
UCSF
UC San Francisco Previously Published Works

Title
Marine ω-3 polyunsaturated fatty acid and fish intake after colon cancer diagnosis and 
survival: CALGB 89803 (Alliance)

Permalink
https://escholarship.org/uc/item/01r4s41g

Journal
Cancer Epidemiology Biomarkers & Prevention, 27(4)

ISSN
1055-9965

Authors
Van Blarigan, Erin L
Fuchs, Charles S
Niedzwiecki, Donna
et al.

Publication Date
2018-04-01

DOI
10.1158/1055-9965.epi-17-0689
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/01r4s41g
https://escholarship.org/uc/item/01r4s41g#author
https://escholarship.org
http://www.cdlib.org/


Marine ω-3 Polyunsaturated Fatty Acid and Fish Intake after 
Colon Cancer Diagnosis and Survival: CALGB 89803 (Alliance)

Erin L. Van Blarigan1,2, Charles S. Fuchs3, Donna Niedzwiecki4, Xing Ye4, Sui Zhang3, 
Mingyang Song5,6, Leonard B. Saltz7, Robert J. Mayer3, Rex B. Mowat8, Renaud Whittom9, 
Alexander Hantel10, Al Benson11, Daniel Atienza12, Michael Messino13, Hedy Kindler14, 
Alan Venook15,16, Shuji Ogino3,17,18, Edward L. Giovannucci6,18,19, and Jeffrey A. 
Meyerhardt3

1Department of Epidemiology and Biostatistics, University of California, San Francisco, San 
Francisco, California

2Department of Urology, University of California, San Francisco, California

3Yale Cancer Center, Yale School of Medicine, New Haven, Connecticut

4Alliance Statistics and Data Center, Duke University Medical Center, Durham, North Carolina

5Clinical and Translational Epidemiology Unit and Division of Gastroenterology, Massachusetts 
General Hospital, Boston, Massachusetts

6Department of Nutrition, Harvard T.H. Chan School of Public Health, Boston, Massachusetts

7Memorial Sloan Kettering Cancer Center, New York, New York

8Toledo Community Hospital Oncology Program, Toledo, Ohio

9Hôpital du Sacré-Coeur de Montréal, Montréal, QC, Canada

10Loyola University Stritch School of Medicine, Naperville, Illinois

11Robert H. Lurie Comprehensive Cancer Center, Northwestern University, Chicago, Illinois

12Virginia Oncology Associates, Norfolk, Virginia

Corresponding Author: Erin L. Van Blarigan, University of California, San Francisco, Mission Hall, UCSF Box 0560, 550 16th St. 
2nd Floor, San Francisco, CA 94158. Phone: 415-476-1111, ext. 13608; Fax: 415-514-8150; erin.vanblarigan@ucsf.edu. 

Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.

Authors’ Contributions
Conception and design: E.L. Van Blarigan, C.S. Fuchs, M. Song, L.B. Saltz, R.J. Mayer, R.B. Mowat, J.A. Meyerhardt
Development of methodology: C.S. Fuchs, R.J. Mayer, S. Ogino
Acquisition of data (provided animals, acquired and managed patients, provided facilities, etc.): C.S. Fuchs, D. Niedzwiecki, 
L.B. Saltz, R.J. Mayer, R.B. Mowat, R. Whittom, A. Hantel, A. Benson, D. Atienza, M. Messino, H. Kindler, S. Ogino, J.A. 
Meyerhardt
Analysis and interpretation of data (e.g., statistical analysis, biostatistics, computational analysis): E.L. Van Blarigan, X. Ye, S. 
Zhang, M. Song, A. Venook, S. Ogino, E.L. Giovannucci, J.A. Meyerhardt
Writing, review, and/or revision of the manuscript: E.L. Van Blarigan, C.S. Fuchs, D. Niedzwiecki, X. Ye, S. Zhang, M. Song, L.B. 
Saltz, R.J. Mayer, R.B. Mowat, R. Whittom, A. Hantel, A. Benson, D. Atienza, A. Venook, S. Ogino, E.L. Giovannucci, J.A. 
Meyerhardt
Administrative, technical, or material support (i.e., reporting or organizing data, constructing databases): S. Zhang, S. Ogino, 
J.A. Meyerhardt
Study supervision: C.S. Fuchs, R. Whittom, A. Hantel, J.A. Meyerhardt

HHS Public Access
Author manuscript
Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2019 April 01.

