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Abstract

Expression of cytotoxic T-lymphocyte antigen 4 (CTLA-4), a negative regulator of T-cell

function, is increased in chronic HIV-1 infection. It was hypothesized that CTLA-4 blockade

may enhance immune response to HIV-1 and result in better control of viremia. This open-

label, multiple ascending dose study (NCT03407105)—the first to examine ipilimumab in

participants with HIV-1 infection—assessed the safety, tolerability, and pharmacokinetics of

ipilimumab, as well as whether ipilimumab enhanced immune response to HIV-1 and

improved control of viremia. Twenty-four participants received 2 or 4 doses of ipilimumab

(0.1, 1, 3, or 5 mg/kg) every 28 days. No serious adverse events (AEs) or dose-limiting toxic-

ities were reported; one participant discontinued ipilimumab for an AE of grade 2 facial

palsy. Twenty participants (83.3%) had�1 AE; all but 1 were grade 1 or 2. Eight participants

(33.3%) had potentially immune-related AEs (7 had grade 1 diarrhea not requiring cortico-

steroids; 1 who had diarrhea also had transient antinuclear antibody positivity; 1 had grade

2 facial palsy requiring corticosteroids). Two participants (8.3%), one each in the 0.1- and 1-

mg/kg dose groups, had a decrease from baseline HIV-1 RNA of 0.85 and 1.36 log10 copies/

mL. Fourteen participants (58.3%) had an increase from baseline HIV-1 RNA (mean, 0.87

log10 copies/mL; range, 0.59–1.29). Of these 14 participants, all but 1 were in the higher ipili-

mumab dose groups (3 or 5 mg/kg). No pattern was noted regarding change from baseline

in CD4 or CD8 T cells; ex vivo assessments of immune response were precluded because

of inadequate cell viability. Serum concentration data for ipilimumab showed biphasic dispo-

sition, with steady state reached by dose 3. Ipilimumab treatment was well tolerated and

was associated with variations in HIV-1 RNA in excess of expected repeat measures in

most participants, but these were not related to combination antiretroviral therapy status or

CD4 counts. The mechanism(s) underlying the increased variation in HIV-1 RNA is unclear

and needs further study.
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Introduction

Virus-induced suppression of host immunity contributes to the persistence of HIV. Combina-

tion antiretroviral therapy (cART) provides significant clinical benefits, transforming HIV

into a chronic disease when treatment is available and patients are adherent to therapy [1].

Immune exhaustion and T-cell inactivation have been suggested as potential factors that con-

tribute to ineffective immune responses and insufficient viral control seen in patients with

HIV infection [1–3]. Broadly, the term immune “exhaustion” has been used to describe a loss

of both effector (eg, cytokine secretion and cytotoxicity) and proliferative functions of T cells

in response to antigen. In the case of chronic viral infection, including HIV, prolonged expo-

sure to viral antigens leads to chronic stimulation and activation of T cells that may, in turn,

trigger T-cell inactivation and immune exhaustion [2].

Despite the availability of cART, issues related to resistance, tolerability, toxicity, and drug–

drug interactions remain; furthermore, while patients with HIV can achieve undetectable HIV

RNA levels, immune dysfunction and inflammation persist [4]. A functional cure, defined as

virologic control precluding the need for chronic cART, remains elusive. These considerations

support the need for new therapeutic approaches for patients with HIV infection.

Cytotoxic T-lymphocyte antigen 4 (CTLA-4) is an immune checkpoint receptor that is

upregulated on activated T cells and constitutively expressed by regulatory T cells. CTLA-4

binds B7-1 (cluster of differentiation [CD] 80 [CD80]) or B7-2 (CD86) and competitively

blocks their ligation to CD28, thus preventing further T-cell activation. CTLA-4 is more highly

expressed by unstimulated blood CD4 T cells from patients with HIV, regardless of treatment,

compared with control T cells [5]. Increased CTLA-4 expression in HIV-infected patients was

positively correlated with disease progression but negatively correlated with CD4 T-cell count

and the ability of CD4 T cells to mount a response to viral antigen, as assessed by interleukin-2

production [6, 7]. Based on this evidence, blockade of CTLA-4 may be effective for patients

with HIV infection [8].

Ipilimumab is a fully human monoclonal immunoglobulin G1κ antibody designed to block

the CTLA-4 immune checkpoint to promote an effective immune response [9]. Ipilimumab

was the first therapy proven to improve overall survival in patients with advanced melanoma.

It was initially approved in the United States in 2011 for previously treated and treatment-

naïve patients with unresectable or metastatic melanoma at a dose of 3 mg/kg every 3 weeks

(× 4), and has subsequently been approved in more than 40 countries [10–12]. This study was

the first clinical evaluation of ipilimumab in study participants with chronic HIV-1 infection,

in the absence of concurrent malignancy, and was undertaken with the aim of investigating

the safety, tolerability, and pharmacokinetics (PK) of ipilimumab in study participants infected

with HIV-1, as well as to assess whether ipilimumab administration can enhance the immune

response against HIV-1 and improve control of viremia.

Materials and methods

Ethics statement

Written informed consent was obtained from all participants. The study was approved by the

institutional review board responsible for the 3 study sites: Western Institutional Review

Board (Olympia, WA, USA). The study was conducted in compliance with the Declaration of

Helsinki, Good Clinical Practice guidelines, and local regulatory requirements. Registration

was not required at the time this phase 1 study was initiated; thus, this study was retrospec-

tively registered on ClinicalTrials.gov (NCT03407105). All future clinical trials will be prospec-

tively registered because the sponsor is committed to registering all phase 1–4 interventional
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trials, conducted in any geographic location, on applicable registries, prior to the first patient

being enrolled. A copy of the study protocol has been included in the S2 Appendix.

Study design and participants

HIV-infected participants were enrolled into this phase 1, open-label, partially randomized,

multiple ascending dose study of ipilimumab at 3 centers in the United States (Quest Clinical

Research, San Francisco, CA, USA; Tower ID Medical Associates, Los Angeles, CA, USA; and

Care Resource, Miami, FL, USA). The study was designed primarily to determine the safety

and tolerability of ipilimumab administered intravenously every 28 days for 2 or 4 doses in

escalating dose cohorts of participants with chronic HIV-1 infection with no concurrent

malignancy, for whom virus was no longer suppressed by available and tolerable cART. Sec-

ondary objectives included characterization of the PK of ipilimumab, assessment of any clini-

cal activity to augment an effective immune response against HIV-1, and assessment of

changes in cellular and humoral immune responses toward HIV-1, Candida, and a tetanus

booster following administration of ipilimumab.

Eligible participants were adult (aged�18 years) males or females with chronic HIV-1

infection who had detectable viremia. In the 3 months before the study, HIV-1 RNA measure-

ments (determined by reverse transcriptase–polymerase chain reaction) were required to be

between 1000 and 100,000 copies/mL on at least 2 occasions, with the measurements within

0.5 log10 copies/mL variation of each other (including screening value and 1 value�45 days

before screening). In the 6 months before the study, CD4 counts were required to be�100

cells/mm3 on at least 2 determinations (including screening value and 1 value�90 days before

screening).

