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Abstract: In the current issue of Cancer Cell, Nasser and colleagues find that in solid tumors, 

tumor-only sequencing leads to an overestimate of the biomarker tumor mutation burden (TMB), 

particularly in patients of African or Asian ancestry.  Correction of the TMB estimate improves 

the correlation between TMB and response to immunotherapy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Text: 

Molecularly-informed treatments of advanced cancers have led to impressive clinical benefit in a 

subset of patients; however, long-term survival and cure remain elusive, particularly in patients 

with advanced solid tumors. Molecular alterations that are tumor type agnostic and can easily 

be measured provide an opportunity to test therapies across histologies and offer the promise of 

access to novel therapies. To this end, the field has seen pan-tumor FDA approvals for patients 

whose tumors harbor NTRK fusions, microsatellite instability or high tumor mutation burden 

(TMB-H). TMB-H describes a subset of tumors that harbor a high number of non-synonymous 

variants per megabase of tumor sequenced DNA. The hypothesis that TMB-H tumors are more 

likely to be recognized and rejected by the immune system and thus more likely to respond to 

immunotherapy with checkpoint blockade was rooted in preclinical evidence (Matsushita et al., 

2012) and tested across multiple tumor types (Cristescu et al., 2018, Litchfield et al, 2021, 

Samstein et al., 2019, Yarchoan et al., 2017). While the pan-tumor and tumor-specific cut-off to 

define TMB-H remain areas of debate (Chan et al., 2019), as a first attempt at translating this 

concept to patient benefit, in 2020 the FDA approved the treatment with the anti-PD-1 agent 

pembrolizumab for patients with unresectable or metastatic TMB-H (≥10 mutations/megabase) 

solid tumors that have progressed following prior treatment and who have no satisfactory 

alternative treatment options (Marcus et al., 2021).  

In this issue of Cancer Cell, Nasser and colleagues (insert citation when ready) 

hypothesize that the absence of germline sequence in tumor-only panels could adversely 

impact the estimation of TMB, leading to an overestimation that particularly impacts patients 

whose ancestries are underrepresented in current databases.  The authors start with an 

evaluation of 8,193 patients from the DFCI/PROFILE cohort, highlighting that a proportion of 

patients’ self-reported ancestry is either missing or does not necessarily match the DNA 

sequencing based inferred ancestry. Next, they perform a simulated comparison of whole-

exsome sequencing (WES) to a tumor-only panel by comparing the TMB called for 3,618 TCGA 

samples versus application of the methods used for panel testing (Oncopanel). This analysis 

suggests that TMB is inflated in the simulated panel test in all cases, but this inflation is greater 

in non-Europeans.  

To further explore this concept, across >120,000 patients whose tumors had undergone 

either tumor-only or tumor plus germline panel sequencing, the authors find again that a greater 

number of patients of non-European ancestry featured tumor alterations that are suspected to 

represent germline variants. Some limitations of this portion of the analysis includes the lack of 

complete overlap between genes measured in different panels, which the authors control for by 



per-variant variant allele frequency (VAF) distributions, as well as self-reporting of race, an 

imperfect proxy for ancestry. In a subset of 498 patients whose tumors had undergone tumor 

plus germline panel testing, which is used as the ground truth, they find that tumor-only 

estimation of TMB again shows an inflation of TMB values more pronounced in non-Europeans. 

The authors apply these learnings back to the original DFCI/PROFILE cohort to develop a 

metric they call corrected TMB, or TMB-c, the application of which removes the putative inflation 

of TMB in 5 out of 7 examined cancers. 

Finally, the authors apply these concepts to clinical outcomes. Noting that all patients 

are predicted to have some “TMB inflation” using tumor-only methods, patients of Asian or 

African ancestry would be predicted to more than patients of European ancestry. To correct for 

this, the authors develop a system to categorize tumors as “true” or “false” for TMB-high or low; 

for example, a “false TMB-high” tumor is one that is erroneously called as having a high TMB, 

despite likely having a low TMB in reality.  Tumors from 1,840 patients treated with ICI at DFCI 

with seven cancer types and 234 patients with NSCLC treated with ICI at MSKCC are classified 

thus and their outcomes examined. The true TMB-high patients experience an overall survival 

approximately one year longer than those patients with false TMB-high or true TMB-low.  

