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Research in context 59 

Evidence before this study: A PubMed search using the keywords “multiple myeloma” and 60 

“PD-1” filtered by “article type: clinical trial” and “publication dates: 01/01/2013 to 11/27/2018” 61 

yielded only two results relevant to multiple myeloma (MM) (a third article was on melanoma). 62 

They are Badros et al Blood 2017 and Lesokhin et al J Clin Oncol 2016. Both studies involve a 63 

PD-1 inhibitor, pembrolizumab or nivolumab, in patients with relapsed or refractory (RRMM) 64 

and show promising efficacy and safety. These results raise a pertinent unanswered question 65 

regarding the use of PD-1 inhibitors combined with immunomodulators and dexamethasone in 66 

treatment-naive MM.  67 

We then searched PubMed using the keywords “multiple myeloma” and “immunomodulatory” 68 

using the same filters mentioned above and found 47 results. Most of these articles involved 69 

patients with relapsed or refractory multiple myeloma.  70 

We performed another search of PubMed with the keywords, “multiple myeloma” and 71 

“transplantation-ineligible” using the same filters and found six results. One reported updated 72 

data from the phase 3 FIRST study of lenalidomide and low-dose dexamethasone (Rd) until 73 

disease progression, or Rd for 72 weeks, or melphalan, prednisone and thalidomide (MPT) for 72 74 

weeks in patients with newly diagnosed MM. In the FIRST study, overall survival was longer 75 

with continuous Rd than with MPT. These results provide support for the choice of the 76 

comparator arm, Rd, in the current KEYNOTE-185 study. In the second article, the alkylator-77 

containing triplet, melphalan-prednisone-lenalidomide, was shown to be not superior to the Rd 78 

doublet in transplantation-ineligible MM. The third, fourth, and fifth articles concerned 79 

regimens—such as bortezomib-dexamethasone or bortezomib-thalidomide-dexamethasone 80 

(VTD) and bortezomib-melphalan-prednisone (VMP)—based on the proteasome inhibitor 81 
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bortezomib in newly diagnosed transplantation-ineligible MM. In the phase 3b UPFRONT study 82 

in US community practices, all bortezomib-containing regimens showed favourable outcomes; 83 

VMP and VTD regimens did not appear to provide additional benefit over the VD regimen. The 84 

phase 3 ALCYONE study showed that the addition of daratumumab to VMP led to a lower risk 85 

of disease progression or death, but with an increased occurrence of grade 3-4 infections. The 86 

sixth article reported results of the phase 3 SWOG SO777 study and showed that the addition of 87 

bortezomib to lenalidomide and dexamethasone improved survival outcomes. These searches 88 

further consolidate the need for new treatment options for patients with newly diagnosed 89 

transplantation-ineligible MM. 90 

Added value of this study: The phase 3 KEYNOTE-185 (ClinicalTrials.gov identifier, 91 

NCT02579863) study was conducted to evaluate the efficacy, assessed through survival 92 

outcomes and tumor response, and safety of the checkpoint inhibitor pembrolizumab with 93 

lenalidomide and dexamethasone in patients with newly diagnosed transplantation-ineligible 94 

MM. Pre-clinical evidence suggested that combination of PD-1 blockade with lenalidomide 95 

resulted in greater anti-tumour activity in MM (Gorgun 2015). However, an unplanned interim 96 

analysis of KEYNOTE-185, conducted at a median follow-up of 6.6 months, showed an 97 

unfavourable benefit-risk profile of the pembrolizumab-lenalidomide-dexamethasone 98 

combination. Therefore, the US Food and Drug Administration halted KEYNOTE-185.  99 

Implications of all the available evidence: Although KEYNOTE-185 is unlikely to change 100 

clinical practice, it is likely to provide valuable information to guide the design of future clinical 101 

studies involving checkpoint inhibitors in newly diagnosed MM.  102 

 103 
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Abstract (372/300) 104 

Background The combination of a PD-1 inhibitor, pembrolizumab, with an immunomodulator, 105 

lenalidomide and dexamethasone (lenalidomide-dexamethasone), may provide anti-tumour 106 

activity with tolerable safety in patients with newly diagnosed multiple myeloma.  107 

Methods In this adaptive design, open-label, multicentre, phase 3 trial, transplantation-ineligible 108 

patients with active multiple myeloma were enrolled from clinical sites across 15 countries 109 

(Australia, Canada, France, Germany, Ireland, Israel, Italy, Japan, New Zealand, Norway, 110 

Russian Federation, South Africa, Spain, United Kingdom, United States). Patients were 111 

randomly assigned 1:1 using an interactive voice response system/integrated Web response 112 

system. Patients received intravenous pembrolizumab 200 mg every 3 weeks plus oral 113 

lenalidomide 25 mg on days 1 to 21 and oral dexamethasone 40 mg weekly every 28 days 114 

(pembrolizumab-lenalidomide-dexamethasone) or lenalidomide-dexamethasone. Primary 115 

endpoint was progression-free survival per International Myeloma Working Group 2011 criteria; 116 

secondary endpoints included overall survival and safety. Efficacy and safety were analysed in 117 

all randomly assigned patients who received at least one dose of study drug. On Jul 3, 2017 the 118 

US FDA determined that the risks of pembrolizumab plus pomalidomide or lenalidomide 119 

outweighed the benefits and halted the study (ClinicalTrials.gov identifier, NCT02579863) . 120 

Results of an unplanned interim analysis that led to the FDA decision are presented. 121 

Findings At database cut-off (Jun 2, 2017), 151 patients received pembrolizumab-lenalidomide-122 

dexamethasone; 150 received lenalidomide-dexamethasone. Median follow-up was 6·6 months 123 

(range 0·1–16·9). Neither median progression-free survival (hazard ratio [HR] 1·22; 95% CI 124 

