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Prediction of outcomes in
chronic lymphocytic leukemia
patients treated with
ibrutinib: Validation of current
prognostic models and
development of a simplified
three-factor model

To the Editor:

The current shift in the treatment paradigm from chemoimmunotherapy

(CIT) to targeted therapy complicates outcome prediction in chronic lym-

phocytic leukemia (CLL).1 Existing prognostic markers have assumed new

meanings in this treatment transition, while others have become less rele-

vant or even obsolete.2–4 Likewise, prognostic models developed during

the CIT era, namely the CLL International Prognostic Index (CLL-IPI), and

Barcelona-Brno (B-B) score, have lost part of their predictive power in the

era of targeted therapy.5–7

Nowadays, ibrutinib, the first-in-class Bruton kinase (BTK) inhibi-

tor, may claim the most extensive use in clinical practice compared to

other targeted agents.8 However, the magnitude of improvement in

progression-free survival (PFS) with ibrutinib depends on the patient

subgroup.3,4,9,10 As a result, clinicians need reliable tools to predict

outcomes in this homogeneously treated patient subset.

Two prognostic models originating from pooled analyses of ran-

domized clinical trials of ibrutinib, idelalisib, or venetoclax have

recently been developed to predict the prognosis of patients treated

with new drugs in the upfront or relapsed/refractory setting.11,12

These four-factor models share standard variables, such as serum β2-

microglobulin and lactate dehydrogenase (LDH). Moreover, the model

by Soumerai et al.11 (formally indicated as the BALL score:

β2�microglobulin, Anemia, LDH, time from the Last therapy) is com-

plemented by hemoglobin concentration and time from the start of

last therapy, whereas the model by Ahn et al.12,13 (formally indicated

as CLL4 model) is complemented by prior treatment and TP53 status.

These prognostic models provide a “globally applicable” approach
for clinical use in patients treated with targeted agents; however, a

comparative performance analysis possibly extended to models gener-

ated in the CIT era is lacking.

We analyzed a national multicenter patient cohort consisting of

338 CLL patients treated at 16 Italian hematological institutions out-

side the context of clinical trials between February 2013 and February

2019 with ibrutinib-based treatment. Of note, none of these patients

had previously received venetoclax, idelalisib or other novel agents

prior to ibrutinib. In this patient cohort, we assessed the reliability of

four well-known prognostic CLL models (the CLL-IPI, B-B, BALL, and

CLL4 scores) to predict patient clinical outcomes. Relevant endpoints,

such as PFS and overall survival (OS) rates, were analyzed in terms of

discriminatory power (such as c-Harrell), and relative goodness of fit

was assessed using Akaike information criteria ([AIC] lower is better).

PFS was defined as the time from ibrutinib starting to disease progres-

sion or death for any cause. Ibrutinib-related lymphocytosis was not

considered progressive disease (PD) if in the setting of improvement

in other disease parameters. Finally, a multivariate analysis allowed

the identification of prognostically independent factors potentially

useful for building a simplified three-factor model.

The median age of patients was 69 years (range 32–88), and 62%

were males. A cumulative illness rating scale (CIRS) score >6 (range 0–

16) was present in 57.4% of patients. Two-hundred and seventy

(79.8%) patients had been previously treated (median number of prior

therapies 2; range, 1–9) while 68 (20.1%) were treatment-naive.

According to the baseline characteristics, 173 (51.1%) patients were

in Rai stage III–IV, 148 (43.8%) had LDH values greater than upper

normal limit (UNL) and 119 (35.2%) had β2-miroglobulin values

>5 mg/L. High-risk CLL was distributed over several defined features:

(i) 11q deletion in 16.9% of patients, (ii) TP53 aberrations in 50.3%,

and (iii) unmutated immunoglobulin heavy chain (IGHV) gene status in

72.5%. Finally, early progression of disease (POD), defined as the time

from the start of last therapy <24 months, was recorded in

228 (67.5%) patients (Table S1).

After a median follow-up of 36 months (range 4–85), 80 patients

(23.6%) died, while 115 (34.0%) patients had a PFS event. One-

hundred and fifty-one (44.6%) patients discontinued treatment. The

most common reasons for ibrutinib discontinuation were PD (72/151,

47.6%), and adverse events (59/151, 39.0%). PD was evidenced as

Richter's transformation (RT) in 17 patients (5.0%). In 26 patients

(17.2%), the cause of ibrutinib discontinuation was related to death.

