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An old question still 
unanswered?



Yun X, et al. Biomark Res. 2020 Sep 7;8:40.

Are we really moving forward?

2025

WHAT’S 
NEW?



González-Gascón-Y-Marín I, et al. Cancers (Basel). 2021 Apr 8;13(8):1782. J.G. Gribben. EHA. 2014;8:69-74

From 2014 to 2025: are there changes?



Delgado J, et al. Haematologica. 2020 Sep 1;105(9):2205-2217. 

Molecular markers: biological basis 

Fabbri G, Dalla-Favera R. Nat Rev Cancer. 2016 Mar;16(3):145-62. 



Molecular markers: frequencies and incidence

Modified from Lee J, Wang YL. J Mol Diagn. 2020 Sep;22(9):1114-1125. 

IGHV-U  +27%

Untreated R/R

del(17p)/TP53 +23%

del(13p) -8%

Trisomy 12 +3%

del(11q)/ATM +20%

NOTCH1 +6%

BIRC3 +7%
SF3B1 +13%

• TP53 mutations, IGHV unmutated status, 
del(17p), and del(11q), and complex 
karyotype associated with poor prognosis.

• Trisomy 12 intermediate prognostic factors, 
whereas del(13q) favorable prognosis.

• Genetic alterations associated with poor 
prognosis are often more enriched in 
patients at advanced stages or after 
treatment, such as TP53 mutations, 
del(17p), and IGHV unmutated status.

• Might reflect the clonal evolution during 
natural disease progression or change in 
clonal dynamics induced by therapies, 
especially chemotherapies.



The importance of subclones



del(17p)/TP53 mutational status

• Del(17p) and TP53 mutations are observed in 
~14% of untreated CLL, and ~37% of treated 
CLL.

• Deletion 17p commonly co-occurs with TP53
mutation on the other allele.

• Missense, frame-shift, or splicing mutations, 
and usually involve the DNA binding domain 
encoded between exon 4 and exon 8.

• Abolish the function of TP53 as a tumor 
suppressor. 

• Inactivation of a single TP53 allele is 
associated with poor survival.

• Bi-allelic TP53 inactivation confers a worse 
OS in all populations, in both treated and 
untreated patients.

Lee J, Wang YL. J Mol Diagn. 2020 Sep;22(9):1114-1125. Mollstedt J, et al. Front Oncol. 2023 Mar 21;13:1146486.



IGHV mutational status

• IGHV mutations are generated through somatic 
hypermutation, a physiological process to 
generate Ig diversity during normal B-cell 
maturation. 

• Unmutated IGHV is present in ~40% of 
untreated cases.

• Worse prognosis and poor response to 
chemoimmunotherapy.

• In the NGS era, IGHV remains one of the 
strongest independent prognostic marker.

• Unmutated IGHV could increase BCR signaling 
and malignant cell proliferation.

• 98% homology or 2% mutation to the germline 
IGV sequence is interpreted as unmutated and 
>2% mutation and <98% homology is 
considered mutated. 

• A new category of 97.0% to 97.9% homology.
Clinical implication is unclear.

Mollstedt J, et al. Front Oncol. 2023 Mar 21;13:1146486.



Mollstedt J, et al. Front Oncol. 2023 Mar 21;13:1146486.

Lee J, Wang YL. J Mol Diagn. 2020 Sep;22(9):1114-1125. 



Epigenetic changes

Delgado J, et al. Haematologica. 2020 Sep 1;105(9):2205-2217. 

• M-CLL keeps a methylation signature of germinal 
center-experienced cells (memory-like B cells), 
whereas U-CLL has a pre-germinal center, naïve-
like methylation signature.

• Major hypomethylation changes occur at 
transcription factor binding sites such as TCF3, 
PU.1/SPIB, NFAT and EGR, and enhancers that 
modulate genes involved in B-cell function, BCR 
signaling, and NF-κB activation.

• A third subtype with an intermediate profile made 
of cases with moderate IGHV mutation levels. 

• Different usage of IGHV genes, stereotypes, 
genomic aberrations and clinical outcome. 

• The intermediate epigenetic subtype may be more 
heterogeneous since it includes most stereotype 
subset 2 cases with aggressive behavior.



Delgado J, et al. Haematologica. 2020 Sep 1;105(9):2205-2217. 

Tumor microenvironment

• Environmental or self-antigens and homotypic 
interactions trigger BCR and TLR signaling, 
increasing activation of anti-apoptotic and 
proliferation pathways.

