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Translational relevance statement (146; limit 120-150 words) 128 

Combining programmed death 1 (PD-1) and cytotoxic T-lymphocyte–associated antigen 4 129 

(CTLA-4) inhibitors provides substantial long-term benefit albeit with considerable toxicity 130 

in advanced melanoma. CTLA-4 inhibitors (eg, ipilimumab) are associated with dose-131 

dependent toxicity. Consequently, PD-1 inhibitors plus alternative ipilimumab dosing 132 

regimens have been tested to reduce toxicity while maintaining antitumor activity. We report 133 

results from cohort C of the phase I KEYNOTE-029 study involving standard-dose 134 

pembrolizumab plus alternative ipilimumab dosing regimens in patients with advanced 135 

melanoma. Patients received pembrolizumab 200 mg every 3 weeks for ≤24 months plus 136 

ipilimumab 50 mg every 6 weeks for 4 doses, or the same pembrolizumab regimen plus 137 

ipilimumab 100 mg every 12 weeks for 4 doses. Both regimens showed antitumor activity 138 

above the protocol-defined threshold, and pembrolizumab plus ipilimumab 50 mg met the 139 

threshold for meaningful reduction in toxicity. Further exploration of PD-1 inhibitors with 140 

alternative ipilimumab dosing is warranted. 141 

  142 
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ABSTRACT (249/250 words) 143 

Purpose: Standard-dose pembrolizumab plus alternative-dose ipilimumab (1 mg/kg Q3W for 144 

4 doses) was tolerable and had robust antitumor activity in advanced melanoma in cohort B 145 

of the phase 1 KEYNOTE-029 study. Cohort C evaluated standard-dose pembrolizumab with 146 

two other alternative ipilimumab regimens.  147 

Experimental Design: Patients with treatment-naive unresectable stage III/IV melanoma 148 

were randomly assigned 1:1 to pembrolizumab 200 mg Q3W for ≤24 months plus 149 

ipilimumab 50 mg Q6W for 4 doses (PEM200+IPI50), or the same pembrolizumab regimen 150 

plus ipilimumab 100 mg Q12W for 4 doses (PEM200+IPI100). Primary end points were 151 

incidence of grade 3-5 treatment-related adverse events (TRAEs) and objective response rate 152 

(ORR) per RECIST v1.1 by independent central review. Per protocol-defined thresholds, 153 

grade 3-5 TRAE incidence ≤26% indicated meaningful toxicity reduction and ORR ≥48% 154 

indicated no decrease in efficacy versus data reported for other PD-1 inhibitor/ipilimumab 155 

combinations. 156 

Results: Median follow-up on February 18, 2019, was 16.3 months in PEM200+IPI50 157 

(N=51) and 16.4 months in PEM200+IPI100 (N=51). Grade 3-5 TRAEs occurred in 12 158 

(24%) patients in PEM200+IPI50 and 20 (39%) in PEM200+IPI100. One patient in 159 

PEM200+IPI50 died from treatment-related autoimmune myocarditis. Immune-mediated 160 

AEs or infusion reactions occurred in 21 (42%) patients in PEM200+IPI50 and 28 (55%) in 161 

PEM200+IPI100. ORR was 55% in PEM200+IPI50; 61% in PEM200+IPI100.  162 

Conclusions: Pembrolizumab 200 mg Q3W plus ipilimumab 50 mg Q6W or 100 mg Q12W 163 

demonstrated antitumor activity above the predefined threshold; pembrolizumab plus 164 

ipilimumab 50 mg Q6W had lower incidence of grade 3-5 TRAEs than the predefined 165 

threshold, suggesting a reduction in toxicity.  166 

Trial identification: ClinicalTrials.gov, NCT02089685 167 
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INTRODUCTION 168 

Programmed death 1 (PD-1) inhibitors are a standard treatment option for patients with 169 

advanced melanoma (1), and when given in combination with the cytotoxic T-lymphocyte–170 

associated antigen 4 (CTLA-4) inhibitor ipilimumab, can provide substantial long-term 171 

benefit (2). This was initially demonstrated in the phase 2 CheckMate 069 and phase 3 172 

