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The Development of the Registry Parallel to the 
Expansion of the Field of Cellular Immunotherapy
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Cellular Immunotherapy Registry at a Glance
N=7,166 recipients
N=7,545 infusions
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CAR-T therapy in second line myeloma
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RCT of ide-cel vs. standard regimens in R/R myeloma

§ Eligible patients had failed 2-4 prior therapies including daratumumab, an 
immunomodulatory agent and a proteasome inhibitor

§ Documented disease progression within 60 days of the last cycle
§ All patients had measurable disease and ECOG 0-1 performance status
§ Median age 63 (range 30-83); 42-46% with high-risk cytogenetics
§ ~85% had prior autologous SCT
§ Ph3 RCT with 2:1 randomization to ide-cel vs. “standard regimens”
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386 Underwent randomization
(intention-to-treat population)

490 Patients were assessed for eligibility
104 Were excluded

102 Did not meet inclusion criteria
or met exclusion criteria

2 Withdrew consent

254 Were assigned to the ide-cel group 132 Were assigned to standard-regimen group
43 Were to receive daratumumab, pomalidomide, and dexamethasone
30 Were to receive carfilzomib and dexamethasone
30 Were to receive elotuzumab, pomalidomide, and dexamethasone 
22 Were to receive ixazomib, lenalidomide, and dexamethasone

7 Were to receive daratumumab, bortezomib, and dexamethasone

5 Did not undergo leuka-
pheresis

2 Did not meet treat-
ment criteria

2 Withdrew consent
1 Had adverse event

6 Did not receive stand-
ard regimen (5 dis-
continued trial)

3 Withdrew consent
2 Were withdrawn by

physician
1 Had progressive

disease

1 of 6 Was included
in the ongoing

survival follow-up

249 Underwent leukapheresis (250 were included
in the treated population)

213 Underwent bridging therapy
126 Received standard-regimen therapy

(treated and safety populations)
24 Did not receive ide-cel

(19 discontinued trial)
7 Were withdrawn by

physician
6 Did not meet treat-

ment criteria
4 Died
4 Had adverse event
3 Could not receive

ide-cel because of
cell manufacturing
failure

5 of 24 Were included
in the ongoing

survival follow-up

4 of 9 Were included
in the ongoing trial

without receiving ide-cel

1 Died during pretreatment
period without having

undergone leukapheresis

12 Discontinued trial during
treatment and progression-
free survival follow-up

6 Died
6 Withdrew consent

16 Discontinued trial during
survival follow-up

13 Died
2 Withdrew consent
1 Was lost to follow-up

225 Received ide-cel (safety population)

21 Discontinued trial during
progression-free survival
follow-up

15 Died
5 Withdrew consent
1 Was withdrawn by physician

51 Discontinued trial during 
survival follow-up

41 Died
10 Withdrew consent

158 Were included in the ongoing trial
91 Were included in the progression-free survival

follow-up
67 Were included in the survival follow-up

12 Discontinued trial
9 Died
3 Withdrew consent

52 Were included in the ongoing trial
2 Were included in the ongoing pretreatment

period
50 Were included in the posttreatment or

survival follow-up

69 Underwent
leukapheresis

9 Did not receive ide-cel
(5 discontinued trial)

2 Did not meet treat-
ment criteria

2 Died
2 Withdrew consent
2 Were included in the

ongoing pretreatment
period

1 Had manufacturing
failure

60 Received
ide-cel

29 Were included in the ongoing trial
20 Continued standard regimen and were

included in the progression-free survival
follow-up

9 Were included in the survival follow-up
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Figure 2. Progression-free Survival (Intention-to-Treat Population).

Progression-free survival was assessed by the independent response committee on the basis of International Myeloma 
Working Group criteria.23 The P value was based on a stratified two-sided log-rank test. Data at the dashed lines 
show the probability of progression-free survival at 6 months and 12 months. Tick marks indicate censored data.
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Table 2. Treatment Response as Assessed by Independent Response Committee (Intention-to-Treat Population) and 
Duration of Response.*

Variable
Ide-cel 

(N = 254)
Standard Regimen 

(N = 132) P Value

Overall response
No. of patients with response 181 55
Percentage of patients with response (95% CI)† 71 (66–77) 42 (33–50) <0.001‡

Complete response — no. (%)
No. of patients with complete response 98 7
Percentage of patients with complete response (95% CI)† 39 (33–45) 5 (2–9)

Best overall response — no. (%)
Stringent complete response 90 (35) 6 (5)
Complete response 8 (3) 1 (1)
Very good partial response 55 (22) 13 (10)
Partial response 28 (11) 35 (27)
Minimal response 4 (2) 9 (7)
Stable disease 31 (12) 48 (36)
Progressive disease 24 (9) 10 (8)
Response could not be evaluated or was not reported§ 14 (6) 10 (8)

Median duration of response (95% CI) — mo¶ 14.8 (12.0–18.6) 9.7 (5.4–16.3)

*  Definitions of response and disease progression were modified from International Myeloma Working Group (IMWG) 
criteria23 (see the Supplementary Appendix). An overall response was defined as a partial response or better. Complete 
response was defined as a complete response or a stringent complete response. A stringent complete response was 
defined as a complete response with a normal serum free light-chain ratio and an absence of clonal plasma cells ac-
cording to the IMWG response criteria. Percentages may not total 100 because of rounding.

