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Survival in metastatic microsatellite-stable colorectal cancer 
correlated with tumor mutation burden and mutations identified 
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Background: Next-generation sequencing (NGS) identifies mutations and molecular abnormalities within 
tumors, including tumor mutation burden (TMB). If a solid tumor has high TMB, immune checkpoint 
inhibitors (ICIs) are approved as an option for treatment. Studies have been inconclusive regarding how 
effective ICI are in treating patients with colorectal cancer (CRC), and it is unclear if high TMB is a good 
prognostic marker for CRC. We collected data from NGS of CRC and correlated survival to both TMB and 
mutations of interest, as well as investigated the efficacy of ICI.
Methods: This was a retrospective cohort analysis at a single institution, collecting NGS data from 
January 2018 to December 2020 in patients with CRC who were microsatellite-stable (MSS), n=161. 
Demographics, clinical data, and results from NGS were collected, and a survival analysis looking at TMB 
and selected mutations of interest was performed. Patients who were treated with ICI were assessed in a 
descriptive subset analysis.
Results: Patients with CRC who were MSS and had high TMB trended towards worse survival [hazard 
ratio (HR) =1.38] though the result was not significant (P=0.28). Survival was significantly worse in patients 
with a KRAS mutation (HR =1.71, P=0.04) and/or a CDKN2A mutation (HR =4.45, P<0.001). In this study 
population, 12 patients with high TMB had treatment with ICI, with nine of these patients having shorter 
progression-free survival (PFS) between 0.7 and 4.1 months, and three patients having longer PFS of 26.3, 
24.7, and 13.2 months.
Conclusions: High TMB in MSS CRC did not show statistical difference in outcome. Mutations in KRAS 
and/or CDKN2A correlated with worse prognosis. Some patients with MSS CRC and high TMB responded 
to ICI, though there is a need to identify a better biomarker to predict which patients will have a good 
response to ICI therapy.
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Introduction

Colorectal cancer (CRC) has a high incidence in the United 
States, with estimated 151,030 cases in 2022 (1). It causes 
the second highest number of cancer-related deaths in U.S., 
with 52,580 deaths per year (1). Despite widespread adoption 
of effective screening and therapy advancements, 21% of 
patients diagnosed with CRC are still found with distant 
metastasis at time of diagnosis and patients with metastatic 
disease have a 5-year survival rate of only 14% (1-4).

Within CRC there is significant molecular variability 
across patients, and alterations in HER2, KRAS, NRAS, and 
BRAF have ramifications in regard to treatment options. 
Next-generation sequencing (NGS) can readily identify 
actionable molecular abnormalities. One such tumor 
characteristic is microsatellite-instability (MSI), which reflects 
the presence of uncorrected short repetitive sequences 
in the DNA of tumors with deficient mismatch repair  

mechanisms (5). Such tumors may be identified by NGS [MSI 
high (MSI-H)] or by immunohistochemistry showing the loss 
of one or more proteins involved in DNA mismatch repair 
(dMMR). MSI-H tumors have a large burden of mutations, 
some of which affect coding regions, leading to higher 
numbers of immunostimulatory neoantigens (6). Central to 
treatment of these tumors is the use of immune checkpoint 
inhibitors (ICIs), which have shown clinical efficacy in 
treatment of patients with MSI-H or dMMR metastatic 
CRC, thereby earning Food and Drug Administration 
(FDA) approval for first-line treatment of metastatic CRC in 
2020 (7). Beyond generalized markers for mutations, NGS 
has allowed for research regarding specific mutations, and 
previous studies have investigated the frequency of several 
common and uncommon genetic mutations (8,9).

Another promising biomarker in solid tumors is 
tumor mutation burden (TMB), which is the number of 
nonsynonymous mutations in cancer cells, resulting from 
DNA damage, mismatch repair deficiencies, or other 
carcinogenesis pathways. Similar to MSI-H, the increased 
number of neoantigens is thought to lead to increased 
activation of one’s immune system. Treatment of high TMB 
solid tumors with an ICI was approved after the phase 2 trial 
KEYNOTE-158, which showed a higher objective response 
to treatment to ICI monotherapy in high TMB compared 
to non-high TMB solid tumor patients, though notably 
there were no patients with CRC included in this trial (10).  
Some studies suggest that TMB could be a valuable 
prognostic marker in CRC and could predict response 
to ICI therapy (11), though other studies have suggested 
that identifying specific mutations is more important than 
measuring the quantity of mutations (12), and a recent study 
looking at microsatellite-stable (MSS) CRC did not find a 
significant survival difference between patients with high or 
low TMB (13).

