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Abstract Introduction Chronic lymphocytic leukemia (CLL) is the commonest hematological
malignancy in the West but is relatively uncommon in India. The prognosis of CLL is
determined by well-established prognostic markers. CD49d has been emerging as a
promising prognostic marker in CLL. CD49d expression in CLL has been found to have
an aggressive clinical course, shorter time to first treatment, and poorer prognosis. The
aim of this study was to analyze the flow cytometric expression of CD49d in newly
diagnosed CLL and to correlate its expression with clinico-hematological parameters.
Materials and Methods Twenty-five consecutive patients of CLL, diagnosed on flow
cytometry, were included in the study. Patients on treatment or those with relapse
were excluded. The panel for flow cytometry included the routine markers used for CLL
diagnosis along with CD49d. The expression of CD49d was correlated with clinico-
hematological parameters in all patients. “R” software was used for the statistical
analysis. Fisher’s exact test and Wilcox test were used to assess the correlation of
CD49d to categorical and continuous data, respectively.
Results Themean age of the patients was 62.6� 12.5 years, and 80%were symptomatic
at diagnosis. CD49d expression was found in 44% cases, with a higher proportion being
male patients. CD49d and prolymphocyte percentage showed a statistically significant
correlation (p¼0.0007). We found a statistically significant correlation between CD49d
expression and lymphadenopathy and splenomegaly with p-values of 0.033 and 0.0472,
respectively. CD49d positivity correlated significantly with a higher Rai stage (p¼0.0196)
and intermediate and high-risk cases according to Binet staging (p¼ 0.033).
Conclusion CD49d expression in the present study correlated with a higher prolym-
phocyte percentage, lymphadenopathy, splenomegaly, and higher Rai and Binet
stages. CD49d expression on flow cytometry was reproducible and easy to interpret.
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Introduction

Chronic lymphocytic leukemia (CLL) is a clonal hematologi-
cal disorder characterized by the proliferation of mature
small B-lymphocytes (CD5, CD19, and CD23 positive), in the
peripheral blood, lymphoid organs, and bone marrow.1 It is
the most common hematological malignancy in the western
world, accounting for 25 to 30% of all hematological malig-
nancies, but is much rarer in the Indian subcontinent, with a
reported incidence of 1.7 to 8.8%.2 The prognosis of CLL is
determined by well-established parameters such as
Rai/Binet staging, hematological parameters, antigenic ex-
pression, and genetic factors.1,3,4 Relatively newer param-
eters like immunoglobulin heavy-chain variable region
(IGHV) gene mutation status, presence of p53 mutation,
ZAP-70 and CD38 expression, and cytogenetic abnormalities
have also been found to predict disease progression, thera-
peutic outcomes, and overall survival in patients with early
stages of CLL.1,5,6

There is considerable heterogeneity in clinical progres-
sion and survival of patients belonging to the same stage of
CLL, with some requiring treatment immediately, while the
others do well without treatment for long durations after
diagnosis.3,4 This unpredictability in clinical advancement
has led to active research to determine disease markers
which can identify patients who are likely to follow an
aggressive course and, therefore, require treatment earlier.
CD49d is one such marker, which has been postulated as a
promising predictor of disease progression in CLL. It is
expressed in around 40% cases of CLL and has been associated
with an aggressive clinical course, reduced overall survival,
and shorter time to first treatment.7 The current study was
conducted to study the expression of CD49d in patients with
CLL and to correlate its expression with the other well-
established clinico-hematological parameters.

Materials and Methods

The present study was an observational, prospective study
conducted at a tertiary care center in Uttarakhand, India,
from January 2019 to March 2020. Twenty-five patients
diagnosed with CLL on flow cytometry were included in
the study. The study was started after due approval from the
Institutional Ethics Committee. Informed written consent
was obtained from all the patients included in the study. All
flow-cytometry-proven new cases of CLL were included in
the study. Patients who were on treatment or patients who
had relapsed were excluded from the study.

