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Background
-Aggressive lymphoma, most commonly large B-cell lymphoma (LBCL), arising in 
the setting of chronic lymphocytic leukemia (CLL) is known as Richter’s 
transformation (RT)
-RT is associated with poor outcomes, with overall survival measured in months 
with standard of care approaches.
-Anti-CD19 Chimeric Antigen Receptor T-cell therapy (CART) has revolutionized 
the treatment of relapsed/refractory (R/R) LBCL, with impressive durable 
responses for patients with relapsed/refractory and high-risk disease. 
-Patients with RT have been excluded from most major anti-CD19 CART clinical 
trials. 
-We previously reported on 9 patients who received axicabtagene ciloleucel for 
RT, showing an impressive response rate. 
-There are minimal available data describing outcomes of RT following anti-CD19 
CART. Therefore, we performed a multicenter study, evaluating the use of CART 
for RT.
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We report the largest cohort of patients with RT who received anti-CD19 CART. 
RT remains a disease of unmet need, as the median OS was 8.5 months in this 
study. However, the 8.5 months observed was in patients who had already 
received 2 prior lines of therapy for RT. Although the CR rate is lower than what 
would be expected for patients with R/R LBCL, there were durable remissions 
observed. Early relapse was prevalent, therefore allogeneic stem cell 
transplantation at response should be considered, however our data was limited 
on post-CART transplant. Given more lines of therapy was prognostic for survival, 
consideration of CART earlier in the treatment paradigm for RT may be 
necessary. Rates of CRS and ICANS, and treatment-related mortality were also 
higher than expected, thus developing better supportive care for this patient 
population is warranted. Prospective clinical trials evaluating anti-CD19 CART 
with novel agents, including BTKi, for RT are currently ongoing.

Fifty-five patients were included. 
-Overall response rate was 61.9%, with 25 (45.5%) and 9 (16.4%) patients 
attaining complete response (CR) and partial response, respectively. 
-After a median follow up of 27.5 months from anti-CD19 CART infusion, the 
median PFS was 3.45 months (95% CI: 1.81-6.94), and median OS was 8.5 months 
(95% CI: 4.80-25.4) (Figure). 
-Among 34 patients who died with known cause of death, twenty-four (70.6%) 
died due to progression of disease, and 10 (29.4%) died for other reasons 
including 8 infections (4 COVID), 1 stroke, and 1 respiratory failure. 
-The cumulative incidence of non-relapse mortality at 12-months was 17.1% 
(95% CI: 8.3-28.6). 
-Three patients in a CR underwent allogeneic stem cell transplantation: two were 
alive at last known follow up (3.9- and 24.2-months post-transplant), and 1 
patient died from progression of disease 21 months post-transplant. 
-Forty-eight (87%) patients had CRS, with 9 (16.3%) grade ≥3 events. Thirty-six 
(66.7%) patients had ICANS, with 21 (38.9%) grade ≥3 events.  
-On multivariable analysis, increasing Ki-67, increasing LDH, and greater number 
of prior lines of therapy for RT were independent prognostic variables for worse 
PFS and OS. All other variables, including type of anti-CD19 CART product 
received, were not correlated with PFS or OS. 
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Objectives
-Determine the overall response rate, progression free survival, and overall 
survival of patients who receive currently approved anti-CD19 CART products for 
the treatment of RT
-Determine prognostic factors for survival for patients receiving anti-CD19 CART 
for RT
-Assess toxicity of CART when used for RT

Methods
-We conducted a multicenter, retrospective analysis of patients with RT who 
received anti-CD19 CART currently approved for hematologic malignancies at 7 
academic centers in the United States. 
-RT was defined as patients with LBCL with preceding or concurrently diagnosed 
CLL. 
-We collected patient, disease (including molecular features of both CLL and RT), 
and treatment characteristics. 
-Response was assessed by Lugano criteria by individual investigators.
-Progression-free survival (PFS) was measured from anti-CD19 CART infusion to 
progression, death or last known follow-up, and overall survival (OS) was 
measured from date of anti-CD19 CART infusion to death or last known follow-up 
and both were estimated using the Kaplan-Meier method.
-Cox regression model was used to associate prognostic factors with PFS and OS.

