dexamethasone in the United 
States, the European Union, Canada, Australia, Switzerland, and Japan for the treatment of adult patients with relapsed/refractory multiple myeloma 
who have received at least two prior therapies, including lenalidomide and a proteasome inhibitor. 
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Abstract 414

Depth of Response and Response Kinetics of Isatuximab Plus Carfilzomib  
and Dexamethasone in Relapsed Multiple Myeloma: Ikema Interim Analysis 

Thomas Martin, MD1, Joseph Mikhael, MD, FRCPC, MEd2, Roman Hajek, MD3, Kihyun Kim, MD, PhD4, Kenshi 
Suzuki, MD, PhD5, Cyrille Hulin, MD6*, Mamta Garg, MD, FRCP, FRCPath7*, Hang Quach, MD, FRACP, FRCPA, 
MBBS8, Hanlon Sia9*, Anup George10*, Tatiana Konstantinova, MD, PhD11*, Marie-Laure Risse12*, Gaelle Asset13*, 
Sandrine Macé12*, Helgi van de Velde, MD, PhD14 and Philippe Moreau15*

1Department of Medicine, University of California, San Francisco, CA
2Translational Genomics Research Institute, City of Hope Cancer Center, Phoenix, AZ
3Faculty of Medicine, University Hospital Ostrava, Ostrava, Czech Republic
4Division of Hematology-Oncology, Department of Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea, 
Republic of (South)
5Department of Hematology, Japanese Red Cross Medical Center, Tokyo, Japan
6Department of Hematology, University Hospital Bordeaux, Bordeaux, France
7Department of Haematology, Leicester Royal Infirmary, University Hospitals of Leicester NHS Trust, Leicester, United Kingdom
8Department of Haematology, St. Vincent’s Hospital, Melbourne, Australia
9Cancer Care & Haematology Unit, The Tweed Hospital, Tweed Heads, NSW, Australia
10Wellington Blood and Cancer Center, Wellington, New Zealand
11Hematology Department, Regional Clinical Hospital №1, Ekaterinburg, Russian Federation
12Sanofi Research and Development, Vitry-Sur-Seine, France
13Sanofi R&D, Chilly-Mazarin, France
14Sanofi, Cambridge, MA
15Department of Hematology, University Hospital of Nantes, Nantes, France

Introduction: Achievement of minimal residual disease negative (MRD-) status in multiple myeloma (MM) is 
associated with improved progression-free survival (PFS) and overall survival (OS). Isatuximab (Isa) is an approved 
anti-CD38 IgG kappa monoclonal antibody. We analyzed the depth of response including MRD-, long-term outcomes, 
and kinetics of tumor response in the IKEMA study. Measurement by mass spectrometry of serum M-protein was also 
performed to overcome the interference with Isa in standard immunofixation assay.

Methods: IKEMA was a randomized, open-label, multicenter Phase 3 study that investigated Isa plus carfilzomib and 
dexamethasone (Isa-Kd) vs Kd in patients (pts) with relapsed MM who received 1–3 lines of therapy (NCT03275285). 
The primary endpoint of PFS and secondary endpoints of overall response rate (ORR), very good partial response or 
better (≥VGPR) and complete response (CR) rate were determined by an Independent Response Committee based 
on central data for M-protein, central imaging review and local bone marrow for plasma cell infiltration according 
to IMWG criteria. MRD was assessed in bone marrow aspirates from pts who achieved ≥VGPR by next generation 
sequencing at 10-5 sensitivity level. Mass spectrometry analysis was performed to measure serum M-protein without 
Isa interference. Hazard ratios and corresponding confidences interval were estimated using Cox proportional hazards 
model. Secondary endpoints were compared between treatment arms using Cochran Mantel Haenszel test. Per ITT, all 
randomized pts not reaching MRD- or without MRD assessment were analyzed as MRD+.

Results: 302 pts (179 Isa-Kd, 123 Kd) were randomized. At a median follow-up of 20.7 months deeper responses were 
observed in Isa-Kd vs Kd with ≥VGPR 72.6% vs 56.1% (nominal p=0.011) and ≥CR 39.7% vs 27.6%, respectively. 
MRD- occurred in 53/179 (30%) pts in the Isa-Kd arm vs 16/123 (13%) in the Kd arm (nominal p=0.0004) with 
20.1% (36/179 pts Isa-Kd) vs 10.6% (13/123 pts Kd) reaching CR and MRD-. PFS by MRD status is shown in the 
Figure, HR favors Isa-Kd vs Kd in both MRD- pts (HR 0.578, 95% CI: 0.052–6.405) and MRD+ pts (HR 0.670, 95% 
CI: 0.452–0.993). MRD- pts had a longer PFS than MRD+ pts. Within Isa-Kd, MRD-negative status could be obtained 
in pts with renal impairment (26.5% MRD- vs 25.9% MRD+ with eGFR <60 mL/min/1.73 m2); with ISS stage III at 
diagnosis (32.1% MRD- vs 27.8% MRD+); with t(4;14) [13.2% MRD- vs 11.9% MRD+], with gain(1q21) [45.3% MRD- 
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vs 40.5% MRD+]; in heavily pretreated ≥3 prior lines (22.6% MRD- vs 19.0% MRD+) or refractory to lenalidomide 
in last regimen (18.9% MRD- vs 20.6% MRD+). Within Isa-Kd, MRD-negative status was reached less frequently in 
pts refractory to a proteasome inhibitor (PI) [18.9% MRD- vs 36.5% MRD+) or with del(17p), [3.8% MRD- vs 12.7% 
MRD+].

Interference of Isa with M protein was explored: samples from 27 pts with near-CR (only serum immunofixation (IF) 
positive IgG kappa) or potential CR (serum remaining M protein ≤0.5 g/dL with IF positive IgG kappa) in the Isa-Kd 
arm were tested by mass spectrometry. Among them, 11 near-CR or potential CR pts had documented <5% plasma 
cells in bone marrow and were mass spectrometry negative (residual myeloma M protein level below LOQ of central lab 
immunofixation). In addition, 7/11 were also MRD-. These results support that both current CR rate and MRD- CR rate 
are underestimated (potential adjusted CR rate of 45.8%; potential adjusted MRD- CR rate 24%). Responses occurred 
quickly in both arms. The median time (Isa-Kd vs Kd) in responders to: first response was 32.0 (28–259) days vs 33.0 
(27–251) days; best response 120.0 (29–568) days vs 104.5 (29–507) days; first CR 184.0 (30–568) days vs 229.5 (58–507) 
days; first ≥VGPR 88.0 (28–432) vs 90.0 (29–491) days, respectively. In addition to increased depth of response, quality 
of life as measured by QLQ-C30 Global Health Status scores was maintained with Isa-Kd per descriptive analyses.

Conclusions: There was a clinically meaningful improvement in depth of response in Isa-Kd vs Kd. CR rate in Isa-
Kd of 39.7% was underestimated due to interference. Mass spectrometry results suggest that the potential adjusted 
CR rate could be reached for 45.8% of pts with 1 to 3 prior lines treated in Isa-Kd. More pts in Isa-Kd vs Kd reached 
MRD negativity (30% vs 13%) and at least twice as many reached CR MRD- (20.1% vs 10.6%; adjusted 24% vs 10.6%). 
Reaching MRD negativity was associated with longer PFS in both arms.

