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Abstract

Recombinant leukocyte A interferon used as single
agent therapy (7.5x 10° units/m® three times weekly intra-
muscularly) showed very limited clinical efficacy in pa-
tients with advanced colo-rectal carcinoma. No objective
tumour regressions were documented in 15 evaluable pa-
tients, although three patients demonstrated a stable dis-
ease status after 12 weeks of treatment. Neither were any
objective tumour regressions registered in 13 patients dur-
ing subsequent combined therapy with Recombinant Leu-
kocyte A Interferon and cimetidine (1000 mg/day orally).
Two of the 3 patients maintained their stable disease
status. No change in natural killer (NK) cell activity or in
antibody dependent cellular cytotoxicity (ADCC) of pe-
ripheral blood mononuclear cells was seen during the two
treatment periods.

In Sweden, like in most Western industrialized
countries, the incidence of colo-rectal carcinoma is
high and ranks second only to carcinoma of the
prostate (males) and breast (females) in terms of
annual new cases (6). Since more than half of the
patients have advanced disease at the time of diag-
nosis (42), colo-rectal carcinoma is also one of the
most common causes of death in malignant disease.
The primary treatment is surgery. There is no estab-
lished case for adjuvant treatment of colo-rectal
carcinoma, although chemotherapy and/or radiation
therapy are being evaluated in clinical trials (22, 26,

29, 34). Systemic treatment of advanced and meta-
static disease includes chemotherapy with 5-FU as a
single agent or as part of multiple agent regimens,
but reported objective response rates are usually
less than 20 per cent (25, 41). Hence there is no
effective standard therapy of metastatic or irre-
sectable local disease and thus it is justified to
evaluate novel treatment modalities. Interferon was
originally described as an anti-viral agent (23), but
further investigations showed that it consisted of a
group of structurally related proteins, possessing
anti-proliferative and immunomodulating properties
(1, 19, 43), which pointed to a possible usefulness in
cancer therapy. Early studies, most often using par-
tially purified human leukocyte interferon (7), indi-
cated therapeutic efficacy in some malignant dis-
eases such as multiple myeloma, breast carcinoma
and lymphomas (3, 20, 28, 43) but not in others, i.e
malignant melanoma (24). However, progress in the
understanding of anti-tumour effector mechanisms
and in defining the role of interferons in cancer
treatment has so far been restricted by the relative
impurity, low specific activity, the high cost and the
scarcity of available preparations.

Recent development in recombinant DNA tech-
nology (16, 31) has now made it possible to produce
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virtually pure leukocyte interferon in such large
quantities that some of these restrictions have been
overcome. Phase I investigations have been carried
out to determine maximal tolerable dose, safety and
biologic properties of recombinant interferon in pa-
tients with various malignancies (21,39). Although
these studies were not designed to evaluate treat-
ment efficacy, some tumour regressions were no-
ticed. On the basis of these results a number of
larger clinical trials were initiated evaluating the
anti-neoplastic activity of recombinant interferons
in different malignant diseases.

The first aim of this investigation was to study the
possible therapeutic effects of a highly purified re-
combinant leukocyte interferon in locally advanced
or metastatic colo-rectal carcinoma. A previous
study in patients with metastatic malignant melan-
oma had indicated that combined therapy with par-
tially purified leukocyte interferon and cimetidine, a
histamine-2 receptor antagonist and thus a suppres-
sor T cell inhibitor, could lead to complete tumour
regressions (15). Therefore, a second aim of the
present study was to investigate whether patients
with colo-rectal carcinoma, non-responsive to treat-
ment with 1IFL-rA, would benefit from combined
therapy with 1FL-rA and cimetidine. A third aim
was to evaluate sequentially possible changes in
natural killer cell cytotoxicity (NK cell activity) and
antibody dependent cellular cytotoxicity (K cell ac-
tivity} during interferon and combined interferon-
cimetidine therapy.

