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Definition, Epidemiology, and Clinical Presentation of Richter’s 
Syndrome (Richter  Transformation)

• Richter transformation (RT) is defined as the occurrence of an aggressive lymphoma in patients, due to a
histopathology and biology switch with a previous or concomitant diagnosis of chronic lymphocytic leukemia
(CLL).

• This life-threatening complication occurs in approximately 2–10% of CLL patients, more often during the
disease course than at diagnosis.

• Overall, transformation rate is approximately 0.5-1% per year.

• Clinical suspicion of RT should be raised when a patient with CLL presents with the sudden clinical
deterioration with prominent constitutional symptoms, including fever, night sweats, and loss of weight.

• On physical examination, there is an asymmetric and rapid growth of bulky lymph nodes or extra nodal
involvement that is characteristic in 40% of all RT cases, mostly those of the gastrointestinal tract, bone
marrow, central nervous system, and skin.

• Laboratory tests frequently present with cytopenias, an elevation of lactate dehydrogenase (LDH), PCR, and
(less frequently) with hypercalcemia or appearance of a M-component.

Tadmor T, et al. Cancers, 2021
Petrackova A, et al. Blood Reviews, 2021
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A possible role for 
high  PD-1 and at
least partial
CD5/CD23 expression
as clonality-related
markers has been
suggested

«Similar» 
outcomes to de 
novo DLBCL



Risk factors associated with the development of RT-DLBCL

• Because the incidence of the HL variant of RS is very
low, risk factors predisposing to this condition are
currently unknown and their identification is limited
by the small sample size of the available cohorts.

• Numerous clinical and laboratory parameters (bulky
lymphadenopathy or hepato-splenomegaly, advanced
stage, low platelet count, elevated beta-2-
macroglobulin, therapy combining purine analogues
and alkylating agents, and a higher number of lines of
therapy) have been nominated as candidate risk
factors for RT, which may differ from risk factors for
CLL progression.

• These clinical observations are probably only
surrogate aspects secondary to some intrinsic
biologic features of an individual tumor.

Rossi D ,et al, Seminars in Oncology 2016
Petrackova A, et al. Blood Reviews  2021
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GENETIC ABNORMALITIES
Complex karyotype

Disruption of TP53 (del(17p) and/or mutation)

Mutations in NOTCH1 

Loss of CDKN2A

MYC activation

11q deletion

Absence of deletion 13q

Unmutated IGHV, Stereotyped BCR subset 8

Telomere lenght < 5000 bp

Deregulation of microRNA expression:
miR-125a
miR-34a
miR-21
miR-146b
miR-181b
miR-150

CLINICAL FACTORS
Binet Stage B/C

Lymphadenopathy

BIOCHEMICAL FACTORS
Lactate dehydrogenase elevation

High ZAP70

CD38 Expression

In addition, a number of previous CLL 
treatment lines were associated with 
higher RT risk.

At least one of these abnormalities/mutations is present in 90% of patients with RT.



TP53, MYC, CDKN2A aberrations  and NOTCH1 expression
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More than 50% of patients with 
RT have a TP53

aberration in the CLL clone 
before transformation.

CDKN2A aberrations
are frequently acquired at the time of 

transformation and encode for 𝒑𝟏𝟔𝑰𝑵𝑲𝟒𝑨
protein,  another negative cell cycle 

regulator, and its loss is also relatively 
common in RT.

Aberrant activation of MYC is usually 
due to structural changes, e.g. 

translocation, where MYC comes 
under an active promoter (such as 
t(8;14)), or an amplification (8q24).

Activating mutations in the 
NOTCH1 gene are found in 

approximately
30% of patients with RT clonally 

derived from CLL, and these 
patients do not simultaneously 

carry TP53 and CDKN2A 
aberrations





• The largest dataset of patients with 
CLL/SLL and RT (2000-2016, 0.7%)

• The median time from CLL/SLL 
diagnosis to RT development was 
roughly 4 years. 

• Patients with RT had a dismal 
outcome with median OS of 10 
months.

• Ann Arbor stage III/IV and prior 
treatment for CLL predictors of worse 
outcome in RT patients.

2000-2010

2011-2016

HL

DLBCL

De novo DLBCL

RT DLBCL



• A total of 2975 pts with advanced CLL were 
reviewed for incidence of RT.

