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To the Editor:

The Food and Drug Administration (FDA) recently approved pembrolizumab, a 

programmed death 1 (PD-1) blocking antibody, for patients who have treatment-refractory 

cancers with a tumor mutational burden greater than 10 mutations per megabase.1 This 

approval, for treatment of any type of solid tumor, was based on retrospective evidence 

from a study showing that high tumor mutational burden was predictive of a favorable 

radiographic response to treatment with immune checkpoint inhibitors in patients with 10 

different rare cancers.2 Of note, high tumor mutational burden did not predict improved 

overall survival after treatment with immune checkpoint inhibitors, nor did the study 

evaluate other major tumor types or the cause of the high-mutation phenotype.

Since this approval would affect approximately 18% of cases of advanced colorectal cancer 

(Table S1 in Supplementary Appendix 2 [legend in Supplementary Appendix 1]), we 
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evaluated 137 patients with advanced colorectal cancer who were treated with immune 

checkpoint inhibitors at our institution. Median overall survival was longer in patients with 

high tumor mutational burden (≥10 mutations per megabase) than in patients with low 

tumor mutational burden (hazard ratio for death, 0.40; 95% confidence interval [CI], 0.24 

to 0.65) after treatment with immune checkpoint inhibitors (Fig. 1A). However, after cohort 

stratification by mismatch-repair–deficiency status or by status with respect to pathogenic 

mutations in polymerase ε (POLE) or polymerase δ1 (POLD1) (collectively referred to as 

pol-d), the difference in overall survival among patients with mismatch-repair–proficient 

tumors with high tumor mutational burden as compared with low tumor mutational burden 

disappeared (hazard ratio for death, 1.17; 95% CI, 0.59 to 2.32) (Fig. 1B).

Extension of this analysis to 1661 patients with various tumors treated with immune 

checkpoint inhibitors3 showed that tumor mutational burden of 10 or more mutations per 

megabase was associated with improved overall survival in a limited subgroup of patients 

with mismatch-repair–proficient tumors (Fig. 1C and Table S4) when stratified according to 

tumor type. Only patients with metastatic head and neck cancer, non–small-cell lung cancer, 

and melanoma had improved overall survival (hazard ratio for death, 0.52; 95% CI, 0.31 to 

0.64). No benefit was seen in patients with 10 other tumor types in which mismatch repair or 

pol-d was intact (hazard ratio for death, 0.84; 95% CI, 0.63 to 1.11) (Fig. 1C).

Mismatch-repair deficiency is a well-established biomarker of improved overall survival 

after treatment with immune checkpoint inhibitors,4 and pol-d status may also predict 

benefit from immune checkpoint inhibitors.5 We observed that other than patients with 

these two genetic subtypes, the only patients with hyper-mutated tumors who benefited 

from immune checkpoint inhibitors had cancers strongly associated with environmental 

carcinogens — chronic exposure to ultraviolet radiation or tobacco.

The current FDA approval granted on the basis of tumor mutational burden may be too 

broad, and immune checkpoint inhibitors should be considered in the context of the cause 

of the high tumor mutational burden and not based solely on an absolute threshold. This 

approval, given purely on the basis of response rate, also neglects more meaningful clinical 

end points, including survival and quality of life, and slows the development of more 

effective therapies for this patient population.
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Figure 1. Effect of Immune Checkpoint Inhibitors on Survival in Patients with Tumors with 
High Tumor Mutational Burden.
Shown are Kaplan–Meier plots of overall survival in 137 patients with advanced colorectal 

cancer according to tumor mutational burden (TMB; Panel A) and the same cohort of 

patients with advanced colorectal cancer stratified according to tumor mutational burden, 

mismatch-repair–deficient (MMRd) and mismatch-repair–proficient (MMRp) status, and 

pol-deficient (pol-d) status (Panel B). A subgroup analysis (Panel C) shows hazard ratios 

for death according to tumor type in a separate cohort of 1661 patients with MMRp 

tumors treated with immune checkpoint inhibitors. Patients with various tumor types were 
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combined into two separate models according to whether tumor mutational burden of 10 

or more mutations per megabase significantly predicted benefit from immune checkpoint 

inhibitors when accounting for mismatch-repair–deficient and pol-d status. Other tumors 

include kidney, breast, and neuroendocrine tumors, uveal melanoma, and mucosal melanoma 

(see the Methods Section, Table S4 in Supplementary Appendix 2 [legend in Supplementary 

Appendix 1]). All hazard ratios were calculated with the use of Cox proportional-hazards 

univariate regression. CI denotes confidence interval, Mb megabase, NE could not be 

estimated, NR not reached, and NSCLC non–small-cell lung cancer.
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