Eligible participants had undergone at least 2 previous changes in their cART regimen for

documented virologic failure (breakthrough viremia while adherent to a regimen containing

�3 antiretroviral agents, and exclusive of prior monotherapy or dual therapy) and docu-

mented resistance tests demonstrating�1 mutation to each major therapeutic class of antire-

troviral therapy, including nucleoside reverse transcriptase inhibitors, non-nucleoside reverse

transcriptase inhibitors, and protease inhibitors. If a therapeutic class of agent was not being

used for reasons of intolerance, then documentation of the signs of intolerance could have

substituted for resistance mutations to that class.

For the initial 3 cohorts (ipilimumab 0.1 mg/kg, 1 mg/kg, and 3 mg/kg; all for 2 doses), eli-

gible participants were on stable cART for at least 3 months. For the final 2 cohorts (ipilimu-

mab 3 mg/kg for 4 doses and 5 mg/kg for 2 doses), a protocol amendment broadened the

inclusion criteria to include participants who were no longer taking previously failed cART

due to intolerance or regimen fatigue.

Eligible participants had to be free of any significant organ compromise or functional medi-

cal disorder and willing to remain on their current therapy for the 12-week study duration

(unless toxicity or safety issues indicated otherwise). Eligible participants had hemoglobin�8

g/dL, white blood cell count�2000 cells/mm3, neutrophil count�750 cells/mm3, platelet

count�100,000 cells/mm3, alanine aminotransferase/aspartate aminotransferase/alkaline

phosphate all�2 × upper limit of normal, and proteinuria <1 g/day. Sexually active males

agreed to use an acceptable barrier method for birth control and prevention of venereal disease

(by chance, no female participants were enrolled in the study).

Participants were excluded if they had received any experimental treatment within 4

months before screening or had initiated any new medications within 4 weeks before screen-

ing that might reasonably have affected immune response or HIV-1 RNA. Other exclusion cri-

teria included a tetanus booster within 2 months before screening or history of reaction to
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tetanus vaccine; history of autoimmune disease at risk for recurrence; current malignancy

except for stage A or B cervical or basal cell carcinoma; chronic viral hepatitis due to hepatitis

B virus or hepatitis C virus (HCV; undergoing current treatment with interferon or ribavirin,

or with hepatitis B virus DNA HIV-1 RNA >25 pg/mL or HCV RNA HIV-1 RNA >20,000

IU/mL); current treatment or prophylaxis for tuberculosis infection; chronic active infectious

disease (other than HIV) such as chronic renal infection; chronic chest infection with bronchi-

ectasis or sinusitis; and any known active drug or alcohol abuse that would interfere with par-

ticipation in the study.

Groups of between 3 and 6 participants were treated at each of 5 ipilimumab dose levels or

dosing regimens. Ipilimumab was administered once every 28 days by intravenous infusion

over 90 minutes. For the ipilimumab 0.1-mg/kg, 1-mg/kg, and 3-mg/kg dose levels (all 2

doses), participants were assigned to the cohort available in the dose-escalation scheme when

they presented to the investigative site. The maximum tolerated dose (MTD) was defined as

the highest dose at which�1 of 6 participants experienced a dose-limiting toxicity (DLT).

When an MTD was not established for the 6 participants administered ipilimumab at 3 mg/kg

for 2 doses, a protocol amendment allowed additional participants (6 per group) to be ran-

domly assigned to receive either 3 mg/kg (for 4 doses) or 5 mg/kg (for 2 doses). These final 2

cohorts were studied simultaneously with open-label, central randomization.

During the screening phase, study visits consisted of a prestudy visit (within 28 days before

infusion of study drug) and a pre-entry visit (7 days before first infusion of study drug). During

the treatment phase, participants were given infusions of ipilimumab every 28 days for 2 or 4

doses and were required to visit the investigator’s office or clinic every 3 to 7 days for PK sam-

pling, vital sign measurements, physical examinations, clinical laboratory testing, HIV-1 RNA

and immunologic assessments, and/or the collection of adverse event (AE) data. All partici-

pants received a tetanus booster on day 29 of the study and at the end of the observation period

following the second dose of ipilimumab. Participants receiving 2 or 4 doses were followed

until day 85 or 141, respectively. No further long-term follow-up was performed.

End points and assessments

Safety evaluations included the assessment of the frequency and severity of treatment-emer-

gent AEs, concomitant medications, physical examinations, vital sign measurements, electro-

cardiograms, chest radiography, clinical laboratory tests (including serology, hematology,

clinical chemistry, and urinalysis), plasma sampling for immunogenicity measurements, and

flow cytometry for evaluation of T-cell subsets. Tolerability was determined by evaluation of

AEs, drug-induced DLTs, and observation for MTD. DLTs were defined as grade�3 AEs or

new laboratory abnormalities occurring during or after the 28-day infusion period (up to 1

month posttreatment) that were considered at least possibly related to ipilimumab and did not

resolve (reduce to grade 2 or less) within 48 hours with appropriate treatment (including corti-

costeroids if necessary); grade 3 infusion reactions that resolved within 2 hours with appropri-

ate therapy were excluded. Clinical activity evaluations included assessments of HIV-1 RNA

and CD4 T-cell counts from baseline to protocol-designated evaluation time points. The pri-

mary clinical activity parameter was HIV-1 RNA assessment. HIV-1 RNA was determined by

reverse transcriptase–polymerase chain reaction using the Roche COBAS Amplicor HIV-1

Monitor Test, version 1.5 (Roche Diagnostics, Indianapolis, IN, USA). In an individual partici-

pant, a change from baseline HIV-1 RNA of at least 0.5 log10 copies/mL sustained over 2 or

more consecutive determinations was considered significant and to indicate potential clinical

activity. The secondary clinical activity parameter was CD4 T-cell count. Lymphocyte subpop-

ulations were measured using AIDS Clinical Trials Group consensus methods that used
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fluorochrome-labeled monoclonal antibodies (BD Pharmingen, San Diego, CA, USA) to the

following antigens: CD3, CD4, CD8, CD28, CD38, CD45RA, CD62L, and HLADR; of these,

only CD4 and CD8 were analyzed. In an individual participant, an increase or decrease from

baseline CD4 count by more than 30% sustained over the course of 2 or more consecutive

determinations during the trial was considered significant and to indicate potential clinical

activity.

Evaluation of immunologic activity included measurement of changes in the frequency and

amount of CD4 and CD8 T cells with cytokine responses to HIV-1, Candida, and tetanus anti-

gens; changes in lymphocyte proliferation assay to HIV-1, Candida, and tetanus antigens; and

changes in anti-tetanus toxin antibody levels.