Figure.  PFS by minimal residual disease (MRD) status
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CI, confidence interval; d, dexamethasone; HR, hazard ratio; I, isatuximab; K, carfilzomib; MRD, minimal residual disease; PFS, Progression-free 
survival.
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Current Employment. Asset: Sanofi: Current Employment. Macé: Sanofi: Current Employment. van de Velde: Sanofi: Current Employment, Current 
equity holder in publicly-traded company. Moreau: Celgene/Bristol-Myers Squibb: Consultancy, Honoraria; Janssen: Consultancy, Honoraria; Sanofi: 
Consultancy, Honoraria; Abbvie: Consultancy, Honoraria; Takeda: Honoraria; Novartis: Honoraria; Amgen: Consultancy, Honoraria.

OffLabel Disclosure: Isatuximab, a monoclonal CD38 antibody, is approved in combination with pomalidomide and dexamethasone in the United 
States, the European Union, Canada, Australia, Switzerland, and Japan for the treatment of adult patients with relapsed/refractory multiple myeloma 
who have received at least two prior therapies, including lenalidomide and a proteasome inhibitor. 
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Abstract 415

Randomized Phase 2 Study of Weekly Carfilzomib 70 mg/m2 and Dexamethasone 
Plus/Minus Cyclophosphamide in Relapsed and/or Refractory Multiple Myeloma 
(RRMM) Patients (GEM-KyCyDex) 

Maria-Victoria Mateos, MD, PhD1, Enrique M. Ocio, MD, PhD2, Anna Sureda Balari, MD, PhD3*, Albert Oriol4*, 
Esther González Garcia, MD5*, Maria José Moreno6*, Miquel Granell, MD7*, Fernando Escalante, MD8*, Veronica 
Gonzalez De La Calle, MD, PhD9*, Laura Rosinol, MD, PhD10*, Estrella Carrillo-Cruz, MD11*, Joaquín Martínez-
López12*, Maria Victoria Dourdil Sahun13*, Marta Sonia Gonzalez, MD14*, Jaime Perez De Oteyza, MD, PhD15, Felipe 
De Arriba, PhD16*, Miguel T Hernández, MD, PhD17*, Aránzazu García Mateo, PhD18*, Ana Pilar Gonzalez, PhD19*, 
Rafael Rios, MD, PhD20*, Carmen Cabrera21*, Juan Jose Bargay22*, Paula Rodriguez-Otero, MD23*, Felipe Casado24*, 
Maria Casanova, MD25*, María Jesús Blanchard26*, Joan Blade Creixenti27, Juan Jose Lahuerta, MD, PhD28*  
and Jesus F. San-Miguel, MD, PhD29

1Institute of Cancer Molecular and Cellular Biology, University Hospital of Salamanca, Salamanca, Spain
2Hematology Department, Hospital Universitario De Salamanca, Santander, Spain
3Institut Català d’Oncologia-Hospital Duran i Reynals, Hospitalet del Llobregat, Spain
4HOSPITAL UNIVERSITARI GERMANS TRIAS I PUJOL DE BADALONA, Badalona, Barcelona, ESP
5Hospital de Cabueñes, Gijón, Spain
6Hospital Virgen de la Arrixaca de Murcia, Murcia, Spain
7Hospital de la Santa Creu i Sant Pau, Barcelona, Spain
8Department of Hematology, Hospital Universitario de Leon, Leon, Spain
9Hospital Universitario de Salamanca Hematología. Instituto de investigación biomédica de Salamanca (IBSAL), Salamanca, Spain
10University of Barcelona, Barcelona, Spain
11Hematology Department, Hospital Vírgen del Rocío, Seville, Spain
12Hematology and Hemotherapy Department, Hospital Universitario 12 De Octubre, Madrid, Spain
13Hospital Clínico Universitario Lozano Blesa, Zaragoza, Spain
14Hospital Universitario de Santiago, Santiago de Compostela, Spain
15Hospital Universitario Madrid Sanchinarro, Madrid, Spain
16Hospital Morales Meseguer, Murcia, Spain
17Department of Hematology, Hospital Universitario de Canarias, La Laguna, Spain
18Hospital General de Segovia, Segovia, Spain
19Hospital Central de Asturias, Oviedo, Spain
20Servicio de Hematología y Hemoterapia, Hospital Universitario Virgen de las Nieves, Granada, Spain
21Hospital San Pedro de Alcantara, Caceres, Spain
22Hospital son LLatzer, Palma de Mallorca, ESP
23Clínica Universidad de Navarra-Pamplona, Pamplona, Spain
24Complejo Hospitalario de Toledo, Toledo, Spain
25Hematology Department, Hospital Costa del Sol Marbella, Marbella, Spain
26Hospital Ramón y Cajal, Madrid, Spain
27Hematology Department, IDIBAPS, Hospital Clinic, Barcelona, Spain
28Hospital Doce de Octubre, CIBERONC, Madrid, Spain
29Hematology Department, Clínica Universidad De Navarra, Pamplona, Spain

Introduction: Carfilzomib dosed at 56 mg/m2 twice a week in combination with dexamethasone (Kd) is a standard of 
care for RRMM after 1–3 prior lines (PL) based on the ENDEAVOR study. Later, the ARROW study showed Kd dosed 
at 70 mg/m2 weekly to be superior to Kd dosed at 27 mg/m2 twice a week on RRMM patients (pts) after 2–3 PL. On the 
other side, cyclophosphamide is an alkylating agent that has been widely combined with proteasome inhibitors and 
immunomodulatory drugs in MM, improving their efficacy with a good safety profile.

In this phase 2 randomized study, we have compared Kd plus cyclophosphamide (KCyd) with Kd in RRMM after 1–3PL, 
both with K dosed weekly at 70 mg/m2.
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Patients and methods: RRMM after 1–3 PL of therapy were included in the trial. Consistently with the ENDEAVOR 
population, previous therapy with proteasome inhibitors was allowed but refractory patients were excluded.

Pts were randomized 1:1 to receive K at a dose of 70 mg/m2 IV on days 1, 8 and 15 plus dexamethasone at a dose of 
20 mg PO the day on and the day after K plus/minus KCyd at a dose of 300 mg/m2 IV on days 1, 8 and 15 of each 
28 days-cycle, as continuous treatment until progressive disease or unacceptable toxicity. The primary endpoint was PFS 
and key secondary endpoints included response rates, safety profile, and OS.

Results: Between January 2018 and February 2020, 198 RRMM pts were included. 97 pts were randomized to KCyd 
and 101 to Kd. The baseline characteristics of the patients were well balanced between both groups. The median age 
was 70 years, and 70% and 28% of pts were older than 65 and 75. The median number of PL was one; 61% of pts had 
received 1 prior line. 94% and 92% of patients had been exposed to bortezomib in the KCyd and Kd and all of them were 
sensitive. 72% and 67% of patients had been exposed to IMiD’s and 51% and 55% of them were IMiD’s-refractory in the 
KCyd and Kd. Only 4 and 6 patients in KCyd and Kd, had received anti-CD38 antibodies being all refractory.