†  The confidence interval is a two-sided Wald confidence interval.
‡  The two-sided P value is from the Cochran–Mantel–Haenszel test, with stratification according to stratification factors.
§  The analysis included patients who did not have any response-assessment data or whose only assessment was that the 

response was not evaluable.
¶  Duration of response was assessed among patients who had a response as assessed by the independent response 

committee on the basis of IMWG criteria.

The New England Journal of Medicine 
Downloaded from nejm.org at SAN FRANCISCO (UCSF) on February 14, 2023. For personal use only. No other uses without permission. 

 Copyright © 2023 Massachusetts Medical Society. All rights reserved. 

PFS of ide-cel vs. SOC regimens in R/R myeloma
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RCT of ide-cel vs. standard regimens in R/R myeloma

§ Overall, ide-cel outperformed other SOC regimens in this population
§ However, no plateau suggesting curative potential evident in PFS curves 
§ When progression did occur, BCMA (target) downregulation was NOT 

seen, in contrast to frequent target loss in CD19 CAR-T treatment 
failures

Rodriguez-Otero, NEJM, 2023
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Updates: CAR-T therapies in NHL



CAR-T response to axi-cel after six prior lines of therapy

Images by
Lazaros Lekakis, MD
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Neelapu, et al., Blood, in press 2023

Neelapu, et al., long-term F/U of ZUMA-1 study in NHL

• Reported LTFU of patients treated with axi-cel for R/R LBCL (n=101)
• High-risk patients failing at least two prior lines of therapy, median age of 58
• Median F/U now 63 months
• Five-year OS 43%; PFS 32%
• Patients who had no defining events by 12 months had >90% OS at 5y
• Five deaths beyond year 3: one progressive disease and one secondary malignancy
• Secondary analyses reported positive association between early CAR-T expansion 

(peak numbers and AUC) and maintenance of long-term responses
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Is cell therapy standard of care for 2nd
line DLBCL?
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Neelapu, et al., Blood, in press 2023

Neelapu, et al., long-term F/U of ZUMA-1 study in NHL
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CD19 CAR T-cells in DLBCL: Earlier Lines

ZUMA-7
Axi-cel

BELINDA
Tisa-cel

TRANSFORM
Liso-cel

High Risk DLBCL:
• Refractory to 1st line 

therapy
• Relapsed within 12m 

of 1st line therapy

CAR T

Salvage
/Auto



Which is the better study design?

CAR T vs. ASCT

Inclusion

CAR T ASCT

Salvage

CAR T vs. Salvage CIT

Inclusion

CAR T Salvage

ASCT

VS
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Is CAR-T therapy the 2nd line DLBCL standard?
§ Two of three RCTs favored CAR-T therapy in the second line setting 

(ZUMA-7 and TRANSFORM)
§ RCTs demonstrated traditional salvage therapies are suboptimally

effective (<40% achieved PR and had AutoSCT)
§ Retrospective analyses suggest individuals who achieved a PR can 

do quite well with AutoSCT
§ Key practical question is for someone responding to salvage, what to 

do?  Many would still do a transplant for patients achieving a CR.
§ All current data prone to selection bias
§ Additional data (including from registries) needed
§ Additional RCTs would be helpful (but are unlikely)
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What about fourth line?  First line?

§ We need better therapies following CAR-T failure
§ Long-term results of all three commercial products suggest only 30-

40% cure rates
§ CAR-T trials (including CD19/22) demonstrate ≤30% ORR
§ Second-line CAR-T therapies (following first failure) are needed
§ First-line studies promising (ZUMA-12, Neelapu, Nat Med 2022) look 

very promising but additional data, RCTs needed.
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Can we predict cellular therapy failures?



Mechanisms of relapse after CD19 CAR-T therapy



Pre-treatment quantitative flow (but not IHC) may identify 
patients at risk for treatment failure

Spiegel, Nat Medicine 2021



Optimizing CAR-T Therapy: Model by Spiegel and Miklos

Day
0

7 14 21 28 60 90 180 270 360

# 
of
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el

ls

Patient

Apheresis Transfection

CAR-T Product

CAR-T Product Fitness:
- Patient T cell fitness
- CAR-T construct
- CAR-T manufacturing

Tumor Biology:
- Tumor Antigen Density
- Tumor microenvironment

CAR-T Pharmacokinetics and Pharmacodynamics
- Characterize which CAR-T localize to tumor
- Immune Phenotype of CAR-T blood expansion

Infusion

from Spiegel and Komanduri, Blood Feb 17, 2022



Challenges for CAR-T cell efficacy/safety

adapted from slide by Julia Carnevale, MD, UCSF
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What developments will make a difference?

§ Allogeneic CAR-T therapies are promising (limited data, and potential problems, 
including need for aggressive T cell depletion)

§ Additional targets beyond those initially targeted (e.g., beyond CD19/BCMA) 
alone and bispecific/bicistronic therapies (e.g., CD20, CD22, CD19/20, CD19/22)

§ NK cell therapies are exploding (including NK-CAR therapies) and appear 
promising, though with relatively limited data

§ More therapies tested and approved for pediatric subjects (just one to date)
§ Better pre-treatment predictors of treatment failure (e.g, antigen density) and 

measures of impending relapse (e.g, ctDNA) are needed.
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What about relapses after CAR-T 
therapy?