• 103 pts developed RT (3%): 95 DLBCL (92%) and 
eight pts HD (8%) after receiving first-line chemo-
or chemoimmunotherapy. 

• Median observation time was 53 months 

• Median OS from initial CLL diagnosis for pts 
without RT was 167 months vs 71 months for pts 
with RT.

• Median OS after diagnosis of RT was 9 months.

• Three pts after CHOP underwent Allo-SCT and 
two Auto-SCT

OS from diagnosis OS from 1° line therapy

Time to RT
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Richter Transformation of Chronic Lymphocytic Leukemia

• Historically, in the era prior to the use of novel oral agents, studies that tested the
prevalence of RT mainly focused on CLL patients who had received prior chemotherapy or
chemoimmunotherapy (CIT).

• First reports on genetic aberrations associated with RT-DLBCL that developed on novel
agents include the same abnormalities in TP53, CDKN2A, MYC, and NOTCH1 genes as RT
that developed on chemoimmunotherapy.

• The largest body of information on the genetic nature of RT in the era of novel agents is
available on patients treated with Ibrutinib.

Petrackova A, et al. Blood Reviews  2021
Ding W, et al. Hematology 2018



Trial Reference Treatment Del(17p) Incidence of Richter Transformation

Tsimberidou, 2006 Chemo-immunotherapy NA 3.7%

Parikh, 2013 Chemo-immunotherapy 3.3% 2.3%

Robak, 2004 Cladribine, Alkylating NA 0.9%

Rossi, 2009 Chemo-immunotherapy NA 8.8%

Catvosky, 2007 F vs. FC vs. Chl NA 1.7%

Solh, 2013 F vs. Chl vs. F and Chl NA 6.5%

Fischer, 2016 FC vs. FCR 6.2% 4.0%

Tadmor T, et al. Cancers 2021
Parikh A, et al. Curr Hematol Malig Rep 2014

Epidemiology of Richter transformation reported in clinical trials 
Chemo-immunotherapy

The role of chemotherapy and chemoimmunotherapy in the development of RS (2-10%) remains controversial. ²



Epidemiology of Richter transformation reported in clinical trials 
Novel Agents CLL R/R Setting

Trial Reference Treatment Del(17p) Incidence of Richter Transformation

Munir, 2019 Ibrutinib 32% 10%

O’Brien, 2016 Ibrutinib 100% 12%

Chanan-Khan, 2016 Ibrutinib and BR 0 0

Ahn, 2017 Ibrutinib 60% 9%

Furman, 2014 Idelalisib and R 42% NA

Jones, 2017 Idelalisib and O 40% NA

Zelenetz, 2017 Idelalisib and BR 33% 2%

Roberts, 2017 Venetoclax 30% 16%

Stilgenbauer, 2016 Venetoclax 100% 10%

Seymour, 2017 Venetoclax and R 31% 10%

Tadmor T, et al. Cancers 2021



Epidemiology of Richter transformation reported in clinical trials 
Novel Agents CLL R/R Setting
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• In the era of novel agents, one raised concern was whether there was an increased rate
of this rare and aggressive transformation among patients treated with Bruton tyrosine
kinase inhibitors (BTKis) or BCL2 inhibitors (BCL2is).

• Indeed, in the first clinical trials using novel agents, 2–15% incidence rates of RT have
been described in relapsed/refractory (R/R) patients with CLL treated with Ibrutinib,
Venetoclax, or Idelalisib.

• These alarming reports were probably related to the recruitment of patients with R/R
disease or even already in the early stages of transformation.



Epidemiology of Richter transformation reported in clinical trials Novel Agents 
CLL Treatment Naive Setting

Trial Reference Treatment Del(17p) Incidence of Richter 
Transformation

Burger, 2015 Ibrutinib 0 0

Ahn, 2017 Ibrutinib 60% 4%

Woyach, 2018 Ibrutinib
Ibrutinib and R

5%
8%

0
1%

Moreno, 2019 Ibrutinib and O 12% 0.9%

Shanafelt, 2019 Ibrutinib and R 0.6% NA

Sharman, 2020 Acalabrutinib
Acalabrutinib and O

8.9%
9.5%

3%
1%

O’Brien, 2015 Idelalisib and R 14% 0

Lampson, 2019 Idelalisib and O 17% NA

Fischer, 2019 Venetoclax and O 12% 1%

Tadmor T, et al. Cancers 2021

In clinical trials involving
treatment-naïve patients with
CLL treated with novel agents,
the incidence of RT was
reported to be 0–4%
indicating that there is no
increase in the number of
cases of RT during therapy
with these novel and effective
biological agents.



