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Abstract

18

Programmed death receptor-1/ligand 1 (PD-1/L1) antibodies can induce durable remissions in malignancies.

19

However, response rates are only ~10-20% in unselected patients versus ~50% in microsatellite instability-high

20

(MSI-high) tumors, probably related to high tumor mutational burden (TMB). Pembrolizumab is approved for

21

MSI-high or deficient mismatch repair tumors. However, outside of colorectal and endometrial carcinoma, only

22

a small subset of tumors are MSI-high, making this treatment option unavailable to most patients. It is not

23

known if MSIstable tumors with high TMB respond to PD-1/PD-L1 blockade. Next generation sequencing

24

(NGS) was performed on 60 patients (14 different histologies) treated with checkpoint blockade using the

25

FoundationOne assay to determine the TMB and MSI status. TMB was dichotomized into two groups; low-to-

26

intermediate (0-19 mutations/mb) vs. high (≥20 mutations/mb). . Benefit rate (stable disease for ≥6 months and

27

partial or complete response) was determined:2,179 of 148,803 samples (1.5%) were MSI-high; 9,762 (6.6%),

28

TMB-high (7,972, MS-stable/TMB-high). The majority (82.1%) of MSI-H tumors were TMB-high; however,

29

only 18.3% of TMB-high tumors were MSI-H. Median progression-free survival for MS-stable/TMB-high

30

versus MS-stable/TMB-Low/TMB-Intermediate tumors was 26.8 vs. 4.3 months (P = 0.0173). Thus, our data

31

demonstrate that MS-stable/TMB-high tumors are more common than MSI-high cancers and may benefit from

32

immunotherapy.

33
34

2

Downloaded from cancerimmunolres.aacrjournals.org on September 19, 2019. © 2019 American Association for Cancer Research.

Author Manuscript Published OnlineFirst on August 12, 2019; DOI: 10.1158/2326-6066.CIR-19-0149
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

35

Introduction: Programmed death receptor-1/ligand 1 (PD-1/L1) antibodies can induce durable remissions in

36

solid and hematologic malignancies. However, only 10-20% of unselected patients respond to PD-1/L1

37

blockade. There is an unmet need for novel biomarkers that will identify patients more likely to respond to PD-

38

1/PD-L1 inhibition. The utility of PD-L1 expression as a biomarker has been studied extensively, and in general

39

response rates to PD-1/PD-L1 blockade are 0-17% for PD-L1 negative tumors and 36-100% for PD-L1 positive

40

tumors (1). However, standardization of PD-L1 as a useful biomarker has been difficult as many detection

41

methods are currently used (immunohistochemistry, flow cytometry, mRNA expression)(2). The most

42

responsive cancers to PD-1/PD-L1 blockade have been melanoma and NSCLC, both of which have high tumor

43

mutational burden (TMB) (3). Retrospectively and prospectively TMB can be an effective tissue agnostic

44

biomarker in predicting responses to PD-1/PD-L1 blockade(4–6).

45

PD-1/PD-L1 blockade is also highly effective in microsatellite instability-high (MSI-high)/mismatch

46

repair-deficient (dMMR) tumors (7,8). The sensitivity of MSI-high tumors to PD-1 blockade may be related to

47

high TMB since TMB predicts checkpoint blockade response in many cancer types (5,9). Pembrolizumab is

48

approved by the Food and Drug Administration (FDA) for MSI-high or dMMR solid tumors (www.fda.gov),

49

representing the first tissue-agnostic approved as a cancer therapeutic (7,8). However, outside of colorectal and

50

endometrial carcinoma, only a small subset of tumors are MSI-high(10), making this treatment option

51

unavailable to most patients. Because a higher percentage of tumors are TMB-high than MSI-high(11), we

52

sought to determine if MS-stable/TMB-high tumors (both tested on the same tissue sample) respond to

53

checkpoint blockade.

