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Abstract

Purpose—To assess the association of baseline tumor size (BTS) with other baseline clinical 

factors and outcomes in pembrolizumab-treated patients with advanced melanoma in 

KEYNOTE-001 ().

Experimental Design—BTS was quantified by adding the sum of the longest dimensions of all 

measurable baseline target lesions. BTS as a dichotomous and continuous variable was evaluated 

with other baseline factors using logistic regression for objective response rate (ORR) and Cox 

regression for overall survival (OS). Nominal P values with no multiplicity adjustment describe the 

strength of observed associations.

Results—Per central review by RECIST v1.1, 583 of 655 patients had baseline measurable 

disease and were included in this post hoc analysis. Median BTS was 10.2 cm (range, 1–89.5). 

Larger median BTS was associated with Eastern Cooperative Oncology Group performance status 

1, elevated lactate dehydrogenase (LDH), stage M1c disease, and liver metastases (with or without 

any other sites) (all P ≤ 0.001). In univariate analyses, BTS below the median was associated with 

higher ORR (44% vs 23%; P < 0.001) and improved OS (hazard ratio, 0.38; P < 0.001). In 

multivariate analyses, BTS below the median remained an independent prognostic marker of OS 

(P < 0.001) but not ORR. In 459 patients with available tumor programmed death ligand 1 (PD-

L1) expression, BTS below the median and PD-L1–positive tumors were independently associated 

with higher ORR and longer OS.

Conclusion—BTS is associated with many other baseline clinical factors but is also 

independently prognostic of survival in pembrolizumab-treated patients with advanced melanoma.

Keywords

Immunotherapy; anti–PD-1; prognostic factors

INTRODUCTION

There are multiple clinical factors associated with the overall prognosis for patients with 

metastatic melanoma including Eastern Cooperative Oncology Group performance status 

(ECOG PS), metastasis (M) stage as defined by the American Joint Committee on Cancer 

(AJCC), and serum levels of lactate dehydrogenase (LDH) (1–4). Medical oncologists often 

use these prognostic factors to risk-stratify their patients, which may influence treatment 

decisions.

In addition to the above listed prognostic factors, clinicians commonly take into 

consideration an assessment of a patient’s tumor burden or baseline tumor size (BTS) when 
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making treatment decisions. For patients with a high burden of disease, a more aggressive 

treatment approach could be considered and conversely for those with a lower tumor burden 

a less aggressive approach could be considered. Despite the common use of BTS in clinical 

decision-making, there is a relative lack of data on both defining tumor burden and 

evaluating the impact of tumor burden on outcome with therapy.

The purpose of this study was to retrospectively assess the impact of BTS on clinical 

outcomes in patients with metastatic melanoma treated with the anti−programmed death 1 

(PD-1) antibody pembrolizumab in the KEYNOTE-001 trial (ClinicalTrials.gov identifier, ). 

Specifically, we assessed the relationship between BTS and several traditional clinical 

prognostic factors specific to melanoma (eg, LDH and M-stage) as well as other baseline 

characteristics such as age, gender, ECOG PS, BRAF status, previous treatments, tumor 

expression of programmed death ligand 1 (PD-L1), and site of metastases. In addition, we 

assessed the association of BTS with the clinical outcomes of objective response rate (ORR) 

and overall survival (OS). We hypothesized that patients with lower BTS would have lower 

risk clinical factors as well as improved clinical outcomes when compared with patients with 

larger BTS or non-pulmonary metastases.

PATIENTS AND METHODS

Patient Selection and Treatment

As previously described (5–10), patients with advanced melanoma regardless of prior 

treatment, ECOG PS 0 to 1, ≥1 measurable lesion per investigator assessment, and normal 

organ function were eligible for the KEYNOTE-001 trial. Only patients with measurable 

disease at baseline, as assessed by central review and defined by Response Evaluation 

Criteria in Solid Tumors version 1.1 (RECIST v1.1) (11) were included in this analysis. 

Patients received pembrolizumab 2 mg/kg every 3 weeks (Q3W), 10 mg/kg Q3W, or 10 

mg/kg Q2W. In randomized comparisons, these dosages have shown comparable efficacy 

(6,8,10,12,13).

The study protocol was approved by the appropriate institutional review boards at each 

participating institution. The study was conducted in accordance with the protocol, good 

clinical practice guidelines, the provisions of the Declaration of Helsinki, and all local 

regulations. All patients provided written informed consent.