CheckMate 067 studies (2-4). The latter investigated the PD-1 inhibitor nivolumab at 1 173 

mg/kg plus ipilimumab 3 mg/kg every 3 weeks (Q3W) for 4 doses followed by nivolumab 174 

maintenance. The 5-year overall survival (OS) rate in CheckMate 067 was numerically 175 

higher (52%) for nivolumab plus ipilimumab compared with nivolumab (44%) or ipilimumab 176 

monotherapy (26%) (2). However, the combination was associated with a higher incidence of 177 

grade 3/4 treatment-related adverse events (TRAEs) (59%) compared with nivolumab (23%) 178 

or ipilimumab monotherapy (28%) (2). 179 

CTLA-4 inhibitors are known to be associated with dose-dependent toxicity and are 180 

associated with a higher incidence of fatal adverse events (AEs) (5,6). Consequently, several 181 

studies have investigated alternative dosing combinations of PD-1 inhibitors and ipilimumab 182 

with the aim of reducing toxicity while retaining antitumor activity (7,8).  183 

The phase IIIb/IV CheckMate 511 study compared 2 dosing regimens of nivolumab 184 

with ipilimumab; the approved regimen of nivolumab 1 mg/kg plus ipilimumab 3 mg/kg 185 

Q3W for 4 doses followed by nivolumab maintenance (NIVO1+IPI3) versus nivolumab 3 186 

mg/kg plus ipilimumab 1 mg/kg for 4 doses followed by nivolumab maintenance 187 

(NIVO3+IPI1). NIVO3+IPI1 was associated with a lower incidence of grade 3-5 TRAEs 188 

compared with NIVO1+IPI3 (34% vs 48%; P = 0.006), and similar objective response rates 189 

(ORR; 45.6% vs 50.6%, respectively), although the study was not powered to demonstrate 190 

noninferiority for efficacy (8). 191 
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Manageable toxicity was also observed in cohort B of the single-arm KEYNOTE-029 192 

study (N = 153), which investigated pembrolizumab 2 mg/kg plus ipilimumab 1 mg/kg Q3W 193 

for 4 doses followed by pembrolizumab maintenance (7,9). At a median follow-up of 36.8 194 

months, grade 3/4 TRAEs occurred in 47.1% of patients; the ORR was 62.1%; the median 195 

duration of response (DOR), progression-free survival (PFS), and OS were not reached (9). 196 

This incidence of grade 3/4 TRAEs was lower than that reported for standard-dose nivolumab 197 

plus ipilimumab in CheckMate-069 and CheckMate-067 (54% and 59%, respectively) with a 198 

similar ORR (59% and 58%, respectively) (2,3). Although the results from cohort B of the 199 

KEYNOTE-029 study indicated that standard-dose pembrolizumab with reduced-dose 200 

ipilimumab had a manageable toxicity profile and robust antitumor activity, it remains 201 

unknown whether dose frequency has an impact on safety and efficacy of the combination. 202 

The objective of this analysis was to establish the safety and antitumor activity of 203 

standard-dose pembrolizumab with 2 alternative flat-dosing regimens of ipilimumab (50 mg 204 

every 6 weeks [Q6W] for 4 doses or 100 mg every 12 weeks [Q12W] for 4 doses) in patients 205 

with advanced melanoma.     206 

 207 

 208 

METHODS 209 

Study Design and Participants 210 

Cohort C of the open-label phase I KEYNOTE-029 study recruited patients from 20 sites in 211 

Australia, Canada, France, New Zealand, and the United States. Eligible patients were 18 212 

years or older, had previously untreated, histologically confirmed unresectable stage III or IV 213 

melanoma (not uveal or ocular), measurable disease per Response Evaluation Criteria in 214 

Solid Tumors (RECIST) v1.1, Eastern Cooperative Oncology Group (ECOG) performance 215 

status of 0 or 1, and adequate organ function. Patients could have received prior adjuvant or 216 
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neoadjuvant therapy on the condition that (1) treatment did not target PD-1, programmed 217 

death ligand 1 (PD-L1), BRAF, or MEK, (2) they did not discontinue adjuvant/neoadjuvant 218 

treatment because of TRAEs and all TRAEs had resolved, and (3) if anti–CTLA-4 therapy 219 

was received, relapse did not occur during treatment or within the following 6 months. 220 

Patients were excluded if they had brain metastases or carcinomatous meningitis (patients 221 

with previously treated, stable brain metastases were eligible). Additional eligibility criteria 222 

are listed in the Supplementary Methods (study protocol available online). 223 

The study protocol and amendments were approved by the appropriate institutional 224 

review boards and ethics committees for each center. The study was conducted in accordance 225 

with the protocol and subsequent amendments, Good Clinical Practice Guidelines, and the 226 

Declaration of Helsinki. All patients provided written informed consent. 227 

 228 

Procedures 229 

Patients were randomly assigned (1:1) to ipilimumab 50 mg Q6W intravenously (IV) 230 

for 4 doses plus pembrolizumab 200 mg Q3W IV for up to 24 months (PEM200+IPI50) or 231 

ipilimumab 100 mg Q12W IV for 4 doses plus pembrolizumab 200 mg Q3W IV for up to 24 232 

months (PEM200+IPI100). Randomization was performed centrally using an interactive 233 

voice response/integrated web response system. Treatment with pembrolizumab was 234 

discontinued if patients had documented disease progression, unacceptable AEs, or withdrew 235 

from the study. Patients with radiologic progressive disease who were continuing to derive 236 

clinical benefit from therapy and were clinically stable were permitted to continue treatment 237 

at the discretion of the investigator and with sponsor approval. After at least 24 weeks of 238 

treatment with pembrolizumab, patients who attained an investigator-determined complete 239 

response (CR) could stop pembrolizumab treatment if at least 2 doses were received after CR 240 

was first documented.  241 
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 242 

