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Effect of prior therapy on tumor mutational burden in NSCLC
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Background: Higher tumor mutation burden (TMB) in advanced non-small cell lung cancer (NSCLC)
is associated with superior outcomes with checkpoint inhibitor therapy. Tissue samples subject to TMB
analysis may be acquired after DNA-damaging therapies such as chemotherapy or radiation. The impact of
these therapies on TMB results is unclear. This retrospective analysis explored differences in TMB among
treatment-naive samples and treatment-experienced samples.

Methods: NSCLC samples that underwent molecular profiling at a CLIA-certified genomics laboratory
(Caris Life Sciences, Phoenix, AZ) and had available treatment and clinical history were identified. TMB
was estimated by counting all coding variants (missense, nonsense, frameshift, in-frame InDels) identified
by next-generation sequencing. Exceptions were synonymous mutations and any single nucleotide
polymorphisms described as germline. History was reviewed under an IRB approved protocol to determine
whether patients had received cytotoxic chemotherapy or radiation therapy in the year prior to collection of
the tissue subject to TMB analysis. TMB values were compared between cohorts using the Wilcoxon test.
Smoking adjusted P values were calculated using the chi-squared test of deviance.

Results: TMB was calculated for 970 annotated tumor specimens. Of these, 155 patients received
chemotherapy and/or radiation prior to tissue collection. The median TMB was 8 mut/Mb in both the
treatment-naive and treatment-experienced cohorts. After adjusting for smoking, there was no significant
difference in TMB between these cohorts (P=0.22). When analyzed separately, neither prior chemotherapy
nor prior radiation therapy influenced TMB. TMB was higher when the specimen source was collected from
a metastatic site compared to the primary site.

Conclusions: Prior exposure to chemotherapy or radiation therapy was not associated with a significant
difference in TMB.
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Introduction advanced non-small cell lung cancer (NSCLC) treated with

pembrolizumab, higher TMB was associated with higher
Higher nonsynonymous tumor mutation burden (TMB), response rate and superior progression-free survival (1).
a potential surrogate for neoantigen load, correlates with Higher TMB also predicted higher response to the

efficacy of immune checkpoint inhibitors. In patients with combination of nivolumab and ipilimumab independent
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of programmed death ligand (PD-L1) expression (2). The
role of TMB as a potential biomarker continues to evolve,
but there are significant barriers to clinical implementation.
One of the major challenges is in its basic interpretation, as
many different assays have been used to report TMB. These
assays employ various methods and neither the mutation
calls nor the cutoffs are consistent across assays (3). Another
unknown variable is the impact of prior therapy on testing.
Cytotoxic chemotherapy and ionizing radiation induce
DNA damage. Here, we explored the impact of prior
chemotherapy and/or radiation on TMB in patients with
NSCLC.

We present the following article in accordance with
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/tler-20-1076).

Methods
Patient selection

An institutional review board (IRB)-approved, retrospective
analysis of tumor samples submitted for molecular profiling
at a CLIA-certified genomics laboratory (Caris Life
Sciences, Phoenix, AZ) was conducted. Tumor samples from
patients with NSCLC that had undergone next generation
sequencing using the Illumina NextSeq platform and TMB
analysis from July, 2011 to June, 2018 were identified. Prior
to molecular analysis, H&E-stained sections of formalin-
fixed paraffin-embedded (FFPE) tumor tissue were
manually assessed by board-certified pathologists for tumor
cell populations and harvested using manual microdissection
to enrich the sample to a minimum of 20% tumor nuclei.

NGS and TMB

NGS was performed on genomic DNA isolated from FFPE
tumor samples using the NextSeq platform (Illumina,
Inc.). A custom-designed SureSelect X'T' assay was used
to enrich 592 whole-gene targets (Agilent Technologies).
All variants were detected with >99% confidence based on
allele frequency and amplicon coverage, with an average
sequencing depth of coverage of 750 and an analytic
sensitivity of 5%. Prior to molecular testing, tumor
enrichment was achieved by harvesting targeted tissue
using manual microdissection techniques. Genetic variants
identified were interpreted by board-certified molecular
geneticists and categorized as “pathogenic”, “presumed
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pathogenic”, “variant of unknown significance”, “presumed
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benign” or “benign” according to the American College
of Medical Genetics and Genomics (ACMG) standards.
When assessing mutation frequencies of individual genes,
“pathogenic” and “presumed pathogenic” were counted as
mutations, whereas “benign”, “presumed benign” variants,
and “variants of unknown significance” were excluded. The
TMB algorithm included all coding variants (missense,
nonsense, frameshift, in-frame InDels) identified by NGS;
exceptions were synonymous mutations and any single
nucleotide polymorphisms that were described as germline
in the updated reference database.

