
Current Problems in Cancer 45 (2021) 100637 

Contents lists available at ScienceDirect 

Current Problems in Cancer 

journal homepage: www.elsevier.com/locate/cpcancer 

Metastasectomy and BRAF mutation; an 

analysis of survival outcome in metastatic 

colorectal cancer 

Thiru Prasanna 

a , b , c , ∗, Rachel Wong 

d , e , f , Timothy Price 

g , Jeremy Shapiro 

h , 
Jeanne Tie 

d , i , j , Hui-Li Wong 

d , Louise Nott k , l , David Roder m , n , 
Margaret Lee 

d , e , Suzanne Kosmider i , Azim Jalali d , i , Matthew Burge 

o , 
Robert Padbury 

p , q , Guy Maddern 

r , Scott Carruthers s , James Moore 

t , 
Michael Sorich 

u , Christos S. Karapetis p , v , Peter Gibbs d , i , Desmond Yip 

a , b 

a Department of Medical Oncology, The Canberra Hospital, Garran, ACT, Australia 
b ANU Medical School, Australian National University, Australia 
c University of Canberra, ACT, Australia 
d Walter and Eliza Hall Institute of Medical Research, Melbourne, Australia 
e Department of Medical Oncology, Eastern Health, Melbourne, Australia 
f Monash University, Faculty of Medicine, Nursing and Health Sciences, Melbourne, Australia 
g The Queen Elizabeth Hospital and University of Adelaide, Adelaide, Australia 
h Cabrini Haematology and Oncology Centre, Melbourne, Australia 
i Department of Medical Oncology, Western Hospital, Melbourne, Australia 
j Department of Medical Oncology, Peter MacCallum Cancer Centre, Melbourne, Australia 
k Department of Medical Oncology, Royal Hobart Hospital, Hobart, Tasmania, Australia 
l Menzies Research institute, Hobart, Australia 
m South Australian Health & Medical Research Institute (SAHMRI), Australia 
n University of South Australia, Adelaide, Australia 
o Department of Medical Oncology, Royal Brisbane Hospital, Brisbane, Australia 
p Flinders University, Bedford Park, Australia 
q Department of Surgery, Flinders Medical Centre, Australia 
r University of Adelaide Discipline of Surgery, The Queen Elizabeth Hospital, Adelaide, Australia 
s Department of Radiation Oncology, Royal Adelaide Hospital, Adelaide, Australia 
t Department of Surgery, Royal Adelaide Hospital, Adelaide, Australia 
u College of Medicine and Public Health, Flinders University, Adelaide, Australia 
v Department of Medical Oncology, Flinders Medical Centre, Australia 

Abbreviations: BRAF, B-RAF mutation; dMMR, deficient mismatch repair; HR, hazard ratio; mCRC, metastatic colorec- 

tal cancer; MT, mutation; OS, overall survival; pMMR, proficient mismatch repair; RFS, recurrence-free survival; WT, wild 

type. 
✩ Conflicts of Interest: PG has disclosed honoraria from Amgen and Merck. DY has indicated grants from Ipsen, Novar- 

tis, Roche. ML has indicated honoraria from Amgen and Merck. All other authors have indicated no conflicts of interest. 
∗ Correspondence to: Thiru Prasanna, Department of Medical Oncology, The Canberra Hospital, Yamba Drive, Garran, 

ACT 2605, Australia. 

E-mail address: Thiru.prasanna@act.gov.au (T. Prasanna). 

https://doi.org/10.1016/j.currproblcancer.2020.100637 

0147-0272/© 2020 Elsevier Inc. All rights reserved. 

https://doi.org/10.1016/j.currproblcancer.2020.100637
http://www.ScienceDirect.com/science/journal/01470272
http://www.elsevier.com/locate/cpcancer
http://crossmark.crossref.org/dialog/?doi=10.1016/j.currproblcancer.2020.100637&domain=pdf
mailto:Thiru.prasanna@act.gov.au
https://doi.org/10.1016/j.currproblcancer.2020.100637