Patients with MSI-H CRC have been shown to have 
better outcomes and to respond to immunotherapy. 
Though there are data suggesting patients with high TMB 
have better outcomes, more research is needed, and there 
is often overlap between patients with MSI-H and high 
TMB tumors. At our institution, we have 4 years of data 
from patients who underwent NGS of their tumors. We 
conducted this study to explore the correlation of tumors 
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with high TMB to survival outcomes among patients with 
MSS CRC. Additionally, we aimed to correlate other 
validated mutations in the colorectal carcinogenesis pathway 
to survival outcome. We present this article in accordance 
with the STROBE reporting checklist (available at https://
jgo.amegroups.com/article/view/10.21037/jgo-23-809/rc).

Methods

We conducted a retrospective cohort analysis of patients 
at Oregon Health and Science University (OHSU). This 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013) and approved by the OHSU 
Institutional Review Board (No. STUDY00023541). 
Informed consent was not determined to be necessary by 
the IRB and was waived as this was a retrospective cohort 
study of clinical data. For this analysis, records of patients 
between 18 and 89 years old with CRC who underwent 
NGS at OHSU between January 2018 and December 2020 
were identified from Knight Diagnostic Laboratories and 
the Department of Pathology. Corresponding electronic 
medical records (EMRs) were then reviewed by at least 
two reviewers (N.T., R.T., L.S.). Diagnosis of CRC and 
treatment at OHSU were also verified in EMRs, and any 
duplicates were removed from analysis. Patients who were 
identified as MSI-H were excluded from the analysis, and 
patients who did not have metastatic disease at the time of 
NGS were excluded from the analysis.

All tumors were sequenced at the Knight Diagnostic 
Laboratories using the GeneTrails® Comprehensive Solid 
Tumor Panel (0.61 megabases), which detects mutations 
and copy number alterations across 225 cancer-related 
genes. Included in this panel are 227 short tandem repeat 
sequences; the number of repeats with length alterations is 
used to assign MSI status. TMB is determined based on the 
number of coding region alterations judged to be somatic 
based on variant allele fraction and published germline 
frequency in the general population.

For each patient, sociodemographic factors, location of 
primary tumor, cancer staging at original diagnosis and at 
time of NGS, treatment details, and tumor characteristics 
were recorded from the EMR. Additionally, dates of 
cancer diagnosis, NGS results, disease progression, and 
death were all recorded. Data from the NGS including the 
comprehensive list of mutations and molecular abnormalities, 
their clinical relevance in CRC, and level of TMB were 
collected. The prevalence of each mutation was recorded. 
Genomic alterations were selected for statistical analysis 

if they were of interest prior to data collection, or if their 
prevalence was greater than 5%. The genes selected based 
on these parameters were APC, KRAS, SMAD4, PIK3CA, 
MYC, FBXW7, ARID1A, PIK3R1, AMER1, DDX11, BRAF, 
CKDN2A, PTEN, ATM, NRAS, RB1, HER2, STK11, POLE, 
CD274 (PD-L1), KEAP1, BRCA1, BRCA2. The endpoint 
of this data was survival time and was defined as the date of 
metastasis up until the date of death or until the final data 
collection cut-off date (December 1st, 2021).

Statistical analysis

The Kaplan-Meier method was used to calculate survival 
estimates and the log-rank test was used to compare the 
survival curves. The univariate Cox proportional hazards 
regression was applied to study the association between 
the selected tumor markers (TMB and mutations) and the 
risk of death. Hazard ratios (HRs) and the corresponding 
95% confidence intervals (CIs) were reported for each 
fitted model. All the statistical analyses were conducted 
using R version 4.1.1 (R Foundation). Tests of statistical 
significance were determined using two-tailed tests, and a 
P≤0.05 was considered statistically significant. Patients who 
had immunotherapy treatment from this group had a subset 
descriptive analysis assessing treatment duration, treatment 
regimen, and outcome of treatment.