Material and Methods

Between June 1982 and September 1983, 16 pa-
tients entered the study. Patient selection criteria
included histologically confirmed locally non-resec-
table or metastatic colo-rectal carcinoma, measur-
able marker lesion(s) histologically or cytologically
confirmed as colo-rectal carcinoma, no concurrent
anti-neoplastic therapy, Karnofsky index >70, ex-
pected survival more than 3 months without treat-
ment and informed consent. Patients with prior che-
motherapy had to show progression of the disease
before entry. Baseline evaluation consisted of a
complete history and physical examination, ECG,
complete blood count, blood chemistries, and serum
CEA. Metastatic survey included chest radiogra-
phy, abdominal CT scan, ultrasound of the liver and
liver/spleen and skeletal isotope investigations. Pa-

tients with symptomatic heart disease, impaired
renal function (serum creatinine >200 pmol/l), im-
paired hematologic function (WBC <3x 101, gran-
ulocytes <1x10%/1, platelets <100x10°/1) and im-
paired hepatic function (total serum bilirubin >30
umol/l) were excluded from the study, as were pa-
tients with equivocal marker lesion(s).

Patient characteristics, including site(s) and
size(s) of marker lesion(s), are given in Table 1. One
patient (No. 5) entered the study at the time when
his non-resectable rectal carcinoma was first diag-
nosed, while the other 1S were included after a
diagnosis of recurrent disecase. As expected, liver
and lungs were organs most frequently involved in
the metastatic process. Five patients with primary
rectal carcinoma also had local pelvic recurrent dis-
case at the start of the treatment.

Treatment. Recombinant leukocyte A interferon
(IFL-rA), an alpha-2 interferon with a specific activ-
ity of 2-4x10® units/mg protein, was supplied by
Hoffmann-La Roche, Nutley, N. J., USA. It was
administered intramuscularly 3 times weekly at a
dose of 7.5x 10° units/m? per injection. In the initial
protocol the scheduled dose of IFL-rA was set at
20 10° units/m? to be given 3 times weekly. Due to
the registered fatigue and marked loss of appetite in
the first patient of the series, the rest of the patients
received the lesser dose. During the first week of
treatment the patients were hospitalized, but from
then on the intramuscular injections were given on
an out-patient basis at the Department of Oncology.

Response to treatment was evaluated by appro-
priate tumour measurements after a period of 6
weeks, or earlier when clinically indicated. Patients
with stable disease or tumour regression received
continued IFL-rA therapy for a second period of
6 weeks. Patients with tumour progression, or pa-
tients not attaining at least a partial remission, after
12 weeks of interferon therapy and who were fit for
further treatment, were continued on the same IFL-
rA dose schedule supplemented with 1000 mg cime-
tidine (Tagamet; Smith, Kline & French, Philadel-
phia, Pa., USA) per day orally in 4 divided doses.

For safety reasons, reiterated physical and neuro-
logic examinations, ECG, routine blood counts and
hepatic and renal function tests were performed
throughout the treatment period.

Evaluation of response. The following response
categories were used: complete remission was de-
fined as disappearance of all evidence of tumour;
partial remission was defined as >50 per cent reduc-
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Table 1

Patient characteristics, sequence and result of therapy in 16 patients with advanced colo-rectal carcinoma

Case Age/ Site of Prior Site and size Sequence of treatment
No. sex primary relapse of tumour exten-
tumour therapy sion on entry* IFL-rA IFL-rA+cimetidine
Duration Response** Duration Response**
(weeks) (weeks)

1 67/F Colon Surgery Local recurrence (5%X6) 12 SD 6 SD
2 73/F Colon Surgery Lung (2x2), 12 PD 6 PD
liver 3%3, m), ,

abd. wall (2x2)
3 62/M Rectum Surgery Lungs (5x5, m), 8 PD 4 PD
liver (2X%2, m)
4 66/F Rectum Surgery, Lungs (1X2, m) 12 PD 12 PD
radiation
therapy
5 SoM Rectum - Rectum, non- 12 SD 10 SD
resect. (14x15)
6 56/M Rectum - Lungs (5x4, m), 6 PD 12 PD
liver (1x1, m),
local recurrence (3x3)
7 45/M Colon Surgery Lungs (I1x1, m) 17 SD 8 PD
8 S3/F Colon Surgery Liver (7x8) 6 PD 2 PD
9 49/F Colon - Liver (5x5, m) 6 PD 3 PD
10 59/M Colon - Abd. wall (4%3) 2 PD - -
11 64/M Rectum - Liver (5X5, m) 6 PD PD
12 62/M Rectum Oncovin Small pelvis (7x6), 1 PD - -
CCNU liver (2X3),
5-FU supraclayv. (2x3)
13 66/F Colon S-FU Lungs (2x2, m) 6 PD 6 PD
14 S7/F Colon 5-FU Liver (2%2, m) PD 6 PD
15 55/M Rectum - Local recurrence (4x6), 3 SD - -
perineum (1X1, m), vertigo
abd. wall (4x6)
16 7VF Colon Surgery Liver (10x10) 6 PD 6 PD

* Size of lesion, or size of largest lesion when multiple (m), in cm.

