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The pathogenesis of CLL and prognostic biomarkers

Pathogenetic moments

Antigenic stimulation
of lymphocytes with
specific BCR

(-

IGHV mutational status
determining cell response
(activation/anergy)

aOx

and interaction with the
microenvironment

3O~

Genetic features

1O,

Ag, antigen; B,M, B2-microglabulin; BCR, B-cell receptor; BIRC3, baculoviral IAP repeat containing 3;
IGHV, Ig heavy chain variable region; LPL, lipoproteinlipase; s, serum; SF3B1, splicing factor 3B subunit 1;

in response to Ag stimulation

Response to BCR stimulation

»

»

Adverse / negative prognostic markers

Specific BCR subsets
e.g. stereotyped
(VH3-21, others)
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IGHV unmutated
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e.g. CD38, CD49d,
ZAP70, TCL1, LPL

Genetic instability
Telomere shortening;

-

11g-, 17p-, complex karyotype
TP53, BIRC3, SF3B1, Notch1

\. J/

\.

Tumour load and
host characteristics

advanced stage,
high &,M, sCD23, sTK

advanced age, male gender,

poor performance status,
comorbidities

N\

J

TCL1, T cell leukaemia/lymphoma 1; TK, thymidine kinase; TP53, tumour protein 53; ZAP70, zeta-associated protein-70.
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Definition of Richter syndrome
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DLBCL vs HL variants of Richter syndrome

M Clonally related HMEBV+
Clonally unre EBV-

Median OS: <1y

DLBCL variant

80% 5%

B Clonally related mEBV+
Clonally unrelated

Median OS: 4y

HL variant

40% 70%

Abruzzo et al, Am J Surg Pathol 2002; 26: 630-6 O’Brien et al, Cancer 2003; 98: 2657-663 Thornton et al, Leuk Res 2005; 29: 389-95 Ammatuna et al, Leuk Lymphoma 2009; 50:; 857-8 Kanzler
et al, Blood 2000; 95:1023-31 Tsimberidou et al, Cancer 2006; 107: 1294-302 Rossi D, et al, Clin Cancer Res 2009; 115: 4415-22, Xiao et al, Hum Pathol 2016;55:108-16



Clinical clues of Richter transformation

Clinical suspicion of RS

Bulky disease
Extranodal involvement
B symptoms

High LDH

BIOPSY IS MANDATORY
(PET-guided)
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Differential diagnosis: prolymphocytoid evolution
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Giné et al, Haematologica 2010

After pathology revision, ~20% of ‘RS’ are
downgraded to CLL in prolymphocytoid evolution

Soilleux et al, Histopathology 2016
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PROLIFERATION CENTERS IN CLL
CORRELATION WITH CYTOGENETIC
AND CLINICOBIOLOGICAL FEATURES
IN 183 CONSECUTIVE PATIENTS
ANALYZED ON TISSUE MICROARRAYS

_ _ Sezione di Ematologia
Ciccone M et AL, Leukemia. 2012 Mar;26(3):499-508 Azienda Ospedaliero-Universitaria di Ferrara
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183 CLL

Tissue microarray

FISH

/AP
13914, +12, 11g-, |<16770
17p- 14932/IgH translocations

\ 4

IGHYV mutation in
6/ Ccases

Clinical and hermatologica data
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RESULTS (FISH) (ii)

Frequency of chromosome aberrations

101 cases 183
(hyerarchical) cases

ABNORMALITY FREQUENCY
17p- 17/101 15.6%
11g- 20/101 24.7%
14932 16/101 30.8%
+12 11/101 24. 7%
139- 15/101 36.7/%




Typical PCs- rich value
(N°. of cases) (N°. of cases) P
Age (median 63.9 (sd 10.4 65.0 (sd 12.3 Ns

Sex (F/M)

Stage at biopsy 27125 15/18 -
O-11 / -1V

17p- (No/Yes) 62/2 22/15

11g- (No/Yes) 49/15 26/11

14932 translocation 50/14 (RSTMRY)
(No/Yes)

13qg- (No/Yes) 35/29 27/10

High-risk FISH (No/yes) 48/16 16/21

(119- and/or 17p-) 0.001




Figure 4
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Ciccone M et AL, Leukemia. 2012 Mar;26(3):499-508



