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Abstract

Colorectal cancer (CRC) has tremendous molecular and genetic heterogeneity, making it a difficult 

cancer to treat. Two of the key prognostic indicators of CRC include microsatellite instability 

(MSI) and BRAF V600E mutation. Here, we performed a retrospective survival analysis on 145 

stage II and III CRC patients treated at the University of Kansas Cancer Center between 2009 

and 2020. Of the 145 patients, BRAF V600E was observed in 15% patients and MSI in 28% 

patients. Median survival was not reached for stage II. For stage III, patients with BRAF V600E 

showed poor overall survival, which worsened with concurrent presence of MSI [χ2=6.4, p=0.01]. 

Eighty-five percent of this group was found to have right-sided CRC. For stage III, overall survival 

(OS) was 27 months, 37 months, 87 months and not reached for MSI-H/BRAF V600E, MSS/

BRAF V600E, MSS/BRAF WT and MSI-H/BRAF WT, respectively. Although associated with 

poor prognosis, presence of MSI in BRAF V600E patients was associated with delayed disease 

presentation (mean age 77) compared to those with stable microsatellite (mean age 63) [p=0.01]. 

Although median survival between the groups could not be assessed for stage II due to very 

few deaths and/or inadequate length of study, comparison of survival trend suggests that BRAF 
V600E, rather than MSI, is what drives prognosis in stage II CRC. Our findings suggest that 
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prognostic value of MSI is more relevant for stage III than stage II CRC. Patients with MSI-H and 

BRAF V600E have advantage of late presentation, although at the cost of poor overall prognosis.
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1. Introduction

Colorectal cancer (CRC) is the second leading cause of cancer-associated deaths in the 

United States [1], with 25 % of CRC already metastasized at diagnosis and the remaining 

50% developing metastatic disease later on [2]. Thus, identification of molecular and 

genetic signatures that aid with early diagnosis, prognosis and therapy is essential. Two 

of the several molecular features associated with metastatic CRC (mCRC) include BRAF 
V600E mutation and microsatellite instability (MSI) that result from mutation or loss of 

mismatch-repair (MMR) genes including, MLH1, PMS2, MSH2 and MSH6 [3]. Around 

65% of CRCs are sporadic, with less than 5% CRCs with a genetic component [4]. MSI 

instability falls under sporadic cases and constitute ~ 15–20% CRC, with ~20% seen in 

Stage II, 12% in stage I and ~4% of stage IV [5]. Loss of MMR genes increase with age, 

making MSI-H CRC more common in older patients [6]. Some of the distinctive features 

of this subset include proximal localization, immune-infiltration and poor differentiation 

[7]. MSI-H CRC has been shown to have relatively good prognosis when diagnosed at 

an early stage, although is associated with refractoriness to standard chemotherapy at later 

stages [8, 9]. More recently, immunotherapy has emerged as a potential treatment option for 

this subtype due to its immunogenicity. However, MSI often occurs with mutation in other 

cellular components, needing a more sophisticated strategy to target both the immune and 

the cellular aspect in conjunction.

One of the components of cellular machinery impacted in CRC include mutation in BRAF, 

which is a protein kinase involved in MAP Kinase signaling cascade that supports cell 

growth, proliferation and survival, which by itself is associated with poor prognosis when 

mutated [10]. V600E mutation renders BRAF constitutively active and constitutes 90% of 

all BRAF mutations in CRC [11]. Nearly 10% CRC have been reported to have BRAF 
mutation [12, 13]. Interestingly, 30–50% CRC patients with sporadic MSI-H also have 

BRAF mutation [14]. Although poor prognosis associated with co-occurrence of MSI and 

BRAF mutation has been well documented for metastatic CRC [14], the prognostic value of 

these mutations in combination in earlier (stage II/III) CRC is not well studied [2, 3].

2. Materials and Methods

2.1 Patient Cohort

We performed a retrospective study on 145 stage II/III CRC patients treated at the University 

of Kansas Cancer Center between September 2009 and July 2020 from the University of 

Kansas Health System’s Epic electronic medical records system. The patients were stratified 

based on their BRAF mutation status and MSI status (stable: MSS vs high instability: MSI-
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H). MSI-H/BRAF mutant (n=17), MSS/BRAF mutant (n=5), MSI-H/BRAF WT (n=24) and 

MSS/BRAF WT (n=99) were categorized based on PCR and/or IHC staining (Figure 1A, 

B). All patients had undergone resection followed by adjuvant chemotherapy that included 

combination of FOLFOX (Oxaliplatin /Fluorouracil /leucovorin). Pair-wise comparison of 

overall survival between MSI-H/BRAF mutant, MSS/BRAF mutant, MSI-H/BRAF WT and 

MSS/BRAF WT was then performed.

