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Abstract 
 

The diagnostic criteria for CLL rely on morphology and immunophenotype. Current approaches have 

limitations affecting reproducibility and there is no consensus on the role of new markers. The aim 

of this project was to identify reproducible criteria and consensus on markers recommended for the 

diagnosis of CLL. 

ERIC/ESCCA members classified 35 markers as being “required” or “recommended” for CLL 

diagnosis, consensus being defined as >75% and >50% agreement, respectively. An approach to 

validate reagents for analysing “required” markers using normal peripheral blood was developed.  

Responses were received from 154 participants with a diagnostic workload >20 CLL cases per week 

in 23/154 (15%), 5-20 in 82/154 (53%) and <5 cases per week in 49/154 (32%). The consensus for 

“required” diagnostic markers included: CD19, CD5, CD20, CD23, Kappa and Lambda. 

“Recommended” markers potentially useful for differential diagnosis were: CD43, CD79b, CD81, 

CD200, CD10, and ROR1. Reproducible criteria for component reagents were assessed 

retrospectively in 14,643 cases from 13 different centres and showed >97% concordance with 

current approaches. A pilot study to validate staining quality was completed in eleven centres. 

Markers considered as “required” for the diagnosis of CLL by the participants in this study (CD19, 

CD5, CD20, CD23, Kappa and Lambda) are consistent with current diagnostic criteria and practice. 

Importantly, a reproducible approach to validate and apply these markers in individual laboratories 

has been identified. Finally, a consensus “recommended” panel of markers to refine diagnosis in 

borderline cases (CD43, CD79b, CD81, CD200, CD10, ROR1) has been defined and will be 

prospectively evaluated.    



Background 
 

The WHO, IWCLL and NCCN diagnostic criteria for CLL is based on the morphology and 

immunophenotype of the neoplastic B-cells with co-expression of CD19, CD5, CD23, with weak CD20 

and monoclonal surface immunoglobulin (sIg) expression 1–3. Although there are several recurrent 

molecular abnormalities present in CLL, none is specific for CLL 4 and therefore immunophenotyping 

still plays a central role in the diagnosis of CLL.  

The current diagnostic criteria have some limitations affecting reproducibility, in particular relating 

to flexibility in the requirement for each marker to be present or absent as well as in the required 

expression level of each marker. The WHO definition states that CLL/SLL cells “usually coexpress CD5 

and CD23” and that “using flow cytometry, the tumour cells express dim surface IgM/IgD, CD20, 

CD22, CD5, CD19, CD79a, CD23, CD43 and CD11c (weak). CD10 is negative and FMC7 and CD79b are 

usually negative or weakly expressed in typical CLL. It is also considered that “some cases may have 

an atypical immunophenotype (e.g. CD5- or CD23-, FMC7+ or CD11c+, strong sIg, or CD79b+)” 1.  In 

turn, the current IWCLL guidelines also permit variation in markers expression levels: “CLL cells 

coexpress the T-cell antigen CD5 and B-cell surface antigens CD19, CD20, and CD23. The levels of 

surface immunoglobulin, CD20, and CD79b are characteristically low compared with those found on 

normal B cells. Each clone of leukemia cells is restricted to expression of either kappa or lambda 

immunoglobulin light chains. Variations of the intensity of expression of these markers may exist and 

do not prevent inclusion of a patient in clinical trials for CLL” 2.   

Although some degree of flexibility is required to ensure that CLL diagnostic criteria are widely 

applicable, this can pose problems to  the reproducibility of diagnostic criteria, particular if a scoring 

system that may permit absence of either CD5 or CD23 is employed 5,6. In addition, several markers 

such as CD200 7,8 and ROR1 9–12 may contribute to the diagnosis of CLL and related disorders. 

However, there is no consensus yet on how such markers should be incorporated into diagnostic 

algorithms. Moreover, although the addition of new markers to established diagnostic panels may 

improve diagnostic precision, this would require a systematic and well-designed approach.  

The primary aim of this project was to achieve consensus on the minimum set of markers required 

for the diagnosis of CLL and develop a reproducible approach to validate and apply these markers in 

different laboratories. A secondary aim was to identify additional markers deserving prospective 

evaluation.   



