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Abstract We retrospectively investigated increases in
large granular lymphocytes (LGL) in peripheral blood dur-
ing dasatinib treatment in 25 chronic myelogenous leukemia
patients. Fifteen of 25 patients (60 %) showed an increase in
LGL. All 15 of these patients also showed an increase in NK
cells, and 11 showed an increase in CD8" T cells. High
frequencies of clonal rearrangements of TCR-f, -y, and -0
genes were observed in LGL (+) patients, and at lower
frequencies in LGL (—) patients as well. Clinical responses
were favorable for all. With respect to their newly obtained
complete molecular response after dasatinib treatment, LGL
(+) patients showed higher response rates than did LGL (—)
patients. In contrast, pleural effusions were more commonly
observed in LGL (4) patients (60 %) than in LGL (—)
patients (20 %). LGL counts significantly increased at 2 h
after oral intake of dasatinib in all 25 patients. This was not
observed in treatment with imatinib or nilotinib. Cytomeg-
alovirus (CMV) C7-HRP tests were negative in all patients.
Serum CMV-IgM antibodies were positive in only 2 of 25
patients without symptom of infection. Thus, LGL lym-
phocytosis during dasatinib treatment may be correlated
with favorable molecular response, and with increased
incidence of pleural effusions. In the clinical setting, CMV
reactivation appears uncommon.
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Introduction

ABL-tyrosine kinase inhibitors (ABL-TKIs), such as
imatinib, nilotinib, and dasatinib have dramatically changed
the prognosis of chronic myelogenous leukemia (CML)
patients. There is a growing evidence of supporting as yet
uncharacterized role of ABL-TKIs on the immune system
in CML patients. Immunosuppressive effects on T cells and
NK cells have been described, in vitro, for dasatinib [1-3],
for imatinib [4], and for nilotinib [5] as well. In the clinical
setting, however, it seems to be a different story. No
increase of infection rates due to immunosuppression have
been observed in the large clinical trial of dasatinib study
[6], though a single center study reported atypical infec-
tions in CML patients treated with high dose of dasatinib at
140 mg daily [7].

Large granular lymphocytes (LGLs) normally account
for only 10-15 % of circulating mononuclear cells (MNCs)
in peripheral blood (PB). Recently, proliferation of lym-
phocytes with LGL morphologic features has been reported
in a subset of patients with CML or Philadelphia chro-
mosome-positive acute lymphocytic leukemia (Ph™ALL)
treated with dasatinib [8—11]. Regarding phenotypes of the
increasing LGLs, both NK-cell and CD8" T-cell pheno-
types were observed, and these cell populations exhibited
late differentiated (CD27~ CD57™) phenotype [12]. Fur-
thermore, clonality in these cells has been demonstrated
through analysis of T-cell receptor (TCR) gene rearrange-
ments [8, 13]. These monoclonal or oligoclonal CD8" T
cell or NK cells already existed in CML patients even at
the time of diagnosis, and that half of the dasatinib-treated
patients showed marked expansion of their clone during
therapy whereas imatinib-treated patients did not [14, 15].
Patients developing LGL lymphocytosis showed higher
incidence of auto-immune-like symptoms such as fevers,



LGL and CMV during dasatinib treatments

309

colitis, and pleural effusions, which had been reported in
dasatinib-treated patients [8, 10, 16]. On the other hand,
however, LGL lymphocytosis during dasatinib treatment
was associated with enhanced favorable therapeutic
responses [8, 9, 11], implicating that these LGL lympho-
cytes may have potential to exert immune-associated anti-
leukemia effects in vivo.

Regarding cytomegalovirus (CMV) infection, it was
recently reported that CML and PhtALL patients with
LGL lymphocytosis treated by dasatinib showed appear-
ances of CMV-specific CD8" T cells, and that approxi-
mately one-third of the patients with LGL lymphocytosis
showed symptomatic CMV reactivation during dasatinib
treatments [12].

To further elucidate the clinical implications of dasatinib
in CML patients from the viewpoints of LGL proliferation,
clinical responses, adverse effects, and CMV reactivation,
we retrospectively analyzed a series of 25 consecutive CML
patients in our single institution who were treated with
dasatinib as second-line treatments following preceding
imatinib treatments. Moreover, in order to explore the off-
target effects of dasatinib, we investigated the lymphocyte
counts and LGL counts in PB as short as 2 h after the oral
intake of dasatinib, imatinib, and nilotinib as well. These
results disclosed unique activities of dasatinib.

Patients and methods
Patients

A total of 25 CML patients in our institution who were
treated by dasatinib were studied. The analysis included
patients on therapy from April 2009 to August 2011. 17
were males and 8 were females. Median age was 64 years
(range 20-84). All 25 patients had prior imatinib treatments
before dasatinib treatments, and 6 of the 25 patients had
histories of prior interferon alpha (IFNe) treatments before
the imatinib treatments. At the time of dasatinib treatments,
21 were in chronic phase (CP), 3 were in accelerated phase
(AP), and 1 was in second CP achieved by imatinib treat-
ment after AP. CML-blast phase (BP) or Ph" ALL patients
were not included in this study. The definitions of resis-
tance and intolerance were in accordance with the one
proposed by Kantarjian et al. [17], though recently pro-
posed definition of intolerance is less stricter than before
[18]. Most common types of intolerances in our study were
peripheral edema, nausea, gastrointestinal disorder, skin
eruption, neutropenia, and thrombocytopenia. Regarding
initial doses of dasatinib, 22 patients were 100 mg QD
(reduced to 50 mg QD later, in 6 patients), 2 patients were
140 mg QD (reduced to 100 mg QD later, in the 2
patients), and 1 patient was 50 mg QD. Written informed

consents were obtained from all the patients. This study
was conducted in accordance with the principles of the
Helsinki declaration and was approved by the institutional
review board of Hiroshima City Asa Hospital.