2 T. Prasanna, R. Wong and T. Price et al. / Current Problems in Cancer 45 (2021) 100637 

a b s t r a c t 

Background: Resection of oligometastases improves survival in metastatic colorectal cancer (mCRC). It is 

unclear whether the benefit is consistent for BRAF V600E mutant (MT) and wild type (WT) mCRC. This 

retrospective analysis explores the influence of BRAF MT on survival after metastasectomy. Methods: Over- 

all survival (OS) and recurrence-free survival (RFS) for BRAF MT and WT mCRC were evaluated. Survival 

was also analyzed in the cohort of BRAF MT with or without metastasectomy. Results: Five hundred and 

thirteen patients who had undergone metastasectomy were identified, 6% were BRAF-MT. Median age 63. 

Median OS in BRAF MT vs WT: 25.7 vs 48.5 months (hazard ratio [HR] 1.95; 1.18-3.22). However, difference 

was not significant in a multivariate model. Right primary tumor, intact primary, > 1 metastatic site, non- 

R0 resection, peritoneal metastasis, and synchronous metastasis were independent predictors of worse OS. 

Among 364 patients with RFS data there was no difference between BRAF MT and WT (16 vs 19 months, 

p = 0.09). In another cohort of 158 BRAF-MT patients, OS was significantly better after metastasectomy com- 

pared to “no metastasectomy” (HR 0.34; 0.18-0.65, P = 0.001). Proficient mismatch repair status showed a 

trend toward worse survival after metastasectomy in BRAF MT (HR 1.71, P = 0.08). Conclusion: OS did not 

differ after metastasectomy between BRAF MT and WT in a multivariate model. Median OS was > 2 years in 

this study after metastasectomy among BRAFV600E MT patients suggesting a survival benefit of metasta- 

sectomy in this group where systemic therapeutic options are limited. Metastasectomy may be considered 

in carefully selected BRAF-MT patients. 

© 2020 Elsevier Inc. All rights reserved. 

a r t i c l e i n f o 
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Metastasectomy increases the survival of patients with oligometastatic colorectal cancer. The

-year survival rate in multiple surgical series after hepatic metastasectomy ranges from 27% to

8%. 1 , 2 Advances in surgical techniques and systemic therapies have improved the outcomes in

he last two decades. 3 Even those who present with synchronous metastases, may be considered

or curative combined resection at the same time or as a two staged procedure in conjunction

ith perioperative chemotherapy if suitable. 4 , 5 Although many patients benefit from metastasec-

omy, most will invariably relapse. Multiple liver metastases, extrahepatic disease, nodal status

f primary tumor, elevated carcinoembryonic antigen > 200 ng/ml, and positive resection mar-

ins are factors that increase the risk of recurrence. 6 

The role of metastasectomy in patients with BRAF mutation (MT) is controversial, consider-

ng the poor prognosis associated with BRAF MT and potential morbidity/mortality associated

ith the surgical procedures. 7 , 8 BRAF MT is present in about 10% of metastatic colorectal cancer

mCRC) and confer poor survival outcome. The reasons for the distinctly aggressive phenotype

ompared to BRAF wild type (WT) are unclear, however reports suggest they may be less re-

ponsive to traditional systemic therapy and there is a pattern of spread to poor prognostic

etastatic sites like the peritoneum with less occurrence of liver-limited disease. Multi-agent

ombination chemotherapy such as FOLFOXIRI/bevacizumab has shown better efficacy compared

o standard regimens in this subgroup. 9 Current investigations are focused on targeting driver

utations including EGFR, BRAF, and MEK. 10 

Such molecular markers play little or no role when decisions are made regarding metas-

asectomy with the sites of metastasis, volume of disease, performance status, and anatomical

ocation being the critical determinants. 11 Studies looking into the impact of molecular markers

re sparse, and are retrospective in nature with quite small sample size. [ 12 A handful of studies
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report the potential benefit of metastasectomy in this cohort of patients, however, most studies

report adverse outcomes (see supplementary Table A). 13-18 Increasingly providers are concerned

whether metastasectomy should be avoided for BRAF mutant patients. 