54
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55

Methods: This study was performed in accordance with UCSD Institutional Review Board guidelines for data

56

analysis (NCT02478931) and for any investigational treatments for which patients provided consent. Approval

57

for the Foundation Medicine dataset was obtained from the Western Institutional Review Board (Protocol

58

number 20152817). Hybrid capture-based next generation sequencing (NGS) was performed on all samples

59

using the FoundationOne assay (182, 236, 315, 327, or 405 genes, depending on the time period;

60

http://www.foundationmedicine.com/). The average sequencing depth of coverage was greater than 250x, with

61

>100x at >99% of exons(12). The pathologic diagnosis of each case was confirmed by review of hematoxylin

62

and eosin stained slides and all samples that advanced to DNA extraction contained a minimum of 20% tumor

63

cells. Sequencing was performed by Foundation Medicine on tumor samples between October 1, 2012 to April

64

1, 2018. TMB was calculated by interrogating up to 1.2 mb of the genome. The number of somatic mutations

65

were enumerated and extrapolated to the whole exome using a validated algorithm(11). Alterations known to be

66

oncogenic drivers were excluded. TMB was dichotomized into two groups; low-to-intermediate (0-19

67

mutations/mb) vs. high (≥20 mutations/mb). MSI status (stable vs. high) was determined using 114 intronic

68

homopolymer repeat loci with adequate coverage on the NGS panel. These sequences were analyzed for length

69

variability and compiled into an overall score using principal components analysis(13).

70

Our inclusion criteria for UCSD patients were that they were consented as required for the PREDICT

71

study (NCT02478931), were seen and treated at UCSD at any time after October 2012, were adults (at least 18

72

years of age) and had cancer that was tested for microsatellite status and for TMB (by Foundation Medicine) and

73

they were treated with checkpoint blockade with at least one evaluable follow up. For the Foundation Medicine

74

dataset ( N = 148,803 tumor samples), all samples analyzed by Foundation Medicine were included.

75

Sixty patients (14 different histologies) treated with checkpoint blockade were evaluable. Benefit rate

76

(stable disease for ≥6 months and partial or complete response) was determined (RECIST criteria). Authors

77

reviewed clinical documentation and radiographic images for evidence of progression. Median progression-free

4
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78

survival (PFS) and overall survival (OS) were calculated from the start of checkpoint blockade, and data was

79

censored at the last visit for patients still progression free or alive, respectively, for PFS and OS. PFS and OS

80

were calculated by the method of Kaplan and Meier (P values by log-rank test). Patients

81

were censored at date of last follow up for PFS and OS, if they had not progressed or died, respectively. The

82

Fisher exact test was used to assess categorical variables. P=values ≤.0.05 were considered significant.

83
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84

Results: TMB and MSI status were analyzed on 148,803 tumor samples (Foundation Medicine (FM) dataset);

85

2,179 (1.5%) of 148,803 samples were MSI-high whereas 9,762 (6.6%) were TMB-high. The majority (82.1%)

86

of MSI-high tumors were TMB-high; however, only 18.3% of TMB-high tumors were MSI-H. Therefore, of

87

148,803 patients, 2,179 were MSI-high whereas 7,972 patients were MS-stable but TMB-high (Fig. 1).

88

Cutaneous malignancies had the highest TMB whereas endometrial, colorectal cancer, and small intestine cancer

89

had the highest percent of MSI-H samples (Fig 1A).

90

The UCSD data set consisted of 60 patients who were all MSI stable. Fifteen patients (25%) had TMB-

91

high tumors. Histologies that were TMB-low to -intermediate included non-small cell lung cancer (N = 13),

92

melanoma (N = 12), head and neck cancer (N = 7), bladder cancer (N = 4), sarcoma (N = 3), breat cancer (N =

93

2), glioblastoma (N = 1), cervical cancer (N = 1), ovarian cancer (N = 1), and adrenal cancer (N = 1)

94

(Supplemental Table S1). Histologies that were TMB-high included melanoma (N = 6), bladder cancer (N =

95

2), cutaneous squamous cell carcinoma (N =2), glioblastoma (N = 1), breast cancer (N = 1), basal cell carcinoma

96

(N = 1), esophageal carcinoma (N = 1), and prostate cancer (N = 1) (Supplemental Table S1). All patients were

97

treated with either PD-1/L1 or CTLA4 checkpoint blockade (some received a combination of these agents)

98

(Supplemental Tables S1 and S2). Seventeen of 45 (38%) of TMB-Low to -Intermediate patients were treated

