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Abstract

Background: The association between smoking, diabetes and obesity and oncological

outcomes in patients with stage III colon cancer treated with surgery and adjuvant

chemotherapy is unclear.

Aim: To evaluate whether smoking, obesity and diabetes are associated with the

disease-free survival and overall survival rates of patients with stage III colon cancer

who have received adjuvant chemotherapy.

Methods: Patients were selected from the prospectively maintained Australian Can-

cer Outcomes and Research Database (ACCORD). All stage III colon cancer patients

who received adjuvant chemotherapy between January 2003 to December 2015

were retrospectively analyzed. The three primary exposures of interest were smoking

status, body mass index (BMI) and diabetic (DM) status. The primary outcomes of

interest were disease-free survival (DFS) and overall survival (OS).

Results: A total of 785 patients between 2003 and 2015 were included for analysis.

Using Kaplan-Meier survivorship curves, there was no association between OS and

smoking (P = .71), BMI (P = .3) or DM (P = .72). Similarly, DFS did not reveal an asso-

ciation with smoking (P = .34), BMI (P = .2) and DM (P = .34). Controlling for other

covariates the results did not reach statistical significance in adjusted multiple regres-

sion models.

Conclusion: Smoking, obesity and DM were not shown to influence DFS or OS for

patients with stage III colon cancer who have received adjuvant chemotherapy.
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1 | INTRODUCTION

Colorectal cancer (CRC) is the third most commonly diagnosed cancer

in Australia and the second highest cause of cancer death.1 Over two-

thirds of patients diagnosed with CRC will have a colonic primary, and

of these, approximately 24% will have locoregional nodal involvement

[American Joint Committee on Cancer (AJCC) stage III] at diagnosis.2,3

Over the past three decades, there has been a significant improve-

ment in the survival rates for patients diagnosed with stage III colon

cancer, owing largely to the development of effective adjuvant sys-

temic treatments. Earlier trials demonstrated a survival advantage

with adjuvant fluorouracil (5-FU) and levamisole over observation

alone.4 More recently, the addition of oxaliplatin to a fluoropyrimidine

has been shown to offer further survival benefit and become accepted

as a standard of care.5 Currently, the 5-year survival rate for patients

with stage III colon cancer is estimated to be 71%.6

Smoking, obesity and diabetes mellitus (DM) are patient-related

factors that are associated with an increased risk of developing CRC.7-9

It has been suggested that smoking may increase the risk of colon can-

cer by the induction of tumor angiogenesis as well as by the inhibition

of apoptosis.10 Contrastingly, obesity and DM may promote carcino-

genesis through chronic systemic inflammation, hyperinsulinemia and

increased levels of circulating insulin-like growth factors.8,9 Therefore, it

is not unreasonable to consider the impact of these factors on the

disease-free (DFS) and overall survival (OS) of patients who have been

treated for colon cancer. Furthermore, there is some evidence

suggesting that smoking, obesity and DM may reduce the efficacy of

chemotherapeutic agents.11-13 Nicotine has been found to decrease the

antiproliferative and pro-apoptotic effects of 5-FU in in vitro CRC cells,

while hyperglycemia has been associated with the diminished efficacy

of a number of chemotherapy agents in animal models.11,13 Further-

more, visceral obesity may adversely influence pharmacokinetics and

drug-volume distribution resulting in potentiating side effects and sub-

therapeutically dosing systemic treatments.12

There have been several studies that have investigated the

impact of patient-related factors on DFS and OS; however, the major-

ity of these draw data from heterogeneous cohorts with respect to

both tumor site (colon and rectal cancers) and disease stage.14-16

Studies evaluating smoking and survival for stage III colon cancer

patients receiving chemotherapy have shown mixed results and may

lack broader generalizability to other populations from around the

world.17,18

The aim of this retrospective Australian cohort study is to deter-

mine whether smoking, obesity and DM are associated with DFS and

OS rates of patients with stage III colon cancer who have received

adjuvant chemotherapy.

2 | METHODS

A retrospective study was performed identifying patients diagnosed

and treated for stage III colon cancer in the Australian Comprehensive

Cancer Outcomes and Research Database (ACCORD). The database

provides reliable longitudinal patient information across multiple

patient-clinician encounters during their treatment course. Data man-

agement and access is provided by BioGrid Australia. Ethical approval

for this study (Project ID: 201903/2) was granted by Melbourne

Health Human Research Ethics Committee in May 2019. Patients

diagnosed with AJCC (eighth ed.) stage III colon cancer between

January 2003 and December 2015 were included in the study that

encompassed three major colorectal cancer care centers in Melbourne

(Footscray Hospital, Royal Melbourne Hospital and Eastern Health).