Results

A total of 312 patient records were obtained initially, 
and after the designated exclusion criteria were applied, 
including exclusion of 8 patients who were MSI-H, a total 
of 161 patients were included in the final analysis (Figure 1). 
Among the 161 patients, the mean age was 57.8 years old,  
the majority were Caucasian, and 38.5% were female  
(Table 1). The most common tumor location was left colon 
(65, 40.9%), followed by rectum (45, 28.3%) and right colon 
(38, 23.9%). Most patients were stage IV at initial diagnosis 
(72.0%) while others developed metachronous metastasis, 
as all patients were metastatic at the time of NGS in the 
final dataset. The most common mutations were TP53 
mutations (132, 82.0%), APC mutations (129, 80.1%), 
and KRAS mutations (70, 43.5%), as noted in Table 2.  
BRAF mutations were represented in 9 (5.6%), HER2 in 
7 (4.3%), POLE in 3 (1.9%), and CD274 (PD-L1) in 2 
(1.2%). Among these patients, all of whom were MSS, 
there were 35 patients (21.7%) with a TMB high score  
(10 or higher), and 126 patients (78.3%) with a TMB less 
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than 10. Median overall survival of the entire cohort was 
43.3 months [95% CI: 36.1–not reported (NR)].

In examining overall survival, patients with high 
TMB were found to trend towards worse survival, with a 
median of 28.5 months (95% CI: 22.2–NR) compared to  
45.2 months (95% CI: 36.1–NR) in those without high 
TMB (HR =1.38, P=0.286) (Figure 2). Similar correlation 
analysis demonstrated worse survival in patients with KRAS 
and/or CDKN2A mutant tumors (Table 2). Similar survival 
was observed in patients with and without TP53, APC, 
BRAF, HER2, or POLE mutations (Table 2). Specifically, 
patients with KRAS  mutation were found to have 
statistically worse survival with median 36.1 months (95% 
CI: 24.0–NR) compared to NR (95% CI: 38.1–NR) months 
in those without the mutation (HR =1.71, P=0.04) (Figure 3). 
Likewise, presence of a CDKN2A mutation was associated 
with a statistically worse survival with median 12.3 (95% 
CI: 8.4–NR) months compared to 45.2 (95% CI: 36.1– 
NR) months (HR =4.45, P<0.001) (Figure 4).

A total of 12 patients, all with MSS tumors, underwent 
treatment with ICIs, with ten being TMB-high (Figure 5). 
All of these patients had liver metastases, and none of the 
patients had tumors with mutations in BRAF or POLE. 

Eight of the 12 patients had KRAS mutations. Eight of 
12 patients progressed on immunotherapy, with seven 
patients receiving treatment for fewer than 3 months. 
Three patients had responses longer than 1 year, including 

Figure 1 CONSORT diagram of patients included in the study 
analysis. If multiple tests were performed on the same patient, 
the test closest in date to the diagnosis of metastatic disease was 
selected. NGS, next-generation sequencing; GI, gastrointestinal; 
OHSU, Oregon Health & Science University;  MSI-H, 
microsatellite-instability high.

Table 1 Patient demographics and tumor characteristics

Characteristics Value (n=161)

Age (years), mean 57.8

Sex, n (%)

Male 99 (61.5)

Female 62 (38.5)

Race, n/N (%) or n

White 127/141 (90.1)

American Indian/Alaska Native 2/141 (1.4)

Asian 6/141 (4.3)

Black 4/141 (2.8)

Pacific Islander 2/141 (1.4)

Not known 20

Location of tumor, n/N (%) or n

Right colon 38/159 (23.9)

Transverse colon 11/159 (6.9)

Left colon 65/159 (40.9)

Rectum 45/159 (28.3)

Unknown 2

Stage at diagnosis, n/N (%) or n

Stage I 6/150 (4.0)

Stage II 11/150 (7.3)

Stage III 25/150 (16.7)

Stage IV 108/150 (72.0)

Unknown 11

TMB status, n (%)

TMB 10 or higher (TMB high) 35 (21.7)

TMB <10 126 (78.3)

Immunotherapy, n/N (%) or n

Treated with immunotherapy 12/147 (8.2)

No immunotherapy treatment 135/147 (91.8)

Unknown 14

TMB, tumor mutation burden.

