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Background: The long-term prognosis of patients with stage IV AJCC melanoma is extremely poor. We have previ-
ously published short-term clinical outcome and immunological responses to a heat killed Mycobacterium vaccae-based

vaccine.

Results: In this study we report on a better than expected long-term survival (3-y DSS 29-6%, 5-y, and 7-y DSS both
23:9%) relative to historical controls in the patients who received the vaccine in these trials, published in 1999 and 2003.
Although the complete or partial response was only 10%, it was the remarkable response to other interventions upon
relapse, such as surgery and radiotherapy followed by stable disease that was previously unexpected.

Methods: We reviewed the outcome of 72 patients who were treated with M. vaccae for metastatic melanoma

between January 1996 and July 2004.

Conclusion: Given this remarkable outcome in stage IV metastatic melanoma and its lack of toxicity we propose that
this would make a promising candidate for randomized trials for stage Ill fully resected melanoma.

Introduction

Mycobacterium vaccae (M. vaccae) was selected as an alter-
native to BCG (Bacille Calmette Guérin, a living derivative of
a bovine tubercle bacillus Mycobacterium bovis) as a potential
candidate for an anti-tuberculosis vaccine. It had become clear
that the nature of the response to BCG depended on prior expo-
sure to endogenous mycobacteria, resulting in protection against
tuberculosis in some regions and no protection in others. In an
attempt to improve on this, a heat killed variant of M. vaccae was
selected as, in addition to enhancing the cell mediated (Th-1)
immune responses that protect against tuberculosis, it is able to
suppress inappropriate and detrimental responses associated with
a humoral (Th-2)response.! BCG has been studied as a poten-
tial immunostimulant to treat cancer for several decades, albeit
with variable results. It is, however, licensed for intra-vesicular
administration for the treatment of bladder cancer, M. vaccae
was considered a good substitute for BCG and initially offered
to cancer patients with limited options, on an informed consent
basis as an intradermal vaccine, prior to the instigation of formal
trials., These confirmed that the intradermal administration of
M. vaccae on a two weekly, then monthly basis, was capable of
reversing the suppression of Th-1-mediated beneficial immune
responses, as has been shown to occur in melanoma and pros-
tate cancer.”® In the initial report by Maraveyas® the vaccination
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schedule resulted in a sustained IL-2 induction as assessed by
the intracellular cytokine staining, in 39% of patients. This was
associated with an improved outcome, compared with those who
did not show an IL-2 response. In order to explore this further,
non-responders were given low dose subcutaneous Interleukin-2
(IL-2) (18 units spread over three days, and repeated two
weekly). The addition of subcutaneous IL-2 was found to con-
vert non-cytokine responders to responders and an association
with an enhanced clinical response was noted (unpublished
data, Dalgleish et al.). In a randomized study, those patients
who received IL-2 as well as the vaccine had a non-significant
trend in clinical response compared with those in the vaccine
alone.* The vaccine has also been on trial under its proprietary
name of SRL172 in lung cancer where it was shown to give a
trend for increased survival when given with chemotherapy, as
opposed to chemotherapy alone’ A larger multi-center study,
however, failed to confirm this but it did demonstrate a signifi-
cant improvement in quality of life in a patient who received this
vaccine in addition to chemotherapy.® There were considerable
issues with the technical conduct of this study” and a re-analyses
excluding patients who received three vaccines, or less, showed
a higher significant survival for patients with adenocarcinoma.®
In spite of encouraging results in other tumors, such as renal
cancer, SR Pharma, the company which produced the vaccine,
decided to abandon further studies.’
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Table 1. Clinic-pathologic characteristics of patients.

Patients
(n=72)
Sex Female 37 (51.4%)
Male 35 (48.6%)
'2?::'1’; 52 (23-80)
Age (years) < 592 39 (54.2%)
; 52 33 (45.8%)
Head 10 (13.9%)
Primary melanoma site Limb 40(55.6%)
y Trunk 17 (23.6%)
Unknown 5 (6.9%)
L. Synchronous 9 (12.5%)
Metastases timing Metachronous 63 (87.5%)
1a 25 (34.7%)
M-stage at study entry (TNM VII. ed) 1b 6 (8.3%)
1c 41 (56.9%)
<2 18 (25%)
Number of metastases >3 54 (75%)
Normal 27 (37.5%)
Serum LDH High 21 (29.2%)
NA 24 (33.3%)
<5 45 (62.5%)
Neutrophiles/Lymphocites ratio >5 7 (9.7%)
NA 20 (27.8%)
. . No 17 (23.6%)
Combined medical therapy Yes 55 (76.4%)
Surgical resection No >7(79.2%)
9 Yes 15 (20.8%)
. No 57 (79.2%)
Radiotherapy Yes 15 (20.8%)

NA, not available data.