Assessments 243 

Tumor radiographic imaging was performed Q6W until week 24 and Q12W 244 

thereafter. Tumor response was assessed per RECIST v1.1 by independent central review. 245 

Investigator-assessed modified RECIST v1.1 was used for informing treatment decisions. 246 

Safety was assessed throughout the study and for 30 days thereafter (90 days for serious AEs 247 

and immune-mediated AEs), and AEs were graded per the National Cancer Institute 248 

Common Terminology Criteria for Adverse Events, version 4.0. PD-L1 expression in tumor 249 

samples was assessed at a central laboratory using the PD-L1 IHC 22C3 pharmDx assay 250 

(Agilent Technologies, Carpinteria, CA, USA). PD-L1 positivity was defined as staining on 251 

at least 1% of tumor cells or adjacent immune cells.  252 

Primary end points were safety and tolerability, incidence of grade 3-5 TRAEs, and 253 

ORR. Secondary end points included PFS, DOR, and OS. Additional details regarding end 254 

points are included in the Supplementary Methods. 255 

 256 

Statistical Analysis 257 

Fifty participants per arm were planned for enrollment in cohort C to provide 258 

adequate precision for estimating the primary end points. Given this sample size, an 259 

incidence of grade 3-5 TRAEs of ≤26% would suggest a meaningful reduction in toxicity 260 

compared with other combination regimens of PD-1 inhibitors and ipilimumab as the upper 261 

bound of a 90% confidence interval (CI) for the true incidence of grade 3-5 TRAEs excludes 262 

40%, given rates for combinations of nivolumab and ipilimumab typically exceed 40% 263 

(3,10). An ORR ≥48% would suggest efficacy similar to that of other combination regimens 264 

of PD-1 inhibitors and ipilimumab, as the 90% CI excludes 35%, which is a rate consistent 265 

with that observed in phase III studies of pembrolizumab monotherapy (11,12). The efficacy 266 
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population included all patients with measurable disease; the safety population included all 267 

patients who received at least 1 dose of study treatment. The Kaplan-Meier method was used 268 

for estimation of PFS, OS, and DOR. Exact 95% CIs were calculated for ORR. Exploratory 269 

subgroup analysis of ORR by patient baseline characteristics was also performed. Statistical 270 

analyses were performed using SAS, version 9.4. This multicohort trial is registered with 271 

ClinicalTrials.gov, number NCT02089685.  272 

 273 

 274 

RESULTS 275 

Between June 15, 2017, and March 2, 2018, 102 patients were enrolled into cohort 1C (51 to 276 

PEM200+IPI50, 51 to PEM200+IPI100) (Supplementary Figure S1). At baseline, most 277 

patients had an ECOG performance status of 0 (88% PEM200+IPI50, 82% 278 

PEM200+IPI100), normal lactate dehydrogenase (LDH) level (59%, 71%), and PD-L1–279 

positive tumors (63%, 61%) (Table 1). For several baseline characteristics, there was a ≥10% 280 

difference between the treatment arms. Notably, there was a higher proportion of patients 281 

with poor prognostic factors in the PEM200+IPI50 arm; M1c stage (67%, 51%), elevated 282 

LDH levels (35%, 25%), and brain metastasis (10%, 0%). A higher proportion of patients in 283 

the PEM200+IPI100 arm had BRAF-mutant disease (29%, 39%).  284 

 285 

Patient Disposition 286 

At the February 18, 2019, data cutoff, the median follow-up was 16.3 months (range, 0.8 to 287 

20 months) for PEM200+IPI50 and 16.4 months (range, 0.4 to 20.2 months) for 288 

PEM200+IPI100, and 30 (59%) and 24 (47%) patients, respectively, were continuing study 289 

treatment (Supplementary Table S1). The most common reasons for discontinuation of 290 

study treatment were progressive disease (22% [n = 11], PEM200+IPI50; 12% [n = 6], 291 
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PEM200+IPI100) and AEs (16% [n = 8], PEM200+IPI50; 20% [n = 10], PEM200+IPI100) 292 