Trreatment history and clinical characteristics

Through individual chart review, we determined whether
patients had received any cytotoxic chemotherapy or
radiation therapy in the year prior to collection of the tissue
used for TMB analysis. This was based on the date of tissue
sampling, not submission for molecular testing. Other key
demographics, such as smoking status, were also collected.

Statistical analysis

TMB was compared between groups, adjusting for smoking
status, using a likelihood ratio test of deviance. A parent
regression model was fit to predict TMB values from
smoking status. Extended models were then fit to predict
TMB values from smoking status plus a comparison group
of interest. The deviance between the nested models was
compared using a likelihood ratio test. P values indicate the
significance of a group’s contribution to the prediction of
"T'MB after adjusting for smoking status.

Ethics statement

All procedures performed in this study were in accordance
with the Declaration of Helsinki (as revised in 2013) and
approved by the MedStar Health Research Institute-
Georgetown University Oncology Institutional Review
Board (IRB #: 2017-0829). Because of the retrospective
nature of the research, the requirement for informed
consent was waived.

Results
Sample population

A total of 1,118 samples from patients with NSCLC were
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Figure 1 The flow chart is a depiction of included tumor samples after notable exceptions.

screened. Tumor specimens in which the same block was
previously tested (n=8) were excluded. Thus, each sample
corresponded to an individual patient. In addition, samples
in which treatment history (n=86) and/or TMB data (n=45)
were not available were excluded. One sample was consistent
with adenoid cystic carcinoma upon histology review and was
not included in the analysis. We also adjusted for smoking
status which was not available for n=8 cases. The final TMB
analysis was performed on 970 samples (Figure I).

Patient and tumor characteristics

The majority of the samples (n=815) were collected from
patients that had not received any prior therapy (treatment-
naive). A total of 155 samples were collected from patients
who were previously treated with chemotherapy and/or
radiation (treatment-experienced). 128 patients received
chemotherapy and 85 patients received radiation. Table 1
describes the patient and tumor characteristics. The median
age was statistically higher in the treatment-naive cohort
(67 years; range, 25-93) compared to the treatment-
experienced cohort (63 years; range, 24-87) (P<0.001).
Treatment-naive samples were more likely to be acquired
from the primary tumor than a distant metastasis. In
contrast, 67% of the treatment-experienced samples
were acquired from a metastatic site (P<0.001). In both
treatment groups, approximately 50% of patients were
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former smokers. There was a higher percentage of
lifelong never smokers in the treatment-experienced
group (21%) compared to those having received no prior
treatment (13%). Histology was balanced between the
treatment cohorts, with the most common histology being
adenocarcinoma in both groups.

TMB comparison across coborts

TMB was calculated on 970 tumor specimens. Median
TMB was statistically higher in individuals younger than 65
compared to those older than 65 (8 vs. 7 mut/Mb, P=0.01), and
in males compared to females (8 vs. 7 mut/Mb, P=0.02). As
expected, current and former smokers had statistically higher
TMB than never smokers (median 9 vs. 9 vs. 4 mut/Mb,
P<0.001).