Counting of LGL in peripheral blood

PB smears were examined with light microscope by two
certificated hematology technicians. The technicians were
informed of the start of dasatinib treatments, but were not
informed of the present status of the patients even when the
treatments were discontinued. Lymphocyte having three or
more large granules in one cell was defined as LGL.
Regarding the PB smears during dasatinib treatments, 200
lymphocytes were counted per each smear for the 10
consecutive PB sampling after the start of the dasatinib
treatment. Thereafter, 200 white blood cells per smear were
counted every time when PB samples were collected from
the patients. Regarding the smears during imatinib treat-
ments, the smears were retrospectively examined for the
latest 5 consecutive PB smears during imatinib treatment
before dasatinib treatments, in which 200 lymphocytes per
smear were counted. Absolute number of LGL in PB was
then calculated based on the total lymphocyte counts
reported by an automated cell counter. Definition of
“Increase of LGL” in this study was set such that: (1) both
absolute lymphocyte count is equal or more than 3,000/uL,
and absolute LGL count is equal or more than 1,500/uL;
and (2) this appears at least on one occasion during the
course of the dasatinib treatment. Then, according to this
definition, the patients were grouped into “LGL (4)
patients” and “LGL (—) patients”. Interval between rou-
tine intake of dasatinib and blood test was not fixed on
every outpatient visits. Examination of the increase of
lymphocyte and LGL counts 2 h after ABL-TKIs intake
was performed as a separate study, in which the interval of
intake and blood sampling was almost fixed to 2 h.

Assessment of molecular response

Complete molecular response (CMR) was examined by
Amp-CML®  (Mitsubishi Chemical Medience Corp.,
Tokyo, Japan) as a first step. When it was less than the
detection limit, which means BCR-ABL mRNA was less
than 5 copies/0.5 pg RNA (approximately 4-log reduction),
then we further confirmed the results by reverse-tran-
scription quantitative polymerase chain reaction (RQ-PCR)
with international scale (IS) by BML Co. Ltd. (Tokyo
Japan), and the results were further confirmed by nested
RT-PCR methods to ascertain that BCR-ABL mRNA was
undetectable. Major molecular response (MMR) was tem-
porarily defined either when Amp-CML® test was less than
50 copies/0.5 pg RNA.
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Flow cytometry

Phenotypic examinations were performed by two-color
flow cytometry (FCM) by FACSAria® II flow cytometer
(BD Biosciences) at BML Co. Ltd. (Tokyo, Japan) using
peripheral blood mononuclear cells (PBMNCs) collected
both during (in all 25 patients) and before (in 17 of 25
patients) the dasatinib therapy. The monoclonal antibodies
used were anti-CD2, CD3, CD4, CD8, CD16, CD56,
CD25, TCRa, TCRf, TCRy, TCRd, and CD57.

T-cell receptor (TCR) gene rearrangement

Analysis of clonal TCR gene rearrangements were per-
formed by PCR-based method using PBMNCs collected
during dasatinib treatments, at Mitsubishi Chemical Medi-
ence Corp. (Tokyo, Japan), using the test kits “TCRB Gene
Clonality Assay®”, “TCRG Gene Clonality Assay®”, and
“TCRD Gene Clonality Assay®” manufactured by InVivo-
Scribe Technologies (San Diego, USA) [19].

Assessment of cytomegalovirus (CMV) infection status

CMV-infection status during dasatinib treatments was
assessed by serum CMV-IgG levels, serum CMV-IgM
levels, and “CMV antigen test TEIJIN C7-HRP®” (TFB
Inc., Tokyo, Japan), which can detect CMV pp65 antigen
in leukocytes [20, 21].

Statistical analysis

Statistical analysis was performed by Student’s ¢ test by
Statview® ver.5.0 (SAS Institute Inc.).

Results

Rapid and sustained increase of LGL by dasatinib
treatment

The median follow-up time of dasatinib treatment was
11 months (range 3-28). Table 1 summarizes the charac-
teristics of the patients and the results of LGL lymphocy-
tosis, clinical responses, adverse events, and results of
CMV-infection assessments. Patients were grouped into 2
groups, i.e., LGL (4) patients and LGL (—) patients.
Table 2 shows the summary of comparison of the 2 groups.
Fifteen out of 25 patients (60 %) showed increase of LGL
during dasatinib treatments, which had not been observed
during the preceding imatinib treatments. Regarding the 15
LGL (+4) patients, median time that LGL count reached
1,500/uL was 11 weeks (range 6—44) after dasatinib was
first administered. Median of the peak LGL count for each
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patient was 3,030/uL (range 1,614-6,010). Figure 1 shows
the time courses of lymphocyte and LGL counts both
before (meaning during imatinib treatments) and during the
first 12 weeks after dasatinib treatments were started.
Representative 6 cases [3 LGL (+) patients (A), and 3 LGL
(—) patients (B)] are shown. Figure 2 shows time courses
of 2 representative LGL (4) patients with longitudinal
follow-up. Even though some fluctuations were found, high
LGL counts were sustained throughout the treatment
courses as long as the dasatinib treatments were continued.
However, cessation of dasatinib treatments induced rapid
decline of the LGL counts almost to the baseline levels.

Phenotype of peripheral blood mononuclear cells
by flow cytometry

All 25 patients were analyzed for immunophenotyping by
flow cytometry using PBMNCs during dasatinib treatment.
In 17 of the 25 patients, flow cytometry analyses were also
performed before the dasatinib treatments. Regarding the
15 patients who showed LGL-increase, all patients showed
increase of CD56", CD16™, CD3™ NK cells, and 11 of the
15 patients also showed increase of CD3", CD8", CD4~ T
cells (Table 1). CD57, which is known to be expressed on
the surface of NK cells or T cells with LGL morphology,
was positive in all 10 patients examined. We could not find
any increase of y6-T cells in all 25 patients. Figure 3 shows
one of the representative patients who was analyzed both
before and after the dasatinib treatments. In this patient,
NK cells were 37.2 % during imatinib treatment, which
then increased to 48.2 and 52.2 %, at 14 weeks and
25 weeks after the dasatinib treatment, respectively.
CD8" T cells were 48.0 % during imatinib treatment,
which then moderately increased to 48.4 and 54.3 %, at
14 weeks and 25 weeks after the dasatinib treatment,
respectively. Regarding the 10 LGL (—) patients, they
also showed that NK cells increased in 5 of 10 patients,
and that CD8™ T cells increased in 1 of 10 patients after
dasatinib treatments as compared to those before the
treatments (Table 1).