• Notch ligands activate cell migration, invasion 
and angiogenesis.

• BCR and NOTCH1 pathways functionally 
linked, mutually enhancing their activation.

• MYD88 mutations activate the NF-κB pathway 
in response to TLR ligands, increasing cytokine 
release involved in recruiting stromal and T 
cells.

• T- and myeloid-derived cells towards a 
leukemia-supportive and immunosuppressive 
microenvironment.

• CD8+-cell exhaustion and monocyte M2-like 
differentiation.



• CD49d is a key molecule for homing of CLL cells 
with a major mechanistical role in rolling and 
arrest of CLL cells on the bone marrow and lymph 
node endothelia. 

• CD38 may contribute to rolling of lymphocytes on 
the endothelium cells and to transendothelial
migration. 

• A macromolecular complex (MMC) is relevant for 
invasion within the lymphoid tissue and survival of 
CLL cells, with additional individual anti-apoptotic 
contributions of the molecules. 

• CLL proliferation is strongly associated with CD38 
expression. 

• Mobilization of CLL cells from the lymphoid organs 
likely requires downregulation of CD49d 
expression or function. 

CD38/CD49d axis

Brachtl G, et al. Ann Hematol. 2014 Mar;93(3):361-74. 



Braish J, et al. Front Oncol. 2024 May 16;14:1371057. 



Dal Bo M, et al. Semin Hematol. 2014 Jul;51(3):168-76. 

The science of making risk-stratification systems

Pérez-Carretero Cet al. Diagnostics (Basel). 2021 May 10;11(5):853. 



Why do we still miss flow cytometry markers?

Giudice V, et al. Eur J Haematol. 2022 Nov;109(5):483-493.

• Patients with CD49d positivity show 
significantly higher β2-microglobulin levels.

• Serum levels of β2-microglobulin positively 
correlated with CD49d expression levels.

• Unmutated IGHV more frequently found in 
patients with CD49d. 

• CD49d+ patients have shorter PFS (median, 
95 months; HR, 1.96; 95%CI, 1.012–3.804), 
and shorter TT (16 months; HR, 2.54; 95%CI, 
1.401–4.619). 

• Patients with CD38 positivity with or without 
CD49d expression display the shortest PFS.

• Concomitant expression of CD49d and CD38 
associated with the shortest TT (14 months).



Why do we still miss flow cytometry markers?

• Flow cytometry markers alone could identify more aggressive diseases requiring early drug administration.
Giudice V, et al. Eur J Haematol. 2022 Nov;109(5):483-493.



Is it time to incorporate flow cytometry in risk stratification systems?
Flow cytometry + CLL-IPI Flow cytometry + IPS-E

• Flow cytometry markers could better stratify CLL patients, especially in intermediate risk.
Giudice V, et al. Eur J Haematol. 2022 Nov;109(5):483-493.



Risk stratification and tailored therapies

Delgado J, et al. Haematologica. 2020 Sep 1;105(9):2205-2217. 

• Treatment for CLL has changed remarkably 
in the last decade. 

• The mainstay of therapy used to be a 
combination of conventional 
chemotherapeutic agents plus a 
monoclonal antibody, such as rituximab or 
obinutuzumab.

• Novel, targeted agents are now the 
preferred option, such as the BTK inhibitor 
ibrutinib, the BCL2 inhibitor venetoclax the 
PI3K inhibitor idelalisib, and the second-
generation BTK inhibitor acalabrutinib and 
PI3K inhibitor duvelisib.



Kang S, Ahn IE. Acta Haematol. 2024;147(1):33-46. 

Risk stratification and tailored therapies
• Initial treatment with a BTKi can overcome the poor prognostic value of TP53 aberration in TN CLL.
• TP53 aberration continues to be a negative prognostic factor for RR CLL.
• IGHV mutation remains an important prognostic marker predictive of the durability of remission after time-limited 

targeted therapy, but not with continuous BTKi treatment.



Risk stratification and tailored therapies: we are still missing flow 
cytometry

• Patients with negativity for CD38 and treated with targeted therapies show the highest benefit, as CD38-
subjects treated with standard chemotherapy display the shortest OS (66 months). 

• Co-expression of CD38 and CD49d is significantly related to shorter PFS in patients receiving BTKi or BCL2i, while 
targeted therapies showed an impressive protective effect in CD38-CD49d- CLL/SLL patients (5-year OS, 100% vs 
46%; p=0.0181). 

