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Abstract

Twenty-eight patients with renal cell carcinoma and evaluable
metastases were treated with a purified leukocyte interferon
2 —7 x 108 TU daily. DNA content was analyzed by flow cytome-
try. Nine patients had lung metastases only, 12 had dissemination
to lungs and to other sites as well, and 7 had metastases in other
sites only. Two patients had complete response and one had
minor response of lung metastases. Another 3 patients had mixed
responses: 2 of them complete disappearance and one minor
response of lung metastases but concomitant progression of skele-
tal and abdominal metastases. The overall response rate restricted
to lung metastases only was 21% (6 of 28 patients) including the
3 patients with mixed response. The 6 patients with any kind of
response were found among 19 patients with aneuploid primary
tumors while no response was noted in 8 patients with diploid
tumors.
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Metastatic renal cell carcinoma is known to be highly
resistant to cytostatic and radiation therapy (1). Hormonal
treatment such as medroxyprogesterone acetate has been
reported to give objective responses in a low percentage
but most responses are incomplete and of short duration
(2). Spontaneous regression has been reported in renal cell
carcinoma more frequent than in other malignant tumors
(3), suggesting that host factors may control tumor pro-
gression. Numerous recent studies have confirmed that
interferon has therapeutic effect in patients with metastatic
renal cell carcinoma (4-7) with response rates mostly in
the range of 10-25%. Both natural and recombinant inter-
ferons have been used. The routes of administration and
dose schedules have varied. A serious draw-back so far of
the native leukocyte interferon has been its low degree of

purity, hampering direct comparisons with the recombi-
nant interferons.

The aim of this phase II study was to evaluate clinical
efficacy as well as side-effects of a highly purified human
native interferon in the treatment of metastatic renal cell
carcinoma. Since tumor DNA content significantly pre-
dicts survival in patients with metastatic renal cell car-
cinoma (8) the aim was also to study a possible relat-
ionship between response to treatment and tumor DNA
content.

Material and Methods

Patients. Thirty patients with metastatic renal cell car-
cinoma were treated with purified leukocyte interferon at
the Department of Oncology, University Hospital, Umes,
between January 1985 and March 1988. There were 23
men and 7 women, mean age 60 years (range 34-78). For
evaluation of therapy response the following inclusion
criteria were used: histologically verified diagnosis of renal
cell carcinoma with evidence of metastases, measurable
size of the metastases, no previous interferon therapy and
at least 2 months’ progression of the disease prior to
therapy. Two patients were excluded from the evaluation
of therapy response due to too short a treatment period, in
one of them interferon was discontinued because of in-
creasing icterus after 3 days treatment and in the other
interferon was discontinued due to inacceptable toxicity
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after 2 weeks’ treatment. Twenty-seven of the 28 patients
evaluable for response were operated upon with perifascial
nephrectomy. Sixteen patients had received previous ther-
apy, 15 with medroxyprogesterone acetate and one with
cytostatics. At the time of the nephrectomy or diagnosis 5
patients were in stage 1 according to Robson et al. (9), 7
in stage II-III while 16 had known metastatic disease
(stage IV). The median time between nephrectomy and
appearance of metastases for the 12 patients with stage
I-III disease was 18 months (range 3-76). The median
time between diagnosis of metastases and start of inter-
feron treatment was 13.9 months (range 2-36 months) and
7.4 months (range 2—-26 months) for patients with diploid
and aneuploid tumors respectively. At the start of inter-
feron treatment the patients had a Karnofsky index rang-
ing between 60 and 100 with a median of 80. The mean
Karnofsky index for patients with diploid tumors and
those with aneuploid tumors were 78.8 and 78.4 respec-
tively. The study was approved by the ethics committee of
the University of Umed.

