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Summary Mycobacterial preparations have been used with limited success against cancer apart from superficial bladder cancer. Recently,
a therapeutic vaccine derived from Mycobacterium vaccae has been given to patients with prostate cancer and melanoma indicating a
possible beneficial effect on disease activity in such patients. We have recently initiated a series of randomized studies to test the feasibility
and toxicity of combining a preparation of heat-killed Mycobacterium vaccae (designated SRL172) with a multidrug chemotherapy regimen to
treat patients with inoperable non-small cell lung cancer (NSCLC) and mesothelioma. 28 evaluable patients with previously untreated
symptomatic NSCLC and mesothelioma were randomized to receive either 3 weekly intravenous combination chemotherapy alone, or
chemotherapy given with monthly intra-dermal injections of SRL172. Safety and tolerability were scored by common toxicity criteria and
efficacy was evaluated by survival of patients and by tumour response assessed by CT scanning. The toxicity of chemotherapy was similar in
the two groups. SRL172 caused mild inflammation at the injection site. In the group of patients randomized to receive chemotherapy
combined with SRL172, there was a trend towards improved response rate (54% vs. 33%) with more patients in the combined arm receiving
radical surgery and radiotherapy, improved median survival (9.7 months vs. 7.5 months) and improved 1 year survival (42% vs. 18%).
SRL172 appeared to improve sleep (P = 0.08) and improved appetite (P = 0.01). There was no detectable change in serum cytokine levels
for gamma-interferon and TNF-a before and after treatment. In patients with NSCLC and mesothelioma, there may be a beneficial interaction
when chemotherapy is administered in combination with SRL172. Confirmation of this effect and further investigation is underway in a
randomized phase lll trial and in laboratory models. © 2000 Cancer Research Campaign
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500 000 new cases of lung cancer are diagnosed world-wide The hypothesis leading to this study was that chemotherapeutic
annually. 80% of these are non-small-cell type (NSCLC). Pleurahgents could induce in vivo release of either tumour-specific or
mesothelioma is a less common cancer arising from the serosatoimour-associated antigens from the treated tumour and that a
the lung, the incidence of which is closely linked to asbestosion-specific immunostimulator could concomitantly boost tumour
exposure. The response rates to conventional chemotherapy fantigen recognition in patients who may be immuno-suppressed
both these cancers ranges from 20% to 50%. Chemotherapy givieem their cancer. SRL172 is a suspension of heat-killed
symptom palliation and improvement in quality of life for patients Mycobacterium vaccaevhich is currently undergoing clinical
with these tumours and a small but real and reproducible improvevaluation in humans. Immunological effects have been observed
ment in survival for NSCLC tumours (Ellis et al, 1995). Over thein patients with prostate cancer and melanoma (Hrouda et al, 1998;
last 10 years, many new drugs with novel mechanisms of actioMaraveyas et al, 1999). Randomized phase Il trials to study the
have shown activity against lung cancer, but the survival rates aginical and immunological effects of SRL172 in patients with
comparable to established agents (Webb and O’Brien, 1998). Thecancer have been carried out at the Royal Marsden Hospital, with
remains therefore a need for new strategies, one of which is the r@view to developing it as an immunological adjuvant for tumour
exploration of immunotherapy. Therapeutic vaccination using nontreatments. In this study, the feasibility, toxicity and clinical effects
specific immunostimulants, e.g. intradermal BCG, has been testeaf combining intradermal SRL172 with intravenous chemotherapy
in randomized clinical trials in lung cancer, but a clear benefit hasiere assessed in a cohort of patients presenting with advanced
never been shown for its use (Al-Moundhri et al, 1998). inoperable lung cancer or mesothelioma.