2.2 Molecular data

MSI and BRAF mutation status was determined by KU Cancer Center pathology laboratory 

on FFPE samples using either PCR or IHC methods, or extracted from external medical 

records.s.

2.3 Data analysis

The baseline characteristic and clinical outcomes were compared between subtypes. Kaplan-

Meier survival analysis was done using R package with death as the “event” and time to 

follow-up as “censored”. Survival was measured in months as time reached from date of 

diagnosis to last follow up date or date of death. Log-rank test was used to compare trends 

between the curves.

3. Results

Table 1 shows baseline characteristics of patients in each group. At baseline, male and 

female patients were almost equally represented in our study. In ~73% patients, cancer was 

in colon, with the rest either in rectum or unknown. Of the total, 12% had MSI-H/BRAF 
V600E mutation, 16.6% had MSI-H/BRAF WT and only 3.5% had MSS/BRAF V600E. 

~68% were mutation-naïve with MSS and BRAF WT. Of total, 67% were Stage III CRC. 

White patients represented majority of patient (82%) compared to Black (6%), Hispanic 

(6%) and Others (6%) (Figure 2A). In our study, ~85 % of patients with MSI-H/BRAF 
V600E had right-sided tumor (Figure 2B).

3.1 At baseline BRAF V600E, presence of MSI does not affect survival in Stage III CRC

Survival curve of stage III patients with BRAF V600E was not significantly different in 

presence or absence of MSI (Figure 3A) with median survival of 27 months for MSI-BRAF 
V600E and 37 months for MSS/BRAF V600E. However, there was difference in mean age 

at diagnosis between the two groups. Patients with MSI-BRAF V600E presented late at 

mean age of 77, whereas those without MSI presented at mean age of 63 (Figure 4A).

3.2 At baseline MSI-H, presence of BRAF V600E worsens survival in Stage III CRC

Survival curve of stage III patients with MSI-H was significantly different in presence of 

BRAF V600E compared to BRAF WT (Figure 3D) as shown by Wilcoxon test with median 

survival of 27 months for MSI-H BRAF V600E and median survival not reached for MSI-H 

BRAF WT. Interestingly, MSI alone without BRAF mutation tended to present earlier (mean 

age 61) compared to MSI with BRAF V600E (mean age 77) (Figure 4A).
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3.3 Combined presence of MSI-H and BRAF V600E has worse survival compared to 
mutation naïve MSS/BRAF WT patients

Survival curve of stage III patients with MSI-H and BRAF V600E was significantly 

different in presence of MSI than absence (Figure 3D) as shown by both Log-rank and 

Wilcoxon test with median survival of 27 months for MSI-H BRAF V600E and median 

survival of 87 months for MSS/BRAF WT. Unlike patients with MSI-H BRAF V600E who 

presented late, patients without either of these mutations presented at varying ages (Figure 

4A).

3.4 Prognostic value of MSI and BRAF V600E unclear at Stage II CRC

Survival analysis between the groups in Stage II CRC was limited due to fewer events early 

in the disease. However, survival trends showed that BRAF V600E mutation and not MSI, 

was associated with worsening survival (Figure 4C–D). Furthermore, patients diagnosed 

with early-stage II disease had no correlation with age at diagnosis (Figure 4B).

4. Discussion

Our study was able to validate some important prior findings such as poor survival 

associated with BRAF V600E alone. There have been contradictory findings in the literature 

regarding left vs right-sided CRC prognosis [15, 16]. Our findings showed poor survival 

associated with right-sided CRC. The percentage of patients represented in our study for 

each group is comparable to what has been noted in the literature with majority being 

MSS/BRAF WT (68%) and most minority being MSS/BRAF V600E group (3.5%). Most of 

MSI is sporadic and tends to increase in frequency with age. We saw similar outcome in our 

study, although the findings were more significant when MSI presented with BRAF V600E. 

Males and females were equally represented in our study, which points to CRC being the 

third most diagnosed cancer in both men and women.