312 records of NGS testing of 
GI cancer at OHSU identified

161 patients included in final 
analysis

Excluded:
• Multiple tests on the 

same patient (n=8)
• Cancer was not from 

colorectal origin (n=87)
• No treatment records 

available (n=3)
• MSI-H (n=8)
• Not metastatic at time of 

NGS (n=45)
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two who were not TMB-high but participated in a clinical 
trial that utilized chemo-immunotherapy rather than 
immunotherapy alone. The third patient, who was TMB-
high, used immunotherapy monotherapy as a third-line 
therapy and had a response that continued for 13.1 months 
before progression of disease. With respect to adverse 
events, there was one patient who had hyper-progression 
on immunotherapy, and another patient who had both 
organizing pneumonia and thyroiditis. There were no other 
significant immune-related adverse events, and progression 
of disease was the most common reason for stopping 
immunotherapy.

Table 2 HRs of selected mutations

Mutation N (%) HR 95% CI P value

TMB high 35 (21.7) 1.38 0.77–2.48 0.28

TP53 132 (82.0) 0.67 0.35–1.27 0.22

APC 129 (80.1) 0.81 0.44–1.51 0.51

KRAS 70 (43.5) 1.71 1.02–2.85 0.04

SMAD4 30 (18.6) 1.79 0.99–3.23 0.05

PIK3CA 26 (16.1) 0.81 0.38–1.73 0.59

MYC 18 (11.2) 1.17 0.55–2.46 0.68

FBXW7 16 (9.9) 0.42 0.13–1.34 0.14

ARID1A 15 (9.3) 1.51 0.65–3.53 0.34

PIK3R1 13 (8.1) 1.24 0.53–2.90 0.61

AMER1 11 (6.8) 1.29 0.46–3.59 0.63

DDX11 11 (6.8) 0.67 0.21–2.14 0.50

BRAF 9 (5.6) 1.38 0.50–3.86 0.53

CDKN2A 9 (5.6) 4.45 1.97–10.04 <0.001

PTEN 9 (5.6) 0.80 0.19–3.30 0.75

ATM 8 (5.0) 0.94 0.30–3.02 0.92

NRAS 7 (4.3) 0.38 0.05–2.76 0.34

RB1 7 (4.3) 2.53 0.91–7.05 0.07

HER2 7 (4.3) 0.70 0.17–2.86 0.61

STK11 5 (3.1) 1.98 0.62–6.34 0.25

HR, hazard ratio; CI, confidence interval; TMB, tumor mutation 
burden.
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Figure 3 KRAS mutations had worse outcomes with median 
survival of 36.1 (95% CI: 24.0–NR) months compared to NR 
(95% CI: 38.1–NR) months, with a HR of 1.71 and P=0.04. CI, 
confidence interval; NR, not reported; HR, hazard ratio.
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Figure 2 High TMB trended towards worse outcomes with overall 
survival of 28.5 (95% CI: 22.2–NR) months, compared to 45.2 
(95% CI: 36.1–NR) months, with a HR of 1.38, though this was not 
statistically significant (P=0.28). TMB, tumor mutation burden; CI, 
confidence interval; NR, not reported; HR, hazard ratio.
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Figure 4 CDKN2A mutations had worse outcomes with median 
survival of 12.3 (95% CI: 8.4–NR) months compared to 45.2 
(95% CI: 36.1–NR) months, HR of 4.45, P<0.001. CI, confidence 
interval; NR, not reported; HR, hazard ratio.
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Discussion

This retrospective cohort study was conducted primarily 
to investigate correlation of TMB in patients who were 
MSS to CRC patient outcomes. From our dataset those 
who had high TMB trended towards a worse outcome, 
although there was no statistically significant difference. 
Prior studies identified MSI-H in metastatic CRC confers 
a poor prognosis (14), but that high TMB is associated 
with better prognosis in advanced stage II or stage III  
CRC (15). High TMB was found to have a positive 
prognostic role in another study assessing untreated MSS 
metastatic CRC (16). Our data differs from these studies as 
the patients in our cohort all had metastatic disease at time 
of analysis compared to stage II or stage III patients in the 
study by Lee et al. (15), and many in our cohort had already 
undergone one or more lines of treatment compared to 
analysis of first-line treatment in the study by Innocenti  
et al. (16). We found that those with high TMB were more 
likely to have received immunotherapy, and potentially 
this could represent that our current immunotherapy 
combination may not be optimized or effective for high 
TMB CRC. High TMB may not be a good predictive 
marker for patients with metastatic CRC and previous lines 
of treatment.