Assessments

BTS was quantified by adding the sum of the longest dimensions of all measurable baseline 

target lesions as provided by central radiology review and assessed per RECIST v1.1 

modified to include a maximum of 10 target lesions in total if clinically relevant or five per 

organ. We used 10 lesions instead of 5, as per RECIST v1.1, because at the time of the 

current study anti-PD1 therapy was in the early stages of development, and the best way to 

monitor for response was unclear. In the current study, we used all 10 lesions (in patients 

who had 10 lesions) per the design of the study. Best overall response by blinded 

independent central review per RECIST v1.1 was categorized as complete response (CR), 

partial response (PR), stable disease (SD), or progressive disease. Analyses were performed 
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using the best response by week 28. ORR was defined as the percentage of patients who 

achieved CR or PR; disease control rate (DCR) was defined as the percentage of patients 

who achieved CR, PR, or SD; and OS was defined as time from enrollment to death from 

any cause.

Tumor PD-L1 expression was assessed by a prototype immunohistochemistry assay 

(QualTek Molecular Laboratories, Goleta, CA) (14) in pretreatment tumor biopsy samples 

using the 22C3 antibody (Merck & Co., Inc., Kenilworth, NJ). PD-L1 positivity was defined 

as membranous staining in ≥1% of tumor and/or immune cells in tumor nests.

Statistical Methods

BTS was compared in subgroups defined by traditional baseline clinical factors (ECOG PS 

[0 vs 1], LDH level [normal vs elevated], M stage [M0, M1a, or M1b vs M1c], age [below 

vs above the median], and sex [male vs female]), as well as with other baseline clinical 

factors (BRAFV600 mutation status [mutant vs wild-type], prior brain metastases [yes vs no], 

prior ipilimumab treatment [naive vs exposed], number of prior therapies [0 vs ≥1], 

pembrolizumab dose and schedule [10 mg/kg Q2W vs 10 mg/kg Q3W vs 2 mg/kg Q3W], 

tumor PD-L1 status [positive vs negative], and site of metastasis [lung only vs liver (with or 

without any other sites) vs other]) using the nonparametric Kruskal-Wallis test. Baseline 

factors were analyzed for their association with ORR using logistic regression. Univariate 

factors with P < 0.10 were then analyzed using a multivariate logistic regression to test 

independence in a stepwise procedure with alpha-to-enter 0.025 and alpha-to-remove 0.05. 

The association of baseline clinical factors with OS was estimated with a univariate Cox 

proportional hazard analysis applying the Efron method for handling ties. Statistical 

analyses were done using SAS (version 9.3).The data cutoff date for this post hoc analysis 

was September 18, 2015.

RESULTS

Patients and Association of BTS with Baseline Clinical Characteristics

Of the 655 patients with advanced melanoma treated in the KEYNOTE-001 trial, 583 had 

measurable disease at baseline by central RECIST v1.1 and were included in the analysis. 

Baseline characteristics for these patients are outlined in Table 1. Median age was 61 years, 

and the majority had ECOG PS 0 (66%), normal LDH level (58%), and stage M1c disease 

(80%). Of the 23% of patients with BRAFV600-mutant tumors, 68% had previously received 

a BRAF inhibitor. Most patients (77%) had previously received ≥1 therapy; 52% had 

previously received ipilimumab.

Median BTS was 10.2 cm (range, 1–89.5 cm) (Supplemental Fig. S1). Several baseline 

clinical factors were associated with BTS. Larger median BTS was observed in patients with 

ECOG PS 1 compared with ECOG PS 0 (15.3 cm vs 8.1 cm; P < 0.001), elevated LDH level 

compared with normal LDH level (17.3 cm vs 6.2 cm; P < 0.001), stage M1c disease 

compared with other disease stages (13.1 cm vs 4.3 cm; P < 0.001), and age below the 

median compared with age above the median (12.0 cm vs 8.8 cm; P = 0.038). The location 

of metastases was also strongly associated with BTS. Patients with liver metastases (with or 

Joseph et al. Page 4

Clin Cancer Res. Author manuscript; available in PMC 2019 December 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



without any other sites) had larger median BTS versus those with lung only or other 

metastases (15.3 cm vs 3.9 cm vs 9.3 cm; P < 0.001). Compared with patients who were 

treatment naive, patients with previously treated disease had larger median BTS (11.1 cm vs 

9.3 cm; P = 0.013), including those who previously received ipilimumab compared with 

those who were ipilimumab naive (12.1 cm vs 8.8 cm; P = 0.002).

