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Abstract

Background—BRAF mutations occur in 5–10% of metastatic colorectal cancers and are 

biomarkers associated with a poor prognosis. However, the outcomes with standard chemotherapy 

over sequential lines of therapy in a large cohort of patients with BRAF-mutant tumors have not 

been described.

Methods—We searched the MD Anderson Cancer Center databases for patients with colorectal 

cancer patients and identified BRAF mutations between December 2003 and May 2012. Patients 

were analyzed for clinical characteristics, progression-free survival (PFS), overall survival (OS), 

and chemotherapeutic agents used. Survival was estimated according to the Kaplan-Meier method.

Results—Among the 1567 patients tested for BRAF mutations at our institution, 127 (8.1%) had 

tumors with BRAF mutations. The 71 patients who presented with metastatic disease received a 

median of 2 lines of chemotherapy. For the first three lines of chemotherapy, median progression-

free survivals were 6.3 months (n=69 patients, 95% confidence interval (CI) of 4.9–7.7 months), 

2.5 months (n=58, 95% CI of 1.8–3.0 months), and 2.6 months (n=31, 95% CI of 1.0–4.2 months), 

respectively. Median PFS was not affected by the backbone chemotherapeutic agent in the first-

line setting, whether oxaliplatin-based or irinotecan-based (6.4 months vs. 5.4 months, 

respectively, p-value = 0.99).
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Conclusions—Progression-free survival is expectedly poor for patients with BRAF-mutated 

metastatic colorectal cancer. Despite the ascertainment bias present (with testing preferentially 

performed in patients suitable for clinical trials in refractory disease), these data provide historic 

controls suitable for future study design and support the idea that novel therapeutic options are 

essential in this population.

Introduction

Colorectal cancer is the second-leading cause of cancer-related mortality in the United 

States, with more than 50,000 deaths estimated in 2012.1 Even so, survival for patients with 

metastatic colorectal cancer has improved owing to the advent of improved cytotoxic 

chemotherapeutic agents,2–4 anti–vascular endothelial growth factor antibodies,5,6 and the 

more frequent use of curative hepatic metastasectomies.7–9 Additionally, greater 

understanding of the molecular pathways driving survival and proliferation of colorectal 

tumor cells has led to the approval of novel targeted therapies—namely, cetuximab and 

panitumumab—specifically tailored to inhibit epidermal growth factor receptor (EGFR) 

pathways and thereby thwart tumor growth and improve survival in patients with a wild-type 

KRAS oncogene.10,11

Despite such advances, patients with colorectal cancer harboring mutations in the BRAF 

oncogene (present in 5%–10% of all colorectal tumors12,13) have traditionally poor survival 

outcomes and low response rates when treated with the aforementioned therapies14–16. 

BRAF mutations, most commonly a valine to glutamic acid substitution of the 600th amino 

acid (V600E)12, generate a conformational change of the RAF kinase, leading to constitutive 

activation of the BRAF kinase and the downstream MAPK pathway, which are implicated in 

tumor cell proliferation and anti-apoptotic behavior17,18. In a phase I trial of the mutated 

BRAF inhibitor vemurafenib, patients with BRAF-mutated metastatic colorectal cancers 

demonstrated a response rate of approximately 5% when treated with this drug as a single 

agent19, much lower than the approximately 50% of patients with metastatic melanoma who 

responded to the same therapy in the seminal phase III trial20,21

To our knowledge, no prior studies have described progression-free survival (PFS) across 

sequential lines of chemotherapy among patients with BRAF-mutated metastatic colorectal 

cancer. To that end, we retrospectively evaluated the clinicopathologic features and survival 

of 127 patients with BRAF-mutated colorectal cancer treated at The University of Texas MD 

Anderson Cancer Center.

Methods

Identification of Patients with BRAF-Mutated Colorectal Cancer

The MD Anderson institutional computerized database were searched to identify patients 

with a diagnosis of colorectal cancer who were evaluated and assessed for treatment at our 

institution between December 2003 and May 2012. Tumors were classified and staged 

according to clinical and pathologic information (American Joint Committee on Cancer 

[AJCC] Cancer Staging Manual, 7th edition)22.
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Patients with colorectal cancer were included for analysis in this series only if their 

pathology reports revealed a BRAF mutation in either the primary tumor or a metastasis, 

(depending on the tissue available). To determine whether a BRAF mutation was present, 

DNA was extracted from sections of microdissected paraffin-embedded blocks and analyzed 

by both polymerase chain reaction and pyrosequencing from codons 595 to 600 of the BRAF 

oncogene. This assay has the sensitivity to detect approximately 1 in 10 mutation-bearing 

cells in the microdissected area.