After a median f/u of 15.6 months, median PFS was 20.7 m and 15.2 m in KCyd and Kd (p=0.2). In pts after 1PL, median 
PFS has not been reached in any arm (p=0.4) and in patients after 2–3PL, KCyd resulted in a median PFS of 20.7 vs 11 m 
for Kd (p=0.4). Of note, in the IMiD-refractory population, the addition of Cy to Kd resulted in a significant benefit in 
terms of PFS: 26.2 months vs 7.7 months in the Kd arm (p=0.01). OS is immature with 23 and 25 events so far in KCyd 
and Kd, respectively.

The ORR was 78% for KCyd and 73% for Kd: 20% of patients in both arms achieved at least complete response, 33% and 
28% very good partial response, respectively, and 25% partial response in both arms. The MRD-ve rate was 4% and 5%.

As far as toxicity is concerned, neutropenia was the only hematological adverse event more frequently reported in KCyd 
compared with Kd, of any grade (24% vs 11%) and grade 3–4 (13% vs 7%). This did not translate into more infections 
and the rate was comparable in both arms (5% G3–4 in both arms). Thrombocytopenia of any grade and grade 3–4 
occurred in 14%/1% and 18%/10% in KCyd/Kd. Cardiovascular events of any grade occurred in 22% and 30% of 
patients in KCyd and Kd. Nine pts in KCyd developed G3–4 cardiovascular events, these included atrial fibrillation 
(1 pt), cardiac failure (2 pts), myocardial infarct (2 pts), and hypertension (4 pts). In the Kd arm, 11 patients developed 
G3–4 cardiovascular events and consisted of hypertension in most of them (9 pts).

Conclusion: Cyclophosphamide added to Kd 70 mg/m2 weekly in RRMM pts after 1–3 PL prolonged the PFS as 
compared to Kd particularly in the lenalidomide-refractory population. The administration of K at a dose of 70 mg/m2 
weekly was safe and more convenient and overall, the toxicity profile was manageable in both arms.

Disclosures: Mateos: Abbvie/Genentech: Consultancy, Honoraria, Membership on an entity’s Board of Directors or advisory committees; Pfizer: 
Consultancy, Honoraria, Membership on an entity’s Board of Directors or advisory committees; Regeneron: Consultancy, Honoraria, Membership on 
an entity’s Board of Directors or advisory committees; Janssen-Cilag: Consultancy, Honoraria; PharmaMar-Zeltia: Consultancy; Sanofi: Honoraria, 
Membership on an entity’s Board of Directors or advisory committees; Oncopeptides: Honoraria, Membership on an entity’s Board of Directors 
or advisory committees; Roche: Honoraria, Membership on an entity’s Board of Directors or advisory committees; Seattle Genetics: Honoraria, 
Membership on an entity’s Board of Directors or advisory committees; GlaxoSmithKline: Consultancy; Takeda: Consultancy, Honoraria, Membership 
on an entity’s Board of Directors or advisory committees; Amgen: Consultancy, Honoraria, Membership on an entity’s Board of Directors or advisory 
committees; Janssen: Consultancy, Honoraria, Membership on an entity’s Board of Directors or advisory committees; Celgene: Consultancy, Honoraria, 
Membership on an entity’s Board of Directors or advisory committees; Adaptive Biotechnologies: Consultancy, Honoraria, Membership on an entity’s 
Board of Directors or advisory committees. Ocio: Janssen: Consultancy, Honoraria, Speakers Bureau; Celgene: Consultancy, Honoraria; Asofarma: 
Honoraria; Sanofi: Consultancy, Honoraria; Amgen: Consultancy, Honoraria; Takeda: Honoraria; GSK: Consultancy; MDS: Honoraria; Secura-Bio: 
Consultancy; Oncopeptides: Consultancy. Sureda Balari: Novartis: Consultancy, Honoraria; Janssen: Consultancy, Honoraria; Roche: Honoraria; 
Takeda: Consultancy, Honoraria, Speakers Bureau; Sanofi: Consultancy, Honoraria; Merck Sharp and Dohme: Consultancy, Honoraria, Speakers 
Bureau; Celgene/Bristol-Myers Squibb: Consultancy, Honoraria; BMS: Speakers Bureau; Incyte: Consultancy; Celgene: Consultancy, Honoraria; 
Gilead/Kite: Consultancy, Honoraria. Oriol: Celgene/Bristol-Myers Squibb: Membership on an entity’s Board of Directors or advisory committees, 
Speakers Bureau; Amgen: Consultancy, Speakers Bureau; Janssen: Consultancy; Sanofi: Consultancy, Membership on an entity’s Board of Directors or 
advisory committees; GlaxoSmithKline: Membership on an entity’s Board of Directors or advisory committees. Rosinol: Janssen: Honoraria; Celgene: 
Honoraria; Amgen: Honoraria; Takeda: Honoraria; Sanofi: Honoraria. Blade Creixenti: Takeda: Membership on an entity’s Board of Directors or 
advisory committees; Oncopeptides: Membership on an entity’s Board of Directors or advisory committees; Janssen: Membership on an entity’s 
Board of Directors or advisory committees; Celgene: Membership on an entity’s Board of Directors or advisory committees; Amgen: Membership on 
an entity’s Board of Directors or advisory committees. San-Miguel: Amgen, BMS, Celgene, Janssen, MSD, Novartis, Takeda, Sanofi, Roche, AbbVie, 
GlaxoSmithKline and Karyopharm: Consultancy, Membership on an entity’s Board of Directors or advisory committees.
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Abstract 141

Survival Analysis of Newly Diagnosed Transplant-Eligible Multiple Myeloma 
Patients in the Randomized Forte Trial 

Francesca Gay, MD, Pellegrino Musto, Delia Rota Scalabrini*, Monica Galli*, Angelo Belotti, MD*, Elena Zamagni, 
MD*, Luca Bertamini, MD*, Renato Zambello*, Micol Quaresima*, Giovanni De Sabbata*, Giuseppe Pietrantuono*, 
Mattia D’Agostino, MD*, Daniela Oddolo*, Andrea Capra*, Anna Marina Liberati*, Salvatore Palmieri*, Franco Narni, 
Massimo Offidani, Michele Cavo* and Mario Boccadoro

GIMEMA, European Myeloma Network, Italy

Background: Proteasome inhibitor (PI)-based induction/consolidation proved to be effective in newly diagnosed 
multiple myeloma (NDMM) patients (pts) eligible for melphalan 200 mg/m2 plus autologous stem-cell transplantation 
(MEL200-ASCT). High response rates have been reported with carfilzomib (K) plus lenalidomide-dexamethasone 
(KRd) or cyclophosphamide-dexamethasone (KCd). Lenalidomide (R) alone is a standard of care for post-ASCT 
maintenance; K maintenance showed promising results in phase I/II studies, but no data on KR maintenance vs R are 
available.

Aims: The aims of this analysis were to evaluate the progression-free survival (PFS) of KRd induction-ASCT-KRd 
consolidation (KRd_ASCT) vs 12 cycles of KRd (KRd12) vs KCd induction-ASCT-KCd consolidation (KCd_ASCT) 
and the PFS of KR vs R maintenance. Secondary aims were efficacy in different subgroups of pts and safety of the 
maintenance phase.

