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Introduction
Chronic lymphocytic leukemia is characterized by a high vari-
ability in disease outcome. While some patients have an indo-
lent disease for several years, others require immediate 
treatment.1 Stratification of patients at an early stage facilitates 
clinical management and several prognostic scores have already 
been developed. One of these, the international prognostic 
index for CLL (CLL-IPI), scores 5 variables: the mutational 
status of the Immunoglobulin heavy variable region gene 
(IGHV), deletions and mutations of the Tumor Protein P53 
(TP53) gene, Beta-2-microglobulin protein (B2M) serum lev-
els as well as age and clinical stage.2 In addition, recently the 
international prognostic score for asymptomatic early-stage 
patients (IPS-E) was developed, aiming to stratify patients that 
will require early treatment from those with an indolent 

disease. The IPS-E scores IGHV status, lymphocyte count, 
and the presence of palpable lymph nodes and is therefore 
cost-effective and easy to apply.3

In addition to these well-established markers, the profiling 
of global DNA methylation in normal B-cell subsets and CLL 
cohorts has resulted in 3 epigenetic subgroups of CLL patients, 
presumably corresponding to the B-cell developmental stage 
from which the tumor arose.4,5 Consequently, Kulis et al named 
these epigenetic subgroups naïve B-cell like CLL (n-CLL), 
intermediate CLL (i-CLL), and memory B-cell like CLL 
(m-CLL). Similarly, Oakes et  al defined 3 subgroups which 
they named low, intermediate, and high-programed CLL. A 
prognostic impact of the epigenetic classification was revealed 
with n-CLL having a poor, i-CLL an intermediate, and 
m-CLL a favorable prognosis.4
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ABSTRACT

BACkgRound: Methylation at 5 CpG sites was previously shown to classify chronic lymphocytic leukemia (CLL) into 3 prognostic sub-
groups. Here, we aimed to validate the marker set in an additional cohort and to evaluate its clinical utility for CLL patient stratification.

METhodS: We evaluated this epigenetic marker set in 79 German patients using bisulfite treatment followed by pyrosequencing and clas-
sification using a support vector machine-learning tool.

RESuLTS: The n-CLL, i-CLL, and m-CLL classification was detected in 28 (35%), 10 (13%), and 41 (51%) patients, respectively. Epigenetic 
grouping was associated with IGHV mutational status (P = 2 × 10−12), isolated del13q (P = 9 × 10−6), del17p (P = .015), complex karyotype 
(P = .005), VH-usage, and clinical outcome as time to first treatment (P = 1.4 × 10−12) and overall survival (P = .003). Multivariate Cox regres-
sion analysis identified n-CLL as a factor for earlier treatment hazard ratio (HR), 6.3 (95% confidence interval [CI] 2.4-16.4; P = .0002) com-
pared to IGHV mutational status (HR 4.6, 95% CI 1.9-11.3, P = .0008). In addition, when comparing the prognostic value of the epigenetic 
classification system with the IGHV classification, epigenetic grouping performed better compared to IGHV mutational status using Kaplan-
Meier estimation and allowed the identification of a third, intermediate (i-CLL) group. Thus, our study confirmed the prognostic value of the 
epigenetic marker set for patient stratification in routine clinical diagnostics.
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Subsequently, Queirós et al6 identified a 5 CpG marker set 
that was sufficient to classify the patients into the 3 epigenetic 
groups. Moreover, it was shown that the DNA methylation at 
these sites was stable over time and was not influenced by 
treatment.6 Previous studies revealed a strong correlation of 
n-CLL with unmutated IGHV (IGHV-U) and m-CLL with 
mutated IGHV (IGHV-M) and an intermediate IGHV muta-
tional load for i-CLL.4,6-8 In addition, the 5 marker set was 
shown to be a predictor of time to first treatment and overall 
survival in retrospective, mainly early-stage cohorts.6,7 
Recently, the epigenetic classification was evaluated in a pro-
spective study of 3 UK trials (CLL4, ARCTIC, and ADMIRE) 
and its prognostic impact was confirmed.8

