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C i ltacabtagene autoleucel 
(cilta-cel; JNJ-68284528) 
demonstrated a signif i-

cant response rate and showed a 
manageable safety profile at the 
recommended phase 2  
dose in patients with relapsed 
or refractory (R/R) multiple 
myeloma, according to combined 
results from the CARTITUDE-1 
trial (NCT03548207).1

The objective response rate 
(ORR) was 96.9%, consisting of 
stringent complete responses 
(sCRs) in 67.0% of patients, 
very good partial responses in  
25.8%, and partial responses in 4.1%. 

“We saw how heavily pretreated 
these patients were, and to see a 1-time 
treatment give these kinds of response 
rates is quite exceptional,” said Deepu 
Madduri, MD, in a presentation during 
the  virtual 62nd American Society of 
Hematology (ASH) Annual Meeting & 
Exposition. “What’s even more impres-
sive is that 72% of these patients are still 
maintaining their response at the time 
of data cutoff.” 

Cilta-cel is a second-generation chime-
ric antigen receptor (CAR) T-cell therapy 
consisting of a CD3ζ signaling domain, 
a 4-1BB costimulatory domain, and 2 
B-cell maturation antigen (BCMA) binding 
domains. A rolling submission of a biolog-
ics license application for cilta-cel was 
submitted to the FDA post ASH, based 
on results from CARTITUDE-1.2 

CARTITUDE-1 is a phase 1b/2 study 
exploring the safety and efficacy of cilta-
cel in patients with progressive multiple 
myeloma who have received at least 3 
prior therapies—including a proteasome 
inhibitor, immunomodulatory drug, and 
anti-CD38 therapy—or who are double 

refractory and have an ECOG perfor-
mance status of 0 or 1. 

Once patients were screened and 
enrolled in the study, they under-
went apheresis and bridging therapy, 

if necessary, followed by 
lymphodepleting chemother-
apy of cyclophosphamide at  
300 mg/m2 and fludarabine 
at 30 mg/m2 on days –5 to  
–3 prior to CAR T-cell infusion. 
The target dose was 0.75 × 106 
viable CAR-positive T cells/kg, 
but the median dose adminis-
tered was 0.71 × 106 (range, 
0.51-0.95 × 106). 

Primary objectives for the phase 1b 
portion of the study were to characterize 
the safety of the agent and set the recom-
mended phase 2 dose; and in phase 2, 
the primary end point was to evaluate 
efficacy by ORR. 

Previously, results of the phase 1b portion  
of the study presented at the 2020 
American Society of Clinical Oncology 
Virtual Scientific Program showed 
responses in all 29 patients, includ-
ing a very good partial response or 
higher rate of 97%.3 

The presentation at the ASH meeting 
covered findings for all patients treated 
with cilta-cel in the phase 1b and  
2 portions of the study (N = 97). Of 
these patients, 86% are still on the trial. 

Median turnaround time for cilta-
cel manufacturing was 29 days,  
and no patients were discontinued 
from the study because of manufac-
turing failure. 

At baseline, the median age of all 
patients was 61 years (range, 43-78), 
58.8% were male, and 13.4% had extra-
medullary disease. Almost one-fourth 
of patients (23.7%) had a high-risk 

Cilta-cel CAR T-Cell Therapy 
Impresses With High ORR in R/R 
Multiple Myeloma
By Lisa Astor

Deepu  
Madduri, MD



Meeting Spotlight    3

cytogenetic profile, most often including 17p deletion, and 91.9% 
had tumor BCMA expression of at least 50%. The median number 
of prior therapies was 6 (range, 3-18), indicating a heavily 
pretreated population, with 87.6% being triple-class refractory and  
42.3% being penta-refractory. Ninety-nine percent of patients 
were refractory to their last line of therapy, which was not 
required for inclusion in this study, Madduri noted. Additionally, 
89.7% previously underwent autologous stem cell transplant, and 
8.2% received allogeneic transplant. 

Responses were ongoing at cutoff in 72.2% of patients, and 
the median time to first response was 1 month (range, 0.9-8.5). 
Of 57 patients evaluable for minimal residual disease (MRD), the 
negativity rate at 10-5 was 93.0%, accounting for 54.6% of the 
overall population. A total of 33 patients (34%) achieved both 
sCR and MRD negativity.  

“Early, deep, and durable responses are observed in this heav-
ily pretreated population,” said Madduri, who is an assistant 
professor of medicine, hematology, and medical oncology at 
Mount Sinai Medical Center in New York, New York. 

The median progression-free survival (PFS) was not reached in 
responders, but at 12 months the PFS rate was 76.6% (95% CI,  
66.0%-84.3%). In those who achieved an sCR, the 12-month PFS 
rate was 84.5% (95% CI, 72.0%-91.8%) and was 68.0% (95% CI, 
46.1%-82.5%) in patients who had a very good partial response. 

“Patients with [R/R] myeloma have a median overall survival 
of only 9.2 months in triple-refractory [disease] and only  
5.6 months in penta-refractory. In this study, we know that 
the median PFS is at least a full year, and we still haven’t even 
reached a median PFS after a median duration of follow-up of 
12.4 months,” Madduri said. 

At 1 year, the overall survival rate was 88.5% (95% CI, 80.2%-93.5%).  
The median overall survival also was not yet reached. 

The most common grade 3/4 adverse events (AEs) were 
hematologic and observed in 99.0% of all patients, includ-
ing neutropenia in 94.8%, anemia in 68.0%, and leukopenia in  
60.8%. The median time to recovery of these grade 3/4 cytopenias 
was 2 weeks for neutropenia and 4 weeks for thrombocytopenia. 
The rate of any-grade infections was 57.7%, and the most common 
grade 3/4 infections were pneumonia (8.2%) and sepsis (4.1%). 

Grade 3/4 nonhematologic toxicities were not common in 
the study and included hypophosphatemia at 7.2%, fatigue at  
5.2%, and aspartate aminotransferase level increase at 5.2%.

Additionally, cytokine release syndrome (CRS), a common 

CAR T-cell therapy–related AE, was reported in 94.8% of patients 
at any grade, with only 4.1% of patients overall experiencing  
grade 3/4 CRS and 1 patient having a fatal event (TABLE1).

“One distinguishing aspect of this study is the median time to 
onset of CRS, which is 7 days, with 89% of these patients having 
CRS at day 4 or later and 74% of these patients having CRS at day 
6 or later, opening the possibility of outpatient administration. 
This may be explained by the fact that the maximum peripheral 
expansion of cilta-cel occurred generally around a median of  
13 days,” Madduri said.

Tocilizumab and corticosteroid support were required in  
69.1% and 21.6% of patients, respectively. CRS resolved in  
98.9% of all patients within 14 days of onset. 

Neurotoxicity was reported in 20.6% of patients at any grade and in  
10.3% of patients at grade 3 or higher. Specifically, immune effector  
cell–associated neurotoxicity syndrome (ICANS) cases were 
reported in 16.5% at any grade and in 2.1% at grade 3 or higher.  

Other neurotoxicities, which were reported in 12 patients 
(12.4%), occurred after resolution of CRS or ICANS and 
included 5 patients with movement and/or neurocognitive 
changes and 7 with nerve palsy or peripheral motor neurop-
athy; 6 of these resolved. Among the other 6 patients, 1 died 
from complications of the AE, 4 died of other causes, and 1 has 
ongoing neurotoxicity. The median time to onset for these toxic-
ities was 27 days (range, 11-108) with recovery in a median of  
75 days (range, 2-160).

“We saw no clear etiology in the other neurotoxicities, but 
we saw that maybe there could be some mild associations with 
high tumor burden, prior CRS, ICANS, or even the higher expan-
sion and persistence of these CAR T cells. So we did implement 
some mitigation strategies in our subsequent CARTITUDE devel-
opment program, allowing patients to have more chemotherapy, 
having more aggressive steroids for ICANS, [such as] early 
intervention and extensive monitoring,” Madduri said in the 
question-and-answer portion of the session. 

A total of 14 patients died within 45 to  
694 days of infusion. Five patient deaths were due to progres-
sive disease, 3 were due to AEs that were not related to 
treatment, and 6 were due to AEs considered to be related to 
treatment with cilta-cel. These AEs included sepsis and/or septic 
shock in 2 patients, and CRS or hemophagocytic lymphohistio-
cytosis, lung abscess, and respiratory failure in 1 patient each.  

Cilta-cel is continuing to be studied in patients with   

TA B L E .  A d ve r s e  E ve n t s  o f  S p e c i a l  I n t e r e s t  i n  t h e  C A R T I T U D E - 1  Tr i a l 1

CRS ICANS OTHER NEUROTOXICITY

Any-grade event 92 (94.8%) 20 (20.6%) 16 (16.5%)

Grade ≥ 3 event 5 (5.2%) 10 (10.3%) 2 (2.1%)

Time to onset, median days (range) 7 (1-12) 8 (3-12) 27 (11-108)

CRS, cytokine release syndrome; ICANS, immune effector cell–associated neurotoxicity syndrome.
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Treatment with axicabtagene ciloleucel (axi-cel; 
Yescarta) resulted in high rates of durable responses 
in patients with indolent non-Hodgkin lymphoma (NHL), 

according to findings from an extended follow-up of the 
ZUMA-5 trial (NCT03105336), which were presented during 
the  virtual 62nd American Society of Hematology Annual 
Meeting & Exposition.1

Results showed that at a median follow-up of  
17.5 months, the objective response rate (ORR) by 
independent radiology review committee (IRRC) was  
92% (95% CI, 85%-97%), along with a complete response 
(CR) rate of 76% (95% CI, 67%-84%). The partial response 
(PR) rate was 16%, the stable disease (SD) rate was 3%, and  
5% of patients were undefined.

