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Summary

We previously reported our experience in treating 56 patients with metastatic melanoma using a

human anti-cytotoxic T-lymphocyte antigen 4 (CTLA-4) antibody. Durable tumor regressions were

seen that correlated with the induction of autoimmune toxicities. In this study, we treated 46

additional patients using an intrapatient dose escalation schema to test whether higher doses of anti–

CTLA-4 antibody would induce increased autoimmunity and concomitant tumor regression. Twenty-

three patients started anti–CTLA-4 antibody administration at 3 mg/kg and 23 patients started

treatment at 5 mg/kg, receiving doses every 3 weeks. Patients were dose-escalated every other dose

to a maximum of 9 mg/kg or until objective clinical responses or grade III/IV autoimmune toxicity

were seen. Escalating doses of antibody resulted in proportionally higher plasma concentrations.

Sixteen patients (35%) experienced a grade III/IV autoimmune toxicity. Five patients (11%) achieved

an objective clinical response. Two of the responses are ongoing at 13 and 16 months, respectively.

Flow cytometric analysis of peripheral blood revealed significant increases in both T-cell surface

markers of activation and memory phenotype. Thus, higher serum levels and prolonged

administration of anti–CTLA-4 antibody resulted in a trend toward a greater incidence of grade III/

IV autoimmune toxicity than previously reported, but did not seem to increase objective response

rates.
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Activation of a T cell requires binding of the T-cell receptor to an HLA-presented peptide on

an antigen presenting cell, as well as costimulation of the T-cell CD28 receptor by its ligand

B7 on the antigen presenting cell.1,2 The combination of these 2 interactions promotes T-cell

activation, proliferation, and effector function.1,3–8 In the absence of a costimulatory CD28-

B7 interaction, the T cell undergoes tolerance or cell death.9 Alternatively, if B7 molecules

engage T-cell expressed cytotoxic T-lymphocyte antigen 4 (CTLA-4), instead of CD28, the

lymphocyte undergoes cell cycle arrest.3,10–12 The overall purpose of these signals is to fine-

tune the strength of the immune response and to maintain peripheral T-cell tolerance

mechanisms.4,5,8,13
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Whereas CD28 is constitutively expressed on the T-cell surface, CTLA-4 is only found

constitutively on the surface of CD4+CD25+ cells, or must be induced by T-cell receptor

binding and activation on other T cells.5,14–18 It has a higher avidity for B7 than CD28, and

a shorter half life on the surface of the T cell.7,16,18 These findings led to 2 hypothetical

models of CTLA-4 modulation of effector cell function.4,5 The threshold model proposes that

CTLA-4 allows only strong signals capable of overcoming CTLA-4 inhibition to activate T

cells, thereby narrowing the T-cell response. The attenuation model proposes that CTLA-4

differentially inhibits the most activated T cells, thereby broadening the immune response by

preserving weakly avid T cells and inhibiting strongly avid T cells that may be responding to

self-antigens. Both models predict that blockade of CTLA-4 would augment the effector

functions of activated T cells.

The finding that CTLA-4 knockout mice developed a rapid and fatal lymphoproliferative

disorder secondary to unopposed T-cell activation to self-antigens implied a role for CTLA-4

in attenuating the immune response.4,19–22 In preclinical murine models of CTLA-4 blockade

using an anti–CTLA-4 antibody, autoimmune arthritis, colitis, depigmentation, diabetes,

encephalomyelitis, pancreatitis, and thyroiditis were observed in strains of susceptible mice.
23–29 CTLA-4 blockade in tumor-bearing mice also enhanced antitumor responses and

resulted in tumor regressions in multiple models, implying that CTLA-4 blockade released the

effector function of self-tumor antigen reactive cells.30–38 Preclinical39,40 and clinical

models40–44 have established the ability of cancer-bearing hosts to recognize and mount an

immune response against their own tumors. The ability to extract and expand tumor-reactive

T cells from fresh human tumor digests and adoptively transfer them back into a host to affect

an antitumor response confirmed the presence of tumor-reactive lymphocytes in cancer

patients, existing in an “ignorant” or tolerant state.42 It is possible that CTLA-4-mediated

inhibition may play a role in tolerizing such T cells.45 On the basis of this hypothesis, we

investigated the role of CTLA-4 blockade in humans with metastatic melanoma to evaluate

the immunologic impact on T-cell activation, tumor burden, and autoimmunity.

