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Synopsis
Much research supports the association between diet and lifestyle in the development of colorectal
cancer. Recent studies have demonstrated an association between various energy balance host
factors, including obesity, physical inactivity and certain dietary factors, and outcomes. In this
review, we will summarize the impact of modifiable lifestyle factors including pre- and post-
diagnosis adiposity, physical activity, and diet on prognosis of colorectal cancer patients. We will
focus on associations of these factors in stage I-111 colorectal cancer survivors and also
summarizes the possible mechanisms for the association between modifiable lifestyle factors and
prognosis of colorectal cancer patients.

Introduction

The American Cancer Society estimates that there are more than 1.1 million colorectal
cancer survivors in United States.! Colorectal cancer survivors constitute 10 percent of the
entire number of cancer survivors and the number is increasing.2 Both genetic and lifestyle
factors contribute to cancer development and prognosis of colorectal cancer. Since lifestyle
factors such as obesity, physical inactivity, diet, smoking, and alcohol consumption could be
modifiable3# while genetic factors are not, much attention have been paid to the impact of
lifestyle factors on incidence and prognosis of colorectal cancer.

Changing these modifiable factors toward healthy lifestyle may be crucial components of
cancer treatment in addition to standard treatments to prevent recurrence and improve
survival of colorectal cancer patients. While an increasing number of studies have examined
the association of diet and lifestyle factors with cancer recurrence and survival outcome in
locally advanced colorectal cancer patients®9, it is important to distinguish whether these
exposures were measured before or after cancer diagnosis. For example, adiposity before
diagnosis and after diagnosis may have different impact on survival outcomes of colorectal
cancer patients. Exposures after diagnosis associated with prognosis of cancer may provide
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important implications on directing recommendations to cancer survivors. However, if an
association exists only between pre-diagnosis adiposity and prognosis of colorectal cancer, it
is less certain how to guide a patient but such data may be important towards understanding
the biology of colorectal cancer.

In this review, we will summarize the associations of modifiable lifestyle factors including
pre- and post-diagnosis adiposity, physical activity, and diet on prognosis of colorectal
cancer patients. Given that most published data to date is from patients without metastatic
disease, we will focus on associations of these factors in stage I-111 colorectal cancer
survivors. This review also summarizes the possible mechanisms for the association
between modifiable lifestyle factors and prognosis of colorectal cancer patients.

|. Association between the pre-diagnosis lifestyle factors and risk of

mortality in colorectal cancer survivors

Adiposity

Several studies have examined the association between pre-diagnosis adiposity and
colorectal cancer prognosis (Table 1).6:10-13 Those studies used a variety of metric for
adiposity, including body mass index (BMI), waist-hip ratio (WHR), and waist
circumference (WC). Campbell et al® examined 2,303 men and women with stage 1111
colorectal cancer and reported that those with BMI higher than 25 kg/m? had worse
colorectal cancer-specific mortality and all-cause mortality. Similarly, Doria-Rose et all®
studied 633 postmenopausal women with colorectal cancer and reported that obese patients
(BMI = 30 kg/m?2) had a 2.1-fold higher risk of colorectal cancer specific-mortality and all-
cause mortality compared to normal weight patients.

Other studies have reported similar findings when employing alternative measurements for
adiposity such as percent body fat, WC, and WHR. Heydon et al'4 reported that colorectal
cancer patients with increasing WC per 10 cm had a 1.33 times higher risk of disease-
specific death. The authors concluded that pre-diagnosis abdominal obesity might be a
critical risk factor for mortality in patients with all-cause mortality, and made the
recommendation for maintaining a normal weight and WC. In a study that compared BMI,
weight, WHR and WC, Prizment et al'! reported that while higher BMI (=25 kg/m?2) and
weight (=140 pounds) were not significantly associated with colon cancer mortality, higher
WHR (= 0.81) and WC (=32.5 inch) were significantly associated with mortality. This study
suggested that WHR and WC, which reflect abdominal adiposity, might be better predictors
of colon cancer mortality, compared to BMI and weight.

Physical activity

Reports on association between the level of physical activity before cancer diagnosis and the
risk of mortality in colorectal cancer patients have been mixed (Table 2).12.14-17 Some
studies found significant associations between level of pre-diagnosis physical activity
levels!2.14 and the risk of mortality while others have found no association.!® Meyerhardt et
all® studied stage 1-111 female colorectal cancer patients and did not find any association
between the level of pre-diagnosis physical activity and the risk of mortality. On the other
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hand, Haydon et al4 found that pre-diagnosis physical activity level was significantly
associated with increased disease-specific survival. We have recently performed a meta-
analysis of the association between pre-diagnosis physical activity and the risk of mortality
in stage I-111 colorectal cancer patients.” The meta-analysis demonstrated that colorectal
cancer patients who participated in any amount of physical activity exhibited 25% and 24%
risk reduction in colorectal cancer-specific death and death from all cause, respectively,
compared with patients who did not participate in any physical activity. The study also
found a dose dependent risk reduction in colorectal cancer-specific death and all-cause
death, suggesting that those who participated in more physical activity before diagnosis have
a lower risk of recurrence and death after the completion of standard therapy.

