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BRIEF REPORT

Tumor mutational burden is not predictive of cytotoxic chemotherapy response
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bDivision of Blood and Marrow Transplantation, UC San Diego Moores Cancer Center, San Diego, CA, USA; cDepartment of Preventive Medicine, 
Biostatistics Division, Keck School of Medicine, University of Southern California, Los Angeles, CA, USA; dDepartment of Cancer Genomics Research, 
Foundation Medicine, Cambridge, MA, USA

ABSTRACT
Background: High tumor mutational burden (TMB) predicts checkpoint blockade responsiveness, 
although the association with outcomes may be nuanced in certain tissue contexts. The correlation 
between TMB and cytotoxic chemotherapy sensitivity is unknown. This study evaluated the relationship 
between TMB and outcome in patients with solid tumors receiving cytotoxic chemotherapy.
Methods: University of California San Diego patients who received cytotoxic chemotherapy within 
one year after biopsy for TMB evaluation were included in a retrospective analysis. Physician notes and 
imaging reports in the electronic medical record were reviewed to determine clinical benefit and 
progression-free survival (PFS).
Results: Among 1526 patients with TMB availability, there were 294 eligible patients who received 
chemotherapy. There were no significant differences in TMB between those with stable disease 
≥6 months/partial response/complete response versus others (t-test, p = .22). There were no significant 
differences in PFS for patients with TMB <10 vs. TMB ≥10 mutations/Mb (log-rank test, median and 95% CI: 
6.0 (4.8–7.4) vs. 5.4 (4.3–6.6) months; p = .21). Nor were there significant differences in PFS for patients with 
a TMB <10 vs. TMB ≥10 mutations/mb for breast (p = .07), lung (p = .47), or gastrointestinal cancer (p = .53).
Conclusions: In summary, TMB was not predictive of stable disease ≥6 months/partial response/complete 
response or PFS in patients receiving cytotoxic chemotherapy.
Trials Registration: NCT02478931
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Introduction

Tumor mutational burden (TMB) is the total number of muta-
tions identified per megabase (1,000,000 basepairs) of coding 
DNA. Tumors with higher TMB likely harbor more neo- 
antigens and, hence, a high TMB should increase the chances 
of immune recognition and eradicaton of cancer cells after 
immunotherapy.1,2 Indeed, prior studies have shown that 
high TMB is predictive of better outcome after anti-PD-1/PD- 
L1 directed immunotherapies .3–9

Cytotoxic chemotherapy has been the mainstay of treatment 
for metastatic solid tumors. Chemotherapy regimens have tra-
ditionally been selected based on tumor type. Protein markers 
have been explored as predictive biomarkers for response to 
chemotherapy ,10 however these markers may not be predictive 
for all tumor types .11 There is evidence that somatic mutations 
in genes such as ATM and BRCA can predict responsiveness to 
platinum chemotherapy .12 Additional biomarkers predictive 
of response to cytotoxic chemotherapy would be of benefit for 
a personalized approach to cancer treatment. The relationship 
between TMB and chemotherapy response is unknown. Many 
cytotoxic therapies affect DNA replication, and specific muta-
tions affecting DNA repair pathways have been associated with 
chemotherapy responsiveness .12 However, mutations can also 
occur in sites that are not relevant to chemotherapy response. 
Thus, a high TMB could theoretically make a tumor more 

sensitive to DNA-damaging chemotherapy; furthermore, high 
TMB might decrease tumor cell viability in a manner analo-
gous to aneuploidic tumor suppression, making it vulnerable 
to cytotoxics .13,14 Alternatively, a high TMB might be asso-
ciated with the presence of resistance mutations and, hence, 
attenuate chemotherapy sensitivity.

The current study evaluated the relationship between TMB 
and clinical benefit (stable disease (SD) ≥6 months/partial or 
complete remission (PR or CR)) or progression-free survival 
(PFS) in patients with solid tumors receiving cytotoxic che-
motherapy, with the goal of evaluating the potential of TMB to 
serve as biomarker for outcome after chemotherapy.