0·67 to 2·22; p=0·75) nor median overall survival (HR 2·06; 95% CI 0·93 to 4·55; p=0·97) was 125 

reached in either treatment arm due to the study’s short median follow up. Nineteen (13%) 126 
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patients (six from progression, 13 from adverse events) died in the pembrolizumab-lenalidomide-127 

dexamethasone arm versus nine (6%) (one from progression, eight from adverse events) in the 128 

control arm. Six (4%) (large-intestine perforation, pulmonary embolism, cardiac arrest, 129 

pneumonia, myocarditis, and cardiac failure) versus two (1%) (upper intestinal haemorrhage and 130 

respiratory failure) treatment-related deaths occurred; cardiac arrest, pneumonia, myocarditis, 131 

and cardiac failure were considered related to pembrolizumab.  132 

Interpretation The benefit-risk profile of pembrolizumab-lenalidomide-dexamethasone is 133 

unfavourable for newly diagnosed multiple myeloma. Older age and high-risk features for 134 

patients who died were more prevalent in the pembrolizumab-lenalidomide-dexamethasone arm. 135 

Long-term safety and survival follow-up is ongoing. Additional clinical studies involving 136 

programmed death 1 inhibitors are needed.  137 

Funding Merck Sharp & Dohme Corp., a subsidiary of Merck & Co., Inc., Kenilworth, NJ, 138 

USA. 139 

 140 

  141 
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Introduction 142 

Multiple myeloma is a malignancy of plasma cells that  predominantly affects elderly patients 143 

and is associated with hypercalcemia, renal impairment, anemia, and bone disease.1,2 Treatment 144 

options have evolved considerably over the past decade and include chemotherapy, autologous 145 

stem cell transplantation, immunomodulators, proteasome inhibitors, and monoclonal 146 

antibodies.3,4 Treatment combinations are chosen based on patient age, performance status, and 147 

co-morbidities.3,5 Autologous stem cell transplantation improves the depth and duration of 148 

response achieved with initial therapy4 and is the standard of care after primary therapy for 149 

eligible patients.3  150 

 151 

Standard of care for patients with newly diagnosed transplantation-ineligible multiple myeloma 152 

in the United States consists of lenalidomide and dexamethasone (lenalidomide-dexamethasone), 153 

with or without bortezomib.3,6-8 The European Society for Medical Oncology clinical practice 154 

guidelines recommend a third option in the non-transplantation setting: bortezomib, melphalan, 155 

and prednisone.5,9 For these therapies, median progression-free survival ranges from 21 to 43 156 

months and median overall survival from 49 to 75 months.6-8 The addition of dexamethasone to 157 

bortezomib, melphalan, and prednisone lowered the risk of disease progression and death in this 158 

patient population, resulting in another treatment option for this patient population.10 However, 159 

most patients with myeloma eventually experience relapse, and new treatment options are 160 

needed. 161 

 162 
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Plasma cells from most patients with multiple myeloma express programmed death ligand 1 163 

(PD-L1),11 and PD-L1 up-regulation is associated with disease relapse.12 Combination of 164 

programmed death 1 (PD-1)/PD-L1 blockade and lenalidomide showed enhanced effector cell–165 

mediated multiple myeloma cytotoxicity.13 Thus, immune checkpoints may play an important 166 

role in myeloma resistance and represent an attractive therapeutic target. Combination immune 167 

checkpoint inhibition and lenalidomide-dexamethasone might provide synergistic anti-tumour 168 

activity in patients with multiple myeloma.14 Indeed, the PD-1 inhibitor pembrolizumab as 169 

monotherapy or combined with lenalidomide and low-dose dexamethasone or pomalidomide and 170 

low-dose dexamethasone had shown acceptable safety and promising response rates of 50% and 171 

60%, respectively, in patients with relapsed refractory multiple myeloma.15-17 Results of a 172 

preclinical study showed increased levels of PD-L1 on multiple myeloma cells and enhanced 173 

PD-1 expression on exhausted IL-10-producing T cells. Inhibition of the PD-1/PD-L1 pathway 174 

increased survival of mice with myeloma from 0% to 40%, suggesting that blocking the pathway 175 

may enhance immunotherapy for this disease.18 We hypothesized that inhibiting the PD-1/PD-L1 176 

pathway in patients with treatment-naïve multiple myeloma may improve efficacy outcomes. 177 

The phase 3 KEYNOTE-185 trial was conducted to evaluate the safety and efficacy, assessed 178 

through survival outcomes and tumor response, of pembrolizumab-lenalidomide-dexamethasone 179 

versus lenalidomide-dexamethasone alone in patients with treatment-naive multiple myeloma. 180 

On Jul 3, 2017, the US Food and Drug Administration (FDA) halted this trial based on the 181 

interim data presented to the data monitoring committee, which showed an unfavourable benefit-182 

risk profile of pembrolizumab-lenalidomide-dexamethasone.19 Unplanned interim analysis 183 

results that led to the FDA decision are presented.  184 

 185 
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Methods 186 

KEYNOTE-185 was a phase 3, randomized, open-label study of pembrolizumab with or without 187 

lenalidomide and low-dose dexamethasone in newly diagnosed and previously untreated patients 188 

with multiple myeloma (ClinicalTrials.gov identifier, NCT02579863). Patients were enrolled 189 

from clinical sites across 15 countries (Australia, Canada, France, Germany, Ireland, Israel, Italy, 190 

Japan, New Zealand, Norway, Russian Federation, South Africa, Spain, United Kingdom, United 191 

States). 192 

Patients 193 

Patients 18 years or older with a confirmed diagnosis of active multiple myeloma with 194 

measurable disease, an Eastern Cooperative Oncology Group performance status of 0 or 1, and 195 

adequate organ function were enrolled. Patients were required to be ineligible to receive 196 

autologous stem cell transplantation because of age (≥65 years) or any significant co-existing 197 

medical condition (cardiac, renal, pulmonary, or hepatic dysfunction) likely to have a negative 198 

impact on their tolerability of autologous stem cell transplantation. Patients were also required to 199 

provide bone marrow biopsy or aspirate material for disease assessment. Women of childbearing 200 

potential had 2 negative urine pregnancy tests before the first dose of study medication and were 201 

required to use 2 methods of birth control or to abstain from heterosexual activity for 28 days 202 

before receiving lenalidomide during the course of the study, during any dose interruptions, and 203 

through 28 days after the last dose of lenalidomide. Male patients agreed to use adequate 204 

contraception starting with the first dose of study medication through the last dose of 205 

lenalidomide or 120 days after the last dose of pembrolizumab. Patients with oligosecretory 206 

myeloma, smoldering multiple myeloma, monoclonal gammopathy of undetermined 207 
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significance, Waldenström’s macroglobulinemia, or a history of plasma cell leukemia were not 208 

eligible for participation in the study. Patients with a history of repeated infections, 209 

immunosuppression, a history of or current pneumonitis necessitating steroids, and active 210 

autoimmune disease or with active infections requiring intravenous systemic, grade ≥2 peripheral 211 

neuropathy, known human immunodeficiency virus, active Hepatitis B or Hepatitis C infection, 212 

or received a live vaccine within 30 days of the first dose of study medication were excluded. 213 

