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Background and Objectives. Imatinib mesylate inhibits
ABL tyrosine kinase. This protein serves a complex role in
cell cycling and is important in lymphopoiesis. We describe
the immunologic findings in patients with chronic myeloid
leukemia resistant to or intolerant of interferon (IFN) α who
were treated with imatinib. This aspect could be of interest
since patients with these characteristics may be exposed to
this treatment for long periods.

Design and Methods. Immunologic and hematologic
evaluation (including immunoglobulin levels and parameters
of autoimmunity), immunophenotyping analysis of periph-
eral blood and bone marrow, and cytogenetic bone marrow
analysis were performed at sequential time points of the
treatment (0, 3, 6, and 9 and 12 months). The relation-
ships among immunologic variables, and between the
immunologic findings and response, were investigated.

Results. Hypogammaglobulinemia  IgG, IgA and IgM
developed in 28%, 14% and 22% of the patients, respec-
tively. Lymphocyte counts decreased significantly along the
treatment. No correlation was found between Ig levels and
lymphocyte counts  or  CD4, CD8 or CD19 subpopulations
in peripheral blood, nor between Ig levels and bone marrow
B-lineage precursors. No autoimmune phenomena were
detected. Hypogammaglobulinemia had no clinical reper-
cussions in patients who developed it. The percentage
reductions of IgG, IgA and IgM levels were higher in patients
with major genetic response to imatinib.

Interpretation and Conclusions. Hypogammaglobuline-
mia can develop in as many as 20-25% of patients with
chronic myeloid leukemia previously exposed to IFN α and
who are then treated with imatinib. The reduction of Ig is
greater in patients with a better cytogenetic response, per-
haps reflecting that the efficacy of imatinib in blocking BCR-
ABL kinase activity runs in parallel with ABL inhibition, lead-
ing to a dysregulation of B-lymphocyte function. Close
immunologic evaluation is recommended in these patients.
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Chronic myeloid leukemia patients resistant to or intolerant of interferon α and
subsequently treated with imatinib show reduced immunoglobulin levels and
hypogammaglobulinemia
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Imatinib mesylate, formerly known as STI571, is an
inhibitor of the family of ABL kinases and has been
shown to have impressive clinical activity in chron-

ic myeloid leukemia (CML).1
Imatinib induces antiproliferative effects in CML-

derived transformed cell-lines and in native CML
myeloid colonies by blocking the tyrosine kinase activ-
ity of BCR-ABL proteins and induces hematologic and
cytogenetic remissions in all phases of CML.2 Its use in
stromal-derived gastrointestinal tumors3 is based on its
inhibitory effects on c-kit, and PDGFR inhibition has
been a target for a putative role in the treatment of
myelofibrosis.4 Little is known about the consequences
of its blocking effect on the normal c-abl proto-onco-
gene.

Normal abl appears to be involved in the cellular
response to genotoxic stress,5 acting as a housekeeping
gene. It probably also has a role in lymphopoiesis, as
knock-out mice display several defects in T- and B-cell
development.6

Lymphopoiesis in CML could be affected in two ways.
Firstly, lymphoid populations can belong to  the Ph
clone. However, at least in the chronic phase, this is not
the rule, and the lymphocytes are mainly restricted to
the B-lineage. Several authors have shown that most B
cells and mature T cells in most CML patients are Ph1-
negative, but that about 25% of patients have pre-
dominantly Ph1-positive B cells or a mixture of Ph1+

and Ph1− B cells.7,8 Secondly, immunologic alterations in
CML patients can be secondary to treatment. However,
these have been rare in the chemotherapy era. In con-
trast, interferon (IFN) treatment has been associated
with several autoimmune phenomena, mainly thyroidi-
tis and erythrocyte autoantibodies.9-11

As we were interested in the possible clinical effects
of abl-inhibition by imatinib, we serially studied basic
immunologic parameters and autoimmune tests in CML
patients treated with imatinib, previously resistant to or
intolerant of IFN α.

Design and Methods

We studied thirty-six consecutive patients who were
resistant to (31) or intolerant of (5) IFN α and were
treated in our institution with imatinib (expanded
access protocol CSTI5710113, Novartis, Basel). Informed
consent to treatment in the protocol was obtained from
each patient before enrollment.