(Supplementary Figure S1). Five patients discontinued treatment after achieving CR (1 293 

patient in the PEM200+IPI50 arm had received 11.8 months of study treatment; 4 patients in 294 

the PEM200+IPI100 arm who had received 8.5, 15.7, 16.7, and 18.5 months of study 295 

treatment, respectively).  296 

 297 

Safety 298 

Pembrolizumab and ipilimumab exposure were similar in both arms (Supplementary 299 

Table S2). Patients in PEM200+IPI50 received a median of 19 doses (range, 1 to 29 doses) 300 

of pembrolizumab and 4 doses (range, 1 to 6 doses) of ipilimumab; patients in 301 

PEM200+IPI100 received a median of 19 doses (range, 1 to 30 doses) of pembrolizumab and 302 

4 doses (range, 1 to 4 doses) of ipilimumab. Most patients in both arms received 4 doses of 303 

ipilimumab (38 [75%] PEM200+IPI50; 31 [61%] PEM200+IPI100) (Supplementary Table 304 

S2). All 51 (100%) patients in PEM200+IPI50 and 49 (96%) patients in PEM200+IPI100 305 

experienced ≥1 TRAE. Of 51 patients in each arm, 12 (24%) and 20 (39%) experienced ≥1 306 

grade 3-5 TRAE (Table 2). In the PEM200+IPI50 arm, a 74-year-old male patient died on 307 

day 24 from first dose of study drug because of treatment-related autoimmune myocarditis; 308 

this patient had a prior medical history of grade 2 hypertension, treated with losartan. Eight 309 

(16%) patients in PEM200+IPI50 and 12 (24%) patients in PEM200+IPI100 discontinued 310 

one or both study drugs because of a TRAE (Supplementary Table S1). Discontinuation of 311 

both pembrolizumab and ipilimumab due to the same TRAE occurred in 6 (12%) patients in 312 

PEM200+IPI50 and 5 (10%) patients in PEM200+IPI100. No (0%) patients in 313 

PEM200+IPI50 and 2 (4%) patients in PEM200+IPI100 discontinued ipilimumab only 314 

because of a TRAE. After completion of ipilimumab, pembrolizumab was discontinued 315 

because of a TRAE in 1 (2%) patient in each arm. One (2%) patient in each arm discontinued 316 
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ipilimumab for 1 TRAE and later discontinued pembrolizumab for another TRAE 317 

(Supplementary Table S1).  318 

The most common TRAEs of any grade in the PEM200+IPI50 and PEM200+IPI100 319 

arms were fatigue (57%, 51%), pruritus (31%, 53%), rash (39%, 41%), and diarrhea (25%, 320 

35%) (Table 2). The most common grade 3/4 TRAEs were increased lipase (10% 321 

PEM200+IPI50, 16% PEM200+IPI100), colitis (4%, 6%) and increased amylase (2%, 4%) 322 

(Supplementary Table S3).   323 

Immune-mediated AEs (derived from a predefined, sponsor-specified list of AEs with 324 

immunologic mechanisms of action) and infusion reactions occurred in 21 (41%) patients in 325 

PEM200+IPI50 and 28 (55%) patients in PEM200+IPI100 and were predominantly grade 1 326 

or 2 in severity (Supplementary Table S4). The most common immune-mediated AEs 327 

(≥10% of patients in either arm) were hypothyroidism (14% PEM200+IPI50, 20% 328 

PEM200+IPI100) and colitis (10%, 12%). Grade 3 immune-mediated AEs that occurred in 329 

more than 1 patient in either arm were colitis (6% PEM200+IPI50, 8% PEM200+IPI100) and 330 

hepatitis (2%, 4%). One (2%) patient in the PEM200+IPI50 arm had grade 4 myositis and 1 331 

(2%) patient in the PEM200+IPI50 arm died because of immune-mediated myocarditis. Ten 332 

(48%) patients in the PEM200+IPI50 arm and 19 (68%) patients in the PEM200+IPI100 arm 333 

with immune-mediated AEs or infusion reactions were treated with systemic corticosteroids 334 

(Supplementary Table S5). 335 

 336 

Efficacy 337 

The ORR was 55% (28 of 51 patients; 95% CI, 40% to 69%) in PEM200+IPI50 and 338 

61% (31 of 51 patients; 95% CI, 46% to 74%) in PEM200+IPI100, including 8 CRs (16%) in 339 

PEM200+IPI50 and 13 CRs (25%) in PEM200+IPI100 (Table 3). Median time to response 340 

was 1.4 months (range, 1.3 to 9.3 months) in PEM200+IPI50 and 1.5 months (range, 1.3 to 341 
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10.9 months) in PEM200+IPI100. In PEM200+IPI50, 38 of 43 (88%) evaluable patients 342 

experienced a reduction in target lesion size from baseline (Figure 1A). In PEM200+IPI100, 343 

