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ABSTRACT

A comprehensive panel of clinical-biological parameters was
prospectively evaluated at presentation in 112 patients with
chronic lymphocytic leukemia (<65 years), to predict the risk
of progression in early stage disease. Eighty-one percent were
in Binet stage A, 19% in stages B/C. Treatment-free survival
was evaluated as the time from diagnosis to first treatment,
death or last follow up. In univariate analysis, advanced stage,
hemoglobin, platelets, white blood cell, leukemic lymphocyte
count, raised beta 2-microglobulin and LDH, unmutated
immunoglobulin variable region genes, CD38, del(17p),
del(11q) and +12, were significantly associated with a short
treatment-free survival; the T/leukemic lymphocyte ratio was
associated with a better outcome. Multivariate analysis of
treatment-free survival in stage A patients selected a high
white blood cell count and unmutated immunoglobulin vari-
able region genes as unfavorable prognostic factors and a high
T/leukemic lymphocyte ratio as a favorable one. At diagnosis,

these parameters independently predict the risk of progres-
sion in stage A chronic lymphocytic leukemia patients.
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Introduction

Although Binet and Rai clinical staging systems for chronic
lymphocytic leukemia (CLL) remain the most powerful prog-
nosticators to identify advanced stages for which treatment-
free survival (TFS) and overall survival (OS) are usually short,
they provide no risk stratification in early stages, nowadays
the most represented at diagnosis. Binet stage A CLL patients
normally undergo clinical observation up to disease progres-
sion and treatment requirement, for a time frame ranging
from a few months up to decades."*

A number of new phenotypic, molecular and genetic
parameters in addition to the traditional clinical features have
enabled clinicians to better predict TES and OS of CLL
patients.”** However, it is still not clear which is the relative
importance of the various clinical-biological parameters in the
assessment of early stage CLL prognosis.’

In 2002, two multivariate analyses®” showed that the
immunoglobulin heavy chain variable region gene (IGHV)
mutational status, TP53 abnormalities and in one study also
del(11q)° were independent predictors of OS in stage A CLL.

On the contrary, CD38 had no significant impact. In 2003,
ZAP-70 expression was proposed as a surrogate marker of
unmutated IGHV,® although 20-30% of “discordant” cases
were recognized. Since then, a number of studies have tried
to demonstrate the superiority of a given parameter in terms
of prognostication.*"

The timing of the evaluation of these parameters is also
important, as it is now clear that genetic abnormalities can be
acquired over time."

In this study, we assessed the distribution and clinical sig-
nificance of a comprehensive panel of clinical-biological
parameters prospectively evaluated at diagnosis in all young
patients sequentially diagnosed with CLL at our institution,
focusing on their predictive impact on the progression of
early stage CLL.

Design and Methods

Patients
From November 2002 to December 2008, 112 young patients (<65
years) diagnosed with CLL at our institution were included in the
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study. There were 62 males and 50 females, with a median age of
52 years (range 29-68). Eighty-one percent were in Binet stage A,
19% were in stages B/C. Rai stage 0 was recorded in 61% of
patients, I/ in 33.5%, III/IV in 5.5%.

Clinical features included: age, gender, Binet and Rai stage,
hemoglobin (Hb), platelets (PLTs), white blood cell (WBC), lym-
phocyte counts, amount and distribution of T cells, amount of
CLL cells. Serological parameters included: beta2-microglobulin
(B2-m), LDH, IgG, IgA and IgM levels. Biological parameters
included: lymphocyte morphology, IGHV mutations, CD38, ZAP-
70 expression, cytogenetic abnormalities evaluated by fluores-
cence in situ hybridization (FISH) and TP53 gene sequencing.

Details on the immunophenotype, IGHV mutations,'*"* TP53
sequencing'® and FISH analyses” are available in the Ounline
Supplementary Appendix.

Statistics

Prognosis was evaluated as TES, calculated from the time of
diagnosis to the first treatment, death or last follow up. Since no
patient died before treatment, the TFS probability has been esti-
mated using the Kaplan-Meier method instead of the Cumulative
Incidence Estimation, considering death before treatment as com-
peting risk- and using the log rank test to evaluate differences
between factors.

The Cox’s model has been used for the multivariate analysis;
first, all factors with a clinical relevance or a statistical signifi-
cance/trend for significance (P<0.07) were included in the model;
subsequently, factors which lost significance and were considered
less important by a clinical prospective were excluded by the
model. The WBC count and the T/CLL ratio cut-off points were
estimated by means of martingale residuals.