Clonal T cell receptor (TCR) gene rearrangements

All 25 patients were analyzed for clonal TCR rearrange-
ments during dasatinib treatment (Tables 1, 2). Regarding
the 15 LGL (+4) patients, clonal rearrangements of TCR-f
gene were observed in 13 of 15 (87 %), and TCR-y in 12
(80 %), and TCR-6 in 9 (60 %) patients. All the 15 patients
showed rearrangements of either one of the three TCR
genes. On the other hand, regarding the 10 LGL (—)
patients, clonal rearrangements of TCR-f gene were
observed in 4 of 10 (40 %), and TCR-y in 3 (30 %), and
TCR-6 in 4 (40 %) patients, where 3 of the 10 patients did
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not show any rearrangements for all three TCR genes.
Thus, clonal TCR gene rearrangements were commonly
observed in both groups, and the incidence was higher in
the LGL (+) patients than in the LGL (—) patients.

Table 2 Comparison of LGL (+) vs. LGL (—) patients

LGL increase

+) (n = 15)

(=) (n=10)

Type of increasing cells

NK cell 15/15 (100 %) 5/10 (50 %)

CD8" T cell 11/15 (73 %) 1/10 (10 %)

70 T cell 0/15 (0 %) 0/10 (0 %)
Clonal rearrangement of TCR genes

TCR 13/15 (87 %) 4/10 (40 %)

TCR y 12/15 (80 %) 3/10 (30 %)

TCR o 9/15 (60 %) 4/10 (40 %)

Clinical responses after dasatinib treatments
5/15 (33 %)
4/5 (80 %)

Improvement after dasatinib

Achievement of CMR
among these

3/10 (30 %)
0/3 (0 %)

Sustained former responses 10/15 (67 %) 7/10 (70 %)
Adverse events
Pleural effusion 9/15 (60 %)

6/15 (40 %)

2/10 (20 %)

Skin eruption 2/10 (20 %)

A LGL (+) patients

(/uL)  Imatinib — Dasatinib
4000
3000 — T\
/ =%\
2000 i — N
1000 A=t ~—LeL
0 Eaname® bk ol
109 5 0 1 2 4 6 8 10 12
4000
3000 —
2000 ——
1000 :\/\\,/ PO
Y - ‘
128 4 0 2 4 6 8 10 12
4000 —~
3000 —
2000 A\/.___..-.
1000 ::\..{:: T .r'.'
424 0 2 4 6 8 1012

(weeks)
Fig. 1 Lymphocyte and LGL counts in PB both before and during

dasatinib treatments for the first 12 weeks. Solid lines indicate
lymphocyte counts and dotted lines indicate LGL counts. Solid
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1 — Lymphocytes 3000

Favorable molecular response and higher incidence
of pleural effusion in the patients with LGL-increase

As shown in Tables 1 and 2, clinical responses were fairly
good for both LGL (+) and LGL (—) patients, as 10 of 15
(67 %) and 7 of 10 (70 %) patients sustained the responses
to the preceding imatinib treatments in the LGL (+)
patients and LGL (—) patients, respectively. Improvement
of the responses after dasatinib were observed in 5 of 15
(33 %) of the LGL (+) patients, and 3 of 10 (30 %) of the
LGL (—) patients. Newly obtained CMR after dasatinib
treatment were observed in 4 of 5 LGL (+) patients
(80 %) and 0 of 3 LGL (—) patients (0 %). These results
suggest that the LGL (4) patients may achieve more
favorable molecular responses, as compared to the LGL
(—) patients.

Regarding adverse events, pleural effusions were
observed in 9 of 15 LGL (+) patients (60 %), and 2 of 10
LGL (—) patients (20 %). Skin eruptions were observed in
6 of 15 LGL (+4) patients (40 %) and 2 of 10 LGL (—)
patients (20 %). One LGL (4) patient underwent intersti-
tial pneumonia (IP) and pleural effusion at the time of
LGL-increase, then dasatinib treatment was discontinued
and steroid treatment was started. As for other adverse
events, conjunctival hemorrhage caused by allergic
response occurred for both LGL (+) and LGL (—) patients.
However, these adverse events mentioned above were not

B LGL (-) patients

(hL)
4000

Imatinib |—> Dasatinib

2000
1000 ~

(1) R R ]
-12-8 4 0 2 4 5 6 8 10 12

paSanaEanE -

4000
3000

2000
1000 — N —"

4 6 8 10 12

4000

3000
2000 et

N
1000 =

[} SCTTCT-F PR PECLL UL LT pemneped

6 -4 2 0 4 6 8 10 12
(weeks)

vertical lines indicate the time points when imatinib were changed to
dasatinib. a LGL (+) patients (ID #3, #4, #2), and b LGL (—) patients
(ID #16, #17, #18)
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Fig. 2 Persistent increase of Imatinib Dasatinib
lymphocyte and LGL counts in L I—» Sto Stop
PB during dasatinib treatments (uL) zop A
6000
for over 60 months of l \
observations in LGL (+) 5000 Lvmohocvtes l \
patients. Two representative 4000 ympnocy A=
LGL (+) patients (ID #3, #2) 3000 [N\ _/ -
are shown. Solid lines indicate 2000 // ,‘-ﬂx /\ ,I s \ / s
F D=4 Vo T . MICodein ZSRPTY T
lymphocyte counts and dotted 1000 e / RN S e ~V”., R et .
lines indicate LGL counts. Solid o LGL © e ¥ g ®
. . . . . 0 n L L L L L L L n L L s s s s L s L s s s s s L s s L s L L s L s s
vertical lines indicate the time 108401 4 8 12 16 20 24 28 32 36 40 44 48 52 56 6570
points when imatinib were
changed to dasatinib. Horizontal
lines with Stop indicate I Stop
discontinuation periods that the 6000 A
patients did not take dasatinib 5000 A
during these periods 4000 Lymphocytes // \ / \ A A
\'4
3000 N/ \,/ \ VAN
s, A RS
2000 P S S s ..\ /- Mv/r -
1000 & LGL W et E\_r/./ et g’
vl PTG e o
-14-12-4 0 4 8 12 18 23 28 32 3640 44 48 52 56 60
(weeks)
during imatinib cD56 CcD16 cp4
5 | [®
37.2% ( . 5
-:' g 48.0 %
cD3 CD2 ***"CD8
14 weeks after CD56 CD16 cD4
dasatinib iaflhis
(50mg QD) 48.2 % 3
R L 48.4 %
CD3 CD2
25 weeks after CcD56 cD16 cp4
dasatinib [
s(h -~
(50mgQD) 15229 ) ¢ U‘"
CD56 CD16 CD4 g % 2 i é‘ ,_\g é" 54.3 %
! 1 1 cb3 cD2 “*"Cos
CD3 CD2 CcDs8