CD20xCD3 Bispecific antibodies

anti-CD3anti-CD20

anti-CD20anti-CD3anti-CD20

Mosunetuzumab Glofitamab

Unique bivalent binding structure; 
2:1 CD20:CD3 format engineered for high potency

Tolerable safety profile may allow for outpatient 
administration without required monitoring  



§ Clinical cut-off date: March 14, 2022; *unless otherwise specified; †safety-evaluable population (all treated patients); 
‡ECOG PS 2, n=1 (0.6%); Ab, antibody; ASCT, autologous stem cell transplant; trFL, transformed follicular lymphoma.

Glofitamab in R/R DLBCL with ≥2 prior therapies: Ph2 expansion study
Heavily pre-treated, highly refractory population
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Glofitamab monotherapy in 3L+ Large B-cell lymphoma
Phase 2 pivotal data

Efficacy 
endpoint1

Glofitamab 2.5/10/30mg
(n=155)

CR rate* 61 (39.4%)

ORR* 80 (51.6%)

Duration of complete response by IRC

Dickinson et al.   ASCO 2022

Median duration of follow-up, mos 12.6 ( 0-22 mos)
12-months DoR, % (95% CI) 63.6 (51.1, 76.2)

12-months DoCR, % (95% CI) 77.6 (64.3, 90.8)



27GemOx, gemcitabine plus oxaliplatin; ICANS, neurologic AEs potentially consistent with immune effector cell-associated neurotoxicity syndrome

Glofitamab conclusions
• Glofitamab is the first T-cell-engaging bispecific monoclonal antibody to demonstrate clinically 

meaningful outcomes for patients with R/R DLBCL in a pivotal Phase II setting:

• primary efficacy endpoint met; CR: 39.4% and ORR: 51.6% in heavily pre-treated, highly 
refractory patients with DLBCL after ≥2 prior lines

• consistent CR rates in patients with prior CAR-T exposure; higher CR rate in relapsed 
patients versus refractory patients 

• CRs achieved early and durable even after fixed-duration treatment (max. 12 cycles) 

• glofitamab was well tolerated: low rate of treatment discontinuations; CRS was mostly 
low grade and during Cycle 1, with predictable time of onset; low rate of ICANS

• Glofitamab is a promising off-the-shelf treatment with a novel mode of action, BUT…

• Unclear how durable responses will be to bispecific antibody therapies, relative to CAR-T 
approaches

• How best to sequence therapies will be an increasing challenge, in lymphoma and myeloma
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CAR-T therapies:  special problems



from Hines, Shah et al, TCT 2023

granulomatous disease and overwhelming bacterial or fungal
infection) [30].

Role of molecular diagnostics
Molecular diagnoses are made more often in children than

in adults presenting with HLH. In contrast, most adults with
HLH do not have an identifiable genetic contributor [31,32],
and sHLH is the predominant manifestation. However, as
large-scale efforts that include whole genome sequencing and
epigenetic profiling become more available, novel genetic
causes of HLH may become more apparent, even in adults.

Diagnostic criteria: pHLH and sHLH
Multiple diagnostic criteria have been developed for HLH,

with HLH-2004 criteria established in pHLH the most fre-
quently used. The HLH-2004 criteria comprise a set of 8 criteria
including fever, splenomegaly, cytopenias, hypertriglyceride-
mia and/or hypofibrinogenemia, and hemophagocytosis along
with low/absent NK cell activity, hyperferritinemia and high
soluble IL2-receptor (sIL-2R)/soluble CD25 (sCD25) levels [33].
Other diagnostic criteria for specific patient populations and
based on unique triggers (eg, HScore, derived in adults with
sHLH [34], as well as MAS/HLH criteria specifically for systemic
juvenile idiopathic arthritis (sJIA) [35]) have been developed
by expert consensus and validated in select populations.
Although these criteria have considerable strengths and facili-
tate a diagnosis of HLH, they are less well suited for some
forms of sHLH. Furthermore, certain biomarkers may be more
diagnostically useful in children than in adults. For instance,
ferritin values of 500 to 2000 ng/mL may be clinically mean-
ingful and reflect HLH in children with pHLH but lack specific-
ity in adults [18,36]. Malignancy-associated HLH is another
variant in which new diagnostic criteria were needed, as nei-
ther HLH-2004 nor the HScore were optimally applicable

owing to overlapping manifestations of underlying disease
processes [37]. Nevertheless, recent studies report that both
the HLH-2004 criteria and HScore have high diagnostic reli-
ability for identifying sHLH in critically ill patients [38,39].

CAR T Cell Therapy and Hyperinflammatory Syndromes

CRS and IEC-associated neurotoxicity syndrome
CAR T cells express proteins with antigen-binding, trans-

membrane, and costimulatory domains, allowing T cells to rec-
ognize extracellular tumor antigens, proliferate, and mediate
tumor lysis, often resulting in ample cytokine release [40!42].
Well-described toxicities of CAR T cell therapy include CRS and
IEC-associated neurotoxicity syndrome (ICANS) [5,43]. CRS,
like HLH, involves fever and, in severe forms, respiratory fail-
ure and hypotension. Cytopenias, hyperferritinemia, coagulop-
athy, and hypertriglyceridemia are seen in both conditions.
Overlapping cytokine (eg, IFN-g, IL-6, IL-10, IL-18, sIL-2R,
CXCL9), and proteomic profiles are described in HLH and
severe CRS [8,44-46].

