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Abstract

This experience of single agent interferon-« treatment in high-grade osteosarcoma was based on observed anti-osteosarcoma
activity in laboratory models and was started before introduction of aggressive combination chemotherapy. From 1971 to
1990, 89 consecutive patients with non-metastatic high-grade osteosarcoma received semi-purified, leukocyte interferon-«
as adjuvant treatment. From 1971 to 1984, 70 patients were given a dose of 3 MIU daily for one month followed by 3 times
weekly for an additional 17 months. For 19 patients treated from 1985 to 1990 the dose was increased to 3 MIU daily and
the treatment duration extended to 3—5 years. All patients underwent surgery prior to interferon treatment. The toxicity was
mainly constitutional and long-term toxicity was virtually absent. With a median follow-up of 12 years the observed 10-year
metastases-free and sarcoma specific survival rates were 39% and 43%, respectively. Only one of seven survivors after
relapse received chemotherapy.This work suggests activity of interferon-o as adjuvant treatment in high-grade osteosarcoma.

The efficacy of interferon in combination with standard therapy should be explored in randomized trials.

Interferons are a group of cytokines with pleiotropic
effects including immunostimulation, antiangiogenic
activity and direct antitumour activity [1-3]. They
have shown high activity against osteosarcoma in
vitro and in xenograft models [4—6]. Early preclini-
cal data raised hopes to improve the dismal prog-
nosis of osteosarcoma patients treated with
amputation alone [7-9] and the availability of
semi-purified interferon-o produced by human leu-
kocytes lead to the initiation of interferon treatment
for osteosarcoma at the Karolinska Hospital in 1971.
Due to an apparent improvement in outcome the
series was extended until 1990 [10-12]. At this time,
neoadjuvant chemotherapy was introduced in order
to improve the attack on micrometastatic disease and
to facilitate limb-salvage surgery [13]. However,
subsequent prospective multicentre trials have
shown that even the most aggressive combination
chemotherapy regimes appear unable to lift the
survival above 70-75%, and new treatment options
are mandatory for further progress [14].

In this context interferon-o. may be a candidate
agent in combination with chemotherapy, and the
present work represents the final report from this
single institution experience on interferon-o treat-
ment of high-grade osteosarcoma, combining two
patient series and extending the follow-up from
previous preliminary reports [10—12].

Patients and methods
Patients

The Karolinska Hospital is the largest Swedish
sarcoma centre serving approximately 30% of the
national population. One hundred and two conse-
cutive patients with primary osteosarcoma were
admitted to Karolinska Hospital between 1971 and
1990. Nine patients had metastases at diagnosis and
four patients had low-grade tumours leaving 89
consecutive patients to be presented in this report.
Median age was 17 years (range 5-74), the male:
female ratio was 1.6:1 and 92% of the tumours were
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localized to the extremities with 71% originating in
the tibia or femur. Six patients (7%) had pelvic
tumours and one tumour originated in a rib. Median
maximal tumour extension as determined by the soft
tissue mass was 8 cm (range 2-20). Informed
consent for participation in the study was obtained
from all patients or their parents according to
institutional guidelines. The diagnosis was estab-
lished by open biopsy. Due to the apparent improve-
ment of results all patients entered up to May 1976
(n =28) were subjected to a detailed review by
National Cancer Institute scientists who confirmed
the diagnosis of high-grade osteosarcoma [10]. Prior
to treatment, all patients had conventional radio-
graphs of the affected bone and a chest x-ray. CT
scans of the chest were only done on the suspicion of
lung metastases. Diagnostic procedures and follow-
up schedules have been reported earlier [10—12].

Trearment

All patients underwent surgery. Before 1976, radio-
therapy was given preoperatively to the primary
tumour area in 10 patients at doses ranging from
10 to 64 Gy [10]. Thereafter, preoperative radio-
therapy was omitted and postoperative radiotherapy
reserved for a few patients with intra-lesional surgical
margins [12]. No patients received prophylactic lung
irradiation.

Limb-salvage procedures were performed in 37%
of the patients treated before 1985 and in 50%
thereafter. The surgical margins were classified
according to Enneking [15] and ten patients (11%)
achieved an intralesional margin only.

The interferon used was a semi purified prepara-
tion of human leukocyte interferon containing dif-
ferent subtypes of interferon-o, provided by Kari
Cantell at the Central Public Health Laboratory and
the Finish Red Cross Blood Transfusion Service.
The purity and the concentration of the preparation

improved by various procedures during the study
period [16,17].

The series is divided into two patient cohorts
(Table I). Between 1971 and 1984, 70 patients
received three million units daily as a single i.m.
injection for one month, followed by three doses
weekly for another 17 months. Based on laboratory
data suggesting a dose-dependent effect of inter-
feron [5,6] and clinical observations of tumour
regrowth after discontinuation of the drug, both
dose and treatment duration were increased from
1985 onwards. Thus 19 patients were treated
with three million units daily s.c. for three to five
years.

