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Chronic myelocytic leukemia (CML) is a myelopro-
liferative disorder originating at the level of the pluripo-
tential hematopoietic stem cell by bcr-abl fusion result-
ing from the juxtaposition of the 3� DNA sequence of the
abl gene mapping on chromosome 9 to the 5′ DNA se-
quence of the bcr gene mapping on chromosome 22.
The cytogenetic description is Ph′-chromosome with

t(9;22)(q34;q11). CML is usually biphasic disease with a
relatively benign chronic phase followed by either an
accelerated phase or blastic phase terminating fatally.
Recent advances in the treatment of chronic phase CML
with IFN-α have resulted in the prolonged survival of
patients [1�3]. Although the precise mechanisms of the
anti-leukemic effects of IFN-α are not clear, molecular
elimination of Ph′ clone in CML patient has been report-
ed [4�6]. So far, there are no useful markers to predict
the sensitivity of Ph′ cells to IFN-α.
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It is well known fact that introduction of interferon alfa (IFN-ααααα) can prolong the survival of CML patients,
especially in cases of reduction in the percentage of Ph′′′′′ metaphases. So far, the precise mechanism of IFN-ααααα to kill
the Ph� cells is unknown and there is no useful marker(s) to predict good cytogenetic response at the time of
diagnosis. We have examined the serial hematological findings, the proportion of Ph′′′′′ metaphases and the products
of reverse transcription/polymerase chain reaction (RT-PCR) in 29 patients to identify reduction patterns of Ph′′′′′
cells. Six of 29 patients demonstrated a complete cytogenetic response (CCR) and 5 of 29 patients showed a partial
cytogenetic response (PCR). Mean white blood cell (WBC) count during 3 to 12 months in a major cytogenetic
response group (CCR plus PCR) was lower than in poor response group. No relationships between the cytogenetic
response, previous therapy, the percentage of Ph′′′′′ at diagnosis and the hematological findings at the initiation of
IFN-ααααα therapy have been found. 29 patients under study could be divided into five groups according to the patterns
of Ph′′′′′ clone fluctuations. We suggest that there are intrinsically unknown factors allowing us to categorize CML