Methods

This is a retrospective cohort study of patients enrolled in the 
University of California San Diego Study (UCSD) of 
Personalized Cancer Therapy to Determine Response and 
Toxicity (UCSD-PREDICT), which encompasses an institu-
tional review board (IRB)-approved observational cohort 
study at UCSD designed to learn more about personalized 
cancer therapy, including dosing, response to treatment, and 
side effects. This study was performed in accordance with the 
UCSD IRB guidelines for data analysis and for any investiga-
tional treatments for which patients gave consent.
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A database of 1526 patients was generated from consecutive 
patients with tumor mutational burden (TMB) on 
FoundationOne molecular testing results from November 2012 
through December 2016. For the current study, eligible patients 
received cytotoxic chemotherapy, which was initiated within 
one year after obtaining the tissue biopsy for TMB (providing 
that they had not had chemotherapy within one year prior to the 
biopsy); the rate of SD ≥6 months/PR/CR and PFS was evaluated 
for the chemotherapy regimen after the biopsy. Patients who 
received chemotherapy concurrent with radiation, had a hemato-
logic malignancy diagnosis, or who were on adjuvant chemother-
apy without measurable disease following surgery where excluded. 
Patients receiving anti-PD-1/PD-L1-directed immunotherapies 
were excluded from the analysis. The chemotherapy regimen 
closest to the date of the biopsy for TMB was used. Start date 
for PFS was the start date of the chemotherapy. Physician notes, 
medication lists, and radiology reports of scans were reviewed in 
the electronic medical record to determine rate of SD ≥6 months/ 
PR/CR, start and end data of therapy, and date of progression. 
When discrepancies arose between radiology reports and physi-
cian notes, the documented physician assessment was prioritized 
for clinical response and progression. Patients who had treatment 
interrupted by surgical resection, those who died prior to progres-
sion, or patients who were lost to follow-up were censored at the 
date of last evaluation. Patients treated outside of UCSD who 
lacked detailed information about treatments and response infor-
mation in the electronic medical record were excluded from the 
analysis.

TMB was extracted from previously generated 
FoundationOne reports available in the electronic medical 
record. Formalin-fixed paraffin embedded tumor samples 
were previously sent to Foundation Medicine a clinical labora-
tory improvement amendments certified laboratory and ana-
lyzed using the FoundationOne next generation sequencing 
assay as previously described .15 Average sequencing depth of 
coverage was greater than 250×, with >100× at >99% of exons. 
The number of somatic mutations detected on next generation 
sequencing after interrogating up to 1.2 megabases of the 
genome was quantified and that value extrapolated to the 
whole exome using a validated algorithm .16 Alterations likely 
or known to be bona fide oncogenic drivers and germline 
polymorphisms are excluded and TMB was measured in muta-
tions per megabase.

Clinical benefit was stratified by SD <6 months and pro-
gressive disease versus SD ≥6 months/PR/CR and were com-
pared with ANOVA. Patients with SD who were censored prior 
to 6 months of therapy were excluded from the clinical benefit 
analysis. PFS was compared between patients with TMB ≥10 
and <10 mutations/megabase using the log-rank test (Kaplan 
Meier analysis). All statistical analyses were verified by our 
biostatistician (DAB). SAS v. 9.4 was used and p-values ≤0.05 
were considered significant.

Results

The PREDICT database was screened for patients who had 
TMB reported and received chemotherapy within one year 
after the tissue biopsy for TMB. SD ≥6 months/PR/CR and 
PFS were ascertained. Of the 1526 patients with reported TMB 

in the database, 294 individuals were eligible for the study and 
included in the analysis. The consort diagram for the study is 
shown in Figure 1. Demographics are shown in Table 1. TMB 
ranged from 1 to 347 with a median of 5 mutations/megabase. 
Seventeen percent of patients had a TMB of 10 mutations/ 
megabase or greater.