** SD = stable disease. PD = progressive disease.

tion in the product of longest perpendicular diame-
ters of indicator lesions or a >30 per cent reduction
in liver measurements with no progression in any
lesion or appearance of any new lesions; stable dis-
ease was defined as failure to qualify for complete
remission, partial remission or progressive disease.
Progression was defined as the appearence of new
lesions or >25 per cent increase in the product of
longest perpendicular diameters of indicator lesions
or in liver measurements.

Assays of natural killer cell cytotoxicity and anti-
body dependent cellular cytotoxicity. Tests for NK
cell and K cell activity were performed before start
of therapy (baseline) and were repeated at intervals
of 4 to 6 weeks during interferon and combined

interferon-cimetidine therapy. During treatment,
blood samples for the tests were drawn 48 to 72
hours after the preceding IFL-rA injection. Two
sets of effector cells were used in the NK and
ADCC tests. One of them (designated L 0) consisted
of peripheral blood mononuclear cells, isolated by
density gradient centrifugation (5) and containing
less than 2 per cent granulocytes. The second set of
effector cells (L 1) was prepared from the L 0 frac-
tion by passage through a gelatin bead column (40).
This procedure effectively removes adherent cells
leaving less than 0.5 per cent monocytes in the
eluate. The in vitro influence of cimetidine, IFL-rA
and IFL-rA in combination with cimetidine was
studied on NK and K cell activity., Before being
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Table 2

Example of a test performed to evaluate natural killer cell activity and antibody dependent cellular cytotoxicity in a patient before start
of therapy. Influence of preincubation of effector cells with cimetidine, IFL-rA and IFL-rA + cimetidine

Effector Prein- Natural killer cell activity Antibody dependent cellular cytotoxicity

cell cubation**
fraction* Per cent specific release*** ‘Weighed’ Per cent specific release*** ‘Weighed’
specific specific
32:1 16:1 8:1 release 8:1 4:1 2:1 release
16:1 4:1
Lo Medium 44.112.3 27.1+£2.1 15.8%£1.9 29.0 492422 46.51+3.1 44,7432 46.8
Cimetidine  35.9+2.7 2294223 14.8+1.3 24.5 59.1+£2.3 44.8+3.0 41.9£2.2 48.6
IFL-rA 63.2+3.3 43.9+3.1 28.4+2.7 45.2 57.9+2.9 51.7+3.0 41.8+2.1 50.5
IFL-rA + 54.9+3.0 40.7+2.7 27.6+2.3 41.1 57.7+2.4 52.3+25 45.1£2.2 S1.7
cimetidine
L1 Medium 13.4+1.9 10.4+1.4 6.3%1.1 10.0 67.7+4.3 55.3£29 40.9+2.7 54.6
Cimetidine  20.5+1.9 13.2+1.3 4.1+1.0 12.6 84.4133 66.7+2.3 45.7+2.7 65.6
IFL-rA 46.5+2.1 38.7+1.9 18.5+1.5 34.6 72.3+3.1 64.5+2.1 41.312.2 59.4
IFL-rA + 50.1%£2.3 37.4£2.0 21.5x1.4 36.4 85.0+3.2 59.7+£2.0 35.9+2.1 60.2
cimetidine

* L0 = peripheral blood mononuclear cells. L 1 = monocyte-depleted peripheral blood ‘mononuclear cells.
** Cimetidine was used at 10~° mol/l concentration, IFL-rA at 10° units/ml.
*** Per cent specific *' Cr release + SEM at indicated effector to target cell ratios.

used in the cytolytic assays effector cells were incu-
bated for 2 hours in either medium (control), cimeti-
dine (107> mol/), IFL-rA (10° units/ml) or a combi-
nation of the same concentrations of IFL-rA and
cimetidine. During the NK and ADCC assays IFL-
rA was omitted but the cimetidine concentration
was maintained.

