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These results underscore the 
importance of monitoring, infection 
prophylaxis, and supportive care 
following cilta-cel infusion and for 
patients receiving continuous 
treatment

Patients in both the cilta-cel and SOC arms 
were at risk of severe and fatal infections; 
infection risk is multifactorial and 
contributors include neutropenia, low CD4+ 
T-cell counts, and low antibody levels
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Infections and Immune Reconstitution in the Phase 3 CARTITUDE-4 
Trial of Ciltacabtagene Autoleucel vs Standard Care in Patients With 
Lenalidomide-Refractory Multiple Myeloma and 1–3 Prior Lines

In both the cilta-cel and SOC arms, most 
severe and fatal infections occurred early 
after treatment start, with higher risk in the 
first few months

After the first 6 months, grade ≥3 infection 
rates were generally higher in the SOC 
arm than the cilta-cel arm

Introduction
• Patients with multiple myeloma (MM) have 

increased risk of infection1

• Infection risk factors include immune 
dysregulation due to MM, and for patients 
receiving chimeric antigen receptor (CAR)-T 
therapy, lymphodepletion (LD), toxicity 
management with corticosteroids, and immune 
suppression exerted by CAR-T cells1,2

• Ciltacabtagene autoleucel (cilta-cel) is 
approved in the US and EU for treatment of 
lenalidomide-refractory MM after ≥1 prior line
of therapy (LOT) based on the phase 3 
CARTITUDE-4 trial3-5

– At 15.9-month median follow-up, cilta-cel vs 
standard of care (SOC) improved 
progression-free survival (PFS) (hazard ratio, 
0.26 [protocol-specified weighted analysis], 
P<0.001)5

• We characterize infections and immune 
reconstitution in CARTITUDE-4 after
21.5-month median follow-up

• Eligibility criteria included lenalidomide-
refractory MM and 1–3 prior LOT, including a 
proteasome inhibitor (PI) and 
immunomodulatory drug (IMiD)

• Patients were randomized 1:1 to cilta-cel or
SOC (daratumumab, pomalidomide, and 
dexamethasone [DPd] or pomalidomide, 
bortezomib, and dexamethasone [PVd])

• Patients in the cilta-cel arm underwent 
apheresis, received bridging therapy, and then 
a single cilta-cel infusion (target dose, 0.75 ×
106 CAR+ viable T cells/kg) 5–7 days after LD

• Patients in the SOC arm received DPd or PVd 
until progression

• Infections were assessed in all patients who 
received any part of study treatment (SOC or 
apheresis, bridging therapy, LD, and cilta-cel; 
safety set)

Patients

• 208 patients were randomized to cilta-cel and 211 to SOC; baseline 
characteristics are shown in the Table

• At the April 2023 data cut-off, median follow-up was 21.5 months 
(range, 0.1–32.8)

Postinfusion clinical course and immune recovery in patients who received 
cilta-cel as study treatment

• Among 176 patients who received cilta-cel as study treatment, 54 (30.7%) had 
grade ≥3 infections (TE and non-TE), which occurred most often in the first 6 
months after infusion

– Fatal infections (TE and non-TE) occurred in 11 patients who received 
cilta-cel as study treatment, including the 7 in the safety set who died due to 
COVID-19

• 89.2% of patients who had grade 3/4 neutropenia recovered to grade ≤2 by day 
60 (Figure 2)

• Treatment-emergent (TE) adverse events 
(AEs) were: 
– AEs at/after first dose of study treatment until 

≤112 days after cilta-cel, ≤30 days after last 
PVd/DPd dose (SOC arm), or subsequent 
anti-MM therapy start, whichever was first

– Any study treatment-related AE regardless of 
start date (ie, AEs beginning later than
112 days after infusion)

• In addition, in the cilta-cel arm, delayed AE 
reporting collected all grade ≥3 infections from 
the time of infusion and for the duration of the 
study regardless of causality or seriousness

• Lymphocyte counts over time were assessed 
by flow cytometry in patients who received 
cilta-cel as study treatment

• Serum antibody levels were determined by 
immunoturbidimetry (Labcorp)

Safety set
• 208 patients in the cilta-cel arm and 208 in the SOC arm received study 

treatment
− 176 patients received cilta-cel as study treatment
− In the SOC arm, median duration of DPd (n=182) was 12.1 months (range, 

0.5–31.3) and for PVd (n=26) was 4.8 months (range, 0.5–25.4)
• 128 patients (61.5%) in the cilta-cel arm and 157 (75.5%) in the SOC arm had 

