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Use of a-2a-Interferon to Treat Cytogenetic Relapse of Chronic Myeloid
Leukemia After Marrow Transplantation

By Celestia S. Higano, Deborah Chielens, Wendy Raskind, Eileen Bryant, Mary E.D. Flowers, Jerald Radich,
Reginald Clift, and Frederick Appelbaum

Fourteen patients with cytogenetic relapse of chronic my-
eloid leukemia (CML) after transplantation with unmanipu-
lated bone marrow were treated with «-2a-interferon.
There were eight men and six women, median age, 33 years.
Twelve patients received marrow from a related allogeneic
donor and two received marrow from a syngeneic donor.
The median percentage of Ph-positive metaphases at the
time of starting interferon was 55% (10% to 87%). Daily inter-
feron was started at a dose of 1to 3 x 10° U/M?/d, depending
on initial blood counts and was adjusted as tolerated to
maintain the white blood count in the range of 2,000 to
3,000/uL and the platelet count greater than 60,000/uL.
After a stable cytogenetic remission was achieved, the inter-
feron dose was decreased to a maintenance level. Twelve
patients achieved a complete cytogenetic remission on at
least one occasion. Median time to achieve a complete cyto-
genetic remission was 7.5 months (range, 1.5 to 12). Eight
patients remain in cytogenetic remission for 10+ to 54+

HE REAPPEARANCE of the Philadelphia (Ph) chro-
mosome in unstimulated bone marrow metaphases
after bone marrow transplantation (BMT) for chronic my-
eloid leukemia (CML) may predate early relapse or may be
a transient phenomenon, depending on timing from trans-
plant.* Early after BMT, the Ph chromosome may be present
in low freqguency without apparent clinical consequence.
Emergence of the Ph chromosome 6 or more months after
transplant, however, generally heralds the onset of clinica
relapse within the next 2 years.?
a-Interferon therapy of hematologic relapse after BMT
is generally well tolerated and produces durable complete
cytogenetic responses in approximately 25% of patients.® In
the case of cytogenetic relapse, defined as recurrence of the
Ph clone without blood count or bone marrow morphology
abnormalities, the tumor burden is lower and a greater pro-
portion of donor cellsis available to participate in the graft
versus leukemia response. Under these circumstances, inter-
feron may be more effective than in hematologic relapse.
To test this hypothesis, a phase Il study of interferon was
undertaken in patients with cytogenetic relapse of CML after
BMT.

MATERIALS AND METHODS

Patients. To be eligible for study entry, all patients had to have
cytogenetic relapse of CML after BMT. Criteria for cytogenetic
relapse included: (1) norma periphera smear and bone marrow
morphology, (2) presence of the Ph chromosome in unstimulated
bone marrow cytogenetic studies at least 6 months from BMT or,
if less than 6 months from transplant, a rising proportion (>50%)
of Ph positive metaphases, and (3) persistence of the Ph clone after
discontinuation of immunosuppression for at least 1 month. Patients
could not have active graft-versus-host disease (GVHD) requiring
treatment with both cyclosporine and prednisone or azathioprine
alone or in combination, platelet count <80,000/uL, absolute neutro-
phil count <1,000/uL, severe depression, significant cardiac disease,
or Karnofsky score <80%. Most patients lived outside Sesttle and
therefore were managed by telephone in conjunction with the pri-
mary hematologist/oncologist. All patients were entered and treated
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months from the time of first documented remission. After
complete cytogenetic remission was established, nine pa-
tients were tested for the presence of the mRNA transcript of
the bcer/abl fusion gene by polymerase chain reaction (PCR)
testing. Four patients were PCR-negative on at least one
occasion: two patients were PCR-negative on a single occa-
sion; one patient had serial tests, which were PCR-negative;
and one patient had serial PCR-negative peripheral blood
tests with a single PCR-positive bone marrow obtained con-
currently with a negative peripheral blood test. Median fol-
low-up time for all patients is 44 months (range, 20 to 64).
Interferon was generally well tolerated; only one responding
patient was unable to continue interferon because of toxic-
ity. Interferon induces durable cytogenetic remissions in a
significant proportion (57%) of patients with cytogenetic re-
lapse following bone marrow transplantation (BMT) without
causing life-threatening toxicities.

© 1997 by The American Society of Hematology.

according to a protocol approved by the Institutional Review Board
and gave written informed consent.

