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Abstract

Purpose—Colorectal cancer survivorship has improved significantly over the last 20 years;
however, few studies have evaluated depression among older colorectal cancer survivors,
especially using a population-based sample. The aim of this study was to identify correlates for
positive depression screen among colorectal cancer survivors who underwent potentially curative
surgery.

Methods—Using the 1998-2007 Surveillance, Epidemiology, and End-Result registry and the
Medicare Health Outcome Survey linked dataset, we identified patients over 65 with pathology
confirmed and resected colorectal cancer enrolled in Medicare. Using univariate and multiple
variable analyses, we identified characteristics of patients with and without positive depression
screen.

Results—Resected colorectal cancer patients (1785) (median age 77, 50.8 % female) were
identified in the dataset with 278 (15.6 %) screening positive for symptoms of depression. Median
time from diagnosis to survey was 62 months. On univariate analysis, larger tumor size, advanced
cancer stage, and extent of resection were not correlates of depressive symptoms (all p> 0.05).
After adjusting for confounders, income less than US$30,000 per year (OR 1.50, 1.02-2.22, 95 %
Cl, p=0.042), non-white race (OR 1.51, 1.05-2.17, 95 % CI, p=0.027), two or more
comorbidities (OR 1.78, 1.25-2.52, 95 % CI, p=0.001), and impairment in activities of daily
living (OR 5.28, 3.67-7.60, 95 % CI, p< 0.001) were identified as independent correlates of
depressive symptoms in colorectal cancer survivors.

Conclusions—In the current study, socioeconomic status and features of physical health rather
than tumor characteristics were associated with symptoms of depression among long-term
colorectal cancer survivors.
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Introduction

Colorectal cancer (CRC) is the fourth most prevalent cancer and the second most common
cause of all cancer deaths in the USA [1]. Advancements in screening, surgical technique,
and multimodal therapy have improved the 5-year survival rate for colon and rectal cancer
over the past 20 years [2-5]. With these improvements in survivorship of CRC patients and
an aging population, the focus has shifted to improving the physical and mental health of
cancer survivors in addition to decreasing disease-related morbidity and mortality. In the
elderly population, depression can go unrecognized and untreated due to comorbid
conditions, cognitive impairment, normal physiologic changes of aging, and difficulty in
differentiating somatic complaints (body aches and malaise) and affective complaints
(sadness, guilt) [6, 7]. Unfortunately, few studies have investigated factors that influence the
mental health of colorectal cancer survivors [8, 9].

Previous studies indicate that 13.7 % of cancer patients have major depressive disorder [10].
Depression is correlated with worse HRQOL among cancer and non-cancer patients, [11,
12] and previous studies of cancer survivors indicate that depression is a major determinant
of worse HRQOL [13]. Importantly, we have limited understanding of depression among
elderly cancer survivors. To date, few studies have investigated depression among patients
with CRC [14]. We have limited understanding of who is at higher risk for positive
depression screen among CRC survivors. As reported in prior population-based studies,
depression may have a higher prevalence among patients with lower socioeconomic status
[15]. With improvements in survivorship, understanding the factors associated with
depression will be an important aspect of caring for CRC patients throughout their cancer
care continuum.

The Surveillance, Epidemiology, and End Results-Medicare Health Outcomes Survey
(SEER-MHOS) linked dataset provides a unique opportunity to investigate symptoms of
depression among cancer survivors. This dataset provides population-level insight into the
lives of cancer survivors with a particular focus on the elderly patient who struggles with
multiple confounding issues including comorbidities, social isolation, and impairments in
activities of daily living. In addition, the dataset allows for robust analysis of
sociodemographic and tumor-specific characteristics. Using the SEER-MHOS dataset, the
current study characterizes the prevalence of depressive symptoms among a population-
based sample of older (over 65) colorectal cancer survivors who have undergone resection.
The secondary aim of the study was to identify correlates of depressive symptoms among
CRC survivors. We hypothesized that a lower socioeconomic status and poor health status,
as determined by comorbidities and activities of daily living, are associated with increased
risk of depression in colorectal cancer survivors after surgery.
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Methods

Data source

We performed a retrospective cohort study using the SEER-MHOS linked dataset from 1998
to 2007, linked dataset released by the National Cancer Institute [16]. The Wake Forest
Baptist Health institutional review board approved this study. This report is in accordance
with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
statement [17].