Fig. 3 Two-color analysis of flow cytometry before and after
dasatinib treatment. PB samples were collected before dasatinib
(meaning during imatinib treatment) and after dasatinib treatment. A
representative patient (ID #12) is shown. MNCs were subjected to
flow cytometry with antibodies as indicated (vertical/horizontal; left-
side CD56/CD3, center CD16/CD2, right-side CD4/CD8). Solid

severe, i.e., within CTCAE grade 1 or 2 for all the adverse
events. These results suggest that LGL (+) patients may
have higher incidences of pleural effusion and probably
skin eruption as well. We could not observe evident
enterocolitis or low-grade fever in these patients.

circles in the left-side figures and center figures indicate CD56" and
CD16" NK cells. Dotted circles in the right-side figures indicate
CD8* T cells. The numbers in the left rectangular boxes indicate the
percent of the NK cells. The numbers in the right rectangular boxes
indicate the percent of the CD8* T cells. QD once-a-day oral intake
of dasatinib

LGL count increases two hours after the oral intake
of dasatinib

We examined the lymphocytes and LGL counts in PB
before and 2 h after the oral intake of dasatinib. The

@ Springer
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interval between the intake of dasatinib and blood test was
almost fixed to 2 h. The mean interval was 2 h 1 min
(SD = 8.7 min). Figure 4 shows results of all 25 patients.
Total lymphocyte counts were 1,849 £ 1,045/pL (mean £
SD) (before) versus 3,541 + 2,572/ul. (after), indicating
1.9 times (range 1.1-3.9) increase (P < 0.001). LGL counts
were 1,105 £ 901/uL (before) versus 2,293 £+ 1,936/uL
(after), indicating 2.1 times (range 1.1-6.1) increase
(P < 0.001). Thus, both lymphocytes counts and LGL
counts significantly increased 2 h after the oral dasatinib
intake as compared to those before intake, in all patients.

We then separately analyzed the LGL counts in the LGL
(+) patients group (n = 15) or in the LGL (—) patients
group (n = 10) to see if there is any difference of the short-
term up-regulation of LGL between these two groups
(Fig. 5). As for the 15 LGL (+) patients, LGL counts were
1,349 £ 918/uL (before) versus 2,895 + 2,240/uL (after),
indicating 2.1 times increase (P = 0.006). Total lympho-
cyte counts were 2,153 £ 1,129/uL (before) versus
4,456 £ 3,219/uL. (after), indicating 2.1 times increase
(P = 0.01) (figure not shown). On the other hand, as for
the 10 LGL (—) patients, LGL counts were 422 4 384/uL
(before) versus 805 £ 419/uL (after), indicating 1.9 times
increase (P = 0.02). Total lymphocyte counts were
1,094 £+ 556/uL (before) versus 1,859 &£ 899/ul. (after),
indicating 1.7 times increase (P = 0.03) (figure not
shown). These results indicate that, even though the
absolute cell number of the increased LGL was higher in

Fig. 4 Lymphocyte and LGL
counts in PB before and at 2 h (uL)
after oral intake of dasatinib.

A Lymphocyte
P< 0.001

LGL (+) patients as compared to LGL (—) patients, LGL-
increase at 2 h after the intake of dasatinib was seen even
in LGL (—) patients as well as LGL (4) patients, and that
relative fold-increases of LGL were similar, i.e., approxi-
mately 2 times increase, for the two groups.

We next investigated whether these short-term increases
of lymphocytes and LGL occur by other ABL-TKIs such as
imatinib or nilotinib in the patients who have been treated
at the daily basis. The interval between the intake of
imatinib or nilotinib and blood test was almost fixed to 2 h,
where the mean interval was 2 h 6 min (SD =4 21 min).
Figure 6 shows the results of total 14 patients studied (11
nilotinib, 3 imatinib). Total lymphocyte counts were
1,160 £ 471/uL. (before) versus 1,210 £ 521/ul. (after)
(no significant change). LGL counts were 427 £ 206/uL
(before) versus 442 + 250/uL (after) (no significant
change). Thus, both lymphocyte and LGL stayed at the
basal levels at 2 h after the oral intakes of imatinib or
nilotinib. Taken together, the phenomenon of the rapid
increase of LGL in the PB occurs exclusively by dasatinib
intake, but not by imatinib or nilotinib intakes.

CMV-infection status during dasatinib treatment
We examined CMV-infection status during dasatinib

treatments (Table 1). We assessed the status multiple times
during dasatinib treatments in all 25 patients except 1

(All patients, n=25)

Both lymphocyte (a) and LGL 12,000 |

(b) in PB were counted before
and after intake of dasatinib in
all 25 patients. Vertical lines / B LGL
indicate mean & SD 10,000 /X
(/uL) P< 0.001
8,000 8,000 /
6,000 /‘- = 6,000 /
, pd
4,000 w‘% 4,000 //’ -T-
T W
2,000 2,000 v /
0 0
Before After Before After
mean 1,849 3,541 1,105 2,293
+SD +1,045 +2,572 +901 +1,936
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Fig. 5 LGL counts in PB
before and at 2 h after oral

A LGL(+) patients (n=15)

intake of dasatinib, separately (/uL) P=0.006
analyzed by the LGL (+) \ \
. 8,000
patient group or LGL (—)
patients group. a LGL (+) /
patient group (n = 15), and
b LGL (—) patients group /<
(n = 10). Vertical lines indicate 6,000
mean + SD B LGL(-) patients. (n=10)
% 3,000
2,000 = ;7%/; 2,000 -
-+ e |
. LE
Before After Before After
LGL 1,349 918 2,895 422 +384 805 +419
+2,240
Fig. 6 Lymphocyte and LGL A Lymphocyte Total n= 14 (Nilotinib, n=11)
counts in PB before and at 2 h (Imatinib, n= 3)
after oral intake of nilotinib or N.S. ’
imatinib. Both lymphocyte (/uL)
(a) and LGL (b) in PB were
counted before and after intake 2,000
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patient (ID #13). The frequency of C7-HRP test was 3
times by median (once for 1 patient, 2 times for 9 patients,
3 times for 12 patients, and 4 times for 3 patients), with at
least 2 months intervals. Examinations by CMV C7-HRP
tests revealed that they were negative in all 25 patients.
More precisely speaking, in 1 patient (ID #14 CP patient),
only 1 cell was detected out of approximately 60,000 cells
examined. This patient showed negative in later examina-
tion, i.e., O cell in 50,000 cells examined. And in another 1
patient (ID #13 AP patient), only 2 cells were detected out
of approximately 60,000 cells examined. This patient was
later referred to another hospital, thus re-examination was
not available. These 2 patients were considered to be

“negative for CMV infection”, because cut-off point for
the significant positivity is defined as “over 10 positive
cells per 50,000 cells” in this detection system [21].