This study validated the m-CLL subgroup as a marker of 
prolonged survival and revealed that the epigenetic classifica-
tion was able to divide IGHV-mutated CLL into clinically rel-
evant subgroups with different times to first treatment and 
overall survival. Although the epigenetic subgroups did not 
associate with treatment response, an association with progres-
sion free survival (PFS) was observed, revealing longer PFS in 
the m-CLL subgroup.8

In previous studies, apart from a Swedish cohort7 and sam-
ples from the CLL genome project of the International Cancer 
Genome Consortium, mainly patients from the UK were ana-
lysed.4,6,8 Here, using a retrospective study design, we evaluated 
the 5 marker set in a German pilot cohort of 79 patients. We 
observed an association of the epigenetic marker set with the 
clinical course of disease, confirming the capability of these 
markers to distinguish prognostic subsets of CLL patients.

Material and Methods
Patients

Patient peripheral blood samples were collected at the 
University Clinic of Cologne after written informed consent 
had been obtained and specimens were obtained from the local 
Biobank.

Since it has been previously shown that treatment does not 
affect the methylation of the 5 marker CpGs,6 samples with 
and without treatment were analyzed together. Clinical data 
were obtained from medical records. Initially, 80 patients were 
evaluated, however 1 patient of the m-CLL group was rediag-
nosed as a mantle-cell lymphoma patient during the course of 
the study and was therefore excluded from further analyses. 
Staging of patients was performed according to Binet with 
patients with no more than 2 areas of lymphadenopathy, no 
anemia or thrombocytopenia staged as A, patients with more 
than 2 areas of lymphadenopathy, no anemia or thrombocyto-
penia staged as B and patients with anemia or thrombocytope-
nia (hemoglobin <10 g/dl or platelets <100 000/mm3) staged 
as C.9 Data on established biomarkers such as IGHV muta-
tional status, TP53 mutations and fluorescence in situ hybridi-
zation (FISH) on metaphase chromosome spreads were 
available for a subset of patients. IGHV mutational status was 

analyzed according to standard methods using a cutoff of 98% 
nucleotide identity to germline for classification.10 IGHV loci 
with a germline identity below 98% were classified as mutated 
(M-CLL) and IGHV with a germ line identity of 98% or 
above as unmutated (U-CLL). Peripheral blood B cells were 
isolated via negative RosetteSep immunodensity based cell 
separation (Stemcell Technologies, Vancouver, Canada). CLL 
B-cell purity was confirmed at ⩾90% of cells co-expressing 
CD5/CD19 by flow cytometry.

Methylation analyses

Pyrosequencing assays of 5 CpGs: cg00869668 (chr17: 
1 549 013; promoter region of SCARF1); cg11472422 (chr17: 
80 926 014; B3GNT6L1), cg17014214 (chr10: 126 713 639; 
CTBP2), cg09637172 (chr6: 31 545 252; TNF), cg03462096 
(chr14: 56 157 197; chromosome 14 intergenic region) were 
performed using previously published primer sequences.6 
Genomic positions refer to hg19. In brief, 200 ng of DNA were 
bisulfite (BS) converted using the Epitect bisulfite kit (Qiagen, 
Hilden, Germany) according to the manufacturer’s recommen-
dations. About 20 ng of the BS-converted DNA was amplified 
using the Pyromark PCR kit (Qiagen) using the manufactur-
er’s recommendations at an annealing temperature of 55°C. 
Subsequently, PCR products were denatured on a vacuum 
workstation (Qiagen) and pyrosequencing was performed on a 
PSQHS96A (Qiagen) using Pyromark Gold Q96 reagents 
(Qiagen). Bisulfite converted unmethylated and methylated 
control DNA (Epitect control DNA, Qiagen) were used in 
each pyrosequencing run. The % methylation values were cal-
culated with the PSQHS96A 1.2 software, divided by 100 and 
used as input for the epigenetic classification.

