ONCOIMMUNOLOGY
2018, VOL. 7, NO. 2, e1386827 (15 pages)
https://doi.org/10.1080/2162402X.2017.1386827

Taylor & Francis
Taylor & Francis Group

ORIGINAL RESEARCH

‘ W) Check for updates

A novel immunization strategy using cytokine/chemokines induces new effective
systemic immune responses, and frequent complete regressions of human
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ABSTRACT

Immune responses have been elicited by a variety of cancer vaccines, but seldom induce regressions of
established cancers in humans. As a novel therapeutic immunization strategy, we tested the hypothesis
that multiple cytokines/chemokines secreted early in secondary responses ex-vivo might mimic the
secretory environment guiding new immune responses. The early development of immune responses is
regulated by multiple cytokines/chemokines acting together, which at physiologic concentrations act
locally in concert with antigen to have non-specific effects on adjacent cells, including the maturation of
dendritic cells, homing and retention of T cells at the site of antigen, and the differentiation and expansion
of T cell clones with appropriate receptors. We postulated that repeated injections into a metastasis of an
exogenous chemokine/cytokine mixture might establish the environment of an immune response and
allow circulating T cell clones to self- select for mutant neo-epitopes in the tumor and generate systemic
immune responses. To test this idea we injected some metastases in patients with multiple cutaneous
melanoma nodules while never injecting other control metastases in the same patient. New immune
responses were identified by the development of dense lymphocytic infiltrates in never-injected
metastases, and the frequent complete regression of never-injected metastases, a surprising observation.
70% of subjects developed dense infiltrates of cytotoxic CD8 cells in the center and margin of never-
injected metastases; 38% of subjects had complete and often durable regressions of all metastases,
without the use of check-point inhibitors, suggesting that, as a proof-of-principle, an immunization
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strategy can control advanced human metastatic melanoma.

Introduction

The induction of effective new immune responses to human
cancers has been an elusive goal for many decades.' Detectable
immune responses often have been elicited by therapeutic vac-
cines of autologous or allogeneic tumor cells, tumor proteins,
peptides; expressed by vectors, dendritic cells pulsed with
tumor antigens or RNA vaccines encoding tumor epitopes.
However responses resulting in clinical regressions in patients
have been infrequent. Recently mutant tumor neoantigens have
been identified as important targets of nascent anti-cancer
immune responses” that can be enhanced by anti-check point
antibodies to CTLA4 or PD-1/L-1, resulting in substantial
cancer regressions and prolongation of life in many but not
all patients.>™® The induction of immune responses to addi-
tional neo-epitopes and increased lymphocyte infiltration into
metastases might enhance the efficacy of anti-checkpoint
therapies.”® To enhance immune responses, multiple adjuvants
have been used including cytokines (CKs) used as proteins or
expressed with vectors.”'® Many preclinical studies using single
or limited combinations of three CKs as proteins, plasmids or
vaccines of tumor cells expressing CKs, have induced immune

responses and restrained the growth of existing cancers, but
complete regressions (CRs) occurred in a minority of experi-
mental animals.” The modification of tumor cells to express a
CK revealed that of 30 genes evaluated, GMCSF was optimal in
enhancing immune responses to the tumor.'' Clinical
approaches using autologous tumor cell lines, DCs or single or
combinations of CKs, usually including GMCSF, or CK-
expressing cells have led to prolongation of life and partial or
occasionally complete responses (CRs).'>”"” Several issues may
contribute to prior failures of vaccines to induce effective anti-
cancer responses: 1, vaccines may not have included sufficient
neo-epitopes unique to the patient’s tumor; 2, adjuvants or
cytokines may not have enhanced immunogenicity; 3, induced
T cells were unable to enter the tumor or were inhibited locally;
4, the magnitude and phenotypes of immune responses were
insufficient, as compared to effective and durable responses eli-
cited by vaccinia and yellow fever vaccines.'®"?

However, single or combinations of 3 recombinant cyto-
kines do not resemble the complex mixture of cytokines and
chemokines (CKs) participating in developing immune
responses. Cytokines such as colony-stimulating factors can act

CONTACT FredT. Valentine @ fred.valentine@nyumc.org @ Department of Medicine NB C&D 517, NYU School of Medicine, 550 First Avenue, New York, NY, USA.

@ Supplemental data for this article can be accessed on the publisher’s website.
ClinicalTrials.gov NCT02350972 https://clinicaltrials.gov/show/NCT02350972
© 2018 Taylor & Francis Group, LLC


https://crossmark.crossref.org/dialog/?doi=10.1080/2162402X.2017.1386827&domain=pdf&date_stamp=2017-12-20
mailto:fred.valentine@nyumc.org
https://doi.org/10.1080/2162402X.2017.1386827
https://clinicaltrials.gov/show/NCT02350972
https://doi.org/10.1080/2162402X.2017.1386827

e1386827-2 (&) F.T.VALENTINE ET AL.

alone, but the development of immune responses is regulated
by multiple cytokines/chemokines from innate and adaptive
immune cells acting together, which at physiologic concentra-
tions act locally in concert to have antigen non-specific effects
on adjacent cells, including the maturation of dendritic cells,
homing and retention of T cells at the site of antigen, the differ-
entiation and expansion of CD4 and CD8 T clones with appro-
priate receptors,”’>* and potentially increased expression of
antigens on the target cells.

Motivated in part by an earlier observation in-vitro that CKs
secreted by PBMC responding to a recall microbial antigen
enabled PBMC from different donors to respond by prolifera-
tion to microbial antigens that did not stimulate these cells in
the absence of exogenous, CKs,>* we postulated that a full com-
plement of many (CKs) produced ex-vivo early in a secondary
immune response by PBMCs stimulated with a microbial anti-
gen might mimic the secretory environment of a primary
response. CKs repeatedly injected into a metastatic nodule
might facilitate the development of additional immunity -to
metastatic melanoma more effectively than individual cyto-
kines, and constitute an in situ immunization with a “physio-
logical” adjuvant. A mixture of autologous cytokines was used
for ethical and safety reasons, and from necessity since many
individual CK components were unknown and unavailable
when the study was initiated. Would exogenous CKs injected
intralesionally modify the microenvironment in injected metas-
tases, but also locally stimulate the development of systemic
immune responses affecting distant never-injected metastases?
The intralesional provision of a secretory CK environment
should expose circulating mononuclear cells to multiple poten-
tial neo-epitopes, allowing T cell clone-epitope self-selection
including against non-dominant epitopes possibly unique to a
patients tumor.