Clinical details of these patients including presenting
symptoms, age, gender, clinical stage (Rai/Binet), lymphade-
nopathy, and organomegaly were recorded. Hematological
parameters like hemoglobin (Hb), total leukocyte count
(TLC), absolute lymphocyte count (ALC), percentage of lym-
phocytes, and platelet count were noted. Leishman-stained
peripheral smears were examined to record differential
leukocyte count, percentage of prolymphocytes, and the
presence or absence of atypical morphology. Relevant bio-
chemical laboratory results were also recorded.

Flow cytometry was performed using 3mL peripheral
blood sample collected in an ethylenediaminetetraacetic
acid vial. The panel of antibodies studied on flow cytometry
included CD45, CD19, CD5, CD23, CD49d, s-Kappa, s-Lambda,
ZAP-70, FMC-7, CD38, CD20, CD34, and HLA-DR. The sample
preparation method as standardized in the laboratory was
followed. Data analysis was done using FACS Diva software
provided by BD Biosciences. Cells with low side scatter and
bright CD45 expression were gated as lymphocytes. The
gated cells of interest were studied for the expression of
other markers. Immunoexpression of CD19, CD23, and CD5
was assessed, and cases showing co-expression of these
markers were diagnosed as CLL.1 The tumor cells were
assessed for the expression of CD49d, FMC7, CD38 (in 13
cases), and ZAP-70 (in seven cases). The marker expression
was recorded as negative or positive (dim, moderate, or
bright). Reactivity by T lymphocytes was used as an internal
positive control for CD49d and ZAP-70.8–10 ZAP-70 and
CD49d were considered positive if immunoexpression was
present in more than 20% and 30% of the tumor cells,
respectively.7,11–15 B lymphocytes were used as internal
controls for CD19 and CD20.

Statistical analysis: “R” software was used for the statisti-
cal calculations. Fisher’s exact test was used to assess the
correlation of CD49d to categorical data, like gender, Rai and
Binet staging, lymphadenopathy, splenomegaly, hepatomeg-
aly, and CD38 expression. TheWilcox test was used to assess
the correlation of CD49d to continuous data, like age, TLC,
ALC, Hb levels, platelet count, and prolymphocyte
percentage.

Results

Patient characteristics: The study included 25 consecutive
cases of CLL diagnosed on flow cytometry. There were 18
males and seven female patients in the study,with amale-to-
female (M:F) ratio of 2.6:1. The age of the patients ranged
from 38 to 96 years, with amean age of 62.6�12.5 years and
median age of 65 years. Twenty-four percent of the patients
were less than 55 years of age. The majority of the patients
(80%) were symptomatic, while only 20% cases were asymp-
tomatic at diagnosis. Lymphadenopathy, splenomegaly, and
hepatomegaly were found in 64, 52, and 20% of the cases,
respectively.

Clinical staging: According to modified Rai staging, 24% of
our cases were in the low-risk group (stage 0), 32% cases in
the intermediate-risk group (two cases in stage 1 and six
cases in stage 2), and 44% cases in the high-risk group (three
in stage 3 and eight in stage 4). As per Binet staging, 32% of
our cases were in the low-risk group (stage A), 28% cases in
the intermediate-risk group (Stage B), and 44% cases in the
high-risk group (stage C). The detailed distribution of the
cases according to the staging systems is given in ►Table 1.

Hematological parameters: The mean TLC in the present
study was 68,070 cells/µL andmean ALC was 60,741 cells/µL.
All the females included in the study had the TLC of less than
100,000 cells/µL. One patient had a lymphocyte doubling
time of 3 months. None of the other patients showed
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doubling of ALC during the study period. The median Hb in
our patients was 11.8 gm/dL (3.3–13.9), and the median
platelet count was 132,000 cells/µL (11,000–273,000). The
details of the hematological parameters are given
in ►Table 2.

Morphological features: The majority of the cases (92%)
showed the typicalmorphology of CLL (►Fig. 1a,b). Only two
patients (8%) showed atypicalmorphology (►Fig. 1c), both of
which expressed CD49d, while one also expressed FMC-7.
Two patients (8%) were diagnosed as CLL-prolymphocytic
leukemia (PLL) (►Fig. 1d), with prolymphocyte values of 17%
(stage 2/B) and 22% (stage 4/C). Rest of the 23 cases had a
prolymphocyte count of less than 10%. There was no case of
PLL in our study. Bonemarrow examinationwas done in only
5 out of 25 patients: two cases showed a diffuse pattern of
infiltration and two showed a mixed interstitial and diffuse
pattern of infiltration. One case showed a nodular and
interstitial pattern of infiltration.