The NK tests were performed as >'Cr release
assays using K 562 cells as labelled target cells. The
details of the test procedure have been reported
previously (27). In short, 5x10° labelled cells were
pipetted in 0.1 ml aliquots into V-shaped 96-well,
microtiter plates (Flow Laboratories, Solna, Swe-
den) to which varying numbers of effector cells (L 0
or L 1) had been added giving final effector to target
cell (E/T) ratios of 32:1, 16:1 and 8:1. Each E/T
ratio was run in triplicates. After incubation for 4
hours the plates were centrifuged (150X g/5 min) and
the supernatants were harvested with a Titertek
Supernatant Harvester (Flow L.aboratories, Solna
Sweden). Radioactivity of the samples was deter-
mined in a Beckman 310 Gamma Counter (LKB
Beckman, Bromma, Sweden). Spontaneous release
was estimated by addition of medium to labelled
target cells and maximal release was obtained by
addition of a solution of distilled water and zapoglo-
bin (Coulter Electronics Ltd, Harpenden England).

Percentage specific release was calculated as fol-
lows: (cpm release with lymphocytes—cpm sponta-
neous release)/cpm maximum release—spontaneous
release) x100.

The assay for ADCC has been described pre-
viously (27). Thymus cells from 4-week-old Wistar-
Furth rats, labelled with *'Cr and exposed to rabbit
antiserum to rat brain, were used as target cells. The
release assays were performed in U-shaped 96-well,
microtiter plates to which L 0 or L 1 effector cells
and target cells (1x10* were added in 0.1 ml ali-
quots per cavity giving final E/T ratios of 8:1, 4:1
and 2:1. Each ratio was run in triplicates. The
plates were centrifuged (40xg/5 min) after 0.5 hour
and again after a total incubation time of 4 hours
(150%x g/5 min). Supernatants were then harvested as
in the NK tests and the percentage specific release
was calculated according to the same formula. Table
2 gives an example of a test performed to evaluate
the levels of NK cell and K cell activities in a patient
before start of therapy. The influence on cytotoxi-
city by preincubation of effector cells with cimeti-
dine, IFL-rA and IFL-rA plus cimetidine is also
presented in the table.

The 3!Cr release increases linearly with the E/T
ratio in the range tested but the slope of the increase
varies from patient to patient and is dependent on
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Table 3

Efficacy of therapy with IFL-rA as a single agent or in combination with cimetidine

Therapy No. of No. of patients with progressive No. of patients
evaluable disease relative to duration of therapy with stable disease
patients after 12 weeks

0-6 weeks 7-12 weeks
IFL-rA 15 9 3 3
IFL-rA + cimetidine 13 7 4 2

prior effector cell separation and exposure to inter-
feron and cimetidine. The results are therefore not
presented as lytic units but rather as a ‘weighed’ per
cent release value of the middle ratio (16: 1 for NK
and 4:1 for ADCC assays) being equal to the mean
release of ratios 32:1, 16:1 and 8:1 for NK and of
ratios 8:1,4:1 and 2: 1 for ADCC.

Statistical analysis. Statistical significance of data
obtained in the cytotoxicity tests was determined by
using the Mann-Whitney U and the Wilcoxon
matched-pairs signed-rank test.

Results

Clinical efficacy of IFL-rA therapy. Sixteen pa-
tients were included in the IFL-rA study (Table 1).
In patient No. 15 treatment was discontinued in
stable disease three weeks after entry due to occur-
rence of severe vertigo, possibly related to the inter-
feron medication. Therefore, 15 patients are evalua-
ble for response. Due to obvious disease progres-
sion, therapy was discontinued in two patients (Nos
12 and 10) after one and 2 weeks, respectively.
Thirteen patients received IFL-rA injections for a
minimum of 6 weeks, at which time progressive
disease was demonstrated in 7. Thus, interferon
therapy failed in 9 patients within 6 weeks (Table 3).
The disease was classified as stable in the remaining
6 patients. This group of patients continued IFL-rA
therapy for another period of 6 weeks. After a total
treatment duration of 12 weeks disease progression
was demonstrated in 3 of these 6 patients, while the
disease was stable in the remaining 3.