Since the publication of the two melanoma studies it has
become evident that patients within these studies have survived
longer than expected.>* Whereas a few patients had dramatic
responses and remained disease free, many more patients devel-
oped stable or slowly progressing disease which became manage-
able with other modalities. Several of these patients have had more
than one episode of surgery for recurrences and others have had
marked responses, including complete responses, to radiotherapy.
Here we present the follow-up of these patients and confirm the
enhanced survival suspected but not shown to be significant in
the early reports.

Results

Demographic and clinic-pathologic characteristics of the 72
patients included in this analysis are shown in Table 1.

Overall, 63 (87-5%) patients were treated with M. vaccae
(SRL-172) combined with other treatment modalities, such as
chemo- or cytokine medical therapy, radiotherapy or surgery.
As regards associated medical therapy, 53 (73.6%) patients
received SRL172 in combination with IL-2, and two (2-8%)
patients were on thalidomide. Systemic adverse events were
minor and involved mild “fu-like” symptoms in seven (9-7%)
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patients on the day of treatment and moderate urticaria in one
patient (1-4%). Local toxicity was restricted to erythema and
swelling at the SRL172 injection site. In no case was SRL172
stopped due to adverse events. The mean duration of SRL172
administration was 22 mo (median six mo, range 1-130). The
most frequent reason for treatment discontinuation was pro-
gressive disease or death. Six patients who achieved a RO resec-
tion during the first six months of therapy were excluded from
the clinical response assessment. Clinical response data are
shown in Table 2. A complete response was observed in two
patients (3-0%) and a partial response in 6 (9:1%). At the time
of writing, after a prolonged follow-up, CR was achieved in 7
(10-8%) patients. The median time required to achieve CR was
17 mo (range 2—63). Both patients who obtained a complete
response during the first six months of therapy had no other
treatment. Among the 5 patients who achieved late complete
response, 2 had no other treatment, 2 had complete regres-
sion of the residual tumor burden after surgical cytoreduction
(lymph node excision in multiple skin and nodal metastases in
one patient and lymph node excision in multiple pulmonary
and nodal metastases in the other case), and 1 patient achieved
complete regression of skin metastases after complete response
to radiotherapy of a single lymph node lesion.

Of the 72 patients enrolled in the study, 14 (19.4%) were alive
as of July 2012. One patient, who achieved CR after two months
of therapy, died without melanoma from an accidental cause after
131 mo from the start of therapy. Therefore, he was censored
for DSS analysis purpose (melanoma unrelated death). All other
patients died from melanoma related causes. One patient lost at
follow-up after nine months from the beginning of therapy was
excluded from DSS analysis.

Median follow-up was 148 mo (range 59-192) for living
patients and nine months for dead patients (range 1-120). In
all patients, median DSS was 17 mo (95% CI 7.8-26-2). DSS
rate was 53-5% (95% CI 41.9-65-1) at one year, 29-6% (95%
CI 19-0-40-2) at three years, 23-9% (95% CI 13-9-33.9) at
both five years and seven years and 20-1% (95% CI 10-5-29.7)
at ten years (Fig. 1). Survival rate differences according the main
clinico-pathologic variables and clinical response are shown in
Table 3. Duration of SRL172, considered as months of admin-
istration, was statistically associated with DSS (continuous vari-
able: HR 0-957 95% CI 0-940-0-975, p < 0-001).

Among the six patients who underwent RO resection within
the first six months of SRL172, one patient developed recurrence
after 51 mo (median PFS not reached). Four of eight patients who
obtained best response, and 18 of 19 patients with stable disease
developed disease progression, with a median PFS of 36 mo (last
event at 36 mo, 95% CI not computed) and 13 mo (95% CI
5.9-20-1), respectively.

In three patients, who previously achieved a CR or PR, a
complete cure of recurrent disease was obtained through surgery
(complete surgical resection in one patient with multiple cutane-
ous and lymphatic metastases and in one patient with multiple
visceral metastases) and radiotherapy (complete response in one
patient with brain metastases). These patients were still alive at
last follow-up (respectively 45, 77, and 80 mo after recurrence).
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Table 2. Clinical response assessment after 6 mo of therapy.