This study sought to explore the benefit of metastasectomy in patients with BRAF V600E MT.

Methods 

This is a retrospective study of two different datasets extracted from two large Australian

cancer registries. The South Australian Cancer Registry 19 is a state-wide population based reg-

istry which captures all incident cases, while the “Treatment of Recurrent and Advanced Col-

orectal Cancer” (TRACC) registry 20 is a federated national database with data collected from par-

ticipating cancer centers in the Australian Capital Territory, Victoria and Tasmania. The latter in-

cludes patients referred to these participating cancer centers for treatment. Both data registries

store data in a deidentified form and have approvals from the relevant Human Research Ethics

Committees. (TRACC-201709/3, SA-20 0610 04) 

Patients with proven mCRC who were registered on either database from January 2005 to

January 2017 were screened (SA-5047, TRACC-2487). The outcomes of interest were recurrence-

free survival (RFS), defined as date of metastasectomy to first recurrence or progression after

metastasectomy, and overall survival (OS) defined as date of first metastasectomy to the date of

death. Patients who were alive and recurrence-free at the end of study were censored at last

seen date. 

Survival curves were constructed using the Kaplan-Meier method and the association of rate

of progression with progression-free and OS was investigated using Cox proportional hazards

models. The univariate association of multiple baseline characteristics were analyzed with a (2-

sided) P value of < 0.05 was considered significant. Multivariable analysis was conducted to adjust

the effect those variables which were significant in the univariate analysis. 

Two different analysis were undertaken on two cohorts of data 

A. All patients undergone metastasectomy: Survival outcome was compared between BRAF MT

and BRAF WT. 

B. All patients with BRAF V600E MT: Survival outcome was compared between “metastasec-

tomy” vs “no metastasectomy.”

Results 

Out of 7534 patients screened, a total of 513 patients who had undergone metastasectomy

were identified. Median age was 63 and 58% were male. Six percent were BRAF MT (see Table 1 ).

Site of primary CRC was strongly correlated with mutational status ( P = < 0.001), BRAF MT tu-

mors were most prevalent in right side cancers, consistent with the literature. More than 50% of

patients received perioperative chemotherapy. Four percent underwent metastasectomy at more

than 1 organ site at diagnosis in BRAF WT compared to none in BRAF MT. Five percent of pa-

tients in BRAF WT underwent 3-4 metastasectomies during the period of follow up, while none

in BRAF MT group underwent more than 2 metastasectomies. The incidence of liver metastases

at diagnosis was lower in BRAF MT ( P = 0.005), while peritoneal metastases were present in 60%

in BRAF MT group compared 31% in WT group ( P = 0.002). Peritonectomy was more common in

BRAF MT group as well. Complete resection rate was similar in both groups. 

All Patients Undergone Metastasectomy; Survival Outcome Between BRAF MT Vs BRAF WT 

RFS data were only available for 364 patients from TRACC cohort. RFS was 19.4 months in

BRAF WT compared to 16 months in MT which was not statistically not significant (hazard ra-
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Table 1 

Patient characteristics in the BRAF mutated and wild-type cohorts. 

Total N = 513 (%) Wild type N = 483 (%) Mutated N = 30 (%) P value 

Age (years) 63 (52 - 72) 63 (52 - 72) 65 (55 - 75) 0.35 

Gender 0.021 

Female 215(42) 196(41) 19(63) 

Male 298(58) 287(59) 11(37) 

Primary site < 0.001 

Rectum 154(30) 151(31) 3(10) 

Right colon 157(31) 136(28) 21(70) 

Primary resected 438(85) 411(85) 27(90) 0.60 

Metastasis 0.58 

Metachronous 24 9(4 9) 236(49) 13(43) 

Synchronous 264(51) 247(51) 17(57) 

Liver metastasis 333(65) 321(66) 12(40) 0.005 

Lung metastasis 128(25) 124(26) 4(13) 0.19 

Peritoneal metastasis 166(32) 148(31) 18(60) 0.002 

Number of organs involved 0.091 

1 377(73) 359(74) 18(60) 

> 1 136(27) 124(26) 12(40) 

Perioperative chemotherapy 295(58) 278(58) 17(57) 1.0 

Fig. 1. Recurrence-free survival (RFS) and overall survival (OS) curves of BRAF MT and BRAF WT cohorts. RFS data were 

available for 346 patients. RFS difference was statistically not significant between BRAF mutant and wild-type groups. 