Primary colon tumors were defined as primary adenocarcinomas

located from the cecum to the rectosigmoid. Inclusion criteria were

patients with stage III colon cancer having undergone curative surgery

that received adjuvant chemotherapy. Exclusion criteria included a

history of neoadjuvant treatment, no adjuvant systemic therapy or

adjuvant radiotherapy. Patient demographic details, cancer diagnosis

date, cancer location, surgery type and date, cancer stage, adjuvant

treatment, recurrence and survival data were collected. Using the

Index of Relative Socio-Economic Disadvantage (IRSD) score based

on patient post code, each patient's ISRD score1-10 was generated. A

lower IRSD score indicates a greater level of disadvantage. The East-

ern Cooperation Oncology Group (ECOG) performance score was

recorded as a measure of patient functional status. The three expo-

sures of interest were smoking status, body mass index (BMI) and dia-

betic status. Smoking status was defined in the ACCORD registry as

either current smoker, ex-smoker or never smoked. Preoperative

height and weight were used to calculate BMI. Patients were catego-

rized as underweight (BMI <18.5), normal weight (18.5-24.9), over-

weight (25-29.9) or obese (>30) based on BMI ranges described by

the World Health Organization. Diabetic status was classified as pre-

sent or absent irrespective of type. OS was defined as time of diagno-

sis to death and DFS was the time from surgery to recurrence at any

site. The primary outcome was the association between smoking sta-

tus, BMI or DM on DFS and OS in patients with stage III colon cancer.

2.1 | Statistical analysis

Patient characteristics by overall survival status were summarized

as mean (SD), median (minimum, maximum) or number (%)

according to type and distribution. Quality of the survival cohort

was assessed using the Clarke index, a ratio measure of the sum of

observed observation time/potential observed time, based upon

overall survival.19 BMI was modeled both as a continuous expo-

sure from a referent level of 20 kg.m−2 and as a binary exposure

cut at BMI 30 kg.m−2. Smoking status was modeled as both a

three-level nominal exposure and a binary exposure (currently

smoking / not currently smoking). For each outcome (OS & DFS),

we present1: unadjusted Kaplan-Meier survivorship curves and

associated log-rank test (categorical variables only)2; multivariable

Cox proportional hazard (CPH) regression model including age,

gender, ECOG, IRSD and oxaliplatin use and the three exposures

(BMI, smoking status and DM) and Reference 3. Inverse Probability

Weighted (IPW) Cox proportional hazard propensity score
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TABLE 1 Baseline patient characteristics

Alive Deceased Total

N = 603 N = 182 N = 785

Patient characteristics

Age (y)

mean (SD) 64 (12.1) 66 (11.6) 64 (12.0)

median (minimum, maximum) 65.0 (14.9, 87.8) 66.9 (25.4, 88.0) 65.3 (14.9, 88.0)

Gender (Male) 311 (51.6%) 106 (58.2%) 417 (53.1%)

Smoking status

Never 354 (61.8%) 96 (56.8%) 450 (60.6%)

Ex 153 (26.7%) 60 (35.5%) 213 (28.7%)

Current 66 (11.5%) 13 (7.7%) 79 (10.6%)

Missing data 43 (5.5%)

Body mass (kg.m−2)

mean (SD) 28 (5.5) 27 (5.2) 28 (5.4)

Body mass index (6 level)

<18.5 4 (0.8%) 1 (0.7%) 5 (0.8%)

≥18.5, <25 157 (31.9%) 51 (35.9%) 208 (32.8%)

≥25, <30 186 (37.8%) 56 (39.4%) 242 (38.2%)

≥30, <35 94 (19.1%) 23 (16.2%) 117 (18.5%)

≥35, <40 36 (7.3%) 8 (5.6%) 44 (6.9%)

≥40 15 (3.0%) 3 (2.1%) 18 (2.8%)

Body mass index ≥30 kgm−2 (Yes) 145 (29.5%) 34 (23.9%) 179 (28.2%)

Missing data 151 (19.2%)

Diabetes

No 486 (80.6%) 134 (73.6%) 620 (79%)

Yes 102 (16.9%) 39 (21.4%) 141 (18%)

Missing data 15 (2.5%) 9 (5.0%) 24 (3.0%)

ECOG

0-2 467 (77.4%) 124 (68.1%) 591 (75.3%)

≥3 136 (22.6%) 58 (31.9%) 194 (24.7%)