Methods 

 

Identification of consensus on required and recommended marker panels 
ERIC/ESCCA members were invited to participate in a survey to classify flow cytometry markers as 

being required or recommended for the diagnosis of CLL. The full survey is shown in supplementary 

data. Results from respondents indicating that they did not work in a diagnostic laboratory or 

hospital clinic setting, or who indicated that their institution did not perform flow cytometry in the 

diagnosis or monitoring of CLL were excluded from analysis. Markers were selected based on the 

inclusion in the diagnostic panels reported in the WHO classification 1, IWCLL guidelines 2, Euroflow 

B-cell panel 8 , or if a pubmed search for “differential diagnosis chronic lymphocytic leukemia CD” 

identified a reagent in publications by two or more different groups for a total of 35 (Figure 1). 

Consensus for a marker to be required for CLL diagnosis needed >75% of participants indicating that 

the marker was required, while a marker was put forward to review if > 50% of participants 

considered the marker to be “recommended” or “required”. Positive and negative control 

populations in normal peripheral blood and the relative signals required for acceptable markers 

were derived from the previous ERIC project for optimising CLL MRD 13 or defined through literature 

search and review by participants. Weak expression was defined as a median fluorescence intensity 

at least 20% lower than the median expression level by normal peripheral blood B-cells based on a 

reference range determined within each laboratory, based on ICCS/ICSH guidelines for validation of 

cell-based fluorescence assays 14  

 

Retrospective evaluation  
Survey participants were requested to retrospectively assess the proposed criteria based on the 

required markers (table 1) by providing the number of: total B-LPD cases evaluated; CD5+ B-LPD 

cases; cases meeting the proposed criteria and diagnosed as CLL; cases not meeting the proposed 

criteria and diagnosed with another B-LPD, e.g. mantle cell lymphoma; cases not meeting the 

proposed criteria and diagnosed with CLL; cases not meeting the proposed criteria with insufficient 

material to make a final diagnosis or reported to be unclassifiable based on available data. 

Information was returned from 13 participants. 

 

Assessing reagent/instrument quality 
A gating strategy to identify the expression levels of component markers on normal peripheral blood 

lymphocytes was developed (Figure 2). The gating strategy was distributed to participating 

laboratories who tested it on ten cases in which the B-cells were  polyclonal. The median 

fluorescence intensity for the relevant markers on defined positive and negative control populations 

were recorded by eleven different laboratories and returned for central analysis where the relative 

fluorescence intensity signal value was calculated. 

  



Results and Discussion 

 

Identifying consensus on the markers required or recommended for the diagnosis of CLL 
ERIC/ESCCA members were invited to classify 35 flow-cytometry markers as being “required” or 

“recommended” for the diagnosis of CLL. Responses were received from 154 members of which 

150/154 were involved in CLL diagnosis (100 were diagnostic laboratory staff, 14 were clinicians and 

36 were involved in both the laboratory and clinical diagnostic process). The diagnostic workload 

was more than 20 cases per week in 23/150 (15.3%), 5-20 in 82/150 (54.7%) and <5 cases per week 

in 45/150 (30%). The survey participant consensus was that the minimum diagnostic panel should 

include: CD19, CD5, CD20, CD23, Kappa and Lambda (i.e. “required”). Survey participants 

recommended that the following markers may also be of value CD22, CD38, CD45, FMC7, CD79b, 

CD10, CD43 and CD200. The complete list of markers and participant responses are shown in Figure 

1.   

The minimum required diagnostic panel was put forward for identification of component marker 

specification that could be used to assess reagent and laboratory quality (see below). The 

recommended marker panel was reviewed by the steering committee (AR, PH, MH, PG, EM) and it 

was proposed that the application of CD22, CD38, CD45 and FMC7 is left to the individual laboratory 

preference (i.e. “not recommended”) because of a variety of reasons. In detail: FMC7 is an epitope 

of CD20 15, the inclusion of both markers being redundant 8; similarly the level of CD22 expression is 

closely correlated with CD20 13; CD45 is used for identification of leukocyte subsets and provides a 

backbone to many gating strategies but is not essential to identify CLL cells 16; CD38 is 

heterogeneously expressed in CLL 17–19 difficult to standardise 20 and it is also difficult to identify 

control populations with stable expression levels; therefore it was proposed that the application of 

CD38 in diagnosis and prognosis is determined by individual laboratories.  

The markers sIgM, CD81, CD103, CD49d, CD11c, IgD, IgG, and CD25 were recommended by 20-40% 

of participants and therefore their application is best determined by individual laboratories with the 

exception of CD81 which has been extensively validated in detection of MRD 13,21,22, therefore 

understanding the expression profile prior to treatment may be informative for differential 

diagnosis. ROR1 was not on the initial survey because at the time of preparation there was limited 

access to commercial reagents. ROR1 was initially identified by gene expression profiling studies as a 

CLL-specific marker and the role of protein expression in diagnosis and prognosis has been analyzed 

in several different studies 9–12 and may be particularly informative in the discrimination between 

CLL and CD5+ post-germinal centre B-cell disorders 23. Based on all these considerations, the markers 

recommended for additional analysis were: CD43, CD79b, CD81, CD200, CD10 & ROR1.  