Diet
While there are diverse dietary factors related to the development of colorectal cancer,8 few
studies have focused on diet before diagnosis and mortality for colorectal cancer patients
(Table 3).8:19.20 Among the diverse dietary factors, there is relatively consistent evidence
that red and processed meat is related to an increased risk of colorectal cancer.2! Recently,
McCullough et al® have collected diet information from 2,315 participants diagnosed with
colorectal cancer in 1992-1993, 1999, and 2003 and followed their mortality through
December 315, 2010. They reported that those with higher red and processed meat intake
(41 quartile) before cancer diagnosis had 29% and 63% increase in all-cause and
cardiovascular disease mortality, respectively, compared with those with low red and
processed meat intake (15t quartile). They did not observe association between amount of red
and processed meat intake and colorectal cancer specific mortality. Furthermore, Zell et alt®
studied 511 colorectal cancer patient (144 Familial and 376 Sporadic colorectal cancer) and
found that those who had high meat intake had reduced 10 year overall survival (4 quartile
42% vs. 1-3" quartile 65%) and 2.24 times increased risk of death in an adjusted analysis
compared with those who had low meat intake among familiar colorectal cancer patients. No
association was observed between amount of meat intake and overall survival in sporadic
colorectal cancer patients. Additionally, Zhu et al2® performed a one-year recall of meat
intake in 529 colorectal cancer survivors and reported that the highest quartile of processed
meat intake was significantly associated with poorer disease-free survival (hazard ratio
(HR): 1.82,95% CI: 1.07-3.09) and overall survivor (HR:2.13, 95% CI:1.03-4.43) in colon
cancer patients. However, they did not observe any significant association between amount
of processed meat intake and survivor outcomes in rectal cancer patients. Furthermore, they
found no associations between prudent vegetable or the high-sugar pattern and disease-free
and overall survivor in colon and rectal cancer patients.

Mechanism for Pre-diagnosis Energy Balance Factors and Outcomes

Several hypotheses on why energy balance-associated host factors before diagnosis may
negatively impact on the prognosis of colorectal cancer have been proposed. First, many
patients who with unfavorable energy balance (ie. obese or physically inactive) prior to
diagnosis will have similar situation after diagnosis. Obesity and physical inactivity are
associated with insulin resistance and subsequent hyperinsulinemia, which is linked to
increased cancer risk and mortality due to its inducing insulin-like growth factors (IGFs) that
promote cancer growth.22 Colorectal cancer patients with higher levels of C-peptide (a

Hematol Oncol Clin North Am. Author manuscript; available in PMC 2016 February 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Leeetal.

Page 4

breakdown product of insulin production at the time of diagnosis) have shown higher
mortality compared with those patients who had lower levels of C-peptide.23 Also, these
host factors induce an increasing level of tumor necrosis factor (TNF)-a, interleukin (IL)-6,
or leptin that promotes cancer growth, along with a decreasing level of adiponectin that also
promotes cancer growth.24-2° Given that the primary risk for patients with stage 111
colorectal cancer is growth of occult micrometastases, such growth factors can stimulate
micrometastases to lead to recurrent disease.

Pre-diagnosis obesity or physical inactivity may impact the molecular nature of the
colorectal cancer that develops, leading to more aggressive histology. For example, obesity
and physical inactivity are associated with the development of CTNNB1 (B-Catenin)
negative colorectal cancer.30 CTNNB1 tumors have a trend towards worse colorectal
cancer-specific survival.3! In obese patients, nuclear CTNNB1 negativity was associated
with significantly worse cancer-specific and overall survival. Similarly, among nuclear
CTNNBZ1-negative stage I-I11 patients, post-diagnosis physical activity was associated with
significantly better cancer-specific survival while physical activity was not associated with
survival among nuclear CTNNB1-positive stage I-111 patients.

In terms of red and processed meat and survival, prior research has indicated that several
factors may be instrumental in cancer development. Such factors include the: 1) production
of heterocyclic amines when meat is cooked at high temperature,32 2) involvement of N-
nitroso compounds from the heme in the gastrointestinal tract, 3334 and 3) use of
nitrosamines, N-nitroso compounds and their precursors, due to nitrite or nitrate use in the
preservation of meat.3> However, it is unclear if increased exposure to these factors will lead
to more aggressive cancers.