PATIENTS AND METHODS
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intravenous combination chemotherapy, or chemotherapy alon®.1 ml dose and stored refrigerated &€ 4n the pharmacies of
This was the NSCLC part of a larger phase Il study using the sanmth hospitals taking part in the trial.
design for SCLC comparing chemotherapy to chemotherapy with Serum cytokine levels of TNF-alpha, gamma-interferon and IL-
SRL 172 (28 patients), and in asymptomatic patients with NSCLA0 were measured by ELISA pre- and post-treatment (1 month
and mesothelioma comparing best supportive care (BSC) to BSé&fter the end of the chemotherapy) using the supplier protocol
with injections of SRL 172 (28 patients). The latter 2 componentgR&D Systems, Abingdon, UK).
of this trial will be reported within the next 12—-18 months. All
patlents haq Iespns e\{alugble by gllnlcal or radiological examlna]-:‘Esm__l,s
tion. Other inclusion criteria were life-expectancy of 12 weeks or
more, age over 18 years and satisfactory renal function. PatienBatient characteristics are shown in Table 1. The two groups were
whose performance status was 3 or more, or who had seriougell balanced with regard to performance status, age and sex, but
concomitant illness were excluded. The protocol was approved biynere were slightly more patients with adenocarcinoma in the
the Research Ethics Committees of The Royal Marsden NHS Trushemotherapy alone group (2 versus 5). One patient in the
and the Kent Cancer Centre. Written informed consent wasombined treatment arm was not eligible for entry into the study
obtained from all patients. All patients underwent pre-treatmenbecause of the presence of renal failure and ongoing immunosup-
physical examination, plasma electrolytes, urea and creatinin@ressive therapy prior to treatment.
serum liver function tests, chest radiography and staging of diseaseThere were 20 male and 9 female patients. WHO performance
with a thoraco-abdominal CT scan. Clinical assessment of symstatus (PS) was as follows; 9 patients were PS 1, 19 patients were
toms took place at the time of randomization, monthly whilePS 2, 1 patient was PS 3. A total of 9 patients had mesothelioma
receiving injections of SRL172 and thereafter at 3—6 monthlyand 20 had NSCLC. The majority of patients were stage I1IB or
intervals. Quality of life data collection was planned at baselinestage IV, with 2 patients stage IlIA. The median age was 60 years
and at 3 monthly intervals, patients were in addition asked specifirange 33-71 years).
cally in one question if their sleep pattern had changed and if their At the time of randomization, all patients had symptoms
appetite had changed. At each assessment visit, patients had phyeguiring treatment. These consisted of cough, dyspnoea and/or
ical examination, FBC and chest radiography. Objective respong®ain. Following injection of SRL172, there was no treatment
was measured by CT scanning every two courses. related toxicity, except for some induration at the injection site. In
15 patients received standard combination chemotherapy alorniee group treated with chemotherapy plus SRL172, on the inten-
(mitomycin C 8 mg/rhon course 1, 2, 4 and 6, vinblastine 6 mg/ tion to treat analysis (ITT) there was a trend towards an improved
m? (maximum dose 10mg) and cisplatin 50 m§/rand 14  median survival was 9.4 months vs 7.5 months=(0.3), and
patients received the same chemotherapy combined with SRL17doking at the patients evaluable for responmse @8) there was
Chemotherapy was given at 3 weekly intervals for a maximum oélso a trend towards improved response rate (54% vs. B39,
6 courses and SRL172 was given intradermally prior to the firsD.3), improved median survival (9.7 months vs. 7.5 morRhs,
chemotherapy and then at monthly intervals for the first 3 injec.235) and in the proportion of treated patients alive at one year
tions, then at 3—-6 monthly intervals thereafter. Antiemetics wer¢42% vs. 18%) compared with the group receiving chemotherapy
routinely prescribed but dexamethasone was omitted for the firgtlone (Figure 1: intention to treat survival analysis). Two patients
course in those who received SRL172. in the combined treatment arm subsequently underwent potentially
SRL172 was formulated as a suspension of 10 mg/ml heat killedurative surgery and one patient had radical radiotherapy.
Mycobacterium vaccaén borate buffered saline (pH 8) and  Treatment toxicity is shown in Tables 2 and 3 and was compa-
provided in 3 ml glass vials at a concentration of Haxilli per rable in the two groups of patients. SRL172 appeared to improve

Table 1 Patient characteristics

Chemotherapy + SRL172 Chemotherapy

Sex F/IM 3/11 6/9
Age 61 59
Range 33-71 40-70
PS 1 3 6
2 10 9
3 1 0
Stage llla 1 1
1115} 7 6
\Y 6 8
Path adeno 2 5
squamous 2 2
adenosquamous 1 0
large cell 0 1
unclassified 5 2
mesothelioma 4 5
No previous radiotherapy 12 14

Weight loss in past 3 mths
< 5%
5+%
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Table 2 Haematological toxicity (% of cycles at any time during study