Flow cytometric immunophenotyping: Eighty-eight percent
of the patients (22 out of 25) expressed the typical immuno-
phenotype of CLL with bright CD19 positivity and moderate to
bright co-expression of CD5 and CD23 (►Fig. 2). CD49d expres-
sion was assessed in all 25 cases, with 44% (11 out of 25) cases
showing positivity (►Fig. 3). Immunophenotypic aberrancies
were detected in 3 out of 25 cases (12%), whichwere as follows:
one case was negative for CD5, two cases showed FMC7
positivity, and one of these had dim CD5 expression.

Correlation of CD49dwith Other Parameters

CD49dexpression showedastatistically significantcorrelation
with prolymphocyte percentage, with a p-value of 0.0007.

There were two cases of CLL-PLL and both were positive for
CD49d. A statistically significant correlation was found be-
tween CD49d positivity and higher Rai staging, with a p-value
of 0.0196.While assessing the Binet staging,we classified low-
risk cases as one category and intermediate- and high-risk
cases together as the second category. CD49d expression was
found to have a statistically significant correlation with the
intermediate and high-risk cases with a p-value of 0.033.

Table 2 The range of hematological values obtained in cases of CLL along with mean and standard deviation (SD)

Parameter Minimum value observed Maximum value observed Mean (SD)

TLC (cells/µL) 11,760 263,290 68,070 (55,388)

ALC (cells/µL) 6,585 255,390 60,741 (54,484)

Hemoglobin (gm/dL) 3.3 13.0 10.66 (2.9)

Platelet (cells/µL) 11,000 273,000 125,932 (71,705)

Prolymphocyte % 1 22 4.88

Abbreviations: ALC, absolute lymphocyte count; TLC, total leukocyte count.

Table 1 Distribution of patients according to modified Rai and Binet staging

Number of patients

Modified Rai staging Binet staging

Risk group Stage Male Female Total Stage Male Female Total

Low 0 4 2 6 A 4 4 8

Intermediate Stage 1 0 2 2 B 6 1 7

Stage 2 5 1 6

High Stage 3 3 0 3 C 8 2 10

Stage 4 6 2 8

Total 18 7 25 18 7 25

Fig. 1 Peripheral smear showing typical morphology of CLL in (A) and
(B): with (A) lymphocytosis, occasional prolymphocytes, and an
increased number of smudge cells (�400, Leishman stain), (B) smear
shows lymphocytosis and many smudge cells (�1,000, Leishman
stain). (C) Cells showing atypical morphology with nuclear folds and
clefts, binucleate cells, cleaved nuclei, buttock-shaped cells and
flower-shaped nucleus, in some cells. This case expressed CD49d
(�1,000, Leishman stain). (D) CLL/PLL: Peripheral smears showing few
prolymphocytes, inset shows a prolymphocyte.
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We found a statistically significant correlation between
CD49d expression and lymphadenopathy and splenomegaly
(p¼0.033 and 0.0472, respectively). Hepatomegaly and
CD49d correlation showed a p-value of 0.1333; however,
the odds ratiowas 6.84. CD49dwas positive in 14.3% (one out
of seven) females and 55.5% (10 out of 18) males, showing
that a higher proportion of male patients had CD49d posi-
tivity; however, this finding was not statistically significant.
CD49d-positive patients had lower median Hb levels
(p¼0.68) and higher TLC and ALC compared to CD49d-
negative patients, however; these were not statistically
significant. Therewas no correlation between CD49d expres-
sion and platelet count (p¼0.84).

The expression of CD38 could be assessed in only 13 cases,
and its correlation with CD49d expression showed a p-value
of 0.069. Similarly, ZAP-70 expression could be studied in
only seven patients. Since the number of patients in whom
these two markers could be assessed was small, the statisti-
cal association of these twomarkerswith CD49d could not be
ascertained.