The frequency of both CMV-IgG antibody and CMV-
IgM antibody tests were 3 times by median (once for 1
patient, 2 times for 8 patients, 3 times for 9 patients, 4
times for 5 patients, and 5 times for 2 patients), with at
least 2 months intervals. Serum CMV-IgM antibodies were
positive only in 2 of the 25 patients (8 %) without any
symptoms of CMV infection. One of these 2 patients (ID
#8) still showed positive in the later examination. And the
other patient (ID #23) showed a reduction of the serum
antibody level to the borderline, in the later examination.
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Serum CMV-IgG antibodies were positive in 23 of the 25
patients (92 %). These results indicate that most of the
patients have clinical histories of CMV infection through-
out their lives, but it is unlikely that they caught recent
infection or recent reactivation of CMV. Taken together, at
least for the CML patients in CP or AP examined in this
study, CMV reactivation seems uncommon during dasati-
nib treatment.

Discussion

In this paper, we investigated the LGL-increase during
dasatinib treatment from the viewpoints of its incidence,
phenotype of the LGL, TCR gene rearrangements, clinical
effects, and adverse events. We also investigated LGL-
increase 2 h after the oral intake of dasatinib or other ABL-
TKIs. And furthermore, we investigated incidence of CMV
reactivation during dasatinib treatments.

LGL lymphocytosis were observed in 60 % of the
patients according to our criteria in this study, which were
observed by median of 11 weeks after the start of dasatinib
treatments, and were persistent during the treatments as
long as dasatinib treatments were continued. The frequency
of LGL lymphocytosis seems to be almost of similar per-
centage or slightly higher as compared to the previous
reports in Western countries, which showed 64 % (16 of
25) of CML and Ph™ ALL patients [12] and 27 % (4 of 15)
of CML patients [11], and also in oriental countries which
showed 44 % (8 of 18) [9] and 45 % (9 of 20) [10] of CML
and Pht ALL patients. One of the issues currently
unsolved is that “increase of LGL” has not been clearly
defined up to now. Actually in this study, if the definition
of “increase of LGL” was tentatively changed to that the
absolute LGL number is “equal or more than 1,000/puL”
from “equal or more than 1,500/pL”, the result changes to
that as high as 21 out of 25 (84 %) patients were judged as
positive for “LGL-increase”. Thus, the actual incidence of
LGL lymphocytosis during dasatinib treatment is presum-
ably much higher than we have thought, and it may depend
on the definition of “LGL-increase”. Increasing LGL cells
had NK-cell phenotypes in all the 15 LGL (+4) patients in
our study, and some of the patients (11 of 15) also showed
CD8* T-cell phenotypes. Previous studies also demon-
strated that increasing cells were NK cells and CD8" T
cells, and that these cells characteristically display a late or
terminal differentiated phenotype (CD45RO™~, CD27,
CD57%) [8, 12]. In our study, although expressions of
CD45RO and CD27 were not examined, expression of
CD57 was positive in all the patients examined in LGL (+)
patients.

Favorable molecular responses in the patients with LGL
lymphocytosis were suggested in this study. This result
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seems to be compatible with those reported by other
researchers previously [8, 9, 11, 12], implicating that
dasatinib-induced T cells or NK cells may be exerting anti-
tumor immunomodulatory effects on leukemia cells, and
resulting in favorable molecular therapeutic responses.
Actually, some previous reports disclosed, by in vitro
analysis, that LGLs isolated from dasatinib-treated patients
showed enhanced cytotoxicity against either K562 cells
(CML cell line) [9, 12] or T2 cells (lymphoblastic cell line
expressing HLA-A2) [9] or even against CRL2598 cells
(endothelial cells) [13]. In line with this, previous studies
have suggested that autologously activated NK cells have a
potent cytotoxic activity on CML cells [22, 23]. Another
possible hypothesis to account for the favorable responses
in LGL (+) patients is that dasatinib has potential to reduce
the number of CD4*%, CD25%, FOXP3™ regulatory T cells
(Tregs) in both PB and bone marrow, which are negatively
regulating other immune cells, and that this reduction of
Tregs were more substantially observed in LGL (+)
patients as compared with LGL (—) patients [8, 24]. A
more recent study implicated that some of the patients with
LGL-increase had CD8" T cell populations that are spe-
cific for the PR1 leukemia-associated peptide derived from
proteinase 3 [12], which is reminiscent of the previously
observed phenomenon in CML patients with IFNo treat-
ments [25, 26]. Thus, instead of the immunomodulatory
action of IFNg, dasatinib may contribute to the elimination
of Ph" leukemia cells with its own immunomodulatory
activity.

Clonal rearrangements of the TCR genes during dasat-
inib treatments were amazingly high in our current study,
in which at least one of the three TCR genes for f3, y, and §
were rearranged in 100 % of the LGL (4) patients, and in
70 % of the LGL (—) patients as well. Amazingly enough,
it has been reported that these clonal T cell and NK cells
without BCR-ABLI fusion already existed in over 80 % (15
of 18) of patients with CML at the time of diagnosis, and
that dasatinib-treated patients, but not imatinib-treated
patients, showed expansion of their pre-existing clones
during the therapy [14]. Precise mechanism(s) of the
existence of these cells in CML patients at the time of
diagnosis and mechanism(s) of the proliferation of these
clonal cells by dasatinib treatments are still in vague.
However, it is postulated that the proliferation of these
cells by dasatinib is probably related to the off-target
kinase inhibitory effects mediated by dasatinib, which are
not so widely seen imatinib or nilotinib. The pre-existing
clonal T cells or NK cells probably expand by dasatinib
through inhibition of tyrosine kinases such as Fyn, Lck,
Btk, Tec, Lyn, Hck, Src, etc. And several subtypes of Src
family kinases such as Fyn [27, 28] or Lck [29] are known
to be involved in the regulation or activation of NK cells.
Up to now, the phenomenon of LGL-increase has not been
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reported in patients treated with imatinib or nilotinib which
cannot inhibit Src family kinases. Actually in line with this,
our results showed that imatinib treatments could not
induce LGL proliferation at all, and nilotinib could not
either from our clinical observation. In speculation though,
the expansion of these cells by dasatinib treatments might
also be associated with HLA-A*02 [12]. This might
explain the existence of some patients who did not show
LGL-increase by dasatinib treatments. Although we did not
have chance to examine in this study whether patients with
HLA-A*02 are actually associated with LGL lymphocy-
tosis or not, this could be one of the important issues to be
clarified, from the viewpoints that racial differences may
exist in terms of LGL lymphocytosis and clinical effec-
tiveness by dasatinib treatments.

