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Does Sidedness Matter in Unresectable Colorectal Cancer?
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Emerging evidence during the last 5 years has shown

that right-sided metastatic colorectal cancer has a very

different biology and a poorer prognosis than left-sided

disease (Table 1). This difference in outcomes by sided-

ness appears to extend to benefit from systemic therapy as

well. Treatment directed against the epidermal growth

factor receptor (EGFR) pathway appears to be significantly

less effective for right-sided tumors than for left-sided

tumors.1,2

The study by Shida et al.3 in this issue is an interesting

addition to the literature because it demonstrates that the

known association of right-sided metastatic colorectal

cancer with a poorer prognosis appears to be independent

of treatment strategy. The study included 678 patients with

unresectable stage 4 colorectal cancer. Of these 678

patients, 193 (28%) had right-sided primary tumors and

485 (72%) had left-sided primary tumors. The results

demonstrated a significant difference in median overall

survival between right- and left-sided tumors (16.4 vs 23.4;

p\ 0.01). An analysis of 188 propensity score-matched

pairs showed a similar difference in median overall sur-

vival between right- and left-sided tumors (16.4 vs

21.5 months; p\ 0.01).

It should be noted that patient characteristics differed

between those with left-sided and those with right-sided

tumors. In particular, the patients with right-sided tumors

were older, had worse Eastern Cooperative Oncology

Group (ECOG) performance status, and had higher per-

centages of M1b/M1c disease and poorly differentiated

tumors. They also were less likely to receive a targeted

therapy in addition to chemotherapy. These differences in

patient and tumor characteristics and treatment regimen

may have confounded the observed differences in survival

based on tumor sidedness. However, in a multivariate

analysis that adjusted for ECOG performance status, sites

of metastatic disease, tumor differentiation, preoperative

carcinoembryonic antigen carcinoembryonic antigen

(CEA) levels, type of surgery, and type of chemotherapy

regimen, right-sided disease remained an independent

prognostic factor associated with worse survival [hazard

ratio (HR) 1.26, 95% confidence interval (CI) 1.03–1.53].

These results are particularly important because they are

independent of both surgical and systemic therapy strategy.

The study findings are limited by its single-center, retro-

spective cohort design. As the authors acknowledge,

patients were enrolled during 16 years. During this time,

the standard of care changed repeatedly, so earlier patients

likely received suboptimal therapy by current standards.

Although the results of the multivariate analysis are com-

pelling, the imbalance toward poorer prognostic features in

the right-sided tumor group raises the possibility of resid-

ual confounding. Screening also might have had a smaller

effect for right-sided tumors than for left-sided tumors if

more patients in this population had undergone flexible

sigmoidoscopy instead of colonoscopy.

Nevertheless, this study contributes important and novel

findings for the understanding and treatment of metastatic

colorectal cancer. The data align well with the retrospec-

tive analyses of the phase 3 randomized CALGB/SWOG

80405 and FIRE-3 trials conducted in the United States and

Europe, respectively.2,4 The CALGB/SWOG 80405 data

showed worse overall survival for patients with right-

versus left-sided tumors (19.4 vs 34.2 months; HR 1.56;

95% CI 1.32–1.84).2 The FIRE-3 data also showed sig-

nificantly worse overall survival for patients with right-

versus left-sided tumors that was most pronounced for

patients treated with anti-EGFR therapy (16.1 vs
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38.7 months, HR 0.26; p\ 0.0001 for cetuximab-treated

patients and 22.7 vs 28.0 months; HR 0.63; p = 0.034 for

bevacizumab-treated patients).1

A summary of these data and additional data from other

pivotal trials is shown in Table 1. The current study con-

firmed these data while adding that right-sided disease has

a significantly poorer prognosis than left-sided disease

regardless of chemotherapy regimen or whether primary

tumor resection was performed.3 Together, these findings

suggest that although tumor biology likely differs across

populations worldwide, the prognostic significance of

right- versus left-sided primary tumors remains consistent.

The mechanisms mediating the differences in tumor

biology and prognosis between right- and left-sided tumors

are active areas of investigation. The embryologic origin of

the proximal colon through the first two thirds of the

transverse colon (right side) is the midgut, whereas the

remaining one third of the transverse colon, sigmoid colon,

and rectum arise from the hindgut.5 This difference may

explain the distinct molecular patterns seen in right- versus

left-sided tumors. Right-sided tumors are more likely to be

microsatellite instability-high (MSI-H) and to have BRAF

mutations, low chromosomal instability, and high CpG

island methylator phenotype (CIMP), whereas left-sided

tumors are more likely to be microsatellite stable and to

have high chromosomal instability and low CIMP.6 Left-

sided tumors also are associated with overexpression of

EGFR ligands, including epiregulin and amphiregulin,

which could explain the improved efficacy seen with anti-

EGFR therapy in left-sided disease.2,4,6

In the consensus molecular subtypes (CMS) classifica-

tion system, right-sided tumors are predominantly the

CMS1 subtype (MSI-H, CIMP-high, BRAF mutations,

immune infiltration, and activation), whereas left-sided

tumors are mainly the CMS2 or canonical subtype (somatic

copy number alteration high with WNT and MYC activa-

tion).7 Findings show that BRAF-mutant colorectal cancer

is especially associated with a very poor prognosis.7

Because the current study did not report on genomic

alterations, it is unknown whether these differences in

molecular patterns fully explain the prognostic differences

observed or whether right-sided disease is an independent,

poor prognostic factor. It would be interesting to see

whether differences in CMS subtypes and molecular

alterations in the current cohort were the primary drivers of

the prognostic differences. More work is needed to

understand the molecular underpinnings of right- versus

left-sided colorectal cancer.