In patients with follicular lymphoma (FL), the ORR was 
94%, with a CR rate of 80% and a PR rate of 14%. Four 
percent of patients had SD and 2% were undefined. In 
those patients with marginal zone lymphoma (MZL), the ORR was  
85%, with a CR rate of 60% and a PR rate of 25%; 0 patients had 
SD, and 15% of patients were undefined.

“Axi-cel may be a highly promising therapeutic approach for 
patients with relapsed/refractory indolent NHL,” said lead study 
author Caron A. Jacobson, MD, MMSc, medical director of the 
Immune Effector Cell Therapy Program and senior physician at 
Dana-Farber Cancer Institute and an assistant professor of medi-
cine at Harvard Medical School, both in Boston, Massachusetts. 
“Given the long natural history of these diseases, safety is of 
paramount importance. The safety profile was manageable and 

reversible and appeared to be at least similar to that of axi-cel in 
aggressive lymphomas. This may have implications for the possi-
bility of outpatient therapy, and evaluation of this is planned.”

Patients with advanced-stage indolent NHL, including 
patients with FL and MZL, frequently relapse on standard 
treatment. Remission durations for these patients shorten with 

subsequent lines of therapy.
Axi-cel is an autologous anti-CD19 CAR (chimeric anti-

gen receptor) T-cell therapy that is currently approved 
for the treatment of adult patients with relapsed/refrac-
tory large B-cell lymphoma following 2 or more lines of 
systemic treatment. The regulatory decision was based 
on findings from the ZUMA-1 trial (NCT02348216).2

In ZUMA-5, investigators sought to evaluate axi-cel 
in 151 patients with relapsed/refractory indolent NHL, 
either FL or MZL, following 2 or more lines of therapy. 
Five patients could not be treated because of transforma-

tion to diffuse large B-cell lymphoma (DLBCL) via pretreatment 
biopsy (n = 1), ineligibility (n = 3), or death prior to infusion (n = 1). 
Therefore, a total 146 patients were treated as of the data cutoff 
and had either FL (n = 124) or MZL (n = 22).

To be eligible for enrollment, patients needed to have 
relapsed/refractory FL grades 1 to 3a or MZL that was nodal or 
extranodal. Patients must have received 2 or more prior lines of 
treatment that included an anti-CD20 monoclonal antibody plus 
an alkylating agent.

Conditioning regimens included 30 mg/m2 of intravenous 
(IV) fludarabine and 500 mg/m2 of IV cyclophosphamide on 

High Objective Response Rate Is Achieved With 
Axi-cel in Indolent Non-Hodgkin Lymphoma
By Gina Mauro

Caron A. 
Jacobson,  
MD, MMSc

multiple myeloma in other clinical trials, including in 
earlier-line settings. Additionally, both the CARTITUDE-2 
(NCT04133636) and CARTITUDE-4 (NCT04181827) stud-
ies are considering whether cilta-cel can safely be given in 
an outpatient setting. 

In December 2019, cilta-cel was granted an FDA breakthrough 
therapy designation for the treatment of patients with previ-
ously treated multiple myeloma based on earlier results of the 
CARTITUDE-1 trial.4 TT
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The safety profile [of axi-cel in NHL] was manageable and 
reversible and appeared to be at least similar to that of  
axi-cel in aggressive lymphomas. This may have 
implications for the possibility of outpatient therapy, and 
evaluation of this is planned.”

—CARON A .  JACOBSON, MD,  MMSC

days –5, –4, and –3. Axi-cel was administered at 2 × 106 CAR- 
positive cells/kg.

The primary end point of the trial was ORR, which was IRRC 
assessed per Lugano classification. Secondary end points 
included IRRC-assessed CR rate, investigator-assessed ORR, 
duration of response (DOR), progression-free survival (PFS), 
overall survival (OS), adverse effects (AEs), and CAR T-cell and 
cytokine levels. The MZL cohort was exploratory, and all analy-
ses for this cohort were descriptive in nature, Jacobson noted.

The efficacy analyses included 104 patients: those with FL 
who had at least 1 year of follow-up (n = 84) and patients with 
MZL with at least 4 weeks of follow-up (n = 20). The safety analy- 
sis included all 146 treated patients.

As of March 12, 2020, the median follow-up for the efficacy 
analysis was 17.5 months (range, 1.4-31.6). The median follow-up 
for the safety analysis was 15.1 months (range, 0.5-31.6). Axi-cel 
was manufactured for all 151 enrolled patients and was deliv-
ered to the study site a median 17 days following leukapheresis.

Overall, the median age was 61 years (range, 34-79) and 35% 
of patients were 65 years or older. Fifty-seven patients were male 
and 38% had an ECOG performance status of 1. Most patients 
(86%) had stage III to IV disease, but less than half (47%) had a 
Follicular Lymphoma International Prognostic Index (FLIPI) score 
of 3 or lower, and 49% had high tumor bulk based on Groupe 
d’Etude des Lymphomes Folliculaires criteria.

The median number of prior therapies was 3 (range, 1-10), but 
64% of patients received 3 or more treatments; 29% had previ-
ously received a PI3K inhibitor. Sixty-eight percent of patients 
had refractory disease, and 55% had disease progression for 
more than 2 years from the first anti-CD20 monoclonal antibody–
containing therapy. Twenty-three percent of patients underwent 
prior stem cell transplant.

Results also showed that the median time to first response 
was 1 month (range, 0.8-3.1). Additionally, of 25 patients with 
FL who initially achieved a PR, 52% subsequently converted to a 
CR after a median 2.2 months (range, 1.9-11.2).

The response rate was consistent across key subgroups 
analyzed on the study, including age, sex, ECOG performance 
status, FLIPI score, high tumor burden, number of prior therapies, 

prior PI3K inhibition, prior autologous stem cell transplant, 
relapsed/refractory disease, progression of FL within 24 months  
from initiating first anti-CD20 monoclonal antibody–containing 
therapy, CD19 status, and corticosteroid and/or tocili-
zumab (Actemra) use.

At a median follow-up of 17.5 months, the estimated median 
DOR was not reached in the overall population, and the 12-month 
DOR rate was 71.7% (95% CI, 60.7%-80.1%).

In the FL cohort, which had a median follow-up of 12.1 months, 
the median DOR was not estimated and the 1-year DOR rate was 
77%. Moreover, 64% of patients with FL had an ongoing response at 
data cutoff. Additionally, responses were ongoing in 78% of patients 
who achieved a CR and in 17% of patients with a PR.

In the MZL cohort, the median DOR was 10.6 months and the 
1-year DOR rate was not estimable.

When the median DOR was calculated by best response, 
patients with FL who achieved a CR or PR had a median DOR 
that could not be estimated and 2.8 months, respectively; the 
1-year DOR rates were 87.0% and 13.6%, respectively.

In the patients with MZL who achieve a CR or PR, the median 
DOR was 10.6 months and 8.1 months, respectively; the 1-year 
DOR rates were not evaluable (NE) and 0%, respectively. However, 
Jacobson noted that the follow-up for the MZL cohort is much 
more limited, making these DOR data immature.

Moreover, further findings showed that the median PFS was 
NE (95% CI, 23.5–NE), and the 1-year PFS rate was 73.7%. In 
patients with FL, the median PFS was NE and the 12-month 
PFS rate was 77.5%; in patients with MZL, the median PFS was  
11.8 months and the 1-year PFS rate was 45.1%.

The median OS in all patients was NE and the 1-year OS rate 
was 92.9%. The median OS was NE and the 1-year OS rate was 
92.8% in patients with FL; in patients with MZL, the median OS 
was NE and the 1-year OS rate was 92.9%.

Regarding safety, 86% of patients experienced grade 3 or 
higher AEs, the most common of which were cytopenias (70%) 
and infections (16%). Three deaths were reported: one was 
related to axi-cel and was due to multisystem organ failure in the 
context of cytokine release syndrome (CRS; n =1, day 7), whereas 
the other 2 were unrelated to study treatment and were  



due to aortic dissection (n = 1, day 399) and coccidioidomyco-
sis (n = 1, day 327). 

Overall, 82% of patients experienced any-grade CRS and  
7% had grade 3 or higher CRS. Ninety-six percent of patients 
experienced pyrexia and 41% had hypotension. Moreover, 
approximately half (49%) had their AEs managed with tocili-
zumab and 17% received corticosteroids. Grade 4/5 CRS 
occurred in 1 patient each, and 0 patients had ongoing CRS as 
of the cutoff date.

The median time to onset of CRS was 4 days (range, 1-15), and 
the median duration of events was 6 days (range, 1-27). Ninety-
nine percent of patients, however, had resolved events.

The overall incidence of any-grade and grade 3 and higher neuro-
logic events was 60% and 19%, respectively. Tremor and confusional 
state occurred in 52% and 40% of patients, respectively. To manage 
these AEs, 36% of patients received corticosteroids and 6% were 
given tocilizumab. The median time to onset of neurologic events 
was 7 days, and the median duration of events was 14 days. Ninety-
three percent of patients had resolved events.

When stratified by cohort, patients with MZL had higher rates 
of grade 3 or higher neurologic events versus those with FL, at 
41% versus 15%, respectively.

Grade 4 neurologic events occurred in 3 patients, and no grade 5  
events were reported. At the data cutoff date, events were ongo-
ing in 6 patients, which included grade 1 memory impairment 
in 2 patients; 1 event each of grade 1 attention disturbance, 
intermittent paresthesia, and tremor; and 1 event of grade 2 
facial paresthesia.