SD ≥6 months/PR/CR was evaluable in 284 of the 294 total 
patients and was as follows: 11 patients (4%) achieved CR; 137 
patients (48%), PR; 36 patients (13%), SD ≥6 months; 24 patients 
(8%) with SD<6 months; and 76 patients (27%) with progressive 
disease. Patients with stable disease who were censored prior to 
6 months of evaluation were excluded from the analysis.

There were no significant differences in TMB between 
patients with SD≥6 months/PR/CR and those with SD 
<6 months/progressive disease (p = .22). Median and 25–75% 
IQR were 5 (3–7.5) and 5 (2–8) mutations/megabase, respec-
tively (Figure 2). Subset analysis did not find significant differ-
ences between TMB in patients with SD ≥6 months/PR/CR and 
those with SD <6 months/progressive disease for lung (median 
(25–75% IQR): 6.5 (5–15) vs. 6 (3–9) mutations/megabase; 

Figure 1. Consort diagram for study.

Table 1. Demographics for 294 subjects who initiated chemotherapy within 1 year 
of TMB.

Median (Range)

Age (years) 60 (22–86)
Tumor mutational burden (mutations/megabase) 5 (1–347)

N (%)

Gender
Male 142 (48%)
Female 152 (52%)

Cancer Type
Breast 40 (14%)
Lung 47 (16%)
Gastrointestinal 100 (34%)
Other 107 (36%)

Types of Chemotherapy (N)
Carboplatin 86
5-fluorouracil 81
Paclitaxel 54
Gemcitabine 49
Oxalipatin 42
Cisplatin 35

Clinical benefit*
Complete response 11 (4%)
Partial response 137 (48%)
Stable disease≥6 months 36 (13%)
Stable disease< 6 months 24 (8%)
Progressive Disease 76 (27%)

*Patients with stable disease who were censored prior to 6 months of therapy 
were excluded from the clinical benefit analysis
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p = .69; N = 45 patients), breast (median (25–75% IQR): 4 (1–5) 
vs. 6 (4–9) mutations/megabase; p = .22; N = 40 patients), or 
gastrointestinal cancers (median (25–75% IQR): 4 (2–7) vs. 5 
(3–6); p = .68; N = 94 patients). Of 284 evaluable patients, 12 
(71%) with TMB high (≥20 mutations/megabase) achieved SD 
≥6 months/PR/CR versus 172 (64%) with low/intermediate 
TMB (p = .79). We also stratified by PD, SD, and PR/CR and 
still did not see an association between TMB and outcome 
(ANOVA, p = .66).

Of 294 evaluable patients, there were no differences in PFS 
for patients with TMB <10 vs. TMB ≥10 mutations/megabase 
(p = .21) (Figure 3); median (95% CI) PFS was 6.0 (4.8–7.3) vs. 
5.4 (4.3–6.6) months, respectively. Subset analysis found no 
significant differences in PFS for patients with a TMB <10 vs. 
TMB ≥10 mutations/megabase for breast (median (95% CI): 
6.9 (4.8–9.3) vs. 2.9 (1.1–7.6) months; p = .07), lung (median 
(95% CI): 4.8 (3.9–7.3) vs. 5.3 (2.0–6.6) months; p = .47), or 

gastrointestinal cancer (median (95% CI): 7.4 (5.0–9.0) vs 5.4 
(1.9–10.9) months; p = .53).