Patients were not permitted to have previously received therapy with an anti-PD-1, anti_PD-L1, 214 

anti-PD-L2, anti-CD137, or anti-Cytotoxic T-lymphocyte-associated antigen-4 antibody. Patients 215 

received study treatment until documented confirmed disease progression, unacceptable adverse 216 

events, or withdrawal from the study. 217 

 218 

 219 

Trial design and treatment 220 

Procedures 221 

Patients were randomly assigned 1:1 to receive intravenous pembrolizumab plus oral 222 

lenalidomide and oral low-dose dexamethasone or lenalidomide and low-dose dexamethasone. 223 

Patients received lenalidomide 25 mg daily on days 1 to 21 and dexamethasone 40 mg daily on 224 

days 1, 8, 15, and 22 of repeated 28-day cycles with or without pembrolizumab 200 mg 225 

intravenously every 3 weeks. The dose of dexamethasone was reduced to 20 mg on days 1, 8, 15, 226 

and 22 of each 28-day cycle among patients older than 75 years of age.  227 

The trial was to be terminated prematurely if the quality or quantity of data recording was 228 

inaccurate or incomplete, adherence to the protocol and regulatory requirements were poor, there 229 
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were plans to modify or discontinue development of pembrolizumab, or in response to a request 230 

by the US FDA or other health authority due to safety concerns. 231 

 232 

Randomization and masking 233 

Treatment allocation occurred using an interactive voice response system/integrated Web 234 

response system (randomised allocation schedules were generated by the sponsor). 235 

Randomisation was stratified by age (<75 vs ≥75 years) and International Staging System stage 236 

(I or II vs III). There was no masking of treatment administration in this open-label trial.  237 

Patients were immediately discontinued from pembrolizumab treatment following the FDA 238 

decision to halt the trial and were transferred to available standard of care therapies at their 239 

individual physician’s discretion and according to local institutional regulations. 240 

 241 

Trial oversight 242 

The protocol and its amendments were approved by the appropriate institutional review board or 243 

independent ethics committee. The trial was conducted in accordance with Good Clinical 244 

Practice guidelines and the Declaration of Helsinki. All patients provided written informed 245 

consent.  246 

Endpoints and assessments 247 

The primary endpoint was progression-free survival, defined as the time from randomisation to 248 

the first documented instance of disease progression, per International Myeloma Working Group 249 



13 
 

2011 response criteria based on blinded independent central review or death from any cause, 250 

whichever occurred first. Secondary endpoints included safety, overall survival, overall response 251 

rate, duration of response, and disease control rate. Overall survival was defined as time from 252 

randomisation to death from any cause. Overall response rate was defined as the proportion of 253 

patients in the analysis population who achieved at least a partial response per International 254 

Myeloma Working Group 2011 criteria based on central review. Duration of response was 255 

defined as the time from first documented evidence of at least a partial response by central 256 

review until disease progression or death. Objective responses were defined per the International 257 

Myeloma Working Group 2006 criteria.21  Complete response was defined as negative 258 

immunofixation on the serum and urine and disappearance of any soft tissue plasmacytomas and 259 

≤5% plasma cells in bone marrow. Stringent complete response included complete response as 260 

defined above plus normal FLC ratio and absence of clonal cells in bone marrow by 261 

immunohistochemistry or immunofluorescence. Very good partial response was defined as 262 

serum and urine M-protein detectable by immunofixation but not on electrophoresis or ≥90% 263 

reduction in serum M-protein plus urine M-protein level ˂100 mg in 24 hours.  Partial response 264 

was defined as a ≥50% reduction of serum M-protein and reduction in 24-hour urinary M-protein 265 

by ≥90% or to ˂200 mg in 24 hours. Stable disease was defined as not meeting the criteria for 266 

complete response, very good partial response, partial response, or progressive disease. 267 

Progressive disease required any one or more of the following criteria: an increase of ≥25% from 268 

baseline in serum M-component and/or (the absolute increase must be ≥0.5 g/dL); urine M-269 

component and/or (the absolute increase must be ≥200 mg/24 hours); only in patients without 270 

measurable serum and urine M-protein levels: the difference between involved and uninvolved 271 

FLC levels (the absolute increase must be ˃ 10 mg/dL); bone marrow plasma cell percentage 272 
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(the absolute percentage must be ≥10%); definite development of new bone lesions or soft tissue 273 

plasmacytomas or definite increase in the size of existing bone lesions or soft tissue 274 

plasmacytomas; development of hypercalcemia (corrected serum calcium ˃11.5 mg/dL or 2.65 275 

mmol/L) that can be attributed solely to the plasma cell proliferative disorder.21 Disease control 276 

rate was defined per International Myeloma Working Group 2011 criteria as the percentage of 277 

patients who achieved confirmed stringent complete response, complete response, very good 278 

partial response, partial response, minimal response, or stable disease per central review for at 279 

least 12 weeks before any evidence of progression.  280 

Progression-free survival and response endpoints were assessed by confirmed investigator 281 

review because of premature study termination. Median time to progression (time from 282 

randomisation to first documented instance of progression) was assessed. Efficacy was analysed 283 

in all randomly assigned patients (intention-to-treat population). Safety was analysed in all 284 

randomly assigned patients who received at least one dose of study drug (all-subjects-as-treated 285 

population).  286 

 287 

Response was assessed by investigator and central review per the International Myeloma 288 

Working Group 2011 response criteria20 every 4 weeks. Response was also assessed using a full 289 

myeloma laboratory panel and calcium, creatinine, and haemoglobin laboratory results, 290 

radiographical imaging (x-ray or magnetic resonance imaging [MRI] or computed tomography 291 