Published in final edited form as:
Cancer Epidemiol Biomarkers Prev. 2018 April ; 27(4): 438–445. doi:10.1158/1055-9965.EPI-17-0689.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



13Southeast Clinical Oncology Research (SCOR) Consortium, Mission Hospitals-Memorial 
Campus, Asheville, North Carolina

14University of Chicago Comprehensive Cancer Center, Chicago, Illinois

15UCSF Helen Diller Family Comprehensive Cancer Center, San Francisco, California

16Division of Hematology/Oncology, Department of Medicine, University of California San 
Francisco, San Francisco, California

17Program in MPE Molecular Pathological Epidemiology, Department of Pathology, Brigham and 
Women’s Hospital, and Harvard Medical School, Boston, Massachusetts

18Department of Epidemiology, Harvard T.H. Chan School of Public Health, Boston, 
Massachusetts

19Channing Division of Network Medicine, Department of Medicine, Brigham and Women’s 
Hospital, and Harvard Medical School, Boston, Massachusetts

Abstract

Background—Marine ω-3 polyunsaturated fatty acids (PUFAs), primarily found in dark fish, 

may prevent colorectal cancer progression, in part through inhibition of prostaglandin-

endoperoxide synthase 2 (PTGS2). However, data in humans are limited.

Methods—We examined marine ω-3 PUFAs and fish intake and survival among 1,011 colon 

cancer patients enrolled in Cancer and Leukemia Group B 89803 between 1999 and 2001 and 

followed through 2009. Diet was assessed during and 6 months after chemotherapy. We used Cox 

proportional hazards regression to estimate hazard ratios (HRs) and 95% confidence intervals 

(CIs) for disease-free (DFS), recurrence-free (RFS), and overall survival (OS).

Results—We observed 343 recurrences and 305 deaths (median follow-up: 7 years). Patients in 

the highest vs. lowest quartile of marine ω-3 PUFA intake had an HR for DFS of 0.72 (95% CI, 

0.54–0.97; Ptrend = 0.03). Individuals who consumed dark fish ≥1/week versus never had longer 

DFS (HR 0.65; 95% CI, 0.48–0.87; P-value =0.007), RFS (HR 0.61; 95% CI, 0.46–0.86; Ptrend = 

0.007), and OS (HR 0.68; 95% CI, 0.48–0.96; Ptrend = 0.04). In a subset of 510 patients, the 

association between marine ω-3 PUFA intake and DFS appeared stronger in patients with high 

PTGS2 expression (HR 0.32; 95% CI, 0.11–0.95; Ptrend = 0.01) compared with patients with 

absent/low PTGS2 expression (HR 0.78; 95% CI, 0.48–1.27; Ptrend = 0.35; Pinteraction = 0.19).

Conclusions—Patients with high intake of marine ω-3 PUFAs and dark fish after colon cancer 

diagnosis may have longer DFS.

Impact—Randomized controlled trials examining dark fish and/or marine ω-3 PUFA 

supplements and colon cancer recurrence/survival are needed.

Introduction

More than 1.3 million Americans currently live with colorectal cancer (1). Although 

colorectal cancer remains the second-leading cause of cancer death in the United States, 

individuals with localized disease (40% of cases) have a 5-year survival of 90%, and 

individuals with regional disease (36% of cases) have a 5-year survival of 70% (2). The 
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lengthening survival of colorectal cancer patients presents an opportunity to intervene on 

lifestyle factors, such as diet, to improve clinical outcomes.

Preclinical data suggest that marine ω-3 polyunsaturated fatty acids (PUFA) inhibit the 

progression of colorectal cancer. In vitro studies have shown that marine ω-3 PUFAs reduce 

proliferation and invasion, increase apoptosis, and cell-cycle arrest, and may improve 

chemotherapy efficacy in human colorectal cancer cells (3, 4). In animal models, marine ω-3 

PUFAs reduce tumor growth, inhibit metastasis, and increase survival (3, 5, 6). In addition, 

ω-3 PUFA supplementation in colorectal cancer patients may improve inflammatory 

markers, immune response, and physical function (7, 8). Several mechanisms have been 

identified that support an inhibitory effect of marine ω-3 PUFAs on colorectal cancer, 

including inhibition of prostaglandin-endoperoxide synthase 2 (PTGS2; also known as 

cyclooxygenase-2) expression and activity (3). However, studies in humans with clinical 

outcomes are limited (9).