For each marker in the required and recommended panels, a positive and negative control 

population that could be readily recognized in normal peripheral blood was identified, with the 

exception of ROR1 for which B-progenitors in the bone marrow are the only normal positive control. 

A minimum and recommended relative signal or stain intensity was also determined either by 

consensus or by using data from the CLL MRD project 13. The required and recommended markers 

with relevant positive and control populations and expected relative signals are shown in Table 1. 

This information was distributed to all ERIC and ESCCA members for consultation in order to confirm 

consensus.   

 



Retrospective application of the minimum required panel using the proposed specification   
The proposed required criteria were assessed retrospectively in 14,643 cases referred for diagnosis 

of a potential B-LPD from 13 centres, of which 11,721 were diagnosed with a CD5+ B-LPD. Central 

laboratories for clinical trials identified cases which had been submitted for a CLL trial, i.e. 

considered to have a diagnosis of CLL by another centre, as “trial” cases (2427/11,721) while all 

other cases were classified as “primary referral” (9294/11,721). The majority of primary referral 

cases (7379/9294, 79%) met the proposed criteria and obtained a diagnosis of CLL, while 93% 

(2267/2427) of trial cases previously considered to have a diagnosis of CLL at another centre were 

confirmed. A clear alternative diagnosis (e.g. mantle cell lymphoma) was made in 52% (1079/2075) 

of cases that did not meet the proposed criteria. For primary referrals not meeting the criteria and 

not having an alternative diagnosis, a final diagnosis of CLL was made using the diagnostic unit’s 

current practice in 23% (203/890); there was insufficient material or a multidisciplinary review was 

required to make a diagnosis in 49% (437/890), and data on the final diagnosis was not available in 

2.7% (250/890) of cases. Excluding the 250 cases without a known final diagnosis, of the remaining 

9044 primary referrals there was concordance in 97.2% (8793/9044, comprising 7379 diagnosed 

with CLL, 1025 diagnosed with another non-CLL B-LPD and 389 non-diagnostic with both 

approaches) using the reproducible criteria compared to each laboratory’s current practice. 

In trial cases, material to investigate trial eligibility was available in 2393/2427 of which 2261/2393 

met CLL criteria, with no false positive results; 126 did not meet CLL criteria of which 13/126 were 

finally classified as CLL (false negative) and included in the relevant trial, 54/126 had a clear 

alternative diagnosis and 59/126 were also considered ineligible for the trial (true negative). Based 

on cases referred for entry into a clinical trial and using each centre’s current practice, the proposed 

criteria would have a negative predictive value of 89.7% with a positive predictive value, specificity 

and sensitivity for the diagnosis of CLL of greater than 99%.   

 

Evaluation of a pilot study to assess reagent and instrument quality 
Survey participants were invited to assess the proposed specifications for the 6 markers identified as 

“required” for diagnosis. Using a simple gating strategy (Figure 2), participating centres evaluated 

ten cases with polyclonal B-cells. Data were returned from 10 participating laboratories and the 

details and performance characteristics for the individual markers used in different centres are 

shown in Table 3. Each centre used a different combination of reagents but the performance 

characteristics were optimal in 525/600 (88%) for individual reagents. Only 1/10 centres obtained 

optimal results for all 6 markers in all 10 cases. A further 4/10 centres had occasional sub-optimal 

results, in most cases likely to reflect the samples rather than instrument/reagent quality (e.g. 2 

cases with weak CD23 expression on the polyclonal B-cells at centre 4). Suboptimal results were 

identified in more than half of the cases evaluated with respect to an individual marker in 5/10 

centres. In one case this reflected a limitation of the proposed gating strategy for centres using a 

multiplex Euroflow approach (CD20 at centre 3). Several centres had borderline or sub-optimal 

results for the CD5 reagent, which may indicate that this marker requires a more stringent 

specification. The other sub-optimal results may be due to one or more of several factors (e.g., 

clone, fluorochrome, manufacturer, equipment, operating procedure) and do not necessarily relate 

to the reagent used. Optimising and standardising each component of the process can be labour-

intensive and should be specifically addressed in order to improve the overall quality of CLL 

diagnosis, even when using the most “basic” markers. The relatively simple global approach 

developed by ERIC/ESCCA to assess the CLL diagnostic panel is applicable to a variety of reagent and 

instrument suppliers and can easily identify potential problems or confirm acceptable performance 



in individual laboratories. In addition, it can be utilized in the future as the basis for a more 

homogeneous and standardized diagnostic approach in CLL, allowing cross-centre comparison and 

reproducibility both in clinical trials as well as daily diagnostic procedures.  