Furthermore, the median time to peak expansion of anti-CD19 
CAR T-cell levels after the infusion of axi-cel was 9 days (range, 
8-371). The CAR T-cell expansion by peak and area under the 
curve trended higher in patients with MZL. Seventy-eight percent 
of patients with evaluable samples had low levels of detectable 
CAR gene–marked cells at 1 year.

There was a trend toward higher CAR T-cell levels in patients 
with FL who had an ongoing response at 12 months, Jacobson 
added. Moreover, peak CAR T-cell levels were associated with 
grade 3 or higher CRS and neurologic events in patients with 
FL. Similar trends linked between CAR T-cell expansion and 
outcomes were seen in patients with MZL.

In an interim analysis of ZUMA-5, in which 96 patients were 
evaluable for efficacy, the ORR was 93% (95% CI, 86%-97%) and 
the CR rate was 80% (95% CI, 71%-88%); the median time to first 
response was 1 month (range, 0.8-3.1).3 In patients with FL  
(n = 80), the ORR was 95% and the CR rate was 81%. In those 
with MZL (n = 16), the ORR was 81% and the CR rate was 75%.

In a press briefing during the meeting, Jacobson suggested 
that the biology of indolent NHL could be a reason for the 
higher efficacy rates and more tolerable safety profile 
with axi-cel compared with data in more aggressive 
lymphoma subtypes.

“It is the disease biology itself; we know that each of these 
lymphomas has unique microenvironments that may or may not 
make them more susceptible to immunologic killing,” Jacobson 
explained. “We know follicular lymphoma is a disease that can 
be cured by allogeneic stem cell transplant to a larger degree 
than what is seen with aggressive B-cell non-Hodgkin lympho-
mas. That may, in part, explain the efficacy.”

Additionally, Jacobson cited that the patients with MZL had 
slightly worse toxicity, replicative of patients with DLBCL. “Their 
pretreatment inflammatory markers were elevated similarly to 
DLBCL,” Jacobson said. “I think the disease itself is probably 
what dictates the toxicity profiles that we’re seeing.”

Press briefing moderator Catherine Bollard, MD, MBChB, 
director of the Center for Cancer and Immunology and also 
the Program for Cell Enhancement and Technologies for 
Immunotherapy at Children’s National Research Institute in 
Washington, DC, commented on the longer ZUMA-5 findings.

“The work of Jacobson and colleagues is really very laudable. 
The longer the follow-up, the more robust the data, [we are then] 
able to draw some very effective comparisons with historic 
[progression-free survival] and [disease-free survival] data, 
which will only really happen with the test of time,” Bollard said. 
“It’s really exciting to see these data in the [indolent] lymphoma 
setting, and I would like to see it moved further up for the treat-
ment of patients earlier in their disease process.” TT
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P atients with refractory large B-cell lymphoma (LBCL) expe-
rienced long-term disease control with rapid responses 
with axicabtagene ciloleucel (axi-cel; Yescarta), according 

to data from the 4-year analysis of the phase 1/2 ZUMA-1 trial 
(NCT02348216), presented during the virtual 62nd American 
Society of Hematology Annual Meeting & Exposition.1

Among the axi-cel–treated patients with at least 4 years  
of follow-up (median, 51.1 months), the median 
overall survival (OS) was 25.8 months and the Kaplan-
Meier estimate of the 4-year OS was 44.%. Among 
the entire enrolled patient population (intention- 
to-treat [ITT]; n = 111), the median OS was 17.4 months 
and the Kaplan-Meier estimated 4-year OS rate was 41%.

“Importantly, the brief time between enrollment and 
objective response observed for the ITT population 
supports the speed, success, and reliability of manufac-
turing.,” said lead study author  Caron Jacobson, MD, 
MMSc, a senior physician and medical director of the Immune 
Effector Cell Therapy Program at Dana-Farber Cancer Institute 
in Boston, Massachusetts. 

In October 2017, the FDA approved axi-cel, a CD19-directed 
chimeric antigen receptor (CAR) T-cell therapy, as treatment for 
adult patients with relapsed/refractory non-Hodgkin lymphoma, 
based on findings from ZUMA-1.2

Results demonstrated an 82% objective response rate (ORR) 
and a complete response (CR) rate of 54%. After a median 
follow-up of 15.4 months, 42% of patients reported continued 
responses and 40% had continued CRs.3

The trial enrolled patients with refractory LBCL, includ-
ing diffuse large B-cell lymphoma, primary mediastinal large 
B-cell lymphoma, and transformed follicular lymphoma. 
Patients had to have no response to their last chemother-
apy or relapsed disease within 12 months of autologous 
stem cell transplant.

Following screening and leukapheresis, patients were given a 
conditioning chemotherapy regimen that consisted of 500 mg/m2  
of cyclophosphamide and 30 mg/m2 of fludarabine for 3 days. 
Patients were hospitalized and given a single infusion of axi-cel 
at a dose of 2 × 106 CAR-positive cells/kg. After a 7-day hospi-
talization period, the first tumor assessment occurred during 
follow-up on day 28. The primary end point was ORR.

The updated data showed that evaluable patients who had 
available blood samples and were in ongoing response per 
institutional standard of care for at least 3 years (n = 21) had 
detectable B cells in blood at 3 years following CAR T-cell 

therapy infusion. Moreover, 67% of patients (n = 14) had 
detectable CAR gene–marked cells and polyclonal B cells in 
blood at 3 years.

Additionally, 91% of evaluable patients (n = 23) demonstrated 
polyclonal B-cell recovery. The median immunoglobulin kappa-
lambda ratio was 1.6. The relative levels of key B-cell subsets, 

such as memory and naïve B-cell immunophenotypes, 
suggest reconstitution of the B-cell repertoire.

“Restoration of a polyclonal B-cell compartment and 
clearance of function CAR T cells [are] a key component 
of the long-term safety of CAR T-cell therapies,” said 
Jacobson, who is also an assistant professor of medicine 
at Harvard Medical School in Boston.

Regarding safety, no axi-cel–related secondary malig-
nancies or cases of replication-competent retrovirus were 
reported at the 4-year cutoff date.

Furthermore, 59% (n = 66) of patients in the ITT popu-
lation have died since study initiation. The primary causes of 
death include progressive disease (n = 52; 47%); noncausal rela-
tionship events (n = 8; 7%), including myelodysplastic syndrome 
(n = 1) and cardiac arrest (n = 2); post–subsequent therapy 
events, including sepsis (n = 1), infection (n = 2), and pulmo-
nary nocardiosis (n = 1); unknown event (n = 1); adverse effects 
(AEs; n = 5; 5%), including conditioning chemotherapy therapy–
related tumor lysis syndrome (n = 1), noncausal relationship 
AEs (sepsis, n = 1; pulmonary embolism, n = 1), axi-cel–related 
AEs (brain injury, n = 1; hemophagocytic lymphohistiocyto-
sis/grade 5 cytokine release syndrome, n = 1); and secondary 
malignancy (n = 1; 1%).

Since the 2-year cutoff date, 8 patients died from progres-
sive disease (n = 5) or secondary malignancy (n = 3). Notably, no 
new axi-cel–related serious AEs were reported, and 4 patients 
received intravenous immunoglobulin therapy. TT
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CAR T-Cell Therapy Continues to Show Efficacy  
in Updated Findings for Heavily Pretreated Myeloma
By Danielle Ternyila

A lthough interest in chimeric antigen receptor (CAR) 
T-cell therapy continues to grow with approvals from 
the FDA in various hematologic malignancies, the role 

of this cellular therapy has yet to be defined in multiple myeloma. 
However, recent data have inspired hope for this therapy in the 
relapsed/refractory population.

Deep and durable responses were observed with ide-cel 
as treatment of heavily pretreated patients with relapsed/
refractory multiple myeloma, according to updated results 
from the CRB-401 study (NCT02658929) presented by  
Yi Lin, MD, PhD, assistant professor of oncology and asso-
ciate professor of medicine at Mayo Clinic in Rochester, 
Minnesota, during the virtual 62nd American Society of 
Hematology (ASH) Annual Meeting & Exposition in December. 
The efficacy and safety findings were consistent with 
prior findings and supported a favorable clinical risk-
benefit profile at target dose levels greater than or 
equal to 150 × 106.1

The median overall survival (OS) with ide-cel was 
34.2 months (95% CI, 19.2–not evaluable) among 
all patients in this triple-class–exposed population, 
and half of the patients who had ongoing responses 
achieved a duration of response of greater than 2 years.  
The median progression-free survival (PFS) was 8.8 
months (95% CI, 5.9-11.9). The objective response rate (ORR) 
overall was 75.8%, which included complete responses (CRs) 
in 38.7% of patients.

These results from CRB-401 are comparable with the find-
ings from the pivotal phase 2 KarMMa study (NCT03361748) 
that were presented earlier this year during the 2020 American 
Society of Clinical Oncology (ASCO) Virtual Scientific Program 
and support the BLA. The median OS for this study was  
19.4 months, and the median PFS was 8.8 months. The ORR 
was 73%, which included a CR rate of 33%, and the median 
duration of response was 10.7 months.2

These data also have set the stage for other BCMA-directed 
CAR T-cell therapies in development for the treatment of patients 
with multiple myeloma.

The B-cell maturation antigen (BCMA)–directed CAR T-cell 
therapy idecabtagene vicleucel (ide-cel; bb2121) has gener-
ated excitement in this population following the submission 
of a biologics license application (BLA) in March 2020.  A 
priority review designation was granted in September 2020. 
Following delays in the review due to coronavirus disease 
2019, the Prescription Drug User Fee Act action date has 
been set as March 27, 2021.