We recently reported that stage I to III colorectal cancer survivors who increased their 

marine ω-3 PUFA intake after diagnosis by ≥0.15 g/d had a 70% lower risk of colorectal 

cancer mortality compared to those with little or no change in intake [hazard ratio (HR) 

0.30; 95% confidence interval (CI), 0.14–0.64; ref. 10]. However, the post-diagnostic dietary 

assessment took place a median of 3 years after diagnosis, after the greatest risk of 

colorectal cancer recurrence has passed (11). In addition, we observed few events of 

colorectal cancer mortality (n = 169) and did not have data on tumor biomarkers. Thus, 

further studies are needed to evaluate whether marine ω-3 PUFAs are associated with 

disease-free survival in colorectal cancer, and to elucidate biological mechanisms.

In this study, we examined marine ω-3 PUFA intake in relation to disease-free survival 

among stage III colon cancer patients. We also examined whether tumor PTGS2 expression 

modified the association between marine ω-3 PUFAs and disease-free survival. Finally, to 

inform dietary recommendations for cancer survivors, we examined post-diagnostic fish 

intake in relation to disease-free survival. We hypothesized that colon cancer patients with 

higher intake of marine ω-3 PUFAs and dark fish, the primary source of these fats, would 

have longer disease-free survival, and that this association would be stronger among patients 

whose tumors overexpressed PTGS2.

Materials and Methods

Study population

Cancer and Leukemia Group B (CALGB) 89803, an adjuvant chemotherapy trial, enrolled 

1,264 colon cancer patients between 1999 and 2001. CALGB is now part of the Alliance for 

Clinical Trials in Oncology. Eligibility criteria and the results of the main trial have been 

reported (11). Briefly, patients had completely resected stage III adenocarcinoma of the 

colon with no metastases, no prior chemotherapy or radiotherapy, performance scale 0 to 2, 

and adequate bone marrow, liver, and kidney function. This study was conducted in 

accordance with recognized ethical guidelines and approved by each site’s Institutional 

Review Board; all participants signed an informed consent. Participants were asked to 

complete a questionnaire at baseline during chemotherapy and 6 months post-chemotherapy; 
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1,095 participants (87%) completed the baseline questionnaire and 981 participants 

completed the second questionnaire (78%). We excluded eight individuals whose cancer 

recurred prior to the baseline questionnaire. To reduce potential bias due to reverse 

causation, we also excluded 30 individuals who recurred or died within 90 days of the 

baseline questionnaire. Finally, we excluded 46 patients who reported implausible energy 

intake (<600 or >4,200 for men, <500 or >3,200 for women) or left ≥70 items on the 

baseline questionnaire blank (12), leaving 1,011 patients eligible for analysis.

Dietary assessment

Diet was assessed twice using a validated semiquantitative food frequency questionnaire 

(FFQ), at baseline during chemotherapy (approximately 3 months after diagnosis) and 6 

months after chemotherapy (approximately 15 months after diagnosis). The FFQ assessed 

intake of 131 foods and beverages over the past 3 months in up to nine frequency categories 

ranging from never to 6+per day (13, 14). The duration and dosage of supplements was also 

assessed. Nutrient data were obtained from the USDA. For our main analysis, dietary data 

from the two FFQs were weighted proportional to follow-up to reduce measurement error 

and for consistency with prior publications (12, 15). Data from the first FFQ was used to 

classify exposure between FFQ 1 and FFQ 2 and the average intake between FFQ 1 and 

FFQ 2 was used to classify exposure after FFQ 2.

Marine ω-3 PUFA intake (g/day) was calculated by multiplying the amount in the specified 

portion of each item on the FFQ (including supplements) by the frequency of its use and 

summing across items. Five questions were used to assess fish intake: canned tuna fish (3–4 

oz.); breaded fish cakes, pieces, or fish sticks (1 serving, store bought); shrimp, lobster, 

scallops, clams as a main dish (1 serving); dark meat fish, for example, mackerel, salmon, 

sardines, bluefish, swordfish (3–5 oz.); and other fish, for example, cod, haddock, halibut 

(3–5 oz.). Fish oil (omega-3 fatty acids) use was queried with the following response 

options: never taken; taken in the past only; or yes, currently take it. Only 24 (2%) patients 

reported taking fish oil.