Differential diagnosis: criteria for Richter

Criteria for differentiating DLBCL-type RS from histologically aggressive CLL have
been proposed and include the occurrence of:

i)  large B-cells with nuclear size equal or larger than macrophage nuclei or
more than twice a normal lymphocyte;

i) diffuse growth pattern of large cells (not just presence of small foci)

By applying these criteria, up to 20% of cases diagnosed as DLBCL-type RS would
be more appropriately classified as histologically aggressive CLL

Soilleux EJ, Histopathology 2016
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Cumulative incidence of Richter syndrome “then”

Transformation rate (%)

Transformation of CLL to DLBCL
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Incidence of Richter syndrome “now”

. Pts that RS
Reference Total pts Study population Treatment
developed RS prevalence
Burger, 2015 186 Treatment naive Ibrutinib 0 0%
Byrd, 2014 391 Relapsed Ibrutinib 4 1%
O'Brien, 2014 29 Treatment naive Ibrutinib 1 3%
Jain, 2015 127 Relapsed/Refractory Ibrutinib 7 5%
Farooqui, 2015 51 17p deleted Ibrutinib 3 6%
) Ibrutinib,
Mato, 2016 178 BCRi treated ) . 13 7%
idelalisib
Byrd, 2013 85 Relapsed/Refractory Ibrutinib 7 8%
Venetoclax-
Seymour, 2017 49 Relapsed/refractory . 5 12%
rituximab
Roberts, 2015 116 Relapsed/Refractory Venetoclax 18 16%
Venetoclax-
Seymour, 2017 49 Relapsed/refractory . 5 12%
rituximab
Strati, 2014 63 17p deleted Heterogeneous 15 23%

Heterogeneity conceivably due to: case mix, 1° line vs R/R, observation time



Richter syndrome in R/R CLL treated
with novel agents is an early event

A
10 ! _I -« HLRT
3 ' =3 | ~— DLBCLRT
g ) s =T
s ] ¢
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£ : HL vDLBCL: p=01029
g . DLBCL v CLL p=0.008
o.

0 12 24 36
Time on venetoclax (months)

Anderson et al, Blood 2017

In all datasets of R/R CLL treated with novel agents (BCRIi, Venetoclax),
emergence of Richter syndrome is an early event, suggesting expansion of a clone
that had been previously selected by chemotherapy
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The genetic lesions of Richter syndrome are
detectable at subclonal levels in the initial CLL clone

NOTCH 1 EX34: ¢.7544 _7545delCT p.P2515fs*4 (heterozygous) TP53 EX7: ¢c.716A>C p.N239T (heterozygous)

100% - 100% -

90% - 90% -

80% - 80% -

70% - 5894 70% -

60% - 60% -

50% - 50% - 43%
40% - 40% -

30% - 30% -

20% - 20% -

10% - 10% - 0.39%

0% - 0%

CLL
) 62 months

CLL diagnosis CLL progression RS transformation

Fabbri G, et al, J Exp Med 2011; 208:1389-401; Rossi D, et al. Blood 2012; 119: 521-9



High frequency of stereotyped HCDR3s
In Richter syndrome

100% -
90% -
80%
70%
60%
50%
40%
30%
20%
10%

0%

Prevalence of stereotyped HCDR3

All cases IGHV homology >98% IGHV homology <98%

M RS Non-transformed CLL  m CLL series by Murray et al *

Rossi et al, Clin Cancer Res 2009 IMurray et al, Blood 2008



Richter syndrome show biased usage of the BCR
. In the subset 8 (IGHV4-39) configuration
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The genetic profile of Richter sydrome
differs from that of de novo DLBCL
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Hematol Oncol 2014; 32: 155-7



TP53 abnormalities in Richter syndrome

===No TP53 disruption
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MYC abnormalities in Richter syndrome
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CDKNZ2A/B abnormalities in Richter syndrome
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NOTCH1 mutations in Richter syndrome

Frequency (%)
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Fabbri G et al, J Exp Med 2013; 210: 2273-88



Proliferation and apoptosis are the master cellular
programs deregulated in Richter syndrome
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The genetic profile of clonally unrelated RS
differs from that of clonally related RS
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BTK and PLCG2 mutations in Richter syndrome
developing under Ibrutinib

Total pt CLLPD RT
Maddocks® 20 11 9
Burger!8 3 5 0
Ahn43 12 9 3
Current study g 3 6
Total 46 28 18
CLL Simple Progression on ibr / CLL Ricter Transgmatiun on ibr