[CT] or MRI/positron emission tomography [PET] or CT/PET as clinically indicated) for 292 

patients with extramedullary soft tissue plasmacytomas and bone marrow biopsy specimen or 293 

aspirate for confirmation of complete response or disease progression. Low-dose CT and MRI 294 

bone surveys were allowed.  295 
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Patients were followed up for survival status every 12 weeks after the end of study treatment and 296 

were monitored for adverse events until 30 days (90 days for serious adverse events) after the 297 

end of study treatment. Adverse events were graded per National Cancer Institute Common 298 

Terminology Criteria for Adverse Events, version 4.0. Immune-mediated adverse events, defined 299 

as adverse events (non-serious and serious) associated with pembrolizumab exposure that were 300 

consistent with immune phenomena and that had a potentially immunologic aetiology, were pre-301 

specified as events of interest. 302 

 303 

Statistical analysis 304 

Hypothesis testing of objective response rate, progression-free survival, and overall survival was 305 

strongly controlled by a  family-wise type I error rate of 2·5% (one-sided ). The boundaries and 306 

the alpha level were determined from the actual number of events at the time of the interim 307 

analysis using the corresponding alpha-spending function.22 A step-down approach was used to 308 

control the type I error rate for the testing of end points. The primary end point (progression-free 309 

survival) was tested first then, if significant, the secondary end point (overall survival) was 310 

tested.22 A sample size of  640 patients was planned. For progression-free survival, based on 227 311 

events, the study had 90% power to detect an HR of 0·65 with pembrolizumab-lenalidomide-312 

dexamethasone versus lenalidomide-dexamethasone at one-sided alpha of 2·5%. The sample size 313 

calculation was based on the following assumptions: 1) progression-free survival follows an 314 

exponential distribution with a median of 25.5 months in the control arm, 2) an enrolment period 315 

of 18 months and at least 12 months follow-up, and 3) a cumulative dropout rate of 2% at the end 316 

of the first year and 5% at 4 years. Patients were censored for overall survival analysis at the last 317 

date they were known to be alive. 318 
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Progression-free survival and overall survival were estimated using the Kaplan-Meier method. 319 

Patients who did not experience documented disease progression or did not die were censored for 320 

progression-free survival analysis at the last disease assessment. The treatment difference 321 

between arms was evaluated using the stratified log-rank test. Hazard ratios and associated 95% 322 

CIs between treatment arms were calculated using a stratified Cox proportional hazards model 323 

with the Efron method of tie handling. Age and International Staging System were used in the 324 

stratified log-rank test and the stratified Cox model (see appendix for details). 325 

Overall response and disease control rates were compared between treatment groups using the 326 

stratified Miettinen and Nurminen method23 and were stratified by age and International Staging 327 

System stage. Duration of response was estimated by the Kaplan-Meier method. To analyse 328 

duration of response, patients with missing data were censored at the last assessment date if they 329 

responded at the time of analysis. SAS software version 9.4 (SAS Institute, Cary, NC, USA) was 330 

used for statistical analyses. 331 

One interim analysis was planned when all patients had been enrolled and approximately 115 332 

progression-free survival events had been observed. The interim analysis was planned for 333 

potential early detection of superiority (with group sequential boundaries) or futility (with non-334 

binding bounds) of pembrolizumab plus standard of care versus standard of care. On July 3, 335 

2017 the US FDA determined that the risks of pembrolizumab plus lenalidomide outweighed any 336 

potential benefits for patients with multiple myeloma and immediately halted the study. Based on 337 

that decision, all patients stopped study treatment, completed the discontinuation visit, and 338 

moved into the long-term safety and survival follow-up per protocol. Full statistical plans to 339 

continue or stop the trial are provided in the protocol (3475-P185-07).  340 

 341 
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 342 

Role of the funding source 343 

Merck representatives and academic advisors designed the study. Authors and sponsor 344 

representatives analysed and interpreted the data. An external data monitoring committee 345 

monitored the interim data and made recommendations to the executive oversight committee 346 

about the overall risk and benefit to trial participants. Investigators and site personnel collected 347 

data. Authors and Merck representatives analysed and interpreted the data. All authors had 348 

access to the data. Medical writing and/or editorial assistance was provided by the ApotheCom 349 

pembrolizumab team. This assistance was funded by Merck Sharp & Dohme, Inc., a subsidiary 350 

of Merck & Co., Inc., Kenilworth, NJ, USA. All authors reviewed and edited this manuscript, 351 

approved the submitted draft, vouch for the completeness and accuracy of the reported data, and 352 

attest that the trial was conducted per protocol.  353 

 354 

Results 355 

Patients and treatment 356 

Between Feb 2016 and Jun 2017, 400 patients were screened for enrolment at 95 sites in 15 357 

countries. Patients (n=301) were randomly assigned to the pembrolizumab-lenalidomide-358 

dexamethasone (n=151) or lenalidomide-dexamethasone (n=150) arm (figure 1). Of these, 149 359 

received pembrolizumab-lenalidomide-dexamethasone, and 145 received lenalidomide-360 

dexamethasone; most patients discontinued because of adverse events or disease progression 361 

(figure 1). The most commonly reported adverse events that led to discontinuation are listed in 362 

appendix table S2. Overall, 156 patients started treatment with a dose of 20 mg of 363 
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dexamethasone. (78, pembrolizumab-lenalidomidee-dexamethasone; 78, lenalidomide-364 

dexamethasone). The most common reasons for screen failure (in ≥10% of patients) were 365 

inadequate organ function (n=25/90, 28%), no confirmed diagnosis of active multiple myeloma 366 

and measurable disease (n=12, 13%), ECOG performance status >1 (n=10, 11%), and unknown 367 

reasons (n=15, 17%) 368 

At the database cut-off date (Jun 2, 2017), median follow-up was 6.6 months (range 0.1–16.9). 369 