Results and Discussion

Clinical and biological features of CLL at diagnosis

The distribution of the clinical-biological markers of all
112 patients and of 90 stage A CLL is summarized in Table
1 and Online Supplementary Table S1. We focused our study
on patients younger than 65 years because of the impor-
tance of prognostic information in individuals with a long
life expectancy, whose expected survival is more affected
by the direct effect of the disease than in older patients.”
However, our results could be applied to the entire CLL
population, as no difference related to age is reported
regarding the presence of unmutated IGHV or del(17p),°
the prognostic value of ZAP70, IGHV, CD38,” and the
CD49d expression.'® Moreover, age appears to affect more
OS than TES.>"**

Unmutated IGHV cases represented 36% of the overall
cohort and 25% of stage A CLL. CD38+ (=7 %) cases were
26% and 20%, and ZAP-70+ (=20%) were 32% and 27 %
in the two cohorts, respectively. Thus, unfavorable biolog-
ical features such as unmutated IGHV, CD38 and ZAP-70
positive expression, can be found in about one-third of
young CLL at diagnosis and not exclusively in the
advanced stages.

In contrast, prognostically adverse FISH abnormalities
are present only in a small subgroup of cases at diagnosis.
The incidence of del(17p) (cut off >20% cells) and del(11q)
(cut off >10% cells) was 2% and 8% in the entire cohort
and 0% and 6% in stage A CLL, respectively. The 11
patients with del(17p) or del(11q) all showed unmutated
IGHV, ZAP-70+ in 8 of 11 and CD38+ in 7 of 11. In the
analysis, they were pooled with the 8 trisomy 12 cases,
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Table 1. Biological and clinical characteristics of 112 CLL at diagnosis.

Characteristics at diagnosis All cases Stage A
(N=112) (N=90)
Biological variables

IGHV mutated (<98%) 70/109 (64.2) 67/89 (75.3)
N (%)

IGHV unmutated (>98%) 39/109 (35.8) 22/89 (24.7)
N (%)

Del(17p) >20% 2111 (1.8) 0(0)
N (%)

Del(11q) >10% 9111 (8.1) 5/90 (5.6)
N (%)

+12 >5% 8/111 (7.2) 5/90 (5.6)
N (%)

Del(13q) >5% isolated 61/111 (55.0) 55/90 (61.1)
N (%)

Normal FISH (none of the above) 31111 (27.9) 25/90 (21.8)
N (%)

TP53 mutation H111 (3.6) 2/90 (2.2)
N (%)

TP53 inactivation by mutation and/or deletion  6/111 (5.4) 2/90 (2.2)
wN (%)

CD38 =7% 29/111 (26.1) 18/90 (20.0)
wN (%)

CD38 =30% 21/111 (19) 12/90 (13.3)
N (%)

ZAP-70 =220% 34/107 (31.8) 23/86 (26.7)
N (%)

ZAP-70 =10% 41/107 (38.3) 25/86 (29.1)
N (%)

Atypical morphology 27111 (24.3) 17/90 (18.9)
N (%)
Characteristics at diagnosis All cases

(N=112)
Clinical variables

Age 52 (29-68) 53 (29-62)
median (range)

Hb (g/dL) 14 (7.5-16.9) 14.2 (11.4-16.9)
median (range)

PLTs (x10L) 213 (47-406) 219 (111-406)
median (range)

WBC (x10%L) 184 (5.8-236.6)  16.9 (5.79-101.1)
median (range)

Lymphocytes (x10%L) 11.7 (2.7-232) 11.1 (2.74-94)
median (range)

CLL lymphocytes (x10%L) 8.8 (1.7-224.9) 8.6 (1.7-86.5)
median (range)

CD3* cells (x10%L) 1.9 (0.37-16.6) 1.9 (0.38-3.76)
median (range)

CD4/CD8 (<1) 3107 (2.8) 3/88 (3.4)

median (range)

T/CLL lymphocytes ratio
median (range)

0.18 (0.01-1.09)

0.19 (0.01-1.09)

Gender: Male 62/112 (55.4) 50/90 (55.6)
N (%)
Rai stage /N (%)
0 68/111 (61.3) 68/90 (75.6)
I 22111 (19.8) 17/90 (18.9)
I 15/111 (13.5) 5/90 (5.5)
11 2111 (1.8) -
\% H111 (3.6)

continued on the next page
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‘ continued from the previous page
Binet stage n/N (%)
A 90/111 (81.1) 90 (100)
B 15111 (135) -
© 6/111 (5.4) -
Raised p2-m (>3400 ng/L) 5/109 (4.6) 1188 (1.1)
N (%)
Raised LDH (>190 U/L) 19111 (17.1) 6/89 (6.7)
N (%)
Hypo IgG (<700 mg/dL) 22/105 (21.0) 14/86 (16.3)
N (%)
Hypo IgA (<70 mg/dL) 18/105 (17.1) 12/86 (14.0)
N (%)
Hypo IgM (<40 mg/dL) 42/105 (40.0)  31/86 (36.0)
N (%)

because of their small number.