Statistical analyses

Epigenetic classification of the patients was performed as pre-
viously described using a support vector machine-learning 
tool.6 Calculation of Pearson’s correlation and graphical repre-
sentation of the methylation values were performed using 
GraphPad Prism 7. Categorical and ordinal data shown in 
Table 1 were analyzed using Fisher’s exact probability test with 
the Freeman-Halton extension for a 2 × 3 contingency table 
and with the Kruskal-Wallis test, respectively, using Vassarstats 
(www.vassarstats.net) accessed on January 23rd, 2021 and on 
August 20th, 2021. The Kruskal-Wallis test calculates 2 
P-values: PA and PB. PA calculates the probability of the 
observed array of cell frequencies plus the sum of the probabili-
ties of all other cell-frequency arrays that are equal to or smaller 
than the probability of the observed array, whereas PB calcu-
lates the probabilities of all other cell frequencies that are 
smaller than the probability of the observed array. In the case 
where PA and PB resulted in different P-values, both P-values 
are given. Time to first treatment (TTT) and overall survival 
(OS) were calculated by Kaplan-Meier estimates and pairwise 

www.vassarstats.net
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comparisons between the epigenetic classes were done by 
means of the log-rank test (Monte-Carlo) using GraphPad 
Prism 7. P-values are 2-tailed and considered significant when 
below 5%. Time to first treatment was defined as the date of 
diagnosis to the date of first treatment (event) or the date of the 
last clinical visit or death (censored). Time to death was defined 
as the date of diagnosis to the date of death (event) or the date 
of the last clinical examination (censored). Multivariate Cox 
proportional hazard analysis to evaluate the prognostic value of 
the epigenetic classification was calculated with SciStat (www.
scistat.com) accessed on October 2nd, 2021 using a backward 
elimination model, whereby variables above a P-value thresh-
old of >.1 were eliminated from the model and variables with 
a P-value <.05 remained in the model.

Results
Within this study, we evaluated a prognostic epigenetic classifi-
cation system6 in a German cohort of 79 patients using a retro-
spective study design. DNA methylation at 5 marker CpG sites 

was evaluated and used to classify the patients into 3 epigenetic 
groups. Within our cohort, 28 patients (35%) were classified  
as n-CLL, 10 (13%) as i-CLL, and 41 (51%) as m-CLL 
(Figure 1A). Clinicobiological features and methylation values 
for the individual patients are given in Supplementary Table 1.

Association of epigenetic grouping with clinico-
biological features

Next, we assessed the association of the epigenetic subgroups 
with additional clinical and biological features (Table 1) and 
observed significant associations with the IGHV mutational 
status, with unmutated IGHV in 92% (22/24) of n-CLL, 63% 
(5/8) of i-CLL, and 3% (1/30) of m-CLL cases (P = 2 × 10−12, 
Fisher’s exact test comparing 3 groups) as previously reported.4,6-8

Moreover, variable heavy chain (VH)-usage was different 
between the groups: all 9 cases with VH1-69 usage in our 
cohort were within the n-CLL group (PB = 10−4; Fisher’s exact 
test comparing 3 groups) and although not reaching 

Figure 1. Epigenetic classification has a prognostic impact in CLL. (A) Heatmap of the DNA methylation percentage for the 5 marker CpGs grouped by 

epigenetic classification. The CpGs on Chr14, TNF, B3GNTL1, and CTBP2 are generally unmethylated in m-CLL, whereas n-CLL shows an inverse 

methylation profile. For i-CLL, most patients are unmethylated at the Chr14 marker CpG (like m-CLL) and at SCARF1 and methylated at TNF, B3GNTL1 

and CTBP2 (like n-CLL). Below, the IGHV mutational status is given, revealing an enrichment of IGHV-M in the m-CLL subgroup. (B, C) Kaplan-Meier 

plots of the epigenetic groups showing (B) time to first treatment and (C) survival. Censored patients are indicated by a tick mark.

www.scistat.com
www.scistat.com
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significance, all 4 patients with VH3-23 usage were detected 
among the m-CLL cases.