1.00 1 period)
S 0.75 4 Chemotherapy + SRL172 Chemotherapy
= —=— Chemo alone (n = 15) n=50 n=57
(=X
o .
& 0.50 —— Chemo + SRL172 (n = 15) Haemaglobin
S Abnormal 74% 65%
> G3,4 0% 0%
& 0.25 Neutrophils
Abnormal 6% 21%
G3,4 2% 2%
0.00 T T T T T T T T 1 Lymphocytes
0 100 200 300 400 500 600 700 800 900 Abnormal 5204 56%
Time (days) Platelets
X . L X Abnormal 14% 33%
Figure 1.  Survival analysis (intention to treat) G3.4 0 0

sleep P = 0.08) and improved poor appetite € 0.01). Full
quality of life assessment has not been analysed as the numbers _ N
. . . . Table 3 Non-haematological toxicity (Grade 3, 4 total number on any cycle)

of patients returning repeat questionnaires was small. There w
one treatment related death in the group receiving SRL172 ai Chemotherapy +SRL172 Chemotherapy
chemotherapy. A patient with Poland’s syndrome (congenite
absence of the chest wall) with a stage 1V adenocarcinoma devinfection =
oped a chest infection after 4 courses of chemotherapy. Initially ,’\\'Ai‘ézz;ignd vomiting

he was neutropenic but this quickly resolved. His disease Wipiahoea
responding on assessment of the measurable mass on his sterrconstipation
The lung cancer was on the R side — the side of this absent chAlopecia
wall, the infection was mostly on this side also. We felt the caus'\NAzFl’:i;Oe‘OXiC“y
of death was a chest infection in this hypoventilated lung bt . appetite
underlying progressive disease could have contributed. Permissijnsomnia
to do a post-mortem was not given after his death. Of the patier; One toxic death
with mesothelioma, 2/4 had PR in the combination group
compared with 1/5 in the chemotherapy alone group.

Serum cytokine levels of TN&; y-interferon ¢-IFN) and IL-10  of SRL172, heat-killedMycobacterium vaccadn patients with
were measured by ELISA (R&D systems) pre- and post-treatmeriting cancer. Combining cytotoxic drugs with immune-modulators
at 1 month after the end of the chemotherapy (Table 4). There wasnot a new concept (Mitchell, 1992) but there have been concerns
no statistical difference between the 2 treatment groupthat negative interactions might take place due to the myelo-
(chemotherapy and chemotherapy + SRL 172) at baseline for treippressive properties of many cytotoxic drugs. Cytotoxic drugs
y-IFN and TFNe serum levelsR = 0.2 andP = 0.9 respectively, also preferentially kill cells in division, a hallmark of an activated
two-tailed P value, Mann-Whitney U-test). Baseline levels wereimmune system, and therefore could inhibit immune responses.
also compared between responders and non-responders irrespelowever, the particular combination of cytotoxic drugs used in
tive of the treatment group as possible prognostic factors. Thethis study is not very myelo-suppressive at the doses prescribed in
was no difference in the serum levelsyd~N (P = 0.76, Mann-  lung cancer patients and therefore the mycobacterium was given
Whitney U test, 2 taile value) but the serum levels of TNFat ~ with the chemotherapy.
baseline were lower in the responders group (mean 37.9 pg/ml) The cytotoxic drugs were administered according to the
compared to the non-responders group (mean 45.8 pginy), ( standard protocol at 3 weekly intervals, whereas we decided
0.01, two-tailedP value, Mann-Whitney U-test). However the empirically to follow a monthly schedule with tMycobacterium
P value became non-significant when it was corrected for theraccaebecause of previous vaccination protocols with SRL172
number of comparisons done in the study 14) using the designed for patients with melanoma, prostate cancer, tuberculosis
Bonferoni correctionP = 0.14. In addition there was no differ- and AIDS. Thus, one intradermal SRL172 injection was given
ence, when baseline cytokine levels were compared to post-treatencommitantly with the chemotherapy, the second boost was
ment levels R values are shown in the last column of Table 3).given one week after chemotherapy and the third was given 2
IL-10 was detected in the serum of only 30% of patients (the IL-1Qveeks after the chemotherapeutic drugs. Theoretically, the timing
serum levels of the rest of the patients were too low for the sensif the SRL172 injection in relation to the administration of
tivity of the assay which was 39 ng/ml in-house). There was nehemotherapy may be relevant to any cytotoxic effects.
obvious correlation with response both at baseline or post€hemotherapeutic agents usually induce myelosuppression with a
treatment. decrease in white blood cell count after 2 to 7 days with a rebound
between 1 to 2 weeks. Thus the first 3 injections of SRL172 corre-
DISCUSSION _sponqled to di_fferent points in the chemotherapy cycle: The first

injection was just before chemotherapy covering the time when
The results of this randomized phase Il study suggest a benefit larly apoptosis may have been induced by chemotherapy (24
combining intravenous chemotherapy with intradermal injectiorhours) (Ellis et al, 1997). The second injection (day 7 post
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Table 4 Serum cytokine levels at baseline and post-treatment