40 of 44 (91%) evaluable patients experienced a reduction in target lesion size from baseline 344 

(Figure 1B). Four of 28 (14%) responders in PEM200+IPI50 had progressed at data cutoff 345 

(Figure 2A), and 2 of 31 (6%) in PEM200+IPI10 (Figure 2B); the median DOR was not 346 

reached in PEM200+IPI50 (range, 1.4+ to 17.9+ months) or PEM200+IPI100 (range, 2.8+ to 347 

18.3+ months); the percentage of patients with ongoing response at 12 months was estimated 348 

to be 88% in PEM200+IPI50 and 93% in PEM200+IPI100 (Figure 3A). Subgroup analysis 349 

of ORR by patient baseline characteristics showed treatment benefit from both regimens 350 

regardless of baseline clinical or demographic characteristics, although patient numbers were 351 

small in some subgroups (Supplementary Figure S2). Patients with BRAF-mutant versus 352 

BRAF wild-type melanoma, normal versus elevated baseline LDH level, and PD-L1–positive 353 

versus negative melanoma had higher response rates in both arms.  354 

At data cutoff, 19 (37%) of 51 patients in PEM200+IPI50 and 13 (25%) of 51 in 355 

PEM200+IPI100 had a progression event; median PFS was not reached in either arm. The 6-356 

month PFS rate was 74% (95% CI, 60% to 84%) in PEM200+IPI50 and 86% (95% CI, 73% 357 

to 93%) in PEM200+IPI100; the 12-month PFS rate was 65% (95% CI, 50% to 77%) in 358 

PEM200+IPI50 and 82% (95% CI, 68% to 90%) in PEM200+IPI100; the 18-month PFS rate 359 

was 59% (95% CI, 43% to 72%) in PEM200+IPI50 and 69% (95% CI, 52% to 81%) in 360 

PEM200+IPI100 (Figure 3B). 361 

Fourteen (27%) patients in PEM200+IPI50 arm and 12 (24%) patients in 362 

PEM200+IPI100 received subsequent anticancer therapy after discontinuation of study 363 

treatment. Of these, 10 (20%) in the PEM200+IPI50 arm and 4 (8%) in the PEM200+IPI100 364 

received therapy after discontinuing the study because of progressive disease 365 

(Supplementary Table S6). Eleven (22%) and 6 (12%) patients received subsequent 366 
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immunotherapy in the PEM200+IPI50 and PEM200+IPI100 arms, respectively 367 

(Supplementary Table S6). After discontinuing study treatment, most patients received a 368 

checkpoint inhibitor alone or combined with an experimental therapy, and all patients with 369 

BRAF-mutant disease who experienced disease progression received a BRAF+ MEK 370 

inhibitor (1 patient in the PEM200+IPI50 arm and 3 in the PEM200+IPI100 arm). 371 

At data cutoff, 5 (10%) patients in PEM200+IPI50 and 6 (12%) in PEM200+IPI100 372 

had died because of progression of melanoma, and 1 patient in the PEM200+IPI50 arm died 373 

because of a TRAE. Median OS was not reached in either arm; the 12-month OS rate was 374 

94% (95% CI, 83% to 98%) in PEM200+IPI50 and 90% (95% CI, 78% to 96%) in 375 

PEM200+IPI100; 18-month OS rate was 85% (95% CI, 70% to 92%) in PEM200+IPI50 and 376 

82% (95% CI, 67% to 91%) in PEM200+IPI100 (Figure 3C).  377 

 378 

DISCUSSION 379 

Cohort 1C of the KEYNOTE 029 study was designed to investigate standard-dose 380 

pembrolizumab with alternative-dose ipilimumab to determine if the efficacy of combined 381 

PD-1 and CTLA-4 inhibitor therapy could be maintained while reducing toxicity. With an 382 

incidence of grade 3-5 TRAEs of 24%, PEM200+IPI50 met the predefined threshold (≤26%) 383 

for a meaningful reduction in toxicity compared with the incidence reported in other studies 384 

investigating combined PD-1 and CTLA-4 inhibitor regimens (7,8). This threshold was not 385 

met with PEM200+IPI100 (grade 3-5 TRAEs 39%). Notably, the ORR in both 386 

PEM200+IPI50 (55%) and PEM200+IPI100 (61%) met the predefined threshold of ≥48% for 387 

equivalent efficacy with other PD-1 and CTLA-4 inhibitor combinations.  388 

The ORR and CR results reported in the current study (PEM200+IPI50: ORR, 55%, 389 

and CR, 16%; PEM200+IPI100: ORR, 61%, and CR, 25%) are within the ranges reported in 390 

previous studies of PD-1 plus CTLA-4 inhibitors in melanoma, although cross-trial 391 
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comparisons should be made cautiously because of differences in patient populations, study 392 

