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Abstract

Purpose—Previously, we reported our experience treating 14 patients with metastatic melanoma
using a fully human antibody to cytotoxic T-lymphocyte antigen-4 (anti—-CTLA-4) in conjunction
with peptide vaccination. We have now treated 56 patients to evaluate two different dose schedules
of anti—-CTLA-4 and to explore the relationship between autoimmunity and tumor regression.

Patients and Methods—A total of 56 patients with progressive stage IV melanoma were enrolled
onto the study. All had Karnofsky performance status >60% with no prior history of autoimmunity.
Twenty-nine patients received 3 mg/kg anti—-CTLA-4 every 3 weeks, whereas 27 received 3 mg/kg
as their initial dose with subsequent doses reduced to 1 mg/kg every 3 weeks. In both cohorts patients
received concomitant vaccination with two modified HLA-A*0201-restricted peptides from the
gp100 melanoma-associated antigen, gp100:209-217(210M) and gp100:280-288(288V).

Results—Two patients achieved a complete response (ongoing at 30 and 31 months, respectively)
and five patients achieved a partial response (durations of 4, 6, 25+, 26+, and 34+ months,
respectively), for an overall objective response rate of 13%. Tumaor regression was seen in lung, liver,
brain, lymph nodes, and subcutaneous sites. Of 14 patients with grade 3/4 autoimmune toxicity, five
(36%) experienced a clinical response compared with only two responses in the 42 patients (5%)
with no autoimmune toxicity (P = .008). There were no significant differences in response rate or
toxicity between the two dose schedules.

Conclusion—Administration of anti-CTLA-4 monoclonal antibody plus peptide vaccination can
cause durable objective responses, which correlate with the induction of autoimmunity, in patients
with metastatic melanoma.

INTRODUCTION

T-cell activation requires at least two signals. The interaction between the T-cell receptor and
the specific antigen presented by a major histocompatibility complex molecule on an antigen-
presenting cell (APC), such as a dendritic cell, conveys the first signal to the T cell.
Engagement of additional receptors on the surface of the T cell can either enhance or inhibit
the T cell response. Failure of the T cell to receive a second signal can lead to anergy.2'3 Thus
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second signals fine-tune the immune response, and the overall T-cell response is determined
by the integration of all signals, both stimulatory and inhibitory.

The most well-studied T-cell receptors for costimulatory molecules are CD28 and cytotoxic
T-lymphocyte antigen-4 (CTLA-4; also called CD152) that react with ligands on the APC,
CDB80and CD86 (also named B7-1 and B7-2, respectlvely) - AIthough closely related within
the immunoglobulin superfamily, 7,8 cD28 and CTLA-4 molecules function antagonistically.
Engagement by CD28 enhances T-cell activation, proliferation, and interleukin-2 (I1L-2)
production. 4,59 CTLA-4 also binds to CD80 and CD86, but with greater affinity than it binds
to cD28,10 and antagonizes T-cell activation by interfering with IL-2 secretion and IL-2
receptor expression, and by inhibiting the expression of critical cell cycle components. 11-14
CTLA-4 is not found on the surface of most resting T cells, but is upregulated transiently after
T-cell activation. 19,16 Naturally occurring immunosuppressive regulatory T cells (identifiable
by their concurrent expression of CD4 CD25, and foxp3, and by their in vitro capacity to inhibit
the proliferation of other T cellsl/ ) constitutively express surface CTLA-4.

CTLA-4 blockade in select murine tumor models enhanced immune-mediated tumor rejection.

~23 Evidence of autoimmunity such as depigmentation in a melanoma model?3 and
prostatitis in a prostate cancer model?2 was also seen. We previously described 14 patients
with stage 1V metastatic melanoma who were administered a humanized anti-CTLA-4
antibody (MDX-010; Medarex Inc, Prlnceton NJ) at 3 mg/kg every 3 weeks with concomitant
vaccination with two gp100 peptldes 4 Three of these patients experienced objective cancer
regressions including two complete responses. Six of 14 patients experienced grade 3/4
autoimmunities including dermatitis, enterocolitis, hepatitis, and hypophysitis (all of which
were successfully managed with supportive care and/or corticosteroid therapy). Because the
administration of gp100 peptides alone to melanoma patients did not result in tumor regression
or grade 3/4 autoimmunity in prior studies, 25,26 these results suggested that CTLA-4 blockade
played a role in the maintenance of tolerance to self-antigens in humans, as well as in tumor
regression.