Whereas some patients who receive CAR T cell therapy
experience severe CRS with abnormal immunopathologic
sequelae (eg, hepatopathy, hypofibrinogenemia, hemophago-
cytosis), a subset of patients develop a different pathophysio-
logic entity with HLH-like features manifesting primarily after
traditional CRS has resolved. Although disease-specific factors
(disease burden [9,47], proliferation dynamics, immune resis-
tance mechanisms), IEC-associated factors (antigen target [8],
CAR T cell construct [48], costimulatory domain, T cell
selection [8], cell dose) and patient characteristics (baseline
inflammation [9,49,50], immune suppression, cytopenias,
genetic predisposition) [47,51] likely influence the develop-
ment of IEC-HS, the underlying biology of IEC-HS requires
further study.

Figure 1. Primary HLH and IEC-HS. (A) In primary (genetic) HLH, cytotoxic T cells with insufficient cytotoxic function due to defects in cytotoxic granule release or
perforin are activated, cannot terminate their immunologic synapse, and with insufficient downregulation promote macrophage activation and cytokine release, fur-
ther activating cytotoxic T cells. The resulting T cell and macrophage activation results in release of IFN-g, sIL-2R, IL-6, IL-10, IL-12, IL-18, IL-1b, TNF-a, IL-33, and ferri-
tin. (B) In IEC-HS, CAR T cells are activated by CAR T cell recognition of tumor antigen, which leads to cytotoxic granule release and tumor lysis. Sustained activation
via engineered CAR recognition of tumor antigen results in T cell activation and proliferation, cytokine release, and resultant macrophage activation and release of sol-
uble factors, as seen with primary HLH.
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HLH syndromes after CAR-T therapy

IEC-associated HLH-like syndrome (IEC-HS)
Because of overlapping features of CRS and underlying

hematologic malignancies [52], current diagnostic criteria for
HLH are suboptimal for use following CAR T cell therapy
[53,54]. Although other terms (eg, carHLH, MAS-L, HLH/MAS)
have been used to describe HLH-like toxicities following CAR
T cell therapy, to (1) unify the field on HLH-like toxicities
following IEC-based therapies, which aligns with ICANS
nomenclature, and (2) acknowledge a pathophysiology and
hyperinflammatory process distinct from pHLH (albeit with
similar manifestations) we opted to identify this as an “HLH-
like” syndrome. Accordingly, the term “IEC-associated HLH-
like syndrome (IEC-HS)”was established.

This model suggests that IECs, such as CAR T cells, become
activated by tumor antigens and transactivate macrophages,
leading to concurrent CAR T cell/macrophage activation and
cytokine release and creating a positive feedback loop. With
limited ability to sufficiently down-regulate, the onset of
inflammation-mediated organ injury that extends beyond
recovery from CRS is delayed (Figure 1B).

IEC-HS definition. The ASTCT CRS consensus grading scale
encompasses clinical parameters of fever, hypotension, and
hypoxia to identify and rate severity [45]. Importantly, how-
ever, many early grading systems for CRS incorporated ele-
ments of end-organ toxicities [55], as patients with moderate
to severe CRS could have clinical features and cytokine abnor-
malities mimicking HLH-like toxicities (eg, elevated ferritin,
transaminitis, hemophagocytosis, coagulopathy), which usu-
ally resolved without delayed sequelae or the need for addi-
tional immunomodulatory therapy [3,43,45,55-60]. While
acknowledging the biochemical and pathologic similarities
between CRS, ICANS, and HLH (Figure 2A), a key factor in diag-
nosing IEC-HS is its clinical independence from CRS.

We ultimately define IEC-HS as the development of a path-
ological and biochemical hyperinflammatory syndrome that
(1) manifests with features of macrophage activation/HLH, (2)
is attributable to IEC therapy, and (3) is associated with pro-
gression or new onset of cytopenias, hyperferritinemia, coa-
gulopathy with hypofibrinogenemia, and/or transaminitis.
Although HLH-like manifestations are frequently seen in in

patients with severe CRS, IEC-HS is often of delayed onset and
manifests as CRS is resolved/resolving and should not be used
to describe only manifestations of severe CRS (Figure 2B).

We further delineate more specific criteria, of which hyper-
ferritinemia (defined as >2 times the upper limit of normal or
baseline at time of infusion) or rapidly rising (according to
clinical assessment) is a prerequisite based on HLH-2004 diag-
nostic criteria, analysis of published cases [3,4,7-
12,14,15,33,46,48,61-63], and experience of our expert panel
(Table 1). Indeed, this analysis of data emerging from single or
multiple case series (Supplementary Figure S1), along with
unpublished experiences, were critical as we developed our
definitions and approach. Accordingly, this effort builds on
these initial observations and serves to lay the foundation for
collectively learn more about IEC-HS.

IEC-HS Diagnosis.
Clinical suspicion. The clinical presentation of IEC-HS

closely resembles the onset of an exaggerated inflammatory
response following CRS or CAR T cell expansion. The timing of
IEC-HS in relation to antecedent CRS is variable but generally
delayed. Importantly, all reported patients with HLH-like tox-
icities to date have had an antecedent or ongoing CRS [8,9].

Despite potential overlap, we strongly caution against
using IEC-HS nomenclature to describe patients with severe
CRS involving multiorgan dysfunction owing to unique impli-
cations for treatment approach and to avoid designation of
new nomenclature for a previously established process.
Accordingly, although fever is an important criterion for
pHLH/sHLH and may be seen with IEC-HS, fever was excluded
from the proposed diagnosis of IEC-HS to avoid confusion, as it
represents the sole criterion for grade 1 CRS [45]. Hence, it is
imperative to distinguish suspected IEC-HS from CRS recur-
rence or prolonged severe CRS, to pursue treatment options
and monitoring accordingly.