To test our hypothesis in-vivo, prior to the availability of
current therapies, we initiated an IRB-approved clinical study

in patients with clinically palpable cutaneous or subcutaneous
in-transit metastases of an extremity or multiple metastases
on the trunk or head. All had developed 2 to 100 metastases
during the 2 months prior to entry. They were stages IIIB 2
pts; IIIC 76 pts; and IV-M1a 9 pts . The study brought antigen
(melanoma cells), CKs and circulating mononuclear cells
together by injecting mixtures of autologous secreted CKs
weekly into some cutaneous metastatic melanoma nodules
while other metastases in that patient were never injected
(Fig. 1). Systemic immune responses would be identified by:
1) the development of new lymphocytic infiltrates in never-
injected metastases, 2) an examination of the ability of
tumor-infiltrating lymphocytes (TILs) to kill autologous mel-
anoma cells ex-vivo, and 3) an enumeration of any metastases
that completely regressed.

We observed that this immunization strategy resulted in
dense lymphocytic infiltrates often into the center of distant
never-injected nodules. These responses were associated with
CRs in 38% of patients of surprising multi-year durability, and
without serious side effects. More recent investigations have
provided data on neoantigens and cytokines that may explain
the occurrence of the immune responses and CRs observed in
our earlier study.

Anti-check point therapy demonstrates that if immunologi-
cal restraints are diminished, preexisting nascent immune
response can control metastatic cancers to some degree in 30%
of patients. Clinical responses are predicted by baseline
lymphocytic infiltrates at the margin or into the tumor,* %’
and for PD-1 blockade, the number of TIL clones.?® Response
rates correlate with the frequency of mutant neo-epitopes,
although only a small dominant portion of potential epitopes
may contribute to the preexisting immune responses.” If addi-
tional immune responses to neo-epitopes could be induced,
preclinical data suggests subsequent anti-check point therapies
might result in a higher frequency of CRs.*”*
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Results

General responses of injected and never-injected
metastases

The study was designed to focus on the responses of never-
infected metastatic nodules as evidence of the induction of sys-
temic immunity. During the first 1 to 2 months of weekly injec-
tions, new nodules continued to appear and most injected and
all never-injected metastases did not become inflamed. After 4
to 6 weeks, in many patients new nodules appeared less fre-
quently, and injected and never-injected nodules often became
slightly larger, tender and inflamed. A previously occult subcu-
taneous nodule occasionally was detected by the development
of tenderness and inflammation. Metastases gradually became
smaller until undetectable, but occasionally collapsed rapidly.
In most responding patients injected nodules began to regress
before never-injected nodules, but in 5 patients the first nodule
to disappear was never injected. A given metastasis was consid-
ered to have regressed if it was undetectable for at least 8 weeks.
In 30% of patients no injected or never-injected metastasis
regressed completely, although injected nodules became flatter
more often than never-injected nodules. Also in 38% of patients
all injected and never-injected metastases completely regressed
resulting in CRs. In patients with complete regressions of all
injected nodules, all never-injected nodules also completely
regressed. Because in the majority of patients the number of
nodules injected was larger than the number never-injected, we
compared the percent of injected and never-injected regres-
sions in each patient. Data from all patient pairs revealed a
Spearman correlation of r = 1 with p (two tailed) <0.0001. The
high correlation was driven by the many CRs and patients who
had no regressions. In patients with many regressions but no
CRs, the 3 largest discrepancies by which regressions of injected
exceeded never-injected metastases were 65%, 2 at 50%; in one
patient never-injected regressions exceeded injected by 30%.
The strong correlation between complete regressions of injected
and never-injected nodules for most patients suggests that a
systemic immune response may be operative in regressions of
both categories of metastases. Histologic examination of multi-
ply injected nodules that did not regress revealed central infil-
trates less dense than those seen in regressing nodules.
Supplemental Fig. 1 describes the time course of injections
in 5 representative patients, the frequent continued develop-
ment of new metastases initially after starting injections, and
the disappearance of many injected and never-injected meta-
static nodules in some, but not all patients. After a transition
period in which new nodules were appearing while others were
regressing, all nodules often regressed over several weeks. Fig. 2
presents photographs of rapidly regressing metastases (Fig. 2A)
in patients with local and disseminated (Fig. 2D) cutaneous
metastases. In 20% of patients nodules regressed only after
4-6 months of stable disease. A complete regression of all nod-
ules (CR) is defined as no clinically evident disease (NED) by
examination and chest x-ray for at least 8 weekly examinations,
followed by negative scans. Standard RECIST or WHO criteria
for a CR require disappearance for 4 weeks and negative
scans.”’ Although dimensions of individual metastases were
measured, because new nodules often appeared while others in
that patient were regressing, categorization by an overall
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response rate was difficult to calculate. Therefore we enumer-
ated patient responses by the more stringent requirement that
all metastases regressed, becoming a CR.

Composition of mixtures of autologous CKS

With the goal of mimicking the secretory environment govern-
ing the development of a new immune response we stimulated
PBMCs with a recall microbial antigen (PPD, Candida, strepto-
kinase) to which the donor was known to respond, and
removed the cell-free medium after 20 hours. In order to avoid
non-self- proteins, potential infectious agents and for ethical
considerations only autologous CK mixtures were employed.
Two-D gel separations revealed at least 60 molecules present in
the antigen-stimulated supernatants not present in unstimu-
lated cultures (data not shown). Quantitative measurements by
Luminex technology of several know cytokines prepared from
normal individuals, and CKs prepared from and injected into
patients with CRs are presented in Table 1. Individual CKs are
present at picogram to nanogram levels. No particular patterns
of CKs were associated with CRs. To minimize the level of
immunologically detectable microbial antigen carried over in
the supernatant media, PBMC were exposed to microbial anti-
gen for only 1 hour washed twice and then cultured for
20 hours. These CK preparations contained no immunologi-
cally detectable microbial antigen, but only 10 to 40% of CKs
secreted by cells cultured for 20 hours with microbial antigen,
and induced fewer regressions. These “minimal antigen” CKs
were used for the initial injections in patients and to minimize
inflammation occasionally caused in some patients by the pres-
ence of microbial antigen.

