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Novelty Statements 
1. What is the NEW aspect of your work?
• As most patients with chronic lymphocytic leukemia (CLL) are followed by watch and wait, identifying patients with CLL without need of treatment (CLL- WONT) would diminish stress 
for patients who wait and worry and enable prioritization of specialized hematology services in a public health system.

2. What is the CENTRAL finding of your work?
• We developed and validated a prognostic model (CLL- WONT) that identify more than 40% of newly diagnosed patients with a yearly risk of treatment below 2%.

3. What is (or could be) the SPECIFIC clinical relevance of your work?
• We believe that it is feasible to follow patients with CLL- WONT low risk by general practitioners without jeopardizing the safety of patients; this strategy has been implemented at our 
institution.

[Correction added on 02 June 2022, after first online publication: The copyright line was changed.]
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Abstract
Introduction: Early- stage chronic lymphocytic leukemia (CLL) challenges specialized 
management and follow- up.
Methods: We developed and validated a prognostic index to identify newly diagnosed 
patients without need of treatment (CLL- WONT) by a training/validation approach 
using data on 4708 patients. Composite scores derived from weighted hazards by 
multivariable analysis defined CLL- WONT risk groups.
Results: Age (>65 years: 1 point), Binet stage (B: 2 points), lactate dehydrogenase 
(LDH) (>205 U/L: 1 point), absolute lymphocyte count (15– 30 × 109/L: 1 point; 
>30 × 109/L; 2 points), β2- microglobulin (>4 mg/L: 1 point), IGHV mutation status 
(unmutated: 1 point), and 11q or 17p deletion (1 point) were independently associated 
with shorter time to first treatment (TTFT). Low- risk patients demonstrated 5- year 
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1  |  INTRODUC TION

Prognostication is key in managing chronic lymphocytic leukemia 
(CLL) in which up to 50% of patients will never require treatment.1,2 
The incidence of CLL is increasing, which is likely caused by an in-
creasing elderly population, increased differential count analyses in 
the general population, highly sensitive flow cytometry, and a low-
ered absolute lymphocyte count (ALC) above 5 × 109 clonal B- cells 
per L.3,4 As a result, the majority of patients (80– 87%) are diagnosed 
with early- stage disease, which challenges prognostication and in-
creases the risk of over- diagnosing CLL that is not clinically signifi-
cant.5 This includes asymptomastic patients, who may never require 
treatment for CLL and never experience increased morbidity or mor-
tality due to CLL. Overdiagnosis may potentially harm such patients 
due to the psychological distress of being monitored endlessly by 
watch and wait; too many patients also known as watch and worry.6,7 
Furthermore, administering up- front chemo-  and chemoimmuno-
therapy in patients with early- stage CLL is not superior to watch and 
wait, while even targeted agents have not (yet) demonstrated benefit 
in early- stage CLL.8– 10 Furthermore, CLL is preceded by monoclonal 
B- cell lymphocytosis (MBL) that shows a similar immune phenotype 
in peripheral blood, but with an ALC below 5 × 109 clonal B- cells per 
L. According to iwCLL guidelines, MBL does not require treatment, 
but may progress to CLL with a need for treatment in 1– 2% per year.3

Although currently developed prognostic indices have im-
proved CLL prognostication, they are mainly intended to stratify 
patients with an adverse outcome rather than identifying indo-
lent disease.11– 15 Even so, efforts to identify low- risk CLL include 
the recently proposed IPS- E index based on ALC, immunoglob-
ulin heavy variable (IGHV) gene mutational status, and palpable 
lymph nodes, demonstrating 5- year time to first treatment (TTFT) 
of 8.4% for patients identified as low risk.16 Including ALC, Binet 
stage, β- 2- microglobulin (B2M), and IGHV mutational status, a 
Belgian prognostic index (CLL- BPI) showed 100% treatment- free 
survival (TFS) at 10 years after CLL diagnosis in a small group of 
patients identified as low risk.17 As non- progressors are unlikely 
to benefit from specialized care, we addressed this unmet clinical 
need by aiming to improve identification of patients with CLL with-
out need of treatment and propose a novel prognostic index for 
this purpose (CLL- WONT).