At the time of inclusion in the protocol, the patients’
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median age was 50 years (range 16-76). There were
24 males and 12 females. Seven of the patients
had had a bone marrow transplantation (BMT) (1
allogeneic, 6 autologous). The median time from
diagnosis to Imatinib treatment was 1323 days
(354-5053). The median duration of IFN treatment
was 1116 days (337-3817).

The patients were treated with imatinib mesylate
at a median oral dose of 400 mg per day (100-400
mg). At the time of analysis, the patients had been
followed for a median time of 507 days (330-663).
Twenty-nine of them were followed for at least 12
months.

Hematologic and immunologic evaluation
Prospective studies. Patients were evaluated at 0,

3, 6, 9 and 12 months with complete blood cell
counts, serum biochemistry, serum levels of IgG,
IgA and IgM, percentages and absolute counts of
CD4 and CD8 lymphocyte subpopulations.  Sever-
al autoimmunity parameters were also prospec-
tively studied: direct antiglobulin test and eluate,
thyroid hormone levels and autoantibodies (ANA,
anti-DNA, ENA).

Immunophenotyping
After finding that some patients had reduced lev-

els of immunoglobulins, we serially determined
peripheral blood CD19+ B-lymphocyte counts by
flow cytometry. The study also included character-
ization of distinct subpopulations within bone mar-
row B-lineage cells.

Immunophenotypic analysis was performed every
three months using a standard four-color flow
cytometry approach with monoclonal antibodies
directed against the following human surface anti-
gens: CD45, CD19, CD20, CD4, and CD8 (all from
Becton Dickinson, Mountain View, CA, USA). Briefly,
1×106 nucleated unseparated cells were incubated
for 15 minutes in the dark at room temperature
with saturating amounts of the relevant fluo-
rochrome-conjugated mouse anti-human mono-
clonal antibody.

Flow cytometric analysis was performed on a
FACScalibur flow cytometer (Becton Dickinson, San
Diego, CA, USA) after lysis of red blood cells. Data
acquisition was performed using CellQuest soft-
ware (Becton Dickinson). The data analysis was
performed on the lymphoid population using Paint-
A-Gate software (Becton Dickinson). Mature B-
lymphocytes were identified as CD19+CD20bright-

cells, and B precursors as CD19+CD20dimcells.

Cytogenetic and bone marrow analysis
Cytogenetic and fluorescence in situ hybridiza-

tion (FISH) analysis were performed on bone mar-
row samples prior to treatment and at 3, 6, 9 and
12 months during the first year, and every six

months thereafter.
Cytogenetic studies were done using standard

G-banding with trypsin-Giemsa staining. At least
20 metaphases, if possible, were analyzed in each
study. In some patients, particularly at the begin-
ning of therapy, it was not always possible to find
20 metaphases for analysis.

FISH studies were performed using the LSI-BCR-
ABL dual color fusion probe (Vysis, USA). Hybridiza-
tion procedures were done according to the proto-
col supplied by the manufacturer. FISH images were
captured and analyzed using Quips FISH imaging
software (Vysis, USA). At least 500 cells were
scored. The abnormal hybridization pattern
observed with this probe is 1 red, 1 green, and 2
yellow signals (representing both the derivate chro-
mosome 9 and the derivate chromosome 22).
Observation of a single cell with this hybridization
pattern is considered to be positive for the Ph
rearrangement. Only karyotype was considered for
classifying the response. Cytogenetic response was
classified according to MD Anderson criteria.12,13

Statistics
Descriptive analysis. For the quantitative vari-

ables, medians and ranges, and means and stan-
dard deviations were calculated. For the qualitative
variables, percentages and proportions were esti-
mated. For the accumulated dependent variables
contingency tables for categorical variables were
developed (χ2 and Fisher’s exact test). The com-
parison of means was made by two-tailed t-tests
of quantitative variables. The relationship between
two quantitative variables was studied by calcu-
lating Pearson’s linear correlation coefficient.  The
temporal evolution of the quantitative variables
was studied by analyzing the variance of repeated
measures. When an a posteriori comparison of the
different subgroups was made, this analysis was
adjusted by the Bonferroni method.