Upon relapse treatment was individualized. Local
relapse was resected when possible. Thoracotomies
for pulmonary metastases were performed increas-
ingly during the trial period and combined with
pulmonary radiotherapy (20 Gy) in some patients.
In the 1970’s, interferon was discontinued at relapse,
and salvage chemotherapy containing either metho-
trexate or doxorubicin was commenced. In the
1980’s, interferon treatment was continued or re-
sumed following resection of the recurrent tumour.
Chemotherapy was considered for all patients with
unresectable relapses, but was not given in combina-
tion with interferon. Unfortunately, the details of
treatment at relapse are only available for long-term
Survivors.

Statistical analysis

Metastases-free survival was calculated from the date
of biopsy until the date of distant metastases.
Sarcoma-specific survival was calculated from the
date of biopsy until death from osteosarcoma or
treatment-related causes. Survival was estimated
with the Kaplan Meier method and the log-rank
test was used for comparisons. Prognostic factor
analyses were based on sarcoma specific survival.

Table I. Characteristics of patients receiving adjuvant interferon-o in Stockholm between 1971 and 1990.

all 1971-1984 1985-1990
patients 89 70 19
age median (years) 17 (5-74) 16 (5-74) 23 (11-50)
sex male 55 44 11
female 34 26 8
localization extremity 82 67 15
non-extremity 7 3 4
largest tumor extension median (cm) 8 (2-20) 9 (2-20) 7 (5-11)
histology osteoblastic 49 45 4
non-osteoblastic 29 25 4
surgery resection 37 28 9
amputation 52 42 10
margins intralesional 10 8 2
marginal or better 79 62 17




Variables with p-values of 0.2 or less in univariate
analyses were entered into a Cox proportional
hazard model. P <0.05 was considered as statisti-
cally significant. Computed statistical analyses ap-
plied SPSS for Windows (Release 11.5, SPSS Inc.,
Chicago, IL, USA).

Results
Toxicity

In the first cohort, fever was reported in 62%, pain
at the injection site in 38%, hair-loss in 27%,
itching erythema in 17%, coryza-like symptoms in
14% and headache, body stiffness, fatigue and
excess perspiration in 10% [18]. Local pain,
erythema and body-stiffness were markedly re-
duced for patients treated with the more purified
interferon preparation and in general symptoms
tended to decline with time. Interferon did not
delay wound healing or new bone formation [12].
Body development was not disturbed by the
treatment [19]. Within the first five years of
this series two patients committed suicide four
and six month into treatment (female, 62
years, male 29 years, both femural amputees). In
the second cohort, of eleven patients surviving
longer then five years, only two decided
to discontinue interferon treatment after three
years (due to constitutional symptoms of toxicity),
whereas nine continued for five years or more.
Detailed data on toxicity for the period after
1979 are not available, but the good treat-
ment compliance indicates no major additional
toxicity.

Long term outcome

Median follow-up for survivors was 12 years (range
2-16), and all but two surviving patients were
followed for at least ten years (two patients were
lost to follow up after 24 and 51 months). Two
patients died from unrelated causes (cardiac failure
and lung cancer, 13 and 16 years after sarcoma
diagnosis) and one died 16 years after diagnosis from
an unspecified cause.

For all 89 patients, metastases-free survival (MFS)
and sarcoma specific survival (SSS) at 10 years was
39% (95% confidence interval 29-49%) and 43%
(33-54%), respectively (Figure 1). By treatment
period, SSS was 38% in the first cohort and 63%
in the second cohort but this difference is not
significant (Figure 2). Median time to metastasis
was 8 months (range 1-60); information of the site
of metastasis is incomplete but pulmonary metas-
tases were most common.
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Local relapse was observed in 22% of the patients,
and projected local recurrence-free survival at ten
years was 75%. The median time to local recurrence
was 5.5 months (range 1-60). Patients operated
with intralesional margins had a high rate of local
recurrence (80%) and a particularly poor outcome
with a 10 year SSS of only 10%.

Twenty-eight of the 35 survivors have remained in
first remission after systemic treatment with inter-
feron only. Seven of 49 relapsed patients are free of
disease after a median of 11.3 years (range 2.7-12.3)
from relapse. Two of these had local relapses alone,
three had pulmonary metastases and two patients
had both local and pulmonary recurrences. All had
complete resections of their local relapses and/or
metastases, three continued interferon for 5 years
and only one survivor from relapse received che-
motherapy.

Analysis of prognostic factors

The following variables were included in univariate
analyses: age (below versus above median), sex,
tumour site (extremity versus other), largest tumour
extension (below versus above median), histology
(osteoblastic versus non-osteoblastic), margins (intra
lesional versus marginal or better), surgery (amputa-
tion versus resection) and interferon dose (Table II).
Sex, tumour extension, surgical margins and inter-
feron dose were investigated further in multivariate
analyses, where female sex and marginal or better
surgical margins had independent positive prognos-
tic impact (Table III).