2  |  METHODS

2.1  |  Patients and materials

We retrieved data on 4120 patients from the Danish national CLL 
register (DCLLR) and randomly sampled a training (80%; 3334 pa-
tients) and an internal validation set (20%; 786 patients) evenly 
stratified on treatment events.5 The DCLLR is a mandatory register 
that includes nationwide clinical data on nearly all Danish patients 
diagnosed with CLL since 2008 (>99% coverage) with information 
on diagnosis and clinical outcome as well as on risk factors such as 
age, gender, Binet stage, B2M, IGHV status, and fluorescence in situ 
hybridization (FISH) results for del(13q), +12, del(11q), and del(17p). 
TP53 mutational status and data on palpable lymph nodes were not 
available. In addition, LDH levels and ALC within 90 days of diagno-
sis were gathered through the PERSIMUNE (Personalised Medicine 
of Infectious Complication in Immune Deficiency) data warehouse.18 
LDH above 205 U/L was considered elevated and ALC grouped pa-
tients into low, intermediate, and high counts (<15 000, 15 000– 
30 000, and >30 000 per µl) as described by others.12

We used the Scandinavian population- based CLL (SCAN) cohort 
(373 patients), the German phase III CLL7 (GCLL7) watch, and wait 
cohort (NCT00275054; 365 patients) and a Belgian single- center 
cohort (93 patients) for external validation.9,17,19 Only patients with 
information on clinical stage and treatment were included. Fulfilling 
iwCLL treatment criteria, patients with Binet stage C were excluded 
from all cohorts (Figure 1).3

This study was approved by the Danish National Committee on 
Health Research Ethics, and the Danish Data Protection Agency. 
According to Danish legislation, retrospective register studies do not 
require written informed consent from individual patients.

2.2  |  Index score and comparison

Stepwise Cox multivariable analysis with backward elimination was 
used in the DCLLR training set to identify risk factors with independ-
ent impact on TFS. Initial variables included age, gender, Binet stage, 
LDH, ALC, B2M, IGHV status, and FISH status. To create an index 
score, risks with independent hazard ratios between 1 and 2 were 

TTFT of 2% by internal validation, but 7– 19% by external validation. Including all pa-
tients with complete scores, the 5- year TTFT was 10% for the 756 (39%) CLL- WONT 
low- risk patients, and the 704 (37%) patients who were both CLL- WONT and CLL- IPI 
low risk demonstrated even lower 5- year TTFT (8%).
Conclusion: We have adopted the CLL- WONT at an institution covering 1 800 000 
individuals to allow patients with both low- risk CLL- WONT and CLL- IPI to be managed 
by primary healthcare providers, thereby prioritizing specialized hematology services 
for patients in dire need.

K E Y W O R D S
CLL, CLL- WONT, follow up, low risk, prognostic index, therapy, watch and wait
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weighted 1 point and hazard ratios between 2 and 3 were weighted 
2 points. Next, patients scoring 0– 1, 2– 3, 4– 5, and 6– 10 points were 
assigned to low, intermediate, high, and very high risk, respectively. 
Our prognostic index identifying patients with CLL without need of 
treatment (CLL- WONT) was assessed for correlations with TFS and 
TTFT at 5 years on the independent internal test cohort and the 
external validation cohorts.

As a benchmark, we compared CLL- WONT head- to- head with 
the international prognostic index in CLL (CLL- IPI).11 In Danish pa-
tients, the CLL- IPI was modified using 4.0 mg/L as a cutoff for B2M, 
and del(17p) was the only TP53 aberration assessed.20

For TFS, patients were followed from diagnosis until treatment, 
death, or end of follow- up, whichever came first, while TTFT con-
sidered death as a competing risk. We used the area under the 
curve (AUC) at 5 years to assess stratification abilities which may be 
more appropriate when assessing a fixed time point as compared to 
Harrel’s C- statistics.21