patients at diagnosis concerning response to IFN-ααααα. Meanwhile, it is important to keep WBC count at low level to
attain a major cytogenetic response.
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Èçâåñòíî, ÷òî èñïîëüçîâàíèå èíòåðôåðîíà-àëüôà (ÈÔÍ-ααααα) â òåðàïèè áîëüíûõ ñ ÕÌË ïðèâîäèò ê ïîâûøåíèþ
ïîêàçàòåëÿ âûæèâàåìîñòè áîëüíûõ. Îäíàêî äî íàñòîÿùåãî âðåìåíè ìåõàíèçìû, ïîñðåäñòâîì êîòîðûõ ÈÔÍ-ααααα
âîçäåéñòâóåò íà Ph′′′′′-êëåòêè, íåèçâåñòíû. Ê òîìó æå îòñóòñòâóþò ìàðêåðû äëÿ ïðîãíîçèðîâàíèÿ öèòîãåíåòè÷åñ-
êîãî îòâåòà íà òåðàïèþ ÈÔÍ-ααααα â ìîìåíò óñòàíîâëåíèÿ äèàãíîçà. Ïðèâåäåíû äàííûå îáñëåäîâàíèÿ 29 áîëüíûõ
ñ ÕÌË â ïðîöåññå òåðàïèè ÈÔÍ-ααααα. Àíàëèçèðîâàëè èçìåíåíèå îáùèõ ãåìàòîëîãè÷åñêèõ ïîêàçàòåëåé è óìåíü-
øåíèå êîëè÷åñòâà Ph′′′′′-êëåòîê (êàê öèòîãåíåòè÷åñêè, òàê è ñ ïîìîùüþ ÎÒ-ÏÖÐ). Ó 6 èç 29 áîëüíûõ áûë
îòìå÷åí ïîëíûé öèòîãåíåòè÷åñêèé îòâåò, ó 5 áîëüíûõ � ÷àñòè÷íûé öèòîãåíåòè÷åñêèé îòâåò. Êîëè÷åñòâî ëåé-
êîöèòîâ â ïåðèôåðè÷åñêîé êðîâè áîëüíûõ, ó êîòîðûõ áûë äîñòèãíóò ïîëíûé ëèáî ÷àñòè÷íûé öèòîãåíåòè÷åñ-
êèé îòâåò, â ñðåäíåì íà ïðîòÿæåíèè 3�12 ìåñ áûëî ìåíüøå, ÷åì ó áîëüíûõ, êîòîðûå íå ðåàãèðîâàëè íà
òåðàïèþ ÈÔÍ-ααααα. Íå áûëî îáíàðóæåíî êàêîé-ëèáî êîððåëÿöèè ìåæäó öèòîãåíåòè÷åñêèì îòâåòîì, õàðàêòåðîì
ïðåäøåñòâóþùåé òåðàïèè, êîëè÷åñòâîì Ph′′′′′-êëåòîê ê ìîìåíòó óñòàíîâëåíèÿ äèàãíîçà è ãåìàòîëîãè÷åñêèìè
ïîêàçàòåëÿìè ê ìîìåíòó íà÷àëà òåðàïèè ñ èñïîëüçîâàíèåì ÈÔÍ-ααααα. Äàííûå îòíîñèòåëüíî èçìåíåíèÿ êîëè÷å-
ñòâà Ph′′′′′-êëåòîê â ïðîöåññå òåðàïèè ó îáñëåäîâàííûõ íàìè 29 áîëüíûõ ïîçâîëÿþò âûäåëèòü ïÿòü ãðóïï, ðàçëè-
÷àþùèõñÿ ïî õàðàêòåðó ðåàêöèè ñïåöèôè÷åñêîãî êëîíà ëåéêîçíûõ êëåòîê íà ÈÔÍ-ααααα. Îñòàåòñÿ íåÿñíûì,
êàêèå ôàêòîðû îïðåäåëÿþò õàðàêòåð îòâåòà ýòèõ êëåòîê íà ÈÔÍ-ααααα. Òåì íå ìåíåå, äîñòèæåíèå ïîëîæèòåëüíî-
ãî öèòîãåíåòè÷åñêîãî îòâåòà êàêèì-òî îáðàçîì ñâÿçàíî ñ ïîääåðæàíèåì îòíîñèòåëüíî íåáîëüøîãî êîëè÷åñòâà
ëåéêîöèòîâ â ïåðèôåðè÷åñêîé êðîâè â ïðîöåññå òåðàïèè.
Êëþ÷åâûå ñëîâà: õðîíè÷åñêèé ìèåëîëåéêîç, Ph′′′′′-õðîìîñîìà, öèòîãåíåòè÷åñêèé àíàëèç, ÎÒ-ÏÖÐ, èíòåðôåðîí-ααααα.
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The retrospective analysis of 29 patients treated with
IFN-α (HLBI:�Sumiferon�, Sumitomo Pharmaceuticals,
Japan) has shown that the maintenance of the white
cell count (WBC) at low level is important to reduce the
Ph′ clone. At the same time various patterns of Ph′ clone
reduction have been registered.