RT 5/56 pts, (11%) at a median time of 
16 months from first ibrutinib dose  

Median FU 41 months: RT Acalabrutinib 3.8% vs 
Ibrutinib 4.9% 

80 pts,  median FU 38.5 months,  2 pts RT 
(2.5%) 



Genetic pathogenesis of RT-DLBCL developed on novel agents

• Studies have shown that >70% of patients developing RT on ibrutinib had TP53 abnormalities.

• Frequent abnormalities of MYC, CDKN2A, TP53, and NOTCH1 genes in RT, and most of these changes (60–95%) were present in both the CLL clone and RT tissue.

• Early manifestation of RT on ibrutinib may be associated with the cooperation of pre-existing genetic events predisposing to transformation, antigen stimulated
BCR and blocking of BCR signalling by the inhibitor.

Petrackova A, et al. Blood Reviews 49 2021
Kadri S, et al. Blood Advances 2017
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Clonal evolution underlying leukemia progression and Richter
transformation in patients with Ibrutinib-relapsed CLL

• The occurrence of resistance-
associated mutations in BTK and 
PLCG2 genes on ibrutinib is 
reported as being lower in RT than 
in CLL progression, where these 
mutations have been detected in 
up to 73% of cases. 

• The possible explanations for the 
lower incidence of BTK/PLCG2 
mutations in RT may lie in i) the 
different underlying biology of RT 
compared to CLL progression, 
and/or ii) difficulties in collection 
of transformed material for genetic 
analysis.

• However, when only the studies 
that analysed the RT-transformed 
tissuein all patients were 
evaluated, the incidence of 
BTK/PLCG2 mutations in RT was 
similar to CLL progression



The incidence of RT in CLL patients treated with BTKi and Venetoclax
in TN and R/R CLL patients subdivided according to the TP53 disruption

Petrackova A, et al. Blood Reviews 2021

• The RT incidence is lower in patients who received novel agents in the front-line setting (TN) and were unselected for risk genetic factors,
reaching the median incidence of 1% when treated with Ibrutinib/Acalabrutinib and 3% for Venetoclax, respectively.

• The median RT incidence in R/R CLL patients, as well as in treatment-naive CLL patients with TP53 disruption, was similar in on
Ibrutinib/Acalabrutinib, as well as on Venetoclax (6%).

• When considering only heavily pre-treated R/R patients that experienced progressive disease on Venetoclax, from three clinical trials, 21%
developed RT-DLBCL and 4% RT-HL.

• Regarding Idelalisib/Duvelisib, only a few studies were published, reporting a low incidence of RT of 1%.



The timeline of RT development on Novel Agents

Petrackova A, et al. Blood Reviews 49 2021

• It is difficult to compare the time to RT 
development on novel agents to that on 
chemo-immunotherapy (CIT), as studies 
on RT on CIT report, only on the time 
from CLL diagnosis to RT.

• This has led to the misperception that 
RT in patients on CIT  is a late event.

• RT in patients treated with novel agents 
usually occurs as an early event during 
the first 18 months of treatment, with a 
median OS of approximately 6 months. 

• Regarding CLL progression without 
transformation on novel agents, it 
occurs as a late event when compared 
to transformation, usually between 2-4 
years of  treatment.
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Something to take-home 

• Despite significant improvements in CLL therapy with the introduction of novel agents, patients 
continue to transform to RT with a similar incidence as previously and  to have a extremely poor  
prognosis. 

• RT patients who received prior therapies have a worse prognosis and shorter survival when 
compared to previously untreated patients. 

• After appropriate evaluations, the RT incidence on novel agents has been found  similar to 
chemoimmunotherapy and is lower in patients treated with novel agents in the front line and 
without TP53 disruption compared to relapsed/refractory cases. 

• However, RT on novel agents develops as an early event,  usually occurring during the first year 
of treatment, with an aggressive disease course.

• Early recognition of RT helps to avoid multiple lines of therapies that, being targeted on CLL 
progression/acceleration, are of little efficacy for the transformed clone (monitoring of risk factors 
and adequate diagnosis), while  RT-adapted treatments are required.  

• Several novel approaches are under investigation and enrollment in a clinical trial is strongly 
recommended.