Baseline disease characteristics (table 1) showed differences between treatment arms, with 370 

numerically higher percentages of patients displaying high-risk cytogenetics, defined as 371 

del17p13, t(4;14) and/or t(14;16) (15.9% vs 6.7%), anaemia (55.6% vs 45.3%), and renal 372 

impairment (13.9% vs 8.0%) in the pembrolizumab-lenalidomide-dexamethasone arm versus the 373 

lenalidomide-dexamethasone arm (table 1). In contrast, the pembrolizumab-lenalidomide-374 

dexamethasone arm had a lower percentage of patients with plasmacytomas (2.6% vs 7.3%; 375 

extramedullary in zero of four vs two of 11) at baseline.  376 

 377 

Efficacy 378 

Median progression-free survival (primary end point) was not reached in either arm, and only 44 379 

progression-free survival events had occurred at analysis. The HR for progression-free survival 380 

for pembrolizumab-lenalidomide-dexamethasone versus lenalidomide-dexamethasone was 1·22 381 

(95% CI 0·67 to 2·22; p=0·747) (figure 2A). Progression-free survival rates were 88.5%  (95% 382 

CI 81·3 to 93·0) and 89·3% (95% CI 82·3 to 93·7), respectively, at month 3 and 82·0% (95% CI 383 

73·2 to 88·1) and 85·0% (95% CI 76·8 to 90·5), respectively, at month 6. Median time to 384 
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progression was not reached in either arm; there were only 17 progression events, and the HR 385 

was 0·55 (95% CI 0·20 to 1·50; p=0·119) (figure 2B).  386 

 387 

Median overall survival was not reached in either arm; only 28 overall survival events had 388 

occurred, and the HR was 2·06 (95% CI 0·93 to 4·55; p=0·965) (figure 2C). The 3-month overall 389 

survival rates were 94.7% (95% CI, 89·3 to 97·5) and 91·8% (95% CI, 85·7 to 95·4), 390 

respectively, and the 6-month overall survival rates were 87·2% (95% CI, 79·9 to 92·0) and 391 

93·9% (95% CI, 88·1 to 96·9), respectively.  392 

 393 

Overall response rates were comparable between arms: 63·6% (95% CI, 55·4 to 71·2) in the 394 

pembrolizumab-lenalidomide-dexamethasone arm and 62·0% (95% CI, 53·7 to 69·8) in the 395 

comparator arm; 96 and 93 patients, respectively, achieved partial response or better. Disease 396 

control rates (81·5% vs 84·7%) were comparable between arms (appendix table S3). Median 397 

time to response was 1·1 months in either arm, and median duration of response was not reached 398 

in either arm (appendix table S4). Proportions of patients with a response duration ≥6 months 399 

were 88·7% in the pembrolizumab-lenalidomide-dexamethasone arm and 93·5% in the 400 

lenalidomide-dexamethasone arm. 401 

 402 

Adverse events 403 
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Median treatment duration was 131·0 days (range 1–485) in the pembrolizumab-lenalidomide-404 

dexamethasone arm and 162·0 days (range 1–467) in the lenalidomide-dexamethasone arm 405 

(appendix table S5). At analysis, patients had received a median of 4·6 cycles of treatment.  406 

 407 

Adverse events of any grade occurred at similar proportions of patients in the pembrolizumab-408 

lenalidomide-dexamethasone and the lenalidomide-dexamethasone arms (94·0% vs 91·7%) 409 

(table 2). Grades 3–5 adverse events (71·8% vs 50·3%) and serious adverse events (54·4% vs 410 

39·3%) occurred more frequently in the pembrolizumab-lenalidomide-dexamethasone arm than 411 

in the lenalidomide-dexamethasone arm (table 2). Grade 5 adverse events occurred in 13 (8·7%) 412 

and eight (5·5%) patients in the pembrolizumab-lenalidomide-dexamethasone arm and the 413 

lenalidomide-dexamethasone arm, respectively. Adverse events that occurred more frequently 414 

(≥5% difference) in the pembrolizumab-lenalidomide-dexamethasone arm than in the 415 

lenalidomide-dexamethasone arm are presented in table S6 (appendix). Serious adverse events 416 

occurred in at least 3% of patients (appendix table S7). No grade 3–5 events or serious adverse 417 

events occurred with at least a 5% difference in incidence between arms. Immune-mediated 418 

adverse events occurred in 32·2% of patients in the pembrolizumab-lenalidomide-419 

dexamethasone arm; rash (8·7%), hypothyroidism (7·4%), and hyperthyroidism (6·0%) were the 420 

most common (table 3). Of note, only two patients had immune-mediated neutropenia and one 421 

patient had immune-mediated thrombocytopenia. 422 

 423 

Nineteen (12·8%) patients died in the pembrolizumab-lenalidomide-dexamethasone arm (six 424 

because of disease progression, 13 because of adverse events), and nine (6%) patients died in the 425 
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lenalidomide-dexamethasone arm (one because of disease progression, eight because of adverse 426 

events). Six (4·0%) treatment-related deaths occurred in the pembrolizumab-lenalidomide-427 

dexamethasone arm (table 4). Of these deaths, cardiac arrest, cardiac failure, myocarditis, and 428 

pneumonia were considered by the investigator to be related to pembrolizumab (table 4). Two 429 

(1·4%) treatment-related deaths occurred in the lenalidomide-dexamethasone arm. 430 

 431 

Overall, patients in the pembrolizumab-lenalidomide-dexamethasone arm who died were older 432 

than those in the lenalidomide-dexamethasone arm (at least 70 years, 94·7% vs 77·8%; at least 433 

80 years, 42·1% vs 33·3%) and had high-risk cytogenetics (26·3% vs 0) (appendix table S8). A 434 

similar trend in age and high-risk cytogenetics was observed among patients who died because of 435 

an adverse event (appendix table S9). The clinical courses of patients in the pembrolizumab-436 

lenalidomide-dexamethasone arm who died because of adverse events are summarised in table 437 

S9 (appendix). 438 

 439 

To evaluate the higher risk for death in the pembrolizumab combination arm, a retrospective, 440 

random forest analysis was performed, followed by a multivariable Cox regression analysis; 441 

however, this did not lead to conclusive results because of the small number of deaths (n=28; 442 

14·4% information based on the predefined 195 deaths in the protocol) at analysis. 443 