Histology and characterization of tumor infiltrating
lymphocytes (TILs), and relationship to regressions

In 70% of patients with excisional biopsies of never-injected
metastases, examination revealed conspicuous lymphocytic
infiltrates in the center or margin of the tumor that were not
present in baseline biopsies. The development of dense infil-
trates in never-injected nodules is evidence of a new systemic
immune response. The density of TIL in never-injected metas-
tases varied between patients, in part as a function of the weeks
the nodule had been present while other nodules were being
injected, and on the stage of regression. In patients with multi-
ple never-injected metastases who developed a CR, biopsies of
an individual nodule revealed moderate to dense lymphocytic
infiltrates by 4 to 10 weeks of injections elsewhere (supplemen-
tal Fig. 2). After continued injections, infiltrates in never-
injected nodules sometimes obscured residual tumor cells,
occasionally misdiagnosed as lymphomas by general patholo-
gists. Residual pigmented cutaneous spots revealed only mela-
nophages. All biopsies from patients who experienced CRs
contained dense or moderate infiltrates into the center of the
metastases. Supplemental Fig. 2A illustrates the absence of any
infiltrate in a representative example of the histology of a meta-
static nodule before any injections. Supp. Fig. 2B shows a
never-injected nodule from the same patient after weeks of
injections elsewhere, demonstrating dense infiltrates with lym-
phocytes contacting tumor cells. Supp. Fig. 2C displays never-
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Figure 2. Photographs of patients with cutaneous/subcutaneous metastases experiencing regressions after intralesional CKs. A. 70 year old female: large subcutaneous
metastases undergoing rapid rejections. Only checked nodules injected. Dotted nodules are regressing. Collapsing lesion 12 was never injected. Some nodules marked
for excision. B. 50 year old female: in transit metastases of left leg and inguinal scar, 4 positive lymph nodes, and no response to chemotherapy. Only circled area injected.
Complete regressions and survived disease free for >5 years. Lost to follow up. C. 62 year old male: 6 lesions increased to 57+ small metastases on head and neck. Only
lesions on right side injected. All lesions regressed: a 2 x 3 cm mass developed in neck and spontaneously regressed. Needle biopsy showed only residual pigment in
melanophages. Became NED after 2 years; died of other causes at age 86, 24 years after entering the study. D. 55 year old male entered with disseminated subcutaneous
metastases, face, chest, arms and leg; stage IV-M1a. All lesions including never-injected nodules on arm regressed by 6 months after entry.
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Table 1. Concentrations of selected CKs prepared from normal individuals and from and injected into patients who experienced CRs.

GMCSF IFN o« IFN 1 IL-12 IL-2 IL-15 IL-7 TNFa
A. Representative cytokine measurements: antigen-stimulated PBMC from 11 normal donors
Median pgm/ml 4 198 77 65 157 500 164 102
(Range) (4-150) (58-662) (3-2900) (12-380) (31-1500) (54-880) (47-213) (2-2380)
B. Autologous cytokines injected into 13 patients with complete regressions (stored at minus 80°)
Median pgm/ml 56 55 69 136 105 17 89 23
(Range) (1-196) (9-256) (2-5800) (3-5250) (1-2722) (2-402) (4-139) (1-1152)

injected nodules from 3 additional patients, demonstrating the
development of infiltrates restricted to the tumor and not the
surrounding tissue, and that enter from the periphery into the
center of the metastasis. Baseline infiltrates at the margin of
metastases were not required for the development of dense
infiltrates and CRes.

In patients with some regressing nodules, but the regular
development of new nodules and an overall progressive course,
biopsies of never-injected progressing nodules revealed moder-
ate to dense infiltrates primarily at the base of the tumor or in
short columns into the metastasis (Supp. Fig. 2D). In two
patients with dense infiltrates at the base or margin of progress-
ing nodules, lymphocytes from excisional biopsies were able to
kill autologous melanoma cells ex vivo even though the nodules
were progressing. The lung metastasis in Supp. Fig. 2E, excised
while many cutaneous nodules were regressing, was moderately
infiltrated with TILs around islands of melanoma cells.

In patients who had no or infrequent shrinking of a nodule
and progressive disease, even after several months of injections
never-injected nodules revealed only modest often perivascular
infiltrates restricted to the margin of the metastases, (Supp.
Fig. 2F). Biopsies from multiply injected metastases revealed
dense infiltrates in patients who had regressing disease, but
infiltrates were minimal in multiply injected nodules of patients
who had rare regressions.

The infiltrates were composed of CD8 and smaller numbers
of CD4 T cells, and few NK cells, as assessed by immunohistol-
ogy (Supplemental Fig. 3) and flowcytometry of single-cell sus-
pensions (Supplemental Table 1). Although subject to vagaries
of dissociation and timing of the biopsy, single cell suspensions
occasionally yielded equivalent numbers of melanoma cells and
TILs. TILs were enriched for CD8 T cells and their phenotypes
were significantly different from PBMCs obtained at the same
time (Supp. Table 1). Needle biopsies of an enlarging 2 x 3 cm
mass in the neck of a patient whose scalp metastases regressed,
revealed melanophages but no melanoma, and the mass subse-
quently disappeared.

Ex-vivo function of TILs

Although TILs were retained in melanoma metastases as evi-
dence of immune responses, we wished to examine their func-
tional cytotoxic capacity. In a direct Cr’' release assay, both
TILs and blood lymphocytes were able to kill fresh autologous
melanoma cells in-vitro without any ex-vivo expansion. In 12
patients for whom TIL and viable melanoma cells were avail-
able, TIL from never-injected and injected metastases were
equally cytotoxic, and in 18 patients in whom metastases were
regressing, blood lymphocytes also were cytotoxic, as illustrated

in representative experiments (Fig. 3). In 2 patients with pro-
gressive disease enlarging metastases yielded TILs that were
cytotoxic to autologous melanoma cells ex vivo even though
they were not restraining the growth of the metastasis, suggest-
ing local inhibition of function in the tumor environment. In
comparative assays performed at the same time, TIL were 2 to
3 times more cytotoxic than blood lymphocytes (Fig. 3A). TIL
and PBMC Kkilled autologous far more than allogeneic mela-
noma cells in 5 reciprocal donor experiments, suggesting that
cytotoxicity was either MHC restricted or directed against
unshared, unique epitopes in each case. Depletion of NK cells
did not abrogate the killing (Figs. 3B and 3C). TILs did not kill
K562 cells, a sensitive NK target. Depletion of CD8 cells
markedly decreased cytotoxicity (Fig. 3D). Depletion of CD4 or
CD4 plus NK cells decreased the cytotoxicity minimally or not
at all. Infiltrates of cytotoxic TILs developed only after the
administration of CKs, but insufficient data are available to
document any expansion of PBMC cytotoxicity. Sequential
cutaneous injections of irradiated autologous melanoma cells
with CKs increased the level of PBMC cytotoxicity (Fig. 3E).
Note that TIL cytotoxicity was assayed after lymphocytes were
removed from the tumor microenvironment.