For the lymphocyte proliferation assay, the AIDS Clinical Trials Group consensus method

was used [13]. Briefly, blood specimens were shipped by overnight courier to a central labora-

tory and 100,000 peripheral blood mononuclear cells inoculated per well of a 96-well plate

were co-cultured with HIV-1 antigens including p24 antigen, Gag peptide pool, and a mixture

of other HIV peptides [13]. Positive controls were staphylococcus enterotoxin B superantigen

(10 μg/mL), pokeweed mitogen (0.1 μg/mL), tetanus toxoid (1 LFU/mL), Candida albicans
(10 μg/mL), and cytomegalovirus antigen. The negative control was media alone. Following 6

days at 37˚C in a 5% CO2 humidified incubator, the plates were pulsed with 25 μL/well of [3H]

thymidine (1 μCi/well; NEN Life Science Products, Boston, MA, USA). Cells were harvested 6

hours later on glass fiber filters using a cell harvester. A scintillation counter measured the

amount of radioactivity incorporated into DNA. The results are reported as stimulation indi-

ces (counts per minute experimental/counts per minute background unstimulated).

The cytokine assay for production of interferon (IFN)-γ was done using HIV-1 antigens

including p24 antigen, Gag peptide pool, and a mixture of other HIV peptides [13]. Positive

controls were staphylococcus enterotoxin B superantigen (10 μg/mL) and tetanus toxoid (1

LFU/mL). The negative control was media alone. One million peripheral blood mononuclear

cells were co-cultured with antigen in a 96-well plate at 37˚C in a 5% CO2 humidified incuba-

tor for 48 hours. From each well, 150 μL of supernatant was placed in a separate, labeled

96-well plate and stored at 20˚C. IFN-γ was measured in the supernatant using a commercial

enzyme immunoassay (Caltag, Buckingham, UK) in a single batch for each participant.

To assess PK parameters, plasma concentrations of ipilimumab were measured using a vali-

dated method. In participants receiving 2 doses of ipilimumab, PK sampling was performed

on days 1 and 29 at 0.5 hours before infusion and 2 and 4 hours after the start of infusion, and

on days 4, 8, 15, 22, 32, 36, 43, 57, and 85. In participants receiving 4 doses of ipilimumab, PK

sampling was performed on days 1, 29, 57, and 85 at 0.5 hours before infusion and 2 and 4

hours after the start of infusion, and on days 4, 8, 15, 22, 32, 36, 43, 53, 64, 71, 78, 92, 99, 106,

113, and 141. Individual participant PK parameter values were derived by a noncompartmen-

tal method, using a validated PK analysis program (Phoenix WinNonlin version 6.3, Pharsight

Corporation, Mountain View, CA, USA). Maximum plasma concentration observed postdose

(Cmax), minimum plasma concentration observed postdose (Cmin), time of Cmax, area under

the concentration–time curve over a dosing interval (AUCtau), and clearance at steady state

were reported.

Statistical methods

The sample size of up to 50 participants was based on the trial design for dose escalation and

safety evaluation requirements, which allowed for up to 30 participants (3 to 6 participants per

cohort) at 5 dose levels or dose regimens and an additional 20 participants in 2 cohorts for

evaluation of clinical activity. All participants qualified for both the safety population and the
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clinical activity population; therefore, analyses were based on all participants, except where

data for the 4-dose cohort and all the 2-dose cohorts were analyzed separately. Descriptive sta-

tistics were used to summarize safety data, antiviral activity, immunologic assessments, and

PK data. Analyses were performed using SAS software (SAS Institute Inc., Cary, NC, USA)

version 8.2 or higher.

Data visualization

A data quality check was performed via independent review of all data by 2 individuals. The

software program TIBCO Spotfire version 4.5.0 (TIBCO Software Inc., Palo Alto, CA, USA)

was utilized for data visualization and production of some figures.

Results

Participant disposition and baseline characteristics

A total of 24 participants were enrolled, treated, and completed this study, which was con-

ducted from April 21, 2003 to February 21, 2006. All 24 participants (100.0%) were included in

analyses of safety, antiviral and immunologic outcomes, and PK data (Fig 1). The ipilimumab

cohorts were as follows: 0.1 mg/kg for 2 doses (n = 3); 1 mg/kg for 2 doses (n = 3); 3 mg/kg for

2 doses (n = 6); 3 mg/kg for 4 doses (n = 6); and 5 mg/kg for 2 doses (n = 6).

There were no clinically relevant differences in the baseline demographic characteristics of

participants in the various cohorts (Table 1). The average age of participants was 46.5 years, all

participants were male, and most were white. The cohorts were generally similar regarding

mean time since HIV-1 diagnosis, mean HIV-1 RNA at screening, and the number of prior

Fig 1. Participant disposition.

https://doi.org/10.1371/journal.pone.0198158.g001
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failed cART regimens. Mean CD4 T-cell count at screening was numerically higher in the

5-mg/kg group, while the counts at screening were generally similar for the other dose groups.

As a result of the study amendment, the cohorts were unbalanced with respect to the number

of participants on cART, with the 3-mg/kg 4-dose and 5-mg/kg cohorts including some partic-

ipants who were not on cART.

Safety and tolerability

The primary objective of the study was to examine the safety and tolerability of ipilimumab in

HIV-1-infected participants. There were no deaths or serious AEs. No DLTs were observed.

There was one discontinuation due to an AE: moderate (grade 2) facial palsy in a participant

in the 3-mg/kg 4-dose cohort—the participant had a history of herpes simplex, herpes zoster,

and cytomegalovirus retinitis. The participant received ipilimumab 3 mg/kg on days 1 and 29.

On day 55, the participant was noted to have mild (grade 1) facial palsy. The investigator deter-

mined that no treatment for the facial palsy was required, and the third dose of ipilimumab

was administered on day 57. On day 58, the facial palsy worsened to moderate (grade 2) sever-

ity. On day 60, treatment was initiated with oral prednisone (20 mg 3 times daily for 3 days, 20

mg twice daily for 3 days, and 20 mg once daily for 3 days). Due to the facial palsy, the fourth

ipilimumab dose on day 85 was withheld, but the participant continued to fully participate in

all protocol-defined visits and assessments. A diagnostic workup for the facial palsy was not

performed. The AE of facial palsy was considered by the investigator to be possibly related to

the study drug. At study end, the moderate (grade 2) facial palsy was reported as continuing.

During the study, 20 of 24 participants (83.3%) reported at least one AE of any grade

(Table 2). The most frequent AEs were diarrhea, nasopharyngitis, lymphadenopathy, and

sinus headache, and there was no suggestion of dose-related differences in frequency. All

events were mild or moderate in severity (grade 1 or 2), with the exception of a severe (grade

3) event of neutropenia in a participant in the 0.1-mg/kg cohort. The participant had mild neu-

tropenia, anemia, and thrombocytopenia at baseline and mild neutropenia at most study

Table 1. Baseline participant characteristics.