Patient characteristics. From the time the study was initiated
through the date the last patient was entered, 28 patients transplanted
at Fred Hutchinson Cancer Research Center were identified with
cytogenetic relapse. Ten patients were not registered on protocol
because they did not meet the eligibility requirements. Of 18 patients
registered on study, 14 patients with cytogenetic relapse of CML
were eligible to receive interferon and are evaluable for response
and toxicity (Table 1) and four patients were deemed in€ligible.
There were eight men and six women, median age, 33 years (range,
12 to 60). All patients were in chronic phase at the time of BMT.
Twelve patients received marrow from a related donor (11 matched
and 1 one-antigen mismatched) and 2 patients received syngeneic
marrow. Six patients received marrow from a donor of the opposite
SeX.

The median time from diagnosis to BMT was 7.5 months (range,
1 to 119). Twelve patients received cyclophosphamide (120 mg/kg)
and fractionated total body irradiation® and two patients received
busulfan and cyclophosphamide for pretransplant conditioning.* All
recipients of allogeneic marrow were treated with cyclosporine and
short methotrexate for prophylaxis of GVHD.® None of the patients
received T-cell —depleted marrow.

Three patients received interferon before marrow transplantation.
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Table 1. Patient Characteristics
GVHD Mos BMT
Pt. Stage Months From Stage Donor- Cond. GVHD After to
No. UPN Age Sex at Dx dx to BMT at BMT Sex Regimen Prophylaxis BMT Relapse
1 3853 52 M CP 1 CP syn-M Cy/TBI None NA 12
2 4329 34 F CP 1 CP allo-M Cy/TBI MTX/CSP 0 27
3 4161 39 M CP 2 CP syn-M Cy/TBI None NA 12
4 4399 33 F CP 1 CP allo-F Cy/TBI MTX/CSP 0 26
6 3375 27 M CP 3 CP allo-M Cy/TBI MTX/CSP 0 57
7 4226 28 F CP 1 CP allo-M Cy/TBI MTX/CSP a-s, g 41
9 5256 58 M CP 16 CP allo-F Cy/TBI MTX/CSP 0 28
11 6595 12 F CP 3 CP allo-M Bu/Cy MTX/CSP 0 1
12 4642 29 F CP 9 CpP allo-M Cy/TBI MTX/CSP a-s 34
13 6567 48 M CP 7 CP allo-M Cy/TBI MTX/CSP a-g, c-m 2
14 7035 20 M CP 4 CcpP allo-M Cy/TBI MTX/CSP a-g 25
15 6404 51 F CP 119 CP allo-M Cy/TBI MTX/CSP a-l, g 19
16 7400 32 M CP 5 CcpP allo-M Cy/TBI MTX/CSP c-m 11
17 6603 61 M CP 8 CP allo-M Bu/Cy MTX/CSP a-g 3

Abbreviations: Pt. No., patient number; UPN, Unique Patient Number; dx, diagnosis; mos, months; BMT, bone marrow transplant; Cond,
conditioning; GVHD, graft-versus-host disease; IFN, interferon; CP, chronic phase; syn, syngeneic; allo, allogeneic; MTX, methotrexate; CSP,
cyclosporine; TBI, total body irradiation; Bu, busulfan; NA, not applicable; a, acute; s, skin; g, gastrointestinal; ¢, chronic; m, mucosal; |, liver.

Patient 4 received « interferon for 8 months before transplantation
and achieved a hematologic, but not a cytogenetic response. Six
weeks before transplantation, patient 9 was treated with a combina-
tion of a- and y-interferon without hematologic or cytogenetic re-
sponse. Patient 15 received a-interferon for 7 years and had good
hematologic control, but no cytogenetic response; marrow trans-
plantation was performed when hematologic control was lost.

The Philadelphia chromosome was detected a median of 15.5
months (1 to 57) after BMT, and interferon was started a median
of 3.5 months (range, 0.5 to 30) after the first evidence of cytogenetic
relapse. Ten patients did not start interferon until the cytogenetic
analysis showed greater than 50% Ph-positive metaphases, and four
patients started interferon with less than 50% Ph-positive meta-
phases. The median percentage of Ph-positive metaphases at the
time interferon was started was 55% with a range of 10% to 87%.