BTK
20 (71%)

Kadri et al, Blood Adv 2017
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Reasons for treatment failure in Richter syndrome

|B|ology of the tumorJ

| Lack of dedicated treatme?ts_l

| Patient frailtyl

|Laterecognition|




Overall survival of Richter syndrome by histology

Survival Probability
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Poor prognosis of Richter transformation after BCRI

A Progression Free Survival by B Overall Survival by Discontinuation Reason
Discontinuation Reason
1.00 -+ 1.00 -
0.75 4 0.75 4
0.50 4 0.50 4
0.25 - 0.25 -
p=.00007
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0 10 20 30 40 0 10 20 30 40 50
Months Months
e CLL Progression Kl Intolerance e CLL Progression e K| ntolerance
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Figure 2. PFS and OS by discontinuation reason. (A-B) PFS and OS of patients after Kl discontinuation, stratified by reason for discontinuation.

Mato et al, Blood 2016



Chemo(immuno)-therapy approaches
other than R-CHOP in in Richter syndrome
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Post remission SCT is a potentially curative approach for
Richter syndrome (EBMT)
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Molecular diagnosis for the clinical management of RS

Adopt a biopsy policy

Close monitoring of CLL with

IGHV4-39 with stereotyped HCDR3 (subset 8)
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CHOP in combination with ofatumumab in induction and
maintenance in newly diagnosed Richter syndrome

(A)

Progression-Free survival (B) Overall survival

1-00

1-00
1

Median PFS = 6-15 months Median OS = 11-44 months
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 CHOP-O with ofatumumab maintenance provides minimal benefit over
CHOP plus rutuximab.

« Standard immunochemotherapy for RS remains wholly inadequate for
unselected RS.

Eyre et al, Br J Haematol, 2016



Pembrolizumab in Richter syndrome

Ding et al, Blood 2017

Table 3. Clinical Activity of Pembrolizumab in Trial Patients.
Response RT (n=9) CLL (n=16) Total (n=25)
Complete Response — no. (%) 1(11) 0 1(4)
Partial Response — no. (%) 2(22) 0 2(8)
Partial Metabolic Response — no. (%) 1(11) 0 1(4)
Stable Disease — no. (%} 4 (44) 5(31) 9 (36)
Progressive Disease®-- no. (%} 1(11) 8 (50) 9 (36)
Could not be evaluated®-- no. (%) 0 3(19) 3(12)
Overall Response Rate — 9% (95% CI) 44 (14-79) 0 16 (5 - 36)
Median PFS in months (95% CI) 54(2810122) |24(121033) 30(21to54)
€ Median OS in months (95% CI) 10.7 (44-NR) ) 11.2(28-NR) 10.7 (4.4- NR)
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Other investigational drugs

Reference Study design Patients RS type Regimen ORR CR PFS/FFS
Kuruvilla 2014 Clinical trial 6 DLBCL Selinexor 33% 0% na
. . . . 3
Hillmen, 2016 Clinical trial 29 DLBCL Acalabrutinib 38% 14%
months
Tsang, 2016 Retrospective 4 DLBCL Ibrutinib 75%  25% na
Ding, 2016 Clinical trial 9 DLBCL  Pembrolizumab 44% 11% na
Davids, 2017 Clinical trial 7 DLBCL Venetoclax 43% 0% na




Ongoing trials

* venetoclax combination with dose-adjusted EPOCH-R (NCT03054896)

e ibrutinib and obinutuzumab alone or in combination with CHOP
(NCT03145480)

* pembrolizumab alone (NCT02576990) or in combination with
ublituximab (NCT02535286)

* nivolumab in combination with ibrutinib (NCT02420912)

e blinatumumab monotherapy (NCT03121534)



Summing up

 The genotype of Richter syndrome sustains the clinical aggressiveness and
chemorefractoriness of the disease

* A molecular workup to distinguish clonally related vs clonally unrelated cases
may be useful

* In R/R CLL treated with BCR and BCL2 inhibitors, development of Richter
syndrome occurs early and may reflect an aggressive clone selected by
previous chemotherapy

* The outcome of Richter syndrome is still very poor and mandates the
investigation of new treatment modalities

* The incidence, biology and clinical behavior of Richter syndrome in patients
receiving only chemo-free regimens need to be defined