Contrary to the favorable response, LGL (+) patients
showed higher frequency of adverse events of pleural
effusion in this study, which seems in line with the results
of previous reports [8, 10]. One of the reports also found
out that lymphocytes from pleural fluid showed a similar
phenotype (CD3", CD8", CD57%) and genotype (identical
T cell clone) as simultaneously observed in PB [8]. Several
variables on the increased risk of development of pleural
effusion has been reported such as, hypertension, hyper-
cholesterolemia, and dasatinib dosage >100 mg per day
[30], BP of CML, previous history of cardiac diseases,
prior skin rash on dasatinib, and previous history of auto-
immune disease [31]. Although the precise mecha-
nism(s) by which dasatinib induces a pleural effusion is
still unclear, dasatinib-induced pleural effusion is likely to
be immune-mediated phenomenon [30]. It has been sug-
gested that inhibition of platelet derived growth factor
(PDGF) receptor-f expressed in pericytes, which are sur-
rounding the endothelial cell layers of the capillary net-
work, may be implicated [30, 32]. In line with this, CDS8'T
cells isolated from patients with LGL expansion by
dasatinib treatments had increased cytotoxicity against
pulmonary non-transformed endothelial cells, which may
play a role in the autoimmune-like adverse events such as
pleural effusion [13]. Thus, pleural effusion induced by
dasatinib may be probably multifactorial such as pre-
existing cardiac or pulmonary dysfunctions, inhibition of
PDGFR-f,, and auto-immunity associated with LGL
increase.

In this study, we showed that dasatinib-induced rapid
mobilization of LGL in PB as short as 2 h after the oral
intake of dasatinib in all patients examined. This phe-
nomenon was observed irrespective of the patients of LGL
(+) or LGL (—), though LGL (+) patients showed higher
increase of LGLs by their absolute number. During the
assessment of this finding, we also have found out that
platelet counts decreased and neutrophil counts and
monocyte counts increased at 2 h after the oral intake of

dasatinib [33]. These unique phenomena were observed
exclusively by dasatinib, but not by imatinib or nilotinib.
The rapid mobilization of lymphocytes several hours after
the oral intake of dasatinib has also been reported [34],
where lymphocytes increased 2.15-fold (range 1.05-5.12)
at 1 h of intake, which seems almost similar results with
ours. They also reported that close correlation between
plasma dasatinib concentration and lymphocyte count was
observed. In addition, they reported that differential gene
expression analysis from CD8" T cells at O versus 1 h
showed up-regulation of IFN-y-inducible genes such as
CXCL-11 or CXCL-9 or ClgB which were known to be
correlated with CD8" T cell viral immune responses [34].
In speculation, temporal inhibition by dasatinib of down-
stream signaling including adhesion molecules on lym-
phocytes may have some roles. As yet, clinical implication
of this novel and unique phenomenon of rapid mobilization
of LGL in PB is presently unknown. This rapid mobiliza-
tion of LGL and the changes of the counts of hematopoietic
cells in PB by dasatinib may raise another issue in terms of
designing LGL-related clinical studies, because the time
point of oral intake before sampling blood from patients
may influence the LGL counts or platelets or other cell
counts in PB. From this viewpoint, we tried to check the
influence of “the time point of routine oral intake of
dasatinib before sampling blood” on the long-term results
of LGL-increase in this study. We checked, for each patient,
when he or she orally takes dasatinib as a routine intake.
The exact time of the routine intake is a slightly difficult to
check, then the time points were roughly checked as
“morning” or “evening”. The results were as follows. In
the 15 LGL (4) patients, 11 patients routinely take dasat-
inib in the morning, and 4 take in the evening. In the 10
LGL (—) patients, 6 patients routinely take dasatinib in the
morning, and 4 take in the evening. There was no statistical
significance between them. Thus, the long-term-lasting
LGL-increase may surpass the short-time LGL-increase.
As the number of patients in this study was rather small,
that much larger studies may be able to show some dif-
ferences on this issue.

Regarding CMV infection, a recent report demonstrated
that 15 of 16 patients with expansion of LGL were CMV-
IgG seropositive, whereas only 3 of 9 patients without
expansion of LGL (—) were CMV-IgG seropositive [12]. In
some patients with expansion of LGL, CMV DNA viral
load was also examined by PCR-based assay in plasma
samples. They also reported that 5 of 16 (31 %) patients
with expansion of LGL, while 0 of 9 (0 %) patients without
expansion of LGL, experienced symptomatic CMV reac-
tivations during dasatinib therapy [12]. Of note, they also
reported intriguing findings that most patients with LGL-
increase also exhibited high frequencies of CMV-specific
CD8* T cells which recognized CMV pp65.95_s03 peptide
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antigen (NLVPMVATYV), and that significantly elevated
levels of IP-10, IL-6, MIG, and IL-2R were present in the
plasma of patients with LGL lymphocytosis as compared
with healthy controls [12]. The increased serum levels of
these soluble factors observed in patients with LGL-
increase may also contribute to the improved therapeutic
responses, because these cytokines/chemokines direct the
chemotaxis of monocytes, T cells, NK cells, and dendritic
cells. Actually, chemotactic effects are known to be rele-
vant for leukemia cell control. They proposed a hypothesis
that CMV reactivation was first triggered in the patients
treated with dasatinib by its immunosuppressive effects,
subsequently leading to the preferential expansion of
individual CD8" T cell or NK-cell clones, which in turn
induces favorable outcome of the dasatinib treatments [12].
However, the numbers of positivity of CMV reactivation
presented by them seem rather high as compared to our
results in the current study, in which CMV reactivation was
not evident even in the LGL (4) patients in our study.
Actually, we repeatedly examined the CMV C7-HRP tests
at several points in the same patients throughout the course
of dasatinib treatments, but the results were consistently
negative. One of the likely explanations for the difference
between their results and our results may be that back-
grounds of the patients were slightly different, in which
most of the patients (22 of 25) were currently in CP and
only 3 of 25 were in AP in our study, whereas 7 of total 25
patients were in advanced phase such as BP or Ph* ALL in
their study. Another explanation may be the difference of
the methods for detection of CMV activation, in which the
method for the detection of CMV load in our study was
horse radish peroxidase (HRP) staining-based method, but
not PCR-based method. Another point might be that CMV-
IgG seropositivity per se does not necessarily represent
recent CMV reactivation. The CMV-IgG seropositivity
indicates that the person was infected with CMV at some
time during their life. Other researchers also previously
reported, by retrospective analysis of 1,150 patients, that
dasatinib treatments did not increase opportunistic infec-
tions including CMV [35]. Thus, although the number of
the patients in our study was relatively limited, our results
suggest that CMV reactivation during dasatinib treatment
was uncommon at least in CML-CP patients. This is one of
the issues to be clarified in the future by studies with a
large number of patients.