The FFQ has been validated, including among cancer patients on chemotherapy (13). The 

correlation coefficient for dark fish intake assessed by the FFQ and diet records was 0.58 

(16), and eicosapentaenoic acid intake from the FFQ was correlated with levels in 

subcutaneous fat aspirates (r = 0.47; ref. 17).

Tumor PTGS2 expression

Tumor PTGS2 expression data were available for 510 patients. Baseline characteristics and 

survival outcomes of patients with tumor blocks available were comparable to those without 

tissue data (18). PTGS2 immunostaining was performed by Dr. Shuji Ogino’s laboratory 

(not CLIA-certified) at the Dana-Farber Cancer Institute using published methods (19). 

Cancer tissue with PTGS2 overexpression (positive control) and normal colonic tissue 

(negative control) were included in each assay run. Dr. Ogino evaluated PTGS2 expression 

using a standardized scoring system (absent, weak, moderate, strong). A second pathologist 

reviewed a random sample of 108 tissue sections; the concordance was 0.92 (κ = 0.62; P < 
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0.001). Pathologists were blinded to patient-level data. Tumors with moderate or strong 

immunostaining were classified as high PTGS2 expression (19).

Outcome ascertainment and follow-up

Our primary outcome was disease-free survival, defined as time from the baseline FFQ to 

tumor recurrence, occurrence of a new primary colon tumor, or death from any cause, 

whichever came first. We also assessed recurrence-free and overall survival. Recurrence-free 

survival was defined as time from the baseline FFQ to tumor recurrence or occurrence of a 

new primary colon tumor; patients who died without known recurrence were censored at last 

evaluation. Overall survival was defined as time from the baseline FFQ to death from any 

cause. Patients in CALGB 89803 were followed for a minimum of 7 years after treatment; 

median follow-up was 7 years and nearly 100% complete.

Statistical analysis

There was no difference in survival between treatment arms in CALGB 89803 (11). 

Therefore, we combined data from all 1,011 eligible participants and compared disease-free, 

recurrence-free, and overall survival by post-diagnostic marine ω-3 PUFA and fish intake.

We used the nutrient residual method to adjust marine ω-3 PUFAs for energy intake and 

categorized the adjusted levels into quartiles (12). We also dichotomized marine ω-3 PUFA 

intake at 0.25 g/d, the level of intake consistent with the 2015 US Dietary Guidelines (20). 

We categorized fish items based on the intake in the study population: never, <1/month, 1–3/

month, and ≥1/week for dark fish; other fish; breaded fish; and shrimp, lobsters, scallops, 

clams as a main dish and <1/month, 1–3/month, 1/week, and >1/ week for canned tuna.

We used the Kaplan–Meier method and log-rank test to compare disease-free survival by 

marine ω-3 PUFA intake after diagnosis (21). We next used Cox proportional hazards 

regression to examine marine ω-3 PUFA and fish intake in relation to disease-free, 

recurrence-free, and overall survival (22). Model 1 was adjusted for sex, energy intake 

(kcal/d), and age (years). Model 2 was additionally adjusted for T-stage (T1–T2, T3–T4, 

unknown), number of positive lymph nodes (1–3, ≥4, unknown), baseline performance 

status (0, 1–2, unknown), treatment arm (irinotecan: yes, no), body mass index (BMI; kg/

m2), physical activity (metabolic equivalent task-hours per week; MET-h/week), smoking 

(current, past, never, unknown), and aspirin use (yes, no, unknown). We used the missing 

indicator method to adjust for categorical variables with missing data. Eleven patients (1%) 

were missing BMI or physical activity; these patients were excluded from analyses adjusted 

for these factors. We considered adjustment for median household income, western dietary 

pattern, prudent dietary pattern, saturated fat, mono-unsaturated fat, ω-6 PUFA, trans fat, 

protein, alcohol, carbohydrate, glycemic load, folate, vitamin D, and calcium, but the point 

estimates did not materially change and we omitted these variables. We confirmed that the 

proportional hazards assumption was valid by including the cross-product of marine ω-3 

PUFAs and time in our model (P = 0.64).

We hypothesized that the association between marine ω-3 PUFAs and disease-free survival 

would be stronger among patients with tumors that overexpress PTGS2. Therefore, we 

performed a stratified analysis (tumor PTGS2 absent/low vs. high) among the 510 patients 
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with biomarker data (19). We used a Wald test to calculate a Pinteraction for the cross-product 

of marine ω-3 PUFA intake and PTGS2 expression status in Model 2.