The median TMB was 8 mut/Mb in both treatment-
naive and treatment-experienced samples (Figure 2).
Additional analysis of the treatment-naive versus treatment-
experienced groups by smoking status revealed no
significant difference in TMB among never smokers and
current smokers (P=0.55 and P=0.87; adjusted for multiple
testing P=0.68 and P=0.93, respectively). However, former
smokers had a slightly higher TMB in the pre-treated
cohort (P=0.025; adjusted for multiple testing P=0.037).
Further evaluation of TMB by chemotherapy treatment
status showed a median TMB of 8 mut/mb (95% CI:
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Table 1 Patient and tumor characteristics
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Treatment-Naive Samples (n=815) Treatment-Experienced Samples (n=155) P value
Age (years) <0.001
Median [range] 67 [25-93] 63 [24-87]
Gender 0.97
Female 386 (47%) 73 (47%)
Male 429 (53%) 82 (53%)
Tumor tissue source <0.001
Metastasis 357 (44%) 104 (67%)
Primary 458 (56%) 51 (33%)
Smoking status 0.005
Former smoker 430 (53%) 84 (54%)
Current smoker 281 (34%) 38 (25%)
Never smoker 104 (13%) 33 (21%)
Histology group 0.81
Adenocarcinoma 459 (56%) 92 (59%)
Squamous cell carcinoma carcarcinoma 191 (24%) 32 (21%)
Carcinoma, NOS 131 (16%) 26 (17%)
Other 34 (4%) 5 (3%)
P values were calculated using t-test, chi-squared test, or Fisher’s exact test where appropriate. Unknowns were excluded from P value
calculations.
7.5-10.0) in chemotherapy-naive and 8.5 mut/mb (95% CI:
L]
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Figure 2 Comparison of median TMB in treatment-naive and
treatment-experienced cohorts. TMB was compared in tumor
specimen samples in treatment-naive and treatment-experienced
cohorts. There was no significant difference in TMB after
adjusting for smoking status (P=0.21). When evaluating treatment
versus no treatment within smoking cohorts, the p-values were
0.93, 0.04, and 0.69 for current smokers, former smokers, and
never smokers respectively. The P values were calculated using
the Wilcox rank test or chi-square test of deviance accordingly.

Unknowns were excluded from P value calculations.
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experienced samples, which was also not significantly
different (overall adjusted for smoking P=0.129) (Table 2).
TMB was slightly higher within patients with prior
radiation within the former smoker cohort, but was not
statistically significant across any smoking status.

TMB was significantly higher when specimen source
was from a metastatic site with a median TMB of 8 mut/mb
(95% CI: 8.5-9.5) compared to the primary tumor site at
7 mut/Mb (95% CI: 7.5-8.5) (adjusted for smoking
P=0.007) (Figure 3). However, when comparing TMB
between the treatment-naive and treatment experienced
cohorts within samples from the same specimen source,
there was no statistically significant difference (P=0.842)
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Table 2 Comparison of TMB between treatment cohorts

TMB mean (mut/Mb)  TMB median (mut/Mb)  TMB range (mut/Mb) P adjusted
Radiation status 0.129
No radiation (n=885) 9.51 8 1-69
Radiation (n=85) 10.71 9 1-51
Chemotherapy status 0.262
No chemotherapy (n=842) 9.58 8 1-69
Chemotherapy (n=128) 9.86 8.5 1-51

P values were assessed using the Wilcoxon rank-sum test after (P adjusted) correcting for smoking status.

°
60+ :
. °
o)
°
o i 0, .
=] ° b3
£ ) ] °
@ !
E 204 : "
o
ol ! **

Current'Smoker Forme;' Smoker Nevexr Smoker

‘ Metastatic E Primary

Figure 3 Comparison of TMB by tissue source. TMB was compared based on tissue source; TMB was higher when the sample was from
a metastatic site compared to a primary site after adjusting for smoking status (P=0.007). When evaluating the TMB from primary versus
metastatic tissue specimen sources within smoking cohorts, the P values were 0.06, 0.98, and 0.15 for current smokers, former smokers, and
never smokers respectively. The P values were calculated using the Wilcox rank test or chi-square test of deviance accordingly. Unknowns

were excluded from P value calculations.

Table 3 Comparison of TMB adjusted for tumor tissue source

Treatment-Naive Samples Treatment-Experienced Samples Adjusted P value
Primary
n 458 51
TMB median (mut/Mb) 7 8 0.842
Metastasis
n 357 104
TMB median (mut/Mb) 8 9 0.842

P values were assessed with Wilcoxon rank-sum test and adjusted for multiple testing.

(Tuble 3). Genetic alterations included in the analysis were EGFR

TMB was lower in oncogene-driven NSCLC compared or BRAF mutations, and fusions in ALK, ROS1, RET, or
to wild-type NSCLC (median TMB of 4 mut/mb (95% NTRK. TMB was also compared between the treatment-
CI: 4.4-5.5) vs. 9 mut/mb (95% CI: 8.5-9.4) (P<0.001). naive and treatment experienced cohorts after adjusting
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Table 4 Comparison of TMB adjusted for presence of oncogene
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Treatment-Naive Samples

Treatment-Experienced Samples Adjusted P value

All oncogenes wild type
n 707
TMB median (mut/Mb) 9
Any oncogene mutated
n 108
TMB median (mut/Mb) 4.5