Microsatellite Testing

Microsatellite stability or instability was determined by one of two methods: (1) DNA was 

extracted from paraffin-embedded sections of microdissected tumor and adjacent sections of 

non-neoplastic colorectal tissue surrounding the tumor and analyzed by polymerase chain 

reaction followed by capillary electrophoretic detection of microsatellite repeats. Here, a 

panel of seven microsatellite markers (BAT25, BAT26, BAT40, D2S123, D5S346, 

D17S250, and TGFB2) was evaluated to detect changes in the numbers of microsatellite 

repeats in tumor tissue compared with the adjacent normal tissue from the same patient. 

Tumors bearing five or more markers with higher numbers of microsatellite repeats relative 

to the normal tissue controls were deemed to exhibit microsatellite instability; or, (2) tumor 

samples were tested with immunohistochemical stains using antibodies against the proteins 

MLH1, MSH2, MSH6, and PMS2. Microsatellite instability was defined as the loss of one 

or more of these proteins in the tumor tissue compared with the adjacent normal tissue.

Statistical Analyses

Once those patients with BRAF mutations had been identified, their medical records were 

retrospectively reviewed to obtain demographic, clinicopathologic, treatment, and outcome 

data according to an institutional review board–approved protocol. Descriptive statistics 

were used to characterize the patient population. OS was defined as the time between the 

date of diagnosis and date of death or date of last follow-up. PFS was defined as the time 

between the date of treatment initiation and either the date of radiographic disease 

progression (as determined by the interpreting radiologist at our institution) or the date of 

death. Survival curves were generated using the Kaplan-Meier method, and the differences 

between curves were calculated with the log-rank test. The effects of patient demographics, 

disease, and treatment characteristics on survival outcomes were analyzed using the methods 

of Kaplan and Meier with a two-sided p-value of less than 0.05 considered significant. 

Hazard ratios were estimated with univariate Cox proportion hazard models.

Results

Patient Demographics

Among the 1567 patients with colorectal cancer tested for activating BRAF mutations, 127 

patients (8.1%) were found to have BRAF–mutant tumors. Table 1 summarizes the 

demographic characteristics of these 127 patients and the clinicopathologic features of their 

disease. The median age at diagnosis was 60.0 years (range, 27–73 years). Most tumors 

(59.8%) were located in the right colon and were of moderate or poor histologic grade (2–3). 
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94% of the patients had tumors which carried a V600E mutation in the BRAF oncogene. Six 

tumors had D594G mutations, and one had a G496R mutation.

Characteristics of Patients with Stages I–III Disease at Diagnosis

All fifty-six patients with stage I-III disease at diagnosis underwent surgical resection of 

their primary tumors. The median OS for this group was 62.6 months, and was strongly 

associated with stage (Figure 1, p<0.001). Higher T stages and higher N stages were 

associated with shorter median OS (Table 2; p=0.04 and p=0.0006, respectively). 

Microsatellite stability testing was performed in 36 of these patients. Right-sided primary 

tumors were more likely to demonstrate microsatellite instability when compared to tumors 

arising from the left colon/rectum (OR 85.7, p=0.004) (Table 3). In fact, all patients with 

microsatellite-high (MSI-H) tumors had primary tumors located in the right colon.

Among the stage I–III patients, 39 (69.6%) developed recurrent disease after undergoing 

initial surgical resection (Table 4). Those with recurrent disease had a median OS of 27.1 

months and were less likely to be alive at the time of data analysis (p<0.001) than those 

without disease recurrence, all of whom were still alive at the same time of data analysis 

(median follow-up of 24.8 months, range 5.3–110.8 months). The primary tumor site was 

not associated with survival in patients with recurrent disease. Recurrent disease was 

observed in 94% of patients with microsatellite-stable (MSS) tumors and was more strongly 

associated with MSS-tumors when compared to the population with MSI-H tumors (OR 

60.0, p< 0.001).

Characteristics of Patients with Stages IV Disease at Diagnosis

Seventy-one patients had metastatic disease at diagnosis (Table 5). The liver was the most 

common site of metastasis at diagnosis, with metastases detected in 43 (60.6%) patients 

(Table 4). Of the 43 patients with liver metastases, eight (18.6%) were able to undergo 

hepatic metastasectomy. After a median follow up of 14.3 months, 63% of patients had 

disease recurrence, with a median recurrence-free survival of 9.1 months following hepatic 

resection. Other sites of metastases detected at diagnosis were the lungs (13 patients), 

distant/non-regional lymph nodes (28), and the peritoneum (20).