In this report we have now extended these observations to the treatment of 56 patients and have
evaluated two dose schedules of anti-CTLA-4 administration. Durable objective tumor
regressions were seen that correlated with the induction of autoimmunity in these patients.

PATIENTS AND METHODS

Patients and Treatment

All patients expressed HLA-A*0201, had stage 1V metastatic melanoma, Karnofsky
performance status > 60%, no previous gp100 vaccination, and no evidence of autoimmune or
immunodeficiency disease, and > 3 weeks had elapsed since any previous systemic cancer
therapy. All patients signed an informed consent before protocol enrollment and were treated
in the Surgery Branch, National Institutes of Health (Bethesda, MD). This study was approved
by the Institutional Review Board of the National Cancer Institute and consisted of two cohorts.
Because of the development of grade 3/4 autoimmune toxicit X in the initial 14 patients reported
previously who received all doses of antibody at 3 mg/kg, the next 27 patients received a
decreased maintenance dose (ie, the doses subsequent to the first 3 mg/kg dose) of 1 mg/kg;
these patients constitute cohort 2. After observing that the autoimmunity was reversible and
seemed to be associated with clinical response, we then treated 15 additional patients with the
original 3 mg/kg doses; these 29 patients constitute cohort 1.

In cohort 1, patients received the same therapy as previously published24; anti-CTLA-4
antibody (Ab; MDX-010) every 3 weeks at 3 mg/kg intravenously during 90 minutes, and 1
mg of gp100:209-217(210M) peptide (IMDQVPFSV) emulsified in incomplete Freund’s

J Clin Oncol. Author manuscript; available in PMC 2006 June 5.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Attia et al.

Page 3

adjuvant injected in one extremity and 1 mg of gp100:280-288(288V) peptide (YLEPGPVTV)
emulsified in incomplete Freund’s adjuvant injected in another extremity. In cohort 2, patients
were given the Ab and gp100 peptides in a similar manner, except that after the initial dose of
the Ab (which was 3 mg/kg as in cohort 1) subsequent doses were 1 mg/kg. MDX-010 was
provided by the manufacturer; peptides were provided by the Cancer Therapy Evaluation
Program, National Cancer Institute.

When possible, patients underwent apheresis to collect peripheral-blood mononuclear cells
(PBMCs) before treatment and 3 weeks after every two treatment cycles. PBMCs were isolated
by Ficoll-Hypaque separation, cryopreserved at 108 cells/vial in heat-inactivated human AB
serum with 10% dimethyl sulfoxide, and stored at —180°C until further use.

Clinical Response Evaluation and Autoimmunity Screening

All patients underwent computed axial tomography of the chest, abdomen, and pelvis, and
magnetic resonance imaging of the brain within 4 weeks before treatment and subsequently
after every two cycles of therapy; other radiologic modalities were used as needed to evaluate
disease sites. For every patient, the sum of the longest diameters of all tumors before and after
treatment was calculated, in accordance with Response Evaluation Criteria in Solid Tumors
Group criteria. 2’ A partial response was defined as the reduction of > 30% (but < 100%) of
the sum of the longest diameters of all assessable metastases lasting at least 1 month with no
new or enlarging tumors; a complete response was the disappearance of all assessable tumors
for at least 1 month. Patients not having either a partial or a complete response were deemed
non-responders. To screen for potential autoimmunity, all patients at baseline received an
ophthalmologic examination, which was repeated after 3 months on study. At baseline all
patients were negative for serum antithyroglobulin Ab, rheumatoid factor, and antinuclear
antibody. Human antihuman (anti-idiotypic) Ab, antinuclear antibody, thyroid-stimulating
hormone, and free T4 were routinely evaluated every 3 to 12 weeks while patients were enrolled
onto the study.