Characteristic 0.1 mg/kg 2 doses

(n = 3)

1 mg/kg 2 doses

(n = 3)

3 mg/kg 2 doses

(n = 6)

3 mg/kg 4 doses

(n = 6)

5 mg/kg 2 doses

(n = 6)

Total

(N = 24)

Mean age, years (range) 47.7 (38–54) 48.7 (42–56) 46.2 (40–53) 46.7 (40–61) 44.8 (38–50) 46.5 (38–61)

Male sex, n (%) 3 (100.0) 3 (100.0) 6 (100.0) 6 (100.0) 6 (100.0) 24 (100.0)

Race, n (%)

White 2 (66.7) 2 (66.7) 5 (83.3) 6 (100.0) 4 (66.7) 19 (79.2)

Black 0 0 0 0 1 (16.7) 1 (4.2)

Hispanic 0 1 (33.3) 1 (16.7) 0 1 (16.7) 3 (12.5)

Other 1 (33.3) 0 0 0 0 1 (4.2)

Mean time since diagnosis, years (range) 15.0 (12.8–16.0) 15.7 (13.4–18.3) 17.5 (14.6–21.8) 11.3 (4.8–18.4) 18.1 (10.4–22.6) 16.5 (4.8–

22.6)

Mean HIV-1 RNA at screening, log10

copies/mL (range)

4.25 (3.62–4.64) 4.58 (4.35–4.80) 3.94 (3.08–4.97) 4.64 (3.62–5.11) 4.26 (3.58–4.72) 4.32 (3.08–

5.11)

Mean CD4 count at screening, cells/μL

(range)

373.3 (146–742) 309.3 (171–468) 349.3 (180–610) 340.2 (189–570) 441.5 (251–785) 368.1 (146–

785)

Number of prior failed antiretroviral

regimens, n

2 2 2 2 2 2

On antiretroviral therapy, n

Yes 3 3 6 1 4 17

No 0 0 0 5 2 7

https://doi.org/10.1371/journal.pone.0198158.t001
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assessment time points. Baseline neutrophil count was 1.0 × 109/L (corresponding to a grade 2

decrease with lower limit of normal, 1.8 × 109/L) and, on day 91, the participant experienced

grade 3 neutropenia (neutrophil count, 0.7 × 109/L). There were no concurrent AEs suggestive

of infection, and simultaneous hemoglobin and platelet count values were at or near the partic-

ipant’s baseline values. The grade 3 neutropenia was considered unlikely to be related to ipili-

mumab and resolved without treatment. It was the only AE with a severity greater than grade

2 in the study.

Potentially immune-related AEs, defined as clinically significant events consistent with an

immune-mediated mechanism, were identified in 8 participants. One of the 8 participants had

grade 2 facial palsy (described earlier). In 7 participants, the potential immune-related AE was

diarrhea, all were grade 1 in severity, none resulted in dose limitation, and none required treat-

ment with corticosteroids. Diarrhea occurred in 2 participants in the 0.1-mg/kg cohort; 1 par-

ticipant in the 1-mg/kg cohort; 1 participant in the 3-mg/kg 2-dose cohort; 1 participant in the

3-mg/kg 4-dose cohort; and 2 participants in the 5-mg/kg cohort who each had 2 episodes of

diarrhea. Two participants required treatment for the diarrhea: 1 participant in the 0.1-mg/kg

cohort who had a history of diarrhea received diphenoxylate/atropine, which was continued

until study completion, and 1 participant in the 5-mg/kg cohort required a 7-day course of

loperamide for the second episode of diarrhea. With the exception of 1 participant in the

0.1-mg/kg cohort with onset of diarrhea 1 day before the final study visit, all events of diarrhea

had resolved by the end of the study. One of the participants with diarrhea also had transient

antinuclear antibody (ANA) positivity considered possibly related to ipilimumab. This partici-

pant had a past medical history of asthma, psoriasis, and vitiligo. Their baseline ANA titer was

<1:40 (negative), day 29 ANA titer was 1:160, speckled pattern (�4-fold increase vs baseline),

and day 57 ANA titer was<1:40 (negative). Throughout the study there was no report of rash

or physical examination abnormality for this participant, and their hematology and chemistry

Table 2. Adverse events reported in�4% of participants (total).

Adverse event, n (%) 0.1 mg/kg 2 doses

(n = 3)

1 mg/kg 2 doses

(n = 3)

3 mg/kg 2 doses

(n = 6)

3 mg/kg 4 doses

(n = 6)

5 mg/kg 2 doses

(n = 6)

Total (N = 24)

Any adverse event

Grade 1 1 (33.3) 1 (33.3) 3 (50.0) 1 (16.7) 3 (50.0) 9 (37.5)

Grade 2 1 (33.3) 1 (33.3) 3 (50.0) 4 (66.7) 1 (16.7) 10 (41.7)

Grade 3 1 (33.3) 0 0 0 0 1 (4.2)

Total 3 (100.0) 2 (66.7) 6 (100.0) 5 (83.3) 4 (66.7) 20 (83.3)

Diarrhea 2 (66.7) 1 (33.3) 1 (16.7) 1 (16.7) 2 (33.3) 7 (29.2)

Lymphadenopathy 1 (33.3) 0 2 (33.3) 0 0 3 (12.5)

Nasopharyngitis 0 1 (33.3) 1 (16.7) 1 (16.7) 0 3 (12.5)

Sinus headache 0 0 2 (33.3) 1 (16.7) 0 3 (12.5)

Areflexia 0 1 (33.3) 1 (16.7) 0 0 2 (8.3)

Back pain 1 (33.3) 1 (33.3) 0 0 0 2 (8.3)

Cough 0 1 (33.3) 1 (16.7) 0 0 2 (8.3)

Dehydration 0 0 1 (16.7) 0 1 (16.7) 2 (8.3)

Dizziness 0 0 2 (33.3) 0 0 2 (8.3)

Herpes simplex 0 1 (33.3) 0 1 (16.7) 0 2 (8.3)

Nausea 0 0 1 (16.7) 1 (16.7) 0 2 (8.3)

Pharyngolaryngeal

pain

1 (33.3) 0 1 (16.7) 0 0 2 (8.3)

Sinus congestion 0 0 0 1 (16.7) 1 (16.7) 2 (8.3)

https://doi.org/10.1371/journal.pone.0198158.t002
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laboratory values were within normal limits. Autoimmune test results for rheumatoid factor,

thyroglobulin antibody, and cardiolipin antibody were negative.

Finally, AEs in the infections and infestations category were observed in 10 of 24 partici-

pants (41.7%) and included nasopharyngitis, herpes simplex virus outbreak, amoebic dysen-

tery, bacteriuria, body tinea, candidiasis, folliculitis, giardiasis, gingival infection,

onychomycosis, oral candidiasis, otitis externa, sinusitis, upper respiratory infection, and

urinary tract infection (data not shown). There were no AEs to suggest an immune reconsti-

tution syndrome. Infection-related AEs suggested neither treatment-related immune deficits

nor exaggerated immune responses during the observation period.

Clinical activity

A secondary study objective was to evaluate the clinical activity of ipilimumab in HIV-

1-infected participants; evaluations included measurements of HIV-1 RNA and CD4 cell

count from baseline to protocol-specified time points.