Clinical patterns and frequencies of regressing metastases

Although clinical outcomes of patients are categorized by
the regression of all metastases (CRs), 70% of patients had
at least 2 metastases regress, and many had multiple never-
injected nodules regress over many months even if they did
not have CRs. Metastatic nodules regressed as early as 2 to
6 weeks, but the median time for regressions in all patients
was 4 months after entry. 20% of patients experienced mul-
tiple regressions by 2 months. In some patients Injected
and never-injected nodules regressed over many months of
injections. A frequent pattern was for new nodules to
appear while never-injected nodules in the same patient
were regressing. When all injected nodules in a patient
regressed completely all never-injected nodules also
regressed completely. 38% of participants had a CR with
NED for a median of 59 months (2-334). The time to
regression of all metastases (CR) varied from 1 to 48 months
after entry (median 15.). Both never-injected and injected
nodules in patients receiving CKs from cells pulsed with
antigen for only one hour and washed (to minimize micro-
bial antigen) also regressed completely. However these CKs
induced fewer regressions than supernatants from cells cul-
tured with antigen for 20 hours, which also contained
higher concentrations of CKs. Patients whose disease was
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Figure 3. Ex-vivo measurements of (TIL) or blood lymphocytes (BL) to kill autologous melanoma cells. Cytotoxicity presented at increasing effector to melanoma target
cell ratios. Each figure is representative of 6 to 10 experiments (A) Comparing the same number of lymphocytes, TIL are more lytic than BL. TILe, BL =. (B) TIL preferentially
kill autologous melanoma cells as compared to allogeneic cells, consistent with MHC restriction. Pt C TILe, Pt M TIL= (C) Killing is MHC restricted and not due to NK cells. Pt
CBL s, Pt CBL minus NK=, Pt F BL A, Pt F BL minus NK W, (D) Depletion of CD8 T cells abrogates the killing. BL ¢, BL minus CD8 T= (E) Repeated injection in 3 patients of
CKs mixed with irradiated autologous melanoma cells over many weeks increases the killing ex-vivo.

progressing rapidly were injected with supernatants from
cells cultured with antigen for 20 hours.

A majority of new nodules appearing while others were
regressing were injected, with some left as controls. Many new
nodules later completely regressed with or without injections.
Of 33 patients with NED (>2 months), 11 (33%) developed
additional cutaneous/subcutaneous nodules. But 5 of these had
a second period of NED, and survived as NED to the end of the
study Fig. 4. However, the persistent appearance of new nod-
ules with variable lymphocytic infiltrates in spite of ongoing
regressions accounted for the failure to achieve durable CRs in
a majority of patients.

In 3 patients with regressing metastases, benign nevi also
injected with cytokines never regressed.

Clinical outcomes

The increased sample size of 87 patients enabled us to assess
the frequency of clinical benefit of the new induced immune
responses. In this analysis, a CR, or no evident disease
(NED), required that all metastases disappear by examina-
tion and chest x-ray for 8 consecutive weeks with subsequent
negative scans (included in RECIST/WHO criteria). Occult
visceral metastases usually become evident within two years,
and the absence of residual visceral disease in many patients
is reflected by many years of disease-free survival. The 38%
frequency of (CRs) of all metastases resulting in NED for
over 2 months (median 59 months, range 2 to 334 months),
and substantial prolongations of disease-free survival were
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clinically evident visceral disease

87 pts with Bx-proven metastatic melanoma referred
by oncologists with > 2 intransit or disseminated
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Figure 4. Chart of numbers of patients with regressing and recurrent metastases.

surprising. The frequency and durability of CRs, and overall
survival after entry are presented in Table 2. CRs were more
frequent in those with fewer metastases on entry. 28%, 24%
and 20% of all patients remained free of detectable metasta-
ses for cumulative durations of greater than 2, 3, and 5 years.
Median overall survival of patients, (progressing and regress-
ing) censored at death on study, when last seen on study

subsequent data censored

prior to switching to chemotherapy or other experimental
therapies, or until lost to follow up was 28.5 months (4-
348 months), with 54% of patients surviving 2 years, 43%
3 years and 29% 5 or more years. Disease-free (NED) is con-
sidered progression-free survival and was achieved in 23% of
patients at 1, 2 and 3 years (Table 2). Overall, of 33 patients
with NED > 2months, 79% survived with NED for a median

Table 2. Clinical Outcomes: Summary of responses and survival. NED = No Evident Disease by examination and chest x- ray for at least 8 weeks followed by negative
scans. The table provides median and range of data on all 87 patients for: time to NED, the % of patients achieving NED for greater than 2 months, and the % of patients
with a cumulative duration of NED of 2, 3 and 5 years. The table also presents median and range of overall and disease-free survival from entry at different times. Because
some patients relapsed after being free of disease for protracted periods, the % of subjects surviving free of disease for 1 to 5 years after entry is less than the cumulative
duration of disease free periods. Also a few disease-free patients were lost to follow up.

Melanoma Clinical Outcomes: Summary Tables

Time to NED Duration in months
Frequency and durability of responses Median Range % all pts Median Range NED Tyr NED2yr NED3yr NED > 5yr
At least 2 completely regressed met 4mo 0-46 72%
NED >2 months (CR) 15 0-48 38% 59 2-334 31% 28% 24% 20%
NED when last seen 25% 100 6-348
57 pts (66%) reached stage IV 11% of stage IV 100 5-334

Survival in months

Survival Median Range Surv 1yr Surv2yr Surv3yr Surv>5yr
All pts overall survival from entry 285 4-348 70% 54% 43% 29%
All pts survival from entry, disease free 25% 100 6-348 23% 23% 23% 20%
Progres. dis. 54 pts, never NED : survival to death or chemo 18 3to75 56% 30% 20% 9%
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of 59 months (2-334). Durations of CRs and overall survivals
only reflect months on this study, and are censored when
patients died on this study, were last seen, switched to che-
motherapy or were lost to follow up.

Stage IV disease

8 patients entered with stage IV-M1 and 1 with IV-uveal +M1
disease, and 48 additional patients progressed to stage IV dur-
ing the study. 6 of 57 had a period of NED >5 months after
reaching stage IV, although these CRs were often not sustained.
Three patients receiving injections into subcutaneous metasta-
ses developed pulmonary nodules detected radiographically; in
2 the nodules regressed; in a third the excised nodule revealed a
moderate lymphocytic infiltrate (Supplemental Fig. 2 E). In
another patient a 6 cm non-resectable adrenal metastasis
completely regressed for 21 years leaving only calcified spots.

Injections of CKs with irradiated autologous
melanoma cells

Two patients whose cutaneous nodules had regressed
completely developed visceral metastases that were only par-
tially resectable. Under a separate IRB-approved protocol, sin-
gle cell suspensions of tumor cells were obtained, viably frozen,
and aliquots of 107 autologous cells irradiated with 20,000
Rads, mixed with autologous CKs were injected intradermally
every 2 weeks for 9 months. The two patients became CRs by
scans. One additional patient presented with positive inguinal
nodes and a subsequent resectable visceral metastasis without
evident cutaneous disease. (This patient is not included in
response rates.) For these 3 individuals, These 3 patients devel-
oped increasing levels of PBMC-mediated cytotoxicity to autol-
ogous melanoma ex-vivo (Fig. 3E) and remained free of disease
for 18 to 23 years, although one eventually relapsed after
21 years.