The 3-year PFS and OS were 70.7% (95% confidence interval [CI]:

65.6%–75.8%) and 78.1% (95% CI: 72.8%–83.4%), respectively. Risk

scores developed in patients treated with targeted agents (CLL4 score

and BALL) were applied to our cohort of patients and succeeded in

predicting OS (Figure 1A,B; p < .0001 for both) and PFS (Figure 1C,D;

p < .0001 for both). However, risk scores developed in patients treated

E176 CORRESPONDENCE

http://crossmark.crossref.org/dialog/?doi=10.1002%2Fajh.26502&domain=pdf&date_stamp=2022-02-25


with CIT (CLL-IPI and B-B score) worked only in the PFS prediction

(p = .002 for B-B and p = .01 for CLL-IPI as shown in Figure S1A,B) but

failed to predict OS (p = .07 for B-B and p = .36 for CLL-IPI as shown

in Figure S1C,D). Furthermore, a comparative performance analysis

focusing on OS confirmed the higher discriminatory capacity of the

CLL4 (c-Harrell = 0.64 [0.53–0.75]) and BALL models (c-Harrell = 0.62

[0.50–0.74]) compared to the CLL-IPI (c-Harrell = 0.56 [0.44–0.67])

and B-B (c-Harrell = 0.57 [0.46–0.68]) models.

Univariate analysis including 14 baseline factors identified nine

factors associated with an inferior PFS (namely, advanced Rai stage,

p = .001; previous therapy, p = .001; TP53 aberrations, p = .003;

IGHV unmutated, p = .031;increased β2-microglobulin levels,

F IGURE 1 PFS and OS of 338 CLL patients receiving an ibrutinib-based therapy. OS analysis of patients stratified according to the CLL4
(A) and BALL (B) models. PFS of patients stratified according to the CLL4 (C), BALL (D) scores. PFS (E) and OS (F) of patients stratified according
to a three-factor model (CLL3) (LDH, Rai stage, and time from the start of last therapy). The CLL3 score identifies three risk groups: (1) low risk
with no factor, (2) intermediate risk with one factor, and (3) high risk with two or three factors. BALL (β2�microglobulin, Anemia, LDH, time from
the Last therapy); CLL4 (TP53 aberration, prior treatment, β2-microglobulin ≥ 5 mg/L, and LDH > 250 U/L). CLL, chronic lymphocytic leukemia;
LDH, lactate dehydrogenase; OS, overall survival; PFS, progression-free survival
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p < .0001; early POD, p < .0001; LDH > UNL, p = .001; anemia,

p < .0001; and creatinine clearance <70 mL/min, p = .01). All but

two (TP53 aberrations and IGHV unmutated status) of these factors

were associated with OS in univariate analysis: advanced Rai stage,

p = .001; previous therapy, p = .001; increased β2-microglobulin

levels, p < .0001; early POD, p < .0001; LDH > UNL, p = .002; ane-

mia, p = .01; and creatinine clearance <70 mL/min (p = .001) as

shown in Table S2.

Results from PFS and OS multivariate analyses are shown in

Table S2. The three baseline factors that emerged as independently

associated with inferior PFS and inferior OS were LDH values >UNL,

Rai stage III/IV, and early POD. Noteworthy, PFS and OS probability

decreased with each incremental unfavorable factor that was signifi-

cant in the multivariate analysis (p < .0001) as shown in Figures S2

and S3. Factors that emerged significant in the multivariate analysis

were used to build a score that enabled to identify three risk groups:

(1) low-risk with no factor (n = 71, 21%) present at the start of

ibrutinib, (2) intermediate-risk with one factor (n = 135, 39.9%), and

(3) high-risk with two or three factors (n = 132, 39.0%).