Overall survival difference was statistically significant on univariate analysis. 
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io [HR] 1.541; 0.923-2.572, P = 0.0980; see Fig 1 ). On univariate analysis OS was significantly

horter in BRAF MT, 25.7 months vs 48.5 months in BRAF WT (HR 1.95; 1.18-3.22, P = 0.009; see

able 2 ). 

In a multivariate model adjusting for variables which were significant on univariate analysis,

S difference was not statistically significant (HR 1.39; 0.80-2.43, P = 0.24). Right-sided primary

umor, rectal primary, intact primary, > 1 metastatic site at diagnosis, non-R0 resection, peri-

oneal metastases, and synchronous metastases were independent predictors of worse OS (see

able 3 ). Rate of downsizing was higher with the use of triplet chemotherapy rather than dou-

let ± bevacizumab or doublet/anti-EGFR monoclonal (cetuximab or panitumumab) in BRAF WT

50% vs 30%) as well as MT (33% vs 11%). 
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Table 2 

Univariate analysis of overall survival. 

No HR 95% CI P value 

Primary site 513 0.013 

Left colon 1.00 

Rectum 1.41 0.99 to 2.01 

Right colon 1.74 1.23 to 2.47 

Primary resected 513 0.54 0.35 to 0.81 0.003 

Metastasis is synchronous/metachronous 513 0.027 

Metachronous 1.00 

Synchronous 1.38 1.04 to 1.82 

Liver metastasis at metastatic diagnosis 513 0.77 0.57 to 1.03 0.077 

Lung metastasis at metastatic diagnosis 513 1.28 0.94 to 1.73 0.117 

Peritoneal metastasis at metastatic diagnosis 513 2.15 1.61 to 2.88 < 0.001 

Number of organs involved 513 < 0.001 

1 1.00 

> 1 2.04 1.52 to 2.75 

MSI status 317 0.102 

MSI-H 1.00 

MSS 2.31 0.85 to 6.29 

RAS mutation status 486 0.732 

Wild type 1.00 

Mutated 1.05 0.79 to 1.40 

First metastasectomy - liver 513 0.57 0.43 to 0.75 < 0.001 

First metastasectomy- lung 513 0.76 0.52 to 1.13 0.182 

First metastasectomy- peritoneum 513 2.67 1.96 to 3.63 < 0.001 

First metastasectomy number of sites 513 0.977 

> 1 1.00 

1 0.99 0.43 to 2.25 

Time from metastatic diagnosis to first metastasectomy (per month) 513 1.04 1.02 to 1.06 < 0.001 

First metastasectomy is R0 482 0.46 0.33 to 0.63 < 0.001 

Perioperative chemotherapy 513 0.86 0.64 to 1.14 0.282 

Perioperative bevacizumab 513 1.58 1.13 to 2.21 0.007 

Abbreviations: CI, confidence interval; HR, hazard ratio. 

Table 3 

Multivariate analysis for overall survival. 

HR 95% CI P value 

BRAF mutation status 0.247 

Wild type 1.00 

Mutated 1.39 0.80 to 2.43 

Primary site < 0.001 

Left colon 1.00 

Rectum 1.57 1.05 to 2.33 

Right colon 2.22 1.50 to 3.28 

Primary resected 0.54 0.33 to 0.88 0.014 

Metastasis 0.031 

Metachronous 1.00 

Synchronous 1.47 1.04 to 2.09 

Liver metastasis at metastatic diagnosis 1.29 0.87 to 1.90 0.210 

Lung metastasis at metastatic diagnosis 1.38 0.94 to 2.03 0.100 

Peritoneal metastasis at metastatic diagnosis 1.95 1.35 to 2.82 < 0.001 

Time from metastatic diagnosis to first metastasectomy (per month) 1.04 1.02 to 1.07 < 0.001 

First metastasectomy is R0 0.50 0.36 to 0.71 < 0.001 

Time from metastatic diagnosis to first metastasectomy (per month) 1.04 1.02 to 1.06 < 0.001 

First metastasectomy is R0 0.57 0.40 to 0.81 0.002 

First metastasectomy – peritoneum 1.34 0.53 to 3.40 0.533 

Abbreviations: CI, confidence interval; HR, hazard ratio. 
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Table 4 

Covariate analysis in BRAF MT population. 