Methods: NDMM pts ≤65 years were randomized [R1: 1:1:1, stratification International Staging System (ISS) and 
age] to: KRd_ASCT: 4 28-day cycles with KRd induction (K 20/36 mg/m2 IV days 1,2,8,9,15,16; R 25 mg days 1–21; 
dexamethasone [d] 20 mg days 1,2,8,9,15,16) followed by MEL200-ASCT and 4 KRd consolidation cycles; KRd12: 12 
KRd cycles; KCd_ASCT: 4 28-day induction cycles with KCd (K 20/36 mg/m2 IV days 1,2,8,9,15,16; cyclophosphamide 
300 mg/m2 days 1,8,15; d 20 mg days 1,2,8,9,15,16) followed by MEL200-ASCT and 4 KCd consolidation cycles. 
Thereafter, pts were randomized (R2) to maintenance with KR (K 36 mg/m2 days 1,2,15,16, subsequently amended 
to 70 mg/m2 days 1,15 for up to 2 years; plus R 10 mg days 1–21 every 28 days until progression) or R alone (10 mg 
days 1–21 every 28 days until progression). Centralized minimal residual disease (MRD) evaluation (8-color second-
generation flow cytometry, sensitivity 10-5) was performed in pts achieving ≥very good partial response before 
maintenance and every 6 months (m) during maintenance. Data cut-off was June 30, 2020.

Results: 474 NDMM pts were randomized (KRd_ASCT, n=158; KRd12, n=157; KCd_ASCT, n=159) and analyzed. Pt 
characteristics were well balanced. Intention-to-treat (ITT) data of pre-maintenance MRD (KRd_ASCT, 62%; KRd12 
56%, KCd_ASCT 43%) and safety of the induction/consolidation phases in the 3 arms were already reported (F. Gay et 
al. ASH 2018; S. Oliva et al. ASH 2019). After a median follow-up from R1 of 45 m, median PFS was not reached with 
KRd_ASCT, 57 m with KRd12 and 53 m with KCd_ASCT (KRd_ASCT vs KCd_ASCT: HR 0.53, P<0.001; KRd_ASCT 
vs KRd12: HR 0.64, P=0.023; KRd12 vs KCd_ASCT: HR 0.82, P=0.262). The benefit of KRd_ASCT vs both KCd_ASCT 
and KRd12 was observed in most subgroups (Figure). 3-year overall survival (OS) was 90% with KRd_ASCT and 
KRd12 vs 83% with KCd. 356 pts (KR, n=178; R, n=178) were randomized to maintenance; pt characteristics, pre-
maintenance response (≥complete response [CR]: KR 62% vs R 59%; stringent CR: KR 50% vs R 48%) including MRD 
negativity (KR 65% vs R 66%) in the 2 groups were well balanced. After a median follow-up from R2 of 31 m and a 
median duration of maintenance of 27 m in both arms, 46% of MRD-positive pts at randomization turned negative in 
KR vs 32% in R (P=0.04). By ITT analysis, 3-year PFS from R2 was 75% with KR vs 66% with R (HR 0.63; P=0.026). The 
benefit of KR vs R was observed in most subgroups (Figure). 3-year OS was 90% in both arms.

During maintenance, a similar proportion of pts experienced ≥1 grade (G)3–4 hematologic adverse events (AEs)/
serious AEs (SAEs) in the 2 arms (KR 22% vs R 23%); the most frequent were neutropenia (KR 18% vs R 21%) and 
thrombocytopenia (KR 3% vs R 3%). Rate of ≥1 G3–4 non-hematologic AEs/SAEs was higher with KR (27%) compared 
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with R (15%), P=0.012; the most frequent were infections (KR 4% vs R 7%); all other events were reported in ≤5% of 
pts and included: gastrointestinal (KR 5% vs R 2%), cardiac (KR 4% vs R 1%), hypertension (KR 3% vs R 0%), and 
thrombotic microangiopathy (3% vs 0%). 4 pts developed a second primary malignancy in KR (breast 1 pt; thyroid 1 pt; 
myelodysplastic syndrome 1 pt; non-melanoma skin cancer 1 pt) vs 1 pt in R (acute lymphoblastic leukemia). Dose 
reductions of R were reported in 23% of KR and 29% of R pts; dose reductions of K were reported in 20% of pts. The rate 
of discontinuation due to AEs was similar in the 2 arms (KR 10% vs R 9%).

Conclusions: Treatment with KRd_ASCT significantly improved PFS compared with both KRd12 and KCd_ASCT. 
Maintenance with KR also improved PFS vs R.
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Abbreviations. PFS, progression-free survival; R1, first randomization (induction treatment); R2, second randomization (maintenance treatment); pts, 
patients; K, carfilzomib; C, cyclophosphamide; R, lenalidomide; d, dexamethasone; KRd12, 12 cycles of KRd; ASCT, autologous stem-cell transplantation; 
HR, hazard ratio; CI, confidence interval; P, p-value; ISS, International Staging System stage; FISH, fluorescence in situ hybridization; LDH, lactate 
dehydrogenase; ULN, upper limit of normal.
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OffLabel Disclosure: The presentation includes discussion of off-label use of a drug or drugs for the treatment of multiple myeloma (including 
carfilzomib, cyclophosphamide, lenalidomide and dexamethasone).
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Abstract 181

A Phase 1 First in Human (FIH) Study of AMG 701, an Anti-B-Cell Maturation 
Antigen (BCMA) Half-Life Extended (HLE) BiTE® (bispecific T-cell engager) 
Molecule, in Relapsed/Refractory (RR) Multiple Myeloma (MM) 

Simon J Harrison, MBBS MRCP (UK) PhD FRCPath (UK) FRACP1,2, Monique C. Minnema, MD, PhD3, Hans C. 
Lee, MD4, Andrew Spencer, MBBS, FRACP, FRCPA, DM5, Prashant Kapoor, MD6, Deepu Madduri, MD7*, Jeremy 
Larsen8, Sikander Ailawadhi, MD9, Jonathan L. Kaufman, MD10, Marc S. Raab, MD11*, Parameswaran Hari, MBBS, 
MD12, Shinsuke Iida, MD, PhD13, Ravi Vij, MBBS14, Faith E. Davies15, Robin Lesley, PhD16*, Vijay V. Upreti, PhD17*, 
Zhao Yang, PhD18*, Anjali Sharma, MD19*, Alex Minella, MD19 and Suzanne Lentzsch, MD, PhD20

1Peter MacCallum Cancer Centre and Royal Melbourne Hospital, Melbourne, Australia
2Melbourne University, Sir Peter MacCallum Dept of Oncology, Melbourne, Australia
3University Medical Center Utrecht, Utrecht, Netherlands
4The University of Texas M.D. Anderson Cancer Center, Houston, TX
5Alfred Hospital-Monash University, Melbourne, Australia
6Mayo Clinic Rochester, Division of Hematology, Rochester, MN
7Icahn School of Medicine at Mount Sinai, New York, NY
8Mayo Clinic, Phoenix, AZ
9Mayo Clinic, Jacksonville, FL
10Emory University School of Medicine, Atlanta, GA
11Heidelberg University Hospital, Heidelberg, Germany
12Medical College of Wisconsin, Milwaukee, WI
13Nagoya City University Hospital, Nagoya, Japan
14Washington University School of Medicine, St Louis, MO
15NYU Langone, New York, NY
16Clinical Biomarkers and Diagnostics, Amgen Inc, South San Francisco, CA
17Clinical Pharmacology Modeling & Simulation, Amgen Inc., South San Francisco, CA
18Global Biostatistical Science, Amgen Inc., Thousand Oaks, CA
19Early Development, Oncology, Amgen Inc., Thousand Oaks, CA
20Columbia University Medical Center, New York, NY

Aims: To evaluate AMG 701, a BiTE® molecule binding BCMA on MM cells and CD3 on T cells, in RR MM (Amgen, 
NCT03287908); primary objective was to evaluate safety and tolerability and estimate a biologically active dose; 
secondary objectives were to characterize pharmacokinetics (PK), anti-myeloma activity per IMWG criteria, and 
response duration.