In an interview with Targeted Oncology™, Lin discussed the 
updated findings from the CRB-401 study of ide-cel as treat-
ment for patients with relapsed/refractory multiple myeloma.

TARGETED ONCOLOGY ™: What historical data have we 
seen with BCMA-directed CAR T-cell therapy in patients 
with relapsed/refractory multiple myeloma?
Lin: With the CAR T approach in multiple myeloma, the very 
first case report was actually with CD19-targeted CAR T 
because there was already experience with that particular 
antigen in leukemia and lymphomas. There’s some ongoing 
effort in terms of dual targeting with CD19 and BCMA, but 
BCMA very quickly emerged as an ideal candidate for the 
myeloma space. This is an antigen that is more uniformly 

expressed on plasma cells, including myeloma cells, 
and maybe a small subset of mature B cells, but other-
wise BCMA is not expressed on healthy tissues. 

There have been some single-center clinical trials 
with the BCMA-targeted CAR T approach prior to the 
CRB-401 study, both with the National Cancer Institute 
and the University of Pennsylvania with slightly differ-
ent constructs. In those early phase 1 studies, there 
was a little bit more toxicity seen, although there 
was certainly some response, but the response 

wasn’t particularly durable. CRB-401 is the first in a series 
of now industry-sponsored multicenter studies in which 
we are seeing a much more encouraging durable response 
rate and a more favorable [adverse] effect profile, as well. 
At ASH this year, I presented the longer follow-up on the  
phase 1 CRB-401 study. There is a pivotal phase 2 KarMMa 
study [NCT03361748] using the same CAR T construct that 
had been presented at ASCO earlier this year.

Please describe the design of the trial and what was 
different about the study.
The CRB-401 study has 2 parts. The first part is the dose- 
escalation part, and the second part is the dose expan-
sion. The dose escalation is basically testing the range of a 
fixed dose of 50 million all the way up to 800 million ide-cel 
CAR T cells in a relatively small number of patients, basi-
cally looking for signs of severe [adverse] effects to identify 
a safe dose. The dose-expansion cohort is where we take the 
more promising doses in terms of response, and also safety 
profile, and test them in more patients to get a better safety 
signal, which is then moved forward for phase 2 testing in 
the KarMMa study.

Yi Lin,  
MD, PhD
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In the dose-expansion portion of CRB-401, we required that 
each patient must have had exposure to an anti-CD38 anti-
body. That was allowed in a dose escalation but not required 
for everybody. The patient must have become refractory to 
the most recent line of treatment before they came on the 
study. The other thing that was different was that in the dose- 
escalation cohort all patients had their myeloma cells in the 
bone marrow reviewed centrally by immunohistochemistry 
staining, and they were required to have at least 50% of these 
cells having BCMA expression in a dose-expansion cohort to 
better understand the clinical efficacy and safety profiles of 
this treatment. We also included some patients [who] had 
BCMA expression below that, [even to] levels that were not 
detectable by immunohistochemistry.

What were the results from this study?
The study [included] a total of 62 patients. The results from the first 
33 patients were published in the New England Journal of Medicine 
last year, and this year at ASH, data were presented for outcomes 
of the entire 62-patient cohort, with a median follow-up of now  
18.1 months. What we have seen so far in this entire treated 
patient cohort [is that] these are patients with very high-
risk features of myeloma….[Close] to a third of these patients 
had high-risk cytogenetics, 37% of these patients had extra 
modularity plasma effect, and almost half of these patients 
needed some type of systemic therapy while their CAR T 
cells [were] being made. These patients, on average, had  
6 lines of prior therapy, and in close to 70% or higher, these 
patients [were] either triple-refractory or were refractory to the 
most recent line of therapy. 

For this group…that was treated overall, the safety signal 
was very tolerable, which is not surprising with CAR T therapy 
because these patients also do get lymphodepletion chemo-
therapy as part of the treatment with CAR T. We do see that low 
blood count is the most common [adverse] effect, including the 
more severe low blood counts, but on average, the recovery of 
these blood counts can be seen well under the first 3 months 
after CAR T infusion. The other most common [adverse] effects 
that we need to watch for with CAR T are cytokine release 

syndrome [CRS] and neurotoxicity. What we have seen in this 
study is that, on average, about 76% of these patients had some 
type of CRS. However, [of] those [who] had grade 3 or higher, 
that is only [seen] in 6.5% of the patients, so much lower, and 
that’s also reflected in the relative lower use of tocilizumab and 
steroids, as well, to manage the [adverse] effects. About 35% 
of these patients had some type of neurologic [adverse] effect, 
but again, only 1 patient had a more severe form of neurotox-
icity. Compared with the CAR T experience in the lymphoma/
leukemia space, this is a very, very encouraging safety profile.

We also have now seen that the ORR is quite high. It’s 75.8% with  
a CR and stringent CR rate of about 38.7%. Many of these 
patients [who] had bone marrow that [was] evaluable for mini-
mal residual disease [MRD] response were MRD negative. We 
are seeing, because we tested many doses, that there is a dose-
related increase in response [to] increasing [the] dose, and we 
have also seen that the duration of response is 10.3 months. 
When we look at the dose that was tested as well in those 
expansions, what we have seen is that the duration of response 
is comparable, so not significantly decreased, for patients with 
high-risk features such as those with extramedullary disease 
for older patients, as well as patients who needed to get bridg-
ing therapy during treatment. The median PFS is 8.8 months, 
and the median OS is 34.2 months.

So far, the response rate, duration of response, and PFS seem 
to be comparable [with] what we also now see in the KarMMa 
study, which has less follow-up….We are seeing a very nice 
median OS for a treatment in which we’re just giving a 1-dose 
infusion and no follow-up maintenance therapy.

In terms of CAR T-cell therapy, how do you see this 
strategy affecting this patient population in the future?
I think there’s definitely a role for this in practice. The BLA for 
ide-cel has been submitted to the FDA, so we’re anticipating 
review…in early 2021. This is very exciting because this could 
very well be the first CAR T for multiple myeloma. I think this 
 would definitely be a treatment option for these patients. We 
anticipate that the FDA approval will be indicated for patients 
who [have] had at least 3 lines of prior therapy and have been  

What we are seeing now, with even the prior CAR and 
next-generation CAR coming on, [likely is] an ongoing 
improvement in terms of a reduction of severity of these 
symptoms and also in the ways that we could manage 
these symptoms.”  

 – YI  L IN ,  MD,  PHD
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exposed to the currently approved 3 main backbones of treat-
ment. The full detail is pending final FDA review and the label. 
However, in that space, certainly looking at the demographic of 
the patient [who’s] been treated so far as CRB-401 and KarMMa, 
that’s a wider group of patients. Based on the fact that this is 
a treatment that is basically living active cells…the earlier that 
patients get this therapy in the earliest possible approved indi-
cation, [the more likely it potentially will] benefit the patients.

Do you think there is hope for this treatment 
in other hematologic malignancies outside 
lymphomas and leukemias?
That is actually a very interesting question because what we’re 
seeing in terms of the severity of CRS and neurotoxicity is a reflec-
tion of our learning about how to manage the toxicity, as well. There 
is a component to the CAR design, the disease, the nature of the 
disease, the kinetics of the CAR T actions in the manifestation of 
these symptoms.…What we are seeing now, with even the prior 
CAR and next-generation CAR coming on, [likely is] an ongoing 
improvement in terms of a reduction of severity of these symp-
toms and also in the ways that we could manage these symptoms.

The fact that myeloma would be the next disease that has 
an FDA-approved CAR T also relates to the fact that the BCMA 
is more restricted on the cell type where the malignancy is 
involved, similar to CD19 for lymphoid malignancy. We are 
seeing that there are some challenges, for example, with acute 
myeloid leukemia or myeloid neoplasms where a number of anti-
gens could overlap with stem cells, which we wouldn’t want to 
try to hurt. There are some novel CAR approaches to try to over-
come that, and those are in very early phase testing, so we’ll 
need to see how those results evolve. TT
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Health-Related QOL Improvements Are Observed  
in R/R Multiple Myeloma After Cilta-cel
By Dylann Cohn-Emery
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P atients with relapsed/refractory (R/R) multiple 
myeloma treated with ciltacabtagene autoleucel (cilta-
cel; JNJ-68284528) experienced rapid and clinically 

meaningful improvements in health-related quality of life 
(HRQOL), according to results of the CARTITUDE-1 study 
(NCT03548207). Findings presented during the virtual 
62nd American Society of Hematology (ASH) Annual 
Meeting & Exposition suggest that HRQOL benefits may 
be greater as responses to therapy deepen over time.1 
Results from the study also served as the basis for a 
biologics license application for cilta-cel that was submit-
ted to the FDA post ASH.2

For 68 patients in the phase 2 portion of the trial, HRQOL 
was analyzed using 3 patient-reported instruments: the 
European Organisation for Research and Treatment of Cancer 
Quality-of-Life Questionnaire Core 30 (EORTC QLQ-30), EORTC QLQ 
Myeloma Module (QLQ-MY20), and EQ-5D-5L visual analogue scale 
(VAS). These instruments assessed for global health status (GHS), 
functional and symptom scales; emotional health status; and current 
health status, respectively.

Clinically meaningful improvements were observed for patients 
100 days after their single infusion of cilta-cel. These improve-
ments were seen with pain in 72% of 54 patients, fatigue in 54% of  
52, physical functioning in 58% of 52, and GHS in 54% of 54 for 
the EORTC QLQ-C30. Of 53 patients who completed the EORTC 
QLQ-MY20 assessment, 81% reported a meaningful improvement 
in being restless or agitated, and 51% thought less about their 
illness, about dying (42%), and about their future health (32%).