PATIENTS AND METHODS
Patients and samples. A total of 29 patients with

CML in chronic phase (18 males; 11 females), diag-
nosed at Department of Hematology and Oncology,
Hiroshima University Hospital, were included in this
study. The median age was 52 years (range 21�75) at
the point of diagnosis. Twenty three patients have been
treated with hydroxyurea(HU) followed by IFN-α and
six patients with IFN-α alone. IFN-α was given at a
dose of 300 x 104 U subcutaneously twice a week or
every other day, or at a dose of 600 x 104 U twice a
week with or without hydroxyurea (500 to 1,000 mg).
Informed consent was obtained as required by the Dec-
laration of Helsinki.

At diagnosis, 28 patients showed a standard type
Ph′ (9; 22 translocation) and one patient had a variant
type Ph′ (9;22 translocation) (Figure). Bone marrow
(BM) specimens were analyzed for Ph′ cells every
6 months, serially. Observation time was from 6 to
107 months.

After starting IFN-α therapy, mean WBC count and
platelet count were evaluated between 3 to 6 months,
3 to 12 months and 6 to 12 months respectively.

Cytogenetic analysis. Cytogenetic studies were
performed on BM specimens according to the stan-
dard techniques. Metaphases from short-term (24-h
or 48-h) cultures were examined after G-banding. A
minimum of 20 metaphases (mean 172 cells: range 20�
550) were analyzed to define the cytogenetic response
more precisely. The cytogenetic response were evalu-
ated according to Talpaz�s criteria [7]. Complete cyto-
genetic response (CCR), 0% Ph′ metaphase; partial
cytogenetic response (PCR), 0% < or < 35% Ph′
metaphase; minor cytogenetic response (MCR), 35% ≤
or ≤ 95% Ph′ metaphases; and none cytogenetic re-
sponse (NCR), 95% < Ph′ metaphases. A major cyto-
genetic response included complete and partial cyto-
genetic responses. The samples have been also ana-
lyzed by RT-PCR assay [8].

Statistical analysis. The comparison of therapy and
the hematological findings in four groups with the va-
rious proportion of Ph′ metaphases was done using χ2

test or in the case of low numbers by Fisher�s exact
test.

RESULTS
Clinical and cytogenetic findings at diagnosis.

Mean WBC count was 69.9 x 109/l (range 9.9�252.3) and
mean platelet count was 731 x 109/l (range 237�1,742).
Twenty four of 29 patients had 100% proportion of Ph′
metaphases; five patients showed 88.1%, 95.0%, 98.0%,
98.8%, 98.9% proportion of Ph′ respectively.

Cytogenetic response, previous therapy and the
proportion of Ph′ metaphase at diagnosis. Twelve

of 29 patients had previous therapy other than IFN-α.
There was no impact of the previous therapy on the
cytogenetic response and the proportion of Ph′
metaphases at diagnosis (data not shown).

Cytogenetic response and the period until ther-
apy. Twenty two of 29 patients were treated with IFN-α
within 2 months after diagnosis. Although we observed
a trend for a major cytogenetic response with shorter
time from diagnosis to therapy, no significant difference
was found (data not shown).

Cytogenetic response and the hematological
findings at the initiation of IFN-ααααα therapy. A major
cytogenetic response was obtained in 11 patients.
These cytogenetic response did not differ significantly
with respect to WBC and platelet count at the initiation
of IFN-α therapy (data not shown).

Period until cytogenetic response. A major cy-
togenetic response was achieved in 5 of 10 patients
within 12 months. Three patients demonstrated a ma-
jor cytogenetic response after 36 months (Table 1).

Table 1. Period until cytogenetic response

Cytogenetic Number Period until response (months)
response of cases ≤ 6 6�12 12�24 24�36 ≥ 36

CCR 5 1 2 1 1
PCR 5 2 1 2
MCR 6 1 3 1 1
Total 16 2 7 2 2 3

IFN-ααααα alone and the combination with hydroxy-
urea. Six patients were treated with IFN-α alone. IFN-α
combined with hydroxyurea was administrated in 23 pa-
tients. Significantly more CCRs were obtained in the
group of IFN-α alone (P < 0.05, Table 2).

Table 2. Comparison of IFN alone and combination therapy

Cytogenetic
response

Number of
cases

IFN alone IFN + HU Outcome

CCR 6         4a,b 2
PCR 5         2 3
MCR 6         0a 6 1:BMT dead
NCR 12         0b 12 3:BC dead
Total 29         6 23

a P < 0.05, b P < 0.01

Cytogenetic response and the hematological
finding after IFN-ααααα therapy. Mean WBC count dur-
ing 3 to 12 months in major cytogenetic response group
was significantly lower than in MCR + NCR group
(P < 0.05, Table 3). The same was true for mean WBC
count eveluated during 6 to 12 months (P < 0.05, data
not shown). However, difference was not significant with
respect to the cytogenetic response by comparison with
mean WBC count during 3 to 6 months (data not
shown). On the other hand, there was no significant

Table 3. Mean WBC count during 3 to 12 months after IFN therapy

Cytogenetic Number Mean data (3�12 months)
response of cases WBC (x 103/µl) Plts (x 104/µl)

CCR 6 4.4a 4.3a 18.1
PCR 5 4.2 18.0
MCR 6 4.5 7.3a 18.9
NCR 12 8.9a 16.5
Total 29

aP < 0.05
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difference in the mean platelet count among 3 to
12 months, 6 to 12 months and 3 to 6 months groups
(data not shown).