Eight of 24 participants (33.3%) did not have a significant change in HIV-1 RNA, defined

as a�0.5 log10 copies/mL change in HIV-1 RNA sustained over 2 or more consecutive mea-

surements. Two of 24 participants (8.3%) had a significant decrease in HIV-1 RNA of 0.85 and

1.36 log10 copies/mL, respectively (Fig 2A). Both participants with a decrease in HIV-1 RNA

were in the lower dose cohorts (0.1 and 1 mg/kg). Fourteen of 24 participants (58.3%) had a

significant increase in HIV-1 RNA (mean, 0.87 log10 copies/mL; range, 0.59–1.29) (Fig 2A). Of

these 14 participants, all but 1 were in the higher dose groups; of these, 5 were in the 3-mg/kg

2-dose cohort, 5 were in the 3-mg/kg 4-dose cohort, and 3 were in the 5-mg/kg dose cohort

(Fig 2A). Six of the 14 participants with an increase in HIV-1 RNA were not on cART during

the study. Among these 6 participants, the mean (range) HIV-1 RNA increase from baseline

was 0.80 (0.59–1.29) log10 copies/mL. By comparison, among the 8 of 14 participants who

experienced an increase in HIV-1 RNA and were on cART during the study, the mean (range)

increase from baseline HIV-1 RNA was 0.93 (0.71–1.16) log10 copies/mL. Of the 14 partici-

pants with HIV-1 RNA increase, 8 had an increase as soon as day 14 after the first dose (of

these 8, 1 was in the 1-mg/kg dose cohort, 3 were in the 3-mg/kg 2-dose cohort, 1 was in the

3-mg/kg 4-dose cohort, and 2 were in the 5-mg/kg dose cohort; of these 8, 3 were not on cART

and 5 were on cART; data not shown). Mean HIV-1 RNA values over time were lowest for the

0.1-mg/kg dose cohort and highest for the 3-mg/kg 4-dose cohort (Fig 2B).

Participant A had the maximum HIV-1 RNA decrease from baseline in the study (−1.36

log10 copies/mL) on the last visit day on day 85 (Fig 3A). This participant had received 2 previ-

ous cART regimens and was on a stable cART regimen during the study. The mean predose

baseline HIV-1 RNA was 21,990 copies/mL (4.34 log10 copies/mL) and mean predose baseline

CD4 count was 304 cells/μL. Participant A received ipilimumab 1 mg/kg on days 1 and 29 and

experienced an HIV-1 RNA decrease of�0.5 log10 copies/mL on days 71 and 85 (Fig 3A). This

participant achieved a significant HIV-1 RNA decrease 42 days after the second dose of ipili-

mumab. No follow-up information is available about the durability of HIV-1 RNA decrease

beyond the study time points shown. During the study, the participant’s CD4 count change

from baseline ranged from a decrease of 45 cells/μL to an increase of 43 cells/μL; during the

period of HIV-1 RNA decrease, the CD4 count was 342 cells/μL on day 71 and 264 cells/μL on

day 85; no pattern was noted regarding change from baseline in CD8 count.

Participant B had the maximum HIV-1 RNA increase from baseline in the study (+1.29

log10 copies/mL). This participant had received 2 previous cART regimens and was not on a

stable cART regimen during the study. The mean predose baseline HIV-1 RNA was 43,472

copies/mL (4.64 log10 copies/mL) and mean predose baseline CD4 count was 503 cells/μL.

Multiple ascending dose study of ipilimumab in HIV
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Fig 2. HIV-1 RNA change from baseline. (A) HIV-1 RNA values for individual participants (individual squares arranged

vertically represent test results from a given study day for a given participant; the 2 participants with maximum HIV-1 RNA

increase and decrease, respectively, are indicated with arrows; the 14 participants with significant increases in HIV-1 RNA are

indicated with asterisks; the 2 participants with significant decreases in HIV-1 RNA are indicated with double asterisks); (B)

mean HIV-1 RNA values over time for each dose cohort.

https://doi.org/10.1371/journal.pone.0198158.g002
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Participant B received 4 doses of ipilimumab 3 mg/kg on days 1, 29, 57, and 85 and experi-

enced sustained HIV-1 RNA increases from days 8 to 141 (Fig 3B). No follow-up information

about the durability of HIV-1 RNA increase is available for this participant beyond day 141.

During the study, the participant’s CD4 count change from baseline ranged from a decrease of

150 cells/μL to an increase of 312 cells/μL; during the period of HIV-1 RNA increase from

days 8 to 141, the CD4 count ranged from 454 to 815 cells/μL. No pattern was noted regarding

change from baseline in CD8 count.

Fig 3. Data for the participants with the maximum increase or decrease in HIV-1 RNA from baseline. (A) Participant A (ipilimumab 1 mg/

kg, 2 doses); (B) Participant B (ipilimumab 3 mg/kg, 4 doses).

https://doi.org/10.1371/journal.pone.0198158.g003
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Ten of 24 participants (41.7%) experienced no significant change in CD4 count. Four of 24

participants (16.7%) experienced a decrease in CD4 count, and 10 of 24 (41.7%) experienced

an increase in CD4 count (Fig 4). Of the 10 participants with an increase in CD4 count, 9

(90.0%) were in the higher dose cohorts (4 were in the 3-mg/kg 2-dose cohort, 2 were in the

3-mg/kg 4-dose cohort, and 3 were in the 5-mg/kg dose cohort) (data not shown). Generally,

observed increases in CD4 count did not correspond with similar magnitude changes in the

percentage of CD4 cells, were not appreciably above the level of variation observed during the

screening period, were transient, did not appear to be dose-related, and did not correlate with

changes in HIV-1 RNA.

Mean CD8 cell counts were within normal limits in the 1-mg/kg cohort and were above

normal limits in the 0.1-mg/kg cohort at most evaluation time points; above normal limits in

the 3-mg/kg 2-dose cohort and the 5-mg/kg cohorts at all evaluation time points; and showed

no discernible pattern in the 3-mg/kg 4-dose cohort.

Immunologic outcomes

Another secondary study objective was to assess cellular and humoral immune responses to

HIV-1, Candida, and tetanus booster following ipilimumab infusion. Changes in lymphocyte

proliferation and cytokine induction and secretion assays in response to HIV-1, Candida, and

tetanus antigens were minimal and similar across cohorts (data not shown). Similarly, changes

in anti-tetanus toxoid antibody levels were minimal and not considered meaningful over time.

Examination of mean data by cohort did not show any apparent treatment- or dose-related

Fig 4. CD4 count change from baseline. Individual squares arranged vertically represent test results from a given study day for a given

participant.

https://doi.org/10.1371/journal.pone.0198158.g004
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trends in serum levels of neopterin, high-sensitivity C-reactive protein, tumor necrosis factor-

α, soluble tumor necrosis factor receptor II, or interleukin-2 soluble receptor. Examination of

participant-specific data from these immunologic assays did not show any clear trends or pat-

terns in participants with a significant change in either HIV-1 RNA or CD4 count. T-cell acti-

vation marker analysis, T-cell subset analysis, and enzyme-linked immunospot assays were not

performed.

Pharmacokinetics

The serum concentration data of ipilimumab showed biphasic disposition. In the 3-mg/kg

4-dose regimen in HIV-1-infected participants, the geometric mean (% coefficient of varia-

tion) values for Cmax, Cmin, AUCtau, and clearance at steady state of ipilimumab following dose

4 were 51.8 (30.6) μg/mL, 6.29 (37.4) μg/mL, 13,400 (38.3) μg�h/mL, and 0.22 (48.7) mL/h/kg,

respectively. Steady-state concentrations appear to have been reached by dose 3. In the 2-dose

regimen, ipilimumab concentrations increased with increasing dose, but it was not possible to

determine whether the increase was dose-proportional at steady state because steady state was

not reached over this dosing period. In both the 2- and 4-dose regimens, the sampling time

was too short for an accurate estimation of half-life. Finally, plotting AUCtau, Cmax, and Cmin

(dose normalized and not dose normalized; for the doses for which there were data) versus

baseline CD4 values for participants on cART, as well as for those not on cART, did not reveal

any meaningful relationship.