 

Summary 
CLL is one of the most common diagnoses made by hematology-oncology laboratories. Flow 

cytometry plays a central role in diagnosis but differential diagnosis remains an issue in a small 

proportion of cases. Due to the lack of a pathognomonic molecular abnormality in CLL there is no a 

gold-standard for its diagnosis. Also, characteristic immunophenotypic features, such as weak 

expression of surface immunoglobulin and CD20, are difficult to define in a reproducible fashion, 

thus making it difficult to ensure consistent diagnosis across laboratories.  

This study demonstrates clear consensus on the minimum set of markers required for the diagnosis 

of CLL: CD19, CD5, CD20, CD23, Kappa and Lambda. The identification of positive and negative 

control populations in normal peripheral blood, as well as uniform performance criteria facilitate the 

evaluation of the diagnostic quality and a reproducible diagnosis. The approach piloted in this study 

provides a comprehensive evaluation of the components of the diagnostic flow cytometry process 

including technical equipment and specific combinations and concentrations of reagents allowing a 

reproducibility and comparability among different laboratories. The results demonstrate that this 

goal has still to be consistently achieved, particularly with respect to the CD5 reagents. 

A further component of this project was to identify a panel of reagents that may improve differential 

diagnosis. The identification of markers that could contribute to differential diagnosis is confounded 

not only by the lack of a diagnostic gold-standard, but also because new markers are often assessed 

along with others that may also contribute to the differential diagnosis. In this regards, it is 

recommended that in addition to the minimum panel, reference centres and those involved in 

research assess CD43, CD79b, CD81 (required also for subsequent disease monitoring and  MRD 

assessment), as well as CD200, CD10 & ROR1 (useful for differential diagnosis of CLL vs. mantle cell 

lymphoma, and germinal-centre B-LPD vs. post-germinal centre B-LPD respectively) 16,23,24. This 

should provide a stable platform for evaluating the contribution of cellular markers to the diagnosis 

and prognosis in CLL.   
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Table 1: required and recommended markers for use in the diagnosis of CLL with 

reagent specification based on expression patterns in normal peripheral blood.  
 

Inclusion in 
Diagnostic 
Panel 

Antigen 

Expression 
in CLL 
(% pos vs. 
control) 

Control Population in normal 
peripheral blood 

Minimum 
relative 
fluorescence 
intensity of 
positive and 
negative 
control 
populations 
(preferred) 

Positive Negative 

R
eq

u
ir

ed
 

 

CD19 
Positive 
(>95%) 

CD20+ 
B-cells 

CD3+ 
T-cells 

≥10* 

CD5 
Positive 
(>20%) 

CD3+ 
T-cells 

CD19+ B-cells ≥30 (≥65) 

CD23 
Positive 
(>20%) 

CD23+  
B-cells 

T-cells ≥5* 

CD20 Weak 
CD19+ 
B-cells 

CD3+ 
T-cells 

≥10 (≥20) 

Igκ 
Igλ 

Weak & 
restricted  

CD20+ 
B-cells 

CD3+ 
T-cells 

≥5* 

R
ec

o
m

m
en

d
ed

 
 

CD43 
Positive 
(>20%) 

CD3+ 
T-cells 

CD20+ 
B-cells 

≥15 (≥40) 

CD79b Weak 
CD20+ 
B-cells 

CD3+ 
T-cells 

≥15 (≥30) 

CD81 Weak 
CD3+ 
T-cells 

Granulocytes ≥12 (≥20) 

CD200 
Positive 
(>20%) 

CD19+ 
B-cells 

CD3+ 
T-cells 

≥5* 

CD10 
Negative 
(<20%) 

Granulocytes T-cells ≥10* 

 ROR1 
Positive 
(>20%) 

B-progenitors T-cells ≥5* 

Definition of weak: median fluorescence intensity at least 20% (threshold based on ICSH/ISLH 
guidelines for stability 14) lower than the median expression level by normal peripheral blood B-cells 
based on a reference range determined within each laboratory          
* specifically validated 25 otherwise consensus.  
 