The SEER-MHOS linked dataset is a unique and robust dataset that provides population-
based insight into the HRQOL of older US adults with cancer [16]. Both the SEER registry
and the MHOS have a long history of excellent data integrity [16, 18-22]. Since 1973, the
National Institutes of Health has funded the SEER registry. SEER is the major source for
cancer statistics in the USA and represents 28 % of the US population [23]. The SEER
dataset contains detailed records on cancer diagnosis, number of prior cancers, extent of
disease, lymph node status, tumor size, grade, site-specific surgery, radiation therapy, and
survivorship. MHOS is the first patient-reported outcomes measure used in Medicare
managed care [24]. Since 1998, MHOS has been administered annually (with a two year
follow-up survey) targeting a random sample of Medicare Advantage enrollees (over
150,000 per year). MHOS achieves a response rate around 70 % per survey cohort [25]. Data
generated from MHOS are used by the Centers for Medicare and Medicaid Services (CMS)
to guide quality improvement activities [24]. The MHOS dataset contains patient
demographics, socioeconomic data, and self-reported chronic health conditions. Quality of
life measures include the Short Form-36 (SF-36) from 1998 to 2005 then the Veterans
Affairs-12 (VR-12) from 2006 to 2007. Physical and mental component scores are then
derived from these measures [26]. SEER-MHOS is publically available.

Inclusion criteria

Using the SEER-MHOS linked dataset from 1998 to 2007, we identified all patients over 65
years old with histologically confirmed colon or rectal adenocarcinoma who completed a
MHOQOS survey after diagnosis. All study participants had undergone surgical resection.

Exclusion criteria

Patients with the following were excluded: patients with prior cancer diagnosis, unable to
determine response to survey depression questions, missing follow-up or incomplete dates,
disabled or institutionalized patients, or death within 6 months of completing survey. Figure
1 details the study cohort selection. Since the MHOS captures responses from Medicare
Advantage patients only, we excluded patients under 65 and those with disability given
unknown factors that would make them eligible for Medicare. In addition, we excluded
patients who died within 6 months of their diagnosis to ensure a study cohort of cancer
survivors.

Study variables and definitions

Patient demographics, socioeconomic data, tumor characteristics, and HRQOL data were
collected from SEER-MHOS. Demographic and socioeconomic data included age, race, sex,
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education, income, marriage status, and homeownership. Tumor and treatment
characteristics included tumor size, stage, tumor location, type of surgery, and radiation
therapy. Number of comorbidities was based on totaling responses to nine self-reported
comorbidity questions in the MHOS (hypertension, coronary artery disease, congestive heart
failure, myocardial infarction, other heart condition, stroke, chronic obstructive pulmonary
disease, diabetes, and gastrointestinal disorder). Activities of daily living were derived from
the MHOS. As in prior studies, positive depression screen was defined as an affirmative
answer to one of the three questions of diagnostic interview schedule questions and a VR-12
mental component score less than 42 [27, 28].

Statistical analysis

Results

Demographic and tumor characteristics were summarized for both the entire cohort and by
positive depression screen. Differences in means and frequencies were assessed by ANOVA
or chi-squared tests as appropriate. Univariate logistic regression was used to predict positive
depression screen, and variables with pvalues less than 0.10 were retained in a multiple
variable model. Covariates for the multiple variable model included gender, race, education,
income, home ownership, marital status, cancer site, more than two comorbidities,
impairment in more than two activities of daily living, cancer stage, type of surgery,
radiation therapy, age at survey completion, tumor size, and number of months from CRC
diagnosis to survey. All analysis was performed in SAS version 9.4 (Cary, NC) and a 0.05
significance level was used throughout the analysis. All counts less than 11 were reported as
Bless than 11" to protect respondent identity.