Discussion

This study, undertaken during the early days of clinical development of ipilimumab, was the

first clinical evaluation of ipilimumab in study participants with chronic HIV-1 infection, and

in whom virus was no longer suppressed by available and tolerable cART. The primary objec-

tive was to establish the safety and tolerability of ipilimumab. A secondary objective was to

determine whether CTLA-4 blockade augmented an effective immune response to HIV-1,

resulting in clinical activity as evidenced by reduction in HIV-1 RNA. It was hypothesized that

therapeutic blockade of CTLA-4 may enhance study participants’ immune response to HIV-1,

allowing better control of viremia; however, consideration was given to the potential that

drug-induced activation of CD4 T cells may result in enhanced viral replication, increases in

HIV-1 RNA, and decreases in CD4 T-cell counts.

This study demonstrated that treatment with ipilimumab was safe and tolerable across the

dose range and time frame evaluated. No participant experienced a serious AE, and there were

no deaths during the study; one participant withdrew from the study because of facial palsy

(maximum grade 2 severity). Perhaps this event of facial palsy was an immune-related AE, as

nerve damage resulting in palsy may have been due, in part, to an enhanced immune response

to viral infection and was managed with corticosteroids. At least one case report of bilateral

facial palsy has been reported in the literature in a participant receiving ipilimumab for mela-

noma, and the facial palsy was considered likely to be immune-mediated [14]. The most com-

monly reported AE was grade 1 diarrhea, which did not result in dose limitation and did not

require treatment with corticosteroids. Diarrhea is reported as an immune-related AE in clini-

cal trials of ipilimumab conducted in patients with melanoma and other advanced solid

tumors [9–12]. Data from a retrospective review of 1498 patients with advanced melanoma

from 14 completed ipilimumab clinical trials showed the most commonly observed AEs of any

grade were gastrointestinal (diarrhea, colitis, enterocolitis, and perforation), dermatologic

(rash and pruritus), hepatic, neurological, and endocrine events [15]. With the exception of

diarrhea, which was grade 1 and did not result in dose modifications or corticosteroid
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treatment in this study, AEs commonly associated with ipilimumab therapy in previous clini-

cal trials in patients with cancer were not noted in this study in participants with HIV-1 infec-

tion. Although the present study was not placebo-controlled, the occurrence, frequency, and

severity of the AEs in the infections and infestations category are largely consistent with that

observed in outpatient HIV practice.

This study also demonstrated that changes in HIV-1 RNA occurred in the majority of par-

ticipants. Two participants, both of whom received lower doses of ipilimumab, had decreases

in HIV-1 RNA, whereas most participants who received higher doses of ipilimumab had

increases in HIV-1 RNA. In a setting of uncontrolled viremia, it is possible that an unintended

effect of more widespread T-cell activation with higher doses of ipilimumab may be the pre-

sentation of increased targets for viral replication. At lower doses of ipilimumab, the HIV-1

RNA decrease seen weeks after ipilimumab administration might be explained if an immune

response more specifically targeted to HIV-1 was selectively augmented or elicited. A study of

another immune checkpoint inhibitor, nivolumab (anti-programmed death 1), in patients

with chronic HCV infection showed reductions in viral load observed in some participants

weeks after receiving a single dose of nivolumab [16].

The 2 study participants who met the protocol-defined criteria for a significant decrease in

HIV-1 RNA had some common characteristics. Both experienced their HIV-1 RNA decline

“late” (day 57 or beyond) in the study and had a grade 1 immune-related AE of diarrhea. In

one participant, HIV-1 RNA decline occurred on days 71 and 85 (Fig 3A) and diarrhea was

observed on days 2–4. In the other, HIV-1 RNA decline occurred on days 57 and 71 (data not

shown) and diarrhea was observed on day 84; this participant was also noted to have a tran-

siently positive ANA on day 29. In both participants, no further HIV-1 RNA measurements

were taken after day 85. No other meaningful baseline demographic or disease characteristics

were common between these participants. Change in CD4 count from baseline and results of

immunologic assays did not show any differences in immunologic outcomes in the partici-

pants with HIV-1 RNA decreases compared with those who showed no change or an

increase.

Exploring characteristics of the 14 study participants with increases in HIV-1 RNA reveals

that 13 participants (92.8%) were in the higher dose groups (ipilimumab 3 and 5 mg/kg).

Among participants with an increase in HIV-1 RNA, the level of HIV-1 RNA increase was not

different between participants who were or were not on cART, suggesting no meaningful cor-

relation between cART use and HIV-1 RNA increase. Of the 14 participants with HIV-1 RNA

increase, 8 had an increase as soon as day 14 after the first dose. Among the 14 participants

with an increase in HIV-1 RNA, 2 had grade 1 diarrhea considered unlikely to be related to ipi-

limumab, 1 had lethargy and dizziness (both grade 1) considered possibly related to ipilimu-

mab, and 1 had grade 2 facial palsy considered possibly related to ipilimumab.

In most participants, CD4 count fluctuated within a range of ± 200 cells/μL and changes in

CD4 counts were not appreciably greater than the level of variation observed during the

screening period, were transient, and appeared unrelated to dose and HIV-1 RNA level. In

summary, the CD4 changes observed during ipilimumab treatment do not appear clinically

meaningful. There is a previously published single case study in which significant increases in

CD4 T-cell counts were observed after treatment with ipilimumab in an HIV-1-infected

patient who also had melanoma [8]. In that case study, the patient was on a stable regimen of

cART with fully suppressed virus by standard measures. The participants in our study had

uncontrolled viremia.

The clearance of ipilimumab in participants with HIV-1 (0.22 mL/h/kg or 15.7 mL/h using

an average weight of 70 kg) was similar to that in participants with melanoma (16.8 mL/h).

The steady-state Cmin of ipilimumab observed in HIV-1-infected participants was lower than
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that reported in participants with melanoma. This is expected, due to the difference in dosing

frequency (every 4 weeks in HIV-1-infected participants vs every 3 weeks in participants with

melanoma).

Limitations on the interpretation of this study’s results include the small number of partici-

pants, absence of a placebo control arm, imbalance between cohorts with respect to cART

status, limited PK data availability, and limited immunologic analyses. Additionally, study par-

ticipants had a mean duration of disease of 15.6 years, and the chronic viremia may have

caused difficult-to-reverse T-cell exhaustion [17]. It is possible that patients with a more recent

HIV diagnosis and potentially more active T-cell population might respond differently to

treatment with ipilimumab.

Since the time of study completion reported here, immune checkpoint inhibitors have been

evaluated in other settings of patients with chronic viral infections, including patients with

HIV, with and without concomitant malignancies, and in patients with chronic HCV infec-

tion. The results of these preliminary studies of treatment with antibodies directed at CTLA-4

[8], programmed death 1 [18, 19], or programmed death ligand 1 (PD-L1) [20] have not dem-

onstrated uniform effects on viral load or effector cell counts.