Laboratory monitoring.
Ferritin
Published recommendations based primarily on single-

center experiences have suggested the use of elevated ferritin
>10,000 ng/mL with CD19 CAR T cell therapy [64],

Figure 2. Intersection of IEC-related toxicities and timing of CRS and IEC-HS. (A) Visual of how various IEC-based therapies contribute to inducing a host of IEC-associ-
ated hyperinflammatory syndromes—highlighting the interrelatedness and yet unique presentations of the various toxicities. (B) Suggested paradigms for severe CRS
with HLH-like multiorgan dysfunction and how this differs chronologically from IEC-HS presentations.
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transduction via the JAK/STAT (signal transducer and activator
of transcription) pathway, allowing it to inhibit the activity of
multiple key proinflammatory cytokines, including IFNg, IL-2,
and IL-6 [92,93]. As frontline therapy, a 69% (36 of 52) overall
response rate to ruxolitinib monotherapy has been reported
[93]. In refractory disease, overall response rates of 74% (25 of
34) [94] and 78% (32 of 41) [95] have been reported—although
these latter studies combined ruxolitinib with various other
agents, including corticosteroids.

Other cytokine-directed therapies
Other cytokine-directed therapies, including tocilizumab

and emapalumab, have limited evidence in sHLH. Smaller
studies of tocilizumab have reported variable outcomes, with
one study showing an increased risk of infectious complica-
tions and death (n = 8) [96] and another showing improved
survival (n = 9) [97]. Moreover, despite therapeutic efficacy in
sJIA, the occasional simultaneous occurrence of MAS in
patients receiving tocilizumab has led to the suggestion that
IL-6 may have a limited role in the development of MAS/sHLH
[98]. Although published data on use of emapalumab in sHLH
are limited, off-label use is increasing and may provide insight
into its role in the future. There is currently an ongoing single-
arm clinical trial evaluating emapalumab for MAS with prelim-
inary data showing biological efficacy in an sJIA and MAS
cohort [99,100].

Treatment Approaches for IEC-HS. Owing to a lack of pro-
spective clinical trials for IEC-HS and limited literature on
treatment approaches for HLH-like manifestations following
CAR T cell therapy, the following treatment recommendations
are derived from expert opinion, rely on available evidence
from CRS/IEC-HS cohorts and previous evidence with

treatment of pHLH and sHLH, and warrant prospective studies.
Therapy generally should be initiated with corticosteroids
with or without anakinra before the development of life-
threatening complications and, if possible, a time interval to
evaluate for efficacy (eg, 48 hours) should elapse before addi-
tional agents are added to avoid cumulative toxicity of multi-
ple immunosuppressive agents. The impact of any potential
therapies on CAR T cell efficacy also must be considered, and
first- and-early line therapies should be selected based at least
partially on a lower risk of impeding CAR T cell activity and
persistence, with progressively less consideration given to this
as the severity of IEC-HS increases. Initial recommendations
for specific therapies, dosages, and escalation of care are pre-
sented in Figure 3 and Table 3.

The role of preemptive treatment in preventing severe IEC-
HS is unknown but is reasonable to explore, particularly within
a clinical study. Similar to the use of tocilizumab and cortico-
steroids as prevention or with low-grade CRS/ICANS to miti-
gate the development of severe CRS/ICANS [101,102], this may
help prevent severe complications and decrease a prolonged
need for immunosuppression. We anticipate that with
improved recognition of IEC-HS, a role for preemptive
approaches may evolve.

Similarly, the best approach to tapering and withdrawal of
therapy remains unclear, particularly in patients with pro-
tracted IEC-HS. Nonetheless, given the deleterious impact of
immunosuppression, including the risk of infection, when clin-
ical and laboratory parameters have stabilized, gradually
tapering therapy is encouraged while monitoring for recrudes-
cence of symptoms. Similar to sHLH, a more rapid cessation of
IEC-HS- directed therapy may be tolerated when compared to
pHLH, but further studies are needed.

Table 1
IEC-HS: Definition and Identification

Definition of IEC-HS The development of a pathological and biochemical hyperinflammatory syndrome independent from CRS and ICANS that
(1) manifests with features of macrophage activation/HLH, (2) is attributable to IEC therapy, and (3) is associated with pro-
gression or new onset of cytopenias, hyperferritinemia, coagulopathy with hypofibrinogenemia, and/or transaminitis

Criteria for Identifying IEC-HS* Clinical/Laboratory Manifestations

Most common manifestationsy Required: elevated ferritin (>2 £ ULN or baseline (at time of infusion)) and/or rapidly rising (per clinical assessment)

Onset with resolving/resolved CRS or worsening inflammatory response after initial improvement with CRS-directed
therapyz

Hepatic transaminase elevationx (>5 £ ULN (if baseline was normal) or>5 £ baseline if baseline was abnormal)

Hypofibrinogenemia (<150 mg/dL or <LLN)k

Hemophagocytosis in bone marrow or other tissuek

Cytopenias (new onset, worsening, or refractory{)

Other manifestations
that may be present

Lactate dehydrogenase elevations (>ULN)

Other coagulation abnormalities (eg, elevated PT/PTT)