Pharmacokinetics

Plasma concentrations of MDX-010 were detected as reported previously24 using enzyme-
linked immunosorbent assays (ELISA). Briefly, dilutions of plasma samples were incubated
in wells coated with CTLA-4-1g (R&D Systems, Minneapolis, MN). Bound anti-CTLA-4 Ab
was detected with alkaline phosphatase—labeled goat antihuman immunoglobulin G (1gG) F
(ab)-specific probe developed with para-nitrophenylphosphate substrate.

Flow Cytometry

Flow cytometry was used to assess for the surface expression of selected T-cell markers and
was performed as previously described in patients for whom adequate samples existed.24
Briefly, cryopreserved PBMCs were thawed in ice-cold buffer, washed, and Fc-receptor
blocked with mouse 1gG (Caltag Laboratories, Burlingame, CA). Cells were then incubated
with appropriate fluorochrome-labeled antibodies (BD Biosciences, San Diego, CA) and
relevant isotype controls, washed twice subsequently, and fixed with 1% formaldehyde.
FACSCalibur and CellQuest software (BD Biosciences) was used for acquisition and analysis.

In Vitro Sensitization Assay

In vitro sensitization assay (I'VS) assay was used to assess immunologic reactivity as previously
described in patients for whom adequate samples existed.2429 Briefly, cryopreserved PBMCs
were thawed in complete media with 10% heat-inactivated human AB serum, grown in culture
with 1 pmol/L of native gp100:209-217 or gp100:280-288 peptide and 300 U/mL of IL-2. Cells
were collected 11 to 13 days after initiation of the culture and then coincubated for 18 to 24
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hours with peptide-pulsed T2 cells in 96-well plates. Interferon gamma (IFN-vy) release in the
supernatant was measured using commercial ELISA assays (Pierce-Endogen, Rockford, IL).
A positive assay was defined by three criteria: IFN-y > 100 pg/mL, > 2 times greater when
compared with an irrelevant control peptide, and > 2 times greater than preimmunization
samples (all tested on cryopreserved cells within the same assay).

Patient Characteristics

All patients had stage IV melanoma (Table 1). Twenty-seven patients (48%) had visceral
metastases and 40 patients (71%) had intrathoracic metastases. All patients had undergone
resection of their primary lesion before enrollment onto this study. Twenty-two patients (39%)
had previously undergone chemotherapy and 41 patients (73%) had received prior
immunotherapy, including high-dose bolus IL-2, low-dose bolus IL-2, subcutaneously injected
IL-2, or IFN-a. Patients 1 to 14 and 42 to 56 were in cohort 1 (3 mg/kg each dose), and patients
15 to 41 were in cohort 2 (all but the first dose at 1 mg/kg).

Clinical Response

Two patients achieved a complete response, and five patients experienced a partial response
(Table 1) for an overall objective response rate of 13%. Both complete responses (patients 11
and 13) are ongoing at 31 and 30 months, respectively. Of the five partial responders, two
(patients 24 and 43) experienced disease recurrence at 6 and 4 months, respectively, whereas
three (patients 1, 15, and 19) have ongoing responses at 34, 26, and 25 months, respectively.
Patient 15 experienced slight shrinkage of tumor at the end of her first course (four cycles);
however, at the completion of her second course, she had experienced almost the complete
disappearance of a left lung parenchymal lesion (Figs 1A and 1B) and a bulky mediastinal
mass (Figs 1C and 1D). Patient 19 experienced the disappearance of many subcutaneous lesions
after the first course, with stable disease in the remainder of her disease locations. After her
second course, she experienced significant shrinkage in lung (Figs 1E and 1F), mediastinal,
gallbladder, and retroperitoneal lesions, in addition to complete disappearance of many
subcutaneous lesions (Figs 1G and 1H).