Characteristics of patients initially diagnosed with stage I–III disease whose tumors recurred 

were compared with those of patients who had stage IV disease at the time of diagnosis. 

Patients with recurrent tumors were most likely to develop oligometastatic disease in the 

peritoneum and/or at the site of their initial surgical resection (24 of 39 patients who 

developed recurrent disease); peritoneal disease was more common in patients with 

recurrent tumors than in those with metastatic disease detected at diagnosis (21 of 39 

patients vs. 20 of 71 patients, respectively; p<.01).

Survival Outcomes of Patients with Metastatic Disease

The patients with stage IV disease had a median OS of 20.1 months, with a 2-year OS rate 

of 42.5% (Figure 1). No associations between OS and age, sex, or site of the primary tumor 

were found in patients with metastatic disease. However, 67 patients (94.3%) with 

metastatic disease had V600E BRAF mutations. The remaining four patients with D594G 
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mutations were still alive 2 years after their initial diagnosis, with a median OS of 42.2 

months, whereas patients with V600E mutations had a median OS of 20.0 months (hazard 

ratio for death among those with D594G mutations=0.45, p=0.04).

Sixty-nine of the 71 patients with metastatic disease received systemic therapy (Table 6). 

The performance status of the remaining two patients did not allow treatment initiation. The 

median number of lines of systemic therapy was two. The type of systemic therapy used 

(e.g., oxaliplatin-based or irinotecan-based) did not significantly affect PFS in any line of 

treatment. Most patients (61 of 69) received an oxaliplatin-based regimen as their first-line 

treatment, and irinotecan-based therapies were most common in the second-line setting (39 

of 58). The median progression-free survivals for patients after one, two, and three lines of 

therapy were 6.3 months, 2.5 months, and 2.6 months, respectively (Figure 2). Although a 

short duration of benefit was noted with first-line treatment, the median PFS in patients who 

received two or three lines of therapy corresponded to the time of the first restaging scans. In 

the second-line setting, 28 of the 39 patients treated with irinotecan concomitantly received 

an anti-EGFR monoclonal antibody (cetuximab or panitumumab). No difference in PFS was 

observed for those patients receiving an anti-EGFR monoclonal antibody when compared to 

those patients who did not.

Of note, despite the poor prognosis of the majority of patients with BRAF-mutant metastatic 

tumors, a rare subset of patients had prolonged disease control with systemic chemotherapy 

and a more indolent course, as represented by an approximate 15% two-year PFS with first-

line therapy. A trend toward an improved survival was noted among the eleven patients who 

underwent metastectomy (8 liver resections, 1 lung resection, 1 lymph node dissection, and 

1 brain resection) relative to those who did not proceed to metastectomy (median OS 34.8 

versus 17.9 months, respectively; p=0.066). However, the small sample size does not allow 

better characterization of this subset. With the exception of the majority of patients with 

D594G BRAF mutations found within this group, no other clinicopathologic parameters (age 

at presentation, gender, ethnicity, site of primary tumor, distribution of metastases) were 

unique to this population demonstrating the prolonged survival.

Discussion

To our knowledge, no previous studies have quantified progression-free survival outcomes 

across multiple lines of therapy specifically for patients with BRAF-mutant metastatic 

colorectal cancer. With a median PFS of 6.3 months, patients seemed to receive some 

survival benefit from the first line of systemic therapy upon treatment initiation for 

metastatic disease. However, the median PFS of patients who underwent second and third 

lines of treatment were both approximately 2.5 months and correspond to the time of first 

restaging. That these tumors grew without any apparent radiographic improvement in the 

second- and third-line settings reinforces the notion that refractory BRAF-mutant metastatic 

colorectal cancer does not respond well to traditional chemotherapy regimens. Those with 

metastatic disease tolerated a median of two lines of treatment before having to discontinue 

therapy permanently. Collectively, these results reinforce the notion that this disease 

responds very poorly to systemic treatment.
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The 71 patients with metastatic disease in this single-institution study had a longer median 

OS (20.1 months) from the time of diagnosis than those of other cohorts of patients with 

metastatic, BRAF-mutated colorectal cancer13,23–28. This result may reflect an ascertainment 

bias present in our cohort representing a group of patients with a robust performance status 

able to travel for clinical trials. Indeed, we have previously reported median OS of 10.4 

months for a retrospective population cohort without the BRAF ascertainment bias23. 