Four patients (patients 11, 13, 14, and 17) were still on
cyclosporine at the time cytogenetic relapse was first detected. In
al four patients, cyclosporine was discontinued and follow-up cyto-
genetic analyses showed persistent or increasing percentage of Ph-
positive metaphases. Patient 11 did not respond to interferon and
progressed to blast crisis. Patients 13, 14, and 17 were off
cyclosporine for 2, 3, and 18 months, respectively before starting
interferon.

Treatment schema. Induction: a-2ainterferon (Roferon) in the
lyophilized form was supplied by Hoffmann-LaRoche (Nutley, NJ).
Patients were taught to reconstitute the drug and to self-administer
a subcutaneous injection. The median starting dose of interferon was
3 X 10° U/M?%d (range, 0.5 to 3). Blood counts were checked weekly
and the dose was adjusted as tolerated to produce a white blood cell
count (WBC) in the range of 2,000 to 3,000/uL and platelet count
>60,000/uL. Bone marrow for cytogenetic studies was requested
every 3 months during induction. If acomplete cytogenetic response
was documented on two consecutive occasions, a maintenance
schedule was started and bone marrow and/or peripheral blood was
tested for presence of the ber/abl rearrangement by polymerase chain
reaction (PCR).

Maintenance. Usually the initial maintenance dose of interferon
consisted of the dose of interferon resulting in a complete cytogenetic
response administered 5 days per week instead of daily. If a patient
had problems with toxicity on the maintenance schedule, the dose
of interferon was reduced by approximately 25%.

After documenting that the initial maintenance dose would main-
tain the cytogenetic remission, an attempt was made to minimize
the dose and frequency of interferon administration. If the 5-day
per week interferon schedule maintained a complete cytogenetic
response, the schedule was changed to every other day. Ultimately,
the smallest possible dose that would maintain a remission was
administered.

Dose modifications. Interferon was temporarily held for any
grade 3 or 4 nonhematologic toxicity or if the absolute neutrophil
count was <800/uL or the platelet count was <60,000/uL. After
recovery of blood counts or improvement of nonhematol ogic toxicity
was documented, interferon was restarted at 50% of the previous
dose.

Cytogenetic analyses. Bone marrow examinations were per-
formed every 3 months during induction and every 3 to 4 months
during the first 12 to 18 months of maintenance therapy. Thereafter,
marrows were requested every 6 to 12 months. Fresh heparinized
marrow and peripheral blood were generally sent to Seattle by over-
night shipment. Cytogenetic analyses were performed as previously
described.® All analyzable metaphase cells were scored until a maxi-
mum of 50 was reached. Because the mitotic index was often mark-
edly reduced after patients started interferon, only 20 metaphases
were scored in most cases.

Y body analysis. In selected patients, the Y body was assayed
by in situ hybridization according to previously reported methods.®

Reverse transcription (RT)-PCR amplification. After the first
complete cytogenetic remission was documented, peripheral blood
or bone marrow samples were tested for chimeric ber/abl mRNA
by RT-PCR. Thereafter, RT-PCR testing was obtained concurrently
with cytogenetic testing whenever possible, usually every 3 to 6
months. RNA preparation and the RT-PCR assay for ber/abl were
performed as previoudy described.”

Response criteria.  Complete cytogenetic response is defined as
complete disappearance of the Philadelphia chromosome on at |east
one test. Because all patients started with a norma hemogram, ‘‘he-
matological response’’ was not considered relevant.

RESULTS

Cytogenetic response. Complete cytogenetic remission
was documented on at least one marrow sample in 12 of 14
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Fig 1. Serial cytogenetic and PCR data for the 12 patients who achieved a complete cytogenetic remission on at least one occasion. Solid
circles represent Ph-positive metaphases in the bone marrow and open circles represent Ph-negative marrow cytogenetics. The number of
Ph-positive metaphases over the total number of metaphases counted is shown below each circle. Corresponding solid or open triangles
represent PCR positive or negative testing of peripheral blood (PB) or bone marrow (BM). “cf” signifies bone marrow culture failure.