Another genetic alteration that was significantly different 
between the epigenetic groups was isolated del13q (P = 9 × 10−6, 
Fisher’s exact test comparing 3 groups), that was highly 
enriched in the m-CLL group consisting 58% (19/33) of the 
m-CLL cases and is known to confer a favorable prognosis. In 
addition, deletion of the short arm of chromosome 17 (del17p), 
a factor associated with poor prognosis, was enriched in the 
n-CLL subgroup present in 48% (13/27) of the n-CLL cases 
(P = .015, Fisher’s exact test comparing 3 groups). We did not 
observe any significant association of the epigenetic subgroup 
with age, sex, del11q, tri12, or TP53 mutations. However, the 
presence of a complex karyotype was significantly different in 
the 3 groups (P = .005, Fisher’s exact test) with 73% (16/22) of 
the n-CLL cases present with a complex karyotype compared 
to 43% (6/14) in the m-CLL group.

Prognostic impact of epigenetic grouping

Our cohort was comprised of 50 treated and 29 non-treated 
cases (median follow-up after diagnosis 150 months, range 
24-321 months). Of the patients requiring treatment, 17 were 
sampled before (0-66 months, mean 22) and 33 after treatment 
start (2-161 months, mean 69). The time of sampling in regard 
to treatment start differed between the 3 epigenetic groups 
(P = .004, Fisher’s exact test), with 19% (5/27) of n-CLL, 17% 
(1/6) of i-CLL, and 64% (11/17) of m-CLL cases sampled 
before treatment start. Although sampling time with regard to 
treatment was significantly different between the 3 epigenetic 
groups, the time from diagnosis to sampling was not signifi-
cantly different (Table 1, Supplementary Table 1).

In total, 96% (27/28) of the n-CLL, 60% (6/10) of the 
i-CLL, and 41% (17/41) of the m-CLL cases were treated 
(P = 2 × 10−6, Fisher’s exact test comparing 3 groups). In addi-
tion, time to first treatment (TTT) was significantly different 
between the epigenetic groups, with a median TTT of 
26 months for n-CLL, 103 months for i-CLL, and non-
reached for m-CLL. Pairwise comparisons using a Monte-
Carlo log-rank test revealed significant differences in time to 
first treatment for n-CLL versus m-CLL (P = 1.4 × 10−12) and 
n-CLL versus i-CLL (P = .005, Figure 1B).

Within the evaluated period 14% (11/79) of the patients 
died: 29% (8/28) of the n-CLL, none of the i-CLL, and 7% 
(3/41) of the m-CLL cases (P = .03, Fisher’s exact test compar-
ing 3-groups) with median survival times of 182 months for 
n-CLL and non-reached for i- and m-CLL. A pairwise com-
parison of n-CLL and m-CLL resulted in a P-value of .003 
(Monte-Carlo log-rank test, Figure 1C).

Moreover, Binet staging9 at diagnosis and sampling was sig-
nificantly different between the 3 epigenetic groups (P = .008 
and P = .00002, respectively, Table 1). The increased difference of 
Binet staging between the epigenetic groups at sampling, again 
indicates a prognostic value of the epigenetic classification.

To analyze this further, we analyzed the progression of 
patients staged Binet A at diagnosis. From 44 patients with 
Binet A at diagnosis for which staging was available at sampling 
14 progressed to B/C. The progression from Binet A to B/C was 
slightly different between the epigenetic groups (P = .03) and 
occurred to a lesser extent in m-CLL cases (Table 1).

Comparison of epigenetic classif ication with IGHV 
status

Since IGHV status is one of the strongest predictors of the 
clinical progress, we compared the prognostic value of the epi-
genetic classification with the IGHV status. Information on 
IGHV status was available for 62 patients and we performed a 
Kaplan-Meier analysis. Although, epigenetic classification and 
IGHV status were highly correlated, m-CLL and n-CLL 
grouping were better predictors compared to the IGHV status 
for TTT and OS (P = 7.4 × 10−12 vs P = 2.6 × 10−9 and P = .005 
vs .011, respectively; Supplementary Figure 1). From 24 n-CLL 
cases 22 were IGHV-U and 2 IGHV-M and from 30 m-CLL 
29 were IGHV-M and 1 IGHV-U. Thus, only 3 cases are dis-
cordant between the 2 classification systems. The main differ-
ence of the epigenetic classification to the IGHV classification 
is the introduction of a third group with intermediate prognosis, 
i-CLL, which consisted of 5 IGHV-U and 3 IGHV-M cases.