We previously treated 56 HLA-A*0201 patients with anti–CTLA-4 antibody plus a gp100

peptide vaccine in 2 dose cohorts. Twenty-nine patients received antibody doses of 3 mg/kg,

and 27 patients received a first dose at 3 mg/kg and subsequent doses at 1 mg/kg. An overall

response rate of 12.5% (7/56 patients) and a 25% frequency of grade III/IV autoimmunity

(14/56 patients) was seen, similar in both treatment groups.46 We then treated a further 36

patients with anti–CTLA-4 antibody combined with the administration of high-dose

interleukin-2 (IL-2) to test the effect of combining the activating effects of IL-2 with the anti-

inhibitory function of anti–CTLA-4 antibody. Three patients in each of 4 cohorts received

increasing doses of antibody (0.1, 0.3, 1, and 2 mg/kg of antibody) with intravenous bolus IL-2

at 720,000 IU/k followed by 24 patients receiving 3 mg/kg of antibody with the same regimen

of IL-2. There was an overall response rate of 22% (8/36 patients).47 In the previous study of

56 patients receiving anti–CTLA-4 antibody and peptide vaccine, there was a significant

correlation between the induction of anti–CTLA-4 autoimmunity and tumor regression (P =

0.008). This association was not seen in patients who received antibody and IL-2 (P = 0.3),

although it is possible that some of the objective responses in these patients were attributable

to IL-2 administration independent of anti–CTLA-4 antibody.

Therefore, in the current study we explored the effect of intrapatient dose escalation of anti–

CTLA-4 antibody on the incidence of major autoimmune toxicities and its impact on both T-

cell activation and clinical response. A separate group of HLA-A*0201–positive patients are

enrolled in a parallel ongoing study with randomization to receive or not to receive peptide

vaccine. Therefore, we are currently reporting on all patients who were HLA-A*0201 negative

and were treated with escalating doses of anti–CTLA-4 antibody.
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METHODS

Patients and Treatment

Patients eligible for treatment with anti–CTLA-4 antibody (MDX-010, Medarex Inc,

Bloomsbury, NJ) were HLA-A*0201 negative, had measurable stage IV melanoma, were ≥
16 years of age, had a life expectancy of at least 6 months, absolute neurophil count ≥ 1500/

mcl, creatinine <2.0 mg/dL, and bilirubin <1.4 mg/dL, an Eastern Cooperative Oncology Group

performance status ≤2, and ≥ 3 weeks had elapsed since any previous systemic cancer therapy.

Patients were excluded if they had autoimmune disease, active infection, were pregnant or

nursing, had any concurrent medical condition requiring the use of systemic or topical steroids,

or had received prior treatment with any anti–CTLA-4 antibody. All patients were treated on

an Investigational Review Board-approved protocol in the Surgery Branch, National Cancer

Institute in Bethesda, MD.

Antibody doses were escalated within each patient until the development of objective response,

≥ grade III autoimmunity, or another dose-limiting toxicity was reached. In the first 23 patients

the starting dose was 3 mg/kg, similar to that in our previous studies,46,48 escalated every

other dose to 5 mg/kg, and finally to 9 mg/kg. After treating 23 patients the starting dose was

increased to 5 mg/kg for the next 23 patients. The 3-mg/kg dose was well tolerated and this

change was made to enable more rapid escalation to higher doses of the antibody. A cycle was

defined as 1-dose administration, and a course was defined as the administration of 2 doses at

the same drug concentration.

After completion of a course at a given dose, patients who did not experience a decrease in

tumor volume or dose-limiting toxicity were escalated to the next dose level. Patients who

experienced a complete response were treated for 2 additional cycles at the same dose level.