IRSD

1-4 104 (17.3%) 43 (23.6%) 147 (18.8%)

5-7 211 (35.2%) 65 (35.7%) 276 (35.3%)

8-10 285 (47.5%) 74 (40.7%) 359 (45.9%)

Tumor characteristics

Tumor stage

1-2 90 (15.2%) 6 (3.5%) 96 (12.5%)

3-4 500 (84.8%) 169 (96.5%) 669 (87.5%)

Nodal stage

1 478 (79.5%) 124 (69.7%) 602 (77.3%)

2 123 (20.5%) 54 (30.3%) 177 (22.7%)

Post-operative treatment

Adjuvant therapy regimen

Single agent 203 (34.5%) 101 (55.8%) 304 (39.5%)

Oxaliplatin Doublet 385 (65.4%) 80 (44.2%) 465 (60.4%)

Other 1 (0.2%) 0 (0.0%) 1 (0.1%)

(Continues)
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modeling of binary exposures to achieve baseline covariate bal-

ance. Inverse probability weights were based on the conditional

probability of each individual's exposure status calculated using a

multivariable logistic model with robust standard errors that

included all other covariates including the other two exposures.

Covariate balance post weighting was assessed, and weights were

trimmed to ensure that the probability distributions for each expo-

sure level overlapped (positivity assumption was met). For all CPH

models, the assumption of proportional hazards was assessed

using numerical and graphical measures.

Finally, restricted mean survival time (RMST) at 2 and 5 years was

calculated using an inverse probability weighted Royston-Parmar

restricted cubic spline model. This provides a robust measure of mean

survival time, even if the proportional hazards assumption is not met, and

an expected difference in mean survival time between exposure groups.

We did not undertake imputation of missing covariate values and

regression results are presented using point estimates and associated

95% confidence intervals. Statistical software used was Stata Release

16 (StataCorp. 2019. Stata Statistical Software: Release 16. College

Station, TX: StataCorp LLC) and RMST estimation used the strmst

program.20

3 | RESULTS

3.1 | Patient Characteristics

A total of 785 patients, who underwent surgery between January

1, 2003 and January 20, 2015, were included in the analysis. The date of

last follow-up was the June 6, 2019. Based upon overall survival the

Clarke index, the mean ratio of actual to potential follow-up time was

64.7%. Baseline characteristics for the entire cohort are listed in Table 1

and further subdivided according to primary exposure in Table 2. Four

hundred and seventeen (53.1%) were male with an average age of

64 years. Three hundred and fifty-nine (46%) patients had a high IRSD

score between 8 and 10 indicating relatively low socioeconomic disad-

vantage. Five hundred and ninety-one (75.3%) patients had an ECOG sta-

tus of ≤2. Three hundred and ninety-seven patients (50.6%) had left-

colonic primaries (distal to the splenic flexure). Sixty-one (43.3%) patients

with DM had a right-sided colon malignancy up to, but not including the

splenic flexure. Of patients with complete information, 669 (87.5%)

patients had T3/4 disease and 602 patients (77.3%) had N1 disease. Two

hundred and ninety-two (39.4%) patients were either ex or current

smokers, 179 patients (28.2%) were classified as obese with a BMI ≥30

and 141 (18.5%) were diabetic. At 5-years of follow-up, unadjusted DFS

was 72% (95% CI 68-75), and OS was 79% (95% CI 76-82).

3.2 | Smoking status

Smoking status modeled as a three-level nominal variable (never, ex

and current) was not associated with overall survival when unadjusted

(P = .71, Figure 1A) or adjusted using a multivariable regression model.

As a binary model, there was no difference in mean restricted survival

time at 2 or 5 years (Table 3). The proportional hazards assumption

was violated in the IPW regression model and survival cannot be

appropriately summarized by a single hazard ratio. The overall 5-year

survival for non-smokers, ex-smokers and current smokers was 80.6%

(95% CI 76.3-84.2), 76.0% (95% CI 69.3-81.5) and 86.1% (95% CI

75.7-92.3 respectively).

The 5-year DFS for non, ex and current smokers was 74.12%

(95% 69.7-78.1), 67.5% (60.4-73.6) and 78% (67.0-85.7), respectively.

There was no evidence for a DFS difference by smoking status. The

Kaplan-Meier survivorship curve and log rank test (P = .34) are pres-

ented in Figure 2A. For both multivariable and IPW Cox regression

modeling, the PH assumption was violated and the use of a constant

hazard ratio across follow-up time is not appropriate. Based upon

RMST, there is no evidence for a difference in DFS between those

currently and not currently smoking (Table 3).