Statistical analyses were performed with R version 3.6.0 using 
packages tidyverse, survminer, and riskRegression.22

3  |  RESULTS

3.1  |  Patient characteristics

We identified 4120 newly diagnosed patients from the DCLLR, who 
were split into a training set and an internal validation cohort of 
3334 and 786 patients, respectively. Patient characteristics, median 
follow- up times, and overall treatment incidences are summarized 
in Table 1. Following exclusion of patients with Binet stage C, most 

patients in the DCLLR cohorts were CLL- IPI low risk (57– 61%) with 
low ALC (<15 000/µl) and normal LDH levels. Patients in the exter-
nal validation cohorts, the SCAN, GCLL7, and Belgian cohorts were 
generally younger as compared to Danish patients. Patients in the 
SCAN cohort had higher ALCs and a higher rate of del(11q), while 
patients in the GCLL7 cohort were exclusively Binet stage A with 
higher LDH, but lower B2M levels. Only 23/93 (25%) patients in the 
Belgian cohort had complete CLL- IPI scores. Notably, the overall 5- 
year TTFT in the DCLLR and GCLL7 cohorts were approximately half 
that observed in the SCAN and Belgian cohorts including mainly pa-
tients diagnosed prior to 2008 (Table 1; 24– 28% vs 48– 50%).

3.2  |  Validation of a Belgian prognostic index

Initially, we sought to validate CLL- BPI in the training set. By CLL- BPI, 
693 (52%) patients were categorized as low risk compared with 1067 
(57%) patients categorized as CLL- IPI low risk. We demonstrated a 
5- year TFS and TTFT of 81% and 9% for the CLL- BPI low- risk group, 
respectively, as compared to a 5- year TFS and TTFT of 75% and 14% 
for CLL- IPI low- risk patients, respectively. CLL- BPI was thus superior 
to CLL- IPI at identifying patients at low risk of receiving treatment 
resulting in improved stratification of patients (Figure S1).

3.3  |  Developing CLL- WONT

Upon validating the CLL- BPI, we aimed to improve identifica-
tion of indolent CLL by including variables described by Galle 
et al.17 We eliminated gender as a risk by multivariable analysis and 

F I G U R E  1  Consort diagram. Patients from the Danish CLL Registry (DCLLR) were randomly sampled to create an 80% training set and a 
20% internal validation cohort. External validation was performed on the Scandinavian population- based CLL (SCAN) cohort,19 the German 
phase 3 CLL7 (GCLL7) watch and wait cohort (NCT00275054), and a Belgian single- center cohort.17 We included only patients with complete 
clinical stage and treatment data. To predict time to first treatment, patients with Binet stage C were excluded from all cohorts. CLL- IPI 
distributions are indicated below each cohort
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Variable

Cohorts

Training set
Internal 
validation SCAN GCLL7 Belgian

Age

<65 years 963 (30.5) 203 (27.5) 207 (58.3) 257 (70.4) 56 (60.2)

>65 years 2194 (69.5) 535 (72.5) 148 (41.7) 108 (29.6) 37 (39.8)

Binet stagea

A 2678 (84.8) 632 (85.6) 293 (82.5) 365 (100.0) 71 (76.3)

B 479 (15.2) 106 (14.4) 62 (17.5) 0 (0.0) 22 (23.7)

ALC

<15 × 109/L 1255 (63.9) 293 (63.7) 112 (36.7) 120 (61.9) 63 (68.5)

15– 30 × 109/L 426 (21.7) 109 (23.7) 91 (29.8) 48 (24.7) 16 (17.4)

>30 × 109/L 283 (14.4) 58 (12.6) 102 (33.4) 26 (13.4) 13 (14.1)

LDH

Normal 1362 (71.4) 322 (71.1) 222 (75.5) 71 (41.3) 77 (89.5)

Elevated 545 (28.6) 131 (28.9) 72 (24.5) 101 (58.7) 9 (10.5)

B2M

Normal 2094 (87.7) 488 (85.8) 295 (85.8) 341 (97.7) 25 (89.3)