Cytokine Response to treatment Baseline Post-treatment P value*
(mean) (1 month)
Resp Chemo 4.5 (< 1-13.6) 1.9 (< 1-5.9) 0.9
Chemo + SRL172 4.1 (<1-11.7) 1.0 (< 1-2.3) 0.3
y-INF 4.2 1.32 0.15
(pg/ml)
N.Resp Chemo 13.3 (< 1-30.3) 3.5(<1-12.1) 0.1
Chemo + SRL172 1.3 (< 1-5.3) 0.7 (< 1-2.65) 0.99
8.5 2.3 0.1
Resp Chemo 39.1 (33.2-45.7) 38.6 (36.8-39.5) 0.99
Chemo + SRL172 37.2(33.9-41.4) 42.8 (38.8-51.2) 0.18
TNF-a 37.9 41.2 0.3
(pg/ml)
N.Resp Chemo 43.6 (31.9-50.2) 45.4 (35.9-57.4) 0.56
Chemo + SRL172 49.1 (39.5-60.6) 43.9 (28-50.7) 0.62
45.8 44.8 0.9

The mean values for all responders (Resp) and non responders, (N.Resp) irrespective of the treatment are also shown for both
cytokines (third, sixth, ninth and last line). *Paired Wilcoxon signed rank test.

chemotherapy) may have corresponded to the time where antigenReports of possible synergy between chemotherapy and
shedding from the tumour took place and the third injection (daymmunotherapy date back to the early 1980s when the work of
15 post chemotherapy) should have covered the period of bortéanna and Key demonstrated increased survival in guinea pigs
marrow and lymphocyte recovery. bearing syngeneic L10 hepatocarcinoma cells when cytotoxic

Other workers have suggested that SRL172 may be a nowiugs were administered at the peak of the inflammatory response
specific immunomodulator and that it may promote a predomifollowing tumour vaccination. They hypothesized that drug cyto-
nantly Thl type (cell-mediated) response (Grange et al, 1995). Ftoxicity was enhanced in the tumour if tumour architecture was
example, in a study of 10 patients with advanced prostate cancdisrupted by the inflammatory reaction, allowing better access of
who were treated with SRL172 alone, PSA levels were found tthe drugs into the tumour (Hanna and Key, 1982). Another possi-
decrease in 2 out of 10 patients as a result of treatment (Hroudatelity is that SRL172 may possess some true vaccine properties,
al, 1998). The response in these patients correlated with increasadd may express cross-reactive antigens with cancer cells.
intracellular IL-2 production in lymphocytes, a finding reported Obvious candidates for such cross-reactive antigens are heat-
by the same group to occur in advanced melanoma patienshock proteins (hsp) which are highly conserved across species;
(Maraveyas et al, 1999). However, the mechanism of the possibteus mycobacterial hsp are likely to show homology with those
anti-tumour effect is unclear. It has been reported that patients wittnown to be present on human tumour cells. Some hsps are highly
malignant disease have defective Thl cell function in associatioexpressed in cancer cells compared with normal cells (Ferrarini et
with elevated Th2 cell levels (Pellegrine et al, 1996); thus a changa, 1992) and it might be anticipated that the hsp expression levels
in the balance towards improved Th1l function may be of criticalvould increase after treatment with chemotherapy. This possibility
importance to the success of immunotherapy in cancer. is at present under investigation in our laboratory.

In the present study, we measured serum cytokines only. SerumThis study encouraged a large phase Ill randomized trial to test
cytokines levels of gamma-IFN and TNfwere not different the hypothesis that there may indeed be a clinical interaction
between the two treatment groups indicating that there was no biagtween SRL172 and combination chemotherapy in patients with
of selection for these cytokine levels. However, there was a lowaron-small-cell lung cancer. Such a trial is now underway with a
TNF-a serum level in the responders compared to the non-responecruitment of 418 patients completed.
ders and at present we do not know if this could have prognostic
significance. There was no correlation with response although
serum cytokine changes could have been missed because of ACKNOWLEDGEMENTS
timing of the assay or the lack of sensitivity of the assay as in th@ye are grateful to SR Pharma plc for support.
case of IL-10. We have just completed a subsequent study in
mesothelioma patients treated with chemotherapy and SRL172.
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