 444 

Discussion 445 



22 
 

The KEYNOTE-185 study evaluated the safety and efficacy of pembrolizumab-lenalidomide-446 

dexamethasone versus lenalidomide-dexamethasone in transplantation-ineligible patients with 447 

treatment-naive multiple myeloma. This non–protocol-specified analysis, with a median follow-448 

up of 6·6 months (range 0·1–16·9), showed an increased risk for death with pembrolizumab-449 

lenalidomide-dexamethasone than with lenalidomide-dexamethasone alone. Because of the 450 

imbalance in the proportion of death between arms, the data monitoring committee halted 451 

enrolment; this was followed by FDA termination of the study on Jul 3, 2017. Consequently, 452 

data collection was incomplete, and efficacy analysis was underpowered. Only 19% of the 453 

protocol-specified 227 events required for evaluation of progression-free survival and 14% of the 454 

protocol-specified 195 events necessary for evaluation of overall survival were reached at 455 

analysis. Median progression-free survival (primary endpoint) and median overall survival were 456 

not reached in either arm. Response rates were comparable between arms. Treatment exposure 457 

was truncated, with patients in either arm receiving a median of six treatment cycles at analysis; 458 

47 (31·5%) and 36 (24·8%) patients in the pembrolizumab-lenalidomide-dexamethasone and 459 

lenalidomide-dexamethasone arm, respectively, received fewer than three cycles of treatment. 460 

Delayed survival benefit of immunotherapy, as evident from delayed separation of Kaplan-Meier 461 

curves, has been reported.24-26 Such deviation from proportional hazards may reduce the 462 

statistical power to detect differences in survival rates,25,26 particularly in early trial termination 463 

scenarios, and longer follow-up may be necessary to determine immunotherapy efficacy 464 

outcomes. Although the overlapping Kaplan-Meier curves for progression-free survival or 465 

overall survival in the current unplanned interim analysis suggested similar progression-free or 466 

overall survival between arms, this interpretation is limited by early study termination. Cancer 467 

severity is associated with immune system dysfunction and thus, it is possible that because of the 468 
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degree of immunodeficiency associated with multiple myeloma these patients may not have 469 

experienced an optimal response to treatment with a PD-1 inhibitor.27,28 There is increasing 470 

evidence of the efficacy of immunotherapy in patients with multiple myeloma; however, patients 471 

continue to relapse, which can partly be a consequence of immune blockade.29 Early intervention 472 

may be particularly relevant for patients with multiple myeloma treated with immune-based 473 

therapies.  474 

 475 

Adverse events of any grade (94·0 % vs 91·7%) occurred at a similar proportion between arms. 476 

The frequency of grade 3–5 adverse events (71·8% vs 50·3%) and serious adverse events (54·4% 477 

vs 39·3%) was higher in the pembrolizumab-lenalidomide-dexamethasone arm. There were more 478 

discontinuations because of adverse events in the pembrolizumab-lenalidomide-dexamethasone 479 

arm (34 [22·8%] vs 19 [13·1%]) than in the lenalidomide-dexamethasone arm. The immune-480 

mediated adverse event profile was consistent with that previously reported for pembrolizumab 481 

in other cancers30-32 and with those observed with pembrolizumab-pomalidomide-dexamethasone 482 

in patients with relapsed, refractory multiple myeloma in the KEYNOTE-183 study33  and the 483 

study by Badros et al.17 The most common immune-mediated adverse events were rash, 484 

hypothyroidism, and hyperthyroidism. A total of 22.8% of patients experienced grade 3-5 485 

immune-mediated adverse events, with rash (8.7%) being the most commonly reported. One 486 

patient died because of an immune-mediated adverse event: myocarditis. The safety profiles of 487 

standard of care therapies have included similar percentages of grade 3-5 adverse events. In the 488 

ALCYONE study, patients who received bortezomib, melphalan, and prednisone alone or with 489 

daratumumab experienced similar percentages of grade 3-4 neutropenia (38.7% vs. 39.9%), 490 

thrombocytopenia (37.6% vs. 34.4%) anemia (19.8% vs. 15.9%) and infections (14.7% vs. 491 
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23.1%).10 Patients in the SWOG S0777 study who received lenalidomide and dexamethasone 492 

alone or with bortezomib also experienced similar percentages of grade 3/4 blood or bone 493 

marrow adverse events (70%/34% vs. 73%/41%), grade 3 infections (29% vs. 29%), and grade 3 494 

neurological adverse events (21% vs. 76%).8Of importance, more patients died in the 495 

pembrolizumab-lenalidomide-dexamethasone arm (19 [12·8%] vs nine [6·2%]) than in the 496 

lenalidomide-dexamethasone arm. More deaths occurred because of disease progression (six 497 

[4%] vs one [0·7%]) in the pembrolizumab-lenalidomide-dexamethasone arm than in the 498 

lenalidomide-dexamethasone arm. The presence of high-risk cytogenetics and other 499 

unfavourable risk factors in patients in the pembrolizumab combination arm might have 500 

contributed to the higher incidence of early progression and subsequent death in that arm. 501 

Additionally, the number of deaths attributed to adverse events (13 [8·7%] vs 8 [5·5%]) was 502 

numerically different between the arms; however, no specific adverse event was exacerbated in 503 

patients who received pembrolizumab-lenalidomide-dexamethasone.. It is also possible that age 504 

and unfavourable risk factors contributed to increased toxicity and early (3 month) mortality 505 

rates of 8% in the pembrolizumab-lenalidomide-dexamethasone arm and 5% in the 506 

lenalidomide-dexamethasone arm. These early mortality rates are higher than the 4-month 507 

mortality rates reported for patients with myeloma who were treated with lenalidomide 25 mg on 508 

days 1-21 plus dexamethasone 40 mg on days 1-4, 9-12, and 17-20 of a 28-day cycle (high dose, 509 

5% mortality) or lenalidomide on the same schedule and dexamethasone 40 mg on days 1, 8, 15, 510 

and 22 of a 28-day cycle (low dose, <1% mortality).34 The authors noted that the increased 511 

percentage of deaths in the high dose cohort, especially in the first 4 months, might have been 512 

related to toxicity in elderly patients.34 In the current study the starting dose of dexamethasone 513 

was reduced to 20 mg for 156 patients who were older than 75 years of age. Although the 514 
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lenalidomide 25 mg dose was determined in the dose-confirmation phase of the KEYNOTE-023  515 

study,16 reducing the dose to 15 mg in elderly patients should be considered, based on the 516 

increased rate of AEs observed in this study. 517 

 518 

To understand the imbalance of proportion of deaths between arms, the baseline characteristics 519 

were evaluated among patients who died during the study. More patients in the pembrolizumab-520 

lenalidomide-dexamethasone arm who died were older (at least 70 years, 94·7% vs 77·8%) and 521 

had higher cytogenetic risk (26·3% vs 0) than those in the lenalidomide-dexamethasone arm. 522 