Elevated 294 (12.3) 81 (14.2) 49 (14.2) 8 (2.3) 3 (10.7)

IGHV status

Mutated 1695 (68.5) 421 (72.3) 245 (69.0) 275 (76.4) 41 (61.2)

Unmutated 779 (31.5) 161 (27.7) 110 (31.0) 85 (23.6) 26 (38.8)

FISH status

del(13q) 1233 (44.8) 297 (47.0) 135 (46.7) 298 (82.3)b 37 (42.0)

Normal 852 (30.9) 214 (33.9) 83 (28.7) 29 (33.0)

Trisomy 12 339 (12.3) 57 (9.0) 25 (8.7) 27 (7.5) 10 (11.4)

del(11q) 184 (6.7) 33 (5.2) 35 (12.1) 28 (7.7) 8 (9.1)

del(17p) 146 (5.3) 31 (4.9) 11 (3.8) 9 (2.5) 4 (4.5)

CLL- IPI risk

Low 1067 (56.8) 269 (61.1) 212 (61.6) 254 (74.5) 15 (65.2)

Intermediate 587 (31.3) 109 (24.8) 80 (23.3) 75 (22.0) 3 (13.0)

High 182 (9.7) 55 (12.5) 41 (11.9) 11 (3.2) 5 (21.7)

Very high 41 (2.2) 7 (1.6) 11 (3.2) 1 (0.3) 0 (0.0)

Missing 1280 298 11 24 70

Median follow- up

Years (95% CI) 4.5 (4.3; 4.7) 4.2 (4.2; 
4.6)

13.0 (12.8; 
13.3)

5.0 (4.7; 5.1) 10.0 (8.1; 
10.5)

Treated atc

3 years 584 (20.3) 138 (20.5) 146 (41.5) 54 (15.4) 40 (43.4)

5 years 711 (27.7) 158 (25.7) 175 (50.0) 79 (24.0) 44 (47.9)

Note: LDH was considered elevated above 205 U/L for DCLLR and GCLL7 cohorts, but age- 
adjusted for SCAN and Belgian patients. Except in the DCLLR, B2M was considered elevated above 
3.5 mg/L.
Abbreviations: ALC, absolute lymphocyte count; B2M, β2- microglobulin; CI, confidence interval; 
CLL- IPI, international prognostic index in chronic lymphocytic leukemia; FISH, fluorescence in situ 
hybridization; IGHV, immunoglobulin heavy- chain variable region; LDH, lactate dehydrogenase.
aPatients with Binet stage C were excluded from all cohorts.
bNormal and del(13q) status inseparable.
cCumulative incidence rates.

TA B L E  1  Patient characteristics
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demonstrated an independent association with shorter TFS for 
the following parameters: age above 65 years, Binet stage B, ele-
vated LDH, elevated ALC, elevated B2M, IGHV unmutated status, 
normal FISH status, del(11q) status, and del(17p) status (Figure 2). 
Considering normal FISH status a well- established favorable prog-
nostic factor,1,11 we purposely assigned it 0 points despite a hazard 
ratio of 1.41 [95% CI; 1.08– 1.83].

Next, we tested the performance of CLL- WONT on the inter-
nal validation cohort. Among the 738 patients in the validation 
cohort, 124 (42%), 125 (42%), 37 (12%), and 11 (4%) patients were 
categorized as low, intermediate, high, and very high risk, respec-
tively. Although the proportion of CLL- WONT low- risk patients 
was considerably smaller as compared to CLL- IPI low risk (42% vs 
61%), CLL- WONT low- risk patients demonstrated improved 5- year 
TFS and TTFT (90% and 1.6%, respectively) as compared to low- risk 
CLL- IPI (76% and 9%, respectively; Figures 3A,D and 4A,D). As CLL- 
WONT includes three additional variables (ALC, LDH, and del[11q], 
all inexpensive and/or routine tests), more patients were also miss-
ing complete scores as compared to the CLL- IPI (441 [59.8%] vs 298 
[40.4%]). When restricting the analyses to patients with complete 
scores for both indices, CLL- WONT demonstrated improved strati-
fication capabilities at 5 years, while low- risk patients continued to 
demonstrate superior outcome compared with CLL- IPI (5- year TFS: 
90% vs 84%; 5- year TTFT: 2% vs 7%; Figures S2A,E and S3A,E).