Mettivier L, et al. Frontiers in Oncology, under revision.



Pérez-Carretero Cet al. Diagnostics (Basel). 2021 May 10;11(5):853. 

Treatment response and tailored therapies

• Resistance to ibrutinib can be driven by multiple biological factors, 
that can influence subsequent line choice.



Pérez-Carretero Cet al. Diagnostics (Basel). 2021 May 10;11(5):853. 



Lee J, Wang YL. et al. J Mol Diagn. 2020 Sep;22(9):1114-1125. 

Acquired mutations and ibrutinib resistance
• BTK C481S mutation prevents the drug from 

forming a covalent bond with the C481 residue.
• BTK T316A mutation functionally confers 

ibrutinib resistance.
• BTK mutations found in ~70% of CLL patients 

who progressed on ibrutinib treatment.
• Activating mutations in PLCG2, found in ~10% of 

the. 
• PLCG2 mutations mostly missense mutations 

clustered in the Src homology 2 domain and the 
calcium-binding C2 domain.

• Complex karyotype, del(17p)/TP53 mutation, 
and del(18p) at baseline before ibrutinib 
treatment are strongly associated with disease 
relapse.

• Minute CLL clones with BTK or PLCG2 mutations 
<10% of cancer cell fraction under ibrutinib.



Pérez-Carretero Cet al. Diagnostics (Basel). 2021 May 10;11(5):853. 

Acquired mutations and ibrutinib/venetoclax resistance



MRD by flow cytometry: where are we

Wierda GW et al. Leukemia 2021



“required”: CD5, CD19, CD20, CD23, κ/λ
(>75% of respondents)

or “recommended”: CD10, CD43, CD79b, CD200
(>50% of respondents)

ERIC/ESCCA recommendations 

• ROR1 and CD200 or CD3 are recommended
• Facilitate analysis for less experienced operators
• Permit automated analysis
• Increase proportion of “atypical” cases that can be monitored

• Pre-treatment analysis is required to exclude atypical cases

• Clonality assessment is recommended



LOB = < 10 Eventi nei campioni normali
LOD = > 20 Eventi rilevati nel campione
LOQ = > 50 Eventi rilevati nel campione

20 e 50 eventi derivano da stime statistiche

• Limit of Blank (LOB)  highest signal in the absence of
measure, calculated as mean (blank) + 1.645 SD

• Limit of Detection (LOD)  level at which 95% of samples
with low level are detected above the limit of blank, calculated as
LOB + 1.645 SD

• Limit of Quantitation (LOQ) lowest level that can be
reliably detected and whose total error (bias + imprecision) meets
a desired criterion for accuracy (clinical utility)

ERIC specificationfor the detection of CLL cells in a normal
background
The minimum populationsize for reproducible detection of CLL
cells in a multiparameter analysis 20 events
The minimum population size for reproducible quantification of CLL
cells in multiparameter analysis 50 events

LOQ = 100 * 50 / numero totale di leucociti

LOD = 100 * 20 / numero totale di leucociti

LOB/LOD/LOQ for MRD detection

Silvia Heltai (IRCCS Ospedale San Raffaele, Milano)



Courtesy of Andy Rawstron

Cell number required for MRD detection



Conclusions and future directions
• CLL is an extremely heterogeneous disease, and risk stratification and prognostication are 

performed using the CLL-IPI that combines clinical, chromosomal, molecular alterations, and 
laboratory findings: age; disease stage; β2-microglobulin levels; presence of del(17p); and IGHV  
mutational status.

• Unmutated CLL has shorter survival and remission duration compared to M-CLL, as well as 
patients with del(17p)/TP53 mutations, even though clinical management of these subjects has 
markedly improved after the introduction of targeted therapies, such as ibrutinib, idelalisib, and 
venetoclax.

• Point mutations detection could greatly improve clinical management of those patients who 
develop BTKi resistance, as well as 11q deletion, TP53 abnormalities, IGHV mutational status, 
complex karyotype and NOTCH1 mutations.

• However, these systems require integration with other molecular and phenotypical markers, as 
shown using the IPS-E and ISS systems. Although individual factors can be a very important 
prognostic tool, reality is more complex, as each patient may harbor several biomarkers with 
different prognostic value.

• MRD by flow cytometry is still challenging in routinely clinical practice.
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