Relevant to the current approval, it is important to note that no patients are observed who are 

misclassified as TMB-low, i.e. exceptionally few tumors are incorrectly called as TMB-low. This 

implies that few patients miss the opportunity to benefit from a checkpoint inhibitor due to 

erroneous TMB classification, although some patients may be given treatment that is unlikely to 

succeed, a concept considered when deciding what TMB cut-off should be advanced for clinical 

use (Marcus et al., 2021). 

Importantly, one of the limitations that motivates this study – the relative lack of 

representation of diverse groups in clinical trials – impacts the application of the concept of 

corrected TMB (TMB-c) to this cohort: while TMB-c correlates with outcomes in patients of 

European ancestry, it does not in those patients with Asian or African ancestry, who represent a 

small minority of the total cohort.  

The relevance of this work to the field can be understood in the context of methods for 

measuring TMB clinically, and the datasets that underpin the existing approval for checkpoint 

blockade. TMB can be calculated using several methods (Fig. 1). The gold standard TMB 

calculation involves using whole exome sequencing (WES) of both tumor and matched normal 

tissue. In this case, somatic mutations are determined by using the tumor sample mapped to a 

standard reference genome, and any germline mutations are removed by virtue of also being 

present in the matched normal tissue. However, given that WES is not routinely used in the 



clinic due to both cost and time-constraints, manufacturers and academic groups have 

developed gene-panels that seek to measure TMB both with and without matched normal 

tissue. In the context of tumor-only panels, bioinformatic techniques are required to distinguish 

somatic from germline mutations and to obtain an estimate of tumor TMB; in particular, 

databases of normal tissue sequences are used to remove common germline mutations. 

Notably, these databases are predominantly derived from analysis of genomes from patients of 

European ancestry. Likewise, the standard reference genome used to map sequence reads and 

call mutations is based on a European ancestry genome. Therefore, as demonstrated by 

Nasser and colleagues, further work is needed to globalize the current databases of genomic 

sequence data, to permit a detailed exploration of the interplay between germline ancestry, 

somatic alterations and response to treatment. 

The approval for the treatment of TMB-H tumors with checkpoint blockade is rooted in 

datasets involving both types of assays. Using the FoundationMedicine tumor-only panel 

(F1CDx), Marabelle and colleagues reported an overall response rate (ORR) of 29% among 

790 patients with diverse solid tumors treated with pembrolizumab (Marabelle et al., 2020). 

Cristescu and colleagues performed WES on 1,772 tumors from pembrolizumab-treated 

patients with 24 tumor types and found an ORR of 31.4% among TMB-H patients (Marcus et al., 

2021, Cristescu et al., 2022).  However, patient ancestry was not reported for either study, so it 

is unknown how ancestry may have impacted TMB estimates.  

As novel therapies based on genomic testing become part of standard treatments, to 

bring these advancements to patients in need, the field must both improve access to care and 

by deepen our understanding of how these assays apply to diverse populations. This is 

particularly relevant given that alterations are commonly assessed using tumor-only and 

circulating tumor DNA (ctDNA)-based assays. As all therapies come with associated risks, the 

correct categorization of TMB-H and other molecular alterations is essential. Nasser and 

colleagues highlight the importance of this issue; coupled with efforts by diagnostic test-

providers, this work should contribute to improvement in the field’s ability to bring the best 

therapeutic options to patients.  
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Figure 1. Matched tumor normal sequencing vs. tumor only sequencing. In top panel, a 

matched normal is used to filter germline mutations (red and green). In bottom panel, a germline 

data base is used. In this case, one germline mutation (green) is erroneously interpreted as 

somatic, leading to overestimate of TMB. 

 

 

 

 