Univariate Analysis of Baseline Clinical Factors Associated with ORR

In the 583 patients with measurable disease at baseline, the CR rate was 10%, ORR was 

33%, and DCR was 51% (Table 2). Several baseline clinical factors were associated with 

higher ORR, including normal LDH level compared with elevated LDH level (P < 0.001), 

stage M0, M1a, or M1b disease compared with M1c disease (P < 0.001), BRAFV600 wild-

type status compared with BRAFV600 mutant status (P = 0.036), no prior ipilimumab 

treatment compared with prior ipilimumab treatment (P = 0.028), no prior therapy compared 

with prior therapy (P = 0.009), BTS below the median compared with BTS above the 

median (P < 0.001), PD-L1–positive tumors compared with PD-L1‒negative tumors (P < 

0.001), and lung only metastases compared with liver (with or without any other sites) and 

other metastases (P < 0.001) (Table 3). Patients with a BTS below the median were more 

likely to achieve CR (18% vs 2%; P < 0.001) and had a higher ORR (44% vs 23%; P < 

0.001) and DCR (62% vs 40%; P < 0.001) than patients with a BTS above the median (Table 

2). Patients with lung only metastases experienced an ORR of 62% while patients with liver 

metastases (with or without any other sites) had an ORR of 22%.

Univariate Analysis of Baseline Clinical Factors Associated with OS

With a median follow-up of 32 months (range, 24–46 months), median OS was 24 months at 

the time of analysis. Of the 655 patients treated in the trial, 66% were alive at 1 year, 50% 

were alive at 2 years, and 40% were alive at 3 years.

Several baseline clinical factors were associated with improved OS, including ECOG PS 0 

compared with 1 (hazard ratio [HR], 0.56; P < 0.001), normal LDH level compared with 

elevated LDH level (HR, 0.37; P < 0.001), stage M0, M1a, or M1b disease compared with 

M1c disease (HR, 0.40; P < 0.001), no prior therapy compared with prior therapy (HR, 0.77; 

P = 0.053), BTS below the median compared with BTS above the median (HR, 0.38; P < 

0.001), PD-L1‒positive tumors compared with PD-L1‒negative tumors (HR, 0.51; P < 

0.001), and lung only and other metastases compared with liver metastases (with our without 

any other sites) (HRs, 0.29, 0.65, and 1.00; P < 0.001) (Table 3).Patients with lung only 

metastases had a 1-year OS rate of 89% while patients with liver metastases (with or without 

any other sites) had a 1-year OS rate of 53%

At 1 year, 80% of patients with BTS below the median were alive, compared with 48% of 

patients with BTS above the median (P < 0.0001) (Fig. 1A). A continuous and direct 

relationship between BTS and risk for death was observed when BTS was assessed as a 

continuous variable (Fig. 1B). Using the median BTS of 10.2 cm as a comparator (HR, 1), a 

patient with BTS 30 cm had an HR for death of 2.36. Conversely, a patient with BTS 3.3 cm 

had an HR for death of 0.65.
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Multivariate Analysis of Baseline Clinical Factors Associated with ORR and OS

Among the eight factors associated with ORR in the univariate model, three remained 

independently associated with higher ORR in a multivariate model: normal LDH level (odds 

ratio [OR], 2.52; P < 0.001), no prior therapies (OR, 1.76; P = 0.010), and site of metastasis 

(ORs, 4.51 and 1.81; P < 0.001) (Table 4). Of the 324 total deaths that occurred among 

treated patients with measurable disease at baseline, 315 occurred among the population 

included in the multivariate analysis. Among the seven factors associated with OS in the 

univariate model, four remained independently associated with longer OS in a multivariate 

model: normal LDH level (HR, 0.48; P < 0.001), BTS below the median (HR, 0.61; P < 

0.001), ECOG PS of 0 (HR, 0.71; P = 0.004), and site of metastasis (HRs, 0.49 and 0.71; P = 

0.002) (Table 5).