The whole analysis was conducted with the aid
of the SPSS v.10 program (SPSS Inc., Chicago, IL,
USA). A p-value less than 0.05 was considered to
be statistically significant.

Results

Response
After 3 months of treatment, 97% of the patients

had a documented complete hematologic response
(CHR), defined as a white blood cell count below
10×106/mL and a  platelet count below 450×103/mL,
with a normal differential. The median time to reach
the CHR was 21 days (0-168). According to CTC cri-
teria, grade 3-4 anemia, neutropenia, or thrombo-
cytopenia was detected during the treatment in 1, 12
and 5 patients, respectively. These cytopenias were
resolved with transient interruption and/or dose
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reduction of imatinib. Two patients required granu-
locyte colony-stimulating factor (G-CSF) for recov-
ery of white blood cells and one patient was hospi-
talized because of febrile neutropenia, which
resolved with G-CSF in three days. 

At the time of this analysis and considering the
best cytogenetic response, imatinib mesylate
induced a major cytogenetic response (complete plus
partial) in 67% of patients: the response was com-
plete in 53%. In 14% of patients the response was
minimal and 19% of patients showed no cytogenet-
ic response. The correlation between karyotypic and
FISH evaluation was 0.92, 0.9, and 0.92 at 3, 6 and
9 months (p<0.001), although the values of Ph cells
obtained by FISH-i were significantly inferior to
those obtained by karyotype (data not shown)

Ig levels
The evolution of Ig levels is depicted in Table 1.

Ig levels could be tested in 33 patients. Ig levels
were not available immediately prior to imatinib in
3 patients: these patients were considered ineligi-
ble for this analysis.

Baseline Ig levels
Prior to imatinib therapy none of the patients

had IgG hypogammaglobulinemia, and only one
had low levels of IgA. However, 17 patients had
IgM hypogammaglobulinemia before imatinib
treatment.

There was no correlation between baseline Ig lev-
els and duration of disease or duration of IFN treat-
ment. There was no significant difference in the
values of basal Ig between patients previously
transplanted and those who were not (data not
shown).

Evolution of Ig levels while on imatinib
The Ig levels diminished significantly during

treatment with imatinib. The percentage reduction
in the 6th month with respect to basal values was
24.8±16.7, 23.8± 24.5 and 36.3±36.6, for IgG, IgA
and IgM, respectively. The differences between the
mean values of IgG, A and M were significant when
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Table 1. Median and range of immunoglobulin levels at 0, 3, 6,
9 and 12 months.

Ig levels Basal 3 months 6 months 9 months 12 months
n=33 n=24 n=26 n=29 n=20

Ig G 1200 1030 932.5 866 845
(823-3090) (744-1880) (627-2110) (539-1950) (575-2170)

Ig A 236 238 194 236 149.5
(74-664) (55-512) (48-442) (66-389) (64-383)

Ig M 79 57 61.7 58.8 55.4
(34-287) (6-179) (8-150) (8-141) (8-106)

Normal ranges: IgG: 800-1600 mg/dL; IgA: 100-300 mg/dL; IgM: 80-250 mg/dL.

Figure 1. IgG levels in CML patients treated with imatinib
at 0, 3, 6 and 9 months. (mean, 95% CI).

Figure 2. IgA levels in CML patients treated with imatinib
at 0, 3, 6 and 9 months. (mean, 95% CI).

Figure 3. IgM levels in CML patients treated with imatinib
at 0, 3, 6 and 9 months. (mean, 95% CI).
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basal values were compared with 6th -month and
9th month values, with p<0.05 in all the points
(Repeated Measures test ) (Figures 1, 2 and 3).

Among the patients with normal basal values of
Ig, hypogammaglobulinemia IgG, IgA and IgM
developed in 10/32 (28%), 5/30 (14%) and 8/14
(22%) during treatment. Considering all patients,
21 out of 33 reached low levels of IgM. Table 2
depicts the Ig values of the patients who devel-
oped low levels of Ig. The duration of IFN treatment
was slightly longer in patients who developed

hypogammaglobulinemia  but the difference was
not significant (Table 3). There was no association
between duration of disease or previous ABMT (data
not shown).