“Multiple myeloma negatively affects health-related quality of 
life, and further declines happen with each relapse,” Thomas 
Martin III, MD, from the University of California San Francisco, 
said in his presentation. “Because of this, quality of life is an  
important consideration in managing and evaluating new therapies.” 

At 100 days post infusion, patients with a deeper treatment 
response showed a trend toward greater improvement in GHS, 
physical function, pain, and fatigue. For nonresponders, scores 
were difficult to interpret because 2 patients did not respond to 
therapy. An additional nonresponder patient with progressive 
disease was excluded because of lack of interviews, according 
to Martin. There was a similar trend toward improved patient-
reported outcomes with deeper treatment response. 

At day 7 post infusion, worse scores were seen for physical 
function and GHS. They gradually improved over time until day 
212, which was the latest time point.

“Conversely, mean changes in pain and fatigue showed 
reduction over time, following initial worsening of fatigue at day 

7. These reductions were observed through day 212, where 
patients reported levels of fatigue and pain that were below base-
line values,” Martin explained. 

The completion rate of the questionnaires was high at 
baseline: 92.6% (63 of 68). By day 212, they were 
still relatively high, with 67.9% (36 of 68) completing  
each questionnaire. 

Limitations included the small sample size and that the 
results were an exploratory and descriptive summary of 
these patients’ outcomes.

In the initial results of this phase 1b/2 trial, patients 
receiving a single infusion of cilta-cel following 
lymphodepletion chemotherapy demonstrated deep, 
durable responses, with an overall response rate of 
96.9% (95% CI, 91.2%-99.4%); 67% of patients experi-

enced a stringent complete response.3

More than 86% of patients were penta-drug exposed (59 of 
68), meaning that they received treatment with at least 2 prote-
asome inhibitors, 2 immunomodulatory drugs, and 1 anti-CD38 
antibody; 88.2% were triple-class refractory and 47.1% were penta-
drug refractory.

Eligibility for this trial included at least 3 prior lines of treat-
ment or being double-class refractory. Patients also had to have 
an ECOG performance status of 1 or more, measurable disease, 
and progressive multiple myeloma.  

“Patients with heavily pretreated multiple myeloma reported 
rapid, clinically meaningful improvements in health-related quality 
of life after a single cilta-cel infusion...We observed a trend toward 
greater improvements in patients with deeper clinical responses, 
which suggests [that] patients may experience further quality-of-
life improvements as their treatment response deepens over time,” 
Martin concluded. TT
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Liso-cel Achieves High MRD Negativity Rate  
in High-Risk CLL/SLL
By Conor Kilmurray

T reatment with the chimeric antigen receptor (CAR) 
T-cell therapy lisocabtagene maraleucel (liso-cel) led to 
rapid and durable responses as well as a high degree of 

undetectable minimal residual disease (uMRD) in patients with 
high-risk relapsed/refractory (R/R) chronic lymphocytic 
leukemia (CLL) or small lymphocytic lymphoma (SLL), 
based on updated results of the ongoing TRANSCEND 
CLL-004 study (NCT03331198) that were presented 
during the 62nd American Society of Hematology (ASH) 
Annual Meeting & Exposition.1

“These responses appear to be durable over time. At 
the 12-month mark, 50% of patients were in response, 
and only 2 of these responders progressed beyond 
the 12-month mark,” lead author Tanya Siddiqi, MD, 
director of the chronic lymphocytic leukemia program 
at the Toni Stephenson Center and associate clinical profes-
sor in the Department of Hematology & Hematopoietic Cell 
Transplantation at City of Hope in Duarte, California, said in a 
presentation at ASH.

The phase 1/2 trial examining liso-cel—an investigational, CD19-
directed, defined-composition, 4-1BB costimulatory domain CAR 
T-cell product—enrolled a total of 23 patients with R/R CLL or SLL. 
All patients were evaluable for safety, and 22 were evaluable for 
efficacy. The median patient age was 66 years, all patients had 
undergone a median of 6 prior therapies, and 83% of patients 
had high-risk disease. All 23 patients had previously received  
ibrutinib (Imbruvica), an inhibitor of Bruton tyrosine kinase (BTK), or 

venetoclax (Venclexta). Ninety-one percent of patients were refrac-
tory to or relapsed on the BTK inhibitor, and 9% were intolerant of it. 

“For patients who had failed both BTK inhibition and vene-
toclax prior to enrolling onto our study, the baseline disease 

characteristics of those 11 patients were fairly similar to 
the monotherapy total cohort of 23 patients,” Siddiqi said.

Liso-cel was administered after 3 days of lymphodeple-
tion with fludarabine and cyclophosphamide at 1 of 2 dose  
levels: 50 × 106 or 100 × 106  CAR-positive T cells. 

Treatment with liso-cel produced an overall response 
rate of 82% (n = 18) with a complete remission rate of 
46%, with 68% of patients achieving a rapid response 
within 30 days. 

In patients who were double refractory, rapid and durable  
responses were also observed. Four of 6 progression 

events in this group were due to Richter transformation. 
MRD was assessed in the patients’ blood by flow cytome-

try, with 20 of the 23 patients being MRD evaluable. Fifteen 
patients had uMRD in the blood, and 13 had uMRD in bone 
marrow. Sixty percent of patients achieved uMRD by day  
30 of treatment with liso-cel. Of 15 patients who achieved 
uMRD, 4 developed disease progression, including 3 cases of 
Richter transformation. 

At a median follow-up of 24 months, the median duration of 
response was not reached (NR; 95% CI, 4.8-NR) in all patients 
who were treated with liso-cel versus 17 months (95% CI, 1.9-NR) 
in those who were double refractory. Corresponding medians for 
progression-free survival were 18 months (95% CI, 3.0-NR) and  
13 months (95% CI, 2.8-NR).

The safety profile of liso-cel was in line with previously reported 
findings, with no late or delayed adverse events emerging. The 
most common treatment-emergent adverse events were grade 
3/4 and included thrombocytopenia (70%), anemia (78%), and 
neutropenia (57%).

Overall, patients had a high rate of uMRD, which was even seen in 
patients who were refractory to both a BTK inhibitor and venetoclax.

Siddiqi concluded by noting that the phase 2 monotherapy 
expansion of the study is currently enrolling. TT
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50% of patients were 
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2 of these responders 
progressed beyond the 
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Ide-cel Produces Clinically Meaningful Health-Related QOL 
Benefits in Triple-Class Exposed R/R Myeloma
By Kristi Rosa
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Idecabtagene vicleucel (ide-cel; bb2121), a B-cell maturation 
antigen (BCMA)–targeted chimeric antigen receptor (CAR) 
T-cell therapy, demonstrated clinically meaningful improve-

ments in health-related quality-of-life (HRQOL) measures for 
heavily pretreated  patients with relapsed/refractory 
(R/R) multiple myeloma who in the phase 2 KarMMA trial 
(NCT03361748), according to findings presented during 
the virtual 62nd American Society of Hematology Annual 
Meeting & Exposition.1

Results from the secondary HRQOL data analysis 
showed that patients on the trial who received ide-cel 
experienced group-level improvements in the majority  
of functioning and symptom European Organisation 
for Research and Treatment of Cancer Quality-
of-Life Questionnaire Core 30 (EORTC QLQ-C30) 
secondary subscale scores from baseline to month 3 through month 
15. Stable status was more commonly reported among individ-
ual patients with regard to symptom and financial difficulties 
subscales. Moreover, scores for the EORTC QLQ  Myeloma 
Module (EORTC QLQ-MY20) future perspectives and body image 
subscales also proved to be stable over time.

At baseline, the health status, as measured by the 5-level 
EQ-5D version (EQ-5D-5L) index, and patient global health 
assessment, as measured by the EuroQoL Visual Analogue Scale 
(EQ-VAS), were found to be lower versus the general population 
in the United Kingdom. However, these scores were found to 
improve over time with the treatment of the CAR T-cell product.

“These data confirm that in [patients with] triple-class exposed 
relapsed/refractory myeloma, the clinical benefits associated 
with ide-cel treatment provide clinically meaningful health-related 
QOL [HRQOL] improvements without compromising any HRQOL 
domains,” said Nina Shah, MD, hematologist, oncologist, and 
multiple myeloma investigator at the University of California, San 
Francisco, in a presentation during the meeting.

KarMMa Efficacy
Patients with R/R multiple myeloma who progress following 
exposure to treatment with an immunomodulatory drug, a prote-
asome inhibitor, and a CD38-targeted antibody have few options 
available to them; no standard of care exists for this population.

Patients with this disease tend to have a high symptom burden, 
added Shah, with symptoms such as fatigue and bone pain nega-
tively affecting their HRQOL.2,3 When these symptoms become 
more severe, patients experience a poorer HRQOL, which can 
consist of worsening social and physical functioning.3,4

Topline data from KarMMA presented during the 2020 

American Society of Clinical Oncology Virtual Scientific Program 
showed that the CAR T-cell therapy elicited deep and durable 
responses in heavily pretreated patients with highly refractory 
disease. Specifically, the overall response rate (ORR) was 73%  

(95% CI, 65.8%-81.1%;  P < .0001), which 
included a complete response rate of 33%, a 
very good partial response rate of 20%, and a  
21% partial response rate.5 Moreover, the median progression- 
free survival (PFS) was 8.8 months in patients who 
received the drug at the target dose of 150 to 450 × 106 
CAR-positive T cells. The ORR was even higher, at 82%, in 
patients who received the BCMA-targeted treatment at the 
highest target dose of 450 × 106 CAR-positive T cells; here, 
the median PFS was 12.1 months.