Analysis of PD-L1 Expression as a Biomarker of ORR and OS

Of the 583 patients included in the analysis, 459 (79%) had tumor samples evaluable for PD-

L1 expression, of which 353 (77%) had PD-L1–positive tumors and 106 (23%) had PD-L1–

negative tumors (Table 1). Tumor PD-L1 expression was not associated with any baseline 

clinical factors except for prior ipilimumab treatment and site of metastasis because patients 

previously treated with ipilimumab were more likely to have PD-L1‒positive tumors than 

those who were ipilimumab naive (81% vs 72%; P = 0.015) and patients with lung only 

metastases were more likely to have PD-L1‒positive tumors than those with liver (with or 

without any other sites) or other sites of metastases (85% vs 68% vs 80%; P = 0.008). The 

percentage of patients with PD-L1–positive tumors did not differ among those with BTS 

above or below the median.

Patients with PD-L1–positive tumors were more likely to achieve an objective response than 

patients with PD-L1–negative tumors (39% vs 13%; P < 0.001). After adjusting for other 

factors that were at least minimally associated with higher ORR (P < 0.10), normal LDH 

level (OR, 1.93; P = 0.008), no prior therapies (OR, 2.04; P = 0.007), BTS below the median 

(OR, 1.63; P = 0.0496), PD-L1–positive tumors (OR, 4.19; P < 0.001), and lung only or 

other metastasis (OR, 3.54 and 1.78; P = 0.003) remained independently associated with 

higher ORR.

In the 459 patients with tumor samples evaluable for PD-L1 expression, those with PD-L1–

positive tumors were also more likely to be alive at 1 year than those with PD-L1–negative 

tumors (69% vs 45%; P < 0.001) (Supplemental Table S1). When these factors were 

combined in a multivariate model, six factors remained independently associated with longer 

OS: ECOG PS 0, normal LDH level, no prior therapies, BTS below the median, PD-L1–

positive tumors, and lung metastases.

We also performed a subset analysis of the 139 treatment-naive patients with measurable 

BTS (supplemental Table S2 and supplemental Figure S2). The median BTS in this subset 

was 10.2 cm; patients with BTS less than or equal to the median BTS were more likely to be 

alive at 1 year compared to those patients with a greater than median BTS (83% versus 56%, 

P < 0.001) and median survival was also significantly longer in patients with less than the 
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median BTS (supplemental Figure S2). In terms of ORR, there was not a significant 

difference between patients above or below median BTS (50% versus 38%, P = 0.163).

DISCUSSION

To our knowledge, this is the first study to assess the prognostic effect of BTS on clinical 

outcomes in patients with metastatic melanoma treated with anti–PD-1 therapy. Not 

surprisingly, BTS was strongly associated with many baseline clinical factors and thus was 

also strongly associated with clinical outcomes. In our multivariate model, BTS was not 

independently associated with ORR but did remain independently associated with OS.

As BTS has not been routinely assessed and reported, it is difficult to contextualize the 

results of this work with previous studies that evaluated the effectiveness of immunotherapy 

in patients with metastatic melanoma. In previous studies of patients treated with high-dose 

interleukin 2, higher ORR was associated with ECOG PS 0 (15), no prior systemic therapy 

(15) and decreased LDH level (16). In the current study of PD-1 blockade with 

pembrolizumab, higher ORR was associated with normal LDH level; stage M0, M1a, or 

M1b disease; BRAFV600 wild-type status; no prior ipilimumab treatment; no prior therapy; 

BTS below the median; PD-L1–positive tumors; and number of sites of metastases in a 

univariate analysis. In a multivariate analysis, only normal LDH level, no prior therapies, 

and number of sites of metastasis were independently associated with higher ORR. In the 

prospective phase III study that compared ipilimumab with glycoprotein 100, no 

pretreatment characteristics identified patients more likely to benefit from ipilimumab; 

however, BTS was not evaluated in that report (17). Others have used number of organ sites 

involved of greater than or less than 3 as an important marker of prognosis in patients with 

metastatic melanoma treated with dabrafenib and trametinib (18). As a part of future studies, 

we plan to incorporate number of involved organ sites as a potential surrogate for BTS.