TP53 mutation was present in 4 cases (3.6%), 2 in stage
A: 3 showed unmutated IGHV and del(17p), and one
mutated IGHV and no del(17p).

There was no difference in median WBC count at pres-
entation between the entire cohort and stage A CLL, being
18.4 and 17x10°/L, respectively. The median number of
total lymphocytes, CLL cells, and T cells was 11.7 and
11.1x10°/L, 8.8 and 8.6x10°/L, and 1.9 and 1.9x10°L,
respectively, in the two groups.

It is notable that raised $2-m and LDH levels were pres-
ent only in 5% and 17% of the entire cohort, and in 1%
and 7% of stage A CLL, questioning the real utility of 2-
m in identifying early stage CLL at high risk of progres-
sion. Hypogammaglobulinemia was present in a large pro-
portion of patients (Table 1).

Risk factors for TFS in univariate analysis

The relevance of clinical and biological markers as pre-
dictors of TFS was investigated in univariate and multi-
variate analysis. During the follow up (median 35.4
months, range 1.1-93.8), 46 patients (41%) underwent
treatment. The median TFS was 45.2 months (Online
Supplementary Figure S1) in the entire cohort and 62.4
months in stage A CLL.

In univariate analysis (Online Supplementary Table S2),
the following variables were associated with a short TFS:
advanced stage Binet B/C and Rai intermediate/high
(<0.0001), Hb, PLTs, WBC count (<0.0001) as continuous
variables, raised B2-m (<0.0001) and LDH (<0.0001),
unmutated IGHV (<0.0001), CD38" (<0.0001), adverse
cytogenetic abnormalities (del(17p)>20%, del(11q)>10%,
+12) (<0.0001). The absolute CLL lymphocyte count was
also a significant adverse prognostic parameter (<0.0001),
reflecting the impact of disease burden, while the T/CLL
lymphocyte ratio was a significant favorable variable
(0.0004). The T-lymphocyte count showed a strong posi-
tive correlation with the WBC (Pearson’s correlation coef-
ficient=0.68347, P<0.0001) and was not included in the
analysis.

Atypical CLL morphology and ZAP-70+ (=20%) were
not significant (P 0.07 for both), as well as gender, age,
hypo IgG and the CD4/CD8 ratio. The CD4/CD8 ratio
was inverted only in 3 cases.

Particularly, TES was significantly shorter in cases with
unmutated versus mutated IGHV (at 36 months, 24.8%
and 77%, respectively P<0.0001) (Figure 1A) and CD38*
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Figure 1. (A) TFS in CLL patients according to the IGHV mutational
status. TFS of 39 IGHV unmutated and 70 IGHV mutated CLL
patients. (B) TFS in CLL patients according to the WBC count. TFS of
33 CLL patients with a WBC =30x10°/L and 79 with a WBC
<30x10°/L. (C) TFS in CLL patients according to T/CLL ratio. TFS of
62 CLL patients with a T/CLL ratio <0.2 and 50 with a T/CLL ratio
>0.2.

versus CD38- (at 36 months 32.5% vs. 67.9%, P<0.0001)
(Online Supplementary Figure S2).

Cases with del(17p) (>20% cells) or del(11q) (>10%
cells) had a TFS at 36 months of 0% and 15.6% versus
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Table 2. Multivariate Cox’s regression analysis of TFS in stage A CLL.
Model 1: results from a multivariate analysis including WBC count,
T/CLL lymphocyte ratio (as continuous variables), LDH, IGHV mutation
status. Model 2: multivariate analysis excluding the WBC count. Model
3: multivariate analysis excluding the IGHV mutational status (“simpli-
fied” prognostic model).

Model 1
Variable Hazard Ratio (95% CI) P value
WBC x10%L 1.052 (1.022-1.082) 0.0005
LDH: pos vs. neg 3.212 (0.651-15.851) 0.1519
T/CLL ratio 0.105 (0.002-5.079) 0.2544
IGHV:
unmutated vs. mutated 2.713 (1.146-6.42) 0.0232
Model 2
Variable Hazard Ratio (95% Cl) P value
T/CLL ratio 0.001 (0.000-0.047) 0.001
LDH: pos us. neg 2.82 (0.569-13.99) 0.2045
IGHV:
unmutated os. mutated 3.057 (1.302-7.178) 0.0103
Model 3
Variable Hazard Ratio (95% CI) P value
WBC x10%L 1.053 (1.025-1.082) 0.0002
LDH: pos vs. neg 5.147 (1.108-23.906) 0.0365
T/CLL ratio 0.095 (0.002-4.949) 0.2430

41.7% for cases with +12, 66% for cases with no abnor-
malities and 66.4% for cases with del(13q) (P<0.0001)
(Online Supplementary Figure S3). FISH abnormalities eval-
uated with a lower laboratory cut off were much less sig-
nificant (P 0.0121), as patients with del(17p)>5% had a
TES at 36 months of 77.5% (median 47.1 months). Thus,
we prefer to consider the higher cut off for prognostic pur-
poses related to TFS.