Methods: Patients with MM RR or intolerant to ≥3 lines [proteasome inhibitor (PI), IMiD, anti-CD38 Ab as available] 
received AMG 701 IV infusions weekly in 4-week cycles until disease progression (PD). A 0.8-mg step dose was added 
prior to target doses ≥1.2 mg to prevent severe cytokine release syndrome (CRS). Target dose was achieved by day 8 or 
sooner with earlier escalation. Exclusion criteria included: solely extramedullary disease; prior allogeneic stem cell 
transplant (SCT) in the past 6 months; prior autologous SCT in the past 90 days; CNS involvement; prior anti-BCMA 
therapy. The first 3 cohorts (dose 5–45 μg) had 1 patient each, the next cohorts (0.14‑1.2 mg) had 3–4 patients each, and 
subsequent cohorts (1.6–12 mg) were to have 3–10 patients each. Minimal residual disease (MRD) was measured by 
next‑generation sequencing (NGS, ≤10-5 per IMWG) or flow cytometry (≤3×10-5).

Results: As of July 2, 2020, 75 patients received AMG 701. Patients had a median age of 63 years, a median time since 
diagnosis of 5.9 years, and a median (range) of 6 (1–25) prior lines of therapy; 27% of patients had extramedullary 
disease, 83% prior SCT, and 93% prior anti-CD38 Ab; 68% were triple refractory to a PI, an IMiD, and an anti‑CD38 
Ab. Median (Q1, Q3) treatment duration was 6.1 (3.1, 15.3) weeks and median follow-up on treatment was 1.7 (1.0, 
3.7) months. Patients discontinued drug for PD (n=47), AEs (adverse events, n=4, 3 CRS, 1 CMV / PCP pneumonia), 



23

withdrew consent (4), other therapy (1), investigator discretion (1), and CNS disease (1); 17 patients remain  
on AMG 701.

The most common hematological AEs were anemia (43%), neutropenia (23%), and thrombocytopenia (20%). The 
most common non-hematological AEs were CRS (61%), diarrhea (31%), fatigue (25%), and fever (25%). CRS was 
mostly grade 1 (n=19) or 2 (n=21) per Lee Blood 2014 criteria. All grade 3 CRS (n=5, 7%) were assessed as dose-
limiting toxicities (DLTs); all were reversible with corticosteroids and tocilizumab, with median duration of 2 days. CRS 
grade 3 drivers included transient LFT increases in 3 patients and hypoxia in 2 patients. Other DLTs were 1 case each 
of transient grade 3 atrial fibrillation, transient grade 3 acidosis, and grade 4 thrombocytopenia. Serious AEs (n=29, 
39%) included infections (13), CRS (7), and asymptomatic pancreatic enzyme rise (2, no imaging changes, 1 treatment 
related). There were 4 deaths from AEs, none related to AMG 701 (2 cases of sepsis, 1 of retroperitoneal bleeding, and 
1 of subdural hematoma). Reversible treatment-related neurotoxicity was seen in 6 patients, with median duration of 
1 day, all grade 1–2, and associated with CRS in 4 patients.

The response rate was 36% (16/45) at doses of 3–12 mg; at ≤1.6 mg (n=27), there was 1 response at 0.8 mg in a patient 
with low baseline soluble BCMA (sBCMA). With earlier dose escalation with 9 mg, the response rate was 83% (5/6, 
3 PRs, 2 VGPRs), with 4/5 responders being triple refractory and 1 DLT of grade 3 CRS in this group. Across the study, 
responses included 4 stringent CRs (3 MRD-negative, 1 not yet tested), 1 MRD-negative CR, 6 VGPRs, and 6 PRs 
(Table). Median (Q1, Q3) time to response was 1.0 (1.0, 1.9) month, time to best response was 2.8 (1.0, 3.7) months, 
and response duration was 3.8 (1.9, 7.4) months, with maximum duration of 23 months; responses were ongoing at last 
assessment in 14/17 patients (Figure). MRD was tested in 4 patients (3 sCR, 1 CR) and all were negative (3 by NGS, 1 
by flow); MRD negativity was ongoing at last observations up to 20 months later. AMG 701 exhibited a favorable PK 
profile in its target patient population of RR MM, with AMG 701 exposures increasing in a dose‑related manner. Patient 
baseline sBCMA levels were identified as a determinant of AMG 701 free drug exposures; at higher doses, encouraging 
preliminary responses were seen even at the higher end of baseline sBCMA values.

Summary: In this FIH study with ongoing dose escalation, AMG 701, an anti‑BCMA BiTE® molecule, demonstrated a 
manageable safety profile, encouraging activity, and a favorable PK profile in patients with heavily pre‑treated RR MM, 
supporting further evaluation of AMG 701.

Table.  Cohorts assessed for confirmed responders ≥PR

Target dose (mg) # responses/evaluable* Responses
0.14 0/3 –
0.4 0/4 –
0.8 1/4 1 MRD- sCR†

1.6+ 0/1 –
1.2+ 0/4 –
1.6 0/8 –

3.0 3/11 2 PRs 
1 MRD- sCR

4.5 2/7 2 VGPRs

6.5 All: 4/10 
Earlier escalation: 2/5

1 VGPR 
1 MRD- CR 

1 sCR 
1 MRD- sCR

9 All: 5/10 
Earlier escalation: 5/6

3 PRs 
2 VGPRs

12 All: 2/7 
(cohort still enrolling)

1 PR 
1 VGPR

*Table does not include single-patient cohorts (5, 15, and 45 mg) nor 1 patient at 12 mg not yet assessed. †Dosing frequency reduced to Q2W in  
Cycle 10 and Q4W in Cycle 18. +Save for 1 patient at 1.6 mg with the DLT of CRS, all patients at doses of ≥1.2 mg received a step dose of 0.8 mg prior 
to target dose.
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Swimmer plot for confirmed responders (≥PR)