Molecular findings: Molecular tests were done only in four
patients. One patient had CLL with Evan’s syndrome, who
showed IGHV-unmutated status, TP53 mutation and ATM
mutation, CD49d positivity, and ZAP-70 negativity.

The second patient had trisomy 12 and showed bright
positivity for CD49d on flow cytometry. Del 13q14 was
positive in two patients, one belonging to stage 0/A with
CD49d negativity, while other belonging to stage 2/B with
positive CD49d expression. Owing to the absence of cyto-
genetic details in the majority of the patients, these features
could not be assessed for statistical significance.

Discussion

CLL is the most common hematological malignancy in the
western world but is much rarer in the Indian subconti-
nent.1,2 There is limited literature on the clinico-hematolog-
ical profile and the biology of CLL in Indian patients. The
available Indian data show significant differences from the
western patients, with respect to demographic, clinical, and
hematological features of CLL. Even thoughmale predilection
is well known in CLL, the M:F ratio has been found to be
higher in the Indian population. The median age of presen-
tation is lower in India (59–64 years) than that in thewestern

Fig. 2 Flow cytometric immunophenotyping of a classical CLL case.
(A) Cells of interest (red) showing bright CD45 expression and low side
scatter. (B) Cells of interest have been gated (red) using bright CD19
expression and (C) low side scatter cells. These cells show co-
expression of CD5 and CD23 and are (D) negative for FMC7 and (E)
lack ZAP-70 expression. (F) The neoplastic cells show kappa (light
chain) restriction proving monoclonality.

Fig. 3 CD49d expression in CLL (A) cells of interest (gated red) showing
bright CD19 expression and positive CD49d expression. (B) The same
case showing dual positivity of CD5 and CD23 in the neoplastic cells.
(C) Another case showing bright CD19 expression in the cells of
interest, with 35% of these cells showing moderate CD49d expression
(blue). (D) The same case showing dual positivity for CD5 and CD23 in
the neoplastic cells. (E) Scatter plots of a case showing bright CD19
expression and negative CD49d expression, while (F) the cells co-
express CD5 and CD23.
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countries (70 years).1,2,16–21Whilemost of the patients from
the west are asymptomatic at diagnosis,1 the proportion of
asymptomatic patients in India is reportedly lower, ranging
from 7.5 to 22%.18,20 This finding could be attributed to the
well-developed screening programs in thewestern countries
as compared to India. Lymphadenopathy, the most common
clinical sign associated with CLL, has been reported in 50 to
90% of patients, both in the west and India.3,4,18,20 Spleno-
megaly and hepatomegaly showaworldwide incidence of 25
to 50% and 15 to 25%3,4 but are found in a remarkably higher
proportion of Indian patients, with a reported incidence of
50 to 66% and 40 to 63%, respectively.18,20 Studies from the
west have shown a higher number of cases presenting in the
low-risk group,3,4 while Indian studies have shown a higher
proportion of cases in the intermediate- and high-risk
groups.2,18,20 In the present study, the demographic and
clinical findings of CLL were in accordance with the pub-
lished Indian data, except for the trend of hepatomegaly
which was found to be much lower.

Western studies on CLL patients have documented a
higher median Hb value of 13.5 to 14gm/dL as compared
to Indian data (median Hb of 11.3–11.5 gm/dL). The lower Hb
values in Indian studies could be attributed to the presence of
coexisting nutritional anemia.2,18,20,22,23 In terms of TLC,
ALC, and platelet counts, the findings of our study are similar
to the reported Indian data, which report a TLC ranging
from 50,000 to 70,000 cells/µL, ALC ranging from 40,000 to
50,000 cells/µL, and median platelet counts of 150,000 cells/
µL. The reported incidence of atypical morphology in CLL
ranges from 7 to 10%.21,24,25 We found atypical morphology
in only 8% of the cases, which concurs with the reported
literature. Atypical morphology in CLL has been found to be
associated with underlying trisomy 12.24,26