Required = consensus from >75% of participants. Recommended = consensus from >50% of 
participants with the following exceptions determined by the steering committee and confirmed by 
further consensus: exclusion of FMC7 (epitope of CD20)15, CD38 & CD45 (used for prognostic 
information and gating orientation but not specifically required for diagnosis), and inclusion of ROR1 
which is closely associated with CLL 9,10 but diagnostic antibodies were not widely available at the 
time of the survey. 
  



Table 2: Retrospective assessment of the proposed criteria for diagnosis of CLL 
 

 

 

  

Other 

diagnosis, e.g. 

Mantle Cell 

Lymphoma

Requires MDT 

or trial-specific 

decision

Primary 

referral
7286 5553 (76.2%) 989 (13.6%) 744 (10.2%)

Trial 2427 2267 (93.4%) 54 (2.2%) 106 (4.4%)

Meet the 

proposed 

criteria and 

diagnosed with 

CLL

Not typical for CLL

Total CD5+ B-

LPD diagnoses



Table 3: Assessment of the reagents and instrument set-up in different centres by 

evaluating the relative signal of required diagnostic markers on control samples.  
The signal for each marker on the internal positive and negative controls was determined using a 

simple gating strategy applied to ten control cases (see figure 2). The table shows the median 

relative signal (range) for the cases above the clone and fluorochrome (supplier).  

* indicates that the results were sub-optimal in one or more of the ten cases, typically reflecting 

issues with individual samples rather than instrument/reagent quality.  

** indicates that the results did not meet the specified criteria in ≥5/10 cases due to one or more of 

several factors such as clone, fluorochrome, manufacturer, equipment or operating procedures as 

well as factors related to the evaluation procedure such as a limitation in the proposed gating 

strategy with multiplex approaches (e.g. CD20 at centre 3).  

 

 

  



 

Figure 1 
The percentage of participants ranking each marker as required or recommended for evaluation in 

the diagnosis of CLL.  

 

  



 

Figure 2 
Simple gating strategy for defining positive and negative internal control populations to assess the 
relative signal on markers required for diagnosis according to the consensus criteria.  
 
 

 
 
 
  

<5% of 
T-cells

CD23+
B-cells

Mononuclear 
cell (MNC) gate

(2) Identify T-cell 
and B-cell gates

Define CD23 pos/neg threshold using T-cell 
expression and identify CD23+ B-cells

(3) Identify κ+λ- & 
κ-λ+ B-cell gates



Supplementary Data: initial survey to determine consensus markers 
 
The following questions required participants to select one option only 
1. Are you involved with CLL as a clinician or through working in a diagnostic laboratory? 

o Diagnostic laboratory only  
o Hospital clinic only  
o Both laboratory and clinic  
o Neither setting  

2. Please indicate your affiliation  
o ESCCA  
o ERIC  
o Both ESCCA and ERIC  
o Neither ESCCA or ERIC  

3. Does your institution perform flow cytometry in the diagnosis or monitoring of CLL?  
o Yes  
o No  

4. If yes, approximately how many cases (at diagnosis or follow-up) do you analyse in a week 
o <5 
o 5-20 
o >20 

5. Is flow cytometry necessary to make a diagnosis of Chronic Lymphocytic Leukemia 
o Yes 
o No 

6. Is flow cytometry alone sufficient to make a diagnosis of Chronic Lymphocytic Leukemia 
o Always 
o Sometimes 
o Never 

The following questions required participants to select one option for each marker from “Required”, 
“Recommended”, “Suggested”, “Uninformative”, “Not sure” 
7. Gating or backbone markers that are present in every tube 

o CD5 
o CD19 
o CD20 
o CD45 

8. Markers for immunophenotypic characterisation:  
o CD5 
o CD10 
o CD103 
o CD11c 
o CD19 
o CD20 
o CD22 
o CD23 
o CD24 
o CD25 
o CD27 
o CD38 
o CD39 
o CD43 
o CD45 
o CD49d 



o CD52 
o CD62L 
o CD63 
o CD79b 
o CD81 
o CD86 
o CD95 
o CD123 
o CD185 (CXCR5) 
o CD196 (CCR6) 
o CD200 
o CD305 (LAIR1) 
o FMC7 
o HLA-DR 
o IgD 
o IgG 
o IgM 
o Kappa 
o Lambda 

Other required or recommended immunophenotyping markers:  
9. If you would like to be involved in any further work to harmonise the diagnostic flow cytometry 

panels for CLL then please provide your email address below. Results will always remain 
anonymous and we will not pass your email address to any third party 

 
 