We conducted several sensitivity analyses. We explored whether the association between 

marine ω-3 PUFAs and disease-free survival was modified by age (<60, ≥60 years), sex, 

treatment (irinotecan: yes, no), BMI (<30, ≥30 kg/m2), physical activity (<18, ≥18 MET-h/

wk), or aspirin use (yes, no). To do so, we created cross-product terms between marine ω-3 

PUFA intake and dichotomized effect modifiers and used Wald tests to evaluate whether 

there was evidence of interaction. Next, individuals undergoing chemotherapy may change 

their diet as a result of their treatment. Therefore, we examined the difference in marine ω-3 

PUFA intake reported on the first and second questionnaire, and assessed marine ω-3 PUFA 

intake reported on the second FFQ in relation to disease-free survival. The second FFQ was 

administered 6 months after completion of chemotherapy, when patients are likely 

consuming their usual post-diagnostic diet. For this analysis, follow-up started at the second 

FFQ. Finally, to further assess potential bias due to reverse causation, we additionally 

excluded individuals who recurred or died 90 to 180 days after the baseline questionnaire 

(individuals who recurred or died within 90 days of the baseline questionnaire were 

excluded in our primary analyses).

Data collection was performed by the Alliance Statistics and Data Center. Analyses were 

conducted using SAS v. 9.4 and two-sided P-values <0.05 were considered statistically 

significant. All analyses were based on the study database frozen on November 9, 2009.

Results

Characteristics of the 1,011 colon cancer patients are presented in Table 1. Patients with the 

highest intake of marine ω-3 PUFAs were less likely to be white or current smokers, more 

likely to take fish oil, and performed more physical activity compared to patients with the 

lowest intake. There were no differences in sex, age, performance status, stage, bowel 

abnormalities, grade, positive lymph nodes, treatment, aspirin, or BMI.

Higher intake of marine ω-3 PUFAs after colon cancer diagnosis was associated with longer 

disease-free survival. Compared to patients in the lowest quartile, patients in the highest 

quartile had an HR for disease-free survival of 0.72 (95% CI, 0.54–0.97; Ptrend = 0.03; Fig. 

1A; Table 2). When dichotomizing marine ω-3 PUFA intake at 0.25 g/d (the level consistent 

with the 2015 US Dietary Guidelines), patients consuming ≥0.25 g/d had an adjusted HR for 

disease-free survival of 0.80 (95% CI, 0.64–1.00; P-value = 0.05; Fig. 1B). This association 

appeared to be driven by cancer outcomes; patients in the highest quartile of marine ω-3 

PUFA intake had a HR for recurrence-free survival of 0.70 (95% CI, 0.51–0.96; Ptrend = 

0.02). Post-diagnostic marine ω-3 PUFA intake was inversely, but not statistically 

significantly, associated with overall survival (HR highest vs. lowest quartile: 0.81; 95% CI, 

0.58–1.15; Ptrend = 0.23).

The association between marine ω-3 PUFA intake and disease-free survival appeared to be 

modified by tumor PTGS2 expression, although the test for interaction was not statistically 

significant (Pinteraction = 0.19; Table 3). Among the 163 patients with PTGS2-high tumors, 
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patients in the highest versus lowest quartile of post-diagnostic marine ω-3 PUFA intake had 

an adjusted HR for disease-free survival of 0.32 (95% CI, 0.11–0.95; Ptrend = 0.01). There 

was no statistically significant association among the 347 patients with PTGS2-absent/low 

tumors (HR 0.78; 95% CI, 0.48–1.27; Ptrend = 0.35).

The association between marine ω-3 PUFA intake and disease-free survival did not differ by 

age (Pinteraction = 0.82), sex (Pinteraction = 0.84), performance status (Pinteraction = 0.60), 

treatment (Pinteraction = 0.90), BMI (Pinteraction = 0.99), physical activity (Pinteraction = 0.35), 

or aspirin (Pinteraction = 0.35). In addition, the majority of patients did not change their intake 

of marine ω-3 PUFAs between the first and second questionnaire. Point estimates did not 

meaningfully change when we categorized patients based on the second questionnaire only 

(highest vs. lowest quartile; HR 0.79; 95% CI, 0.53–1.16) or when excluding individuals 

who experienced an event within 180 days of the baseline questionnaire (highest vs. lowest 

quartile; HR 0.74; 95% CI, 0.54–1.01).