Although this analysis cannot differentiate the predictive versus prognostic effect of baseline 

factors, we hypothesize that BTS represents a distinct balance between tumor antigen burden 

and the preexisting ineffective immune response that, when adequately augmented by PD-1 

blockade, can result in an effective antitumor response. Huang et al recently demonstrated 

that the magnitude of the pretreatment immune response is indeed related to tumor burden, 

suggesting an ineffective preexisting response; with PD-1 blockade, the increase in immune 

response relative to baseline tumor burden may be predictive of antitumor response (19). By 

this mechanism, BTS may be, in part, predictive of response to PD-1 blockade and 

prognostic of outcome as a result of both lead-time bias and a more efficient preexisting 

immune response.

Although patients with PD-L1–positive tumors had a higher ORR and better prognosis than 

patients with PD-L1–negative tumors, no association between BTS and PD-L1 expression 

was identified. That is, patients with a large BTS were as likely to have a PD-L1–positive 

tumor as patients with a small BTS. At present, PD-L1 expression remains a dynamic 

marker with unclear clinical usefulness in melanoma.
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There are several potential clinical implications of this work. Our data suggest that there is a 

greater unmet medical need in patients with a larger BTS, a group that typically included 

previously treated patients, which thereby supports use of PD-1 inhibitors earlier in the 

disease course. In support of earlier PD-1 blockade, the ORR for pembrolizumab in 

KEYNOTE-001 was 33% overall but was 45% in treatment-naive patients (20). Other 

published data also suggest that ORR might be higher in previously untreated patients 

(13,21). In addition, although patients with a larger BTS had decreased survival compared 

with those with a smaller BTS, the 1-year survival rate of 48% for patients with BTS above 

the median is clinically meaningful and indicates that patients still benefit from 

pembrolizumab despite having a large tumor burden. Finally, if BTS were validated in 

subsequent studies as a predictive factor, it might be additionally insightful to assess BTS, 

among other baseline factors, in randomized studies of dual checkpoint blockade versus 

single-agent PD-1 blockade as a step toward improving patient selection for combination 

therapy options that may have increased toxicity.

Our findings may also have implications for trial design in melanoma. Because of the 

strength of BTS as an independent prognostic factor, BTS could be considered a 

stratification factor for clinical trials of PD-1 blockade if validated in additional studies. 

However, the application of using BTS to stratify patients could be challenging because of 

the continuous relationship between BTS and risk for death; therefore, a validated cut-off 

point of BTS would be helpful in this respect. In addition, although cross-trial comparisons 

are challenging and never definitive, the prospective quantification of BTS could allow for 

assessment of similar patient populations when comparing trial designs.

In addition to BTS, well-known prognostic markers in melanoma, such as LDH level, ECOG 

PS, and M stage, were also strongly associated with clinical outcome in this study, 

supporting the applicability of these results to the general melanoma population. One of the 

more interesting findings of our analysis was the exceptionally good outcomes for patients 

with lung only metastases; these patients experienced a near tripling of ORR compared with 

patients with liver metastases (62% vs 22%). While independent validation of this finding is 

necessary, if confirmed this information could aid in clinical decision making.

There are several important limitations of this work. First, our findings require prospective 

validation in an independent cohort. The effect of BTS on clinical outcomes in the 

KEYNOTE-002 () (12) and KEYNOTE-006 () (13) studies may help further address this 

question. Importantly, KEYNOTE-006 is a first-line study; therefore, it will be important to 

assess the value of BTS without the confounding element of prior treatment effect and to 

consider subsequent therapies in any analysis. Second, because the data derive from an 

uncontrolled study, conclusions cannot be drawn about whether BTS is prognostic or 

predictive in nature. Because BTS is associated with other known prognostic factors (such as 

elevated LDH and site of metastases), it is possible that it is a prognostic factor that might be 

associated with lower response across a variety of therapeutic categories. Another limitation 

is that there is no recognized gold standard to assess BTS. In this study, we evaluated the 

sum of the longest diameters of ≤10 target lesions and five lesions per organ, but we did not 

include lesions that are not captured by RECIST v1.1, such as bone lesions or lesions that 

did not meet RECIST v1.1 size criteria. We chose 10 lesions instead of 5, as per RECIST 
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v1.1, because, at the time the study was designed, how to assess response to anti-PD1 agents 

was unclear. The design of the study included up to 10 lesions instead of the traditional 5 in 

RECIST v1.1 and, for the purposes of this manuscript, we included all 10 lesions as 

captured in the database. Therefore, our assessment of BTS does not include all lesions 

present in the patient and does include up to 5 more lesions than would be counted in 

RECIST v1.1. Another limitation of the current study is that we did not explore the 

difference between having multiple small tumors and having one large tumor. We believe 

this work is important and should be a part of future of analyses in melanoma and other 

tumor types, along with analysis of the number of involved metastatic sites.