Patients who achieved a partial response, and continued to have tumor regression, were re-

treated at the same dose level until they achieved a complete response or no longer had tumor

shrinkage. Once a patient experienced a complete response or tumor size stabilized, they

received 2 additional cycles at the same dose level. Patients who completed treatment with 2

cycles of antibody at each dose level, either 3, 5, and 9 mg/kg (patients 1 to 23) or 5 and 9 mg/

kg (patients 24 to 46), and had disease progression were taken off study, whereas those that

were stable received 1 additional course at 9 mg/kg.

Patients who experienced non–skin-related ≥ grade III adverse events, any autoimmune ocular

toxicity, or required steroid therapy for toxicity attributable to anti–CTLA-4 antibody

administration did not receive further therapy, regardless of their clinical response status.

Patients who experienced skin-related toxicity ≤ grade III, or a non–skin-related toxicity <grade

III were eligible to restart therapy after resolution of their toxicities.

The human IgG1κ anti–CTLA-4 monoclonal antibody was administered as an intravenous

bolus over 90 minutes for every 3 weeks. Before antibody administration and, when possible,

3 weeks after each course, peripheral blood mononuclear cells were obtained by apheresis,

isolated by Ficoll-Hypaque separation, and cryopreserved at − 180°C in heat-inactivated

human AB serum with 10% dimethy sulfoxide until further use.

Clinical Response Evaluation and On-study Evaluation

All patients underwent computed axial tomography of the chest, abdomen, and pelvis, and

magnetic resonance image of the brain, within 28 days of starting treatment and after every 2

cycles of treatment. Response Evaluation Criteria in Solid Tumors (RECIST) criteria using the

sum of the longest diameters of all measurable tumors were the criteria for radiographic

response to treatment.49 A partial response was defined as a decrease of greater than or equal

to 30% (but not 100%) of the sum of the longest diameters of index lesions, lasting at least 1
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month with no growth of lesions or the appearance of new lesions. A complete response was

defined as the disappearance of all lesions for greater than or equal to 1 month. Patients not

achieving either a partial or a complete response were deemed nonresponders.

At the initial patient screening, patients underwent a physical examination, assessment of

performance status, ophthalmologic examination, electrocardiography, pulmonary function

tests, HLA typing, pheresis, rheumatoid factor, antinuclear antibody, human antihuman

antibody, hematologic, biochemical, and thyroid function tests. After every dose cycle, a

physical examination and thyroid, hematologic, and biochemical panels were performed.

Diagnostic imaging, an autoimmune panel, urinalysis, pheresis, screen, and human antihuman

antibody were obtained after every course, and a repeat ophthalmologic examination was

performed after 4 cycles and as clinically indicated.

Pharmacokinetics and T-cell Phenotype Analysis

Blood samples were drawn immediately before each dose cycle and again 1 hour after antibody

infusion. Quantitative enzyme-linked immunosorbent assay was used to determine plasma

concentrations of anti–CTLA-4 antibody. Microtiter plates were coated with recombinant

human CTLA-4-Ig, and bound anti–CTLA-4 antibody was detected with an alkaline

phosphatase labeled goat antihuman IgG probe. Phenotypic analysis of T-cell activation

markers was performed using antibodies from BD Biosciences (San Jose, CA) and analyzed

using a FACS Calibur (Becton Dickinson) using standard flow analysis techniques by Esoterix

Inc (East Windsor, NJ) on peripheral blood samples obtained immediately before each course.

RESULTS

Patient Characteristics

Forty-six HLA-A*0201–negative patients had stage IV melanoma with metastases to various

sites (Table 1). Thirty-nine patients (85%) had visceral metastases. Thirty-two patients (70%)

were male. Patients were heavily pretreated before enrollment in this study: 29 (63%) had

received chemotherapy, 14 (30%) radiation therapy, 2 (4%) hormonal therapy, 38 (83%)

immunotherapy, and 28 (61%) had received more than one therapy. Patients 1 to 23 began

treatment with anti–CTLA-4 antibody at a concentration of 3 mg/kg and patients 24 to 46

started at a concentration of 5 mg/kg.