Clinical characteristics of patients achieving
complete cytogenetic response. CCR was docu-
mented in 6 patients (2 males, 4 females). 5 of 6 pa-
tients showed bcr-abl mRNA molecules with b3a2 junc-
tion (Table 4). The proportion of Ph′ metaphases at di-
agnosis was 88.1% in patient YM. Her Ph′ clone re-
duced to 1% at 5 months and was eliminated cytoge-
netically and molecularly at 11 months after IFN-α the-
rapy (Table 5). Patient SK progressed almost the same
course as patient YM, and RT-PCR product was nega-
tive after 21 months. Ph′ clone in patient SO disap-
peared rapidly within 5 months. However, the result of
RT-PCR product fluctuated from time to time (Table 6)
[4].

Proportion of Ph′ clone decreased gradually in pa-
tient SH, and until 5 years he has been maintaining
CCR regardless the positive product of RT-PCR (Ta-
ble 7). We could divide 29 patients into 5 types ac-
cording to their cytogenetic response: fairly stable (3 pa-
tients; patient YM, patient SK, patient SO), gradual de-
crease (5 patients), transient (2 patients), variable
(1 patient), resistant (18 patients).

DISCUSSION
In our study a major cytogenetic response was

achieved in 11 of 29 patients (37.9%). This rate is very
close to those reported by Kantarjiaan et al. [9], and
Mahon et al. [10], however, rather higher than that of
others [3]. Although precise cause of such a discrep-
ancy is unknown, it may he due to the differences in
the levels of WBC count, the dose schedule of IFN-α,
etc [11]. Profound myelosuppression is not required to
kill the Ph′ cells in IFN-α therapy. Instead, according to
our data maintenance of WBC count at the low level is
required to gain a favorable cytogenetic response (Ta-
ble 3). At present this point of view is widely accepted
[12, 13]. IFN-α should not be discontinued for mode-
rate leukopenia (WBC count between 3 to 5 x 109/l) [3].
In the report of Ohnishi et al. WBC count was kept at
around 5 x 109/l and a major cytogenetic response was
16.3% (CCR: 7.5%) [12]. German CML Study Group
aimed at the level of WBC count of 2�4 x 109/l resulting
in 7.2% CCR rate [2]. Ellicott et al. maintained the ab-
solute granulocyte count at 1.0�2.0 x 109/l for 6 months
or more and obtained a major cytogenetic response of
32.3% (CCR: 29.0%) [14]. Mahon et al. maintained
WBC count at 1.5�5 x 109/l and resulted in 43.1% MCR
rate (CCR: 31.9%) [10]. Ozer et al. set a total WBC

Table 4. Clinical characteristics of six patients achieving CCR

Case Age (yr) Sex At diagnosis Period until mRNA
WBC (x 103/µl) plts (x 104/µl) Ph′ (%) IFN therapy (months) CCR (months)

KK 65 F 39.3 132.8 100 1 32 b3a2
SK 58 F 31.9 174.2 100 0.5 12 b3a2
FO 47 F 30.9 55.8 100 1 90* b3a2
SH 47 M 15.6 38.9 100 1 46 b3a2
YM 53 F 11.7 56.9 88.1 1 11 b3a2
SO 55 M 9.9 28.9 100 4 5 b3a2

* not examined between 24 and 89 months

Table 5. Changes in the percentage of the Ph′ cells (patient YM)

Time on study (months)
0 5 11 20 22 29 42 46

% of Ph′ 88.1 1 0 0 0 0 0 0
Ph′/Total 74/84 1/104 0/107 0/60 0/130 0/267 0/50
PCR product � � +
Therapy
HLBI

Table 6. Changes in the percentage of the Ph′ cells (patient SO)

Time on study (months)
0 5 14 19 22 23* 28 41 42 43 48 54 60 61 67 73 74 76 98

% of Ph′ 100 0 0 0 0 0 0 0 2.8 0 4 0
Ph′/Total 40/40 0/29 0/17 0/24 0/161 0/100 0/47 0/61 4/143 0/107 2/50 0/185
PCR
product

+ + � � � � + + + � +

Therapy
HLBI
HU
* splenectomy

Table 7. Changes in the percentage of the Ph′ cells (patient SH)

Time on study (months)
0 12 24 32 39 46 55 60 75 83 99

% of Ph′ 100 100 65.5 1.2 11.1 0 0.5 0 0 0 0
Ph′/Total 123/123 134/134 97/148 1/83 2/18 0/245 1/184 0/204 0/363 0/41 0/60
PCR product + + + + +
Therapy
HLBI
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�target� of 3 to 3.5 x 109/l and obtained 29% MCR rate
(CCR: 13%) [15]. Along with these reports we insist
that WBC count should be kept at the low level around
3 to 4 x 109/l with IFN-α based regimens.