TE infections of any grade
− Viral infections occurred in a respective 29.8% and 43.3%
− Bacterial infections occurred in 16.8% and 10.6%
− Fungal infections occurred in 5.8% and 9.6%, and were invasive in

4 (grade 3/4, n=2) and 5 (grade 3/4, n=2) cases, respectively
• Grade ≥3 TE infections occurred in 57 (27.4%) patients in the cilta-cel arm and 

56 (26.9%) in the SOC arm
– In the cilta-cel arm, rates were highest in the first 6 months after study 

treatment start; in the SOC arm, rates were highest in the first 9 months 
(Figure 1)

– Grade ≥3 events decreased substantially in the cilta-cel arm after month 6; 
a more gradual decrease over time was observed in the SOC arm

• B-cell counts in blood began to return to baseline levels ~4 months post infusion 
and reached baseline at ~9 months post infusion (Figure 3A)

• IgM and IgA levels returned to baseline ~1 and 2 years, respectively, after 
treatment with cilta-cel (Figure 3B-C)

• Measurement of IgG recovery is confounded by IVIG supplementation; 
however, it is expected to occur between 1 and 2 years, based on IgM and 
IgA recovery6

• Median CD4+ T median CD4+ T-cell counts began to rise above the lower limit 
of normal (LLN; 200 × 106/µL) starting day 168 post infusion (Figure 3D)

• 9 (4.3%) patients in the cilta-cel arm and 6 (2.9%) in the SOC arm 
had TE fatal infections, most of which occurred in the first 9 months after study 
treatment start
− 7 fatal infections in the cilta-cel arm and 2 in the SOC arm were due to 

COVID-19 pneumonia; most of these occurred during the pandemic’s 
omicron wave
 None of the patients who died of COVID-19 in the cilta-cel arm were fully 

vaccinated; none of these deaths occurred after implementation of 
protocol-specified COVID-19 mitigation strategies

• 189 (90.9%) patients in the cilta-cel arm and 149 (71.6%) in the SOC arm had 
either TE hypogammaglobulinemia or postbaseline IgG <500 mg/dL

• A respective 142 (68.3%) and 33 (15.9%) patients received intravenous 
immunoglobulin (IVIG) 
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aIncluding extramedullary and bone-based plasmacytomas with measurable soft tissue component. bIn 206 (cilta-cel arm) 
and 208 (SOC arm) patients; maximum value from bone marrow biopsy and bone marrow aspirate selected if both results 
available. cAt least 1 PI, 1 IMiD, and 1 anti-CD38 antibody. dAt least 2 PIs, 2 IMiDs, and 1 anti-CD38 antibody. 
Ig, immunoglobulin, ISS, International Staging System; ITT, intent-to-treat. 

Table: Baseline characteristics

Baseline characteristic
ITT population

Cilta-cel
(n=208)

SOC
(n=211)

Age, median (range), years 61.5 (27–78) 61.0 (35–80)
ISS stage, n (%)

I 136 (65.4) 132 (62.6)
II 60 (28.8) 65 (30.8)
III 12 (5.8) 14 (6.6)

Bone marrow plasma cells ≥60%,a n (%) 42 (20.4) 43 (20.7)
Presence of soft tissue plasmacytomas,b n (%) 44 (21.2) 35 (16.6)
Years since diagnosis, median (range) 3.0 (0.3–18.1) 3.4 (0.4–22.1)
Prior LOT, median (range) 2 (1–3) 2 (1–3)

1 prior LOT, n (%) 68 (32.7) 68 (32.2)
2 or 3 prior LOT, n (%) 140 (67.3) 143 (67.8)

Triple-classc exposed, n (%) 55 (26.1) 53 (25.5)
Penta-drugd exposed, n (%) 10 (4.7) 14 (6.7)
MM type, n (%)

IgG 113 (54.3) 108 (51.2)
IgA/IgM 37 (17.8) 38 (18.0)
Light chain 47 (22.6) 56 (26.5)

x

Figure 2: Absolute neutrophil counts over time
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Figure 3: Blood levels of B cells ( A), IgM (B), IgA (C), and CD4+ T cellsa (D) 
over time
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Figure 1: Grade ≥3 TE infections
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Timing of immune recovery in patients who 
received cilta-cel as study treatment 
corresponds with a reduction in infection 
risk; however, immune recovery may take 
longer in some patients, underscoring the 
importance of tailored infection prophylaxis
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