The courses of all 87 patients on study are presented in
Fig. 5, with the presence of melanoma in black and disease free
periods in red. Patients are ranked by duration of follow up,
and censored at death on the study, switch to chemotherapy, or
when last seen. Many patients who ultimately succumbed to
melanoma experienced disease-free periods over one year, and
the overall survival with stable disease often exceeded 2 years.
Note that clinical metastases recurred after several years of
NED in a few patients. Fig. 6 presents a Kaplan-Meier plot of
overall survival including deaths after leaving the study in
which patients are censored only if free of disease when lost to
follow-up or at the end of the study as indicated by a tick mark.
Figs. 5 and 6 suggest that survival is prolonged even in subjects
without CRs.

Adverse events

Local erythema and tenderness of both injected and never-
injected nodules lasting 1 to 5 days occurred in a significant
minority of patients. Mild flu-like symptoms in patients under-
going rapid regressions of multiple nodules was the major sys-
temic side effect observed. 15% of subjects experienced local
inflammation at the injection site of CKs containing residual

microbial antigen, which was avoided by mixing with autolo-
gous CKs containing no detectable microbial antigen. Many
participants received injections of CKs weekly for several years
without adverse events. Local vitiligo of skin where metastases
regressed was observed in approximately 20% of patients.

Discussion

This study tested the hypothesis that systemic cellular immune
responses to metastatic melanoma could be induced or
enhanced by intralesional injections of a mixture of autologous
CKs secreted ex-vivo early in a secondary immune response,
which may mimic the cytokine environment guiding new
immune responses more effectively than individual CKs. The
accumulation and retention of new lymphocytic infiltrates in
never-injected metastases is consistent with a systemic immune
response to melanoma, which may represent the induction of
immunity to additional non-dominant epitopes by T cells with
appropriate receptors or a marked enhancement of previously
undetectable responses. Studies of multiple epitopes were not
performed.

Intralesional injections of CK mixtures containing pico-
gram/nanogram levels of individual CKs avoid toxicities and
may facilitate development of immunity to multiple melanoma
epitopes unique to that patient’s cancer. Dense lymphocytic
infiltrates in the center of many never-injected nodules and
complete regressions of these metastases, accompanied by the
presence of CD8 cytotoxic T cells (albeit removed from the
tumor microenvironment) suggest that the induction of effec-
tive immune responses with combinations of secreted CKs is
feasible and can be achieved without significant adverse events.
Because it was initiated many years ago, this study demon-
strated immunologically mediated CRs some of which resulted
in disease-free intervals of over 20 years, and also that late
relapses can occur.. Attempts to optimize the composition of
CKs, the concentrations and injection schedules have not been
undertaken.

The infiltrates were dense and occurred in a larger portion of
patients than the nascent infiltrates primarily around the inva-
sive margin and to a smaller extent in the center of tumors that
predict favorable responses to checkpoint blockade,** and most
importantly, CK-induced infiltrates often resulted in complete
regressions without anti-checkpoint therapy. TILs in the center
of the metastases suggest this strategy may often circumvent
local inhibitory conditions associated with the tumor.”>** Com-
plete regressions of nodules were associated with TILs into the
center of metastases, but the presence of TILs did not always
predict CRs since some nodules with moderately dense TILs
progressed even though other nodules in the same patient were
regressing. When dense infiltrates were present in progressing
never-injected nodules they were usually at the margin with
projections into the nodule (Supplemental Fig. 2 D). Although
TILs were not always restricting the growth of the tumor in-
vivo, in two patients with progressive disease these TILs were
able to kill autologous melanoma cells ex-vivo suggesting local
inhibition in the tumor microenvironment.

New metastases often regressed with or without being
injected, but many patients did not remain free of disease. Only
38% achieved a CR of >2 months duration although many
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Figure 5. Melanoma status of all patients ranked by the duration of follow up in months and years after entering. The time line for each patient is censored at death, initiation
of chemotherapy, or when last examined. Red indicates no clinically evident disease (NED) by examination and chest x-ray for at least 8 weeks, and subsequent negative scans.
Several patients had NED* when lost to follow up. Black indicates presence of metastatic melanoma. Note, many patients had prolonged periods of stable or slowly progres-
sive disease. 4 patients who had NED for >2 years experienced a late relapse as indicated. A Patient was experiencing a rapid regression of many metastases after 27 weeks
of CK injections (with dense lymphocytic infiltrates in never injected nodules) when she switched to a geographically closer physician, and began receiving injections of an
allogeneic melanoma vaccine to enhance immune responses. Within 8 weeks after the last CKs and after 4 weekly injections of vaccine she demonstrated NED. Subsequent
indicated recurrences were treated by irradiation or excision.®’ B The recurrence of melanoma after 20 years of NED subsequently responded to Ipilimumab.

additional patients had protracted periods of stable or slowly
progressing disease. New nodules appearing while other never-
injected nodules in the same patient were regressing suggests
possibilities of antigenic escape,” and/or local inhibition of
lymphocyte function by CTLA-4 or the PD-1/PDL-1 axis,*®
myeloid-derived suppressor’® or T-regulatory cells,” or that
growth of melanoma cells exceeded the capacity of TIL
cytotoxicity.

The TILs were primarily CD8 cells with a smaller variable
number of CD4 cells. TILs from never-injected nodules, as
well as PBMC from recipients of intralesional CKs, were cyto-
toxic to fresh autologous melanoma cells in vitro without any
pre-stimulation or expansion ex-vivo. Depletion of CD8 cells
ex-vivo but not CD4 or NK cells abrogated killing. Preferential
cytotoxicity to autologous over allogeneic melanoma cells in
several reciprocal experiments is consistent with MHC-
restriction or the absence of shared target epitopes. Observa-
tions that phenotypes of infiltrating lymphocytes differ from

those simultaneously present in the blood (Supplemental
Table 1), indicate that cytotoxic CD8 T cells are selectively
retained in the tumor.