In summary, BTS is strongly associated with several baseline clinical factors and clinical 

outcomes in patients with metastatic melanoma treated with pembrolizumab. Because of the 

association of BTS with other known prognostic factors in melanoma, BTS should also be 

studied for its association with clinical outcomes of other antitumor agents. Because 

melanoma treatment strategies rapidly evolve, a key next step in advancing the field is to 

better define which therapy is best for the individual patient to minimize unnecessary 

toxicity without compromising clinical effectiveness. BTS may play a significant role in 

realizing individualized patient therapy.
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Figure 1. Relationship between baseline tumor size and survival.
(A) Kaplan-Meier estimate of OS. (B) Baseline tumor size as a continuous effect on OS. CI, 

confidence interval; HR, hazard ratio; OS, overall survival.
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Table 1.

Baseline patient and disease characteristics by baseline tumor size

Factor N (%
†
) BTS below median, n/N (%) BTS above median, n/N (%) P

Total 583 (100) 292/583 (50) 291/583 (50)

Traditional factors

ECOG PS

 0 387 (66) 224/387 (58) 163/387 (42)
<0.001

 1 195 (34) 68/195 (35) 127/195 (65)

LDH level

 Normal 333 (58) 226/333 (68) 107/333 (32)
<0.001

 Elevated 238 (42) 63/238 (27) 175/238 (74)

M stage

 M0, M1a, or M1b 119 (20) 96/119 (81) 23/119 (19)
<0.001

 M1c 464 (80) 196/464 (42) 268/464 (58)

Age

 Below median (≤ 61 years) 298 (51) 134/298 (45) 164/298 (55)
0.012

 Above median (>61 years) 285 (49) 158/285 (55) 127/285 (45)

Sex

 Male 365 (63) 179/365 (49) 186/365 (51)
0.514

 Female 218 (37) 113/218 (52) 105/218 (48)

Other factors

BRAFV600 mutation status

 Mutant 133 (23) 66/133 (50) 67/133 (50)
0.976

 Wild type 444 (77) 221/444 (50) 223/444 (50)

Prior brain metastases

 Yes 50 (9) 31/50 (62) 19/50 (38)
0.076

 No 532 (91) 260/532 (49) 272/532 (51)

Prior ipilimumab treatment

 Naive 278 (48) 155/278 (56) 123/278 (44)
0.009

 Exposed 305 (52) 137/305 (45) 168/305 (55)

Number of prior therapies

 0 137 (23) 77/137 (56) 60/137 (44)
0.102

 ≥ 1 446 (77) 215/446 (48) 231/446 (52)

Pembrolizumab dose and schedule

 10 mg/kg Q2W 168 (29) 92/168 (55) 76/168 (45)

0.329 10 mg/kg Q3W 272 (47) 133/272 (49) 139/272 (51)

 2 mg/kg Q3W 143 (25) 67/143 (47) 76/143 (53)

Tumor PD-L1 status

 Positive 353 (77) 175/353 (50) 178/353 (50) 0.925
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Factor N (%
†
) BTS below median, n/N (%) BTS above median, n/N (%) P

 Negative 106 (23) 52/106 (49) 54/106 (51)

Site of metastasis

 Lung only 84 (14) 74/84 (88) 10/84 (12)

<0.001 Liver, with or without any other sites 201 (34) 62/201 (31) 139/201 (69)

 Other 298 (51) 156/298 (52) 142/298 (48)

Abbreviations: BTS, baseline tumor size; ECOG PS, Eastern Cooperative Oncology Group performance status; LDH, lactate dehydrogenase; PD-
L1, programmed death ligand 1; Q2W, every 2 weeks; Q3W, every 3 weeks.

†
Percentages calculated by using the number of patients with available data for each baseline characteristic as the denominator (may be <583 

patients for some characteristics).
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Table 2.