3.4  |  External validation of CLL- WONT

To externally validate results, we assessed CLL- WONT in three 
independent cohorts. Benchmarked against CLL- IPI, the 73 (35%) 
CLL- WONT low- risk patients in the SCAN cohort demonstrated 
superior 5- year TFS and TTFT compared with low- risk CLL- IPI 
(77% vs 70% and 19% vs 26%, respectively; Figures 3B,E and 4B,E). 
For the 71 (46%) patients in the GCLL7 cohort with CLL- WONT 
low- risk, 5- year TFS and TTFT were 92% and 7%, respectively— 
better than for CLL- IPI (5- year TFS 86% and TTFT 13%; Figures 
3C,F and 4C,F). Due to a limited number of patients with complete 
data, validation was inconclusive in the Belgian cohort, although 
risk groups seemed to stratify as expected (Table 1, Tables S1 and 
S2 and Figures S2D,H and S3D,H). As 83 and 145 patients with 
CLL- IPI low risk from the SCAN and GCLL7, respectively, did not 
have complete CLL- WONT scores, we restricted the external vali-
dation analyses to patients with complete scores for both indices. 
Still, CLL- WONT demonstrated favorable outcomes for low- risk 
patients and better stratification capabilities (Figures S2B– D, F– H 
and S3B– D, F– H).

3.5  |  Exploring very low risk

As both 5- year overall treatment rate (50%) and CLL- WONT low- 
risk 5- year TTFT (19%) were high in SCAN patients (Table 1 and 
Figure 4), we explored whether low- risk patients could be further 
stratified. Although lowering the proportion of patients further, the 
8– 12% patients with CLL- WONT scores of zero points and thus a 
very low risk showed 5- year TFS of 100%, 91%, and 100% as well as 
5- year TTFT of 0%, 4%, and 0% in the internal validation cohort, the 
SCAN cohort and the GCLL7 cohort (Figure S4).

3.6  |  CLL- WONT in the entire cohort

Finally, we assessed TFS and TTFT for the entire cohort of 4708 
patients of whom 756 (39%), 805 (42%), 278 (14%), and 86 (4%) pa-
tients were considered CLL- WONT low, intermediate, high, and very 
high risk, respectively. For CLL- WONT low- risk patients, the 5- year 
TFS was 83% and 5- year TTFT was 10% as compared to 76% and 
15% for patients with CLL- IPI low risk, respectively, showing bet-
ter discriminative abilities across time (Figure S5). As the CLL- IPI 
already confers a well- established prognostic index,23 we stratified 
CLL- WONT based on the CLL- IPI risk groups. In all four CLL- IPI risk 
groups, CLL- WONT seemed to enable further stratification (Figure 
S6). Interestingly, we achieved the lowest 5- year TTFT of 8% in CLL- 
WONT low- risk patients who also were either CLL- BPI or CLL- IPI low 
risk (37% of 1981 patients with complete scores for all indices). This 
corresponded to an annual treatment risk of 1.7% (Figure S7). Post 
hoc analysis of immunoglobulin (Ig) levels available in 1599 Danish 
patients showed significantly decreasing IgA, IgG, and IgM levels 
with increasing CLL- WONT risk (Table S3; p < .001).