17
16
15
14
13
12
11
10

9
8
7
6
5
4
3
2
1

0 2 4 6 8 10 12 14 16 18 20 22 24
0.8 mg

3 mg

4.5 mg

6.5 mg

9 mg

12 mg*

Month

PR
VGPR
CR
sCR
PD
Treatment ongoing 
Cohort still enrolling*

Disclosures: Harrison: Janssen: Honoraria; Novartis: Consultancy, Honoraria, Patents & Royalties: wrt panobinostat; GSK: Consultancy, Honoraria, 
Membership on an entity’s Board of Directors or advisory committees, Research Funding; BMS: Consultancy, Honoraria; CRISPR Therapeutics: 
Consultancy, Honoraria; Haemalogix: Consultancy; Amgen: Consultancy, Honoraria, Membership on an entity’s Board of Directors or advisory 
committees, Research Funding; Celgene: Consultancy, Honoraria, Membership on an entity’s Board of Directors or advisory committees, Research 
Funding; Takeda: Consultancy, Honoraria, Membership on an entity’s Board of Directors or advisory committees, Research Funding; Janssen-Cilag: 
Consultancy, Membership on an entity’s Board of Directors or advisory committees, Research Funding; AbbVie: Consultancy, Honoraria, Membership 
on an entity’s Board of Directors or advisory committees, Research Funding; F. Hoffmann-La Roche: Consultancy, Honoraria. Minnema: Amgen: 
Honoraria; Servier: Honoraria; Gilead: Honoraria; Celgene Corporation: Honoraria, Research Funding; Janssen Cilag: Honoraria. Lee: Celgene: 
Consultancy, Research Funding; Genentech: Consultancy; GlaxoSmithKline: Consultancy, Research Funding; Genentech: Consultancy; Regeneron: 
Research Funding; Takeda: Consultancy, Research Funding; Janssen: Consultancy, Research Funding; Sanofi: Consultancy; Daiichi Sankyo: Research 
Funding; Amgen: Consultancy, Research Funding. Spencer: AbbVie: Consultancy, Honoraria, Research Funding; Roche: Honoraria; Takeda: 
Honoraria, Research Funding, Speakers Bureau; Sanofi: Consultancy, Honoraria; Amgen: Consultancy, Honoraria, Research Funding; Janssen: 
Consultancy, Honoraria, Research Funding, Speakers Bureau; Secura Bio: Consultancy, Honoraria; Servier: Consultancy, Honoraria, Research 
Funding; HaemaLogiX: Consultancy, Honoraria, Research Funding; BMS: Consultancy, Honoraria, Research Funding, Speakers Bureau; Pfizer: 
Consultancy, Honoraria; Pharmamar: Research Funding. Kapoor: Cellectar: Consultancy; Amgen: Research Funding; Janssen: Research Funding; 
Sanofi: Consultancy, Research Funding; Takeda: Honoraria, Research Funding; GlaxoSmithKline: Research Funding; Celgene: Honoraria. Madduri: 
Takeda: Consultancy, Honoraria; AbbVie: Consultancy, Honoraria; Janssen: Consultancy, Honoraria; Foundation Medicine: Consultancy, Honoraria; 
GSK: Consultancy, Honoraria, Membership on an entity’s Board of Directors or advisory committees, Other: Speaking Engagement, Speakers Bureau; 
Kinevant: Consultancy, Honoraria, Membership on an entity’s Board of Directors or advisory committees, Other: Speaking Engagement, Speakers 
Bureau; Legend: Consultancy, Honoraria, Membership on an entity’s Board of Directors or advisory committees, Other: Speaking Engagement, 
Speakers Bureau; Celgene: Consultancy, Honoraria. Larsen: Janssen Oncology: Honoraria, Membership on an entity’s Board of Directors or advisory 
committees; Takeda: Honoraria, Membership on an entity’s Board of Directors or advisory committees. Ailawadhi: Phosplatin: Research Funding; 
Beigene: Consultancy; Takeda: Honoraria; Amgen: Research Funding; Celgene: Honoraria; Oncopeptides: Consultancy; Pharmacyclics: Research 
Funding; BMS: Research Funding; Cellectar: Research Funding; Medimmune: Research Funding; Janssen: Research Funding; GSK: Consultancy. 
Kaufman: Amgen: Consultancy, Honoraria; Incyte: Consultancy, Membership on an entity’s Board of Directors or advisory committees; Bristol-Myers 
Squibb: Consultancy, Honoraria; AbbVie: Consultancy; Celgene: Consultancy, Honoraria; Takeda: Consultancy, Honoraria; Tecnopharma: Consultancy, 
Honoraria; Janssen: Consultancy, Honoraria; Karyopharm: Membership on an entity’s Board of Directors or advisory committees; Pharmacyclics: 
Membership on an entity’s Board of Directors or advisory committees; TG Therapeutics: Consultancy, Membership on an entity’s Board of Directors 
or advisory committees; Sanofi/Genyzme: Consultancy, Honoraria. Raab: Takeda: Membership on an entity’s Board of Directors or advisory 
committees; Heidelberg Pharma: Research Funding; Amgen: Membership on an entity’s Board of Directors or advisory committees; Bristol-Myers 
Squibb: Membership on an entity’s Board of Directors or advisory committees; Janssen: Membership on an entity’s Board of Directors or advisory 
committees; Celgene: Membership on an entity’s Board of Directors or advisory committees, Research Funding; Novartis: Membership on an entity’s 
Board of Directors or advisory committees; Sanofi: Membership on an entity’s Board of Directors or advisory committees, Research Funding. Hari: 
BMS: Consultancy; Amgen: Consultancy; GSK: Consultancy; Janssen: Consultancy; Incyte Corporation: Consultancy; Takeda: Consultancy. Iida: 
AbbVie: Research Funding; Merck Sharpe Dohme: Research Funding; Kyowa Kirin: Research Funding; Chugai: Research Funding; Sanofi: Honoraria, 
Research Funding; Bristol-Myers Squibb: Honoraria, Research Funding; Daiichi Sankyo: Honoraria, Research Funding; Takeda: Honoraria, Research 
Funding; Ono: Honoraria, Research Funding; Celgene: Honoraria, Research Funding; Janssen: Honoraria, Research Funding. Davies: Celgene/BMS: 
Consultancy, Honoraria, Membership on an entity’s Board of Directors or advisory committees, Research Funding; Janssen: Consultancy, Honoraria, 
Membership on an entity’s Board of Directors or advisory committees, Research Funding; Oncopeptides: Consultancy, Honoraria, Membership on 
an entity’s Board of Directors or advisory committees; Roche: Consultancy, Honoraria, Membership on an entity’s Board of Directors or advisory 
committees; Takeda: Consultancy, Honoraria, Membership on an entity’s Board of Directors or advisory committees; Adaptive Biotech: Honoraria; 
Sanofi: Honoraria, Membership on an entity’s Board of Directors or advisory committees. Lesley: Amgen Inc.: Current Employment, Current equity 



25

holder in publicly-traded company. Upreti: Amgen Inc.: Current Employment, Current equity holder in publicly-traded company. Yang: Amgen 
Inc.: Current Employment, Current equity holder in publicly-traded company. Sharma: Amgen Inc.: Current Employment, Current equity holder in 
publicly-traded company. Minella: Amgen Inc.: Current equity holder in publicly-traded company, Ended employment in the past 24 months; Beam 
Therapeutics Inc.: Current Employment, Current equity holder in publicly-traded company. Lentzsch: Mesoblast: Divested equity in a private or 
publicly-traded company in the past 24 months; Janssen: Consultancy; Caelum Biosciences: Current equity holder in private company, Membership on 
an entity’s Board of Directors or advisory committees; Magenta: Current equity holder in private company; Sanofi: Research Funding; Karyopharm: 
Research Funding; Celularity: Consultancy; Sorrento: Consultancy.