Clinical correlation
There were no serious adverse clinical effects

attributable to hypogammaglobulinemia. One of the
patients developed lobar pneumonia, which was
treated in the outpatient clinic. This patient was the
only one to have previously received an allogenic
BMT, and he had low levels of IgM previous to ima-
tinib. We did not find a higher incidence of minor
infections in patients with lower levels of Ig.

Autoimmune phenomena
The only abnormality detected was a low-titer of

ANA without anti-DNA in two patients. It is inter-
esting to note that in one patient who developed
antiphospholipid antibodies while on IFN, these dis-
appeared after 6 months. A similar case was
observed in a patient with autoimmune thyroiditis,
whose antibody levels fell to near-normal levels
after 12 months of imatinib treatment.

Lymphocyte counts and lymphocyte
subpopulations in peripheral blood and bone
marrow

Lymphocyte counts in the peripheral blood dimin-
ished significantly during treatment (repeated mea-
sures test, Figure 4). Seven out of 36 patients
(19.4%) had lymphopenia prior to therapy. Among
the patients who had normal counts prior to thera-
py, 7 developed lymphopenia on some occasion dur-
ing treatment. The counts prior to imatinib therapy

Table 2. Immunoglobulin levels at different times, in those
patients with normal basal Ig values who developed hypogam-
maglobulinemia during imatinib treatment.

IgG BASAL IgG_3M IgG_6M IgG_9M IgG_12M

3 1230 845 806 700 645

7 823 − 702 554 575

10 1200 − − 861 794

12 1090 958 743 791 753

20 919 744 627 − −
21 1180 − 777 799 799

22 877 785 710 622 622

23 1310 955 942 720 800

26 1020 785 − − −
33 1040 985 653 785 −

IgA BASAL IgA_3M IgA_6M IgA_9M IgA_12M

12 252 95 60 66 64

21 131 − 74 73 73

22 165 125 93 101 101

23 147 87 77 70 81

26 151 96 − − −

IgM BASAL IgM_3M IgM_6M IgM_9M IgM_12M

3 129 112 60 59 57

7 90 − 36 25 78

12 124 45 36 37 33

17 88 − 48 50 98

23 132 90 86 77 74

28 99 − 78 91 80

32 153 63 28 25 −
35 97 − 77 67 −

Table 3. Duration of treatment with IFN, in patients with and
without hypogammaglobulinemia after imatinib treatment
(excluding patients with low baseline Ig levels).

N IFN treatment duration (days) p
Mean±Std. deviation

Patients developing 10 139±719
low levels of IgG

0.727
Patients not developing 22 1270±1022
low levels of IgG

Patients developing 5 1334±661
low levels of IgA 0.885

Patients not developing 25 1266±92
low levels of IgA

Patients developing 8 1415±1185
low levels of IgM 0.697

Patients not developing 6 1199±666
low levels of IgM
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were 2.71±2.55 (×109/L) (mean±SE) and at 12
months were 1.38±0.51 (×109/L) (Table 4 and Figure
4). The CD4 and CD8 proportions, however, remained
fairly stable over time and the mean percentage was
in the range of 40% and 33%, respectively. 

The percentage of CD19 lymphocytes in peripher-
al blood appeared to increase during treatment
although a statistical analysis of means could only
be made in nine patients who had this count mea-
sured prior to imatinib therapy, and the variation
did not reach statistical significance (Table 5). 

The percentage of bone marrow lymphocytes
increased slightly over time, but the difference did
not reach statistical significance. Among the lym-
phoid population, the proportions of CD19CD20bright

and  CD19CD20dim appeared to increase with time,
but this difference was not significant either (data
not shown).

Association between immunologic
variables 

There was no correlation between Ig levels and
lymphocyte counts or CD19 lymphocytes in periph-
eral blood. However, patients who developed IgG
hypogammaglobulinemia had significantly higher
counts of CD19CD20bright at 6 months (36.9±19.1 vs
14.2±9.8, p=0.006). The same applied for patients
who developed IgA hypogammaglobulinemia
(26.9±20.7 vs 14.3±9.7, p=0.08).

Association between immunologic
variables and  response

The percentage reduction of IgG, IgA and IgM lev-
els at the 9th month was higher in patients with a
major genetic response to imatinib (p= 0.07, 0.03
and 0.02, respectively) (Table 6).