119 0.124
9

36 0.836
4

Oncogenes included in analysis are EGFR, ALK, ROS1, BRAF, RET, and NTRK. P values were assessed with Wilcoxon rank-sum test and

adjusted for multiple testing.

for the presence on an oncogene. There was no significant
difference in TMB between treatment cohorts after
accounting for oncogene status (P=0.248) (1uble 4). Within
the oncogene mutated subgroup, the median TMB was
4 mut/mb (95% CI: 4.0-6.0) in never smokers, 4 mut/mb
(95% CI: 3.5-4.5) in former smokers, and 6.5 mut/mb
(95% CI: 6.0-11.0) in current smokers. In the oncogene
wild-type subgroup, the median TMB was 9 mut/mb for
both the treatment-naive (95% CI: 8.5-9.5) and treatment-
experienced groups (95% CI: 9.0-11.5) (P=0.124). Within
the oncogene positive patients, median TMB was 4 mut/mb
(95% CI: 4.0-6.0) and 4.5 mut/mb (95% CI: 4.5-5.5) for
pre-treated and treatment-naive cohorts (P=0.836).

Discussion

TMB is an evolving biomarker for response to
immunotherapy. Somatic mutational and neoantigen
burden is associated with superior outcomes with immune
checkpoint inhibitors (1). In multiple retrospective and
prospective efforts, higher TMB has been associated with
higher response rates and longer PFS in patients with
NSCLC receiving checkpoint inhibitors. The role of TMB
as a predictive factor for survival, however, is unclear. One
of the challenges of biomarker development is controlling
for all relevant clinical variables. Here, we demonstrate that
prior DNA damaging therapy is not a relevant variable. A
history of prior cytotoxic chemotherapy or prior radiation
therapy was not associated with a difference in measured
TMB. This is in part because chemotherapy and radiation
induce subclonal mutations, those present only in a subset
of the tumor, as opposed to clonal mutations (4-7).

In contrast, TMB was higher when the sample was
acquired from a metastatic site compared to the primary
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tumor. This is consistent with prior reports that TMB
surpasses the threshold of 10 mut/Mb more frequently in
metastatic sites (38%) as opposed to primary sites (25%)
in lung adenocarcinoma. Furthermore, TMB also varies
by the site of metastasis; brain metastasis had the highest
likelihood of exceeding 10 mut/mb (61% vs. 35% for other
metastasis, P<0.001) (8). In another matched analysis,
TMB from metastatic tissue samples was 36% higher than
from primary tissue samples (paired Wilcoxon, P=0.0008).
However, the predictive value of TMB in terms of overall
survival was equivalent regardless of tissue source (9).
Together with these other studies, our data supports the
consideration of tissue source in interpreting TMB values.

As expected, TMB was lower in oncogene-driver positive
NSCLC compared to wild-type NSCLC (10). The lack of
variation in TMB in patients treated with chemotherapy
and/or radiation was consistent after adjusting for the
presence of an oncogene. Although TMB does not seem
to play a predictive role in this manner, other data suggests
that higher TMB is negatively correlated with clinical
outcomes in metastatic EGFR-mutant lung cancer treated
with EGFR-TKI (11). The implications of TMB in
oncogene-driven lung cancer needs further clarification.

As a retrospective analysis, our study has several
limitations. Although the analysis was adjusted for smoking
status, the arms were not matched. It would be important to
distinguish whether any change in TMB would be detectable
in the same individual before and after chemotherapy and/
or radiation. In another study, a paired analysis of pre and
post-chemotherapy tumor tissue specimens was completed
in 13 patients. Consistent with the results of our study,
there was no significant different difference in TMB (12). In
addition, the exact chemotherapy agent or type of radiation
was not differentiated in our dataset. Whether specific
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classes of chemotherapy or aspects of radiation therapies
would impact TMB is unknown. This study did not assess
the impact of DNA damaging agents more than 1 year
from tumor sampling which may be relevant in radiation or
chemotherapy induced cancers.

To summarize, prior exposure to chemotherapy and/or
radiation was not associated with a significant difference in
TMB even after accounting for all coding variants in TMB
analysis. This result was also true after adjusting for the
presence of an oncogene. As previously documented, TMB
was higher in tissue from metastatic tumor sites compared
to primary sites. Future analyses may need to control for
the site of sample acquisition, though prior therapy does
not appear relevant.
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