The response rate in the group of patients receiving 3 mg/kg anti-CTLA-4 for each dose was
14% (four of 29), which did not differ statistically from the response rate of 11% (three of 27)
seen in the group of patients receiving 3 mg/kg as a first dose, followed by a 1 mg/kg
maintenance dose (P = .54, Fisher’s exact test). Table 1 also lists the prior therapies for each
patient. There were no correlations found between any previous treatments and clinical
response (data not shown). In particular, of the seven patients who experienced a clinical
response to anti-CTLA-4, three had received prior immune-based therapy (patients 1, 13, and
24). Patients 1 and 13 had progressive disease before beginning anti-CTLA-4, and patient 24
had received an adjuvant Bacille Calmette-Guérin vaccine 25 years earlier. In addition, two of
the seven responders had received prior chemotherapy (compared with 20 of 49
nonresponders). Previous exposure to this systemic treatment did not correlate with response
(P =.692, two-tailed Fisher’s exact test). The times from previous chemotherapy
administration to clinical response to anti-CTLA-4 in patients 13 and 15 were 18 and 7 months,
respectively. In each of these instances, the patient had demonstrated progressive disease after
their final administration of chemotherapy before initiating treatment with anti-CTLA-4.

Autoimmune Effects

Fourteen patients (25%) experienced grade 3/4 autoimmune toxicity (Table 1), which included
colitis (n = 7), dermatitis (n = 4), uveitis (n = 1), enterocolitis (n = 1), hepatitis (n = 1), and
hypophysitis (n = 1). Overall, the rate of autoimmunity in cohort 1 was 31% (nine of 29),
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compared with 19% (five of 27) in cohort 2 (P = .22, Fisher’s exact test). Of the 14 patients
who suffered grade 3/4 autoimmune toxicity, five (36%) showed evidence of tumor regression,
whereas of the 43 patients who did not suffer grade 3/4 autoimmune toxicity, only two (5%)
responded. This difference was statistically significant (P = .008, Fisher’s exact test; Table 2).
In addition, five patients experienced grade 1/2 autoimmune toxicity, including vitiligo (n =
2), positive antinuclear antibodies (n = 2), and pulmonary infiltrates (n = 1; reported
previously24). Including these five patients with grade 1/2 autoimmune toxicity into the
analysis results in 29% (five of 17) of responding patients experiencing autoimmunity and 5%
(two of 39) of responding patients not experiencing autoimmunity (P = .022, Fisher’s exact
test).

Gl effects—Eight patients (patients 1, 9, 15, 17, 41, 47, 48, and 49) experienced grade 3/4
autoimmune enterocolitis. All eight patients presented with significant diarrhea; however, the
timing of their presentations varied from days to weeks after their previous dose of anti—
CTLA-4. The diarrhea required hospitalization and intravenous hydration. Oral intake was
reduced or stopped until symptoms cleared. Colonoscopies were performed and findings
ranged from multiple areas of inflammation and mucosal ulceration to pan-colitis. Patient 1
also had upper endoscopy revealing duodenal ulcerations, as well. Biopsies were taken during
the colonoscopies and revealed a spectrum of histopathologic changes. Some biopsies showed
lymphocytes and neutrophils infiltrating into the lamina propria, sometimes with crypt
abscesses (patient 15; Fig 2A). Others revealed a lymphocytic-like colitis with significant
increase in intraepithelial lymphocytes, positive status for CD3 and CD8 T-cell markers
(patient 47; Fig 2B) in addition to CD3*CD4* lymphocytes and eosinophils (not shown). After
pathologic confirmation of autoimmune enterocolitis was obtained, patients were treated with
intravenous and ultimately oral corticosteroids, often dexamethasone, at doses up to 4 mg every
6 to 8 hours, tapered over several weeks. Two patients (9 and 41) required multiple
hospitalizations, both with and without corticosteroid therapy, before symptom resolution. All
patients returned to baseline without additional intervention.