OffLabel Disclosure: AMG 701, a half-life extended BiTE® (bispecific T-cell engager) molecule is an investigational agent for multiple myeloma. 
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Abstract 268

Superior Event-Free Survival with Blinatumomab Versus Chemotherapy in 
Children with High-Risk First Relapse of B-Cell Precursor Acute Lymphoblastic 
Leukemia: A Randomized, Controlled Phase 3 Trial 

Franco Locatelli, MD, PhD1, Gerhard Zugmaier2, Carmelo Rizzari, MD3*, Joan Morris4*, Bernd Gruhn5*, Thomas 
Klingebiel6, Rosanna Parasole7*, Christin Linderkamp8*, Christian Flotho, MD9*, Arnaud Petit, MD, PhD10*, Concetta 
Micalizzi11*, Noemi Mergen, MD12*, Abeera Mohammad, MSc13*, Cornelia Eckert, PhD14*, Anja Moericke, MD15*, 
Mary Sartor, BSc, PhD16*, Ondrej Hrusak, MD, PhD17, Christina Peters18*, Vaskar Saha, MD, PhD19* and Arend von 
Stackelberg, MD20
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2Amgen Research (Munich) GmbH, München, Germany
3San Gerardo Hospital, University of Milano-Bicocca, Monza, ITA
4Amgen Inc., Thousand Oaks, CA
5Department of Pediatrics, Department of Pediatrics, Jena, Germany
6Department for Children and Adolescents, University Hospital Frankfurt, Frankfurt am Main, Germany
7Dept Pediatric Hemato-Oncology, Azienda Ospedaliera di Rilievo Nazionale Santobono Pausilipon, Napoli, Italy, NAPOLI, Italy
8Medizinische Hochschule Hannover, Hanover, Germany
9Division of Pediatric Hematology and Oncology, Department of Pediatrics and Adolescent Medicine, Medical Center, Faculty of Medicine,  
University of Freiburg, Freiburg, Germany
10Hopital Trousseau, PARIS, France
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12Amgen Research (Munich), Munich, Germany
13Global Biostatistical Science, Amgen Ltd, Uxbridge, United Kingdom
14Department of Pediatric Oncology/Hematology, Campus Rudolf Virchow, Charité University Hospital, Berlin, Germany
15Department of Pediatrics, University Medical Center of Schleswig-Holstein, Campus Kiel, Kiel, Germany
16Westmead Institute for Medical Research, Sydney, Australia
17CLIP – Childhood Leukaemia Investigation Prague, Department of Paediatric Haematology and Oncology, Charles University CLIP, Prague,  
Czech Republic
18St Anna’s Childrens Hospital, Vienna, Austria
19Tata Translational Cancer Research Centre, Tata Medical Center, Kolkata, India
20Department of Pediatric Oncology/Hematology, Charité Medical Center, Berlin, Germany

Background: Children with high-risk (HR) first-relapse B-cell precursor acute lymphoblastic leukemia (BCP-ALL) 
are candidates for allogeneic hematopoietic stem cell transplant (alloHSCT) when a second complete morphological 
remission (CR2, M1 marrow) is achieved. Immuno-oncotherapy with blinatumomab, a bispecific T-cell engager (BiTE®) 
molecule, is efficacious in children with relapsed/refractory BCP-ALL. We conducted an open-label randomized, 
controlled phase 3 trial comparing blinatumomab with high-risk consolidation (HC) 3 chemotherapy as pretransplant 
consolidation therapy for children with HR first-relapse BCP-ALL.

Methods: Children with M1 (<5% blasts) or M2 (<25% and ≥5% blasts) marrow were randomized 1:1 after induction 
therapy and cycles of HC1 and HC2 chemotherapy, administered according to the IntReALL HR 2010, ALL-REZ 
BFM 2002, ALL R3, COOPRALL, and AIEOP ALL REC 2003 protocols, to receive a third consolidation course with 
blinatumomab (15 µg/m2/day for 4 weeks) or HC3 (dexamethasone, vincristine, daunorubicin, methotrexate, ifosfamide, 
PEG-asparaginase); intrathecal chemotherapy (methotrexate/cytarabine/prednisolone) was administered before 
treatment. Stratification variables included age, marrow status at end of HC2, and minimal residual disease (MRD) after 
induction (evaluated in a local laboratory). Patients with CR2 (M1 marrow) after blinatumomab or HC3 proceeded to 
alloHSCT. The primary endpoint was event-free survival (EFS; from randomization until relapse date or M2 marrow 
after a CR, failure to achieve CR at end of treatment, second malignancy, or death from any cause). Secondary endpoints 
included overall survival (OS), cumulative incidence of relapse, MRD status (evaluated in a central laboratory by 
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polymerase chain reaction), and incidence of adverse events (AEs). Two interim analyses were planned at approximately 
50% and 75% of total EFS events.

Results: Enrollment was terminated for benefit (blinatumomab group) based on a predefined efficacy threshold at 
the 50% EFS events interim analysis. From November 10, 2015, to July 17, 2019 (data as-is snapshot), 108 patients 
were enrolled and randomized; 54 (50%) to blinatumomab and 54 (50%) to HC3. Patient baseline characteristics were 
comparable between treatment groups; most patients had completed treatment (blinatumomab, 91%; HC3, 89%). Events 
were reported for 18/54 (33.3%) and 31/54 (57.4%) blinatumomab- and HC3‑randomized patients, with a median 
EFS of “not reached” and 7.4 months, respectively (Figure). Blinatumomab reduced the risk of relapse by 64% vs HC3 
(hazard ratio 0.36, 95% confidence interval [CI] 0.19–0.66, p<0.001). In addition, OS favored blinatumomab vs HC3 
(hazard ratio 0.43, 95% CI 0.18–1.01) (Figure). MRD remission (MRD<10-4) was seen in 43/46 (93.5%) blinatumomab-
randomized and 25/46 (54.3%) HC3-randomized patients. Grade ≥3 treatment-emergent AEs were reported by 30/53 
(57%) and 41/51 (80%) patients in the blinatumomab and HC3 groups, respectively. As expected, grade ≥3 neurologic 
events occurred more frequently with blinatumomab than with HC3; no grade ≥3 cytokine release syndrome events 
were reported. Types of alloHSCT conditioning regimens received by patients as well as types of donors were balanced 
between groups.