Patients who achieved a major genetic response
also had a higher proportion of CD19 lymphocytes
in peripheral blood, and higher percentages of

CD19CD20bright and CD19CD20dim cells in bone mar-
row at the 3rd and 6th months of therapy. In fact,
there was a significant negative correlation between
the percentage of peripheral blood CD19 lympho-
cytes at 3, 6 and 12 months and the percentage of
Ph+ cells in bone marrow at the same time-points
(r= -0.775, -0.614, -0.578, with p values=0.005,
0.003 and 0.049, respectively). This negative rela-
tionship was also found when correlating the per-
centage of bone marrow CD19CD20bright cells  and
the percentage of Ph+ cells at 9 and 12 months (r=
-0.503 and –0.595; p= 0.009 and 0.009, respec-
tively).

Discussion

Our results show that treatment with imatinib in
patients previously exposed to IFNα is associated
with a significant reduction in immunoglobulin lev-

Figure 4. Lymphocyte counts at 0, 3 and 6 months in CML
patients treated with Imatinib. (mean, 95% CI).

Table 4. Lymphocyte count (expressed as cells/mL) at 0,
3, 6, 9 and 12 months.

Basal 3 Months 6 Months 9 Months 12 Months

Median 2.229 1.403 1.427 1.431 1.390

(Min/Max) 0.00/9.600 0.12/2300 0.24/2.850 0.47/2.240 0.56/2.620

Table 5. Percentage of CD19+ cells in peripheral blood lym-
phocytes at 0, 3, 6, 9 and 12 months.

Basal 3 Months 6 Months 9 Months 12 Months

Median 6,00% 8.00% 9,18% 11.35% 15.50%

(Min / Max) 1-36 0-34 2-17 2-34 3-35

Table 6. Percentage reduction (mean and SD) of IgG, IgA and
IgM according to presence of major genetic response at 9th

month.

Major genetic N Decrease Ig (%) Decrease Ig (%) p
response Mean Std. Deviation

IgG No 6 15.52 23.9 0.07
Yes 19 28.23 10.1

IgA No 6 7.64 27.2 0.03
Yes 19 30.24 19.8

IgM No 6 8.27 30.9 0.02
Yes 19 44.89 33.2
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els, an association that has not been reported before.
Indeed, hypogammaglobulinemia IgG, IgA and IgM
developed in 10/32 (28%), 5/30 (14%) and 8/14
(22%) of patients during treatment.

The reduction was gradual and did not reach
severe ranges during the study period. We did not
observe any clinical consequences of this abnormal-
ity, although it could be argued that the time of
observation was relatively short.

Could the reduction in Ig levels during treatment
with imatinib be explained by the disease itself or the
treatment received before imatinib? We cannot rule
out that the previous treatment with IFN, chemo-
therapy, or ABMT could favor the development of
hypogammaglobulinemia in this kind of patient. Low
baseline IgM values were seen in 47% of the
patients, and this finding is consistent with the
hypothesis.

However, we have three reasons for arguing
against this possibility. First, we did not find any
association between Ig levels and disease duration,
duration of IFN treatment or previous BMT. Second,
we could not find any report describing hypogam-
maglobulinemia either in CML patients treated with
conventional or intensive chemotherapy or in
patients treated with IFN. Finally, although a  signif-
icant proportion of patients have IgM hypogamma-
globulinemia before imatinib therapy, levels of IgG
were normal before this therapy in all patients, and
IgA levels were normal except in one case.

We postulate that our findings could be explained
by quantitative or qualitative alterations in B cells
induced by imatinib. The study of the lymphocyte
counts and subpopulations has offered some hints on
this. Absolute numbers of lymphocytes in the periph-
eral blood fell significantly during the observation
period, but the reduction appeared to stop in the
third month. One fifth of the patients developed lym-
phopenia, which was mild in all patients. Percentages
of CD4 and CD8 did not vary. CD19 lymphocytes in
peripheral blood and B-lymphoid precursors in bone
marrow showed a certain tendency to increase with
time, although this did not reach statistical signifi-
cance. We did not find any clear-cut correlation
between immunoglobulin levels,  lymphocyte counts
and  B lymphoid cells. Nonetheless we did find a
higher percentage of B cells and B precursors in
patients with hypogammaglogulinemia  IgG and IgA
at 6 months of treatment.