procedures, and length of follow-up. In CheckMate 067 (2) and CheckMate 511 (8), standard 393 

or alternate nivolumab plus ipilimumab dosing resulted in ORRs of 51% to 58% for standard 394 

dosing and 46% for alternate dosing, and CRs of 14% to 22% and 15%, respectively. In 395 

cohort B of the KEYNOTE-029 study, ipilimumab 1 mg/kg plus standard-dose 396 

pembrolizumab resulted in an ORR of 62% and CR of 27% (9). Similarly, the 12-month PFS 397 

rates in the current study (65%, PEM200+IPI50; 82%, PEM200+IPI100) were favorable 398 

compared with the 12-month PFS rates reported with other PD-1 plus CTLA-4 inhibitor 399 

regimens: 46% to 53% with standard ipilimumab plus nivolumab dosing, 47% with 400 

ipilimumab 1 mg/kg plus nivolumab 3 mg/kg, and 68% with ipilimumab 1 mg/kg plus 401 

standard-dose pembrolizumab (3,8,9). Similar findings are observed when comparing 12-402 

month OS rates in the current study (≥90% in each arm) with 12-month OS rates for other 403 

CTLA-4 plus PD-1 inhibitor regimens (73%–89%) (3,7).  404 

The results of this study suggest that further exploration of alternative ipilimumab 405 

dosing in combination with PD-1 inhibitors is warranted. Randomized controlled trials 406 

comparing alternative dosing regimens to standard dosing regimens are needed, as there may 407 

be a dose-response with CTLA-4 inhibitors that has not been observed with PD-1 inhibitors. 408 

For example, in a randomized phase 3 trial, ipilimumab administered at 10 mg/kg Q3W for 4 409 

doses improved the OS in advanced melanoma patients compared with 3 mg/kg (13). In 410 

contrast, pembrolizumab has a similar efficacy whether administered at 10 mg/kg every 2 or 411 

3 weeks, or 2 mg/kg Q3W (12,14,15). In addition to dose-response, the effect of varying 412 

CTLA-4 inhibitor duration in the treatment schedule also needs to be explored. In this study, 413 

75% of patients in the PEM200+IPI50 arm and 61% of patients in the PEM200+IPI100 arm 414 

received 4 doses of ipilimumab. In contrast, patients in CheckMate 067 receiving nivolumab 415 

1 mg/kg + ipilimumab 3 mg/kg every 3 weeks for 4 doses, followed by nivolumab 3 mg/kg 416 
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every 2 weeks, had lower ipilimumab exposure, with only 57% of patients receiving 4 doses 417 

(2). Factors that may have contributed to this difference include the dose of PD-1 and CTLA-418 

4 inhibitor received and the treatment schedule. Although not powered to make comparisons, 419 

our current study showed a numerically higher ORR and a higher proportion of CRs in 420 

PEM200+IPI100 versus PEM200+IPI50; this should be interpreted with caution since a 421 

higher proportion of patients had poorer baseline prognostic factors in PEM200+IPI50 versus 422 

PEM200+IPI100 (eg, elevated LDH [35% vs 26%] and M1c [67% vs 51%]). 423 

Ongoing studies of pembrolizumab plus CTLA-4 inhibitors in patients with advanced 424 

melanoma include a phase 2 study of pembrolizumab plus low-dose ipilimumab in patients 425 

with brain metastases (ClinicalTrials.gov, NCT03873818) and a phase 2 study of 426 

pembrolizumab plus ipilimumab in patients pretreated with an anti–PD-1/PD-L1 antibody 427 

(ClinicalTrials.gov, NCT02743819). In addition, an ongoing phase 1/2 study 428 

(ClinicalTrials.gov, NCT03179436) is assessing the safety, pharmacokinetics, and efficacy of 429 

pembrolizumab plus the anti–CTLA-4 antibody MK-1308 in patients with advanced solid 430 

tumors, including PD-1/PD-L1 refractory melanoma. Results from these studies may provide 431 

further evidence for the benefit-risk profile of various dosing regimens of pembrolizumab 432 

with CTLA-4 inhibitors.  433 

This study demonstrated robust antitumor activity in patients with treatment-naive 434 

advanced melanoma who received standard-dose pembrolizumab 200 mg Q3W combined 435 

with either ipilimumab 50 mg Q6W or 100 mg Q12W. Although the ipilimumab 100 mg 436 

Q12W arm did not meet the predefined threshold for a reduction in toxicity compared with 437 

other anti–PD-1 plus anti–CTLA-4 combination regimens, the ipilimumab 50 mg Q6W arm 438 

did meet this threshold, warranting further investigation of this combination.. Longer follow-439 

up and appropriately powered randomized controlled trials are required to confirm that these 440 
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alternative dosing regimens reduce toxicity without compromising efficacy in patients with 441 

advanced melanoma.  442 

 443 
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TABLES AND FIGURES 527 

 528 

Table 1. Baseline characteristics 529 

 