Clinical Responses

Five of 46 patients (11%) experienced objective clinical responses (Table 1), and all of these

patients reached criteria for objective clinical responses after treatment at 9 mg/kg (Table 2).

Two of the 5 responses are ongoing at 13 and 16 months, respectively.

Patient 1 achieved an objective partial response in lymph nodes of the retroperitoneum,

preaortic, and peri-pancreatic areas after receiving 4 doses at 3 mg/kg, 2 doses at 5 mg/kg, and

2 doses at 9 mg/kg. He received a final course at 9 mg/kg before experiencing hypophysitis,

and remains a responder at over 16 months. Patient 4 experienced regression of multiple lung

metastases after 2 doses each at 3, 5, and 9 mg/kg. He became a partial responder but recurred

at 4 months. Patient 7 achieved complete regression of peri-portal (Fig. 1) and peri-pancreatic

lymph nodes, and partial regression of a peri-aortic lymph node after 2 doses each at 3, 5, and

9 mg/kg. He received 2 additional courses at 9 mg/kg and remains a responder at over 13

months. Patient 10 experienced complete regression of an intramuscular lesion (Fig. 2) and

partial responses in multiple lung lesions after receiving 2 doses each at 3, 5, and 9 mg/kg, at

which time he also experienced hypophysitis. He remained a partial responder for 9 months

before growth of new lung lesions. Patient 30 achieved a partial response in an iliac lymph

node and a lung lesion after receiving 2 doses at 5 mg/kg, and 4 doses at 9 mg/kg. She received
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an additional dose at 9 mg/kg before experiencing grade III autoimmune diarrhea, but recurred

at 7 months.

Autoimmune Effects

Sixteen patients (35%) experienced 19 grade III/IV autoimmune events or severe ocular

toxicity requiring steroid treatment (Tables 1 and 2). These events consisted of: anterior uveitis

(1), arthritis (1), colitis/diarrhea (6), dermatitis (1), hypophysitis (8), hepatitis (1), and

tubulointerstitial nephritis (1) (Tables 1 and 3). Of these 16 patients who experienced major

autoimmune toxicities, 3 (17%) were objective clinical responders, whereas of the 30 patients

who did not experience severe autoimmunity, 2 (17%) were responders (P = 0.32, Fisher exact

test). In addition, 16 patients experienced 22 grade I/II autoimmune events including alopecia

areata (1), anterior uveitis/episcleritis or conjunctivitis (2), arthritis (2), diarrhea (2), dermatitis

(13), hypothyroidism (1), and vitiligo (1) (Table 3). Five of these patients had concurrent grade

III/IV autoimmune toxicities. Thus, 27 patients experienced autoimmunity at any grade. Five

of 27 (19%) patients with any autoimmunity experienced tumor regression, and 0/19 patients

without any autoimmunity experienced tumor regression (P = 0.07, Fisher exact test).

The specific findings and treatment of anti–CTLA-4 antibody induced autoimmune events seen

in this trial were similar to those in patients in previous reported trials46,48 with the exception

of tubulointerstitial nephritis (Fig. 3) and alopecia areata seen in one patient each. Eight patients

experienced hypophysitis on this study as evidenced by decreased levels of pituitary and

secondary hormone levels (Fig. 4); 7 occurring at a dose level of 9 mg/kg and one at 5 mg/kg.

This is in contrast to 1 of 56 patients developing this complication in the previous study where

only 3 or 1 mg/kg was administered (P = 0.01, Fisher exact test).46 All patients with grade III/

IV non–skin-related or joint-related autoimmunity were treated with systemic high-dose

steroids with resolution of their symptoms. Severe anterior uveitis in patient 12 was

successfully treated with ophthalmologic steroid drops. It is not yet clear whether the

administration of steroids can correct the biochemical abnormalities associated with

hypophysitis. As in previous studies, the use of high-dose steroids to treat anti–CTLA-4

antibody induced major autoimmune events did not seem to adversely impact the durability of

objective clinical responses (Table 4).