F I G U R E  2  Multivariable Cox model of CLL- WONT. Final 
model using multivariable Cox regression analysis with backward 
elimination after elimination of gender. Score for each independent 
risk indicated. ALC, absolute lymphocyte count (109 cells/L); LDH, 
lactate dehydrogenase; B2M, β- 2- microglobulin; FISH, fluorescence 
in situ hybridization; IGHV, immunoglobulin heavy variable; HR, 
hazard ratio; CI95, confidence interval of 95%
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4  |  DISCUSSION

We here present a novel prognostic index, CLL- WONT, enabling 
identification of patients with very low risk of ever requiring treat-
ment. In addition to variables included in the CLL- IPI, ALC, LDH, 
normal FISH status, and del(11q) were independent risk factors 
of TFS. Omitting the score of normal FISH status due to its well- 
established favorable prognosis,24 CLL- WONT identifies a large 
group of Danish patients (42%) in an independent validation cohort 
with a 5- year treatment incidence of only 2%. In external validation, 
35– 46% of patients were CLL- WONT low risk with 7– 19% incidence 
of treatment at 5 years from diagnosis. The lower performance of 
CLL- WONT in the SCAN cohort likely results from different diag-
nostic criteria and selection of patients toward higher risk of treat-
ment in the SCAN cohort diagnosed between 1999 and 2002. This 
is reflected in the SCAN cohort by higher ALCs and an overall 5- year 
TTFT almost twice that of the other cohorts.

Compared with the CLL- IPI, CLL- WONT demonstrated bet-
ter discriminative ability of low- risk patients who demonstrated 

improved 5- year outcomes in the individual cohorts and when as-
sessed in the entire combined cohort. Importantly, we demonstrate 
that CLL- WONT can identify patients with very low risk of treatment 
(i.e., CLL- WONT 0 points correlating with 0– 4% being treated within 
5 years) regardless of the overall treatment incidence, albeit at the 
cost of a lower proportion of patients assigned as very low risk (8– 
12%). However, to identify the largest group with the lowest risk of 
requiring treatment, CLL- WONT low- risk patients (0– 1 point), who 
were also either CLL- IPI or CLL- BPI low risk (37%), demonstrated a 
5- year treatment incidence of only 8%, when looking at the entire 
cohort.

The CLL- IPI has been validated in numerous independent co-
horts.25 Even though CLL- IPI low- risk patients have demonstrated 
5- year TFS of 74– 85%,25 we have until now been unable to identify 
patients without need of treatment or specialized care. Likewise, 
other indices such as the MD Anderson Cancer Center score and 
the Barcelona- Brno index are unable to identify ultra- indolent CLL 
cases.12,13,26 Although defining TFS as cause- specific TTFT (i.e., 
censoring upon death) and intended for patients with Rai stage 0, 

F I G U R E  3  Treatment- free survival. Treatment- free survival (TFS) by (A– C) CLL- WONT and (D– F) CLL- IPI in (A, D) the internal validation 
cohort, (B, E) the SCAN cohort, and (C, F) German CLL7 cohort (GCLL7). In low- risk patients, 5- year TFS was 90%, 77%, and 92% with CLL- 
WONT, respectively, as compared to (D- F) 76%, 70%, and 86% with CLL- IPI, respectively
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the recently published CRO score demonstrates 5- year outcome of 
88%15 as compared to CLL- WONT showing 5- year outcome of 90% 
(Table S1). By contrast, the IPS- E index assessed TTFT considering 
death as competing risk and was validated in multiple cohorts. IPS- E 
could identify a large proportion of patients with Binet stage A (55%) 
with a low 5- year TTFT of 8.4% using only three common variables: 
ALC, IGHV status, and palpable lymph nodes.16 Unfortunately, we 
were unable to compare CLL- WONT and IPS- E as data on palpable 
lymph nodes were unavailable in this study. Much like CLL- WONT, 
the German CLL1 prognostic model also included age, B2 M, IGHV 
status, del(17), del(11q), and lymphocyte doubling time in patients 
with Binet stage A; LDH was tested, but not included in this model.27 
With a 5- year TTFT of 11%, this model is another promising prog-
nostic index to predict low risk in CLL.