Summary of best overall response by independent review per RECIST v1.1

Total population, % BTS below median, % BTS above median, % P

CR 10 18 2 <0.001

PR 24 26 21 0.149

SD 18 19 17 0.600

PD 39 33 45 0.005

ORR 33 44 23 <0.001

DCR 51 62 40 <0.001

Abbreviations: BTS, baseline tumor size; CR, complete response; DCR, disease control rate; ORR, objective response rate; PD, progressive 
disease; PR, partial response; RECIST, Response Evaluation Criteria In Solid Tumors; SD, stable disease.
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Table 3.

Univariate association of baseline patient and disease characteristics with survival and response

Factor

Overall survival Response

Alive at 1 year, % (95% CI) HR P ORR, % P

Traditional factors

ECOG PS

 0 70 (65.6 to 74.7)
0.56 <0.001

36
0.100

 1 51 (43.6 to 57.7) 29

LDH level

 Normal 79 (74.0 to 82.8)
0.37 <0.001

43
<0.001

 Elevated 44 (37.2 to 49.8) 21

M stage

 M0, M1a, or M1b 86 (78.6 to 91.4)
0.40 <0.001

50
<0.001

 M1c 58 (53.6 to 62.6) 29

Age

 Below median (≤61 years) 63 (56.7 to 67.8)
0.93 0.534

32
0.464

 Above median (>61 years) 65 (59.6 to 70.6) 35

Sex

 Male 64 (58.5 to 68.4)
0.91 0.400

36
0.180

 Female 64 (57.6 to 70.4) 30

Other factors

BRAFV600 mutation status

 Wild type 66 (60.8 to 69.7)
0.82 0.113

36
0.036

 Mutant 59 (50.4 to 67.2) 26

Prior brain metastases

 Yes 68 (53.2 to 79.0)
0.84 0.391

34
1.000

 No 64 (59.2 to 67.4) 34

Prior ipilimumab treatment

 Naive 68 (62.4 to 73.5)
0.88 0.234

38
0.028

 Exposed 60 (54.2 to 65.2) 29

Number of prior therapies

 0 70 (61.8 to 77.3)
0.77 0.053

43
0.009

 ≥ 1 62 (57.3 to 66.3) 31

Pembrolizumab dose and schedule

 10 mg/kg Q2W 63 (55.5 to 70.1) 0.97

0.704

37

0.522 10 mg/kg Q3W 64 (57.6 to 69.1) 1.02 32

 2 mg/kg Q3W 65 (56.8 to 72.5) 32

BTS (SLD)

 Below median (≤ 10.2 cm) 80 (74.6 to 83.9)
0.38 <0.001

44
<0.001

 Above median (> 10.2 cm) 48 (42.0 to 53.6) 23
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Factor

Overall survival Response

Alive at 1 year, % (95% CI) HR P ORR, % P

Tumor PD-L1 status

 Positive 69 (63.6 to 73.4)
0.51 <0.001

39
<0.001

 Negative 45 (35.4 to 54.4) 13

Site of metastasis

 Lung only 89 (80.4,94.3) 0.29

<0.001

62

<0.001 Liver, with or without any other sites 53 (46.2,60.1) 1.00 22

 Other 64 (58,68.9) 0.65 33

Abbreviations: BTS, baseline tumor size; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; HR, hazard 
ratio; LDH, lactate dehydrogenase; ORR, objective response rate; PD-L1, programmed death ligand 1; Q2W, every 2 weeks; Q3W, every 3 weeks; 
SLD, sum of the longest diameters.
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Table 4.

Independent factors on ORR

Factors OR P

Normal LDH level 2.52 <0.001

No prior therapies 1.76 0.010

Site of metastasis <0.001

 Lung only vs liver, with or without any other sites 4.51

 Other vs liver, with or without any other sites 1.81

Abbreviations: LDH, lactate dehydrogenase; OR, odds ratio; ORR, objective response rate.
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Table 5.

Independent factors on OS

Factors HR P

Normal LDH level 0.48 <0.001

BTS below median 0.61 <0.001

ECOG PS 0 0.71 0.004

Site of metastasis 0.002

 Lung only vs liver, with or without any other sites 0.49

 Other vs liver, with or without any other sites 0.71

Abbreviations: BTS, baseline tumor size; ECOG PS, Eastern Cooperative Oncology Group performance status; HR, hazard ratio; LDH, lactate 
dehydrogenase; OS, overall survival.
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