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Evolving Modalities of Treatment with
Interferon Alfa-2b for Ph'-Positive Chronic
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We have administered interferon alfa-2b, alone or in combination with chemotherapy, to 126 Ph'-positive
chronic myelogenous leukaemia patients. Of 71 early chronic phase (CP) patients (< 12 months from diagnosis),
41 (58%) obtained a complete haematological response (CHR). Daily interferon was more effective than
intermittent administration. In previously untreated patients, the response was significantly influenced by risk
status at diagnosis. Thirty-four out of 71 (48%) patients improved cytogenetically, the median of Ph'+ mitoses
declining from 100% to 66% with complete Ph!-suppression in one case. Of 46 late CP patients (> 12 months
from diagnosis), 32 (70%) achieved CHR with interferon alone or combined with chemotherapy. All 10 patients
with disease well controlled by chemotherapy obtained stable CHR with interferon alone. Of 36 partial
responders to conventional chemotherapy, 22 (61%) obtained CHR on interferon plus low-dose hydroxyurea.
Ph' mosaicism was reached by 16 (35%) late CP patients (median Ph'+ cells 75%). Of nine accelerated phase
patients on interferon plus chemotherapy, one attained CHR, and two responded partially. At a median follow
up of 36 months, of 41 CHR patients in early CP, 15 are controlled on interferon, 12 have had autologous bone
marrow transplantation (BMT), and two allogeneic BMT. Blastic transformation (BT) has occurred in eight of
41 CHR patients (19%) versus 17 of 30 (57%) non-responders and partial responders to interferon. At a median
follow up of 22 months, of 32 late CP patients obtaining CHR, 26 remain on interferon, one had allogeneic BMT,
one had autologous BMT, and one developed BT (versus five out of 14 with less than CHR). These studies
confirm the haematological and cytogenetic efficacy of interferon in CML and indicate that the disease status at
the start of treatment is critical in determining the success of therapy.
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INTROPUCTION
DURING the last 20 years neither conventional chemotherapy,

the natural evolution of chronic myelogenous leukaemia (CML)
[1, 2]. The suppressive effect on the Ph'-positive clone,

nor more aggressive chemotherapy have substantially modified
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sometimes observed after intensive chemotherapy, is usually
transient [3, 4]. To date, only allogeneic bone marrow
transplantation (BMT) has led to the stable, complete
suppression of the Ph! cells with restoration of normal
haemopoiesis. This approach, however, is limited to a minority
of CML patients [5]. Since 1983, several studies with partially
purified human alpha interferon and with recombinant
interferon have demonstrated significant activity in CML
patients, leading in some cases to the partial or complete
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suppression of Ph'-positive metaphases. This suppression has
been achieved progressively without provoking the cytopenic
effects of chemotherapy [6-17].

Following the first encouraging results obtained with
leucocyte interferon [6, 7], in 1985 we started our first co-
operative study to test the haematological and cytogenetic
efficacy of recombinant interferon alfa-2b, administered three
times a week (t.i.w.) at doses of 2 and 5 million units (MU)/m?
in Ph' + CML patients. Seventy-four patients entered this first
study [12].

Later, to improve the haematological and cytogenetic results,
we used interferon daily in newly diagnosed patients or in
patients in whom intermittent interferon had obtained only a
partial response or had failed to maintain a complete response
[14].

More recently, we tested daily interferon alone or in
combination with hydroxyurea (HU) in 46 CML patients in the
late chronic phase of their disease [18].

PATIENTS AND METHODS
We have treated with recombinant interferon alfa-2b (Intron
A, Schering-Plough) a total of 126 patients with Ph!-positive
CML. Of these, 71 were in the early chronic phase (less than 12
months from diagnosis), 46 were in the late chronic phase
(more than 12 months from diagnosis), and nine were in the
accelerated phase.

CML panents in early chronic phase

This group of 71 patients included 35 previously untreated
patients and 36 who had been given conventional
chemotherapy for a median duration of 7.5 months (range 3-12
months). All patients were randomized to receive intermittent
interferon at doses of 2 or 5 MU/m? t.i.w. Patients assigned to
the lower dose who showed increased white blood cell (WBC)
counts after 4 weeks or no reduction after 8 weeks were crossed
over to the higher dose. Patients receiving the intermittent
regimen who achieved a partial haematological response
persisting unmodified over 6 months, or an unstable complete
haematological response (CHR), were moved to daily interferon
administration at doses ranging from 2 to 5 MU/m?. The last
eight newly-diagnosed patients admitted to the study were
started with daily interferon.

CML patients in late chronic phase

This group consists of 46 patients previously treated with
conventional chronic phase chemotherapy for over 12 months
(median 32 months, range 13-97 months). Of these, 10 patients
whose disease was well controlled by conventional
chemotherapy (nearly normal blood counts, minimal or absent
splenomegaly, 100% Ph'-positive marrow metaphases) were
switched to daily interferon alone at doses ranging from
3 to 9 MU/day (median 4 MU/day). The other 36 patients who
showed only partial haematological response to chemotherapy
received interferon (median dose 3.5 MU/day, range
2-10 MU/day) in addition to ongoing HU (0.5 to 2 g/day,
median dose 1 g/day).