Number Median TTE HR 95% CI P value 

Number of organs 0.010 

> 1 90 342 1.00 

1 67 690 0.57 0.38 to 0.87 

Primary resected < 0.001 

No 49 303 

Yes 108 637 0.36 0.23 to 0.56 

MSI status 0.084 

MSI-H 29 727 1.00 

MSS 88 516 1.71 0.93 to 3.14 

Peritoneal/Omental metastases 0.644 

No 109 468 

Yes 48 384 1.10 0.72 to 1.69 

Abbreviations: CI, confidence interval; HR, hazard ratio; MT, mutation. 
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atients With BRAF V600E Mutation; Survival Outcome Between “Metastasectomy” Vs “No 

etastasectomy” (Among Patient With BRAF V600E) 

One hundred and fifty-eight patients were identified with BRAF V600E MT, with 27 of them

ndergoing metastasectomy for mCRC out of which 56% had single organ involvement. Most of

he metastasectomies occurred within 12 months of diagnosis (see supplementary Fig A). On a

ime-dependent covariate analysis, metastasectomy improved OS (HR 0.34; 0.18-0.65, P = 0.001).

esected primary was a significant variable associated with favorable prognosis on univariate

nalysis. However, when adjusted for “resected primary,” the survival advantage from metas-

asectomy remained significant (HR 0.42, P = 0.0 0 02). Due to the small numbers, it was im-

ossible to conduct a proper multivariable analysis; hence important variables were selected

nd analyzed individually. When analysis was restricted to “> 1 organ involvement,” there was

o survival advantage from metastasectomy (HR 0.86; P = 0.7). Similarly, survival advantage of

etastasectomy was not significant (HR 0.64, P = 0.36) when analysis was restricted to “peri-

oneal/omental metastasis only” (see Table 4 ). MMR status was available for 117 patients with

5% showing MSI-H. Among BRAF mutant population, presence of MSS seems to be associated

ith poor survival outcome (HR 1.71; 0.93-3.14, P = 0.08), however this was not significant (see

ig 2 ). 

iscussion 

The presence of BRAF MT in metastatic CRC confers a poor prognosis, with lower responses

o combination systemic anticancer therapies including EGFR inhibitors. The TRIBE study uti-

ized a four-drug combination in the first-line setting which showed improved survival in BRAF

T cohort, however, median OS was still only 13 months in BRAF MT cohort. 9 A combination

f three RAS pathway protein (BRAF, MEK, EGFR) inhibitors were used to treat BRAF MT mCRC

atients in BEACON trial. Though survival improved with combined BRAF/MEK/EGFR inhibition

encorafenib, binimetinib, and cetuximab), median OS was only 9 months (second line). 10 The

enefits of metastasectomy in the BRAF MT mCRC population are controversial and not well de-

cribed in larger cohorts. Given the modest survival benefit despite aggressive, novel systemic

herapeutic approaches, it is important to delineate the role of metastasectomy in this popula-

ion. In our study, unadjusted median OS was 25.7 months in BRAF MT group which suggest a

otential survival benefit of metastasectomy compared to other trials involving systemic therapy

n this cohort. 