Ocular effects—Patient 36, 1 week after being discharged from the hospital with
autoimmune colitis, presented with decreased visual acuity, photophobia, and painful tearing
from both eyes. Ophthalmologic examination confirmed the diagnosis of autoimmune uveitis
(Fig 2C). The patient was administered periocular corticosteroid injections and corticosteroid
eye drops.ZgVithin 4 days, his visual acuity had returned to normal and he was free of symptoms
(Fig 2D).

Patient 41, in the midst of being evaluated for severe diarrhea, complained of blurry vision and
irritated, watery eyes. Ophthalmologic examination revealed episcleritis, and treatment with
prednisolone acetate 1% eye drops was initiated. Because of the severity of what was diagnosed
as autoimmune colitis, he was administered intravenous dexamethasone, which was switched
to oral prednisone after 1 week, with a tapered schedule for discharge. Both the colitis and
episcleritis resolved during the next 3 weeks.

Dermatologic effects—Four patients (1, 2, 13, and 19) experienced grade 3/4 autoimmune
dermatitis. The patients all presented with significant generalized pruritis and maculopapular
rash, often within 1 week of their last dose of anti-CTLA-4. In patients with subcutaneous
disease (13 and 19) this coincided with the regression of their subcutaneous disease sites.
Biopsies of their macular lesions demonstrated severe dermatitis with papillary dermal edema,
at times with perivascular lymphocytic infiltrate (patient 19; Fig 2E), which
immunohistochemistry demonstrated to be CD3*CD8* (patient 19; Fig 2F) and CD3*CD4*
(not shown). Symptomatic relief for these lesions was provided by hydroxyzine or
diphenhydramine and all patients were free of symptoms within weeks, although patient 2
developed vitiligo on both upper extremities.
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Hepatic effects—On routine screening blood chemistry, patient 12 was noted to have
increasing hepatic enzymes after his third treatment. Liver biopsy was performed and revealed
acute hepatitis with a predominantly lymphocytic infiltrate in a lobular pattern of inflammation.
Immunohistochemistry demonstrated predominantly CD4* cells in the periportal regions and
CD8™ cells in hepatic lobules. During the next 2 weeks, the AST level peaked at 1,193 U/L
(normal, 9 to 34 U/L) and the ALT level peaked at 2,860 U/L (hormal, 6 to 41 U/L). Oral
prednisone was initiated and during the ensuing 4 months, his liver function tests returned to
baseline without adverse event. Patient 52, while being treated with a quinolone antibiotic for
a presumed infection, developed a rash and an abrupt elevation of her hepatic enzymes. The
AST level peaked at 510 U/L (normal, 9 to 34 U/L) and the ALT level peaked at 900 U/L
(normal, 6 to 41 U/L). The reaction was attributed to the antibiotic, which was discontinued
and a hepatic biopsy was not performed. Without intervention her hepatic enzymes normalized
during the next month.

Pituitary effects—~Patient 11, after his fourth treatment cycle, began to develop progressive
personality changes and memory loss. Brain MRI demonstrated disappearance of a left
temporal intracranial metastasis, with no other noted abnormality. However, laboratory testing
revealed undetectable levels of thyroid-stimulating hormone, free T4, adrenocorticotropic
hormone, cortisol, growth hormone, prolactin, and testosterone, findings consistent with pan-
hypopituitarism. Frozen samples of pretreatment sera were analyzed for the same hormones
and revealed a completely normal pituitary profile before anti-CTLA-4 administration.
Because of this patient’s marked clinical response, high-dose corticosteroids were withheld;
however, replacement doses of deficient hormones were administered. Over the following
month his personality and memory problems abated and 2 years later he remains cancer free.
He is currently taking replacement doses of cortisol, thyroid hormone, and testosterone;
however, his prolactin level has returned to normal.

Pharmacokinetics

In our previous report24 of patients treated with 3 mg/kg MDX-010, we observed a mean peak
serum concentration after the first dose of 72 + 33 ug/mL, with a trough before the second dose
of 12 + 7 ng/mL. With repeated dosing, the mean peak plasma level was 99 + 41 png/mL, which
decreased to 17 + 10 pg/mL before the subsequent dose. In this study we performed a similar
analysis for the cohort of patients treated with 3 mg/kg MDX-010 initially, followed by 1 mg/
kg. The mean peak following the first dose (3 mg/kg) was 81 + 14 pg/mL and the trough 3
weeks later was 15 + 5 pg/mL. The mean peak for the subsequent (1 mg/kg) doses was 43 +
10 ng/kg with a trough of 7 + 3 ug/mL (Table 3).