3.3 | Body mass index

There was no evidence for a difference in survival with increasing

BMI. The Kaplan-Meier survivorship curve and log rank test (P = .30)

are presented in Figure 1B. Unadjusted the 5-year survival for

patients with a BMI <30 and ≥30 was 79.5% (95% CI 75.2-83.14) and

79.8% (95% CI 72.4-85.4) respectively. Cox proportional hazards

models for continuous BMI, BMI cut at 30 kgm−2 and IPW all indicate

no association of BMI and overall survival. The proportional hazards

(PH) assumption was met in all models. There was no difference in

RMST between exposure levels at either 2 or 5 years (Table 3).

The 5-year DFS for BMI <30 and ≥ 30 was 72.1% (95% CI 67.6-76.2)

and 74.7% (67.3-80.7). There was no evidence for a DFS difference by

TABLE 1 (Continued)

Alive Deceased Total

N = 603 N = 182 N = 785

Recurrence outcome

Recurrence (Yes) 69 (11.4%) 150 (82.4%) 219 (27.9%)

Local 15 (2.5%) 58 (31.9%) 73 (9.3%)

Distant 58 (9.6%) 118 (64.8%) 176 (22.4%

Abbreviations: ECOG, European Cooperative Oncology Group; IRSD, Index of Relative Socio-economic Disadvantage; SD, Standard deviation.
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BMI. The Kaplan-Meier survivorship curve and log rank test (P = 0.20) are

presented in Figure 2B. The PH assumption was violated for multivariable

Cox regression model. Both the IPW hazard ratio and RMST indicate no

evidence for an association between BMI and DFS (Table 3).

3.4 | Diabetes mellitus

The unadjusted 5-year survival was 79.8% (95% CI 72.4-85.4) and 81.3%

(95 CI 77.7-84.3) for diabetics and non-diabetics, respectively. There was

no evidence for a survival difference by DM status. The Kaplan-Meier

survivorship curve and log rank test (P = 0.72) are presented in Figure 1C.

The multivariable Cox proportional hazards model and the IPW mode

both indicated no association between DM and overall survival. The PH

assumption was met in all models. There was no difference in RMST

between exposure levels at either 2 or 5 years (Table 3).

The 5-year DFS for diabetic and non-diabetic patients was 73.7%

(95% 70.0-77.2) and 67.0% (67.3-80.7). There was no evidence for a

DFS difference by DM status. The Kaplan-Meier survivorship curve

and log rank test (P = .34) are presented in Figure 2C. The PH

assumption was violated for the multivariable regression model. The

IPW hazard ratio and RMST indicate no evidence for an association

between BMI and DFS (Table 3).

4 | DISCUSSION

We found no evidence for an association between smoking, obesity

or DM with either DFS or OS on our Australian cohort of patients

with stage III colon cancer who underwent adjuvant chemotherapy.

With respect to smoking status, our findings are both consistent

and contradictory with current published literature.17,18 A number of

similar studies have also been published but use heterogenous

cohorts.21-23 McCleary et al17 investigated the effects of smoking on

survival for stage III colon patients using data from a randomized con-

trol trial (RCT) evaluating the role of adjuvant irinotecan and 5-FU/

leucovorin. They found no association with either DFS or OS.17 This

study did however find that subjects with a 20+ pack year history of

smoking, compared to non-smokers, were associated with an

unadjusted hazard ratio (HR) of 1.34 (95% CI, 1.02-1.75) for cancer
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recurrence or death from any cause. The dose-dependent relation-

ship associated with smoking appeared to be nonsignificant in

multivariant analysis for all other variables. In another study, which

also used data from a multicenter RCT investigating adjuvant che-

motherapy regimens, a history of smoking was shown to have a sta-

tistically significant association with poorer DFS and OS in patients

with stage III colon cancer.18 This study found that current smokers

compared to former smokers had poorer DFS outcomes compared

to never smokers (HR 1.47 95% CI, 1.04-2.09). Unlike McCleary

et al, this study did not show a significant dose-dependent relation-

ship. There have been several suggested mechanisms of how

smoking may negatively impact upon patients being treated for

CRC. First, current smokers have been shown to have a signifi-

cantly increased risk of perioperative morbidity and mortality.24

Smoking has also been found to reduce the efficacy of systemic

treatments such as 5-FU and cetuximab, as well as promoting colon

cancer cell migration.11,25,26 Despite the above, there is no con-

vincing clinical evidence that smoking influences DFS and OS in

stage III colon cancer patients receiving chemotherapy. The signifi-

cance of smoking status on outcomes may be confounded by the

fact that patients who receive chemotherapy must have a relatively

robust baseline level of physical health. This fact may have resulted

in a selection bias, potentially reflected by the finding that the

majority of patients had an ECOG score of ≤2. Furthermore, the

results of the current study showed a nonsignificant trend toward

improved survival for current smokers (HR 0.65, 95% CI 0.37-1.12)