Follow-up and evaluation of response. All patients were
followed at least every second month with clinical and
radiological examinations as indicated by known disease
manifestations. Evaluation of response was performed ac-
cording to criteria recommended by WHO (10): complete
response (CR) —complete disappearance of all lesions de-
termined by 2 observations not less than 4 weeks apart;
partial response (PR)—partial decrease by at least 50%
in the sum of the products of the largest diameters of all
measurable lesions, no lesions should have progressed and
no new lesions appeared; stable disease (SD) —no signifi-
cant change for at least 2 months; progressive disease
(PD)—increased size with more than 25% of the sum of
the products of the largest diameters. In addition, minor
response (MR) was defined—decrease of the metastases
by at least 25 up to 50% in the sum of the products of
the largest diameters of all measurable lesions. All radio-
logic examinations were reevaluated with regard to re-
sponse. Toxicity was graded according to WHO critera
(10). The analysis included follow-up of all patients until
April 1990.

Interferon preparation. For each production, batch buffy
coats from several hundred individuals were pooled and
interferon was produced following the Cantell procedure
(11). After the last ethanol precipitation step the material
was further purified using a combination of sequential
immunoaffinity and conventional chromatography (un-
published). The final product was tested by SDS-PAGE
after addition of human serum albumin. The protein bands
were in the molecular range of 18-27 kD and they all
showed immunoreactivity with a rabbit anti-human inter-
feron-A antiserum (Fig. 1). As no protein band with
negative reaction was detected of the immunoblot the
material was judged to be more than 90% pure. The
specific activity was 2 x 108 U/mg protein. The material

Fig. 1. SDS-polyacrylamide gel electrophoresis (a) and im-
munoblotting (b) of human leukocyte interferon. The SDS-PAGE
was silver-stained and a ployclonal rabbit antiserum was used in
the immunoblotting experiment. 1) Cantell preparation of human
leukocyte interferon, starting material for the purification proce-
dure; 2) interferon, alfa-native preparation, purified as described
in ‘Material and Methods’; 3) recombinant interferon-a2;
4) human serum albumin, which was added to all samples.

was tested by Limulus-test and contained less than 1 ng/ml
of LPS. It was checked that the purification method did
not allow survival of added human immunodeficiency virus.
All buffy coats were tested for the absence of HBsAg and
HIV antibodies. Interferon was assayed by an ELISA
method or by a virus replication inhibition method (12). The
material was calibrated against the international reference
preparation 69/19, using an internal laboratory standard.

Interferon therapy. Interferon (Interferon Alfa Native,
BioNative AB, Umed, Sweden) was given as a daily dose
of 2 x 10U subcutaneously. Therapy was continued as
long as there were no obvious signs of progression and an
acceptable toxicity. The aim was to give interferon at least
for 2 months before a definite decision was made whether
to continue or to stop the treatment. In patients with
progressive disease the dose was escalated to 4 x 10° IU in
3 and to 7 x 10°IU in another 3 patients.

DNA analysis. The method of flow cytometric DNA
anlysis has been described in detail previously (13). Briefly,
from each tumor, 8 fresh tumor and one kidney cortex
sample were minced and stained using propidium iodide
according to Vindelev (14). After staining, the samples
were filtered and run in a FACS Analyzer or a FACScan
(Becton-Dickinson, Sunnyvale, CA, USA). In 13 patients
without fresh tumor tissues, 2—-3 paraffin-embedded tissue
samples from the primary tumors were cut and de-
paraffinized. Isolation of the nuclei was performed accord-
ing to Schutte et al. (15). After filtration the nuclei were
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stained with the same propidium iodide solution as used
for the fresh material. The tumor samples were denomi-
nated diploid (DNA index 1.0) when only one peak was
detected and aneuploid when 2 separate peaks were found,
since it was assumed that all tumor samples contained
normal as well as tumor cells. A primary tumor was
denominated diploid when all tumor samples were diploid
and accordingly a tumor was aneuploid when at least one
of the samples was aneuploid.