Furthermore, among all study patients, there was an imbalance of disease severity and 523 

manifestation at baseline, whereby patients in the pembrolizumab-lenalidomide-dexamethasone 524 

arm, compared with the lenalidomide-dexamethasone arm, had more advanced disease (stage III 525 

disease, 29·1% vs 20·7%; renal impairment, 13·9% vs 8·0%). According to the International 526 

Myeloma Working Group recommendations, cytogenetic abnormalities by fluorescence in situ 527 

hybridisation, International Staging System (ISS) stage, and renal failure are some of the factors 528 

used for risk stratification in patients with newly diagnosed multiple myeloma.35 It is plausible 529 

that the imbalance between arms of risk factors such as ISS stage III and del17p13, t(4;14), 530 

t(14;16), which are associated with poor prognosis,35 contributed to the incidence of early 531 

progression and subsequent death. These risk factors might have led to the observed differences 532 

in treatment-related adverse events and deaths in the KEYNOTE-185 study. Because of the small 533 

number of progression events reached at this protocol-unspecified interim analysis, exclusion of 534 

these patients at high risk (seven vs four) from the analysis of progression-free survival or overall 535 

survival will further reduce the number of events analysed and the statistical power of the 536 

analysis. Collectively, these results suggest that the observed imbalance in the proportion of 537 
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deaths between arms might have resulted from diverse non–treatment-related adverse events 538 

and/or differences in patient baseline characteristics and not necessarily by exacerbation of any 539 

specific treatment-related safety signal. Differences in baseline characteristics may have been a 540 

result of the early termination of the study, with enrolment still in progress at over 100 sites 541 

worldwide, which limited the number of patients.  542 

 543 

In conclusion, an imbalance was observed between arms in the number of deaths. However, the 544 

shortened follow-up resulting from premature study termination rendered this interim analysis 545 

underpowered and inconclusive. Additional studies involving PD-1 inhibitors are necessary to 546 

determine the effect of combining PD-1 inhibitors with lenalidomide and dexamethasone in 547 

previously untreated, transplantation-ineligible patients with multiple myeloma. Future study 548 

design should consider excluding unfit patients, patients older than 75 years of age, and patients 549 

with high tumor burden or tumor staging. Other treatment combinations should also be 550 

evaluated, and excluding dexamethasone may reduce toxicity, and improve T cell activation. 551 

Stratification of patients by renal function and ECOG performance status may also be considered 552 

in future study design. 553 

  554 
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Figure Legends 715 

Figure 1: Randomisation and follow-up of patients on study 716 

aOne additional patient had progressive disease in the lenalidomide-dexamethasone arm but is 717 

not included in this figure because the discontinuation visit occurred after the database cut-off 718 

date. FDA=US Food and Drug Administration. 719 

bAll UK patients discontinued pembrolizumab and continued standard of care treatment. The 720 

sponsor agreed to supply lenalidomide to those patients who did not have access to it. 721 

 722 

Figure 2: Survival in the intention-to-treat population in patients receiving pembrolizumab 723 

plus lenalidomide plus low-dose dexamethasone or lenalidomide and low-dose 724 

dexamethasone 725 

Shown are (A) progression-free survival and (B) time to progression per International Myeloma 726 

Working Group 2011, based on confirmed investigator review. (C) Overall survival. HR=hazard 727 

ratio. 728 

  729 
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Table 1: Demographic and baseline characteristics of the intention-to-treat population 730 

Characteristic Pembrolizumab plus 

lenalidomide plus 

dexamethasone 

(n=151) 

Lenalidomide plus 

dexamethasone 

(n=150) 

Age, median (range), years 74·0 (53–89) 74·0 (57–91) 

70–79 87 (57·6%) 86 (57·3%) 

≥80 32 (21·2%) 31 (20·7%) 

Sex 

Male 70 (46·4%) 71 (47·3%) 

Female 81 (53·6%) 79 (52·7%) 

ECOG performance status* 

0 51 (33·8%) 55 (36·7%) 

1 100 (66·2%) 92 (61·3%) 

2 0 1 (0·7%) 

ISS stage 

I 38 (25·2%) 51 (34·0%) 

II 68 (45·0%) 66 (44·0%) 

III 44 (29·1%) 31 (20·7%) 

Missing 1 (0·7%) 2 (1·3%) 
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Cytogenetics 

High-risk Del17p13,t(4;14) 

and/or t(14;16) 

24 (15·9%) 10 (6·7%) 

del13 13 (8·6%) 17 (11·3%) 

t(11;14) 11 (7·3%) 13 (8·7%) 

Normal 93 (61·6%) 89 (59·3%) 

Missing 34 (22.5%) 51 (34.0%) 

Renal impairment† 21 (13·9%) 12 (8·0%) 

Plasmacytoma 4 (2·6%) 11 (7·3%) 

Bone 4/4 (100%) 9/11 (81·8%) 

Extramedullary 0 2/11 (18·2%) 

Hypercalcaemia 14 (9·3%) 14 (9·3%) 

Anaemia 84 (55·6%) 68 (45·3%) 

Data are n (%). ASCT=autologous stem cell transplantation; ECOG=Eastern Cooperative Group 731 

Oncology; ISS=International Staging System. *ECOG performance status scores range from 0 to 732 

5, with higher scores indicating greater disability. †Creatinine clearance <40 mL/min or serum 733 

creatinine >177 μmol/L (>2 mg/dL). 734 
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Table 2: Adverse events in the all-subjects-as-treated population 

Adverse event Pembrolizumab plus lenalidomide 

plus dexamethasone 

(n=149) 

Lenalidomide plus dexamethasone 

(n=145) 

 Any Grade Grade 3–5 Any grade Grade 3–5 

Any 140 

(94·0%) 