Pharmacokinetics

Peripheral blood samples were obtained immediately before antibody administration and 1

hour post-infusion from patients who began treatment at 3 mg/kg of anti–CTLA-4 antibody to

analyze the effect of increasing antibody doses on both peak and trough plasma levels of

antibody. Trough levels increased proportionally from below detection levels to 68.9 μg/mL

with increasing doses and concentrations of anti–CTLA-4 antibody. Similarly, peak levels

increased proportionally from 55.8 to 356.3 μg/mL with increasing doses and concentrations

of antibody, though levels seemed to stabilize with repeated dosing at 9 mg/kg (Table 5).

Plasma concentrations of anti–CTLA-4 antibody measured before and after doses of 3 mg/kg

were comparable to peak and trough plasma concentrations from patients treated on previous

Surgery Branch protocols where patients received antibody doses of 3 mg/kg.

Phenotypic Changes

Using flow cytometry, pretreatment and posttreatment peripheral blood samples were analyzed

for changes in surface expression of T-cell activation markers (Table 6). Samples were obtained

immediately before each course (3 weeks after the prior course of treatment) to analyze the

effect of increasing antibody doses on the activation of T cells. Peripheral blood was stained

for both CD3 and CD4 surface expression. Patients for whom a pretreatment sample and at

least one posttreatment course sample was available were used for analysis, including 3 of the

5 responders. There were highly significant increases in the proportions of CD3+CD4+ and
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CD3+CD4− cells that expressed the T-cell activation marker HLA-DR after all doses of anti–

CTLA-4 antibody. CD25 was less frequently expressed on CD4+ cells after 5 and 9 mg/kg

doses were given. At every dose of antibody, there were decreases in CD69 expression and

increases in CD45RO+ expression on both CD4+ and CD8+ cells (all P<0.1, see Table 6).

DISCUSSION

In our past studies,46,48 the administration of anti–CTLA-4 antibody seemed to release an

“immunologic brake” on both CD4+ and CD8+ T cells, tipping the homeostatic balance towards

lymphocyte effector function. This was reflected in an up-regulation of T-cell surface markers

of activation, in clinical responses, and toxicities thought to be attributed to autoimmunity.

Flow cytometric analysis of peripheral blood from patients receiving CTLA-4 blockade

revealed significant increases in the T-cell surface markers of activation (HLA-DR) and

memory (CD45RO).46,48

In the current study, we again demonstrated significant increases in the expression of these T-

cell activation and memory markers on both CD4+ and CD8+ T cells in the peripheral blood

of patients who were treated with escalating doses of anti–CTLA-4 antibody. With the caveat

that samples from different studies were analyzed at different times, the changes in phenotypic

expression were similar in type and magnitude when the previous low-dose study was

compared with the current dose-escalation study. Within the current study, there was often no

clear effect of increasing antibody dose on levels of activation marker expression, with the

exceptions of CD45RO expression on CD4+ cells (showing increases of +3.9% to +9.8% with

increasing doses of antibody) and CD25 on CD4+ cells (showing decreases of 0.5% to 6.8%

with increasing doses of antibody). The significance of decreased expression of CD69 on

lymphocytes is unclear, though the window in which this phenotypic activation marker may

be up-regulated could have been missed at the time of sample procurement.50,51

The objective clinical response rate in 56 HLA-A*0201–positive patients treated with ≤ 3 mg/

kg of anti–CTLA-4 antibody plus peptide vaccination in our previous trials was 12.5%,46

similar to the response rate of 11% in the 46 HLA-A*0201–negative patients given escalating

doses ≥ 3 mg/kg in the present study. The current study design not only increased the dose of

antibody, but also the average duration of treatment, yet there did not seem to be a clear impact

on the magnitude of T-cell activation by phenotypic criteria nor an increase in response rate.