Results

Response. Nine of the patients had lung metastases
only, while 12 had dissemination to the lung and to other
sites as well. Seven patients had metastases in other sites
than the lungs. The effect of treatment according to
metastatic sites is shown in Table 1. Response was only
seen in the lungs. Two patients had CR and one had MR
of multiple lung metastases. The 2 patients with CR of
multiple lung metastases were both previously treated with
medroxyprogesteron acetate but had then progressive dis-
ease. Another 3 patients had mixed responses with in 2
patients complete disappearance and in one minor re-
sponse of multiple lung metastases but concomitantly pro-
gression of skeletal and abdominal metastases. Thus, 6 of
the 28 patients (21%) showed response when including the
3 with mixed responses. The median time to any response
was 3.5 months (range 1-7 months). However, objective
responses according to the strict WHO-criteria could only
be documented in 2 of patients (7%). The duration of these
objective responses were 11 and 14 months respectively.
None of the patients showed any response though escala-
tion of the interferon doses.

DNA content. Eight of the 28 patients had diploid pri-
mary tumors and 19 had aneuploid primary tumors while
DNA analysis was unsuccessful in one (Table 1). DNA
analysis was performed on tissue from metastases in 5 of

the patients. In 4 of these metastases the DNA content
corresponded to that found in at least one sample of the
primary tumor (one diploid and 3 aneuploid tumors). In
one patient the metastasis had a DNA-index at 1.7 while
the DNA-index was 1.3 in the primary tumor. There was
no therap.y response in any of 8 patients with diploid
primary tumors but 3 of them had stable disease. All the 6
patients with any kind of response were found among the
19 patients with aneuploid primary tumors. In addition 3
patients with aneuploid tumors had stable disease.
Survival. The survival time after appearance of metas-
tases for patients with diploid and aneuploid tumors re-
spectively is shown in Fig. 2. Three patients were alive with
progressive disease after 27, 28 and 29 months respectively.
The survival time after diagnosis of metastases was signifi-
cantly longer for patients with diploid primary tumors
than for those with aneuploid primary tumors (p = 0.036,
log-rank test). There was no statistically significant differ-
ence in survival time after the start of treatment between
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Fig. 2. Survival curves comparing outcome of 8 patients with
diploid (——) and 19 patients with aneuploid (- - -) primary
tumors respectively. The survival is calculated from the first
appearance of metastases. p = 0.036.

Table 1

Response to interferon treatment according to metastatic sites and 10 DNA content of primary tumors in 28 patients with
renal cell carcinoma

Response Lung Lung and Other site Total DNA content of Total
other site than lung the primary tumor
Diploid Aneuploid
CR 2 2* - 4 0 4 4
PR - - - 0 - - 0
MR 1 1* - 2 0 2 2
SD 3 3% | 7 3 3 6#
PD 3 6 6 15 5 10 15
Total 9 12 7 28 8 19 27 #

* mixed responses with response only in lung and progressive dissease in other sites.

** stable disease in lung, progressive disease in other sites.

# DNA analysis was unsuccessful in one patient.
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Table 2

Side-effects according to WHO toxicity scale during treatment with
purified leukocyte interferon in 30 patients with metastatic renal cell

carcinoma
Signs and symptoms Grade n %
1 2 3
Transient flu-like 4 7 - 11 33
symptoms
Liver (transaminases, 2 2 1* 5 17
icterus)
CNS (lethargy, 1* 1* 1* 3* 10
depression)
Nausea/vomiting - 2 - 2 7
Leukopenia - 2 - 7
Hemolytic anemia - - 1* 1* 3

* The symptoms were not clearly related to treatment.

patients ‘with diploid and aneuploid tumor respectively
(p =0.30, log-rank test).