Multivariate Cox regression analysis

Next, we evaluated the prognostic value of the epigenetic clas-
sification using a multivariable Cox-regression analysis for 
time to first treatment (Table 2). Since epigenetic classification 
and IGHV mutational status are correlated, we performed 
multivariate regression analyses separately for both markers 
and the results suggest that epigenetic grouping (HR 6.3, 
P < .0002) might be a better predictor compared to IGHV-
status (HR 4.6, P < .0008).

We did not perform a multivariate Cox regression analysis 
for death as an endpoint since in our cohort only 11 patients 
deceased.

Discussion
We confirmed the prognostic value of the 5 epigenetic marker 
set for patient stratification in a German cohort of 79 cases. To 
the best of our knowledge it is the first study testing the epige-
netic marker set in a German cohort with a larger number of 
late stage patients.

To date, the epigenetic marker set was already tested in 
patient cohorts from the UK,8 Sweden,7 and from the 
International CLL consortium.6 Here, we added a German 
cohort. CLL is influenced by genetic factors which is reflected 
by the facts that (i) CLL occurs mainly in Western populations 
and is rarely seen in Asians,11 and (ii) the risk of first degree 
relatives is increased by approximately 7-fold.12 Although, 
environmental factors, like infections and nutrition are pre-
sumably involved in disease etiology, the low incidence in 
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Asians is most likely not due to environmental factors since 
also Asians living in the USA have a low incidence in develop-
ing CLL.13 Interestingly, also in Western countries, which can 
be assumed to be genetically more similar than Asians and 
Caucasians, the highest incidences for CLL were observed in 
Italy, Ireland, USA, and Australia.14 Therefore, the classifica-
tion system should be validated in different cohorts to 
strengthen its utility in clinical settings. The inclusion of later 
stage patients in a study analyzing a prognostic marker set 
revealed its utility also in later stage patients. A finding that is 
in line with the observation that epigenetic grouping remains 
stable during disease progression and is not influenced by treat-
ment.6 Of the currently used prognostic markers in CLL, only 
IGHV status remains stable over time, whereas all others, like 
that is, B2M level, TP53 mutations, or chromosomal aberra-
tions might change upon disease progression.

In line with previous reports, we observed a significant associa-
tion of the epigenetic classification with clinical outcome, whereby 
m-CLL is associated with a favorable outcome and n-CLL with a 
poor prognosis requiring earlier treatment. Moreover, we detected 
a strong association of the epigenetic subgroups with IGHV muta-
tional status, with m-CLL being associated with mutated IGHV 
and n-CLL with unmutated IGHV.4,6-8

The strong association between IGHV status and epige-
netic grouping raises the question if epigenetic grouping is just 
a surrogate of the IGHV status or if epigenetic classification 
adds an additional prognostic value. In our cohort, IGHV sta-
tus information was available for 62 patients. Using Kaplan-
Meier analysis for these 62 patients revealed a slightly better 
performance of the epigenetic classification m-CLL versus 
n-CLL compared to IGHV-U versus IGHV-M. This might 
be due to the introduction of a third, intermediate group 
(i-CLL), with intermediate prognosis.

Wojdacz et al8 found that epigenetic grouping was capable 
of distinguishing IGHV-M cases into clinically relevant 

subgroups and that m-CLL was a marker of prolonged survival 
for patients treated with chemo-immunotherapy. However, 
none of the previous studies directly compared the IGHV-
classification with the epigenetic classification. To finally 
answer the question if the 5 epigenetic marker set is superior to 
the IGHV system or if both classifications should be applied in 
parallel, even larger analyses and meta-analyses are required.

In addition, we observed an association of m-CLL with the 
presence of isolated del13q, as was reported previously.7,8 In con-
trast to previous studies, we did not observe any associations of 
the epigenetic subgroups with del11q and tri12,6-8 potentially 
due to the small sample size of our cohort. We observed an asso-
ciation of the n-CLL subgroup with a complex karyotype, which 
was not analyzed in previous studies. However, the karyotype 
might be related to disease stage since most of the n-CLL 
patients were sampled after treatment start, whereas most of the 
m-CLL cases were sampled before treatment start.