CML patients in accelerated phase
Nine patients in accelerated phase had interferon 5 MU/m?
t.i.w. concurrently with chemotherapy (HU + 6-mercaptopurine

(6-MP)) and, in the case of partial haematological response or
unstable CHR, were crossed over to the daily schedule.

Criteria for response.

CHR was defined as the normalization of peripheral blood
counts and disappearance of all clinical symptoms and signs of
disease, including splenomegaly, with persistence of Ph'-
positive mitoses in the bone marrow. Partial haematological
response (PHR) was defined as the reduction of WBC count by
more than 50% of pretreatment levels (to less than 20 x 10°/L),
and reduction by more than 50% of splenomegaly. Complete
remission is defined as haematological and clinical remission
with complete eradication of the Ph'-positive marrow
metaphases.

RESULTS
CML patients in early chronic phase
Of 71 patients, 41 (58%) obtained CHR in a median time of
3 months. In this subset of patients in early chronic phase the
response rate did not differ significantly according to previous
treatment, CHR being achieved in 22/35 (63%) of previously
untreated and in 19/36 (53%) of pretreated patients (Table 1).

Table 1. Overall results of treatment with interferon alfa-2b as a single
agent in early chronic phase CML patients

Total CHR Ph' Ph' mitoses
patients n (%) mosaicism  median (%)
n n (%) (range)
Untreated 35 22 (63) 19 (54) 58 (15-95)
Pretreated 36 19 (53) 15 (41) 76 (0-95)
< 12 months
Total 71 41 (58) 34 (48) 66 (0-95)

As shown in Table 2, the complete response rate increased after

Table 2. Response to interferon alfa-2b in early chronic phase CML
according to interferon dose and schedule

CHR
Schedule Dose Total (%)  Patients
(MU/m?* patients crossed over
n n n n
Intermittent 2 33 8 (24)
5 30 14
@n*
7 21
Daily 245 8 7
7>
5 9
Total 71 41 (58)

*Expressed as the percentage of patients showing CHR from the
original patients in the group plus those crossed over into the group.
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escalation of intermittent interferon from lower to higher doses
and after crossing the patients from intermittent to daily
administration. When previously untreated patients are divided
among the three risk categories of the prognostic classification
of Sokal er al. [19], the rate of response to interferon appears to
be influenced significantly by the initial risk status (Table 3).

Table 3. Effect of initial risk status on response to interferon alfa-2b in
previously untreated CML patients

Risk category* Total patients CHR %)
n n
Low risk 16 14 87
Intermediate risk 12 7 (58)
High risk 7 1 14)
P<0.01

* According to Sokal ez al. [19]:
Relative risk: Exp 0.0116 (age - 43.4) + 0.0345 (spleen - 7.51)

700
Low risk = relative risk < 0.8;
Intermediate risk: relative risk = 0.8 to 1.2;
High risk = relative risk > 1.2

Its\ ?
+0.188 [(u) -0.563] +0.0887 (% blasts - 2.10)

A cytogenetic improvement was observed in 34/71 patients
(48%), the median percentage of Ph'-positive metaphases
declining from 100% to 66% (range 0-95) (Table 1). The
complete suppression of Ph! chromosome observed in one case
after 14 months of treatment was confirmed by Southern blot
analysis.

CML patients in late chronic phase

Of the entire group of 46 patients, 32 (70%) obtained CHR
in a median time of 4 months. Of 10 patients with the disease
well-controlled by chemotherapy, all achieved a stable CHR
with interferon alone, with normal blood counts and absence of
splenomegaly in a median time of 2 months. In seven of them
Ph!-positive mitoses declined from 100% to a median of 72%
(range 14-90%) after a median time of 13 months. Of the
remaining 36 patients with only partial haematological control,
22 (61%) obtained stable CHR in a median time of 8 months
after receiving combination of interferon with low-dose HU. Of

Table 4. Overall results of treatment with interferon alfa-2b + HU
in late chronic phase CML patients

Interferon Alfa-2b in Ph'-Positive Chronic Myelogenous Leukaemia

16 cytogenetically evaluable CHR patients, nine showed some
degree of Ph' mosaicism (median Ph'-positive cells 75%, range
18-90%) after a median time of 14 months (Table 4).

CML patients in accelerated phase

Of the nine patients in accelerated phase receiving interferon
plus chemotherapy, one attained CHR and two PHR. In these
three patients the concurrent chemotherapy dosage was
reduced on starting interferon, and could be completely
discontinued after 8 months in the single case showing CHR.
This patient had a transient reduction of Ph'-positive marrow
metaphases from 100% to 71% at the eighth month of
treatment.