Nonetheless, a subset analysis of a phase II study of frontline FOLFOXIRI chemotherapy in 

combination with bevacizumab for patients with metastatic colorectal cancer showed a 

median PFS of 12.8 months and an OS of 23.8 months for those with BRAF mutations29. 

Although only ten highly selected patients with BRAF mutations were included in this 

study, the median OS is similar to what we report and reinforces the notion that patients able 

to withstand aggressive systemic treatments may demonstrate benefit despite the presence of 

a BRAF mutation.

In addition, the choice of an oxaliplatin- or an irinotecan-based regimen did not affect PFS. 

Prior studies of this subset of patients with colorectal cancer have failed to demonstrate 

significant differences in response between different types of treatments used30,31, a finding 

reinforcing the idea that the presence of a BRAF mutation is not predictive of response to the 

currently available therapies.

In our cohort, the four patients with D594G mutations showed a longer OS than those with 

V600E mutations. Scant information regarding outcomes of patients with metastatic D594G 

BRAF-mutated colorectal cancer has been reported thus far, with one study citing a lone 

patient demonstrating an objective response to systemic treatment.32 In vitro work with 

melanoma cells has shown the D594G BRAF mutation generates a significantly less active 

BRAF kinase and thereby confers less constitutive activation of the MAPK pathway that is 

readily triggered by the V600E-mutant BRAF kinase17,33. These clinical results further 

corroborate the notion that non- V600E mutations may display different clinical phenotypes 

from those of the more common V600E BRAF-mutated tumors; if these findings are 

validated prospectively, patients harboring D594 mutations may need to be studied 

prospectively and independently from patients whose tumors contain BRAF V600E 

mutations.

Of the 56 patients with non-metastatic disease at the time of diagnosis, 39 (69.6%) 

eventually developed recurrence. Among these patients, the median OS did not significantly 

differ from that of the patients with metastatic disease at the time of diagnosis (27.1 months 

vs. 21.0 months, respectively; p=0.18). Prior series have shown that patients with BRAF-

mutant colorectal cancer who are initially diagnosed with stage II or III disease have poor 

survival after recurrence34 and worse OS16 relative to similar patients with wild-type BRAF 

tumors. Thus, when compared to patients with BRAF-mutated tumors whose disease was 

metastatic at initial presentation, it is not surprising that the patients in our cohort who 

recurred displayed similarly poor outcomes and did not respond well to available therapeutic 

options.

Microsatellite status and recurrence were clearly related. All patients with left colon or rectal 

primary tumors that were tested for microsatellite instability had microsatellite-stable 
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tumors, and all these patients developed recurrent disease. Likewise, primary tumors arising 

in the right colon that demonstrated microsatellite instability were less likely to recur. Our 

findings are consistent with prior findings that patients with BRAF-mutated tumors with 

microsatellite stability are associated with worse survival outcomes relative to those with 

microsatellite instability.16,34,35 Large efforts are underway to better define the prognostic 

role of BRAF mutation in stage II/III colon cancer and the interaction of this prognostic 

effect with microsatellite instability and tumor location.

We recognize that many of the metastatic patients described here were initially screened for 

a BRAF mutation because they were being considered for participation in a clinical trial and 

thus had a performance status suitable for trial eligibility. Therefore, our OS results likely 

overestimate the survival of all patients with metastatic BRAF-mutated colorectal cancer, as 

many patients with more aggressive phenotypes would have died before being evaluated for 

study eligibility. Nonetheless, even with survival outcomes superior to prior reports, this 

group of patients not only had poor disease response to available systemic chemotherapy 

and biologic agents but also proved unable to withstand sequential lines of treatment. 

Treatment of these patients with all available standard-of-care therapies is unlikely to be 

possible due to declining performance status, and appears to provide little or no 

improvement in progression-free survival for most patients. Early engagement in the many 

open or planned studies for this specific population is warranted. In the absence of access to 

such studies, a regimen of 5-FU, oxaliplatin, and irinotecan may be considered in selected 

good performance status patients based on the prior report29. Thus, therapeutic options 

remain poor for patients with BRAF-mutated colorectal cancer, and our findings reinforce 

the need for a greater understanding of the activated pathways driving these tumors that 

could be translated into more effective treatment.