Discussion

Despite the advent of novel targeted therapies and immunother-
apeutic approaches, cytotoxic chemotherapy remains a standard 
first-line therapeutic approach for many metastatic solid tumors. 
Many cytotoxic regimens are associated with significant side 
effects, thus identifying which patients would derive the greatest 
benefit from therapy is important. Somatic mutations such as 
ATM and BRCA can predict responsiveness to platinum che-
motherapy .12 Protein markers such as TUBB3 ,17–19 TOPO1 ,20 

TOP2A ,21 and thymidylate synthase22,23 have previously been 
described as predictive of response to commonly administered 
chemotherapies for certain disease types; however, they have not 
been predictive of response for all tumor types and their use is 
still controversial. Thus, novel biomarkers for chemotherapy 
response are of interest for a precision medicine approach. 
Several studies indicate that TMB is a predictive marker for 
immunotherapy response, at least in some settings .3–9 

However, relationships between TMB and cytotoxic chemother-
apy have not been characterized.

Our study found no correlation between clinical benefit 
(defined as SD≥6 months/PR/CR) and TMB. PFS was also 
not related to TMB. The analysis combined all chemotherapy 
and tumor types; thus, the results are likely generalizable. We 
performed subset analyses in three cancer types and were 
unable to determine differences between PFS and TMB or 
clinical benefit and TMB. It is unclear if, however, for specific 
chemotherapies and/or other tumor types, TMB might be 
predictive of chemotherapy outcome.

A prior study compared outcomes for 46 patients with 
HER2-positive metastatic breast cancer receiving HER-2 direc-
ted therapies with chemotherapy and found that high TMB was 
associated with a significantly improved overall survival, but 
not PFS ;24 it is unclear if patients receiving anti-PD-1/PD-L1 
directed immunotherapies were excluded from the overall sur-
vival analysis. However, we recently noted that high TMB is 
associated with longer survival in immunotherapy-naïve 
patients regardless of treatment, suggesting that a high TMB 
is a favorable prognostic factor (Riviere and Kurzrock R, data 
submitted for publication). Thus, a high TMB may have 
a prognostic role in cancer outcomes distinct from predicting 
response to immunotherapy. A study of 74 patients with color-
ectal cancer found an improved PFS for irinotecan-based che-
motherapy as compared to oxaliplatin based chemotherapy in 
TMB low patients (<6 mutations/megabase), but no differences 
in PFS between TMB low and intermediate/high patients .25 

A recent study explored the relationships between markers of 
response to chemotherapy with TMB-high status, but did not 
have clinical outcome data .26 To our knowledge, no additional 
studies have explored relationships between TMB and 
chemotherapy.

The current study is limited in that it is retrospective; thus 
response was determined from interpretation of physician notes 
and radiology reports, which may be biased compared to central 
review of a prospective study. Since the TMB was obtained 
retrospectively from the electronic medical record, information 

Figure 2. Tumor mutational burden vs. SD≥6 months/PR/CR. Data represent the 
median and 25–75% interquartile range for tumor mutational burden. Patients 
with SD≥6 months/PR/CR after chemotherapy had similar tumor mutational 
burden to those with progression disease (PD) or SD<6 months (median (25–-
75%): 5 (3–7.5) vs. 5 (2–8) mutations/megabase; p = .22). Patients with stable 
disease who were censored prior to 6 months of evaluation were excluded from 
the analysis.

Figure 3. Kaplan Meier survival analysis. Progression-free survival for patients with 
tumor mutational burden of 10 or greater is similar to those with TMB less than 10 
(p = .21).
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on the differences between the allele frequency, passenger muta-
tions, and non-clonal mutational status of the analyzed samples 
between the high and low TMB groups was not available. The 
lack of relationship between high TMB and response to che-
motherapy may also be due to mutations arising in sites of DNA 
unrelated to DNA responsiveness despite a high TMB.

Conclusions

The current retrospective study evaluated the relationship 
between TMB, a potentially important predictor of immu-
notherapy response ,3 and outcome after cytotoxic chemother-
apy based on TMB. There were no significant differences in 
rates of SD≥6 months/PR/CR or in PFS associated with higher 
TMB in patients treated with chemotherapy. The findings of 
our retrospective analysis suggest that higher TMB is unlikely 
to be a biomarker for chemotherapy response. These results 
will need to be validated in prospective randomized studies.
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