The mean percentage of HIV-1-specific IFN-γ+ CD8+ cells in HIV-infected individuals

well controlled on cART was observed to increase slightly over 28 days after treatment with

a single dose of an anti-PD-L1 antibody (BMS-936559) [20]. This phenomenon was driven

by increases in 2 of 6 participants. Similarly, the HIV-1-specific IFN-γ+ CD8+ cell count

increased in 1 HIV-infected individual who received repeated injections of nivolumab for

non-small cell lung cancer over a 120-day period [19]. Ipilimumab treatment of an HIV-

infected patient on antiretroviral therapy increased CD4+ T cells, predominantly total mem-

ory and effector memory cells, post-infusion along with transient increases in CD8+ T cells

without change in cell activation. Furthermore, ipilimumab increased cell-associated

unspliced HIV RNA and a subsequent decline in plasma HIV RNA [8]. Reports in macaques

found that treatment with ipilimumab was associated with increases in mean serum SIV lev-

els [21], but with decreases in SIV levels in lymph nodes [22]. The findings of a potential

effect on effector cell function are consistent with those of Hryniewicz et al, who also

observed a numerical increase in IFN-γ+ CD8+ cell counts in SIV-infected macaques treated

with ipilimumab [22].

In summary, this study showed that ipilimumab administration to a small number of par-

ticipants with chronic HIV-1 infection in whom virus was not suppressed was tolerated as

well, if not better, as in patients with advanced melanoma [23]. Potential concerns for large

HIV-1 RNA increases or CD4 count decreases were not observed in the current study. In this

population, administration of ipilimumab resulted in decreases in HIV-1 RNA in 2 partici-

pants, although the changes were not clearly related to cART status or changes in CD4 counts.

Fourteen participants had increases in HIV-1 RNA levels and all but 1 of these participants

were in the higher ipilimumab dose cohorts; among these 14 participants, no clinically mean-

ingful correlation with cART use was observed. Based on the results of this small study, there

is no safety concern that precludes further study of immune checkpoint inhibitors in patients

with HIV-1 infection. Further studies are warranted to expand our understanding of strategies

to augment immune response to HIV-1 and to extend the work described here and that of oth-

ers for ipilimumab [8], nivolumab [18, 19], and PD-L1 [20].

Supporting information

S1 Appendix. CONSORT checklist.

(PDF)

Multiple ascending dose study of ipilimumab in HIV

PLOS ONE | https://doi.org/10.1371/journal.pone.0198158 June 7, 2018 15 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0198158.s001
https://doi.org/10.1371/journal.pone.0198158


S2 Appendix. Study protocol.

(PDF)

Acknowledgments

The authors take full responsibility for the content of this publication and confirm that it

reflects their viewpoint and medical expertise. The authors would also like to acknowledge

Jacob Lazelari for his participation and support of the study. Data quality check via indepen-

dent review of data was performed by Carmela Cammalleri and Brittany Grasela at Bristol-

Myers Squibb. Professional medical writing and editorial assistance were provided by Matthew

Weitz on behalf of inScience Communications, Springer Healthcare (Philadelphia, PA, USA).

Author Contributions

Conceptualization: Alan J. Korman, Israel Lowy.

Data curation: Elizabeth Colston, Dennis Grasela, David Gardiner, R. Pat Bucy, Blisse Vakka-

lagadda, Alan J. Korman.

Formal analysis: Elizabeth Colston, Dennis Grasela, David Gardiner, R. Pat Bucy, Blisse

Vakkalagadda.

Investigation: R. Pat Bucy, Israel Lowy.

Writing – original draft: Elizabeth Colston, Dennis Grasela, Blisse Vakkalagadda, Israel

Lowy.

Writing – review & editing: Elizabeth Colston, Dennis Grasela, David Gardiner, R. Pat Bucy,

Blisse Vakkalagadda, Alan J. Korman, Israel Lowy.

References
1. Passaes CP, Saez-Cirion A. HIV cure research: advances and prospects. Virology. 2014; 454–

455:340–352. https://doi.org/10.1016/j.virol.2014.02.021 PMID: 24636252

2. Khaitan A, Unutmaz D. Revisiting immune exhaustion during HIV infection. Curr HIV/AIDS Rep. 2011; 8

(1):4–11. https://doi.org/10.1007/s11904-010-0066-0 PMID: 21188556

3. Wherry EJ. T cell exhaustion. Nat Immunol. 2011; 12(6):492–499. PMID: 21739672

4. Pedersen KK, Pedersen M, Gaardbo JC, Ronit A, Hartling HJ, Bruunsgaard H, et al. Persisting inflam-

mation and chronic immune activation but intact cognitive function in HIV-infected patients after long-

term treatment with combination antiretroviral therapy. J Acquir Immune Defic Syndr. 2013; 63(3):272–

279.

5. Steiner K, Waase I, Rau T, Dietrich M, Fleischer B, Broker BM. Enhanced expression of CTLA-4

(CD152) on CD4+ T cells in HIV infection. Clin Exp Immunol. 1999; 115(3):451–457. https://doi.org/10.

1046/j.1365-2249.1999.00806.x PMID: 10193417

6. Leng Q, Bentwich Z, Magen E, Kalinkovich A, Borkow G. CTLA-4 upregulation during HIV infection:

association with anergy and possible target for therapeutic intervention. AIDS. 2002; 16(4):519–529.

PMID: 11872994

7. Kaufmann DE, Kavanagh DG, Pereyra F, Zaunders JJ, Mackey EW, Miura T, et al. Upregulation of

CTLA-4 by HIV-specific CD4+ T cells correlates with disease progression and defines a reversible

immune dysfunction. Nat Immunol. 2007; 8(11):1246–1254. https://doi.org/10.1038/ni1515 PMID:

17906628

8. Wightman F, Solomon A, Kumar SS, Urriola N, Gallagher K, Hiener B, et al. Effect of ipilimumab on the

HIV reservoir in an HIV-infected individual with metastatic melanoma. AIDS. 2015; 29(4):504–506.

https://doi.org/10.1097/QAD.0000000000000562 PMID: 25628259

9. Hoos A, Ibrahim R, Korman A, Abdallah K, Berman D, Shahabi V, et al. Development of ipilimumab:

contribution to a new paradigm for cancer immunotherapy. Semin Oncol. 2010; 37(5):533–546. https://

doi.org/10.1053/j.seminoncol.2010.09.015 PMID: 21074069

Multiple ascending dose study of ipilimumab in HIV

PLOS ONE | https://doi.org/10.1371/journal.pone.0198158 June 7, 2018 16 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0198158.s002
https://doi.org/10.1016/j.virol.2014.02.021
http://www.ncbi.nlm.nih.gov/pubmed/24636252
https://doi.org/10.1007/s11904-010-0066-0
http://www.ncbi.nlm.nih.gov/pubmed/21188556
http://www.ncbi.nlm.nih.gov/pubmed/21739672
https://doi.org/10.1046/j.1365-2249.1999.00806.x
https://doi.org/10.1046/j.1365-2249.1999.00806.x
http://www.ncbi.nlm.nih.gov/pubmed/10193417
http://www.ncbi.nlm.nih.gov/pubmed/11872994
https://doi.org/10.1038/ni1515
http://www.ncbi.nlm.nih.gov/pubmed/17906628
https://doi.org/10.1097/QAD.0000000000000562
http://www.ncbi.nlm.nih.gov/pubmed/25628259
https://doi.org/10.1053/j.seminoncol.2010.09.015
https://doi.org/10.1053/j.seminoncol.2010.09.015
http://www.ncbi.nlm.nih.gov/pubmed/21074069
https://doi.org/10.1371/journal.pone.0198158