that remained consistent across univariant and multivariant analy-

sis. Another consideration is that a history of smoking has been

found to be associated with an increased risk of developing tumors

with high levels of microsatellite instability (MSI-H).27 Patients with

MSI-H tumors have also been shown to have better prognosis with

better DFS and OS when compared to patients with microsatellite

stable (MSS) tumors.28 Therefore, it is conceivable that cohorts of

patients with colon cancer who are smokers will have a greater per-

centage of biologically favorable tumors, giving an apparent overall

survival advantage to the cohort. There is however some evidence

that suggests smoking may have a negative impact on survival out-

comes for patients with MSI-H tumors, although this interaction

was limited to tumors that were BRAF wild type.28 The above con-

flicting theories and current evidence suggest that further research

is required to better define the potential interaction between

smoking and survival outcomes for patients with MSI-H tumors.
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To the author's knowledge, only one other recent study assessing

the impact of obesity on stage III colon cancer survival in patients

receiving chemotherapy has been published29 with the authors also

finding no association between BMI and survival outcomes. Much of

the available remaining evidence related to obesity and survival in

patients with CRC is largely based on heterogenous cohorts which

include patients with both rectal and colonic malignancies across mul-

tiple stages of disease. Alexander et al showed that overweight (BMI

25-29.9) and obese (BMI >30) patients had a higher risk of all-cause

mortality compared to normal weight patients with a HR of 2.81 (95%

CI, 1.24, 6.35).29 Boyle et al investigated the impact of obesity on

CRC-specific mortality and found that overweight, but not obese

patients, had a statistically significant increased risk of CRC cancer-

specific mortality (HR 1.51, 95% CI = 1.04, 2.18).14 In direct contrast,

Daniel et al, who found a U-shaped relationship between BMI and

survival in CRC patients.15 Specifically, they found that patients with

a BMI of 25-29.9 had the lowest risk of death. The conflicting litera-

ture may be reflective of BMI not being the optimal way to assess

obesity or body fat composition, and therefore an individual's risk of

health-related consequences of obesity.30 This has been highlighted

in two studies which have utilized waist circumference and visceral

fat area (VFA), respectively, to assess obesity.12,16 Both found that

their respective measure of obesity had a statistically significant asso-

ciation with DFS and OS, while neither of the studies could identify a

significant association with BMI.

Our finding that DM has no association with DFS, or OS is in

keeping with the results of two other cohort studies.31,32 Although

these studies only included colon cancer patients, they did however

include patients with a range of cancer stages. In a meta-analysis

investigating the survival outcomes for patients with CRC, Mills et al

identified a statistically significant association between DM and

reduced survival for both rectal and colon cancer patients; however,

they did not find an association with recurrence for either cancer

type.33 The authors suggested that less aggressive treatment of dia-

betic patients as well as a potentially reduced response to chemother-

apy may have led to this reduction in survival. Determining the true

impact of diabetes on colon cancer survival and recurrence is complex

as much of the data is retrospective and lacks objective markers of

disease severity and levels of hyperglycemia, such as glycosylated

hemoglobin levels (HbA1c). There is also some evidence showing that

treatment with metformin may offer a protective effect and reduce

CRC-specific deaths. It has been suggested that metformin reduces

the circulating levels of insulin like growth factors, as well as the syn-

thesis of certain proteins that are key in the production of malignant

cancer cells and angiogenesis.33 Therefore, documentation and analy-

sis of diabetic treatment regimens of study cohorts may need to be

examined closely to assess whether these variables may impact on

the survival outcomes.

This study is limited by its retrospective nature and presence of

missing data. Imputation techniques to account for missing data were

not performed due to their inherent problems in adequately account-

ing for selection bias. This study is also limited by the lack of objective

markers of disease severity of diabetes such as glycosylated

hemoglobin, and exposure severity of smoking such as a pack year

history. Our study's strength is the size of cohort and the homoge-

nous cohort with the inclusion of only patients with stage III colon

cancer who received postoperative chemotherapy.

5 | CONCLUSION

In our Australian cohort of patients with stage III colon cancer who

received adjuvant chemotherapy, there was no association between

smoking, obesity or DM and DFS or OS outcomes.
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