Direct hyperbilirubinemia

New-onset splenomegaly

Fever (new# or persistent)k

Neurotoxicity

Pulmonary manifestations (eg, hypoxia, pulmonary infiltrates, pulmonary edema)

Renal insufficiency (new onset)

Hypertriglyceridemia (fasting level, >265 mg/dLk)

ULN indicates upper limit of normal; LLN, lower limit of normal.
* Diagnosis was made only when not attributable to alternative etiologies, including CRS, infection and/or disease progression.
y Constellation of findings typically simultaneously (eg, all within 72 hours).
z Although most cases of IEC-HS have been seen with antecedent CRS, this may not always be the case, and emerging experience will shed light on how IEC-HS

may present.
x Consistent with grade 3 hepatic transaminase elevations according to Common Terminology for Adverse Events version 5.0.
k According to HLH-2004.
{ Generally at least 1 lineage will be a grade 4 cytopenia (platelets, neutrophils, hemoglobin).
# As distinguished from CRS onset or recrudescence.
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A B S T R A C T
As the number and type of regulatory authority-approved cellular therapies grow, clinical treatment centers face a
heavy burden of duplicative documentation around initial qualification, ongoing auditing, and reporting, with
overlapping requirements from each manufacturer to ensure safe use of their specific product, which in the
United States are stipulated under individual Food and Drug Administration (FDA) Biologic License Applications.
The American Society for Transplantation and Cellular Therapy (ASTCT) convened the 80/20 Task Force to consider
challenges and potential solutions to these issues. The Task Force proposed that 80% of manufacturers’ require-
ments for onboarding and ongoing operations of commercially available products could be standardized and
streamlined. Task Force members interviewed dozens of stakeholders, including clinicians at large academic med-
ical centers already using commercial and investigational immune effector cell (IEC) products, regulators, mem-
bers of accrediting bodies and professional cellular therapy societies, and manufacturers of IEC therapies for
oncologic indications. In November 2021, the Task Force organized and led virtual discussions in a public forum
and at a private ASTCT 80/20Workshop at the online AcCELLerate Forum, a cellular-therapy stakeholders’meeting
organized by the ASTCT, National Marrow Donor Program (NMDP), and Center for International Blood and Mar-
row Transplant Research (CIBMTR). At the workshop, approximately 60 stakeholders worked to identify and
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3. Standardized nomenclature, coding, labeling and ordering
systems for cellular therapy products grew out of efforts of
the International Council for Commonality in Blood Banking
Automation (ICCBBA), Standards Coordinating Body (SCB)
[27], NMDP [19], Parenteral Drug Association [28], and
others, for example, Standard Terminology for Medicinal
Products of Human Origin [29] and the Information Stan-
dard for Blood and Transplant (ISBT) 128 standard for label-
ing of medical products of human origin, which is used in
80 countries [30].

In contrast to HCT, genetically modified or ex vivo-
expanded IEC cells, including CAR-T cells, are emerging as
FDA-approved standard-of-care therapies following the route
of a Biologic License Application (BLA). This pathway puts the
onus for oversight of a quality program covering collection
and manufacturing facilities, clinical site, and patient-care
workflows on the manufacturer/sponsor. Critically, CAR-T
therapies can cause unique, serious toxicities, both immediate
or delayed, such as cytokine release syndrome (CRS), immune
cell-associated neurotoxicity syndrome (ICANS), prolonged
cytopenias, and a hemophagocytic lymphohistiocytosis-like
syndrome (termed IEC-HS, for IEC-associated hemophagocytic
syndrome, based on a recent ASTCT consensus project).

Each currently commercially available CAR-T product has
been approved by the FDA with a product-specific Risk Evalua-
tion and Mitigation Strategy (REMS) program to ensure safe
use of these products by healthcare providers and patients.
REMS programs require that clinicians and treatment center
staff undergo specialized training and testing on toxicity man-
agement and report safety data to the manufacturer and the
FDA, and that the treatment centers demonstrate the ability to
provide medical treatment for potential toxicities (eg, tocilizu-
mab) prior to CAR T administration. It is the manufacturer’s
responsibility to ensure that its REMS program is implemented
and followed. Although REMS programs for CAR-T products
have the same core elements, REMS educational materials,
toxicity management recommendations, and test questions
and responses differ among products. REMS program initiation
and monitoring generates additional onboarding, ongoing
auditing, and reporting entities and requirements for sites
delivering commercial IEC products, whereas the contribution
to actual patient safety when layered over institutional quality
and educational programs at clinical sites has been called into
question. Even at high-volume IEC centers, concern is mount-
ing regarding the resources needed to comply with existing
auditing agencies, the varying manufacturer expectations,
multiple REMS programs, and unique logistical workflows and
portals for each product. Diverse stakeholders interviewed as
part of this effort have expressed serious concerns that these
burgeoning requirements eventually will limit patients’ access
to potentially curative IEC therapies.

Objectives
The ASTCT convened the 80/20 Taskforce based on the

assumption that 80% of the requirements for clinical site
onboarding and maintenance operations are similar enough
among manufacturers of commercial IEC therapies and various
accrediting bodies that they could be standardized and
streamlined (Figure 1). Members of the 80/20 Task Force inter-
viewed a broad spectrum of stakeholders and organized an
online public forum and private workshop to identify the main
areas of redundancy (ie, the proposed 80% common aspects of
commercial IEC therapy clinical onboarding and ongoing oper-
ations between products and manufacturers) and

opportunities for streamlining and standardization. A major
focus was to identify how individual manufacturers might
align on their expectations/requirements for clinical sites and
whether HCT-derived resources could be used to satisfy/
reduce duplication with industry requirements under their
FDA BLAs.