We investigated the level of agreement between the three-

factor model (CLL3 score) and the CLL4 or BALL models. Results of

concordance analysis indicated a substantial agreement between the

CLL3 score and the CLL4 model (weighted k = �0.007; p = .81) as

shown in Table S3, while the same did not apply to the BALL model

(weighted k = 0.34; p < .0001) as shown in Table S4. Of note, the

CLL3 score and the CLL4 model captured a similar amount of high-

risk patients (39% and 34.3%, respectively); in contrast, only 4.1% of

patients fell into the high-risk category when classified according to

the BALL score.

PFS and OS analyses indicated the excellent predictive power of

the CLL3 model. The 3-year PFS rates for low-, intermediate-, and

high-risk groups were 86.4%, 77%, and 57.6%, respectively (p < .0001;

c-Harrell = 0.69 [0.58–0.79]) (Figure 1E), while the 3-year OS rates

were 91%, 84%, and 65%, respectively (p < .0001; c-Harrell = 0.66

[0.55–0.76]) (Figure 1F).

Finally, a comparative performance analysis carried out

according to the AIC criteria (AIC lower is better) confirmed the

validity of our model's relative goodness of fit in the OS predic-

tion. Values of AIC were better for the CLL3 score (AIC, 851.2),

with no apparent difference between the BALL (AIC, 856.7) and

the CLL4 (AIC, 858.2) scores. In contrast, a PFS comparative per-

formance analysis indicated that the CLL4 score (AIC, 928.0) fared

better than the CLL3 (AIC, 934.6) and BALL (AIC, 936.2) scores,

respectively (Table S5).

This study confirms the substantial failure of the CLL-IPI and B-B

scores to assess OS in CLL patients homogeneously treated with

ibrutinib. In contrast, both the BALL and CLL4 models provided a sat-

isfactory risk stratification with regard to OS and PFS in this multicen-

ter retrospective cohort of patients, endorsing their applicability in the

clinical management and counseling of CLL patients treated with

ibrutinib in the daily practice.

Although CLL4 and BALL scores revealed optimal discrimination

power in development studies, their performance in this validation

analysis is less remarkable.11,12 This finding is primarily due to differ-

ences between our patient cohort (i.e., only cases treated with

ibrutinib outside of clinical trials) and the patient cohort used to

develop the BALL (i.e., cases treated with CIT or with novel agents

such as ibrutinib, idelalisib, or venetoclax in six randomized clinical tri-

als or managed at the Mayo Clinic) or CLL4 score (i.e., patients treated

with ibrutinib in phase II and III trials). Of note, also with the new

CLL3 score proposed here the C-statistic threshold of 0.70 was only

approached (0.69 for PFS and 0.66 for OS). Finally, it is worth noting

that the patient cohort utilized to build this three-factor model only

contained a small proportion of CLL patients who were treated with

ibrutinib in the upfront. This is a limitation of the CLL3 score's capac-

ity to predict the clinical outcome of patients treated with ibrutinib as

first-line therapy.

Compared to the CLL4 model, the CLL3 score does not include

TP53 aberrations which still retains its predictive power in the target

therapy era.14,15 Of note, CLL3 provided a reliable risk stratification of

patients bearing (n = 170) (Figures S4A and S3B) or not (n = 168)

TP53 mutations (Figure S5A,B).

In conclusion, we are aware that there is room to improve the

quality of reporting and analysis in both prognostic model develop-

ment and external validation studies. We expect also that novel prog-

nostic models might consider specific mechanisms of CLL progression

and the risk of RT, one of the most severe complications associated

with CLL.1
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Transient receptor potential
channel vanilloid type 2 in red
cells of cannabis consumer

To the Editor:

The abundance of the transient receptor potential channel vanilloid

type 2 (TRPV2) in red blood cells (RBCs) was recently discovered,1

inciting immediate discussion on its potential physiological impor-

tance.2 TRPV2 is a reportedly mechanosensitive nonselective cation

channel with numerous properties similar to those of Piezo1.2 It has

been proposed that TRPV2 may cause the induction of storage lesions

in RBCs.2,3 Furthermore, TRPV2 channels can be activated by

cannabidiol or Δ9-tetrahydrocannabinol (Δ9-THC) and vice versa;