10. Hodi FS, O’Day SJ, McDermott DF, Weber RW, Sosman JA, Haanen JB, et al. Improved survival with

ipilimumab in patients with metastatic melanoma. N Engl J Med. 2010; 363(8):711–723. https://doi.org/

10.1056/NEJMoa1003466 PMID: 20525992

11. Wolchok JD, Hodi FS, Weber JS, Allison JP, Urba WJ, Robert C, et al. Development of ipilimumab: a

novel immunotherapeutic approach for the treatment of advanced melanoma. Ann N Y Acad Sci. 2013;

1291:1–13. https://doi.org/10.1111/nyas.12180 PMID: 23772560

12. Robert C, Thomas L, Bondarenko I, O’Day S, Weber J, Garbe C, et al. Ipilimumab plus dacarbazine for

previously untreated metastatic melanoma. N Engl J Med. 2011; 364(26):2517–2526. https://doi.org/

10.1056/NEJMoa1104621 PMID: 21639810

13. Macatangay BJ, Zheng L, Rinaldo CR, Landay AL, Pollard RB, Pahwa S, et al. Comparison of immuno-

logic assays for detecting immune responses in HIV immunotherapeutic studies: AIDS Clinical Trials

Group Trial A5181. Clin Vaccine Immunol. 2010; 17(9):1452–1459. https://doi.org/10.1128/CVI.00498-

09 PMID: 20631337

14. Altman AL, Golub JS, Pensak ML, Samy RN. Bilateral facial palsy following ipilimumab infusion for mela-

noma. Otolaryngol Head Neck Surg. 2015; 153(5):894–895. https://doi.org/10.1177/0194599815606701

PMID: 26408564

15. Ibrahim RA, Berman DM, Depril V, Humphrey RW, Chen T, Messina M, et al. Ipilimumab safety profile:

summary of findings from completed trials in advanced melanoma. J Clin Oncol. 2011; 29(15 suppl):

abstr 8583.

16. Gardiner D, Lalezari J, Lawitz E, DiMicco M, Ghalib R, Reddy KR, et al. A randomized, double-blind,

placebo-controlled assessment of BMS-936558, a fully human monoclonal antibody to programmed

death-1 (PD-1), in patients with chronic hepatitis C virus infection. PLoS One. 2013; 8(5):e63818.

https://doi.org/10.1371/journal.pone.0063818 PMID: 23717490

17. Jin HT, Jeong YH, Park HJ, Ha SJ. Mechanism of T cell exhaustion in a chronic environment. BMB

Rep. 2011; 44(4):217–231.

18. Davar D, Wilson M, Pruckner C, Kirkwood JM. PD-1 blockade in advanced melanoma in patients with

hepatitis C and/or HIV. Case Rep Oncol Med. 2015; 2015:737389. https://doi.org/10.1155/2015/

737389 PMID: 26448890

19. Le Garff G, Samri A, Lambert-Niclot S, Even S, Lavole A, Cadranel J, et al. Transient HIV-specific T

cells increase and inflammation in an HIV-infected patient treated with nivolumab. AIDS. 2017;

31(7):1048–1051. https://doi.org/10.1097/QAD.0000000000001429 PMID: 28350581

20. Gay CL, Bosch RJ, Ritz J, Hataye JM, Aga E, Tressler RL, et al. Clinical trial of the anti-PD-L1 antibody

BMS-936559 in HIV-1 infected participants on suppressive antiretroviral therapy. J Infect Dis. 2017;

215(11):1725–1733. https://doi.org/10.1093/infdis/jix191 PMID: 28431010

21. Cecchinato V, Tryniszewska E, Ma ZM, Vaccari M, Boasso A, Tsai WP, et al. Immune activation driven

by CTLA-4 blockade augments viral replication at mucosal sites in simian immunodeficiency virus infec-

tion. J Immunol. 2008; 180(8):5439–5447. PMID: 18390726

22. Hryniewicz A, Boasso A, Edghill-Smith Y, Vaccari M, Fuchs D, Venzon D, et al. CTLA-4 blockade

decreases TGF-beta, IDO, and viral RNA expression in tissues of SIVmac251-infected macaques.

Blood. 2006; 108(12):3834–3842. https://doi.org/10.1182/blood-2006-04-010637 PMID: 16896154

23. Feng Y, Masson E, Dai D, Parker SM, Berman D, Roy A. Model-based clinical pharmacology profiling

of ipilimumab in patients with advanced melanoma. Br J Clin Pharmacol. 2014; 78(1):106–117. https://

doi.org/10.1111/bcp.12323 PMID: 24433434

Multiple ascending dose study of ipilimumab in HIV

PLOS ONE | https://doi.org/10.1371/journal.pone.0198158 June 7, 2018 17 / 17

https://doi.org/10.1056/NEJMoa1003466
https://doi.org/10.1056/NEJMoa1003466
http://www.ncbi.nlm.nih.gov/pubmed/20525992
https://doi.org/10.1111/nyas.12180
http://www.ncbi.nlm.nih.gov/pubmed/23772560
https://doi.org/10.1056/NEJMoa1104621
https://doi.org/10.1056/NEJMoa1104621
http://www.ncbi.nlm.nih.gov/pubmed/21639810
https://doi.org/10.1128/CVI.00498-09
https://doi.org/10.1128/CVI.00498-09
http://www.ncbi.nlm.nih.gov/pubmed/20631337
https://doi.org/10.1177/0194599815606701
http://www.ncbi.nlm.nih.gov/pubmed/26408564
https://doi.org/10.1371/journal.pone.0063818
http://www.ncbi.nlm.nih.gov/pubmed/23717490
https://doi.org/10.1155/2015/737389
https://doi.org/10.1155/2015/737389
http://www.ncbi.nlm.nih.gov/pubmed/26448890
https://doi.org/10.1097/QAD.0000000000001429
http://www.ncbi.nlm.nih.gov/pubmed/28350581
https://doi.org/10.1093/infdis/jix191
http://www.ncbi.nlm.nih.gov/pubmed/28431010
http://www.ncbi.nlm.nih.gov/pubmed/18390726
https://doi.org/10.1182/blood-2006-04-010637
http://www.ncbi.nlm.nih.gov/pubmed/16896154
https://doi.org/10.1111/bcp.12323
https://doi.org/10.1111/bcp.12323
http://www.ncbi.nlm.nih.gov/pubmed/24433434
https://doi.org/10.1371/journal.pone.0198158