Patients Median (95% CI)
(n =66) disease specific survival (months)
CR/PR (Best response) 8(12.1%) NR
Clinical response SD 19 (28.8%) 30.0 (15.8-44.1)
PD 39 (59.1%) 5.0 (3.6-6.3)*

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; NR, not reached * computed on 38 cases because 1 patient lost at

follow-up was excluded.

At multivariate analysis, including the entire series, the inde-
pendent prognostic factors associated with DSS were sex, number
of metastases, and duration of SRL172 administration. In the
subgroups of 65 patients with measurable disease after six months
of therapy, the independent prognostic factors were sex, num-
ber of metastases, and clinical response grade. Clinical response
grade was not inserted in the first regression because it was not
estimable for all 71 patients. Serum LDH and neutrophils/lym-
phocytes ratio were not included in either Cox’s proportional
hazards models because of missing data for many patients. The
duration of SRL172 administration was not included in the sec-
ond model to avoid multi-colinearity phenomenon with clinical
response grades. The results of multivariate analysis, considering

only the variables that after forward selection reached a statistical
significance, are shown in Table 4 and Table 5.

Discussion

In this study we evaluated the long-term outcome of all
patients who received M. vaccae for stage IV melanoma at our
institution. Most patients were also treated with other cancer
therapy modalities. We report a survival rate of 29.6% at three
years and 24% at five years, a median survival of 17 mo and a
best overall response rate (CR/PR) of 12:1%. Considering that a
stable disease over a period of six months might be a significant
finding in this patient group, a favorable response including SD
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Figure 1. Kaplan-Meier estimate for disease specific survival.
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Table 3. Kaplan-Meier disease specific survival analysis (71 patients).

n 3yDSS % 5yDSS % p
Female 37 43.2 322 .
Sex Male 34 147 147 0.006
<52 39 28.2 28.2
Age (years) >52 32 313 188 0463
Head 10 50.0 50.0
. . Limb 40 27.5 20.0 "
Primary melanoma site Trunk 16 125 125 0.020
Unknown 5 60.0 40.0
_ Synchronous 9 333 222
Metastases timing Metachronous 62 29.0 242 0.938
Ta 24 50.0 375
M-stage at study entry (TNM VII. ed) 1b 6 0.0 0.0 0.002*
1c 41 220 19.5
<2 17 76.5 76.5 .
Number of metastases >3 54 148 6.9 <0.001
Serum LDH Normal 27 51.9 44.4 <0.007*
(48 patients) High 21 9.5 48 :
Neutrophiles/Lymphocites Ratio <5 44 36.4 29.5 0.068
(51 patients) >5 7 28.6 143 :
. . No 17 29.4 29.4
Combined medical therapy Yes 54 206 221 0.620
. . No 56 17.9 125 .
Surgical resection Yes 15 733 66.7 <0.001
. No 56 321 26.8
Radiotherapy Yes 15 200 133 0.444
- . CR/PR (best response) 8 87.5 87.5
c""(gsal ':::ﬁ:’s')’se SD 19 316 158 | <0.001*
P PD 38 53 26

* statistically significant log-rank test; *, only patient with measurable disease included (6 patients underwent RO resection were excluded); CR, complete

response; PR, partial response; SD, stable disease; PD, progressive disease.

was achieved in about 40% of cases. Moreover, this longer than
expected survival, based on historical controls and published
databases was in unselected patients usually referred to us with
very advanced metastatic disease. More than half of our patients
(56.9%) had MIc stage and two-thirds had three or more meta-
static lesions, 8.5% were M1b and the remainder were M1a stage
disease. Patients with M1la disease have a similar survival to our
cohort. However, with most patients not being M1a but b and ¢
then the survival would be expected to be half that reported here
from other studies.'

Importantly, M. vaccae was demonstrated to be safe and well
tolerated given that toxicity was minimal and no IIT or IV grade
adverse events were observed in marked contrast to other immune
based therapies, such as a-interferon.

These results suggest the administration of this heat killed vac-
cine, in combination with other cancer therapies, as an approach
to metastatic melanoma treatment may be of benefit.

Although initially referred to as a vaccine it is evident that
M. vaccae is more of a non-specific immune modulator acting
on the innate immune system' with downregulation of Th-2
responses and the restoration of Th-1 mediated immunity, which
results in effective immune responses against the tumor.?
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Downregulation of Th-1 associated cytokines is seen in many
tumor types and reverts when the tumor is completely excised.'*

M. vaccae is likewise able to restore Th-1 responses in patients
whose disease is not resectable, and thus modulates the immune
response in patients with unresectable disease in a similar manner
to that seen following complete resection.”'* Thus, the ability
of M. vaccae to restore Th-1 immune function may enable other
treatment modalities, such as radiotherapy, to be more effective.