The accumulation of CD8 cells in never-injected metastases
indicates that TILs must be recognizing antigens on at least
some of the melanoma cells. The presence of infiltrates in some
progressing never-injected nodules implies that not all of the
melanoma cells in the nodule can be edited escape mutants.
These observations might result from varying expression of
melanoma epitopes on different cells within the same metasta-
sis. The ability of TILs from regressing and progressing nodules
to kill autologous fresh melanoma cells was demonstrated by
removing TILs from the tumor. This suggests local inhibition
of T cell function in the microenvironment of some but not all
metastases, but does not rule out an additional contribution of
escape mutants. The limited phenotypes of tumor-infiltrating
cells measured in the present study do not distinguish TILs
from nodules that regressed from those that progressed within
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Figure 6. A Kaplan-Meier plot of overall survival on study and after switching to
chemotherapy. Tick marks indicate alive at end of study or when lost to follow-up.

the same patient. Reagents to assess T regulatory cells, the PD-
1/L-1 axis and myeloid-derived suppressor cells were not avail-
able when the study was performed. Measurements of the con-
centrations of a limited number of cytokines in this study
(Table 1) were of the same magnitude as CKs from healthy
individuals and did not detect patterns distinguishing recipients
who did and did not experience CRs (data from progressors not
shown).

The multiple exposures to CKs before regressions are
observed, the frequent swelling of metastases before regressions
and the late appearance of new metastases and regressions are
observations similar to those reported for immunological
responses revealed by anti-check point therapies.’® CKs
obtained after pulsing PBMC with microbial antigen did not
contain immunologically detectable antigen but were able to
induce infiltrates and complete regressions in some patients,
indicating that microbial antigens carried over in the CK mix-
tures were not essential to induce anti-melanoma responses. If
residual microbial antigen were instrumental in inducing the
systemic immune responses, then injected nodules, especially
in the minority of patients who developed local inflammation
due to residual antigen, should have had a greater frequency of
CRs, but this did not occur. However, residual microbial anti-
gen might enhance the development of the anti-melanoma
responses in the injected nodule. Injected metastases served as
the local immunization site but the frequency of regressions in
injected and never-injected metastases were similar even
though the injected nodules were usually but not always more
inflamed. The percent of regressions of injected nodules and
never-injected nodules.in each patient were highly correlated
for all patient-pairs, primarily because many patients had no
complete regressions while others had complete regressions of
both injected and never-injected nodules. If all injected nodules
regressed in a patient then all never-injected nodules regressed,
suggesting that the systemic immune response was operative in
CRs of both injected and never-injected metastases.

The observation that repeatedly injected benign nevi never
regressed in patients in whom never-injected metastases were
regressing suggests that the immune responses were often

against epitopes not shared by the benign lesions even though
some patients developed local vitiligo at sites of regressions.

In other studies, Injections of dendritic cells pulsed with
melanoma antigens have induced cellular immune responses
and a modest prolongation of survival, but infrequent clinical
responses.'> A gp100 peptide melanoma vaccine administered
with high dose IL-2 to patients with advanced melanoma
resulted in 9% CRs as compared to 1% CRs with IL-2 alone."*
Recent studies of the intralesional injection of replication com-
petent oncolytic herpes virus expressing GMCSF (talimogene
laherparepvec) demonstrated a 16.8% response rate for >
6 months primarily in cutaneous metastases including 10.8%
CRs.”” A systemic effect was indicated since non-injected con-
trol cutaneous nodules in 5 of 23 patients underwent CRs but
only 1 visceral metastasis regressed completely.® The intrale-
sional injection of IL-2, up to maximally tolerated doses
resulted in a high frequency of complete regressions of injected
nodules but surprisingly not of non-injected nodules, suggest-
ing that systemic immunity was not induced.” When IL-2 and
TNF conjugated with an antibody to a fibronectin domain was
injected into melanoma metastases several noninjected nodules
egressed although no patients were reported to have regressions
of all nodules.*’

We postulate that the intralesional injections of IL-2, herpes
virus expressing GMCSF,” other viruses,*® or toll-like receptor
agonists*’ may induce systemic immune responses in part by
stimulating the local production of CKs. The infusion of IL-2
results in the secondary release of other cytokines,* although
the composition of IL-2- stimulated CKs or those released by
other inflammatory stimuli may not mimic that of developing
immune responses.

Combinations of 2 or 3 recombinant CKs have been investi-
gated in as therapies for human cancers, usually at maximally
tolerated doses. Overall clinical regressions have been no better
than the 6% partial or 2% CRs occasionally of multiyear dura-
tion seen with infusions of IL-2 alone."*™"”

Some cytokines such as colony-stimulating factors have
potent biological effects as single proteins. However, during an
immune response a complex mixture of CKs is coordinately
secreted by activated innate and adaptive immune cells, and act
in concert to initiate, modulate and regulate immune
responses.””?' The net effect of a given CK on an immune
response when secreted with other CKs may differ from its rec-
ognized activity as a single molecule. In mice, different CKs
often have overlapping biological activities,*** and the effect
of a given CK in-vivo may depend on the presence of other
CKs.* IL-2 facilitates the proliferation of lymphocytes but may
cause stimulated lymphocytes to die, and enhances inhibitory
T regulatory cells.***° IL-2 and IL-15 have different effects but
share some receptors and signaling pathways and form hetero-
dimers whose functions depend on one another.*”** The net
cellular response to a given CK also depends on the specificity
of receptors currently expressed on cells,*” and the concomitant
triggering of other linked signaling pathways.*” One cytokine
may stimulate the release of additional cytokines.*>*> Multiple
CKs may be required to induce and maintain CD8 cell func-
tions.>® CKs produced by CD4 cells are critical for the differen-
tiation of CD8 cells.”' The balance of CKs also is important for
induced T regulatory cells.”



The treatment of metastatic melanoma with anti-CTLA-4
monoclonal antibodies was associated with a modest increase
in infiltrating CD8 cells.”»** that did not correlate with clinical
responses. Infiltrates seen following ipilimumab appear to be
less dense than observed in many never-injected nodules fol-
lowing CKs. Ipilimumab also resulted in increases in activated
blood CD4 and CD8 lymphocytes, T regulatory cells, modest
increases in interferon-y-producing T cells, and decreases in
myeloid derived suppressor cells.”

The presence in some patients of infiltrates around the mar-
gin of a metastasis prior to the administration of anti-PD-1
antibodies predicts a beneficial clinical response, an increase in
CDB8 cells in the margin and center of the tumor, and the divi-
sion of CD8 T cells within the metastasis.”* In the current
study, preexisting marginal infiltrates were not required for
dense TIL to develop in the center of never-injected metastases
in patients receiving CKs. However, never-injected nodules in
patients who did not develop CRs did develop infiltrates at the
tumor margins, suggesting that these metastases might be
responsive to subsequent PD-1 blockade.