These data supported the submission of a biologics  
license application to the FDA in July 2020 for ide-cel for the 
treatment of adult patients with R/R multiple myeloma.6

“An analysis of the impact of ide-cel therapy on primary 
domains of HRQOL showed that the treatment provides meaning-
ful improvements in QOL and self-reported symptoms associated 
with relapsed/refractory multiple myeloma,” Shah said.

HRQOL Analysis
The single-arm, multicenter phase 2 trial examined the safety 
and efficacy of ide-cel in adults with triple-class exposed R/R 
multiple myeloma in North America and Europe. In the current 
analysis, investigators sought to evaluate the impact of the 
CAR T-cell therapy on secondary HRQOL domains of interest 
and health utility scores.

The questionnaires were completed at screening, baseline, day of 
infusion, months 1 through 6, and then every 3 months until month  
24 or the end of the study, disease progression, or complete 
remission. Questionnaire adherence rates were higher than  
80% for most visits.

On a group level, mean changes from baseline were deter-
mined to be clinically meaningful if the point estimate was either 
above or below the prespecified threshold of minimal impor-
tant difference (MID). Moreover, mean changes from baseline 
were considered to be statistically significant when the 95% CI  
boundaries were either above or below the prespecified thresh-
old of MID. Based on previously published definitions, MIDs were 
predetermined for each subscale analyzed.

On an individual level, a patient’s score was determined to 
be either improved or deteriorated if it crossed the prespec-
ified threshold of responder definition (RD). With the generic 
cancer validated HRQOL instrument EORTC QLQ-C30,  

Nina  
Shah, MD
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investigators assessed 10 subscales: role functioning, emotional 
functioning, social functioning, nausea, constipation, diarrhea, 
insomnia, dyspnea, appetite loss, and financial difficulties.

At baseline, patients enrolled on the trial had a worse level 
of functioning and a higher symptom burden, as measured on 
the EORTC QLQ-C30 subscales versus the QLQ-C30 normative 
data obtained from the general population, Shah said. Notably, 
investigators observed clinically meaningful improvements on 
all functioning secondary subscales. “These improvements were 
statistically significant, particularly for the role-functioning and 
social-functioning subscales, at multiple time points,” Shah said.

Additionally, patients showed stability in gastrointestinal 
symptoms, including appetite loss, “with a tendency toward a 
sometimes clinically meaningful decrease,” Shah noted. Clinically 
meaningful improvements also were observed with regard to 
insomnia and dyspnea, which were EORTC QLQ-C30 secondary 
subscales. These scores improved over the course of treatment 
with a clinically meaningful, and sometimes statistically signifi-
cant, decrease observed at the majority of time points.

On an individual level, the majority of patients experienced a 
clinically meaningful improvement or stability on all the second-
ary subscales analyzed at month 9. More patients had clinically 
meaningful improvements in the role functioning, emotional func-
tioning, and social functioning domains at that time. Stability was 
most frequently reported for symptom subscales and financial 
difficulties, Shah said.

The myeloma-specific module, EORTC QLQ-MY20, evalu-
ated future perspectives and body image using QLQ-C30. Here, 
patients showed stability with regard to the future perspective 
subscales from baseline to months 2 through 15. Moreover, a 
larger proportion of patients experienced a clinically meaningful 
improvement or stability in future perspectives and body image 
subscales at month 9 than at day 1, from baseline.

The EQ-5D-5L questionnaire is a generic instrument used 
to evaluate health status. It comprised 2 components: a 
Health Utility Index, which measures health status in terms of  
5 dimensions, and the Global Health Assessment, in which 
patients evaluate their overall global health status using the VAS. 

“To allow for comparisons to be made, the responses in these 
5 items in the EQ-5D scales were converted to a single utility 
score using an existing value set,” Shah explained. “In this case, 

we chose the UK value set. Both the EQ-5D-5L Health Utility 
Index and the EQ-VAS Global Health Assessment scores were 
meaningfully lower than the UK general population scores, below 
the MID at baseline.”

Clinically meaningful improvements in the health utility index 
and the global health assessment were reported. The majority of 
patients experienced a clinically meaningful improvement from 
baseline with regard to both the EQ-5D-5L Health Utility Index 
and the EQ-VAS Global Health Assessment, Shah concluded. TT
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These improvements [after trial enrollment] were 
statistically significant, particularly for the role-functioning 
and social-functioning subscales, at multiple time points.”
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Ide-cel Data Continue to Demonstrate Promise  
in Triple-Class Refractory Myeloma
By Audrey Sternberg
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U pdated findings from the phase 1 CRB-401 trial 
(NCT02658929) of the chimeric antigen receptor 
(CAR) T-cell therapy idecabtagene vicleucel (ide-cel; 

bb2121) showed a consistently favorable risk profile as well as 
durable, ongoing responses in heavily pretreated patients with 
multiple myeloma.1 

The objective response rate (ORR) in the entire treated patient 
population (N = 62) was 75.8% with a rate of complete response 
(CR) or stringent CR of 38.7%. All 15 patients who achieved 
a CR or greater and had bone marrow evaluable for minimal  
residual disease (MRD) demonstrated MRD negativity by 
next-generation sequencing.

“Patients with myeloma who have been treated 
with the 3 main backbones of interventional therapy— 
proteasome inhibitors [PIs], IMiDs [immunomodulatory 
drugs], and monoclonal antibodies—have poor outcomes 
with subsequent treatment. This includes a median PFS 
[progression-free survival] seen to date of less than  
6 months and a median OS [overall survival] of less than 
1 year,” Yi Lin, MD, PhD, said during the virtual 62nd American 
Society of Hematology Annual Meeting & Exposition. “With longer 
follow-up, we are continuing to see a deep response with ide-cel 
in this heavily pretreated myeloma patient population.”

Ide-cel is manufactured from patients’ T cells using a lenti-
viral construct, which encodes a CAR specific for human 
B-cell maturation antigen with a 4-1BB costimulatory domain 
and a CD3V T-cell activation domain. Lin, who is an assis-
tant professor of oncology and medicine at Mayo Clinic in 
Rochester, Minnesota, noted that manufacturing success was  
100% on this study. 

Following leukapheresis, patients received fludarabine  
30 mg/m2 plus cyclophosphamide 300 mg/m2 on days –5 to –3 prior  
to CAR T-cell infusion. In the dose-escalation portion of the 
study, patients (n = 21)  were administered between 50 × 106 
and up to 800 × 106 CAR-positive T cells. In the dose-expan-
sion portion, additional patients were administered 150 × 106  
(n = 12) or 450 × 106 (n = 29) CAR-positive T cells. To be eligible In 
both phases, patients had to have received 3 or more prior lines 
of therapy, including a PI, IMiD, and daratumumab (Darzalex), 
and refractory to the last line of therapy. As of the median 
follow-up of 18.1 months, 11 patients (17.7%) were still ongoing  
on the study. 

The primary end point of the study was safety, and the secondary  
end point was ORR.

Investigators found a dose-related increase in response rate. 
Patient treated with the 50 × 106 dose (n = 3) had an ORR of 

33.3%, composed of 1 partial response (PR). Those receiving 
the 150 × 106 dose (n = 18) had an ORR of 50.0%, composed 
of mostly CRs (5.6%) or stringent CRs (sCRs; 33.3%). In the  
450 × 106 dose cohort (n = 38), the ORR was 89.5% with  
31.6% sCRs, 5.3% CRs, 42.1% very good PRs (VGPRs), and  
10.5% PRs. All 3 patients treated with the 800 × 106 dose 
responded, 1 with an sCR and 2 with CRs. 

Duration of response (DOR) was also considered dose 
related, and the median for all dosed patients was  
10.3 months (95% CI, 7.7-13.7). The median DOR was 
greatest in those with a CR or better at 14.8 months  
(95% CI, 8.1-21.5), followed by VGPRs at 9.2  
months (95% CI, 3.0-10.3), then PRs at 4.6 months  
(95% CI, 1.9-12.5). Half of the patients with ongoing 
responses (n = 8) have DORs greater than 2 years.

DOR was assessed based on poor prognostic factors 
with investigators reporting no correlation among factors 
such as older age, high Revised International Staging 
System stage, extramedullary plasmacytoma, or the 

receipt of bridging therapy and DOR. 
Median PFS was 8.8 months (95% CI, 5.9-11.9) 

across all treated patients. Median OS was 34.2 months  
(95% CI, 19.2–not evaluable). 

Lin reported that ide-cel expansion appeared to peak within 
the first month of administration and remained persistent and 
detectable many months after infusion. For those reaching a 
CR or better, peak expansion of CAR T cells was higher than in 
those who did not. 

Patient baseline characteristics revealed a heavily pretreated 
population with 6 median prior lines of therapy (range, 3-18), 
close to 70% of whom were refractory to PIs, IMiDs, and anti-
CD38 monoclonal antibodies. High-risk cytogenetics were 
present in 27.4% of patients, and extramedullary disease was 
recorded in 37.1%. About half (51.6%) of these patients required 
bridging therapy during manufacturing of CAR T-cell therapy. The 
median age of all patients was 61 years (range, 37-75), and the 
majority had an ECOG performance status of 1 (71.0%). 

The most common any-grade and grade 3/4 adverse effects 
observed were cytopenias. Neutropenia of any grade occurred 
in 91.9% of patients, anemia in 75.8%, thrombocytopenia in  
74.2%, leukopenia in 64.5%, and lymphopenia in 37.1%. 