Clinical efficacy of combined IFL-rA-cimetidine
treatment. All of the 13 patients who received at
least six weeks of interferon therapy were given a
trial period of combined IFL-rA-cimetidine treat-
ment ranging from 2 to 12 weeks (Table 3). Eleven
of the patients demonstrated tumour progression

during the combined therapy, while the treatment
was stopped in stable disease due to extreme fatigue
in one case (No. 1) and due to another treatment
option in one further case (No. 5). Both of these 2
patients, who thus maintained a stable disease sta-
tus during 1FL-rA therapy as a single agent and in
combination with cimetidine, had pelvic tumours
only but no distant metastases. Off all treatment,
patient No. 1 developed hepatic and pulmonary sec-
ondaries after a period of 3 months, while external
radiation therapy induced a partial tumour regres-
sion in patient No. §.

Side effects. All patients experienced episodes of
fever and chills with a duration of 4 to 8 hours in
connection with the initial 2 or 3 interferon injec-
tions. After 6 weeks of treatment most of the pa-
tients reported increasing fatigue necessitating a bed
rest in the afternoons. Half of the patients also
reported loss of appetite. Although these side ef-
fects continued throughout the remaining treatment
period, and during the following period of combined
interferon-cimetidine therapy, the adverse reactions
were of minor importance and did not require any
change in planned therapy.

Interferon medication was discontinued in patient
No. 15 due to the development of severe vertigo,
the cause of which could not be established despite
extensive investigations and which gradually com-
pletely reversed on cessation of therapy. During
prolonged interferon and combined interferon-cime-
tidine treatment a fall in hemoglobin levels (maxi-
malily 15 %) was registered in most patients. A slight
decrease was also observed in WBC and platelet
counts. There were no laboratory signs of hepatic or
renal toxicity on either treatment schedule, nor
were any signs of cardiac toxicity encountered.

Influence of treatment on NK cell and K cell
activity. Table 4 gives the results of the sequential
tests performed to evaluate the effect of therapy on
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Fig. 1. Natural killer (NK) cell activity of peripheral blood mo-
nonuclear (L. 0) and monocyte-depleted blood mononuclear (L 1)
effector cells before start of therapy and during treatment with
IFL-rA as a single agent or in combination with cimetidine.
Before being used in the NK assays, effector cells were exposed
to control medium (1, cimetidine (10~° mol/l) @&, Recombinant
Leukocyte A Interferon (10° units/mi) § or Recombinant Leuko-
cyte A Interferon and cimetidine B for two hours. The influence
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of preincubation of effector cells with cimetidine and 1FL-rA is
compared with NK cell activity registered after preincubation of
effector cells with medium, while the effect of combined precin-
cubation with IFL-rA and cimetidine is compared with results
obtained by exposure to IFL-rA alone. * = p<0.05, ** = p<0.01,
*¥** = p<0.001, NS = not significant (Wilcoxon matched-pairs
signed-rank test, two-tailed).
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Fig. 2. Sequential tests performed to evaluate antibody depend-
ent cellular cytotoxicity (ADCC). The symbols and statistical
methods used are the same as in Fig. 1.
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Table 4

Analysis of natural killer cell activity and antibody dependent cellular cytotoxicity. Effect of therapy with IFL-rA and IFL-rA +
cimetidine (cim)

Effector No. of Before Natural killer cell activity*** Antibody dependent cellular cytotoxicity****
cell patients start of
fraction tested** therapy Treatment duration (weeks) Before Treatment duration (weeks)
start of
IFL-rA IFL-rA+cim therapy IFL-rA IFL-rA+cim
4-6 4-6 4-6 4-6
Lo 13 20.3+2.2 21.7£3.4 NS - 32.54£3.2 34.5+3.2 NS -
9 22.6+£2.3 22.5+3.8 NS 22.8+2.8 NS 34.5+3.4 38.413.2 NS 30.3£3.7 NS
Lt 13 14.4%2.0 15.7£1.7 NS - 38.8+5.2 38.7+4.4 NS -
9 15.9+2.7 16.2+1.8 NS 20.9+4.6 NS 45.1+4.3 44.0+4.1 NS 39.0+6.5 NS

* L0 = peripheral blood mononuclear cells. L. 1 = monocyte-depleted peripheral blood mononuclear cells.

** Number of identical patients tested at indicated time intervals.

*** Per cent ‘weighed’ specific *'Cr release at an effector to target cell ratio of 16: 1 + SEM.
*%x% Per cent ‘weighed’ specific *'Cr release at an effector to target cell ratio of 4:1 + SEM.

NS = differences not significant compared with level before start of therapy (p>0.05, Mann-Whitney U, two tailed).