Pembrolizumab 200 mg Q3W 

+ ipilimumab 50 mg Q6W 

(n = 51) 

Pembrolizumab 200 mg Q3W 

+ ipilimumab 100 mg Q12W 

(n = 51) 

Age, median (range), years 64 (27 to 78) 63 (33 to 82) 

Sex, n (%)   

Male 38 (75) 33 (65) 

Female 13 (25) 18 (35) 

ECOG performance status, n 

(%) 

  

0  45 (88) 42 (82) 

1  6 (12) 9 (18) 

Lactate dehydrogenase 

concentration, n (%) 

  

Normal 30 (59) 36 (71) 

>ULN 18 (35) 13 (25) 

Unknown 3 (6) 2 (4) 

PD-L1 status,
a
 n (%)   

Positive 32 (63) 31 (61) 

Negative 14 (28) 13 (25) 

Unknown 5 (10) 7 (14) 

BRAF
V600

 mutation, n (%)   
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Present 15 (29) 20 (39) 

Absent 34 (67) 31 (61) 

Unknown 2 (4) 0 (0) 

Disease stage,
b
 n (%)   

IIIC 2 (4) 0 (0) 

IV
c
 49 (96) 51 (100) 

       M1a 5 (10) 7 (14) 

       M1b 9 (18) 18 (35) 

       M1c 34 (67) 26 (51) 

Melanoma subtype, n (%)   

Cutaneous 49 (96) 50 (98) 

Mucosal 2 (4) 1 (2) 

Prior adjuvant therapy,
d
 n (%) 1 (2) 2 (4) 

Abbreviations: BRAF, B-Raf proto-oncogene, serine/threonine kinase; ECOG, Eastern 530 

Cooperative Oncology Group; M, metastasis; PD-L1, programmed death ligand 1; Q3W, 531 

every 3 weeks; Q6W, every 6 weeks; Q12W, every 12 weeks; ULN, upper limit of normal. 532 

a
PD-L1 positivity was defined as staining on at least 1% of tumor cells or mononuclear 533 

inflammatory cells intercalated within or contiguous to tumor nests. 534 

b
American Joint Committee on Cancer Staging Manual, 7th edition (16). 535 

c
The distant metastasis stage of 1 patient with stage IV melanoma receiving pembrolizumab 536 

200 mg Q3W + ipilimumab 50 mg Q6W arm could not be determined (staged as T4b 537 

[thickness >4.0 mm with ulceration], N0 [no regional lymph node metastases detected], M1 538 

[distant metastasis]). 539 

d
One patient received 2-MpP (pBCAR3-phosphopeptide + pIRS2-phosphopeptide); 540 

PolyICLC, tetanus peptide (Peptide-tet), and montanide. Two patients received interferon.541 
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Table 2. Treatment-related adverse events of grade 1-4 severity that occurred in ≥10% of patients; presented by frequency at any grade and by 

maximum toxicity grade 

 

Pembrolizumab 200 mg Q3W 

+ ipilimumab 50 mg Q6W 

(n = 51) 

Pembrolizumab 200 mg Q3W 

+ ipilimumab 100 mg Q12W 

(n = 51) 

Treatment-related 

adverse event, n (%) 

Any grade Grade 1/2 Grade 3 Grade 4 Any grade Grade 1/2 Grade 3 Grade 4 

Any 51 (100) 39 (77) 6 (12) 5 (10) 49 (96) 29 (57) 18 (35) 2 (4) 

Fatigue 29 (57) 29 (57) 0 (0) 0 (0) 26 (51) 26 (51) 0 (0) 0 (0) 

Pruritus 16 (31) 16 (31) 0 (0) 0 (0) 27 (53) 27 (53) 0 (0) 0 (0) 

Rash 20 (39) 20 (39) 0 (0) 0 (0) 21 (41) 21 (41) 0 (0) 0 (0) 

Diarrhea 13 (25) 12 (24) 1 (2) 0 (0) 18 (35) 18 (35) 0 (0) 0 (0) 

Arthralgia 12 (24) 12 (24) 0 (0) 0 (0) 11 (22) 10 (20) 1 (2) 0 (0) 

Nausea 8 (16) 8 (16) 0 (0) 0 (0) 12 (24) 12 (24) 0 (0) 0 (0) 

Lipase increased 5 (10) 0 (0) 2 (4) 3 (6) 10 (20) 2 (4) 6 (12) 2 (4) 