Consistent with the marine ω-3 PUFA findings, colon cancer patients who consumed dark 

fish ≥1/week compared to never had an HR for disease-free survival of 0.65 (95% CI, 0.48–

0.87; P-value: 0.007; Table 4). Dark fish was also associated with longer recurrence-free 

(HR for ≥1/week vs. never: 0.63; 95% CI, 0.46–0.86; P-value = 0.007) and overall (HR ≥ 1/

week vs. never: 0.68; 95% CI, 0.48–0.96; P-value = 0.04) survival. No other fish or seafood 

was associated with disease-free, recurrence-free, or overall survival.

Discussion

In this prospective analysis of 1,011 colon cancer patients, individuals with high intake of 

marine ω-3 PUFAs had longer disease-free survival. We also observed that patients who 

consumed dark fish ≥1/week had a 35% lower risk of cancer recurrence or death compared 

with those who consumed none.

Our group recently examined marine ω-3 PUFA intake after colorectal cancer diagnosis in 

relation to mortality (10). In that study, individuals who consumed ≥0.3 g/d of marine ω-3 

PUFAs had a nonstatistically significant 41% lower risk of colorectal cancer mortality 

compared with individuals consuming <0.1 g/d (95% CI, 0.35–1.01; Ptrend = 0.03). Further, 

patients who increased their marine ω-3 PUFA intake by ≥0.15 g/d compared to before 

diagnosis had a 70% lower risk of mortality compared with those who made little or no 

change (95% CI, 0.14–0.64; Ptrend < 0.001). The results of our current study complement 

and expand upon the prior report. Patients in the previous study had to survive at least 2 

years after diagnosis to complete the post-diagnostic dietary questionnaire (the median time 

from diagnosis to the questionnaire approached 3 years; ref. 11). The participants in our 

current analysis completed a dietary questionnaire an average of 3 months after diagnosis 

and approximately 1 year later.

In addition, our current study had tumor PTGS2 expression data in a subset of participants. 

Although the test for interaction was not statistically significant, marine ω-3 PUFA intake 

appeared associated with improved disease-free survival among individuals with high 

PTGS2 expression but not those with low PTGS2 expression. PTGS2 enzymes convert 
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arachidonic acid into prostaglandins, which promote inflammation and tumor growth. 

PTGS2 is overexpressed in many colon tumors (32% in our cohort), and individuals with 

higher PTGS2 expression have worse survival (23). In vitro studies have shown that marine 

ω-3 PUFAs inhibit PTGS2 expression in colon cancer cells (3). Although our results should 

be interpreted cautiously given our small sample size for evaluating effect modification, 

these data support the hypothesis that marine ω-3 PUFAs reduce risk of colon cancer 

recurrence and death in part through inhibition of PTGS2 and inflammation.

Further, we examined dietary sources of marine ω-3 PUFAs in relation to disease-free 

survival. Endogenous synthesis of long-chain ω-3 PUFAs is limited; the majority of these 

fatty acids are obtained from fish or fish oil. Dark fish is particularly high in marine ω-3 

PUFAs. For example, 100 g of salmon (a “dark fish”) contains approximately 2 g of marine 

ω-3 PUFAs, whereas 100 g of cod (an “other fish”) contains <0.2 g (24). Based on 

unpublished data from the Health Professionals Follow-up Study, dark fish provided 

approximately 50% of the marine ω-3 PUFAs consumed in the United States at the time that 

our study was initiated (1999–2001). Thus, although data from randomized controlled trials 

are needed, our study supports the recommendation that colon cancer patients follow the 

2015 U.S. Dietary Guidelines to consume eight or more ounces per week of seafood, and 

seafood choices with higher amounts of marine ω-3 PUFAs (i.e., dark/fatty fish) should be 

included (20).