NK and K cell activities of peripheral blood mono-
nuclear cells without or with monocyte depletion.
Levels of cytotoxic activities evaluated before start
of therapy and during treatment with IFL-rA alone
or in combination with cimetidine did not differ
significantly using any type of effector cells. The
NK and K cell activities of the 6 patients with
slower tumour progression or with stable disease
did not differ significantly from the patients showing
a more rapid progresssion when compared before or
after 4 to 6 weeks of therapy (data not shown).
Neither did the in vitro response of their mononu-
clear blood cells to interferon and/or cimetidine dif-
fer from the other group of patients.

Before start of therapy, preincubation of effector
cells with cimetidine as well as interferon resulted in
a significant increase in specific *'Cr-release in both
NK and ADCC tests compared with preincubation
with medium, except in ADCC tests using the cime-
tidine-exposed L 1 fraction as effector cells (Figs 1,
2). Preincubation with interferon and cimetidine in
combination did not further potentiate the in vitro
interferon-induced enhancement of NK and K cell
activities before start of therapy or later during the 2
treatment periods. After 4 to 6 weeks of interferon
therapy significant enhancement of cytolytic activi-
ties by preincubation with cimetidine was seen only
in NK tests using the L0 fraction as effector cells.
Augmentation of ADCC by interferon was lost in
the L1 fraction. During combined therapy with in-

terferon and cimetidine precincubation of L 0 effec-
tor cells with cimetidine caused a slight but signifi-
cant increase in NK and K cell activities, but not in
L1 effector cells. Again the L1 fraction was unre-
sponsive to interferon in ADCC tests. Significantly
reduced levels of group cytolytic activity by any
type of preincubation were never demonstrated.

Discussion

The present investigation was carried out to ex-
plore the therapeutic efficacy of Recombinant Leu-
kocyte A Interferon in advanced colo-rectal carci-
noma. Besides mediating a possible direct inhibitory
effect on the proliferation of some neoplastic cells
(2, 10, 18, 30, 38, 43), interferons may cause tumour
regression indirectly through potentiation of the ac-
tivity of cytolytic cells belonging to the immune
system. While high interferon concentrations are
usually needed to achieve a direct cell growth inhibi-
tory effect, much lesser concentrations are required
to influence cytolytic cells of the immune system.
There, interferons seem to inhibit sensitising and
proliferative pathways while enhancing the activity
of any effector cells produced (1). Administered in
large doses interferons will give side effects that are
comparable to the ones encountered in cancer treat-
ment with regular cytostatic agents (fatigue, loss of
hair and appetite, bone marrow depression). To
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avoid such adverse reactions, an interferon dose
schedule substantially below the maximal tolerable
dose was chosen for this investigation. This treat-
ment schedule would also have the potential benefit
of being less suppressive on the immune system.
The reason for the addition of cimetidine (histamine-
2 receptor antagonist) to continued interferon thera-
py in non-responsive patients was to investigate
whether the efficacy of the interferon treatment
could be enhanced by concomitant inactivation of
suppressor T lymphocytes. These cells carry hista-
mine-2 receptors on the plasma membrane and have
been shown to produce a histamine-induced
suppressor factor, which can abrogate various ac-
tivities of both T and B lymphocytes (36). Previous
studies have indicated therapeutic benefit of such a
combined treatment in patients with cutaneous/sub-
cutaneous metastatic malignant melanoma, but not
in patients with visceral melanoma metastases (4,
15).

Our results show very limited efficacy in ad-
vanced colo-rectal carcinoma using Recombinant
Leukocyte A Interferon at a dose of 7.5x10° un-
its/m? intramuscularly 3 times per week. After 12
weeks of interferon therapy tumour progression was
found in 12 of 15 patients, while the 3 remaining
patients were classified as having a stable disease
status. Thus no objective tumour regressions were
observed on interferon treatment.