Immunologic Response

Previously,24 tetramer and enzyme-linked immuno-spot (ELISPOT) analysis did not detect
any differences between pre- and post-treatment samples. The frequency of tetramer-reactive
CD8" cells in all samples tested was less than 1%. The ex vivo ELISA after an 11 day coculture
detected specific T-cell response. These data are shown in Tables 4 and 5. For the first cohort
of 14 patients receiving 3 mg/kg of anti—-CTLA-4 Ab, it was shown using IVS (Table 4) that
all 11 patients from whom samples were obtainable developed specific immunity against the
native gp100:209-217 peptide. In that same cohort, six patients (55%) developed specific
immunity against the native gp100:280-288 peptide. In this study, similar pre- and post-
treatment samples were available in 12 patients in the 3 mg/kg followed by 1 mg/kg group
(cohort 2). Among these patients, seven of 12 (58%) achieved specific immunity against the
native gp100:209-217 peptide, whereas three of 12 (25%) did so against the native
gp100:280-288 peptide (Table 5). These results are similar to those obtained in patients
previously vaccinated with peptide immunization alone.2:26,29 |t thus appears that
administration of anti-CTLA-4 Ab did not influence the immunization with peptides in either
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cohort. Furthermore, the magnitude of T-cell response did not correlate with clinical response
(data not shown).

Phenotypic Changes

Using flow cytometry, pre- and post-treatment peripheral blood lymphocyte samples were
examined for changes in surface expression of various makers (Table 6). In our previous report
of 14 patients receiving an initial dose of 3 mg/kg anti-CTLA-4 Ab with equal maintenance
doses, increases in expression of HLA-DR (51 marker of T-cell activation) were observed in
both CD4* and CD4~ (CD8*) lymphocytes.<™ In addition, an increase in the expression of
CD45R0 (a memory cell marker) was noted in CD4* lymphocytes. In the present study, we
performed a similar analysis on 16 patients in the second cohort (3 mg/kg initial dose, followed
by 1 mg/kg anti-CTLA-4 Ab maintenance dose). Again, there was a significant increase in the
expression of HLA-DR on the surface of post-treatment CD4* (P < .0001, paired t test) and
CD4 (CD8") cells (P = .015), and an increase in the expression of CD45R0 on the surface
of CD4* cells (P =.009), though not among the CD4~ (CD8™) cells. In addition, there was a
significant decrease in expression of CD25 (IL-2 receptor a, also a marker of suppressor T
cells) on CD4* cells (P = .047), although not a significant decrease in overall CD4CD25
expression among all CD3* cells. There was no correlation found between clinical response
and surface markers. Of the 25 patients evaluated by a fluorescence-activated cell sorter (16
in this report and 11 in our previous report ) five had an increase in CD4CD25 expression
(none of these patients were responders). Five of the seven responders were included in this
analysis. Although all five of the responders had a decrease in CD4CD25 expression, 15 of the
20 nonresponders also had a decrease (P =.292, two-tailed Fisher’s exact test).

DISCUSSION

Current approaches to cancer immunotherapy such as vaccine administration, adoptive cell
therapies, and cytokine administration are aimed at stimulating T cells to recognize cancer
antigens and develop effector mechanisms that can destroy cancer cells. Given that many
cancer antigens are derived from nonmutated proteins,?’O it may be necessary to break tolerance
of T cells to self-antigens in an effort to unleash their antitumor properties. Recent studies have
indicated that CTLA-4, a molecule expressed on the surface of T cells, plays an important role
in maintaining peripheral tolerance to these self—antigens.?’l‘33