On the basis of our early observation that toxicities possibly attributable to autoimmunity

significantly correlated with response in melanoma patients treated with anti–CTLA-4

antibody,46 we hypothesized that raising blood levels of the antibody may increase the

incidence of autoimmunity. In the current trial, plasma concentrations increased proportionally

with increasing antibody doses, and patients were exposed to the antibody over a longer period

of time and at higher plasma concentrations than in previous trials. In some patients, this

increase was measured at over 3 times the average plasma concentration measured in patients

who previously received a maximum of 3 mg/kg.46

Sixteen of 46 (35%) patients experienced grade III/IV autoimmunity, compared with 14 of 56

(25%) patients who received 3 mg/kg of antibody plus a peptide vaccine (P = 0.38) in an earlier

study.46 Including grade I/II autoimmunity, patients on dose escalation experienced a 59%

incidence of autoimmunity (27/46) compared with 30% (17/56) in the previous study (P =

0.005). Thus, there was a trend toward increased rates of autoimmunity with the current dosing

regimen. Furthermore, in the current study, all 16 cases experiencing grade III/IV autoimmune

events occurred at either 5 or 9 mg/kg. Therefore, most patients experienced a severe

autoimmune toxicity at a higher dose than their initial dose. However, many of these patients

received doses of anti–CTLA-4 antibody every 3 weeks over a period of months, so it may be
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that prolonged exposure to the antibody was related to autoimmune toxicity rather than the

actual dose administered. The average number of doses received per patient was 4.6 ± 0.3 (over

approximately 14 wk) compared with 3.7 ± 0.3 doses (over approximately 11 weeks) in the

previous study of 56 patients. Alternatively, the autoimmune effects experienced may have

been initiated at either lower doses or earlier time points, and not fully clinically manifested

until the patients had already escalated dose levels or received additional antibody doses.

In our previous studies, enteritis (particularly colitis) was the most common toxicity (57%,

8/14) and it consistently presented with diarrhea.46 Limiting oral intake and treatment with

high-dose steroids successfully controlled the diarrhea in the great majority of patients. In this

study, grade III diarrhea/colitis was present in 31% of patients (5/16) with grade III/IV

autoimmune toxicity; however, hypophysitis emerged as the most common grade III/IV

autoimmune event (44%, 7/16). This toxicity was experienced at dose concentrations of 9 mg/

kg in 6 of 7 patients. When compared to one of 56 patients with hypophysitis in the previous

study at doses ≤ 3 mg/kg, the difference was statistically significant (P = 0.01). None of the

36 patients who received anti–CTLA-4 antibody in conjunction with IL-2 experienced

hypophysitis.47 Our experience detecting and treating this toxicity has evolved, therefore, it

is possible that mild cases in earlier studies may not have been diagnosed. Given the small

numbers involved in this subgroup analysis, further studies will be necessary to elucidate the

relationship between hypophysitis and either higher dose levels or increased time of exposure

to anti–CTLA-4 antibody. Those patients who experienced hypophysitis (n = 7) averaged 5.8

± 0.8 doses, or about 17 weeks of treatment, compared with 4.3 ± 0.4 doses, or about 13 weeks

of treatment in patients who did not experience hypophysitis (n = 38, 2-tailed P = 0.1). The

one patient, who experienced hypophysitis in the 56 previous patients treated at 3 mg/kg

received 5 doses at 3 mg/kg, compared with an average of 3.6 doses received by the other 55

patients on that study, a difference of 4 weeks of treatment.

Therefore, we conclude that CTLA-4 blockade with an anti–CTLA-4 antibody can cause the

durable regression of metastatic melanoma, but find that the administration of escalating doses

of antibody, whereas possibly increasing autoimmune toxicity, does not increase the overall

objective clinical response rate. Further studies are underway to determine the impact of adding

concurrent vaccination to CTLA-4 blockade in patients with melanoma and to investigate the

efficacy of CTLA-4 blockade in patients with other tumor histologies.
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FIGURE 1.

Patient 7 experienced complete regression of a large peri-portal lesion after receiving 9 mg/kg

of anti–CTLA-4 antibody. He remains a responder at over 11 months.
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FIGURE 2.

Patient 10 experienced complete regression of an intramuscular lesion after receiving 9 mg/kg

of anti–CTLA-4 antibody. He was a responder for 9 months until the growth of new lung

lesions.
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FIGURE 3.