These findings are in agreement with other report-
ed investigations using various types of alpha inter-
ferons with varying dose schedules. In a report by
FIGLIN et coll. (14) all 18 evaluable patients treated
with human leukocyte interferon (HulFN-a(Le)) at
a dose of 3x10° units/day intramuscularly 5 days/
week demonstrated progression of disease during
therapy. In another study, 18 of 19 patients showed
progressive disease within a 12-week treatment peri-
od using lymphoblastoid interferon (HulFN-a(Ly))
at a dose of 3x10° units/m? intramuscularly 3 times/
week. In the remaining patient a stable disease sta-
tus was scored at 12 weeks (8). Using IFL-rA ad-
ministered at a dose of 50x 10° units/m? intramuscu-
larly 3 times per week, NEEFE et coll. (32) observed
progression of the disease in 17 of 18 evaluable
patients. In one patient a transient complete disap-
pearance of lung metastases was observed. Dose
reduction was required for 13 of the patients in the
series.

Furthermore, in our study no objective tumour
regressions were demonstrated on combined thera-

py with IFL-rA and cimetidine. On the contrary, 11
of 13 patients had disease progression during peri-
ods of treatment ranging from 2 to 12 weeks. In the 2
remaining patients the disease was stable when
combined treatment was discontinued at 6 and 10
weeks, respectively, as it had also been during the
12 weeks of therapy with IFL-rA as a single agent.
This finding indicates lack of additive anti-tumour
activity by cimetidine. The results of combined
treatment in this group of patients with, in most
cases, heavy and widespread tumour burdens are in
accordance with our experience with combined leu-
kocyte interferon-cimetidine therapy in metastatic
malignant melanoma, which indicated lack of effec-
tiveness in patients with visceral metastases as op-
posed to patients with cutaneous/subcutaneous me-
tastases.

There are conflicting reports on the influence on
NK activity and ADCC of peripheral blood mono-
nuclear cells by in vivo treatment with interferons.
Some authors (11, 12, 13) have demonstrated aug-
mented NK activity, maintained throughout pro-
longed treatment periods, using varying types of
interferons and dose regimens, while others (3, 17,
35) have not found that to be the case. This discrep-
ancy can probably be accounted for by differences
in the preparation of effector cells, type of target
cells in the assays and by interferon-related factors
such as dose, mode of administration and species
used in the therapy. In the present investigation we
did record intraindividual changes in NK activity
during the 2 treatment phases, but group analyses
did not show any significant differences, compared
with baseline levels, for the 2 types of effector cells
used. As a group the 6 patients with a slower tumour
progression or with stable disease did not differ
significantly from the patients with a more rapid
progression. In vitro exposure of both L0 and L1
effector cell populations to IFL-rA persistently in-
duced increased NK cell activity. This means that
prolonged, low dose IFL-rA therapy did not result
in abrogation of NK cell responsiveness to leuko-
cyte interferon although the response tends to be
weaker. Despite the fact that cimetidine preincuba-
tion in vitro of both types of effector cells caused a
slight, but significant, increase in spontaneous cyto-
toxicity before start of therapy, and in LO cells
throughout the treatment period, cimetidine expo-
sure did not further augment the interferon-induced
increase in NK cell reactivity. The significance of
this finding is unclear at present, and is in part at
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variance with our observations in other groups test-
ed (FLODGREN et coll., unpublished).

In the present investigation we found no signifi-
cant changes in ADCC during treatment with IFL-
rA alone or in combination with cimetidine. This
finding is in agreement with EINHORN et coll. (11)
who were unable to detect any augmentation of K
cell activity during prolonged therapy with partially
purified leukocyte interferon. In fact, over time a
decrease in ADCC was observed. In the present
study the enhancement of the ADCC activity re-
corded after in vitro interferon exposure of L 1 ef-
fector cells obtained before therapy couid no longer
be demonstrated when retested in the course of
treatment. Some authors have previously reported
that ADCC can be augmented in vitro by various
interferon preparations (9, 33) while others have
found that not to be the case (37). The significance
of these discrepancies in results is also unclear at
present. However, the same limitations as discussed
in comparing results in NK tests performed in differ-
ent laboratories are also applicable in ADCC test-
ing.

Conclusion

This phase II investigation of Recombinant Leu-
kocyte A Interferon, without and with concomitant
cimetidine medication, in patients with advanced
colo-rectal carcinoma indicates very limited thera-
peutic efficacy at the dose levels used. However,
the fact that stabilisation of the disease was record-
ed in 3 patients during prolonged treatment with
IFL-rA and in 2 of these patients during further
IFL-rA therapy combined with cimetidine should be
underlined. Since these patients had progressive
disease on entry to the study lack of further tumour
growth might point at a possible antitumour effect of
this type of interferon on colo-rectal carcinoma.
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