In the light of our findings it is reasonable to
hypothesize the existence of an altered immune
responsiveness of B cells as a consequence of ima-
tinib-mediated inhibition of physiologic ABL tyrosine
kinase, as B lymphopoiesis is Ph-negative in most
CML patients. It has been demonstrated that con-
structed mice homozygous for the c-abl mutation
develop a runting clinical picture, accompanied by T-
and B-cell lymphopenia, thymic atrophy, spleen atro-
phy,  and early death. In this model, there were no

differences in the myeloid or erythroid lineages, and
no clear deficiency was seen in bone marrow cellu-
larity or bone marrow colonies induced by GM-CSF,
M-CSF or IL-3. Immunoglobulin levels were not
reported.6 Besides, c-abl null B cells show a weaker
proliferative capacity in response to B-cell antigen
receptor stimulation than do wild-type cells, thus
suggesting a key role of c-abl protein on B cell pro-
liferation downstream of the B-cell antigen recep-
tor.14 At the same time, proliferation and differenti-
ation of B-cell progenitors into IgM positive cells
seem to be unimpaired in c-abl deficient mice, find-
ings which agree with the conserved numbers of pre-
cursors and mature B lymphocytes in our patients.15

Other results which reinforce our hypothesis are that
patients with a major cytogenetic response had a
more marked reduction of Ig levels than did patients
who did not obtain such a response. Moreover, we
observed a slight-moderate inverse correlation
between peripheral CD19, bone marrow CD19 lym-
phoid precursors and Ph+ cells.

Alternatively, it must be kept in mind that in a
minority of CML patients, bcr-abl gene could be pre-
sent in B-lymphoid cells, and blocking the BCR-ABL
protein could also affect Ph+ B-lymphoid homeosta-
sis.16 If blocking the BCR-ABL protein is the sole
cause of the hypogammaglobulinemia, one would
expect recovery of Ph− lymphopoiesis to restore Ig
levels. However, in our series, we found just the oppo-
site, and the percentage reduction of IgG, IgA and
IgM levels was higher in patients with a major genet-
ic response to imatinib. For this reason, we postulate
that imatinib-mediated inhibition of physiologic ABL
tyrosine kinase may be crucial in the immunoglobu-
lin decrease.

Although we cannot provide a definitive explana-
tion for these observations, one possibility might be
that the efficacy in blocking BCR-ABL kinase activi-
ty, leading to suppression of Ph+ hemopoiesis, could
run parallel to ABL inhibition leading to a reduction
in immunoglobulin synthesis because of a function-
al alteration in B cells.  It is important to point out
that we have not yet found any clinical repercus-
sions of these phenomena, but more time is required
to make adequate observations.

In conclusion, our study shows for the first time
that patients previously exposed to IFN and subse-
quently treated with imatinib show reduced levels
of immunoglobulins, with roughly 20% of them
developing hypogammaglobulinemia. The incidence
of lymphocytopenia, which was mild, was the same.
We cannot exclude a possible role of the previous
treatment or the disease itself in the development of
this phenomenon. It is possible that hypogamma-
globulinemia might not develop in naive CML
patients. For these reasons, a similar study in newly
diagnosed patients would be extremely interesting.

Experiments are in progress to characterize the
biochemical and molecular bases of these findings.
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Although the clinical repercussions seem to be minor,
the short follow-up and the absence of a clear expla-
nation for this phenomenon indicate that the
immunologic profile of these patients should be
closely monitored.
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What is already known on this topic
Imatinib mesylate has provoked a fundamental re-

thinking of therapeutic approaches in CML because
of its high efficacy. In a view of the crucial impor-
tance of immune responses in maintaining remis-
sion in CML patients, the effect of imatinib on
immune system functions should be investigated. No
data are available so far.

What this study adds
In this paper the authors quantitatively evaluated

immune responses during treatment with imatinib in
36 CML patients. Imatinib appeared to induce a
reduction of lymphocyte counts and immunoglobu-
lin levels with development of hypogammaglobu-
linemia in about 20-25% of patients.