CLL has many prognostic indicators, including clinical
features, antigenic, and molecular properties. CD49d is a
new marker, which has been gaining eminence as an impor-
tant marker in CLL.7,13 Recent studies from the west have
reported its utility as an independent prognostic marker in
CLL; however, the Indian literature on the same is limit-
ed.1,7,13,14,27 CD49d is an adhesionmolecule belonging to the
integrin family and is also known as integrin-4 alpha chain. It
shows very high expression in normal circulating B cells,
moderate expression in T cells, and positivity in monocytes
in some cases.10 The expression of CD49d varies between
normal peripheral B cells and neoplastic cells of CLL.23,28

CD49d expression has been found to be significantly higher
in high-risk cases of CLL or in cases showing a faster progres-
sion to higher stages.13,14,22

The flow cytometric expression of CLL shows a clear-cut
positivity or negativity, with very rare cases falling in the
borderline zone. This inherent property of CD49d makes it a
more suitable prognostic marker, which is easily interpret-
able, as compared to other markers whose expression values
are usually distributed around the cut-off and borderline
grey zone.7,13We found it very simple to interpret the CD49d
expression in our cases and found its interpretation to be
reproducible when assessed independently by two different
pathologists. An added benefit of CD49d expression is the

stability of its expression, which is retained throughout the
course of the disease, thus allowing the reliable evaluation of
its expression at any point during the course of the disease
before treatment.7,15

The expression of CD49d has been reported in around 40%
cases of CLL,7,13,14 and we found its expression in 44% of our
cases. There are very few studies on CD49d expression from
India. Gogia et al reported CD49d expression in 50% of their
cases.19 Studies published recently have not shown any
association between gender and CD49d expression.7,22,29

Even thoughwe did not find a statistical association between
the above, our study clearly shows a higher proportion of
male patients showing CD49d positivity.

Various studies have assessed the correlation between
CD49d expression and clinical stage in CLL (►Table 3) and
have concluded that cases in higher stages show higher
CD49d expression.7,13,14,22 In most studies, stages were
assessed taking low-risk stage as one group and intermedi-
ate- and high-risk stage together as a second group,30 which
we also followed. We found a statistically significant corre-
lation between CD49d positivity and higher Rai stages and
CD49d expression with intermediate and high-risk cases as
per Binet staging. Rossi et al found CD49d positivity in the
early stage of CLL to be associated with poor prognosis and
faster conversion to higher stages.31We could not assess this
association due to the limited duration of the study and the
coronavirus disease 2019 (COVID-19) pandemic, wherein
patients could not be followed up. Patients with high
CD49d expression have also been found to have a signifi-
cantly shorter time to develop the doubling of ALC.13,31

While studying these correlations in the present study,we
observed that none of the cases in low-risk group in Rai
staging was positive for CD49d and only one case in Binet
staging low-risk group expressed CD49d. However, a linear
correlation between the Rai and Binet stages and CD49d
expression was not obtained. In other words, there was no
increase in the percentage of positive cases as the stages
progressed higher from stage 1 to 4, and A to C, respectively.
While studying for the presence of linear correlation by
categorizing into low, intermediate, and high-risk groups,
the statistical significance of correlation between CD49d and
Rai stagewasmaintained (p¼0.0456), while that of the Binet
stage was lost (p¼0.0627). When the Rai stage was assessed
by considering all the five stages as different categories, the
statistical significance was lost, with the p-value changing to
0.1006. This can be attributed to the fact that the sample size
was low and the distribution of patients in different stages
was highly varied.

CD49d expression has not been found to have any corre-
lation with age, Hb levels, and platelet counts.7,22,23,29 In
terms of TLC and ALC, there is a varied opinion, with some
studies reporting that patients with a higher CD49d expres-
sion have lower TLC and ALC22,23 while others have reported
this association to be statistically insignificant.29 Even
though we found CD49d-positive cases to have higher TLC
and ALC, these findings were not statistically significant. A
higher prolymphocyte percentage in CLL is associated with
poorer prognosis.32 Cases of CLL with increased
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prolymphocytes usually show FMC7 positivity, CD23 and
CD5 negativity (or dim expression), and strong SmIg expres-
sion.25,32 An important finding in our study is the statisti-
cally significant correlation between CD49d expression and
prolymphocyte percentage. Some authors have also reported
higher CD49d expression in cases with increased prolym-
phocyte count and in PLL as compared to CLL.33,34 Atypical
morphology in CLL has also been found to be associatedwith
CD49d expression,34 which was also seen in our cases.