Corresponding rates of grade 3/4 cytopenias were 
88.7%, 56.5%, 56.5%, 61.3%, and 35.5%, respectively. In 
patients without blood count recovery within 1 month, 
median recoverytimes for neutropenia and thrombocyto-
penia were 1.9 months and 2.2 months, respectively.  

Yi Lin,  
MD, PhD



UCART22 Is Safe and Active in CD22-Expressing B-Cell ALL
By Gina Mauro
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F indings from the phase 1 dose-escalation/expansion 
BALLI-01 study (NCT04150497) of investigational drug 
UCART22 demonstrated the safety of the T-cell product 

in adult patients with relapsed/refractory CD22-positive B-cell 
acute lymphoblastic leukemia (ALL) in a presentation during 
the virtual 62nd American Society of Hematology Annual 
Meeting & Exposition.1

Two patients achieved a complete remission (CR) 
with incomplete hematologic recovery on day 28 (at the  
1 × 105  cells/kg dose level). One of these patients 
attained a minimal residual disease–positive CR at day 
42, followed by subsequent inotuzumab ozogamicin 
(Besponsa) and then transplant.

One patient at dose level 2 (1 × 106 cells/kg) experienced 
a significant bone marrow blast reduction at day 28, followed 
by disease progression.

No patients experienced dose-limiting toxicities (DLTs), immune 
effector cell–associated neurotoxicity syndrome (ICANS), graft-
versus-host disease (GVHD), adverse effects (AEs) of special interest, 

a treatment-related AE at grade 3 or higher, or a serious AE (SAE).
“UCART22 showed no unexpected toxicities at the doses of  

1 × 105 cells/kg and 1 × 106 cells/kg with fludarabine and 
cyclophosphamide lymphodepletion,” lead study author  
Nitin Jain, MD, an associate professor in the Department 

of Leukemia of The University of Texas MD Anderson 
Cancer Center in Houston, said in a virtual presen-
tation during the meeting. “Host immune recovery 
was observed early, and the addition of alemtuzumab 
[Lemtrada] to fludarabine and cyclophosphamide 
lymphodepletion is currently being explored with the 
goal [of achieving] deeper and more sustained T-cell 
depletion and [promoting] expansion and persis-
tence of UCART22.”

Standard treatment for adult patients with B-cell ALL 
includes multiagent chemotherapy with or without allo-

geneic stem cell transplant. 
However, between 30% and 60% of patients with newly diag-

nosed B-cell ALL who achieve a CR will relapse, and the expected 

 One death (1.6%) within 8 weeks of CAR T-cell infu-
sion was reported in a patient who had grade 2 cytokine 
release syndrome (CRS). The patient was found to have 
a minimal response by International Myeloma Working 
Group criteria at month 1 and had persistent cytope-
nia requiring transfusions. The patient withdrew from 
the study and died in hospice of unknown cause at day  
51. Seven more deaths (11.3%) occurred within 6 months  
of CAR T-cell infusion, 6 of which were due to myeloma progression  
and 1 due to cardiopulmonary arrest that was determined to 
not be treatment related. 

In general, increased ide-cel doses were associated with 
higher rates of CRS. However, the majority of cases were 
mild, with only 6.5% of patients having grade 3 events. The 
median time to first onset of CRS was 2 days (range, 1-19) 
and the median duration was 5 days (range, 1-32). Tocilizumab  
(Actemra; 29.0%) and corticosteroid (16.1%) rates were rela-
tively low for management of CRS in this population.

The majority of neurologic events were grade 1 (27.4%) with 
a median duration of 3 days (range, 1-62) and a median onset 
of day 5 (range, 1-30). Corticosteroids were used to control 
neurologic events in 8.1% of patients. 

“These results so far are comparable with those results 

reported by [Nikhil C. Munshi, MD,] at ASCO [American 
Society of Clinical Oncology Virtual Scientific Program] earlier 
this year of the pivotal trial of KarMMa [NCT03361748] in this 
patient population,” said Lin. 

The phase 2 trial presented in May 2020 revealed an ORR of 
73%, with a CR rate of 33%, in patients with triple-class refrac-
tory multiple myeloma.2 The median DOR was 10.7 months 
in patients who were treated with ide-cel doses between  
150 × 106 and 450 × 106. 

Ide-cel is also being explored in several other studies, 
including in a phase 3 randomized trial versus standard regi-
mens in patients who are triple-class exposed with between 
2 and 4 prior lines of therapy (KarMMa-3; NCT03651128). TT 
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5-year survival rate for those with relapsed/refractory disease is 
approximately 10%.

CD22 is a therapeutic target with FDA-approved agents that have 
indications in B-cell ALL. UCART22 is an immediately available, stan-
dardized, manufactured agent made from healthy donor cells that 
allows for the ability to redose, and its chimeric antigen receptor 
(CAR) expression redirects T cells to tumor antigens, Jain explained.

Moreover, through its mechanism of action, the TRAC gene 
becomes disrupted using transcription activator–like effec-
tor nucleases (TALENs) technology to eliminate TCRαβ from 
the cell surface and reduce the risk of GVHD. CD52 is also 
disrupted with the use of TALENs to eliminate sensitivity 
to lymphodepletion with alemtuzumab. Finally, it features a 
“safety switch,” the CD20 mimotope RQR8, that lets ritux-
imab (Rituxan) bind to the CAR T cells, Jain added. This halts 
the runaway responses that have been associated with CAR 
T treatment, dramatically reducing adverse events such as 
cytokine response syndrome.

UCART22 has also demonstrated in vivo antitumor activity 
in immune-compromised mice engrafted with CD22+ Burkitt 
lymphoma cells in a dose-dependent manner.2

A similar allogeneic product, UCART19, paired with 
lymphodepletion—using fludarabine, cyclophosphamide, and 
alemtuzumab—was found to have efficacy in a patient popula-
tion with CD19+ disease.

In the dose-escalation/dose-expansion BALLI-01 study, 
investigators planned to enroll up to 30 patients in a modified 
toxicity probability interval design with 3 dosing cohorts and 
2 to 4 patients on each cohort (dose level 1: 1 × 105 cells/kg; 
dose level 2: 1 × 106 cells/kg; dose level 3: 5 × 106 cells/kg). 
The focus of the dose-escalation phase of the trial was to deter-
mine the maximum-tolerated dose (MTD) and the recommended 
phase 2 dose (RP2D) before heading into the dose-expansion 
portion of the study.

To be eligible for enrollment, patients had to be between  
18 and 70 years with acceptable organ function, an ECOG perfor-
mance status of 0 or 1, and at least 90% of B-cell ALL blast CD22 
expression. Additionally, patients had to demonstrate previous 
receipt of at least 1 standard chemotherapy regimen and at least 
1 salvage regimen.

End points of the trial included safety and tolerability, MTD/
RP2D, investigator-assessed response, immune reconstitution, 
and UCART22 expansion and persistence.

The lymphodepletion regimens comprised 4 days of fludara-
bine at 30 mg/m2 plus 3 days of cyclophosphamide at 1 g/m2;  
the study has since been amended to include 3 days of the 
regimen of fludarabine at 30 mg/m2, cyclophosphamide at 
500 g/m2, and alemtuzumab at 20 mg/day, and it is currently 
enrolling patients.

Following screening, lymphodepletion, and UCART22 infu-
sion, patients underwent an observation period for DLTs 

with a primary disease evaluation at 28 days; additional effi-
cacy evaluations occurred at 56 days and 84 days. Patients  
were followed for 2 years and continued to be assessed.

As of July 1, 2020, 7 patients were screened; 1 patient 
failed, and 6 were enrolled on the study. One patient discon-
tinued therapy before receiving UCART22 because of hypoxia 
from pneumonitis that was linked with lymphodepletion. Five 
patients were treated with UCART22 at dose level 1 (n = 3) and 
dose level 2 (n = 2).

The median age of participants was 24 years (range, 22-52), 
3 of the 5 patients were male, and 3 had an ECOG perfor-
mance status of 0. The median number of prior therapies was  
3 (range, 2-6), and the median bone marrow blast percentage was  
35% (range, 10%-78%) prior to lymphodepletion.

Three patients had a complex karyotype, and 2 had diploid 
cytogenetics. One patient each had the following molecular 
abnormalities: CRLF2, CRLF2 and JAK2, CDKN2A  loss, KRAS   
and PTPN11, and  IKZF1. Only 1 patient had undergone hap- 
loidentical transplant. Four patients previously received CD19- 
or CD22-directed therapy, including blinatumomab (Blincyto), 
inotuzumab ozogamicin, and CD19-directed CAR T-cell therapy. 
At study entry, 3 patients had refractory disease and 2 patients 
had relapsed disease.

Grade 3 or higher treatment-emergent AEs (TEAEs) that were 
unrelated to study treatment included hypokalemia, anemia, 
increased bilirubin, and acute hypoxic respiratory failure. Also 
not related to treatment with UCART22, 3 patients experi-
enced 4 treatment-emergent SAEs: porta-hepatis hematoma, 
sepsis, bleeding, and sepsis in the context of disease progres-
sion. No treatment discontinuations due to a treatment-related 
TEAE were reported.

The patient who achieved a CR followed by transplant was a 
22-year-old man who had undergone 2 prior treatments for B-cell 
ALL and received UCART22 at dose level 1 (1 × 105 cells/kg). He 
did not experience cytokine release syndrome, ICANS, GVHD, or 
SAE, and all TEAEs were grade 1.