The fact that most of the n-CLL patients were sampled 
after treatment start whereas most of the m-CLL patients were 
sampled before might suggest a bias in sampling time. However, 
neither the age at sampling nor the time from diagnosis to 
sampling was significantly different and therefore a bias in 
sampling time is not supported. The observed difference in 
sampling time with regard to treatment between the epigenetic 
groups rather reflects the prognostic value of the epigenetic 
classification system.

Recently an additional marker set of 18 CpGs was proposed 
for epigenetic classification of CLL patients.15 Although in a 
clinical setting testing 5 CpGs instead of 18 is favorable, a 
comparison of both marker sets in future studies would be 
interesting. In particular, it is of interest if the 18 marker set is 
associated with treatment response and may therefore aid in 
treatment decisions.

During the revision process of this publication, another epi-
genetic score system was published, assessing the DNA 

Table 2. Multivariate Cox regression analysis for TTT.

SIGNIFICANT VARIABLES HAZARD 
RATIO (HR)

95% CI OF 
HR

P

Time to first treatment

 Analysis according to epigenetic classification (n = 58, 36 events, 22 censored)

  n-CLL 6.29 2.49-15.91 .0001

  del17p 2.91 1.14-7.41 .025

 Analysis according to epigenetic classification using the same samples as for IGHV status (n = 51, 33 events, 18 censored)

  n-CLL 6.27 2.39-16.44 .0002

  del17p 2.86 1.02-8.07 .047

 Analysis according to IGHV status (n = 51, 33 events, 18 censored)

  IGHV-U 4.61 1.88-11.27 .0008

  Binet stage B/C 2.74 1.13-6.65 .026

Included variables for the individual analyses were: age at diagnosis (<65 vs ⩾65), Binet stage at diagnosis (A vs B + C), sex, del11q, tri12, isolated del13q, del17p, and 
either epigenetic grouping or IGHV mutational status.
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methylation of 9 CpGs that are highly associated with the 
IGHV-status.16 When at least 2 of the 9 CpGs showed the risk 
profile, the patient was classified as having a poor prognosis. 
This scoring system was shown to be superior to IGHV-
classification for time to treatment and overall survival, when 
the widely used 98% germline similarity cut off was used. The 
superior performance of the 9 CpG set was due to 17 discord-
ant cases out of 114 (15%). Interestingly, most of the discordant 
cases displayed IGHV germline similarities of 97% to 98%. 
Here a change of the similarity cut off or the generation of a 
third prognostic group might increase the prognostic value of 
the IGHV status. However, for the 9 marker set to date no 
clinically applicable assays have been developed, although a 
Methylation-Sensitive High Resolution (MS-HRM) Assay17 
has been developed for 4 of the 9 CpGs.16

The epigenetic classification system consisting of 5 markers 
has the potential to be clinically used since it is relatively easy 
to apply. Required steps are isolation of genomic DNA, bisulfite 
treatment (or enzymatic conversion) of genomic DNA, PCR 
using 1 biotinylated primer and pyrosequencing and a straight-
forward bioinformatics analysis. As such the complete process 
can be done in 2 to 3 days. A drawback might be that a pyrose-
quencing machine is required for assessing the 5 marker set.

In comparison, whole genome methylation analyses are 
expensive, take longer time and require a more sophisticated 
bioinformatics analysis and are until now only suitable for 
explorative studies but not for clinical routine diagnostics.

IGHV profiling is relatively easy to apply and today rou-
tinely used in the clinical setting using PCR amplification and 
Sanger sequencing.10,18 Newer approaches also use next gen-
eration sequencing. However, to day, standardized NGS proto-
cols for IGHV-seq are still lacking, although the advantage of 
IGHV-seq is the assessment of satellite clones which are hardly 
accessible using Sanger sequencing.18 In summary, the work 
load and the subsequent analysis steps are similar between 
IGHV-status determination followed by Sanger sequencing 
and pyrosequencing of the 5 marker set.

We thus confirmed the prognostic value of the epigenetic 
classification for CLL, and have shown that it is beneficial for 
patient stratification in the clinic.
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