99

with combination therapy (Supplemental Table S2) whereas 5 of 15 (33%) TMB-high patients were treated

100
101

with combination therapy (Supplemental Table S2).
The benefit rate (stable disease >6 months/partial and complete remission (SD >6 months/PR/CR)) for

102

MS-stable/TMB-high versus MS-stable/TMB-Low to –Intermediate patients was 10/15 (75%) vs. 17/54 (38%)

103

(P = 0.0734, odds ratio (OR) 3.29 [95% confidence interval (CI) 0.91-10.29]). The median PFS for MS-

104

stable/TMB-high versus MS-stable/TMB-Low/TMB-Intermediate tumors was 26.8 months vs. 4.3 months (P =

105

0.0173, hazard ratio (HR) 0.42 [95% CI 0.22-0.77]); median OS, not reached (median follow up, 17.2 months vs.

106

16.3 months (P = 0.0635, HR 0.4581 [95% CI 0.20-1.0])) (Fig. 1).

6
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Discussion: Our data suggested that MS-stable/TMB-high tumors have significantly longer median PFS (26.8

108

months vs. 4.3 months (P = 0.0173)) after checkpoint blockade than MS-stable/TMB-Low/Intermediate tumors.

109

Furthermore, MS-stable/TMB-high characterized a subgroup of cancers considerably larger than the MSI-high

110

subset (7,972/148,803 versus 2,179/148,803 patients). Although the salutary effects of checkpoint blockade for

111

MSI-high tumors wasclear (8), and most MSI-high tumors were TMB-high, about ~18% of malignancies that

112

were MSI-high, were not TMB-high. It would be worth ascertaining if patients with MSI-high but lower TMBs

113

(a subset of patients to small to assess in our current study) respond less well to immunotherapy.

114

The limitations of our study included the relatively small sample size and the retrospective analysis.

115

Furthermore, our patients were not all treated with the same therapy. Due to the limited number of patients

116

included in our analysis, we were unable to perform a multivariate analysis to assess for potential confounding

117

factors such as heterogeneity of treatments (different agents, combinations vs. monotherapies) and tumor types

118

that may have influenced outcomes. PD-L1 expression was not available for many patients and was not included

119

in the analysis. PD-L1 expression and TMB are not significantly correlated within most cancer subtypes (14).

120

Even so, our data showed that significant subgroups of patients have MS-stable/TMB-high tumors and these

121

individuals appear to respond favorably to immunotherapy.

122

MS-stable/TMB-high characterized a subgroup of cancers that was larger than the MSI-high subset.

123

However, the optimal cutoff between TMB low and high remains to be defined. It is currently unknown whether

124

individual cutoffs for specific tumor types or a universal cutoff point for all tumors should be adopted (15).

125

TMB-high patients, regardless of MSI status, respond to checkpoint blockade, and FDA-approval of checkpoint

126

inhibitors based off TMB status may be warranted (7,8). This will greatly expand the population of cancer

127

patients who could receive checkpoint blockade. The current observations underscore the importance of

128

prospective clinical trials evaluating the utility of TMB in diverse tumors treated with checkpoint blockade.

129
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Figure Legend
Figure 1: The relationship between MSI status and TMB across diverse malignancies
A) Distribution of MSI status and mutational burden amongst various tumor histologies (N = 148,803). B) Of148,803 total patients (with 2179
being MSI-H and 9762 being TMB-H), 389 patients are MSI-H and TMB-Low or TMB-intermediate; (ii) 1790 patients are MSI-H and TMBH; and (iii) 7972 patients are MSS and TMB-H. C) Median PFS for MS-stable tumors dichotomized by TMB. The median PFS for TMB-high
tumors compared to TMB-Low to -Intermediate tumors was 26.8 months vs. 4.3 months. (P = 0.0173, HR 0.42 [95% CI 0.22-0.77]). D)
Mediant OS for MS-stable tumors dichotomized by TMB. The median OS for TMB-high tumors compared to TMB-Low to -Intermediate
tumors was not reached vs. 16.3 months (median follow up of 17.2 months) (P = 0.0635, HR 0.4581 [95% CI 0.20-1.0]). PFS and OS were
calculated by the method of Kaplan and Meier (P values by log-rank test)
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