Il. Association between post-diagnosis lifestyle factors and the risk of

mortality

Adiposity

Reports on post-diagnosis BMI and outcomes in colorectal cancer have been mixed (Table
4).56.12,36-41 5ome studies showed that being obese may have negative impact on survival
of colorectal cancer®:36:3741 while other studies showed that there is no association between
post-diagnosis obesity and prognosis of colorectal cancer.38 In one early report, Meyerhardt
et al36 examined the association between obesity and prognosis of stage 11 and 111 colon
cancer patients and found that female patients with a BMI of 30 kg/m? or greater were
associated with a 34% significant increase in mortality and a 24% non-statistically
significant increase in disease recurrence, while there was no such association between
obesity and disease recurrence in men. Dignam et al3’ reported on a similar population of
colon cancer patients and found a statistically significant 38% increase in the risk of
recurrence and 28% increase in the risk of mortality among patients with a BMI greater than
or equal to 35 kg/m2, and did not find an interaction by gender. One study, limited to rectal
cancer patients, did not show any significant association between body mass index and
disease-free or overall survival,38 though subgroup analyses by Campbell and colleagues did
suggest obesity was associated with worse outcomes in rectal cancer patients.®
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In studying the impact of being obese after colorectal cancer diagnosis on prognosis of
colorectal cancer, it is very important to consider reverse causality: meaning that less obese
patients may have worse prognosis if the reason for lower body weight could be well related
with disease progression.#2 Some people have lower body mass as a result of healthy
lifestyle including exercise and diet, while some people lose weight as a result of cancer
recurrence. This may be one of the reasons why post-diagnosis obesity seems to associate
less with prognosis of colorectal cancer than pre-diagnosis obesity does. This is the
limitation of observational epidemiological studies. In addition, nearly all studies to date
have focused on BMI due to the availability of height and weight in these cohort studies.
However, other measures of adiposity may be more appropriate and should be considered in
future studies. Finally, even if a certain level of adiposity is associated with worse outcomes,
it is unclear if changing weight would influence this association. Only one study to date has
reported the impact of weight change after diagnosis on prognosis of colon cancer patients.
Meyerhardt and colleagues studied weight gain or weight loss from approximately 3 months
after surgery to approximately 15 months after surgery in stage 111 colon cancer patients and
found no significant associations with either gain or loss for cancer recurrences or
mortality.38 Ultimately, randomized controlled trials of weight control and reduction would
be needed to further understand such a relationship.

Physical activity

Diet

Studies of the association between post-diagnosis physical activity and the risk of recurrence
and mortality in colorectal cancer patients have led to fairly consistent conclusions (Table
5).5:12.15-17.43 Increasing level of physical activity significantly improved overall mortality
in colorectal cancer patients and either significantly or non-significantly trended to improved
disease-free survival or colorectal cancer-specific mortality. In a recent meta-analysis of
prospective cohort studies’, we found that patients with any physical activity after diagnosis
had reduced risk of colorectal cancer-specific mortality (relative risk 0.74 [95% CI 0.58—
0.95]), compared to patients with no physical activity. Those who participated in high levels
of physical activity after diagnosis (vs. low levels) had a RR of 0.65 (95% ClI: 0.47-0.92).
While efforts in these studies are made to account for potential for reverse causality, one
cannot fully eliminate the potential that ability to be more active may be reflective of a
healthier colorectal cancer survivor. Further, whether increasing level of physical activity
after diagnosis will improve outcomes is unknown at this time.

As was found with pre-diagnosis diet and colorectal mortality, few studies have examined
the association between post-diagnosis diet and mortality for colorectal cancer patients
(Table 6).8:944 In contrast to their prior study of pre-diagnosis patients, McCullough et al®
reported that red and processed meat intake after diagnosis was not independently associated
with survival outcomes. On the other hand, Meyerhardt et al® reported an association
between Western dietary pattern, which consisted of red and processed meat, refined grains,
and sugar desserts, and the risk of recurrence and mortality in colon cancer patients.
Meyerhardt et al® studied 1009 colon cancer patients and collected dietary information
within 3 months of surgery (while on adjuvant therapy) and 6 months after completing
adjuvant chemotherapy. Using cumulative averaging of these 2 dietary time points and
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factor analysis to determine dietary patterns, investigators found that the highest quintile in
the Western dietary pattern group had a 3.25 times worse disease-free survival compared to
the lowest quintile. In a second study of the same cohort of colon cancer patients, patients
with the highest quintile of glycemic load had a 1.79 times higher risk of recurrence and
morality compared to the lowest quintile.#* Interestingly, the association between glycemic
load and outcomes was influenced by BMI (P interaction =-01). Whereas glycemic load was
not associated with disease-free survival in patients with BMI < 25kg/m?, higher glycemic
load was statistically significant associated with worse disease-free survival among
overweight or obese participants (BMI = 25kg/m?; HR = 2.26; 95% CI = 1.53 to 3.32). This
interaction further supports the potential relationship between energy balance and outcomes
in colorectal cancer patients.