We also explored different cut-off points for ZAP-70 and
CD38 expression. ZAP-70 10% or more, present in 38.3%
of cases, was more significant for TES (P 0.0021) than
ZAP-7020% or more. The CD38 30% or more was as sig-
nificant as 7% or more for TFS, but present only in 19%
of all cases and in 13% of stage A, as previously
described.”

The results of this univariate analysis are mostly in
agreement with other published results, with the excep-
tion of ZAP-70.

Multivariate analysis of TFS in stage A CLL

The multivariate analysis of TFS was focused on the 90
patients with Binet stage A, those for whom the predic-
tion of progression is most relevant, and included age,
WBC count, Hb, PLTS, T/CLL lymphocyte ratio (as con-
tinuous variables), LDH, morphology, ZAP-70 and CD38
expression, IGHV mutations and FISH (del(13q) vs. normal
vs. tris12+del(17p)>20%+del(11q)>10%).

High WBC count and unmutated IGHV were shown to
be independent unfavorable prognostic factors (Table 2,
model 1). From this model, we excluded the WBC count
to verify whether this parameter could show a masking
effect on the T/CLL lymphocyte ratio, due to the strong
correlation between these variables. Excluding the WBC, a
high T/CLL ratio was significantly associated with a better
outcome (Table 2, model 2); the IGHV status was still sig-

nificant.

We also performed a multivariate analysis excluding
the IGHV status to identify a “simplified” prognostic
model. WBC count and LDH emerged as the independ-
ent prognostic parameters of TES (Table 2, model 3) in
stage A CLL; this model could be easily employed in
developing countries or wherever molecular biology
facilities are not available.

Thus, we searched for a significant cut-off point for
WBC and T/CLL ratio. A WBC count greater than
30x10%/L and T/CLL ratio less than 0.2 significantly iden-
tified patients with a short TES (Figure 1B and C).

Excluding the WBC and T/CLL lymphocyte ratio and
considering the absolute CLL cell number, the latter was
an unfavorable significant factor in both the entire cohort
(HR: 1.014, 95%CI: 1.002-1.026; P=0.0246) and in stage
A cases (HR: 1.069, 95%CI: 1.039-1.099; P=<0.0001; data
not shown).

The WBC count is always an independent prognostic
marker in multivariate analysis including purely clinical®”
*" or clinical-biological parameters of CLL.® However, this
simple measure of tumor burden is often not considered,
in contrast to the prognostic studies in acute leukemias,
where it is invariably included. Our WBC cut off of
30x10%/L is a more than reasonable proposal when com-
pared to the 30x10°/L lymphocyte count limit which
characterizes the “smoldering CLL” or the A’ and A”
subgroups,* as well as the other proposed risk categories
to stratify CLL patients.'”” Our results on the T-cell com-
partment are strengthened by recent similar observa-
tions® underlining the importance of the non-malignant
host immune compartment in the evolution of the dis-
ease. In our study, neither ZAP-70, CD38 (with both cut-
off values) nor FISH showed an independent prognostic
value, whilst the significant impact of IGHV was rein-
forced.®” The scarce number of stage A CLL with del(17p)
or del(11q) might account for the lack of significance of
cytogenetics in our series. Whilst CD38 does not retain
an independent prognostic value when IGHV mutations
or other markers are considered,”””'*'® the value of ZAP-
70 is proven by some studies,” but not by ours or by oth-
ers."

Our findings have some limitations. First, a longer fol-
low up is necessary to further validate our prognostic
model as predictor of progression and survival for stage
A CLL. Second, our sample size is relatively small and
our results represent a proposal that needs to be con-
firmed in independent larger series. The topic is of inter-
est, as witnessed by the recent efforts of the MDACC"
to define a widely applicable CLL prognostic index based
on the clinical variables of age, gender, f2-m, lympho-
cyte count, stage and number of involved lymph nodal
groups (independently validated by the Mayo Clinic®
and the Italian GIMEMA group®) and by ongoing
European prospective studies on stage A CLL prognosti-
cation based on clinical and biological markers.

In conclusion, in a young patient with stage A CLL
diagnosis, the IGHV mutational status, WBC count and
T/CLL lymphocyte ratio are the most important param-
eters to predict TES. Our results meet the need to divide
CLL Binet stage A patients into different prognostic
groups and may question the utility of performing FISH
analysis in the work-up of these patients at first diagno-
sis, rather than at progression before treatment, as stated
in the new IWCLL guidelines.”
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