CTLA-4 binds the costimulatory ligands B7-1 and B7-2 on APCs with greater affinity than
the costimulatory molecule CD28, and has an inhibitory effect on T-cell activation. The net
immune response results from the integration of signals generated by the total T-cell/APC
interaction. In mouse models, it has been shown that blockade of CTLA-4 can enhance
antitumor immune actions, but can also lead to lymphoproliferative disease and autoimmunity
in visceral organs. 34-36 BJockade of CTLA-4 in selected animal models has been shown to
induce autoimmune encephalltls gancreatitis, thyroiditis, collagen-induced arthritis, and
systemic lupus erythematosus 8 CTLA-4 knockout mice uniformly develop fatal systemic
autoimmunity resulting from unopposed T-cell activation and reaction to self—antigens.?’g_41

In our previous report,24 14 patients with metastatic melanoma were treated with a human
antibody to CTLA-4 in conjunction with peptide vaccination. Three patients experienced
objective clinical regression of their tumors and six patients experienced grade 3/4 autoimmune
toxicity, including the three responders. These results suggested a possible correlation between
tumor regression and autoimmunity. On the basis of our previous clinical trials, in WhICh
peptide vaccines alone did not cause objective tumor regression or aut0|mmun|ty 5,26,29 jt
appeared that CTLA-4 blockade played a significant role in both the tumor regression and
autoimmunity.
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In the current study, we have treated an additional 15 patients with the 3 mg/kg dose regimen
of anti-CTLA-4 originally used, and have treated a second cohort of 27 patients to evaluate
whether decreasing the maintenance dose from 3 to 1 mg/kg would reduce the incidence of
significant autoimmune toxicity, and if so, would this dose reduction influence the regression
of established tumors? Similar results were obtained in the two patient cohorts. Four of 29
(14%) patients in the 3 mg/kg cohort experienced an objective regression compared with three
of 27 (11%) of patients in the reduced-dose cohort. Grade 3/4 autoimmune toxicities were seen
in nine of 29 (31%) and five of 27 (19%) patients in the high- and low-dose cohorts,
respectively.

There was a strong correlation between the induction of tumor regression and grade 3/4
autoimmune toxicity. Histopathologic analysis of the sites involved in the toxicities of
treatment often showed inflammatory changes that were difficult to distinguish from
autoimmune changes. In many cases, such as pituitary gland involvement, biopsy was not
possible. Of 14 patients who experienced autoimmune toxicity, five (36%) experienced
objective cancer regression, compared with only two responders in 42 patients (5%) who had
no autoimmunity (P = .008; Table 2). Most of the non—cancer-bearing organs targeted by T
cells (colon, duodenum, liver, eye, and pituitary) do not express the gp100 antigen, suggesting
that the autoimmunity was not a result of the peptide vaccination, but rather the result of broken
self-tolerance induced by CTLA-4 blockade. A recent publication by Sanderson et al42
suggested a link between autoimmunity and disease recurrence in a series of 19 patients who
were treated in the adjuvant setting with anti-CTLA-4 and peptide vaccination. They suggested
an increased incidence of disease progression and a decreased incidence of autoimmunity in
patients with the AA allele (high CTLA-4 surface expression), compared with those with the
AG or GG allele. We are currently investigating the relationship between polymorphisms in
the CTLA-4 gene and response to CTLA-4 blockade in our patients with metastatic melanoma.

To further assess the role of vaccination and address the question of whether anti-CTLA-4 can
be used to augment vaccination, we currently are enrolling HLA-A*0201 patients in a
prospective trial with randomization to receive either anti-CTLA-4 alone or with the HLA-
A*0201-restricted peptides used in this trial. In addition, this trial is using escalating doses of
anti-CTLA-4 (up to 9 mg/kg) to further delineate the optimal dose for patients with metastatic
melanoma.

Regressions of established tumors were seen at multiple organs, including lung, mediastinum,
brain, gallbladder, retroperitoneum, spleen, liver, adrenal gland, and subcutaneous sites. The
majority of objective cancer regressions in these patients have been durable. In cohort 1, three
of four objective responses are ongoing for more than 2 years. In cohort 2, two of the three
responses are ongoing at 25 and 26 months.