Anti-CTLA-4 antibodies may facilitate immune responses
by enhancing interactions between antigen-presenting cells and
T cells rather than solely by removing restraints on effector
lymphocytes. New immune responses after ipilimumab were
documented in half of recipients by detecting one or more new
CD8 T cell clones using a panel of melanoma peptide-specific
MHC multimers.”® Ipilimumab increased the number of epito-
pes recognized but did not increase the number of preexisting
CD8 clones. Ipilimumab therapy has resulted in 1.6% CRs but
with grade 3 or 4 AEs in 23% of recipients.” Treatments with
antibodies against the PD-1/L-1 axis have caused up to 7% CRs
and fewer (15%) adverse events. Nivolumab therapy resulted in
a 30% response, a 43% 2 year overall survival, and 1% CRs.*®
Ipilimumab and nivolumab administered in combination
increased the overall response rate with 22% CRs, but 53% of
recipients had serious AEs.”” Most of the anti-checkpoint stud-
ies enrolled more stage IV subjects than in the present investi-
gation. In spite of these important and elegant therapeutic
gains for 30% of recipients, new strategies are needed to
increase the frequency of durable CRs.

At least two aspects of our immunization strategy may
account for dense infiltrates in never-injected metastases, the
relatively high frequency (38%) of CRs, and the 2 to 20 years of
no evident disease. First, the intralesional injections of a
secreted combination of CKs may induce new CD4 and CD8
responses against multiple non-dominant mutated epitopes
unique to a given patient’s tumor, by allowing T cell clone-
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epitope self-selection, in addition to responses enhanced by
anti-check point therapies.”®” Continued injections into newly
appearing metastases while other never-injected nodules are
regressing may induce responses to emerging mutated escape
epitopes. This is especially important for cancers such as mela-
noma containing multiple unique mutations.” A comparison of
patients who benefited from ipilimumab with those who did
not, revealed that beneficiaries had melanomas with more
mutant peptides, and that a subset of epitopes was shared by
patients with the best responses.”

Second, the development of effective immune responses in
the current study may result from using a combination of
secreted CKs at exceedingly low concentrations, mimicking the
cytokine environment of a developing immune response, and
inducing stronger, more effective immunity. The same effects
may not be obtained using single or combinations of 3 CKs.
This approach also accounts for the lack of significant side
effects.

The efficacy of anti-check point therapies may be limited in
part because patients have insufficient nascent anti-melanoma
immune responses to be enhanced by tolerable levels of anti-
bodies. If so, the induction of effective anti-melanoma immune
responses and dense infiltrates in the tumor and tumor margin
using CKs suggests that CKs could be employed prior to the
administration of anti-checkpoint therapies. Reciprocally, since
many recipients of CKs progressed in spite of developing lym-
phocytic infiltrates, whose function may be inhibited locally,
the administration of PD-1/ L-1 antagonists might increase
complete regressions in recipients of CKs. Although autologous
secreted CKs resulted in dense infiltrates in never-injected
metastases, cytotoxic TILs and many durable CRs, at present
injections of CKs cannot be considered a drug, but an investiga-
tional procedure or “autologous transplant”. When these stud-
ies were conducted, current techniques for studying the tumor
microenvironment, epitope specificities and phenotypes of
TILs were not available. A full characterization of the required
CK components using proteomics, optimization of concentra-
tions and injection schedules, might enable these observations
to contribute to a practical therapy. Additional investigations
are required to fully characterize the infiltrates and determine
why cytotoxic TILs from some metastases do not inhibit tumor
cells in-situ. However, these studies do provide an additional
and effective strategy for inducing effective immune responses
against metastatic melanoma.

We conclude that the intralesional injection of an exogenous
and “physiological” mixture of secreted CKs stimulates the
development of new systemic and often effective anti-

Table 3. Clinical stages of patients at entry and frequency of CRs. All patients had developed 2 to over 100 palpable cutaneous and subcutaneous metastases during the
previous 2 months, and most continued to have new nodules during the first few weeks on study. 30 patients had failed prior chemotherapy ending 2+ months before

entry.
Entry Stage Prior Chemo CRs CRs Progress to IV CR after stage IV
Il B, 2 pts no 20f2 0
I C, 76 pts yes 29 9 of 29 50f9
no 47 19 of 47 6 of 19 2 pts after IV-M1b
1 pt after IV-M1c
IV-M1a, 9 pts yes 1 0
no 8 30f8 2 pt after IV-M1a

1 pt after IV-M1c
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melanoma immune responses to epitopes that intrinsically were
not sufficiently immunogenic without CKs, and were not evi-
dent prior to injections. The induced immune responses fre-
quently resulted in dense CD8 T lymphocytic infiltrates in the
center of never-injected metastases. 38% of patients experi-
enced CRs >2 months, including some with stage IV disease,
and 20 % remained disease free for 6 months to over 25 years.
These observations demonstrate the feasibility of obtaining
complete regressions of advanced metastatic melanoma using a
therapeutic vaccine strategy without check-point antagonists,
resulting in disease-free periods for many years without signifi-
cant side effects. The occasional relapse after several disease-
free years suggests that continued immunological control may
be required. The immunization strategy of using cytokines and
chemokines mimicking the secretory environment of an
immune response may be more effective than using combina-
tions of 1 to 4 recombinant CKs, and may explain the limited
systemic effects of other intralesional inflammatory agents. The
study describes an additional strategy to be pursued and com-
bined with anti-checkpoint therapy for the control of metastatic
melanoma.

Patients and methods
Study design

This was planned as an immunological study in 20 patients to
test the hypothesis that the weekly intralesional injection of
autologous secreted CKs was safe and might induce systemic
immune responses to melanoma as assessed by the appearance
of dense tumor-infiltrating lymphocytes in never-injected
metastases (Fig. 1). Patients were in a crescendo phase of their
illness for which referring oncologists had no effective therapy.
After several patients experienced CRs of all never-injected as
well as injected nodules, we expanded the sample size to deter-
mine the frequency and durability of disease-free periods. The
study was stopped, laboratory investigations limited, and publi-
cation efforts suspended due to insufficient funding by the
NCI, and strong funding by NCI and NIAID for HIV studies.
Fig. 4 presents additional information on patient management.
Recently we have obtained follow up on most participants.

Patients participating in this study

87 patients meeting eligibility criteria were referred and
monitored by oncologists. They all had clinically palpable
cutaneous or subcutaneous in-transit metastases of an
extremity or multiple metastases on the trunk or head. All
had developed 2 to 100 metastases during the 2 months
prior to entry, and 30 had failed to respond to chemother-
apy including perfusions ending at least 2 months prior to
entry. A majority had positive nodes on elective resection.
They were stages IIIB 2 pts; IIIC 76 pts; and IV-Mla 9
pts®® Table 3 tabulates the clinical stages of patients on
entry, and the frequency of CRs in different entry groups.
Patients with detectable visceral disease on entry were not
eligible. There were no other exclusions. 48 patients pro-
gressed to Stage IV (2 Mla, 3 Mlb; 44 Mlc) during the
study. 51 patients had excisional biopsies for monitoring, 5

of whom had several nodules resected, but all except one,
who had experienced many regressions, had residual disease
after biopsies. Patients were studied between 1979 and 1992
when standard chemotherapy was relatively ineffective
dacarbazine.