There is a growing but conflicting body of evidence
supporting an as yet uncharacterized role of ABL-TKIs in
their interaction with the immune system. For the upcom-
ing new era which aims at “complete cure” of CML
patients, it is intriguing that dasatinib has unique potential
biological actions as immunomodulator. These unique
activities of dasatinib also implicate the possibilities of the
usage of this drug for other malignancies. There are still a
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lot of issues to be clarified in the future. If all these findings
are confirmed in larger studies, clinical implication for
the treatment of patients with Ph™ leukemia would be
significant.

Conflict of interest The authors declare that they have no conflict
of interest.

References

1. Weichsel R, Dix C, Wooldridge L, Clement M, Fenton-May A,
Sewell AK, et al. Profound inhibition of antigen-specific T-cell
effector functions by dasatinib. Clin Cancer Res. 2008;14:2484-91.

2. Schade AE, Schieven GL, Townsend R, Jankowska AM, Susulic
V, Zhang R, et al. Dasatinib, a small-molecule protein tyrosine
kinase inhibitor, inhibits T-cell activation and proliferation.
Blood. 2008;111:1366-77.

3. Fraser CK, Blake SJ, Diener KR, Lyons AB, Brown MP, Hughes
TP, et al. Dasatinib inhibits recombinant viral antigen-specific
murine CD44- and CD8+ T-cell responses and NK-cell cytolytic
activity in vitro and in vivo. Exp Hematol. 2009;37:256-65.

4. Seggewiss R, Lore K, Greiner E, Magnusson MK, Price DA,
Douek DC, et al. Imatinib inhibits T-cell receptor-mediated
T-cell proliferation and activation in a dose-dependent manner.
Blood. 2005;105:2473-9.

5. Chen J, Schmitt A, Chen B, Rojewski M, Rubeler V, Fei F, et al.
Nilotinib hampers the proliferation and function of CD8+ T
lymphocytes through inhibition of T cell receptor signalling.
J Cell Mol Med. 2008;12:2107-18.

6. Kantarjian H, Shah NP, Hochhaus A, Cortes J, Shah S, Ayala M,
et al. Dasatinib versus imatinib in newly diagnosed chronic-phase
chronic myeloid leukemia. N Engl J Med. 2010;362:2260-70.

7. Sillaber C, Herrmann H, Bennett K, Rix U, Baumgartner C,
Bohm A, et al. Immunosuppression and atypical infections in
CML patients treated with dasatinib at 140 mg daily. Eur J Clin
Invest. 2009;39:1098-109.

8. Mustjoki S, Ekblom M, Arstila TP, Dybedal I, Epling-Burnette
PK, Guilhot F, et al. Clonal expansion of T/NK-cells during
tyrosine kinase inhibitor dasatinib therapy. Leukemia.
2009;23:1398-405.

9. Kim DH, Kamel-Reid S, Chang H, Sutherland R, Jung CW, Kim
HJ, et al. Natural killer or natural killer/T cell lineage large
granular lymphocytosis associated with dasatinib therapy for
Philadelphia chromosome positive leukemia. Haematologica.
2009;94:135-9.

10. Nagata Y, Ohashi K, Fukuda S, Kamata N, Akiyama H, Saka-
maki H. Clinical features of dasatinib-induced large granular
lymphocytosis and  pleural effusion. Int J Hematol.
2010;91:799-807.

11. Valent JN, Schiffer CA. Prevalence of large granular lympho-
cytosis in patients with chronic myelogenous leukemia (CML)
treated with dasatinib. Leuk Res. 2011;35:e1-3.

12. Kreutzman A, Ladell K, Koechel C, Gostick E, Ekblom M,
Stenke L, et al. Expansion of highly differentiated CD8+ T-cells
or NK-cells in patients treated with dasatinib is associated with
cytomegalovirus reactivation. Leukemia. 2011;25:1587-97.

13. Powers 1], Dubovsky JA, Epling-Burnette PK, Moscinski L,
Zhang L, Mustjoki S, et al. A molecular and functional analysis
of large granular lymphocyte expansions in patients with chronic
myelogenous leukemia treated with tyrosine kinase inhibitors.
Leuk Lymphoma. 2011;52:668-79.

14. Kreutzman A, Juvonen V, Kairisto V, Ekblom M, Stenke L,
Seggewiss R, et al. Mono/oligoclonal T and NK cells are



LGL and CMV during dasatinib treatments

319

15.

16.

18.

19.

20.

21.

22.

23.

24.

common in chronic myeloid leukemia patients at diagnosis and
expand during dasatinib therapy. Blood. 2010;116:772-82.
Ravandi F. Dasatinib, an immunomodulator? Blood.
2010;116:673—4.

Porkka K, Khoury HJ, Paquette RL, Matloub Y, Sinha R, Cortes
JE. Dasatinib 100 mg once daily minimizes the occurrence of
pleural effusion in patients with chronic myeloid leukemia in
chronic phase and efficacy is unaffected in patients who develop
pleural effusion. Cancer. 2010;116:377-86.