There was one distinct discrepancy between our study and the published literature. There is 

notably more representation of white patients in our study, although the incidence of CRC 

has been noted to be disproportionately higher in Blacks compared to white (by ~20%) 

[17]. This points to likely disparities between the two ethnicities in terms of access to care, 

cancer screening and other socio-economic factors. We provide stage-specific prognostic 

value of MSI and BRAF V600E, with proposition that BRAF V600E drives prognosis in 

early-stage CRC with MSI adding unfavorably to the prognosis in stage III and beyond. Our 

study suggests that the impact of MSI is favorable in stage II but unfavorable in stage III 

onwards, especially in conjunction with BRAF V600E mutation. Our study also highlights 

that MSI in stage II disease does not affect survival drastically. On the other hand, BRAF 
mutation negatively impacts survival even at earlier stages of the disease, highlighting the 

need for BRAF-targeted therapy for CRC at any stage. There are some discrepancies in 

sample size in our study. Since 40–60% of CRC with MSI also have BRAF mutation, MSS/

BRAF group had comparatively smaller sample size compared to other groups. A larger 

study would likely mitigate this shortcoming. There are limited number of studies looking at 

stage-specific outcomes of MSI and BRAF. Therefore, our study provides a basis for further 

investigation into the stage-specific outcomes of MSI and BRAF mutations in the future.
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5. Conclusion

Our findings show that stage III patients with MSI-H and BRAFV600E have the advantage 

of relatively late onset disease (median age 71–77 yrs) compared to MSS-stable CRC 

(56–63), however, at a cost of poor prognosis. In stage III patients with BRAF V600E 

at baseline, presence of MSI does not affect their survival, however, those with MSI at 

baseline, presence of BRAF V600E worsens survival. Overall, based on our study MSI-H/

BRAF V600E patients have the worst outcome overall. Median survival is 27 months for 

MSI-H/BRAF V600E compared to 37 months for MSS/BRAF V600E and 87 months for 

MSS/BRAF WT. Unlike stage III patients, prognosis with MSI and BRAF mutation based 

on survival analysis was not feasible for stage II patients due to few events throughout the 

length of the study. Survival trends point to dominating effect of BRAF V600E vs MSI in 

Stage II disease. Interestingly, unlike with stage III, patients diagnosed with stage II disease 

show no association with age at diagnosis.
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Figure 1: 
Schematic of the study. A, Stage II or III CRC patients stratified based on their MSI 

status and BRAF mutation status (MSI-H/BRAF mutant (n=17), MSS/BRAF mutant (n=5), 

MSI-H/BRAF WT (n=24) and MSS/BRAF WT (n=99) based on PCR and IHC staining. B, 

Representative figure showing MSI by loss of MSH2 by IHC.

Karki et al. Page 7

Fortune J Health Sci. Author manuscript; available in PMC 2023 September 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2: 
A, Distribution of patients by ethnicity. B, left vs right sided localization of CRC: Left, 

splenic flexure, descending column, sigmoid colon. Right, cecum, ascending column, 

hepatic flexure.
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Figure 3: 
Kaplan-Meier survival curve comparison between groups of Stage III CRC. A, Comparison 

between MSI-H/BRAF V600E and MSS/BRAF V600E; B, MSS/BRAF V600E and MSS/

BRAF WT; C, MSS/BRAF V600E and MSI-H/BRAF WT; D, MSI-H/BRAF V600E and 

MSI-H/BRAF WT; E, MSI-H/BRAF WT and MSS/BRAF WT; F, MSI-H/BRAF V600E 

and MSS/BRAF WT. Time (in months) indicate time from date of diagnosis to last follow 

up date or date of death. Log-rank test and Wilcoxon test with significance at *=p<0.05, 

**p<=0.01).
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Figure 4: 
A, Age at diagnosis for each group of Stage III. B, Age at diagnosis for each group of 

Stage II. Unpaired student t-test comparing mean age at diagnosis. Significance at *=p<0.05, 

**p<=0.01. C, Kaplan-Meier survival curve comparison between groups of Stage II CRC. 

Time (in months) indicate time from date of diagnosis to last follow up date or date of death. 

D, Log-rank test and Wilcoxon test with significance at *=p<0.05, **p<=0.01). Each group 

is color-coded as shown.
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Table 1:

Baseline characteristics of included participants according to MSI/ BRAF status

Total MSI-H/BRAFmu MSS/BRAFmu MSI-H/BRAF WT MSS/BRAF WT

Age n=145 n=17 n=5 n=24 n=99

<65 76 1 3 11 61

65–75 38 10 1 7 20

>75 31 6 1 6 18

Sex

Female 74 11 4 13 46

Male 71 6 1 11 53

Location

Colon 106 15 4 22 65

Rectum 30 1 1 28

Uspecified 9 1 2 6

Clinical Stage

II 47 7 0 14 26

III 98 10 5 10 73
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