Ethics approvals and consent to participate

Protocols were approved by the New York University School of
Medicine IRB (H4356) in accordance with an assurance filed
with and approved by U.S. DHHS. Prior to inclusion in the
study, patients provided written consent after a discussion with
their oncologist, their family and with the principal investiga-
tor, and were followed and monitored by their individual
oncologists

Injections and monitoring of metastases

As diagramed in Fig. 1, (and supplemental Fig. 1), in patients
with cutaneous or subcutaneous metastases, autologous CKs
were injected weekly into a majority (50-90%) of nodules, while
other control nodules, distal, proximal or contralateral to
injected nodules, were never injected at any time. Locations of
nodules were identified by plastic-wrap templates, anatomic
landmarks and photographs. Nodules began to regress after 2
to 12 weeks with individual nodules regressing completely.
Injections were continued at sites of regressed metastases for 8
weeks after the nodule was no longer detectable. Injections into
remaining metastases continued until CRs were obtained or
until rapid progression mandated that chemotherapy be initi-
ated. Because of the high frequency of disappearances of meta-
static nodules and the frequent appearance of new nodules, we
present data only on complete regression of a metastasis rather
than responses by deceased dimensions. Complete regression
of all nodules (CR) is defined as no clinically evident disease
(NED) by examination and chest x-ray for at least 8 weekly
examinations, followed by negative scans. Standard RECIST or
WHO criteria for a CR require disappearance for 4 weeks and
negative scans.”’ In 2 patients with partially resectable visceral
metastases but no remaining cutaneous metastases, fresh autol-
ogous melanoma cells were prepared as described below, viably
frozen in liquid nitrogen, and 107 cells thawed, washed in autol-
ogous serum medium, irradiated with 20,000 Rads, mixed with
0.2 ml of autologous CKs, and injected intracutaneously every
2 weeks for > 9 months.

Cytokines/chemokines (CKs)

To obtain a complete complement of CKs secreted in immune
responses, and eliminate potential transmission of infectious
agents, autologous CKs were prepared by stimulating autolo-
gous peripheral blood mononuclear cells (PBMC) one million
cells/ml in 10% autologous plasma-containing tissue culture
medium (modified Eagles medium) for 20 hours. PBMC were
prepared from fresh peripheral heparinized blood by centrifu-
gation over Ficol-Hypaque, placed in culture, and stimulated
with sterile microbial antigens (1 tol0 pg/ml) to which the
patient’s PBMC respond as assessed by previous proliferation
assays. Commercially available microbial antigens used include:



tuberculin PPD skin test antigen, streptokinase for injection,
candida albicans skin test antigen. Alternatively, the cytokines
were prepared by pulsing the cells briefly (1 hour) with the anti-
gen, washing the cells, and collecting the supernatant medium
after 20 hours. Supernatants from PBMC pulsed with an anti-
gen to which the donor is not sensitive do not stimulate the
PBMC of a donor exquisitely sensitive to that antigen and thus
do not contain immunologically detectable microbial antigen.
CKs were passed through a 0.2 micron filter before injection.
Complete regressions were seen in recipients of CKs prepared
with each of the microbial antigens. The cytokine mixtures con-
tain a variable range of low concentrations of cytokines as
quantified by a Luminex method using Life Sciences reagents. 4
to 6,000 picograms /ml of an individual cytokine were present
in the mixtures. Table 1 present examples of concentrations of
8 cytokines from a probable >100 proteins secreted by antigen-
stimulated PBMC from healthy individuals, and from frozen
(minus 80°) supernatants from stimulated PBMC of melanoma
patients who experienced complete regressions. In measuring
only 30 cytokines, no pattern seems to be associated with com-
plete regressions

An individual patient received between 0.05 and 2.0 ml CKs
intralesionally each week as a function of the number of
metastases.

Monitoring of infiltrates

Excisional biopsies of never-injected and injected metastases
were prepared and examined by a dermatopathologist with an
estimate of the extent of lymphocytic infiltration, and com-
pared with biopsies from the patient prior to injections. The
composition of tumor-infiltrates lymphocytes (TILs) also was
examined by immunohistology using immunoperoxidase kits
with anti- CD4, CD8 and CD56 monoclonal antibodies, and
examination of single-cell suspensions by flowcytometry (Sup-
plemental Fig. 3 and Supplemental Table 1).

The tumor was not examined for other phenotypes, mye-
loid-derived suppressor cells, T-regulatory cells, CTLA4 or the
PD-1/PDL-1 axis since reagents were not available at the time.

Cell preparations and ex-vivo cytotoxicity measurements

Excised metastatic melanoma was cut into 1-2 mm cubes,
digested with collagenase and DNAse, gently vortexed, and
every 10 minutes released cells separated and washed. Tumor
cells and TIL were separated by repeated centrifugations on dis-
continuous Ficol-Hypaque (PBMC at 100%; tumor cells at 75%
interface) or percoll gradients, followed by a 2 hour incubation
on plastic. Melanoma target cells were used after a 16 hour
incubation to allow damaged cells to die, or suspended in
serum-DMSO and stored over liquid nitrogen. Tumor cells
were labeled with 500 uCi Cr,”* and 1,000 viable tumor cells
washed in 10% autologous serum, and added to wells as targets.
TIL or PBMC effector cells, at indicated effector (E) to target
(T) cells ratios, were directly incubated with target cells for
16 hours without any in vitro “priming”. Assays were con-
ducted in autologous serum. Total Cr’' incorporated in target
cells was measured by detergent release. % cytotoxicity was cal-
culated as % of total cellular Cr*' released after incubation with
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effector cells, corrected for spontaneous release (<22%). Deple-
tion of CD8, CD4 T cells or NK cells from PBMC or TIL was
accomplished using beads conjugated with anti- CD4, CD8 or
CD56 antibodies or anti CD56 plus complement. NK depletion
was monitored by loss of ability to kill K562 cells. Probable
MHC restriction of cytotoxicity or the absence of shared target
epitopes were assessed by multiple comparisons of the recipro-
cal killing of autologous and allogeneic melanoma targets by
cells from pairs of patients. Note that TIL cytotoxicity was
assayed after lymphocytes were removed from the tumor
microenvironment.
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