patients (Fig 1). Of the 12 patients who achieved a complete
cytogenetic remission, two patients are no longer on inter-
feron. One patient (patient 9) stopped interferon because of

toxicity and one (patient 14) chose to go of

f study to receive

treatment with donor lymphocyte infusions when a small
percentage of Ph-positive metaphases was detected after two
Ph-negative studies. Of the 10 patients who remain on inter-
feron, six (patients 1, 2, 4, 7, 13, and 17) remain in continu-
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ous complete cytogenetic remission for 10+ to 54+ months
since the first remission bone marrow or 22 months to 5
years after starting interferon. Two patients (patients 3 and
12) had transient reemergence of the Ph clone, which disap-
peared after the interferon dose was increased. Two patients
(patients 6 and 16) had a cytogenetic relapse and have not
yet reestablished a complete remission. Patient 6 stopped
interferon on his own; 4 months after interferon was re-
started, the percentage of Ph-positive metaphases has de-
creased from 30% to 19%. Interferon was discontinued in
patient 16 because a skin rash, ultimately found to be due
to scabies, was considered to be caused by GVHD. He con-
tinues on interferon without a significant change in the per-
centage of Ph-positive metaphases.

The median time to achieve a complete cytogenetic remis-
sion was 7.5 months (range, 1.5 to 12) and the median dura-
tion of response has not been reached with a median follow-
up of 44 months (range, 20 to 64).

The Ph-negative population is of donor origin in al four
patients (patients 2, 7, 9, and 12) who had a donor of the
opposite sex and who achieved a complete cytogenetic re-
mi ssion.

Two patients had no response to interferon. Patient 11,
the youngest in the series, relapsed early (day 36) and pro-
gressed to blast crisis and died within 19 months of BMT.
Patient 15 had received interferon for 7 years and had hema-
tologic control, but no cytogenetic response before BMT.
Posttransplant, interferon appeared to stabilize the progres-
sion of the Ph-clone for approximately 8 months, but eventu-
ally the percentage of Ph-positive metaphases increased to
90% and the patient was referred for donor lymphocyte infu-
sion while still in cytogenetic relapse. She is now in a com-
plete cytogenetic and molecular remission, but suffers from
mucosal GVHD and requires immunosuppression with
cyclosporine and prednisone.

RT-PCRresponse. Nine of the 12 patients who achieved
a complete cytogenetic remission were evaluated for pres-
ence of ber/abl MRNA as detected by RT-PCR (Fig 1). Two
patients (patients 3 and 4) had a negative test on one occa-
sion. One patient (patient 1) has been consistently negativein
peripheral blood over 17 months, but had one bone marrow
sample tested, which was positive at the same time the pe-
ripheral blood was negative. One patient (patient 13) has
been consistently negative in peripheral blood and bone mar-
row over 27 months. Of the five patients who have positive
PCR testing, two (patients 6 and 16) were tested only once,
and three have had serial positive tests.

Survival. One(patient 11) of the two nonrespondersdied
in blast crisis as described above. The other patient (patient
15) was salvaged with donor lymphocyte infusions and has
both a complete cytogenetic and molecular response; this
patient also had received interferon pretransplant for 7 years.
The remaining 12 patients who had a complete response on
at least one occasion remain alive. There were no treatment-
related desths.

Induction dose. The median tolerated average daily in-
duction dose was 2.95 x 10° U/M?d with a range of 0.45
to 4.8 x 10° U/M?%d.

Toxicity. Table 2 summarizes the nonhematol ogic toxic-

HIGANO ET AL

Table 2. Nonhematologic Toxicities

Toxicity Grade 1-2 Grade 3 Grade 4
Malaise 6 0 0
Fever 4 0 0
Headache 4 0 0
Fatigue 9 1 0
GI* 3 0 0
Weight loss 5 3 0
Neuropsycht 4 0 0
Hair loss 8 0 0

Toxicity grading scale as per Southwest Oncology Group criteria.

Abbreviation: Gl, gastrointestinal.

* Anorexia, nausea, diarrhea.

1 Depression, peripheral neuropathy, decreased mental acuity, or
concentration.

ities. Most patients experienced atransient flu-like syndrome
consisting of fever, myalgias, headache, nausea, and somno-
lence. These effects generally resolved approximately 2 to
4 weeks after starting interferon. Most patients noted a
chronic low-grade fatigue with long-term therapy, but were
ableto maintain pretreatment jobs and other activities. There
were no episodes of grade 4 toxicity.

Only one patient in this series could not tolerate an ade-
quate dose of interferon to maintain a remission. Patient 9
had to stop interferon because of grade 3 weight loss and
fatigue. Although interferon induced a complete cytogenetic
remission, the Ph population recurred when the interferon
was held. After interferon was restarted, the percent of Ph-
positive metaphases declined, but recurrent toxicity required
dose reduction with a subsequent increase in the percentage
of Ph-positive metaphases. This patient ultimately received
donor lymphocyte infusion (DLI) and had GVHD of the
skin, but achieved a complete cytogenetic remission.