As well known, some patients can�t go through the
side effects of IFN-α such as fever and general fa-
tigue, and some patients treated with hydroxyurea com-
plain of stomatitis or painful leg ulcers. Severe thrombo-
cytopenia happens in rare patients. We could give suf-
ficient dose of IFN-α to all the patients to reduce WBC
count. On the other hand, there was no significant dif-
ference between a major cytogenetic response and poor
response group with respect to the platelet count.
Therefore, the mean WBC count during 3 to 12 months
after IFN-α therapy seems to be useful in predicting
the cytogenetic response.

CML is a clonal disease at the level of the pluripo-
tent stem cell [16]. When normal hematopoiesis reco-
vers with IFN-α therapy, the flow of the normal com-
mitted cells to the platelets may be rapid and rather
significant. Therefore we might be unable to find out
the difference with respect to the platelet count.

Valuable information on the competition between Ph′
cells and normal cells has been provided from in vitro
studies. Normal progenitors can usually be detected in
long term culture [17, 18]. Maintenance of the low WBC
count could be a sufficient condition for the quiescent
normal progenitors to begin proliferating.

Early introduction of IFN-α therapy has been re-
commended to attain a good cytogenetic response [9].
In our study indeed, CCR was achieved in 5 of 6 pa-
tients treated with IFN-α within 2 months after diagno-
sis. In 2 of 5 patients achieving PCR IFN-α therapy
was started after 12 to 24 months of diagnosis. At the
same time and 9 of 12 patients treated within 2 months
could achieved no cytogenetic response.

Sacchi et al. reported data on 137 patients treated
with IFN-α in late chronic phase (diagnosed less than
a year since the commencement of therapy and/or with
no or minimal pretreatment) with moderate response
to IFN-α almost the same as in our study [19].

Neither the previous therapy nor the proportion of
Ph′ metaphases affects the cytogenetic responses in

IFN-α therapy. 5 of 6 patients in CCR had b3a2 mRNA.
These results are comparable to the previous report
that these was no significant association between a
major cytogenetic response and the type of mRNA
message [20].

Although the number of patients in our study is too
small to draw any conclusion, it is possible that CML
patients have intrinsically unknown characteristics use-
ful to predict the response to IFN-α already at the time
of diagnosis. Such qualitative or quantitative factors
might affect the cytogenetic response which could be
divided into five patterns.

The mechanism of IFN-α action is not clear but a
stimulation of specific immune response has been re-
ported [21�23]. p210bcr/abl protein derived from Ph′ trans-
location might exhibit the immunogenicity of leukemic
cells. It has been suggested that this peptide may be
presented by specific HLA molecules and induce a spe-
cific immune reaction to CML cells bearing p210 pro-
tein [23�27]. Therefore, correlation between HLA type
and response to IFN-α could be considered [20]. Cortes
et al. reported that patients with HLA-A31 showed a
trend towards a higher response rate to IFN-α therapy
[26]. We investigated HLA phenotype in a minority of
patients. Two of 6 patients in CCR and two of 12 pa-
tients in NCR had HLA-A31.

The detection of mRNA message in patients YO and
SO (Table 5, Table 6) suggests that Ph′ cells could
persist in a dormant state or, otherwise, immune mech-
anisms or post translational regulation of bcr-abl gene
expression by IFN-α therapy could be involved [28].

More cases are required to confirm the varied pat-
terns of a cytogenetic response to IFN-α therapy and
more detailed molecular understanding such as expres-
sion level of IFN receptors on CML cells, their func-
tioning, internalization, and signaling cascades are
warranted for IFN-α therapy of CML [29�33].
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