Conclusion

Progression-free survivals across sequential lines of systemic therapy are poor in patients 

with BRAF-mutated metastatic colorectal cancer, and by the second line of treatment, 

correspond to the time of first restaging scans. Our data provide historical controls for which 

responses to therapies used in the treatment of trial-eligible BRAF-mutated metastatic 

colorectal cancer patients can be compared in the future. As patients with this subset of 

disease do not respond well to currently available traditional treatment options, these results 

reinforce the notion that additional prospective studies are necessary in order to offer more 

effective options to patients.
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Clinical Practice Points

· Mutations in the BRAF oncogene are a poor prognostic marker in patients 

with metastatic colorectal cancer. Responses to standard therapies are poor 

and are of short duration.

· Enrollment into clinical trials is appropriate for these patients prior to 

exhausting all available standard-of-care therapies.

· Patients with MSS/BRAF-mutated tumors are more likely to develop disease 

recurrence than those with MSI-H/BRAF-mutated tumors.

· In the metastatic setting, patients with D594G BRAF mutations may not have 

as aggressive a disease as patients with V600E BRAF mutations.
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Figure 1. 
Overall Survival According to Stage at Diagnosis
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Figure 2. 
Progression-Free Survival by Line of Therapy
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TABLE 1

PATIENT DEMOGRAPHICS AND DISEASE CHARACTERISTICS

Characteristic Stage I–III (n=56) Stage IV (n=71)

Median Age at Diagnosis (years) 61 59

Sex (%)

  Male 26 (46.4%) 39 (54.9%)

  Female 30 (53.6%) 32 (45.1%)

Race/Ethnicity (%)

  Caucasian 49 (87.5%) 60 (84.5%)

  African American 5 (8.9%) 2 (2.8%)

  Hispanic 1 (1.8%) 2 (2.8%)

  Asian 1 (1/8%) 7 (9.9%)

Stage at Diagnosis (%)

  I 8 (14.3%) --

  II 15 (26.8%) --

  III 33 (58.9%) --

  IV -- 71

T Stage (%)

  T1 0 0

  T2 11 (14.3%) 4 (5.6%)

  T3 35 (62.5%) 20 (28.2%)

  T4 10 (17.9%) 25 (35.2%)

  TX 0 22 (31.0%)

N Stage (%)

  N0 23 (41.1%) 3 (4.2%)

  N1 15 (26.8%) 14 (19.7%)

  N2 18 (32.1%) 31 (43.7%)

  NX 0 23 (32.4%)

Tumor Grade (%)

  1 (well differentiated) 1 (1.8%) 0

  2 (moderately differentiated) 35 (62.5%) 36 (50.7%)

  3 (poorly differentiated) 20 (35.7%) 35 (49.3%)

Site of Primary Tumor (%)

  Right 35 (62.5%) 41 (57.8%)

  Left 12 (21.4%) 15 (21.1%)

  Rectal 9 (16.1%) 15 (21.1%)

BRAF Mutation Type (%)

  V600E 53 (94.6%) 67 (94.4%)

  D594G 2 (3.6%) 4 (5.6%)

  G496R 1 (1.8%) 0
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TABLE 3

MICROSATELLITE TESTING RESULTS ACCORDING TO SITE OF PRIMARY TUMOR

MSS MSI-H

Stage I–III: No Recurrent Disease

Left Colon/Rectum 0 0

Right Colon 1 16

Stage I–III: Recurrent Disease

Left Colon/Rectum 11 0

Right Colon 4 4

Stage IV at Presentation

Left Colon/Rectum 16 0

Right Colon 17 3
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TABLE 6

PROGRESSION-FREE SURVIVAL BY LINE OF TREATMENT AND BY TREATMENT REGIMEN 

EMPLOYED

Line of Treatment N Progression-Free
Survival (months;
95% confidence
interval)

p-value

Line 11 69 6.3 (4.9–7.7)

  Oxaliplatin-based 61 6.4 0.63

  Irinotecan-based 6 5.4

  5-FU2-based 2 4.6

Line 2 58 2.5 (1.8–3.0)

  Oxaliplatin-based 7 3.0 0.18

  Irinotecan-based 39 3.0

  5-FU2-based 4 3.1

  Clinical trial 4 3.6

  Other 4 1.7

Line 3 31 2.5 (1.0–4.2)

  Oxaliplatin-based 5 3.1 0.19

  Irinotecan-based 8 3.1

  5-FU2-based 7 6.1

  Clinical trial 11 3.7

  Other 8 1.6

1
Two patients were too ill at presentation to receive systemic therapy.

2
5-fluorouracil without oxaliplatin or irinotecan.
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