DISCUSSION

The reappearance of the Philadelphia chromosome after
BMT for CML is worrisome for both patient and clinician.
Although the Philadelphia chromosome may emerge tran-
siently in thefirst 3 months after transplantation, its presence
at that time in the absence of other findings does not neces-
sarily herald relapse. Likewise, when patients are till
immunosuppressed with cyclosporine, the Philadel phia chro-
mosome may reappear, only to disappear after immunosup-
pression is discontinued. This phenomenon was observed in
four of 14 other patients with cytogenetic relapse who were
not eligible for this study.

When a spontaneous cytogenetic remission does not occur
after cyclosporine is discontinued, other therapeutic inter-
ventions are usually entertained. We and others have pre-
viously reported that interferon therapy is well tolerated and
results in complete cytogenetic remissions in hematologic
relapse of chronic phase CML after BMT.2#° |n our experi-
ence with interferon in that setting, a complete cytogenetic
remission was achieved and maintained in 29% of patients
or twice that reported for patients treated with interferon for
de novo CML. Based on these results, we hypothesized that
interferon may be more effective in cytogenetic relapse
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where the tumor burden is smaller and there is a greater
proportion of donor T cells than in hematologic relapse.
Under these conditions, it is more likely that a biologic re-
sponse modifier such as interferon would be successful in
suppressing the malignant clone, not only by direct inhibi-
tion, but also by induction of the graft versus leukemia effect
through immune modulation of the donor population.

In this small, but prospective, series of patients with cyto-
genetic relapse, a substantial proportion of patients (80%)
treated with interferon achieved a complete cytogenetic re-
mission on at least one occasion and eight of 10 patients
who continue on interferon, or 57% of al treated patients,
remain in remission for up to 5 years after starting interferon.
This twofold difference in durable complete cytogenetic re-
sponse rates between cytogenetic and hematologic relapse
supports the theory that disease burden is important. How-
ever, the fact that most patients do not achieve a molecular
remission and regquire maintenance interferon to sustain a
complete response suggests that interferon alone is not ade-
guate to eradicate the malignant clone even in the setting of
cytogenetic relapse. Whether persistence of the molecular
marker in patients treated with interferon has an impact on
survival remains unclear.

Another therapeutic option for cytogenetic relapseisinfu-
sion of donor lymphocytes (DLI). Multiple reports™? have
demonstrated the efficacy of DLI aone or in combination
with interferon, in eradicating the Ph-positive clone after
relapse of CML after BMT. In addition to a high complete
cytogenetic response rate, more than half of the complete
responders also achieve a molecular remission by PCR test-
ing. Unfortunately, DLI may result in GVHD and marrow
aplasia in a significant percentage of cases. Deaths related
to these complications may occur in up to 20% of patients
within the first year after treatment. Long-term data for dura-
tion of response, survival, and toxicities is not yet available
from most published studies.

Disease burden also appears to be a significant factor in
the outcome of DLI. Patients with minimal residual disease,
in either cytogenetic or PCR relapse, can receive lower doses
of donor lymphocytes and achieve complete cytogenetic and
molecular remissions without developing life-threatening
GVHD or aplasia® Interestingly, some patients who
achieved a cytogenetic, but not a molecular remission, were
treated with short course interferon, which induced amolecu-
lar remission.

Our current treatment algorithm for relapse of CML is
based on the extent of tumor burden. Patients who have only
PCR evidence of disease during thefirst 6 to 12 months after
BMT have arisk for relapse of 40% to 60% within the first
2 years after BMT.” These patients are offered 1 year of
treatment with interferon. Eligible patients with cytogenetic-
only relapse are treated with interferon as described in this
study. If acomplete cytogenetic response to interferon is not
achieved after 12 months of treatment or if there is evidence
of significant cytogenetic progression, patients are referred
for DLI. Patients with hematologic relapse currently chose
between interferon or DLI.

Future trials will examine the addition of very low dose
DLI to treat patients who have achieved a complete cytoge-
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netic, but not molecular response, to interferon. If this ap-
proach proves effective without significant life-threatening
toxicities, a randomized trial of interferon induction of a
minimal residual disease state followed by DLI versus DLI
alone might be warranted.
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