A specific noteworthy issue is the role of surgery in patients
with metastatic melanoma. There is a strong rationale and increas-
ing evidence that justify the use of surgery in the management of
these patients. Several studies have demonstrated that metasta-
sectomy can significantly improve survival in selected patients,
achieving a five-year survival rate of 11-49% for Mla stage,
5-31% for M1b and 7-28% for M1c.”>" Different theories have
been advanced as explanation of these findings. One of them is
that a reduction of tumor burden leads to a more efficiently func-
tion of the host’s immune system. A phase III randomized trial
comparing Canvaxin (an allogeneic irradiated whole tumor cell
vaccine — CancerVax, Carlsbad, CA) plus BCG vs. placebo with
BCG in completely resected stage IV melanoma failed to demon-
strate an overall survival benefit, but reported a five-year survival
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Table 4. Cox's multivariate disease specific survival analysis (71 patients).

gov Identifier: NCTO01308762). Similar clini-

HR (95% CI) p cal observations with responses in cutaneous and

lung lesions have been reported, as well as a trend

Sex Fi/\rzf:e 2667 ( 4190_ 4775 | 0007 to increased survival, which is currently the focus

: . . of a long-term follow up study (ClinicalTrials.gov

Number of metastases i; 2763 (1.1137—6.714) 0.025 Identifier NCT01559818).2° IMM-101 is now in

- - - phase II trials for pancreatic cancer (Clinical Trials.

SRL172 duration (months) continuous variable 0.960 (0.941-0.980) <0.001 gov. Identifier: NCT01303172), and metastatic

Goodness of the model: -2 Log likelihood 350.677; x* 47.536; p < 0.001. Included variables:  colon  cancer (ClinicalTrials.gov. Identifier:
sex, primary melanoma site, M-stage at study entry, number of metastases, SRL172 duration,  NCT01539824).

surgical resection.

Table 5. Cox’s multivariate disease specific survival analysis (65 patients).

The data reported here suggest that this class
of immune modulators represents a promising
candidate for randomized phase III trials in stage

HR (95%C) ) I reseFted mela{noma. . .
Antigen-specific vaccines have been disap-
Female 1 pointing in this setting, presumably due to the
Sex Male 3345(1.767-6332) | <000 ability of the tumors to downregulate HLA-1
<2 1 epitopes, as well as specific antigens. The long-
M number >2 3.012(1.104-8.219) 0031 term outcome with M. vaccae and its effect on the
. CR/PR (best response) 1 <0.001 innate immune system suggest that the observed
Clinical Response sD 7.399 (0.911-60.083) | 0.061 effects may not be antigen-specific, although res-
PD 32.420(4.024-261.181) | 0.001 toration of the innate and cell-mediated responses

Goodness of the model: -2 Log likelihood 329.158; x? 51.039; p < 0.001. Included variables:
sex, primary melanoma site, M-stage at study entry, number of metastases, surgical resection,

clinical response grade.

of 42-3% in the combined control and treatment arms indicat-
ing that BCG along may confer a survival benefit.'® This high
five-year survival rate has never been achieved in any randomized
controlled trial for stage IV melanoma patients. The fact that the
outcome in both arms was better than predicted may suggest that
BCG had similar activity to M. vaccae in a disease free setting. In
our series, the small subgroup of patients who were treated with
surgery and M. vaccae achieved a three-year and five-year DSS of
73-3% and 66-7%, respectively. This would further support the
role of SRL172 as immunomodulator combined with surgery in
patients affected by metastatic melanoma. Prospective random-
ized trials are necessary to clarify the potential benefits of combi-
nation of surgical resection with immune modulators.

It would appear that M. vaccae is more effective in controlling
low burden tumors, regardless the site of metastases, which may
reflect the overall immunosuppressive effect of the increasing
tumor bulk and a threshold above which immune modulation
cannot overcome tumor escape. A limitation of the present study
is that, although most patients were on clinical trials they were
treated and followed up outside a trial setting and that there is no
direct control group, only historical databases. Nevertheless, the
extended follow-up of this series provides definitive data about
DSS and has led to a reassessment of this approach and its pos-
sible use to increase the outcome to other modalities.