The secondary objective of this study was to assess the 
frequency of the genetic mutations collected from the NGS 
and correlate these to prognosis in reference to TMB. The 
prevalence of all mutations is included in Table S1 and is 
notable for a high percentage of tumors having TP53 and 
APC mutations, at 82.0% and 80.1% respectively, followed by 

KRAS mutations at 43.5%. This is consistent with the current 
paradigm of the most common mutations in the progression 
of CRC (17). There was significantly worse survival in patients 
who had a KRAS and/or CDKN2A mutation. KRAS mutation 
has previously been described as a poor prognostic marker (18),  
and this study looking at CDKN2A mutations found a 
statistically significant association with worse survival (19). 
Typically, BRAF is a marker of poor prognosis in MSS tumors, 
but it was not noted to be so in our cohort. Given that TMB 
is a general marker of mutational burden it is likely that there 
is some overlap of TMB and these mutations, but as suggested 
in recent literature specific mutations may be better prognostic 
markers (12).

The immunotherapy subset was a small sample size 
(n=12), in part because many of the patients in this study 
were diagnosed with their disease before KEYNOTE-158, 
and ICI therapy in CRC was not very common during 
the period reflected by these data. Notably of these twelve 
patients, there were three patients who responded for longer 
than 1 year, two of which responded for longer than 2 years 
(and at time of cut-off were still undergoing treatment). 
The two longest responders had low TMB, although 
their treatment regimen consisted of immunotherapy in 
combination with chemotherapy which confounds any 
conclusions. The third patient was TMB high and was 
on immunotherapy monotherapy until progression at  
13.1 months. This patient’s favorable response to monotherapy 
indicates there is a subset of patients who are MSS who 
benefit from this therapy. It could also be the case that the 
immunotherapy regimen or combination is not optimized for 
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Figure 5 Swimmer plot describing the twelve patients with MSS CRC who underwent treatment with immunotherapy. The TMB, defined 
as mutations per megabase, is listed for each patient. TMB, tumor mutation burden; MSS, microsatellite-stable; CRC, colorectal cancer.
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CRC. In two of these 12 patients there were severe adverse 
events from immunotherapy (hyper-progression in one 
patient and organizing pneumonia and thyroiditis in another), 
a reminder that these medications have significant risks 
associated with use, especially if the benefit may be infrequent.

The prevalence of high TMB in the patient population 
was measured at 21.7%. Similar patient populations such as 
those reported by Voutsadakis reported prevalence of high 
TMB in metastatic CRC to be lower at 9.8% (13). The 
GeneTrails® NGS which provided the data for our report 
has been internally validated for accuracy (20), though there 
are likely to be variations between different assays.

There are several limitations to this study. It was 
conducted at a single institution, and the patient 
demographics were a higher proportion male (61.5%) 
which may not fully represent the greater population. 
Other limitations to the study include the follow-up time, 
as data could be more complete with more longitudinal 
analysis. Another possible limitation is the patients who 
were included in the study. Every patient with metastatic 
CRC undergoing treatment at this institution had NGS, 
however this study would not capture the patients who 
did not elect for treatment, had NGS previously done at 
different institutions, or went elsewhere for treatment. This 
potentially could select for patients with better performance 
status. As this is a cohort study there is also risk of bias due 
to differential loss. Another limitation as discussed above is 
that the FDA approved immunotherapy in 2020, and some 
patients were diagnosed prior to this which could have 
impacted treatment decisions.

Conclusions

Immunotherapy treatment for CRC patients with high 
TMB CRC was approved based on a study without CRC in 
its patient population, and while some previous publications 
have suggested that TMB is a favorable prognostic factor, 
our cohort analysis of MSS patients finds that TMB-high is 
not correlated with better survival. It is possible that TMB 
in CRC, in contrast to MSI-H, may not be as predictive of 
immunotherapy response as previously thought, and more 
research needs to be done to clarify this further. In clinical 
practice, oncologists should discuss the potential poor 
response in this clinical context and weigh the risk-benefit 
against other therapeutic options such as regorafenib, 
trifluridine/tipiracil, or referral for clinical trials. Unique 
genetic mutations identified from NGS may further be 
correlated with high TMB and prognosis in future studies 

with larger sample sizes. Such a tool could help clinicians 
better estimate survival and guide goals of care discussions. 
In summary, high TMB without MSI-H or other unique 
molecular signatures should not be misrepresented by 
clinicians. There is a need to identify other factors which 
predict response to immunotherapy treatment and to 
optimize the treatment regimens for CRC patients 
undergoing immunotherapy.
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