Toxicity. All patients were evaluable for toxicity. Initial
transient flu-like symptoms were seen in 11 of the 30
patients (Table 2). These symptoms were associated with
fever < 38°C (WHO grade 1) in 4 patients and fever
38°C—40°C (WHO grade 2) in 7 patients. In all cases the
fever reaction subsided within 4 days. Transient clinically
insignificant leukopenia (WHO grade 2) was seen in 2
patients and reversible rise of transaminases WHO grade 1
in 2 patients and WHO grade 2 in 2 patients. One patient,
with liver metastases had a rapid increase of bilirubin and
the therapy was discontinued after only 3 days. No throm-
bocytopenia was noted. One patient, a 64-year-old woman
with lung metastases, had evidence of hemolytic anemia
(WHO grade 3) after 5 months of interferon treatment.
The anemia was irreversible upon interruption of therapy
and did not respond to corticosteroids. The patient died of
cardiovascular complications after splenectomy. Two pa-
tients had severe CNS symptoms (grade 2 and 3 respec-
tively) with lethargy, depression and in one patient with
confusion. These symtoms, however, could not be clearly
related to interferon treatment. One of these patients had
evidence of cerebral atrophy on CT scan and the other had
a depression probably on constitutional basis. In both
patients the mental status was unchanged or worsened
after discontinuation of interferon therapy. Interferon
treatment was interrupted after short-term treatment due
to toxicity in 2 patients; one of them had severe nausea
and vomiting and the other severe icterus (WHO grade 3).

Discussion

Renal cell carcinoma has been resistant to a number of
therapeutic approaches (1, 2). The response rates to inter-
feron treatment have ranged from 5 to 31% in individual
studies (4-7) with an overall rate of about 13%. In the

present study a low dose of purified leukocyte interferon
was used. The objective response rate in the present study
according to the strict WHO-criteria was only 7% which is
rather low compared with the best results reported. The
interferon dosage in our trial was low and reviews of
reported studies suggest a suboptimal effect of both low
and high-dose regimens while the best results have been
reported from trials using a moderate dose level (4).
However, additional 7% of the patients in our study had
mixed response with complete disappearance of lung
metastases but with concomitant progression at other
metastatic sites. This might indicate heterogeneity of the
tumor cell populations in different metastic sites or differ-
ence in host factors at the metastatic sites, e.g. leading to
different bioavailability of interferon. The selection of pa-
tients may greatly influence the response rate.

Obvious response was in our study restricted to metas-
tases in the lung, which also previously has been reported
as the most frequent response site (4—7). In a previous
study we have showed a significantly higher frequency of
lung metastases in patients with aneuploid tumors as com-
pared with those with diploid primary tumors (13). Inter-
estingly, in the present study all patients with any response
to interferon treatment had aneuploid primary tumors
while none of the patients with diploid tumors responded.
This association between response and DNA content was
not found in a recent study by Fossa et al. (16) but in that
study only one sample from each tumor was analyzed.
There was, in the present study, a significant difference in
survival time between patients with diploid and aneuploid
primary tumors in concordance with previous results in
patients with metastatic renal cell carcinoma (8,17). In the
present study, patients with aneuploid tumors had a mean
survival time of 17.4 months compared with about 6
months for patients with no interferon treatment in the
previous studies (8, 17). However, this difference in sur-
vival time might well be explained by the selection of the
patients for this study.

In our study a more than 90% pure preparation of
leukocyte interferon was used, containing 10-15 proteins
with interferon activity. No proteins devoid of interferon
activity were found. Differences in response rates and
spectrum of side-effects in different studies may be at least
partly due to differences in doses used and in administra-
tion schedules. One of our patients had evidence of
hemolytic anemia. Previously a few cases of hemolytic
anemia associated with interferon treatment have been
reported. One of these cases developed recurrent hemolytic
anemia after repeated interferon treatment (18), suggesting
a major pathogentic role of interferon. The relatively low
frequency of side-effects, especially flue-like symptoms, in
the present study, was most likely due to the low dose of
interferon used. i

In conclusion, in our study only aneuploid tumors re-
sponded to treatment with purified leukocyte interferon
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and the response was restricted to lung metastases. The
results suggest that analysis of DNA content might be of
value for the design of randomized, prospective trials in
patients with metastatic renal cell carcinoma.
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