The maintained improved survival seen in these patients has
led to renewed interest in this vaccine approach. M. obuense IMM-
101), a strain closely related taxonomically to M. vaccae, has been
selected for further clinical development. IMM-101 has now
undergone a phase I/II study in a very similar group of patients
to those reported here with stage IV melanoma (ClinicalTrials.

www.landesbioscience.com
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will consequently enhance suppressed antigen-
specific CD8 T-cell responses.

Currently stage III melanoma patients have
been enrolled in studies looking at Avastin or
Ipilimumab, and results are not yet available. Both of these agents
are extremely expensive for the adjuvant setting and not with-
out significant toxicity. The immunomodulatory agents reported
here has minimal toxicity and, unlike Avastin and Ipilimumab,
does not require I'V infusions, just intradermal inoculation.

With regards to the management of stage IV melanoma two
new agents have recently been approved. Ipilimumab, an anti-
body against the cytotoxic T-lymphocyte-associated-4 mol-
ecule (CTLA-4) and Vemurafenib, a serine-threonine protein
kinase B-RAF (BRAF) inhibitor, were approved for treatment
of metastatic melanoma after encouraging results in phase 3 tri-
als. Ipilimumab has shown a significant improvement in overall
survival with a median overall survival of 10.1 mo and 11.2 mo
and response rate of 10.9% and 15.2% in previously treated and
untreated patients, respectively.*? Vemurafenib has been associ-
ated with a response rate of 48% and a six-months overall survival
of 84% (compared with a response rate of 5% and a six months
survival of 64% in the dacarbazine group)® The response rate to
Ipilimumab is, however, low and there is significant autoimmune
toxicity and the median duration of response to Vemurafenib is
relatively short. The data reported here would suggest that both
agents may benefit from combination strategies with IMM-101.
As previously discussed, IMM-101 would make a promising can-
didate for a randomized Phase III trial in stage III melanoma but
for stage IV melanoma it could be given with or without standard
therapies, including DTIC, Vemurafenib and Ipilimumab.

It is increasingly becoming clear that combinations of treat-
ment modalities are more likely to lead to a better clinical out-
come that single agents alone. This has already been shown for
ipilimimab where it is more effective with DTIC than DTIC
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alone. Further studies with IMM 101 and chemotherapy may
lead to a reduced side effect profile, as seen in the previous lung
studies, it may also reduce the side effect profile of ipilimumab
due to the regulatory properties of IMM 101.

Materials and Methods

Patients

All72 patients treated with SRL172 (heat-killed Mycobacterium
vaccae) for malignant melanoma at our institution were reviewed.
All had histologically confirmed metastatic melanoma of a non-
ocular primary site, and were included in this analysis. The first
patient received the first dose of SRL172 on January 1996 and
the last patient on July 2004. Among these patients, 41 received
SRL172 during a phase II randomized trial of SRL172 + low-dose
IL-2 that was closed because no responses were seen in the first
16 patients receiving SRL172 alone.” Six patients were treated
in a second phase II trial with the same study design that was
stopped because no more SRL172 was available at that time. A
further 19 patients received SRL172 as compassionate use, when
other options were exhausted. All patients had measurable meta-
static disease, a WHO performance status of 0-2 and adequate
hepatic, renal and hematological indices.

Procedures

SRL172 (SR Pharma) was supplied in borate-buffered saline
at 1 mg (10° bacilli) per 0-1 ml dose. SRL172 was administered
in doses of 0-05 or 0-1 ml by intradermal injection over the del-
toid muscle. Patients received 0-5 mg of SRL172 on day 0, fol-
lowed by 1 mg on days 14 and 28. Treatment was recommenced
on day 56 and continued monthly unless symptomatic disease
developed or progression occurred. All adverse events and toxic-
ity were graded according to NCI common toxicity criteria (ctep.
cancer.gov/reporting/ctc.html), if the SRL172 injection site was
infected (a very rare occurrence) or ulcerated, the due dose of
SRL172 was withheld and the next dose was given on schedule
but at half dose. Clinical response was assessed by clinical exami-
nation, measurements of cutaneous disease and CT re-staging.
Clinical response was defined according to WHO criteria in
complete response (CR), partial response (PR), stable disease
(SD) at six months and progressive disease (PD).

In patients with stable disease or complete or partial response
after the initial six months treatment, continuation of treatment
was at the discretion of the consultant (AGD), as well as after
further periodic clinical and radiological follow-up.
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