Patient 18 experienced autoimmune nephritis after receiving 3 doses (3, 3, and 5 mg/kg) of

anti–CTLA-4 antibody. The renal stroma was edematous and infiltrated with plasma cells,

eosinophils, and T lymphocytes. The tubule epithelium was abnormal with scant cytoplasm

(upper panel, magnification 200 ×). A CD3 stain revealed lymphocytic invasion into the

tubules, similar to acute transplant rejection (lower panel, magnification 600 ×).
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FIGURE 4.

Patient 1 experienced enlargement of his pituitary gland and symptoms of hypopituitarism after

receiving a maximal dose of 9 mg/kg of anti–CTLA-4 antibody. Eight of 46 patients (17%)

experienced autoimmune hypophysitis.
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TABLE 2

Incidence of Antitumor Responses and Autoimmunity in Patients by Dose Level

Dose 3 mg/kg 5 mg/kg 9 mg/kg All Doses

Responders 0 0 5 5/46 (11%)
Grade III/IV or severe ocular autoimmunity 0 5 11 16/46 (35%)
Responders with autoimmunity 0 0 3 3*

*
P = 0.32, Fisher exact test comparing responders with autoimmunity to nonresponders with autoimmunity.
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TABLE 3

Number of Autoimmune Toxicities by Severity

Toxicity Grade I/II Grade III/IV

Alopecia areata 1 0
Anterior uveitis or conjunctivitis 2 1
Arthritis 2 1
Colitis/diarrhea 2 6
Dermatitis 13 1
Hypophysitis 0 8
Hypopigmentation 1 0
Transaminitis 0 1
Hypothyroidism 1 0
Tubulointerstitial nephritis 0 1

22 19
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TABLE 5

Pharmacokinetics of Anti–CTLA-4 Antibody Administration

Sample Timepoint N Antibody Concentration (μg/mL)

Pretreatment 13 BD
Post 3 mg/kg × 1 5 55.8 ± 6.1
Pre 3 mg/kg × 2 3 17.4 ± 2.9
Post 3 mg/kg × 2 2 116.2 ± 15.4
Pre 5 mg/kg 4 25.5 ± 1.3
Post 5 mg/kg × 1 3 131.5 ± 66.8
Pre 5 mg/kg × 2 4 29.6 ± 9.3
Post 5 mg/kg × 2 3 193.1 ± 30.7
Pre 9 mg/kg 10 48.0 ± 4.9
Post 9 mg/kg × 1 3 287.0 ± 109.8
Pre 9 mg/kg × 2 5 60.0 ± 12.4
Post 9 mg/kg × 2 3 366.4 ± 28.6
Pre 9 mg/kg × 3 5 63.7 ± 8.6
Post 9 mg/kg × 3 4 342.8 ± 68.2
Pre 9 mg/kg × 4 2 68.9 ± 7.3
Post 9 mg/kg × 4 3 356.3 ± 74.2

Reported as the mean concentration ± the standard error of the mean.

BD indicates below detection.
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TABLE 6

Flow Cytometric Analysis of Selected T-cell Surface Markers in Peripheral Blood of Patients Receiving

Escalating Doses of Anti–CTLA-4 Antibody

Mean % Change in Positive Cells
0 to 3 mg/kg 0 to 5 mg/kg 0 to 9 mg/kg

N 18 24 12

CD25+ (% CD3+CD4+) − 0.5 − 4.7 − 6.8
P 0.8 0.006 0.03
HLA-DR+ (% CD3+CD4+) +10.1 +10.7 +13.2
P 0.0002 <0.0001 0.0002
HLA-DR+ (%CD3+CD4−) +11.0 +8.5 +11.5
P 0.01 0.002 0.003
CD69+ (% CD3+CD4+) − 11.2 − 5.6 − 10.5
P 0.04 0.1 0.1
CD69+ (%CD3+CD4−) − 12.8 − 11.4 − 18.6
P 0.01 0.004 0.007
CD45RO+ (% CD3+CD4+) +3.9 +5.7 +9.8
P 0.02 0.0005 0.007
CD45RO+ (%CD3+CD4−) +6.0 +4.2 +7.0
P 0.03 0.06 0.04

Two-tailed P value using paired t test.
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