The Task Force had the following objectives:

! Identify workflows common to current commercial IEC
products and those close to completion of their develop-
ment (the 80%) in 4 domains: (1) apheresis/cell procure-
ment, cell processing/handling, and clinical site
qualification and onboarding requirements; (2) ongoing
auditing of clinical operations and data reporting; (3) edu-
cational and quality programs to ensure patient safety,
including REMS compliance; and (4) IT and logistical inter-
faces.

! Highlight people, entities, and existing or newly required
pathways that may streamline these processes to facilitate
the sustainability and scalability of expected growth of IEC
therapies.

METHODS
We used a 3-pronged approach to gather insights from

clinicians, regulators, accreditors, professional societies, and
manufacturers of cell therapies (Table 1). First, in 2021, 2
authors (F.L. and S.N.) conducted interviews with representa-
tives of professional societies and 5 commercial IEC
manufacturing stakeholders with FDA-approved products or
plans for imminent filing. Academic clinician perspectives
were provided by ASTCT 80/20 Task Force members.

Second, a subset of these clinical and industry stakeholders
discussed their perspectives with approximately 400 attend-
ees at the online AcCELLerate Forum: Creating a Sustainable
Ecosystem of Cell and Gene Therapy. This virtual forum, con-
ducted on November 18-19, 2021, was sponsored by the
ASTCT, CIBMTR, and NMDP.

Third, the 80/20 Task Force invited approximately 60
diverse stakeholders to attend a 2.5-hour ASTCT 80/20 Work-
shop, also held on November 18-19, 2021. To encourage can-
did discussion, the workshop was conducted under a verbal
agreement that information and views shared by individual
participants would not be taken as an official view of the entity
that they were invited to represent. This workshop enabled
staff at clinical sites (clinicians, administrators, and others) to
freely engage in discussion with stakeholders nominated by
relevant professional societies and commercial entities.

This process of obtaining consensus did not include inter-
ventions on either humans or animals and thus did not require
approval by an institutional review board.

Recommendations
Stakeholders identified 5 recommendations that address

overarching challenges associated with inefficiencies for clini-
cal sites and commercial manufacturers (Figure 2). The voiced
consensus was that patient safety and ongoing access to

Figure 1. ASTCT 80/20 Task Force mission.
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commercial IEC therapies could be improved if the community
at large prioritized and addressed these issues [31].

Recommendation 1. Eliminate duplication in accreditation
and auditing of clinical sites

Initial accreditation/site evaluations and ongoing audits/
monitoring visits currently occur on several levels at a clinical
IEC site. The scope of evaluation can vary from the entire clini-
cal program’s quality infrastructure to compliance of apheresis

facility procedures with labeling, chain of custody, and chain
of identify requirements. They can serve different purposes:
FACT accreditation of an entire IEC or HCT program to enable
coverage of cell therapy care by a payor (eg, California Medic-
aid, State of Massachusetts) versus annual compliance with
REMS program requirements for a specific CAR-T product.
Furthermore, the accrediting/auditing body for each pur-
pose may differ (eg, FACT, NMDP, commercial manufac-
turer). There was stakeholder consensus that the safety

Table 1
ASTCT 80/20 Task Force Activities and Stakeholder Engagement

Activities Regulatory Body Academic Institutions/Cancer Centers Professional Societies Commercial Entities

Step 1: Stakeholders initially
interviewed by ASTCT 80/20
Task Force leadership

FDA Moffitt Cancer Center
Dana-Farber Cancer Institute
MD Anderson Cancer Center
Fred Hutchinson Cancer Center
Massachusetts General Hospital
University of Pennsylvania
Memorial Sloan Kettering Cancer Center

CIBMTR
FACT
ISCT
NMDP
SITC

Bristol Myers Squibb
Iovance
Janssen
Kite/Gilead
Novartis

Step 2: Speakers or panel
participants in 2021 AcCELL-
erate Forum [42]

FDA ASTCT
CIBMTR/CIDR
FACT
NMDP

Iovance
Janssen
Kite/Gilead

Step 3: 2021 80/20 Work-
shop participants (repre-
senting the following roles:
administrative/ financial, cell
processing, nursing, physi-
cians, quality)

Baylor College of Medicine
Children’s National Cancer Center
Dana-Farber Cancer Institute
Emory University
Fred Hutchinson Cancer Center
MD Anderson Cancer Center
Massachusetts General Hospital
Mayo Cancer Center
Memorial Sloan Kettering Cancer Center
Moffitt Cancer Center
Ohio State University
University of Miami
Sarah Cannon Cancer Center
Stanford University
University of Chicago
University of Kansas
University of North Carolina
University of Nebraska
University of Pennsylvania Washington
University of St Louis

ASTCT
CIBMTR/CIDR
FACT
ISCT
NMDP

A2 Bio
Accenture
Roche
Allogene
Bristol Meyers Squibb
Bluebird Bio
Carsgen
Deloitte
Instil Bio
Iovance
Janssen
Kite/Gilead
Legend Biotech
Miltenyi
Novartis
Precigen
Tmunity
Trimvira

Individuals from the listed entities participated in the indicated stages of development and discussion. During the Workshop, opinions expressed were considered
those of the individuals and not necessarily representative of an affiliated academic center, professional society, or commercial employer.