107 (71·8%) 133 (91·7%) 73 (50·3%) 

Serious 81 (54·4%) — 57 (39·3%) — 

Led to death 13 (8·7%)* — 8 (5·5%) — 

Led to discontinuation 44 (29·5%) — 20 (13·8%) — 

Occurring in ≥10% of patients in any group† 

Constipation 52 (34·9%) 2 (1·3%) 30 (20·7%) 0 

Fatigue 40 (26·8%) 5 (3·4%) 32 (22·1%) 3 (2·1%) 

Nausea 36 (24·2%) 3 (2·0%) 29 (20·0%) 1 (0·7%) 

Diarrhoea 33 (22·1%) 5 (3·4%) 28 (19·3%) 0 
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Anaemia 31 (20·8%) 15 (10·1%) 24 (16·6%) 8 (5·5%) 

Pyrexia 30 (20·1%) 4 (2·7%) 9 (6·2%) 0 

Rash‡ 28 (18·8%) 6 (4·0%) 16 (11·0%) 1 (0·7%) 

Vomiting 27 (18·1%) 2 (1·3%) 9 (6·2%) 0 

Peripheral oedema 24 (16·1%) 1 (0·7%) 22 (15·2%) 0 

Decreased appetite 24 (16·1%) 2 (1·3%) 16 (11·0%) 3 (2·1%) 

Neutropenia 22 (14·8%) 16 (10·7%) 22 (15·2%) 15 (10·3%) 

Insomnia 19 (12·8%) 0 22 (15·2%) 0 

Dyspnoea 19 (12·8%) 6 (4·0%) 13 (9·0%) 0 

Pneumonia 17 (11·4%) 9 (6·0%) 9 (6·2%) 6 (4·1%) 

Hypokalaemia 17 (11·4%) 7 (4·7%) 16 (11·0%) 2 (1·4%) 

Back pain 16 (10·7%) 5 (3·4%) 15 (10·3%) 3 (2·1%) 

Upper respiratory tract 

infection 

16 (10·7%) 0 10 (6·9%) 0 

Cough 15 (10·1%) 0 16 (11·0%) 0 
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Treatment-related 120 

(80·5%) 

83 (55·7%) 104 (71·7%) 48 (33·1%) 

Led to discontinuation 31 (20·8%) — 12 (8·3%) — 

Led to death 6 (4·0%) — 2 (1·4%) — 

Data are n (%). *Included patient who died because of severe sepsis second to health care–associated pneumonia from listing of 

randomly assigned patients who died. †Adverse events listed in the order of decreasing frequency in the pembrolizumab combination 

arm. ‡Includes rash and maculopapular rash. 
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Table 3: Immune-mediated adverse events in patients treated with pembrolizumab plus lenalidomide and dexamethasone in 

the all-subjects-as-treated population 

 

 Pembrolizumab plus lenalidomide plus dexamethasone 

(N=149) 

Immune-mediated adverse 

event 

Grade 1/2 Grade 3–5 

Any 14 (9·4%) 34 (22·8%) 

Rash* 0 13 (8·7%) 

Hypothyroidism 11 (7·4%) 0 

Hyperthyroidism 6 (4·0%) 3 (2·0%) 

Colitis 2 (1·3%) 1 (0·7%) 

Myocarditis 0 2 (1·3%) 

Adrenal insufficiency 0 1 (0·7%) 

Autoimmune thyroiditis 1 (0·7%) 0 

Hypersensitivity  2 (1·3%) 0 
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Infusion-related reaction 0 2 (1·3%) 

Drug eruption 0 2 (1·3%) 

Pancreatitis 0 1 (0·7%) 

Drug-induced liver injury 0 1 (0·7%) 

Hepatitis  0 1 (0·7%) 

Fulminant type 1 diabetes 

mellitus 

0 1 (0·7%) 

Rhabdomyolysis 0 1 (0·7%) 

Systemic lupus 

erythematosus 

0 1 (0·7%) 

Myasthenia gravis 0 1 (0·7%) 

Pneumonitis 1 (0·7%) 0 

Dermatitis bullous 1 (0·7%) 0 

Dermatitis exfoliative  1 (0·7%) 0 

Dry skin 0 1 (0·7%) 

Erythema 0 1 (0·7%) 
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Erythema multiforme 0 1 (0·7%) 

Erythematosus rash 0 1 (0·7%) 

Pruritic rash 0 1 (0·7%) 

Stevens-Johnson syndrome 0 1 (0·7%) 

Data are n (%). *Includes rash and maculopapular rash. 
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Table 4: Adverse events leading to death in the all-subjects-as-treated population 

Adverse events leading 

to death 

Pembrolizumab plus lenalidomide 

plus dexamethasone 

(n=149) 

Lenalidomide plus 

dexamethasone 

(n=145) 

Any 13 (8·7%) 8 (5·5%) 

Acute myocardial 

infarction 

0 1 (0·7%) 

Cardiac arrest* 1 (0·7%) 0 

Cardiac failure* 1 (0·7%) 0 

Acute cardiac failure 0 1 (0·7%) 

Cardio-respiratory arrest 2 (1·3%) 0 

Myocardial infarction 0 1 (0·7%) 

Myocarditis*† 1 (0·7%) 0 

Intestinal ischaemia 1 (0·7%) 0 

Large intestine 

perforation* 

1 (0·7%) 0 
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Upper intestinal 

haemorrhage* 

0 1 (0·7%) 

Unknown cause‡ 1 (0·7%) 3 (2·1%) 

Pneumonia*† 1 (0·7%) 0 

Completed suicide 1 (0·7%) 0 

Pulmonary embolism*  2 (1·3%)§ 0 

Respiratory failure* 0 1 (0·7%) 

Sepsis¶ 1 (0·7%) 0 

Data are n (%). *Considered treatment related by investigator. Among cardiac events, cardiac arrest and cardiac failure were 

considered related to treatment by the investigator. †Attributed to pembrolizumab by the investigator. ‡Death and sudden death were 

combined as unknown-cause adverse events. §Only one pulmonary embolism was related to treatment. ¶Based on listing of randomly 

assigned patients who died. 
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Figure 1 
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Figure 2 
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