Conclusions: Blinatumomab monotherapy as consolidation therapy before alloHSCT in children with HR first-relapse 
BCP-ALL leads to significantly better EFS, lower risk of recurrence, and fewer grade ≥3 treatment-emergent AEs vs 
HC3, suggesting a new standard‑of-care treatment for these patients.
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Abstract 2795

Interim Results of a Multicenter, Single-Arm Study to Assess Blinatumomab in 
Adult Patients (pts) with Minimal Residual Disease (MRD) of B-Precursor (BCP) 
Acute Lymphoblastic Leukemia (GMALL-MOLACT1-BLINA) 

Nicola Goekbuget, MD1, Wiba Keke Wermann2*, Stefan Schwartz, MD, PhD3*, Andreas Hüttmann, MD4, Christoph 
Faul, MD5, Simon Raffel, MD6*, Andreas Viardot, Professor Dr7, Walter Fiedler, MD8, Nael Alakel, MD9*, Matthias 
Stelljes, MD10, Marion Subklewe, MD11, Ralph Wäsch12, Sonja Martin, MD13*, Wolfram Jung, MD14*, Vladan 
Vucinic, MD15*, Mustafa Kondakci, MD16*, Lars R. Fransecky, MD17*, Daniela Heidenreich, MD18*, Knut Wendelin, 
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17University Hospital Schleswig-Holstein, Kiel, Germany
18UMM University Medical Center Mannheim, University of Heidelberg, Mannheim, DEU
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MRD in ALL is defined as the detection of leukemic cells in bone marrow below the microscopic threshold in 
complete remission (CR). Patients (pts) with molecular failure (MolFail) or molecular relapse (MolRel) after induction/
consolidation therapy are at a high risk for hematologic relapse. Targeted therapies should prevent hematologic 
relapse, reduce MRD load and provide a bridging strategy to allogeneic stem cell transplantation (SCT) and thereby 
improve overall outcome of these pts. In pts without (wo) SCT option reduction of MRD load is an essential goal as 
well. Blinatumomab is an antibody construct that redirects CD3+ T cells to CD19+ target cells, resulting in a serial 
lysis of CD19+ B cells. In a study in pts with MRD ≥10–3, 78% achieved complete MRD response (Gökbuget N et al., 
Blood 2018). The MolAct1 trial was initiated by the GMALL study group to evaluate the efficacy and tolerability of 
Blinatumomab in MRD+ ALL including those with MRD below 10-3 and pts with MRD after SCT.

Adults (≥18 yrs) with CD19+, Ph-negative BCP ALL in CR after ≥3 chemotherapies with MRD ≥10-4 were eligible 
(NCT03109093). Recruitment of pts with MRD ≥10-3 was stopped after marketing authorization for this entity. After an 
amendment, which became effective after 44 recruited pts, pts with MRD below 10-4 or non-quantifiable (nq) MRD were 
eligible.
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Blinatumomab 28 μg/day was given as 4-wk infusion, followed by a 2-wk break (1 cycle). Responders could receive up 
to 4 cycles or undergo HSCT after ≥1 cycle. MRD after 1 cycle was the primary endpoint. MRD was centrally assessed 
by allele-specific quantitative real-time PCR of clonal rearrangements of immunoglobulin or T-cell receptor genes. For 
definition of MRD at inclusion and at response assessment see table 1. 

64 pts with a median age of 44 (18–83) yrs were included from 19 centers and 60 were evaluable. 63 pts were treated in 
first CR (5 after SCT). Overall, 67% achieved MolCR, 10% had MolFail, 23% MolNE. MolNE identifies an intermediate 
response with different options clarified table 1. 81% of the pts included with MRD ≥10–4 had a molecular response i.e. 
MolCR or MRD<10-4. No significant differences in terms of MRD response were observed according to MRD level at 
inclusion or other patient characteristics (table 1).

60 pts have completed study treatment (40 HSCT, 8 relapses during treatment, 4 completed 4 cycles wo SCT, 2 stopped 
earlier due to toxicities – 1 with subsequent SCT, 1 due to GvHD, 1 due to physicians’ decision and 4 pts returned to 
standard treatment after 2 cycles). 

SCT pts had a median age of 42 (18–66) yrs and follow-up is available in 37 / 41 pts (29 CCR, 3 relapse, 5 death in CR).

16 relapses occurred: 8 during treatment (1 after MolCR, 5 MolNE1-3 and 2 with MolFail resp); after SCT in 3/41 pts; 
5/11 with CR at end of treatment wo subsequent SCT.

The median observation time of surviving pts is 12 (1–38) mo and the median survival is not reached. At 2 yrs the 
survival probability (OS) was 64%. OS was 70%, 64% and 43% in pts with MRD between 10-4-10-3, 10-3-10-2 and >10-2 at 
inclusion, resp (p>.05; Fig.1). OS was 71% vs 54% in pts MolFail vs MolRel at inclusion (p>.05). OS was 72%, 40% and 
56% in pts with MolCR, MolFail and MolNE after cycle 1 resp (P=0.02; Fig.2).

Overall, the results from previous trials were confirmed. In addition, it was demonstrated that pts with MRD between 
10-4 and 10-3 had a similar response and a trend towards better outcome compared to pts with higher MRD levels >10-2. 
So far only 7 pts with MRD below 10-4 were included; more data are needed to evaluate the impact of Blinatumomab in 
this population; GMALL does currently not recommend SCT for these pts unless there is an indication due to other risk 
factors. Interestingly, a significant proportion of pts (23%) had an incomplete MRD response and the outcome results 
indicate that these pts together with those with MolFail may have an inferior survival compared to those with MolCR. 
The results underline that the clear definition of MRD categories and consideration of level and sensitivity is essential for 
interpretation, which is possible due to well defined standards for the PCR method used here. 68% of the pts received 
SCT in CR after Blinatumomab with a so far limited mortality (13%). Further follow-up is certainly required. The 
GMALL will continue to recruit patients with MRD levels below 10-3 in order to improve their chances for long-term 
survival

This study was supported by Amgen Inc.
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Table 1. MRD Response after Cycle 1

Feature Total 
n (%)

Complete 
MRD 

Response 
(MolCR)

MolFail MolNE Total
MolNE 

Subgroups 
(1/2/3)

MRD 
Response

Total 60 40 (67%) 6 (10%) 14 (23%) 7/2/5 49 (82%)
MRD Level at inclusion
>10-2 7 5 0 2 0/1/1
10-3–10-2 21 15 (71%) 3 (14%) 3 (14%) 1/0/2 6 (76%)
10-4–10-3 25 16 (64%) 2 (8%) 7 (28%) 4/1/2 21 (84%)
<10-4 or nq. 7 4 1 2 2/0/0 6
Stage at inclusion
CR1 54 34 (63%) 6 (11%) 14 (26%) 7/2/5 43 (80%)
After SCT 
(CR1) 5 5 0 0 0/0/0 5

Later CR 1 1 0 0 0/0/0 1
MRD Status at inclusion
Mol Failure 38 25 (66%) 4 (11%) 9 (24%) 4/1/4 31 (82%)
Mol Relapse 15 11 (73%) 1 (7%) 3 (20%) 1/1/1 13 (87%)
Age
18–35 yrs 23 13 (57%) 4 (17%) 6 (26%) 4/0/2 17 (74%)
36-55 yrs 22 15 (68%) 1 (5%) 6 (27%) 3/1/2 19 (86%)
>55 yrs 15 12 (80%) 1 (7%) 2 (13%) 0/1/1 13 (87%)

Definitions: MolCR=MRD negative with sensitivity of ≥10-4. MolFail=MRD above 10-4; Complete MRD response=MolCR; MRD response=MolCR or 
MolNE1 or MolNE2; MolNE1=Positive MRD <10-4, not quantifiable (nq); MolNE2=MRD <10-4, quantifiable; MolNE3=Positive MRD nq. Molecular 
relapse: MRD >10-4 after prior achievement of MolCR.

Figure 1 and 2
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OffLabel Disclosure: Blinatumomab in MRD positive disease below 10-3.
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