Hypothyroidism 7 (14) 7 (14) 0 (0) 0 (0) 9 (18) 9 (18) 0 (0) 0 (0) 
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Rash pruritic 5 (10) 5 (10) 0 (0) 0 (0) 9 (18) 9 (18) 0 (0) 0 (0) 

Aspartate 

aminotransferase 

increased 

7 (14) 7 (14) 0 (0) 0 (0) 4 (8) 4 (8) 0 (0) 0 (0) 

Alanine 

aminotransferase 

increased 

7 (14) 7 (14) 0 (0) 0 (0) 2 (4) 2 (4) 0 (0) 0 (0) 

Vitiligo 6 (12) 6 (12) 0 (0) 0 (0) 7 (14) 7 (14) 0 (0) 0 (0) 

Dry mouth 5 (10) 5 (10) 0 (0) 0 (0) 7 (14) 7 (14) 0 (0) 0 (0) 

Amylase increased 2 (4) 1 (2) 1 (2) 0 (0) 7 (14) 5 (10) 2 (4) 0 (0) 

Decreased appetite 6 (12) 6 (12) 0 (0) 0 (0) 6 (12) 5 (10) 1 (2) 0 (0) 

Myalgia 4 (8) 4 (8) 0 (0) 0 (0) 6 (12) 5 (10) 1 (2) 0 (0) 

Asthenia 5 (10) 5 (10) 0 (0) 0 (0) 3 (6) 3 (6) 0 (0) 0 (0) 

Rash macular 5 (10) 5 (10) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

Abbreviations: Q3W, every 3 weeks; Q6W, every 6 weeks; Q12W, every 12 weeks.  

One patient died from a treatment-related adverse event (autoimmune myocarditis, grade 5). 
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Data are presented in order of descending total frequency. 
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Table 3. Best overall response by independent central review per RECIST v1.1 

 

Pembrolizumab 200 mg Q3W 

+ ipilimumab 50 mg Q6W 

(n = 51) 

Pembrolizumab 200 mg Q3W 

+ ipilimumab 100 mg Q12W 

(n = 51) 

Objective response rate    

        n 28 31 

        % (95% CI
a
) 55 (40 to 69) 61 (46 to 74) 

Best overall response, n (%) 

Complete response 8 (16) 13 (25) 

Partial response 20 (39) 18 (35) 

Stable disease 10 (20) 8 (16) 

Progressive disease 8 (16) 5 (10) 

Disease not measurable per central 

review at baseline, that did not 

completely resolve or progress 

2 (4) 5 (10) 

Non-evaluable 1 (2) 1 (2) 

No assessment done 2 (4) 1 (2) 

Time to response in months, median 

(range) 

1.4 (1.3 to 8.3) 1.5 (1.3 to 10.9) 

Duration of response in months, 

median (range) 

Not reached (1.4+ to 17.9+) Not reached (2.8+ to 18.3+) 

Abbreviations: Q3W, every 3 weeks; Q6W, every 6 weeks; Q12W, every 12 weeks; RECIST 

v1.1, Response Evaluation Criteria in Solid Tumors, version 1.1. 

a
Based on binomial exact confidence interval method. 
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FIGURE LEGENDS 

 

Figure 1. Best percentage change from baseline in target lesion size (Response Evaluation 

Criteria in Solid Tumors, version 1.1, by central review) in patients in PEM200+IPI50 

(pembrolizumab 200 mg Q3W + ipilimumab 50 mg Q6W) (A) and PEM200+IPI100 

(pembrolizumab 200 mg Q3W + ipilimumab 100 mg Q12W) (B). 

Abbreviations: Q3W, every 3 weeks; Q6W, every 6 weeks; Q12W, every 12 weeks. 

 

Figure 2. Duration of treatment and response in patients in PEM200+IPI50 (pembrolizumab 

200 mg Q3W + ipilimumab 50 mg Q6W) (A) and PEM200+IPI100 (pembrolizumab 200 mg 

Q3W + ipilimumab 100 mg Q12W) (B).  

Abbreviations: CR, complete response; PD, progressive disease; PR, partial response; Q3W, 

every 3 weeks; Q6W, every 6 weeks; Q12W, every 12 weeks. 

 

Figure 3. Kaplan-Meier estimates of (A) duration of response, (B) progression-free survival, 

and (C) overall survival in PEM200+IPI50 (pembrolizumab 200 mg Q3W + ipilimumab 50 

mg Q6W) and PEM200+IPI100 (pembrolizumab 200 mg Q3W + ipilimumab 100 mg Q12W) 

arms. 

*From Kaplan-Meier method.  

Abbreviations: DOR, duration of response; NR, not reached; Q3W, every 3 weeks; Q6W, 

every 6 weeks; Q12W, every 12 weeks. 
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