Discussion

In the present series we report a 10-year sarcoma
specific survival rate of 43%. With little evidence for
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Figure 1. Sarcoma specific survival (SSS) and metastasis free
survival (MFS) in 89 interferon-treated patients.
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Figure 2. Sarcoma specific survival for two treatment periods,
1971-1984 (n =70) and 1985-1990 (n =19) (log rank p =0.1).

a change in the natural history of osteosarcoma
yielding a survival of 15-20% with surgery alone
[20,21], and assuming the absence of serious bias,
this suggests an effect of interferon-o in primary
high-grade osteosarcoma. Although we cannot rule
out selective referral of patients with favourable
prognosis throughout the series, the number of
patients treated matches the expected referral in
the Stockholm region, and the age and sex distribu-
tion is close to what would be expected. Salvage

Table II. Univariate analysis of prognostic factors.

number SSS (%)* 95%CI p**

Age
<léy 43 47 31-62 0,64
>16y 46 41 26-56
Sex
male 55 35 22-48 0,03
female 34 58 41-74
Localisation
extremity 82 41 30-52 0,23
nonextremity 7 71 38-100
Largest tumour diameter
<8 cm 32 50 33-68 0,16
>8 cm 56 39 26-52
Histology
osteoblastic 49 41 26-55 0,66
non-osteoblastic 29 45 27-64
Surgery
resection 37 50 33-66 0,41
amputation 52 39 26-53
Margins
intralesional 10 10 0-29 0,1
marginal or better 79 48 37-60
Cohort
1971-1984 70 38 27-50 0,10
1985-1990 19 63 41-85

(* Sarcoma specific survival at 10 years; **log rank).

Table III. Cox proportional hazards model based on sarcoma
specific survival at 10 years of 88 patients (one patient with
incomplete data is excluded).

Number p HR 95% CI*
Male sex 54 0,04 1,93 1,02-3,64
Tumour diameter >8 cm 56 0,10 1,60 0,90-3,13
Intralesional margins 10 0,01 2,41 1,24-5,49

Interferon-dose 1971-1984 70 0,26 1,67 0,71-3,58

*Confidence Interval.

treatment, and in particular second line chemother-
apy in combination with metastasectomy, may save
some relapsing patients [22]. However, most survi-
vors in this study are in their first remission after
surgery and interferon, and only one long-time
survivor received chemotherapy for relapse.

Only one large, randomized trial has explored the
effect of interferon in primary osteosarcoma (COSS
80) [23]. For this trial interferon-f§ was used based
on in vitro evidence of superior efficacy compared to
interferon-o [4,23], and was given as maintenance
therapy for 22 weeks after completed post-operative
chemotherapy. There was no survival difference
between the interferon group and the control group.
Interferon was however given at a relatively low dose
(100 000 IU/kg twice weekly) and for a comparably
short time (22 weeks), which may explain the lack of
demonstrable effect. Furthermore, interferon was
given to patients who already achieved a 60%
survival rate, making an effect more difficult to
demonstrate.

In our series compliance to treatment was good
and all patients continued on interferon according to
protocol or until relapse. Two suicides early in the
series may be treatment related, and previously
published data indicate that depression is associated
with interferon therapy [24]. In this context we
cannot rule out that patients who have undergone
amputation may be particularly vulnerable.

The number of resections with intralesional mar-
gins in this experience explains the high rate of local
relapse and surgical margins were of independent
prognostic impact for survival.

Although a further improvement in survival is
suggested in the last cohort of patients, this cannot
be attributed to the increase in interferon dose and
treatment duration. Not only were the two treatment
cohorts separated in time, but tumour size was
smaller in the second cohort (Table I). However,
interferon trials in other malignancies have shown
longer treatment duration and higher weekly dose to
result in improved response and survival [25].

Female sex was an independent prognostic factor
for improved survival in this series. It is of interest
that a subsequent Scandinavian chemotherapy trial



also reported gender as an independent risk factor
for metastases [13], whereas there is no evidence of a
sex difference outside Scandinavia or in Scandina-
vian patients treated with surgery alone [8,9,14,26].
The underlying mechanism for the sex difference in
survival is unclear, but could be due to genetic
features in the Scandinavian population affecting
response to medical treatment.

During the last two decades, several prospective
multicentre studies combining three or four of the
most active drugs have been shown to cure at best
70-75% of patients with primary non-metastatic
osteosarcoma [13,26], and further improvement
depends on new drugs with novel mechanisms of
action. Interferon-o may be a candidate in combina-
tion with chemotherapy. Experimental data suggest
that multidrug resistant osteosarcoma cell-lines are
sensitive to interferon-o [27]. Moreover, interferon
has been shown to increase the chemotherapy
sensitivity of several drug resistant cell-lines includ-
ing osteosarcoma lines [27,28], and has been shown
to modulate cytotoxicity by induction of p53 [29].
Interferon’s role as maintenance treatment has been
extensively studied with favourable results for some
cancers [30,31], and pegylation of interferon-o has
reduced toxicity in the treatment of hepatitis and
chronic myelogenous leukaemia [32].

In our opinion, interferon-o is an attractive
candidate for future studies. An important issue
will be how to optimally incorporate interferon with
current standard chemotherapy for this disease.
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