Follow up

After a median follow up of 36 months, 15 of the 41 early
chronic phase patients who had achieved CHR with interferon
remain in continuous disease control on interferon; 12
underwent autologous BMT; two received allogeneic BMT;
four were taken off study for toxicity or late resistance to
interferon; and eight developed blastic transformation (BT). BT
occurred in 17 of 30 patients (57%) who did not respond or
responded only partially to interferon, compared to eight of 41
patients (19%) who achieved CHR (P < 0.01) (Table 5).

Table 5. Outcome of 71 CML patients in early chronic phase
treared with interferon alfa-2b as a single agent at a median

Jollow up of 3 years
Response to  Total On  Autologous Allogeneic Off BT
interferon patients interferon ~ BMT BMT  study
n
CHR 41 15 12 2 4 8
P<0.01
PHR +NR 30 2 1 4 6 17

Total CHR Ph! Ph!
patients n (%) mosaicism  mitoses
n n median %
(range)
Patients with 10 10 (100) 7/10 72 (14-90)
stable CP
(interferon alone)
Patients with 36 22 (61) 9/16* 75 (18-90)

unstable CP
(interferon + HU)

*No. patients tested from total.
CP = Chronic phase

NR = No response

After a median follow up of 22 months, 26 of 32 late chronic
phase patients achieving CHR are still on interferon (24 in
CHR and two in PHR); one underwent autologous BMT and
one allogeneic BMT; three were taken off study because of
toxicity and one developed BT. Of the 14 patients obtaining
less than CHR, five developed BT (P < 0.01) (Table 6).

Overall, 13 patients treated with interferon for a median of 21

Table 6. Outcome of 46 CML patients in late chronic phase
treated with interferon alfa-2b + HU at a median follow up

of 22 months
Response to ~ Total On  Autologous. Allogeneic. Off BT
interferon patients interferon =~ BMT BMT  study
n
CHR 32 26 1 1 3 1
P<0.01
PHR +NR 14 5 — 1 3 5

months and showing varying degrees of Ph! mosaicism (median
65%, range 16-93%) were submitted to autologous BMT. Two
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show complete suppression of the Ph' clone after a median of
12 months from BMT [20,21].

Toxicity

Apart from flu-like symptoms occurring transiently in the
majority of patients at the start of interferon therapy, other
relatively frequent side effects requiring dose reduction or
temporary discontinuation were: thrombocytopenia,
hepatotoxicity, leucopenia, neurotoxicity, minimal to moderate
hair loss, skin desquamation, and weight loss. All these side
effects were mild-to-moderate and their incidence and severity
were related to the interferon dose [14]. Leucopenia and
thrombocytopenia occurred more frequently during
combination therapy with interferon plus HU, leading to a dose
reduction of both interferon and HU in most patients [18].

DISCUSSION

This report shows that interferon alfa-2b induces a
haematological response and cytogenetic improvement in a
substantial proportion of chronic phase CML patients.

In CML patients in early chronic phase the response rate was
influenced significantly by the interferon dose and schedule. In
fact, daily administration of interferon proved to be more
effective than the intermittent schedule [12, 14]. Pretreatment
with conventional chemotherapy for less than 12 months did
not influence response. The risk status at diagnosis, assessed
according to the Sokal et al. criteria [19], appeared critical in
determining the success of interferon therapy (87% complete
response rate in low-risk versus 14% in high-risk patients).

In CML patients in late chronic phase disease who were well
controlled by chemotherapy, interferon alone was able to
maintain completely normal blood counts and to induce some
degree of Ph' suppression. In heavily pre-treated patients with
only partial response to chemotherapy, the combination of
interferon with HU was effective in inducing a stable
haematological response in 60% of cases and Ph' mosaicism in
a substantial proportion of responders. This indicates a
synergism between interferon and this cytotoxic agent.

In our experience, interferon as a single agent seems an
effective treatment for CML patients with low-risk disease.
However, more prolonged observation and comparison with
conventionally treated patients of the same risk category will
assess whether these haematological and cytogenetic results will
be translated into improved survival and postponement of
blastic transformation. As observed also by others [10], in most
patients with intermediate- and high-risk CML, interferon
alone seems of limited benefit. In these cases [10], as well as in
those in late chronic phase [18], the combination of interferon
with chemotherapy may improve haematological and
cytogenetic results.

Another promising approach is the combination of interferon
with autologous BMT [20,21]. In this modality, interferon can
be used both before and after autologous reinfusion of Ph!'-
negative or partially negative marrow cells. Through the
reciprocal potentiation of the two procedures, a greater
proportion of patients may achieve and maintain suppression of
the leukaemic clone. Continued follow up of patients submitted
to autologous transplant will give information on the long-term
effect of this combined approach.

These observations suggest that to maximize the benefit from
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its anti-neoplastic potential in CML, interferon should be
integrated with other anti-neoplastic therapies. This issue
constitutes an important area to be explored in future studies.
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