Strengths of our study include prospective, repeated assessments of diet using a validated 

FFQ; large number of cancer recurrences and deaths; standardized cancer treatment and 

surveillance; high follow-up rate; and tumor PTGS2 expression data. Our study also has 

limitations. First, participants in a clinical trial may not be representative of all colon cancer 

patients. Second, although we adjusted for known risk factors for colon cancer recurrence 

and survival, we cannot exclude the possibility of confounding. Nonetheless, the consistency 

of our findings for the nutrient, its main food source, and evidence of an interaction with a 

tumor biomarker in an a priori identified biologic mechanism are supportive of a true 

association. Third, it is possible that the association that we observed reflects intake prior to 

diagnosis. However, the association between post-diagnostic marine ω-3 PUFAs and 

colorectal cancer mortality was independent of pre-diagnostic intake in the Health 

Professionals Follow-up Study and Nurses’ Health Study cohorts (10). Finally, we were 

unable to examine fish oil use in relation to disease-free survival, or separate the effects of 

marine ω-3 PUFAs from food versus supplements, due to low use of fish oil in our study 

population. Thus, the question remains whether fish intake is required or if a supplemental 

dose could achieve the same benefit that we observed in this study.

In conclusion, colon cancer patients who consumed higher amounts of marine ω-3 PUFAs 

and dark fish after diagnosis had longer disease-free survival. Patients with high PTGS2 

expression in their tumors had the greatest reduction in risk of cancer recurrence and death. 

Randomized controlled trials examining dark fish and/or marine ω-3 PUFA supplements 

after colon cancer diagnosis in relation to cancer recurrence are needed.

Van Blarigan et al. Page 8

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Acknowledgments

This work was supported by the National Cancer Institutes at the NIH [U10CA180821 and U10CA180882 to the 
Alliance for Clinical Trials in Oncology, U10CA032291, U10CA041287, U10CA045808, U10CA077651, 
U10CA138561, U10CA180791, U10CA180820 to ECOG-ACRIN, U10CA180836 (to H.L. Kindler); 
U10CA180867, U10CA180888 (SWOG), UG1CA189858, P50CA127003, K07CA197077 (to E.L. Van Blarigan); 
R01CA118553 (to C.S. Fuchs); R01CA149222 (to J.A. Meyerhardt); R35CA197735 (to S. Ogino)]. The work was 
also supported in part by funds from Pharmacia & Upjohn Company (now Pfizer Oncology).

References

1. DeSantis CE, Lin CC, Mariotto AB, Siegel RL, Stein KD, Kramer JL, et al. Cancer treatment and 
survivorship statistics, 2014. CA Cancer J Clin. 2014; 64:252–71. [PubMed: 24890451] 

2. SEER. [Accessed February 24, 2016] SEER Stat Fact Sheets: Prostate Cancer 2016. seer.cancer.gov/
statfacts/html/prost.html

3. Eltweri AM, Thomas AL, Metcalfe M, Calder PC, Dennison AR, Bowrey DJ. Potential applications 
of fish oils rich in omega-3 polyunsaturated fatty acids in the management of gastrointestinal cancer. 
Clin Nutr. 2017; 36:65–78. [PubMed: 26833289] 

4. Kansal S, Bhatnagar A, Agnihotri N. Fish oil suppresses cell growth and metastatic potential by 
regulating PTEN and NF-kappaB signaling in colorectal cancer. PLoS ONE. 2014; 9:e84627. 
[PubMed: 24416253] 

5. Rani I, Vaiphei K, Agnihotri N. Supplementation of fish oil augments efficacy and attenuates 
toxicity of 5-fluorouracil in 1,2-dimethylhydrazine dihydrochloride/dextran sulfate sodium-induced 
colon carcinogenesis. Cancer Chemother Pharmacol. 2014; 74:309–22. [PubMed: 24916547] 

6. Hendrickse CW, Keighley MR, Neoptolemos JP. Dietary omega-3 fats reduce proliferation and 
tumor yields at colorectal anastomosis in rats. Gastroenterology. 1995; 109:431–9. [PubMed: 
7615192] 

7. Lewis C, Xun P, Fly AD, Luo J, He K. Fish oil supplementation and quality of life in stage II 
colorectal cancer patients: a 24-month follow-up study. Nutr Cancer. 2015; 67:1239–46. [PubMed: 
26380892] 

8. Liang B, Wang S, Ye YJ, Yang XD, Wang YL, Qu J, et al. Impact of postoperative omega-3 fatty 
acid-supplemented parenteral nutrition on clinical outcomes and immunomodulations in colorectal 
cancer patients. World J Gastroenterol. 2008; 14:2434–9. [PubMed: 18416476] 