Although not recommended in international guidelines,3 evi-
dence supports assessment of FISH and IGHV mutational status for 
personalized follow- up already from time of diagnosis, which has 
been implemented as an option in the Danish guidelines.2 Together 
with the additional CLL- WONT variables, which are part of routine 

care, we believe that identification of patients with very indolent 
CLL may relieve patients from the psychological distress of being 
monitored as cancer patients, while probably reducing healthcare 
costs at the same time.6 Rather than worrying about the small risk 
of progression and treatment need among CLL- WONT low- risk pa-
tients, the major concern in untreated CLL is immune dysfunction.18 
While infections are mostly pronounced in elderly CLL patients, it 
should be emphasized that the risk of infection in untreated patients 
with low- risk CLL is higher but comparable to what is observed for 
MBL.18,28 Moreover, as high- count MBL and indolent CLL demon-
strate highly similar mutational landscapes, the differences between 
the two entities are few if any, except of course for the clonal lym-
phocyte count above or below 5000 per µl.29

As CLL- IPI already confers a well- established index for prognos-
tication, we propose that patients with CLL- IPI low- risk phenotype 
can be further stratified using CLL- WONT, hereby identifying CLL- 
WONT low- risk patients with true low risk of requiring treatment. 
By adding ALC, LDH, and del(11q) to CLL- IPI parameters (age, clinical 
stage, IGHV mutational status, B2M, and del[17p]), approximately 

F I G U R E  4  Cumulative incidence rate of treatment. Cumulative incidence rate of treatment (TTFT) by (A– C) the CLL- WONT and (D– F) the 
CLL- IPI in (A, D) the internal validation cohort, (B, E) the SCAN cohort, and (C, F) German CLL7 (GCLL7). In low- risk patients, 5- year TTFT 
was 2%, 19%, and 7% with CLL- WONT, respectively, as compared to (D– F) 9%, 26%, and 13% with CLL- IPI, respectively
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one- third of newly diagnosed patients can be identified with an an-
nual risk of treatment of 1.7%, for whom we recommend a yearly 
blood work- up with a general practitioner without hematological 
follow- up. Similar guidelines apply for individuals with monoclonal 
gammopathy of undetermined significance for whom a comparable 
yearly risk of progression to multiple myeloma below 2% is seen.30 In 
practice, we believe that patients with Binet stage A, CLL- IPI low risk, 
and only 1 of the following risks may be followed outside specialized 
hematological clinic: elderly, del(11q), high LDH levels or ALC below 
30 × 109/L (Figure 5). Although not included herein, further stud-
ies of newer molecular biomarkers such as recurrent mutations and 
complex cytogenetics to identify true low- risk CLL are warranted. 
Vaccination against pneumococci, seasonal influenza, and coronavi-
rus disease as well as early initiation of broad- spectrum antibiotics 
for symptoms of infection within this patient population should be 

conveyed for their care by a general practitioner.31 Although high 
Ig levels were seen in patients with low risk, we stress that patients 
with previous severe infections or adverse comorbidities should be 
considered for ongoing specialized hematological follow- up.32,33 To 
assess the risk of severe infections, algorithms such as the novel ma-
chine learning- based CLL- TIM could be applied.31,34

We recently adopted this strategy into clinical practice at our in-
stitution. To assure proper guidance for general practitioners main-
taining follow- up for those patients, they are provided with a letter 
detailing criteria for referral for hematology follow- up as well as a 
direct line to the hematologist at call for individual guidance. To fol-
low up on the real- world consequences of ending endless watch and 
wait in CLL- WONT low- risk patients, who are also CLL- IPI low risk, 
further studies are warranted before recommending this strategy in 
general (Figure 5).

F I G U R E  5  (A) Comparison of monoclonal B- cell lymphocytosis (MBL), chronic lymphocytic leukemia (CLL), and the role for CLL without 
need of treatment (CLL- WONT). (B) Proposed algorithm to end endless watch and wait in CLL. Patients who are CLL- IPI low risk should also 
be assessed by CLL- WONT post hoc, allowing identification of patients with the lowest risk to be followed by a general practitioner instead 
of specialized hematological follow- up. ALC, absolute lymphocyte count; B2M, β- 2- microglobulin; CD, cluster of differentiation; CLL- IPI, CLL 
international prognostic index; Dx, diagnosis; LDH, lactate dehydrogenase; M- CLL, IGHV mutated CLL; M- CLL, IGHV unmutated CLL

(A)

(B)
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