Our study showed a significant correlation between
CD49d expression and lymphadenopathy and splenomegaly.
Strati et al also reported an association between lymphade-
nopathy and CD49d expression.23 A study by Baumann et al
assessed the correlation between splenomegaly and CD49d
positivity and found a high percentage of CD49d-positive
patients having splenomegaly as compared to the negative
group; however, this was not statistically significant.22 Ibra-
him et al found a statistically significant correlation between
CD49d and hepatomegaly,13 while Abdel-Aziz et al did not
find any such correlation.35

The published literature identifies a strong association be-
tween positive expression of CD49d, CD38, and ZAP-70, and
these threemarkers have been found to be independent factors
for the prognostication inCLL.7,14,15,22 Some studies have found
CD49d to be the best flow cytometry-based marker to stratify
prognosis, since its expression is associated with poorer out-
come, irrespective of the CD38 or ZAP-70 status.13,14,31 These
studieshavereportedthat theomissionofCD49dfromthepanel
of flow-cytometric antibodies reduces the prognostic ability of
the study. They have recommended that CD49d expression
analysis should be included in the baseline prognostic assess-
ment of newly diagnosed CLL cases.14,15,22

We detected immunophenotypic aberrancies in 12% of
the CLL cases. CD5 negativity is the most common antigen
aberrancy reported in around 7 to 20% cases of CLL.36 We
found one case of CD5-negative CLL. FMC7 expression in CLL
is known to be associatedwith atypical morphology, trisomy
12,more frequent in CLL-PLL and PLL, and a poorer prognosis,
as compared to FMC7 negative CLL.24,26 Two of our cases
showed aberrant immunoexpression of FMC7; one of these
belonged to a higher stage (4/C), while the other was
categorized as CLL-PLL, with atypical morphology and
showed CD49d expression.

Unmutated IGHV is a strong predictive and prognostic
indicator in CLL and is associated with a poor prognosis. The
positive expression of CD49d has been found to be associated
with an underlying IGHV-unmutated status, therefore confer-
ring a poor prognosis to the patient.7,14,22 CD49d overexpres-
sion is also associated with trisomy 12 and an aggressive
clinical outcome.37 This property of CD49d allows its use as
a potential surrogate marker for underlying IGHV mutation
and trisomy 12, both of which are associated with a poor
outcome. Thus,CD49couldserve asanalternative to testing for
thesemolecular abnormalities,which need amore specialized
molecular laboratory setup than flow cytometry.

A humanized monoclonal antibody against CD49d (Nata-
lizumab) is already available and is currently approved for
the treatment of multiple sclerosis. It is now being tested in

clinical studies of multiple myeloma and acute leukemias.38

CD49d expression has been found in around 40% cases of CLL,
and some studies have reported CD49d-positive CLL to have a
different behavior than CD49d-negative ones.13,14 Therefore,
exploring the role of CD49d in CLL could have possible
therapeutic implications for the use of Natalizumab in these
patients in the near future.

Conclusion

The present study reiterates the emerging significance of
CD49d as an independent prognostic marker in CLL. CD49d
expression in our study correlated with poor prognostic
parameters like higher prolymphocyte percentage, lymph-
adenopathy, splenomegaly, and higher Rai and Binet stages.
We also found significant demographic differences in our CLL
patients as compared to the published western literature,
which were higher M:F ratio, lower age at presentation,
higher proportion of symptomatic patients at diagnosis,
and patients presenting in higher Rai and Binet stages.

Limitations

The sample size of this study was low since it was a time-
bound study. Due to the limited duration of the study and the
COVID pandemic, the patients could not be followed up. Also,
due to budgetary constraints, molecular and cytogenetic
analysis could not be done for all the patients, and hence,
the association of CD49d expression with molecular and
cytogenetic abnormalities could not be assessed.
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