thus, the changes induced in RBC by the application of Δ9-THC can

be attributed to TRPV2 channel activity, which was first reported in

RBCs of TRPV2-KO mice.1

Figure 1A,B shows confocal images of the RBCs of a 29-year-old

man who participated in an initial study.1 Under control conditions

(HEPES-buffered solution), the RBCs were predominantly discocytes,

as expected for healthy donors (Figure 1A). The addition of 30 μM

Δ9-THC led to a large fraction of super-hydrated spherocytes

(Figure 1B). Another representative healthy donor, under control con-

ditions and with Δ9-THC stimulation, showed a significantly milder

response, as depicted in Figure 1C,D, respectively. This was substanti-

ated by the quantitative comparison of healthy controls (Figure 1E)

with the proband under investigation (Figure 1F). The medical history

of the donor revealed no significant findings other than regular canna-

bis consumption (smoking 2–3 g marijuana daily for several months).

Further studies were conducted in the proband and in two addi-

tional marijuana consumers with very similar smoking habits. Blood

was collected to further investigate increased RBC sensitivity to

Δ9-THC stimulation. First, we confirmed the initial result of the

super-hydrated RBCs by comparing confocal images of the three male

marijuana smokers (MS) with three age-matched male nonsmokers

(NS) (35.7 ± 1.2 vs. 36.3 ± 6.4 years; p = .9), as outlined in Figure S1.

Next, we performed a complete RBC count, in the central clinical

laboratory of Saarland University Hospital, to compare MS to

NS. Based on the confocal recordings, we expected, but did not find,

differences in the mean cellular volume (MCV) upon application of

30 μM Δ9-THC for all probands (Figure S2A). However, we found a

slight MCV increase in the MS group compared with the NS group

(Figure 1G), although, with a sample size of N = 3, this increase did

not reach the p < .05 significance level. In contrast, the RBC distribu-

tion width (RDW) was significantly different between the MS and NS

groups (Figure 1H). To explain the discrepancy between the confocal

measurements and the RBC count, we identified experimental timing

as a confounding parameter. While the cell swelling is a transient pro-

cess that is undetectable after 45 min of acute Δ9-THC stimulation (-

Figure S2B), this time limit passed within the routine handling at the

central laboratory. Furthermore, clinical cell counters are optimized

devices that provide accurate and reproducible measures, that is, the

methodological contribution to the variations in the measurements

was minimal and we are able to detect more subtle changes than with

other methods for the steady-state conditions (Figure 1G,H). Addi-

tionally, the RBC Ca2+ response was investigated in terms of Fluo-4

fluorescence intensity with acute 30 μM Δ9-THC stimulation using

flow cytometry (LSRFortessa, BD Biosciences, Franklin Lakes, NJ), and

it showed an increase in the high Ca2+ RBC fraction upon Δ9-THC

stimulation (Figure 1I,J).

Whether the heightened sensitivity of MS versus NS RBCs was

caused by hypersensitizing TRPV2 or by modulation of its expression

level during erythropoiesis was addressed by comparing MS and NS

RBCs using functional patch-clamp measurements and western blot-

ting. Figure 1K depicts a representative example of whole-cell RBCs

currents of an MS that were measured in an automated patch-clamp

robot (SynchroPatch 384, Nanion Technologies, Munich, Germany),

both with and without 30 μM Δ9-THC application. Figure S3 shows

the current changes of all responding cells, which were plotted sepa-

rately for each proband. The average differential current (difference

before and after Δ9-THC application) of the MS versus NS is plotted

in Figure 1L. These numbers present the recordings at a clamped

potential (�100 mV) and the cellular conductance under the experi-

mental (artificial but highly reproducible) patch-clamp conditions, not

reflecting the channel properties in intact RBCs at an unclamped

membrane potential. This indicates a similar cellular conductance for

MS and NS RBCs, and thus similarity in TRPV2 expression levels. Fur-

thermore, the percentage of responding cells (Figure 1M) was in the

same order of magnitude as the percentage of high Ca2+ cells outlined

in Figure 1J. The western blots based on two different TRPV2 anti-

bodies (Figure 1N,O and Figure S4) were consistent with the patch-

clamp data, showing no significant differences in expression levels

between MS and NS. Notably, unaltered TRPV2 expression levels in

RBC suggest that TRPV2 expression regulation was likely not

perturbed during erythropoiesis.

However, when compared with discocytes, the increased cross

section and the decreased deformability of overhydrated RBCs are
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