The findings of our study support the aggressive biology of BRAF MT mCRC with a lower

ate of metastasectomy, more than one organ involvement at diagnosis and these patients are
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Fig. 2. Kaplan-Meier curve showing survival difference between MSI-H and MSS among patients with BRAF V600E mu- 

tation. Although, the differences were not statistically significant, there was a trend toward better survival in MSI-H 

group. MSI-H, microsatellite instability-high; MSS, microsatellite stable. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

less likely to undergo more than 2 metastasectomies compared to BRAF WT. Survival was com-

pared between BRAF MT and BRAF WT cohorts that had undergone metastasectomy and this

demonstrated, after adjusting for key variables, that there was no difference in survival between

BRAF MT and WT. Even though BRAF MT carries poor prognosis, additional factors are likely

influence their survival and a subset of patients with oligometastatic disease may still benefit

from metastasectomy. A cohort of patients who were classified as “potentially resectable” were

identified. Triplet chemotherapy was associated with higher rates of downsizing the tumor, en-

abling (margin free/R0) surgical resection. Although perioperative chemotherapy did not affect

the survival outcome, an early aggressive approach with triplet chemotherapy (with or without

bevacizumab) may facilitate downsizing the tumor to enable resection. 

Our understanding of the biology of mCRC has evolved significantly over the last decade.

mCRC is no longer considered a single pathological entity. A number of studies have revealed

distinct biological differences based on the site of primary and intact primary. 18 , 21 , 22 Further-

more, peritoneal metastasis, multi organ involvement and incomplete resection are reported as

poor prognostic factors. 23 , 24 Hence, these confounding factors are likely to influence the results

of many studies especially retrospective series. In this study, the documented poor prognostic

factors and other factors that were significant on univariate analysis were adjusted in multivari-

ate model, which gives more confidence in the results. 

Survival was also explored among a cohort of BRAF MT patients, based on whether they un-

derwent metastasectomy or not (method “B”). This again supported the above results (method

“A”) with metastasectomy improving OS (HR 0.34, P = 0.001). This is the largest published series

of patients with BRAF MT mCRC who have undergone metastasectomy for oligometastatic dis-

ease to best of our knowledge. Another paper reported similar outcome in a small series with 52

patients. 25 Consistent with the above analysis, and literature 6 , 26 the number of organs involved,

resected primary, and presence of peritoneal metastasis impacted survival. 
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Peritonectomy improves survival and is considered standard practice when feasible with the

ain determinant of eligibility being the peritoneal carcinoma index (PCI). 27 The peritoneum is

 frequent site of metastasis in BRAF MT mCRC. In this study, survival was worse when peri-

oneum was involved at diagnosis (HR 2.15; P = < 0.001) or peritoneum was the first site of

etastasectomy (HR 2.67; P = < 0.001). Despite loss of statistical significance in the multivari-

te model, HR was 1.34 favoring poor survival for those underwent peritonectomy. The second

nalysis also showed lack of survival benefit after peritonectomy in BRAF MT patients. Despite

his, a subset of patients with dMMR cancer seems to derive modest benefit after peritonec-

omy, though this did not reach statistical significance in univariate analysis, possibly due to

mall numbers. A recent Norwegian study also suggested better survival after peritonectomy

nd hyperthermic intraperitoneal chemotherapy in those with BRAF MT/ dMMR. 28 Although our

tudy shows a potential subgroup of BRAF MT patients who may benefit from metastasectomy,

arger studies are needed to validate this result. 

This study has several limitations. First, a small sample size makes it difficult to draw firm

onclusions from the results. There are also biases that affect retrospective studies, particularly

election bias. The strength of this study was a relatively larger sample size from multiple insti-

utions compared to most of the studies in the literature. Furthermore, statistical analysis was

xtensive and utilized number of important confounders in the multivariable model which pro-

ide more confidence in the results. However, there remains a risk of adjusting potential media-

ors that are responsible for the BRAF MT effect which could attenuate the differences between

he two groups. 

Overall, this study demonstrates, despite poor prognosis, a subset of patients with BRAF MT

ay derive survival benefit from metastasectomy. Left colon primary, resected primary, single

rgan involvement, metachronous metastasis, and absence of peritoneal metastases (and proba-

ly dMMR status) were associated with a favorable outcome. Given the lack of effective systemic

herapeutic options, a multidisciplinary approach is recommended to identify patients who are

ikely to benefit from metastasectomy which may also avoid futile surgery which carries mor-

idity and mortality. 
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