Jain also noted that host T-cell constitution was observed in all 
patients within the DLT observation period. UCART22 was also 
not detectable through flow cytometry or molecular analysis, the 
latter of which was at dose level 1 only. TT
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CAR T-Cell Therapy Inches Toward FDA Approval 
in Heavily Pretreated Multiple Myeloma 
By Nichole Tucker

C himeric antigen receptor (CAR) T-cell therapy has been 
investigated in clinical trials of patients with multiple 
myeloma over the past few years and demonstrated both 

efficacy and tolerability. The CAR T-cell products currently work-
ing their way into the multiple myeloma paradigm include 
idecabtagene vicleucel (ide-cel; bb2121) and ciltacabta-
gene autoleucel (cilta-cel; JNJ-68284528).

Results from the primary analysis pivotal phase 2 
KarMMa study (NCT03361748)1 were used to support a 
biologics license application for ide-cel, which was granted 
priority review by the FDA in September 2020. The agent 
achieved an objective response rate (ORR) of 73% (95% 
CI, 65.8%-81.1%; P < .0001), with a complete response 
(CR) rate of 33% (95% CI, 24.7%-40.9%; P < .0001). The 
FDA plans to make a decision by March 27, 2021, on the 
approval of ide-cel as treatment of adult patients with multiple 
myeloma who have received at least 3 prior therapies, includ-
ing an immunomodulatory agent, a proteasome inhibitor), and 
an anti-CD38 antibody.

Cilta-cel received a breakthrough therapy designation 
from the FDA in 2019 for the treatment of previously treated 
patients with multiple myeloma. The agent has since demon-
strated impressive efficacy in the phase 2 CARTITUDE-1 clinical 
trial (NCT03548207), according to results presented during 
the virtual 62nd American Society of Hematology Annual 
Meeting & Exposition.2

Now that the efficacy and safety of these 2 B-cell matura-
tion antigen (BCMA)–targeting CAR T-cell therapies have been 
shown, optimal use of the therapy, including determining which 
patient population will achieve the best responses, continues to 
be refined. Analyses are seeking to determine how these agents 
will perform in treating patients who are very heavily pretreated, 
above the age of 70 years, and clinically recognized as frail.

In an interview with Targeted Oncology™, Jesus G. Berdeja, 
MD, director of myeloma research at Sarah Cannon Research 
Institute in Nashville, Tennessee, discussed a subanalysis of the 
KarMMA study and updated results from CARTITUDE-1. 

TARGETED ONCOLOGY™: What does the treatment 
landscape currently look like for the older population 
of patients with multiple myeloma?
Berdeja: The median age for patients with myeloma is 69 years, 
so the majority of these patients fall into the elderly category, 
but what we’ve come to find out is that not all [elderly individ-
uals] are the same. It’s really about the frailty of the patient. We 
know that as patients get older, they can become [more frail], 

especially after the age of 80. That alone creates a likelihood 
that a patient will be frail.

There are other comorbidities that go into frailty score that 
determine a patient’s ability to tolerate aggressive therapies. If 

you look at patients who are elderly or frail, the tolerance 
of treatments is difficult. We often have to dose-adjust 
because they are not able to withstand the [same] inten-
sity and the length of treatment that the less frail patients 
can, and because of that, often we see worse outcomes. 
The survival in elderly patients is much shorter than for 
young patients.

How have CAR T-cell therapies excited the field 
in recent years?
CAR T cells are very potent therapies. The idea with CAR 

Ts is that you need a target that you can go after, and luckily in 
myeloma we have several targets that are very specific to the 
disease. It engages the part of the immune system that should 
be fighting the myeloma to begin with, but it’s not. CAR T cells 
modify a patient’s own T cells, and by incorporating the use of 
this CAR on the surface, you allow those T cells to go directly 
after the cells of interest, which in this case is myeloma cells.

We’re seeing some very impressive results with all the prod-
ucts, but especially the lead CAR T contenders, ide-cel and 
cilta-cel. We are seeing response rates in patients who are heav-
ily pretreated of about 70% to 100%. This is very different from 
what we’ve seen in this relapsed or refractory setting with other 
types of therapy.

What was the rationale for the use of a BCMA-directed 
CAR T-cell therapy in this patient population?
Unlike the CD19[-directed] CAR T trials that had an age cap for 
the patient population, we decided not to have an age cap. This is 
because, again, elderly patients make up the majority of patients 
with myeloma. We looked at whether outcomes in these patients 
were any different [than in] younger patients. 

What did you find in the subanalysis of 
the KarMMA trial?
We found that there was no difference in the tolerability and 
effectiveness of CAR T-cell therapies. One of the worries, as 
I’ve mentioned, is that [elderly] patients cannot tolerate the 
intensity of those therapies, but this was not the case in this  
subanalysis. Even though these were [elderly] patients, they were 
also fit patients who had to meet the other criteria of the study, 
which included good organ function and good performance status.  

Jesus G.  
Berdeja, MD



Meeting Spotlight    19

We saw that the rates of cytokine release syndrome [CRS] 
and neurotoxicity were no different in the elderly population. The 
other toxicities that we see often in elderly patients are low blood 
counts and hepatotoxicity, which also did not seem to differ in 
the older cohort. 

What is the key takeaway from this research? How can 
this be applied to practice?
The most important take-home message is that often if a 70-year-
old patient is [considered] too old for CAR T-cell therapy, we 
can safely tell the referring physician that age alone should not 
make the decision as to whether patients are eligible for CAR 
T-cell therapy.

Can you discuss the background and rationale 
for CARTITUDE-1?
The CARTITUDE-1 study (NCT03548207) inolves the CAR T-cell 
therapy cilta-cel, which is also a BCMA-directed therapy. The 
difference between this CAR T-cell product and others is that it has  
2 binding sites to BCMA that we feel can form a stronger binding 
to BCMA. We think this may explain some of the impressive 
response rates. 

What results were presented during the 2020 ASH 
Annual Meeting?
This year, we were able to present the phase 2 results. We were 
gratified that those response rates that we reported before were 
sustained in the larger cohort. We saw an ORR of 97%, with  
57% of patients achieving a stringent CR and 92% achieving a PR. 
We have not yet reached the median progression-free survival, 
but at 12 months, about 76.6% of patients remained in remission.

What are the implications of these data in the 
treatment landscape?
I think these data are very exciting because we’re seeing results 
that we’ve never seen before in the relapsed/refractory setting. 
[Similar to] the results we saw with ide-cel, the results with cilta-
cel are equally impressive. One of the things that distinguishes 

this particular drug from other CAR T-cell products is the onset 
to CRS. Again, we see CRS in almost every patient with CAR 
T-cell therapy, but the median time to onset of CRS was 7 days 
compared [with] 1 or 2 days with other products. One of the 
questions becomes, could you potentially do outpatient dosing of 
this product that you wouldn’t be able to do with another product 
that has a quick onset of CRS? That is something that I think is 
going to be tested in future studies.

How do you see the use of CAR T cells evolving in 
multiple myeloma over the next 5 years?
I think we will have FDA-approved products for myeloma within 
the next year. That will make a big impact. One of the problems 
with the current CAR T-cell therapies in development is that 
they’re all autologous CAR T products, which means they’re a bit 
cumbersome. There is about a month from collection to infusion 
in these patients, and their health often deteriorates, [which may 
make them] ineligible for the therapy.

Some of the so-called off-the-shelf CAR T cells that are allo-
geneic are being looked at to allow the patients to be treated 
immediately, and the same goes for the bispecific antibodies. We 
had 6 abstracts for bispecific antibodies presented at this year’s 
ASH meeting, and these are also off the shelf and can provide 
treatment for patients immediately. The question becomes, if 
these therapies turn out to be equivalent, which one is more 
likely to be used? That may [affect] where CAR T cells are posi-
tioned in the treatment landscape. TT

REFERENCES

1. Munshi NC, Anderson LD, Shah N, et al. Idecabtagene vicleucel (ide-cel; bb2121), 

a BCMA-targeted CAR T-cell therapy, in patients with relapsed and refractory multiple 

myeloma (RRMM): initial KarMMA results. J Clin Oncol. 2020;38(suppl 15):8503. 

doi:10.1200/JCO.2020.38.15_suppl.8503

2. Madduri D, Berdeja JG, Usmani SZ, et al. CARTITUDE-1: phase 1b/2 study of cilt-

acabtagene autoleucel, a B-cell maturation antigen-directed chimeric antigen receptor 

T cell therapy, in relapsed/refractory multiple myeloma. Blood. 2020;136(suppl 1):22–

25. doi:10.1182/blood-2020-136307

The most important take-home message is that often if a 
70-year-old patient is [considered] too old for CAR T-cell 
therapy, we can safely tell the referring physician that 
age alone should not make the decision as to whether 
patients are eligible for CAR T-cell therapy.” 

– JESUS G.  BERDEJA ,  MD
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ARE YOU THINKING DEEP ENOUGH  
IN RELAPSED OR REFRACTORY MULTIPLE MYELOMA?

Relapse is expected, 
but deep response could be too1,2

With each relapse, multiple myeloma becomes increasingly difficult to control. As the disease 
progresses, very few patients (less than 5%) experience a deep response.1,2 However, evidence suggests  

a deep response may be associated with improved PFS and OS.1-3 Therefore, shouldn’t a goal  
of treatment be to achieve a deep response in as many patients as possible?

The hope is that more patients may achieve a deep response  
with emerging therapies on the horizon.

OS=overall survival; PFS=progression-free survival.

References: 1. Kumar SK, Dimopoulos MA, Kastritis E, et al. Natural history of relapsed myeloma, refractory to immunomodulatory drugs and proteasome inhibitors: 
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Learn more about why depth of response  
matters in relapsed or refractory multiple myeloma.  
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