Mechanism for Post-diagnosis Energy Balance Factors and Outcomes

For patients with nonmetastatic colorectal cancer at time of diagnosis, the primary risk
within the first several years is recurrence of disease. Recurrences are presumed to be
micrometastases in primarily distant organs that over time growth to detectable metastases.
The presumed role of adjuvant therapy is to impact on these micrometastases, whether
through direct cell death or other mechanisms. It is not known if all micrometastases will
grow to manifest as frank recurrences. However, several factors are presumed to help
stimulate cell growth, including insulin and insulin-related growth factors. Obesity, lack of
physical activity, Western pattern diet and high glycemic load are known to increase insulin
resistance, which increases the level of insulin. In that insulin is one of the most potent
apoptosis inhibitors and an insulin-reducing agent metformin inhibits cancer cell
proliferation>46, these factors leading to unfavorable energy balance can induce
hyperinsulinemia and increase the risk of recurrence by stimulating growth of
micrometastases. Further, hyperinsulimia increases the production of IGF-1, which is
another cell growth factor. These negative energy balance factors can increase
adipocytokines (leptin and adiponectin), as discussed earlier.28 An exercise intervention was
found to reduce leptin, TNF-a, and IL-6, while increasing adiponectin levels, for colorectal
cancer patients.4’

Independent of risk of colorectal cancer recurrences, hyperinsulinemia patients may be more
vulnerable to other diseases such as type 2 diabetes and cardiovascular disease which are
one of most known causes of mortality in colorectal cancer patients.8 Furthermore, during
cancer treatment, various clinical and molecular factors including chemotherapy, other
treatments, and drugs could alter vulnerability and lead to inflammation and pathogenesis
for the colorectal cancer patients with obesity, thereby reducing survivorship.48

Recent molecular epidemiology studies have further strengthened the potential mechanism
for energy balance and outcomes. For colon cancer patients who had CDKN1B (p27)
expression (a potent cyclin dependent kinase inhibitor), at least 18 MET-hours/week
physical activity was associated with 67 percent in colon cancer-specific mortality,
compared to less than 18 MET-hours/week.1® For patients CDKN1B loss, there are no
association between physical activity and mortality outcome. This finding suggests that
post-diagnosis physical activity might restrict available energy, thereby inhibiting the
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growth of CDKN1B expressing tumors. Second, post-diagnosis physical activity might lead
to a beneficial effect that reduces PTGS2 (COX2). PTGS2 is a crucial inflammatory
response and is related to colorectal carcinogenesis. Yamauchi and colleagues reported that
physically active patients with PTCG2 expressing tumors had better survival than physically
activity patients without a PTCG2 expressing tumor.#® Finally, WNT-CTNNBL1 signaling
could be a key regulator of energy metabolism and carcinogenesis. When colon cancer
patients had a negative status for nuclear CTNNB1, it was found that post-diagnosis
physical activity had a favorable association with colorectal cancer-specific survival.3!
Further studies are required to find other related molecular mechanisms.

lll. Energy balance intervention studies in colorectal cancer survivors

All reported intervention studies to date in colorectal cancer survivors have examined
quality of life related endpoints.%-52 Currently, there is one ongoing intervention study to
specifically study disease-free survival in stage Il and 111 colorectal cancer survivors.>°
Courneya et al °0 endeavor to study the effect of physical activity intervention over a 3-year
period, and how that intervention affected recurrences, mortality, physical functioning,
quality of life, and biologic correlative markers for colon cancer patients. The study is
sponsored by the National Cancer Institute of Canada and has ongoing accrual in Canada
and Australia. Additional research opportunities exist that need to address other approaches
to extending the mortality of colorectal cancer, which include developing diverse tailored
intervention programs, such as home-based and web-based programs that change the
patient’s modifiable lifestyle factors.

Conclusion

Lifestyle factors that include obesity, physical activity, and diet are emerging as potential
critical elements in improving colorectal cancer survival outcomes. The association between
colorectal cancer mortality and modifiable lifestyle factors is growing in evidence. Changes
in individual health behaviors both before and after a diagnosis of colorectal cancer may
improve outcomes of survivors. Several studies have indicated that maintaining a normal
weight, participating in regular physical activity, and eating a healthy diet may be important
preventative steps leading to improve survival outcomes. Also, several epigenetic studies
have demonstrated, at the cellular level, the possible mechanisms of colorectal cancer that
can be positively influenced by changing lifestyle. However, extended lifestyle intervention
studies, along with additional randomized trials and epigenetic studies are needed in order to
provide firm evidence about the effect of lifestyle factors (including obesity, physical
activity and diet) on colorectal cancer survival outcomes.
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