Patient Characteristic Total N=55
Age at CART infusion, median (range) 64 (27-78)
# of CLL therapies prior to RT, median (range) 2 (0-10)
# of RT therapies prior to CART, median (range) 2 (0-7)
Ever Received BTKi or Venetoclax for CLL or RT, n (%) 49 (89.1)

CLL Molecular Features
IGHV, n (%)
  Mutated 
  Unmutated
  Unknown

7 (13.7)
44 (86.3)
4

del(17p) , n (%)
  Unknown

17 (38.6)
11

del(11q) , n (%)
  Unknown

12 (27.3)
11

Tri 12, n (%)
  Unknown

8 (18.2)
11

del(13q), n (%)
  Unknown

20 (45.5)
11

TP53 mut, n (%)
  Unknown

15 (46.9)
23

RT and CART Treatment Features
KI67 (%), median (range)
  Unknown

80 (40-100)
9

LDH >/= Upper Limit Normal, n (%) 35 (63.6)
Highest SUV on PET prior to CART, median (range)
  Unknown

14.5 (3-50.6)
6

Largest LN (cm) prior to CART, median (range)
  Unknown

4.1 (0-16)
7

Clonal relationship to CLL, n (%) 
  Related
  Unknown

19 (100)
36

Received concurrent BTKi with CART, n (%) 21 (38.2)
Days from Apheresis to CART infusion, median (range) 33 (24-100)
Received bridging therapy after apheresis, n (%) 45 (81.8)
CART product given, n (%)
  Axicabtagene ciloleucel (axi-cel)
  Brexucabtagene autoleucel( brexu-cel)
  Lisocabtagene maraleucel (liso-cel)
  Tisagenlecleucel (tisa-cel)

35 (63.6)
1 (1.8)
6 (10.9)
13 (23.6)

Table 1 – Patient Characteristics

Outcome
Best response to CART (Lugano 2014), n (%)
  CR
  PR
  SD
  PD
  Passed prior to assessment

25 (45.5)
9 (16.4)
1 (1.8)
18 (32.7)
2 (3.6)

Progression Free Survival
  Number of events
  Median in months (95% CI)

40
3.45 (1.81-6.94)

Overall Survival
  Number of events
  Median in months (95% CI)
  Median follow-up in months among survivors (range)

36
8.45 (4.80-25.41)
27.45 (2.96-46.02)

Cause of Death, n (%)
  Disease 24 (70.6)
Non-relapse Mortality, % (95% CI)
  6-month estimate
  12-month estimate

9.1% (3.3-18.6)
17.1% (8.3-28.6)

Table 2 – Response rate and survival outcomes

Univariable Models Multivariable Model

HR (95% CI) p-value HR (95% CI) p-value

Age at anti-CD19 CART infusion, 5-years older 1.01 (0.87-1.19) 0.87 - -
# prior lines of therapy for CLL prior to RT 1.09 (0.91-1.31) 0.34 - -
# prior lines of therapy for RT prior to CART 1.30 (0.99-1.70) 0.06 1.59 (1.19-2.11) 0.0014
Total prior lines of therapy 1.15 (1.00-1.33) 0.06 - -
Ever received prior BTKi or Ven for CLL or RT 1.80 (0.53-6.18) 0.35 - -
Ki-67, 10% higher 1.45 (1.11-1.88) 0.0060 1.66 (1.27-2.17) 0.0002
LDH, 2-fold increase 1.85 (1.31-2.61) 0.0005 1.75 (1.17-2.61) 0.0064
SUV, 1-unit increase 1.02 (0.99-1.05) 0.20 - -
Size of LN, 1-cm increase 0.98 (0.89-1.08) 0.66 - -
Received BTKi concurrently with RT* 0.83 (0.43-1.61) 0.59 - -
Days from apheresis to anti-CD19 CART, 5 more 
days 1.02 (0.89-1.16) 0.78 - -

Received bridging therapy 1.35 (0.52-3.49) 0.53 - -
Types of anti-CD19 CART therapy, vs Brexu-cel or 
Liso-cel
  Axi-cel
  Tisa-cel

0.93 (0.32-2.72)
0.78 (0.24-2.53)

0.90
0.67

-
-

-
-

Table 3 – Univariable and Multivariable Cox Model for Overall Survival

* Received BTKi as part of the most recent therapy prior to apheresis, or as part of the bridging treatment or concurrently with anti-CD19 CART.

Figure – Progression-free Survival and Overall Survival
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