Figure 2. Potential solutions to challenges.
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parameters evaluated repeatedly in both initial and ongo-
ing evaluations demonstrate significant overlap between
different entities and areas of scrutiny.

1.1. A high level of initial qualification involves the entire
clinical operation, particularly constituent pieces of the safety
and quality program, such as:

! Standard operating procedures (SOPs) for program staff
organization and oversight

! SOPs and processes for patient identification and tracking
! SOPs for infusion of cell therapy product
! SOPs and educational material for management of toxicities
! Evidence of involvement of specialty clinicians like neurolo-
gists and intensive care unit staff

! Processes for collecting, reviewing, and responding to
patient outcomes across the program

! Processes for conducting quality improvements and correc-
tive action plans.

These broad programmatic evaluations have been conducted
historically by accrediting bodies such as FACT and more
recently, by each new commercial CAR manufacturer de novo.

1.2. Individual sites and staff that perform specific functions
are also evaluated at initial accreditation/qualification, includ-
ing but not limited to:

! Apheresis facility (or operating room, eg, for TILs and other
therapies in which tumor tissue is required as an IEC source
material)

! Clinical site cell processing facility that ships out initial cell
material, receives and stores manufactured product, and
prepares the final cell product for administration

! Nursing staff who oversee cell infusion and patient monitoring
! Physicians who manage toxicities

! Pharmacy staff who ensure availability of medications for
toxicity management, (including administration of support-
ing medications, eg, tocilizumab).

These facilities are often, but not always, part of the
same clinical entity; for example, an apheresis facility may
be outside of the treating hospital. Slightly different but
overlapping subgroups of these sites have been evaluated
historically by a combination of FACT, NMDP, and/or AABB
and more recently by each individual commercial CAR-T
manufacturer. Each CAR-T manufacturer also may require
“product-specific” training for apheresis and cell processing
for nursing, pharmacy and MD staff regardless of prior
experience with cell therapy processes in general and com-
mercial CAR-Ts in particular.

1.3. Finally, there are reaccreditation and ongoing audit/
monitoring schedules—for example, FACT programmatic reac-
creditation every 3 years, NMDP audits every 2 years, and
product-specific REMS audits by each individual manufacturer
at 6 and 12 months after infusion of the first product at a site
and annually after that. Some commercial manufacturers also
perform quality audits of apheresis and clinical site handling
facilities every 2 to 3 years as well, consisting of SOP, training
documentation, and lab practices review. For larger academic
centers, these visits occur in addition to similar initial qualifi-
cations and ongoing monitoring visits for IEC research proto-
cols, often by the same sponsor and for the same product that
is commercially approved but being used in an investigational
setting.

1.4. The ASTCT 80/20 Task Force proposes that a patchwork
of resources covering much of this training and oversight is
already available at the institutional and accrediting body

Table 2
ASTCT 80/20 Task Force Stakeholder Recommendations for Immune Effector Cell Therapy Standardization

ASTCT 80/20 Task Force and
Stakeholder Goals

Strategies in Development Potential Future Initiatives

1 Eliminate duplication in accredita-
tion and auditing of clinical sites

! Risk-adapted or tiered algorithms to
sponsor auditing, eg, using FACT
accreditation

! Existing accreditation entities with
shared reports/findings, ie, FACT, NMDP,
AABB

! Modularization of auditing for specific site
or manufacturer needs

! Hub-and-spoke model of quality programs/
accreditation for smaller centers

2 Define standard and uniform safety
guidelines for managing CAR-T cell
therapy toxicities to potentially
replace product-specific REMS
programs

! Expert consensus guidelines exist on
treatment management strategies, eg,
NCCN

! Expert local and/or accrediting body-based
treatment guidelines and oversight

3 Streamline education, testing and
data reporting on CAR-T toxicities
currently performed under REMS

! Commercial collaborations are consid-
ering a shared REMS program and/or
centralized testing

! Centrally available education modules geared
to individual roleswithin clinical sites

! Agreement on common data points and cen-
tral mechanism for reporting, ie, CIBMTR

4 Standardize IT platforms for enroll-
ment, logistics of maintaining chain
of identity/chain of custody across
multiple transportation steps, and
clinical site-manufacturer
communication

! Limited number of portals using
agreed-upon nomenclature, identi-
fiers, and processes

! Limited number of portals using agreed-
upon nomenclature, identifiers, and
processes

5 Use of universal nomenclature, as
much as possible, by cell therapy
manufacturers

! ICCBBA/ISBT 128 labeling standards
for apheresis and final manufactured
products

! Standards coordinating body initiatives

! Recognition of common workflows for
apheresis collections, labels, and transpor-
tation documentation
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What about access and equity in CAR-T therapy?

§ All approved CAR-T therapies, in aggregate, are underutilized
§ Based on registry/public data, probably ≤30% of eligible 3L patients 

receive CAR-T therapy
§ High cost, tertiary/quaternary therapies tend to maximize historical 

barriers to access (racial, socioeconomic, logistical)
§ Early data suggest that African American patients are less likely to 

receive CAR-T therapy, and may have lower ORR, CR rates
§ Unique access issues exist for pediatric patients, for whom fewer 

options exist
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From diagnosis to cure

Komanduri,  J Clinical Oncology, 2021
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