Overall, this study has important implications for both

clinical practice and trial development. Patients with right-

sided primary tumors should generally be considered to

have more aggressive disease. This could mean starting

with systemic chemotherapy rather than upfront surgery

more often for patients with oligometastatic disease and

right-sided tumors. For fit patients, an intensive combina-

tion regimen such as FOLFOXIRI with bevacizumab could

be considered more strongly for right-sided disease.8 It also

is known that patients with right-sided tumors have inferior

survival with anti-EGFR therapy than those with left-sided

tumors and those with right-sided tumors treated with anti-

vascular endothelial growth factor (anti-VEGF) therapy.2

In future trials, right-sided disease should be considered

an important subgroup for stratification. Sidedness may

become not only a prognostic marker but also a predictive

biomarker for novel therapeutic agents. Clearly, more

research is needed to understand the biologic differences

between right- and left-sided disease. The disparate

molecular signatures certainly are a major factor, but there

are likely other important factors. Relevant differences

may exist in the tumor immune microenvironment between

the right and left sides. The CMS classification system

captures some aspects of the differences in immune acti-

vation based on sidedness,7 but likely other immune

checkpoints and biomarkers remain to be discovered.

Studies of the colonic microbiome have shown enriched

levels of Fusobacteria and Bacteroidetes species in right-

sided tumors, with more Selenomonas and Prevotella

species in left-sided tumors.6,9,10 Whether these differences

have prognostic and/or predictive significance or not is

unknown. Further investigations are needed for develop-

ment of strategies to abrogate the negative effects of right-

sided colon cancer.

ACKNOWLEDGMENT Dr. Khorana acknowledges additional

research support from the Sondra and Stephen Hardis Chair in

Oncology Research.

REFERENCES

1. Heinemann V, Modest DP, Weikersthal LF, et al. Gender and

tumor location as predictors for efficacy: influence on endpoints

in first-line treatment with FOLFIRI in combination with cetux-

imab or bevacizumab in the AIO KRK 0306 (FIRE3) trial. J Clin

Oncol. 2014;32:3600.

2. Venook AP, Niedzwiecki D, Innocenti F, et al. Impact of primary

(1�) tumor location on overall survival (OS) and progression-free

survival (PFS) in patients (pts) with metastatic colorectal cancer

(mCRC): analysis of CALGB/SWOG 80405 (Alliance). J Clin

Oncol. 2016;34:3504.

3. Shida D, Tanabe T, Boku N, et al. Prognostic value of primary

tumor sidedness for unresectable stage IV colorectal cancer: a

retrospective study. Ann Surg Oncol. 2019. https://doi.org/10.12

45/s10434-019-07209-x.

4. Modest DP, Stintzing S, von Weikersthal LF, et al. Exploring the

effect of primary tumor sidedness on therapeutic efficacy across

treatment lines in patients with metastatic colorectal cancer:

analysis of FIRE-3 (AIOKRK0306). Oncotarget. 2017;8:

105749–60.

5. Yang SY, Cho MS, Kim NK. Difference between right-sided and

left-sided colorectal cancers: from embryology to molecular

subtype. Expert Rev Anticancer Ther. 2018;18:351–8.

1590 S. D. Kamath, A. A. Khorana

https://doi.org/10.1245/s10434-019-07209-x
https://doi.org/10.1245/s10434-019-07209-x


6. Kim K, Castro EJT, Shim H, et al. Differences regarding the

molecular features and gut microbiota between right and left

colon cancer. Ann Coloproctol. 2018;34:280–5.

7. Guinney J, Dienstmann R, Wang X, et al. The consensus

molecular subtypes of colorectal cancer. Nat Med.

2015;21:1350–6.

8. Cremolini C, Antoniotti C, Lonardi S, et al. Primary tumor sid-

edness and benefit from FOLFOXIRI plus bevacizumab as initial

therapy for metastatic colorectal cancer: retrospective analysis of

the TRIBE trial by GONO. Ann Oncol. 2018;29:1528–34.

9. Flemer B, Lynch DB, Brown JMR, et al. Tumour-associated and

non-tumour-associated microbiota in colorectal cancer. Gut.

2017;66:633–43.

10. Purcell RV, Visnovska M, Biggs PJ, et al. Distinct gut micro-

biome patterns associate with consensus molecular subtypes of

colorectal cancer. Sci Rep. 2017;7:11590.

11. Tejpar S, Stintzing S, Ciardiello F, et al. Prognostic and predic-

tive relevance of primary tumor location in patients with RAS

wild-type metastatic colorectal cancer: retrospective analyses of

the CRYSTAL and FIRE-3 trials: relevance of tumor location in

patients with colorectal cancer. JAMA Oncol. 2017;3:194–201.

12. Peeters M. Outcome according to left vs right side in the pani-

tumumab studies. In: ESMO 2016 Congress. 2016.

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

Does Sidedness Matter in Unresectable Colorectal Cancer? 1591


	Does Sidedness Matter in Unresectable Colorectal Cancer?
	Acknowledgment
	References