. Kantarjian HM, Giles F, Gattermann N, Bhalla K, Alimena G,

Palandri F, et al. Nilotinib (formerly AMN107), a highly selective
BCR-ABL tyrosine kinase inhibitor, is effective in patients with
Philadelphia chromosome-positive chronic myelogenous leuke-
mia in chronic phase following imatinib resistance and intoler-
ance. Blood. 2007;110:3540-6.

Jabbour E, Deininger M, Hochhaus A. Management of adverse
events associated with tyrosine kinase inhibitors in the treatment
of chronic myeloid leukemia. Leukemia. 2011;25:201-10.

van Dongen JJ, Langerak AW, Bruggemann M, Evans PA,
Hummel M, Lavender FL, et al. Design and standardization of
PCR primers and protocols for detection of clonal immuno-
globulin and T-cell receptor gene recombinations in suspect
lymphoproliferations: report of the BIOMED-2 Concerted Action
BMH4-CT98-3936. Leukemia. 2003;17:2257-317.

Eizuru Y, Minematsu T, Minamishima Y, Ebihara K, Takahashi
K, Tamura K, et al. Rapid diagnosis of cytomegalovirus infec-
tions by direct immunoperoxidase staining with human mono-
clonal antibody against an immediate-early antigen. Microbiol
Immunol. 1991;35:1015-22.

Gondo H, Minematsu T, Harada M, Akashi K, Hayashi S, Tan-
iguchi S, et al. Cytomegalovirus (CMV) antigenaemia for rapid
diagnosis and monitoring of CMV-associated disease after bone
marrow transplantation. Br J Haematol. 1994;86:130-7.
Cervantes F, Pierson BA, McGlave PB, Verfaillie CM, Miller JS.
Autologous activated natural killer cells suppress primitive
chronic myelogenous leukemia progenitors in long-term culture.
Blood. 1996;87:2476-85.

Silla LM, Pincus SM, Locker JD, Glover J, Elder EM, Donnen-
berg AD, et al. Generation of activated natural killer (A-NK) cells
in patients with chronic myelogenous leukaemia and their role in
the in vitro disappearance of BCR/ABL-positive targets. Br J
Haematol. 1996;93:375-85.

Rohon P, Porkka K, Mustjoki S. Immunoprofiling of patients with
chronic myeloid leukemia at diagnosis and during tyrosine kinase
inhibitor therapy. Eur J Haematol. 2010;85:387-98.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Molldrem JJ, Clave E, Jiang YZ, Mavroudis D, Raptis A, Hensel
N, et al. Cytotoxic T lymphocytes specific for a nonpolymorphic
proteinase 3 peptide preferentially inhibit chronic myeloid leu-
kemia colony-forming units. Blood. 1997;90:2529-34.
Molldrem JJ, Lee PP, Wang C, Felio K, Kantarjian HM,
Champlin RE, et al. Evidence that specific T lymphocytes may
participate in the elimination of chronic myelogenous leukemia.
Nat Med. 2000;6:1018-23.

Lowin-Kropf B, Kunz B, Schneider P, Held W. A role for the src
family kinase Fyn in NK cell activation and the formation of the
repertoire of Ly49 receptors. Eur J Immunol. 2002;32:773-82.
Gadue P, Morton N, Stein PL. The Src family tyrosine kinase Fyn
regulates natural killer T cell development. J Exp Med.
1999;190:1189-96.

Pignata C, Prasad KV, Hallek M, Druker B, Rudd CE, Robertson
M, et al. Phosphorylation of src family Ick tyrosine kinase fol-
lowing interleukin-12 activation of human natural killer cells.
Cell Immunol. 1995;165:211-6.

Quintas-Cardama A, Kantarjian H, O’Brien S, Borthakur G,
Bruzzi J, Munden R, et al. Pleural effusion in patients with
chronic myelogenous leukemia treated with dasatinib after i-
matinib failure. J Clin Oncol. 2007;25:3908-14.

de Lavallade H, Punnialingam S, Milojkovic D, Bua M, Khora-
shad JS, Gabriel IH, et al. Pleural effusions in patients with
chronic myeloid leukaemia treated with dasatinib may have an
immune-mediated pathogenesis. Br J Haematol. 2008;141:745-7.
Jayson GC, Parker GJ, Mullamitha S, Valle JW, Saunders M,
Broughton L, et al. Blockade of platelet-derived growth factor
receptor-beta by CDP860, a humanized, PEGylated di-Fab/, leads
to fluid accumulation and is associated with increased tumor
vascularized volume. J Clin Oncol. 2005;23:973-81.

Imagawa J, Tanaka H, Matsumoto K, Morita K, Harada Y,
Harada H (2012) A sharp fluctuation in peripheral blood cells
shortly after dasatinib administration. Int J Hematol (in press)
Mustjoki S, Rousselot P, Jalkanen S, Kreutzman A, Melo T,
Lahesmaa A-M, et al. Dasatinib induce a rapid, dose-controllable
mobilization of cytotoxic lymphocytosis: A novel immunomod-
ulatory effect associated with prolonged therapy responses in
advanced leukemia. #1204, The 52th ASH Annual Meeting and
Exposition. 2010.

Al-Ameri A, Kantarjian H, Borthakur G, Bahceci E, Szatrowski
T, Damokosh A, et al. Opportunistic infection are uncommon
with dasatinib in patients with chronic myeloid leukemia in
chronic phase (CP-CML). #1120, The 51th ASH Annual Meeting
and Exposition. 2009.

@ Springer



	Rapid and sustained increase of large granular lymphocytes and rare cytomegalovirus reactivation during dasatinib treatment in chronic myelogenous leukemia patients
	Abstract
	Introduction
	Patients and methods
	Patients
	Counting of LGL in peripheral blood
	Assessment of molecular response
	Flow cytometry
	T-cell receptor (TCR) gene rearrangement
	Assessment of cytomegalovirus (CMV) infection status
	Statistical analysis

	Results
	Rapid and sustained increase of LGL by dasatinib treatment
	Phenotype of peripheral blood mononuclear cells by flow cytometry
	Clonal T cell receptor (TCR) gene rearrangements
	Favorable molecular response and higher incidence of pleural effusion in the patients with LGL-increase
	LGL count increases two hours after the oral intake of dasatinib
	CMV-infection status during dasatinib treatment

	Discussion
	Conflict of interest
	References