9. Cockbain AJ, Volpato M, Race AD, Munarini A, Fazio C, Belluzzi A, et al. Anticolorectal cancer 
activity of the omega-3 polyunsaturated fatty acid eicosapentaenoic acid. Gut. 2014; 63:1760–8. 
[PubMed: 24470281] 

10. Song M, Zhang X, Meyerhardt JA, Giovannucci EL, Ogino S, Fuchs CS, et al. Marine omega-3 
polyunsaturated fatty acid intake and survival after colorectal cancer diagnosis. Gut. 2017; 
66:1790–6. [PubMed: 27436272] 

11. Saltz LB, Niedzwiecki D, Hollis D, Goldberg RM, Hantel A, Thomas JP, et al. Irinotecan 
fluorouracil plus leucovorin is not superior to fluorouracil plus leucovorin alone as adjuvant 
treatment for stage III colon cancer: results of CALGB 89803. J Clin Oncol. 2007; 25:3456–61. 
[PubMed: 17687149] 

12. Willett, WC. Nutritional epidemiology. 2. Oxford University Press; 1998. 

13. Meyerhardt JA, Heseltine D, Campos H, Holmes MD, Willett WC, Winer EP, et al. Assessment of 
a dietary questionnaire in cancer patients receiving cytotoxic chemotherapy. J Clin Oncol. 2005; 
23:8453–60. [PubMed: 16293876] 

14. Rimm EB, Giovannucci EL, Stampfer MJ, Colditz GA, Litin LB, Willett WC. Reproducibility and 
validity of an expanded self-administered semiquantitative food frequency questionnaire among 
male health professionals. Am J Epidemiol. 1992; 135:1114–26. discussion 1127–36. [PubMed: 
1632423] 

15. Meyerhardt JA, Niedzwiecki D, Hollis D, Saltz LB, Hu FB, Mayer RJ, et al. Association of dietary 
patterns with cancer recurrence and survival in patients with stage III colon cancer. JAMA. 2007; 
298:754–64. [PubMed: 17699009] 

Van Blarigan et al. Page 9

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



16. Feskanich D, Rimm EB, Giovannucci EL, Colditz GA, Stampfer MJ, Litin LB, et al. 
Reproducibility and validity of food intake measurements from a semiquantitative food frequency 
questionnaire. J Am Diet Assoc. 1993; 93:790–6. [PubMed: 8320406] 

17. Hunter DJ, Rimm EB, Sacks FM, Stampfer MJ, Colditz GA, Litin LB, et al. Comparison of 
measures of fatty acid intake by subcutaneous fat aspirate, food frequency questionnaire, and diet 
records in a free-living population of US men. Am J Epidemiol. 1992; 135:418–27. [PubMed: 
1550093] 

18. Ogino S, Liao X, Imamura Y, Yamauchi M, McCleary NJ, Ng K, et al. Predictive and prognostic 
analysis of PIK3CA mutation in stage III colon cancer intergroup trial. J Natl Cancer Inst. 2013; 
105:1789–98. [PubMed: 24231454] 

19. Chan AT, Ogino S, Fuchs CS. Aspirin and the risk of colorectal cancer in relation to the expression 
of COX-2. N Engl J Med. 2007; 356:2131–42. [PubMed: 17522398] 

20. U.S. Department of Health and Human Services and U.S. Department of Agriculture. 2015–2020 
Dietary Guidelines for Americans. Dec.2015 2015

21. Kaplan EL, Meier P. Nonparametric estimation from incomplete observations. J Am Stat Assoc. 
1958; 53:457–81.

22. Therneau, T., Grambsch, P. Modeling survival data. New York, NY: Springer; 2000. 

23. Wang D, Dubois RN. The role of COX-2 in intestinal inflammation and colorectal cancer. 
Oncogene. 2010; 29:781–8. [PubMed: 19946329] 

24. USDA Agricultural Research Service. National Nutrient Database for Standard Reference Release 
28. 2016. [Accessed September 5, 2016]

Van Blarigan et al. Page 10

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
A, Disease-free survival among 1,011 stage III colon cancer patients, by post-diagnostic 

marine ω-3 PUFA intake. B, Disease-free survival among 1,011 stage III colon cancer 

patients, by post-diagnostic marine ω-3 PUFA intake dichotomized at the 2015 U.S. Dietary 

Guidelines recommended intake level of 250 mg/day.
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