The management of the autoimmune toxicities required strict attention to patient complaints
and prompt diagnosis because the toxicities were potentially lethal if not treated vigorously.
Autoimmune toxicity occurred after the first or second treatment cycle in six of the 13 patients,
suggesting that patients are susceptible from the time they receive their first dose. With
aggressive medical management, often involving high doses of corticosteroids, all of the
autoimmune toxicities could be controlled or reversed. It is both surprising and important to
note that abrogating the autoimmune adverse effects of anti-CTLA-4 with corticosteroids did
not seem to interfere with antitumor activity. The two patients with objective cancer regressions
(patients 1 and 15) who received high-dose corticosteroids for the treatment of autoimmune
colitis continue to have ongoing responses at 34 and 26 months, respectively.

This study emphasizes the similarity of the peripheral tolerance mechanisms that limit immune
responses to cancer antigens and the natural tolerance that exists to normal self-antigens. It
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also suggests the possible involvement of CTLA-4 interactions in the etiology of several human
autoimmune diseases. Because of the strong correlation of autoimmunity with objective cancer
regression, we have recently begun a clinical trial in which patients are receiving escalating
doses of anti-CTLA-4 antibody to determine whether increased autoimmunity, and
consequently increased antitumor responses, will occur.
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Fig 1.

Computed axial tomography scans illustrating pretreatment disease status (left) and post-
treatment (right) for patient 15 [(A) and (B) lung; (C) and (D) mediastinum)], and patient 19
[(E) and (F) lung; and abdomen (G) and (H)]. Arrows on pretreatment scans denote sites of
disease.

J Clin Oncol. Author manuscript; available in PMC 2006 June 5.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnue\ Joyiny Vd-HIN

Attia et al.

i W

i ¢ o
e, ]

Fig 2.

Selected histopathologic analyses from patients experiencing grade 3/4 autoimmune events.
(A) Colon biopsy (patient 15) showing mononuclear cells and neutrophils filling the lamina
propria and extending into the crypts with crypt abscesses. (B) Immunohistochemistry of colon
biopsy (patient 47) revealing significant infiltrate of CD3*CD8" intraepithelial lymphocytes
into the lamina propria. (C) Ophthalmologic photographs (patient 36) of both eyes at the time
of presentation with uveitis with posterior synechiae (iris adhesions to the lens) causing
irregular pupils. (D) The same patient, 4 days later, after treatment with topical corticosteroids.
(E) Punch biopsy of papule (patient 19) showing superficial perivascular lymphocytic infiltrate,
which immunohistochemistry revealed to be CD3*CD8* cells (F) (Magnifications: (A) x 400,
(B) x100, (E) %100, (F) x100).
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Pharmacokinetic Differences Between Two Dose Schedules

Table 3

Page 17

First Peak (ng/m L)*

First Trough (ng/mL) T

Subsequent Peaks (ng/

Subsequent Tr19ughs (ng/

mL) mL)
Cohort Mean SD Mean SD Mean SD Mean SD
3 —3mg/ 72 33 12 7 99 41 17 10
kg
3 — 1mg/ 81 14 15 5 43 10 7 3
kg§

Abbreviation: SD, standard deviation.

*
Peaks drawn 2.5 hours after completion of infusion.

7LTroughs drawn immediately before dose (3 weeks after previous dose).

iCohort 1.

§Cohort 2.
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Table 5
Resulting Immunity in Each Cohort After Peptide Vaccination
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gp100 Peptide Immunity*

gp100 Peptide Immunity*

Cohort Evaluated No. % No. %

3 3mglkg’ 1 110f11 100 6of 11 55

3 — 1 mg/kg* 12 70f12 58 30f12 25
p=.037 p= 2148

*
Did not differ significantly from previous data of patients immunized with respective peptides alone.

7LCohort 1.

'tCohort 2.

§P value for Fisher’s exact test comparing 3 — 3 to 3 — 1 for a given peptide.
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