Patient characteristics

There were 1785 patients with histologically confirmed and resected colorectal cancer (73.3
% colon and 26.7 % rectal cancer) identified. Patient characteristics are outlined in Table 1.
The majority of patients were white (74.9 %, n= 1337). Few patients had metastatic disease
at time of diagnosis (4.6 %, n=74). The mean age was 78 years old (SD %7 years). Mean
time from diagnosis to survey was 62.3 months (SD £50.0 months) with 95.1 % (7= 1697)
of patients alive 12 months after completion of survey. Among colon cancer patients, type of
resection was as follows: partial colectomy (41.4 %, n=542), hemicolectomy (56 %, n=
733), and total colectomy (2.6 %, n= 34). Among rectal cancer patients, type of resection
was as follows: segmental (74.0 %, n= 352), abdominoperineal resection (21.4 %, n=102),
pelvic exenteration (less than 11), and pull-through with sphincter preservation (4.2 %, n=
20).

Prevalence and correlates of depression

Two hundred seventy-eight (15.6 %) patients screened positive for depression. The
prevalence of positive depression screen decreased over the study period from a high of 22.3
% in cohort 3 (2000) to a low of 8.6 % in cohort 7 (2004) (p = 0.04). For CRC survivors
surveyed within 6 months of diagnosis, positive depression screen was 22.9 % (33 of 144);
between 7 and 24 months it was 15.1 % (52 of 345); and in more than 24 months, it was
14.9 % (191 of 1276). Increasing time from diagnosis was associated with a decrease in the
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prevalence of positive depression screen (p = 0.04). Patient and tumor characteristics were
compared between patients with and without positive depression screen (Table 2). Positive
depression screen was not associated with tumor characteristics, specifically tumor type,
tumor size, and higher overall cancer stage (all p> 0.05). Positive depression screen was not
associated with extent of resection in either colon (p = 0.690) or rectal cancer patients (0 =
0.460)

Univariate analysis

Univariate analysis was performed to identify correlates of positive depression screen in
resected CRC survivors (Table 3). Patients reporting male sex, higher education, home
ownership, and were married were less likely to be associated with positive depression
screen (all p< 0.05). Non-white race (OR 1.57, 1.19-2.09 95 % CI, p< 0.002) and income
less than US$30,000 (OR 2.20, 1.57-3.08 95 % CI, p < 0.001) were associated with positive
depression screen. Patients who reported multiple comorbidities were more likely to have a
positive depression screen (OR 2.26, 1.72-2.95 95 % CI, p< 0.001). Similarly, impairment
in activities of daily living (ADLSs) was significantly associated with depressive symptoms
(OR 6.12, 4.62-8.12 95 % CI, p< 0.001).

Multiple variable analysis

Multiple variable analyses were then performed to identify independent predictors of
positive depression screen among resected CRC survivors (Table 4). Patients with multiple
comorbidities (OR 1.78, 1.25-2.52 95 % CI, p=0.001) and impairment in ADLs (OR 5.28,
3.67-7.60 95 % CI, p < 0.001) were independently associated with positive depression
screen. Socioeconomic factors independently associated with positive depression screen
were non-white race (OR 1.51, 1.05-2.17 95 % ClI, p= 0.03) and income less than US$30,
000 per year (OR 1.50, 1.02-2.22 95 % CI, p=0.04).

Discussion

This is the first population-based cohort study to investigate the association between
socioeconomic factors and mental health among elderly CRC survivors who underwent
resection. We determined that 15 % of colorectal cancer survivors who underwent resection
screened positive for depression. Previous reports indicate that the prevalence of depression
in cancer survivors varies by type of cancer and time since diagnosis [29, 30]. The
prevalence of major depression can range from 0 to 38 % and depression spectrum
syndromes can range from 0 to 58 % [30]. Prior single institution studies show that the
prevalence of depression among colon cancer survivors ranges from 13 to 25 % [30]. The
current study demonstrated a significant difference in the prevalence of depression from
early to late after diagnosis. This is consistent with prior reports that report that the
prevalence of depression among breast and gynecologic cancer survivors decreases over
time after diagnosis [29].

The current study reports on the prevalence of positive depression screening among older
colorectal cancer survivors. The true prevalence of major depressive disorder is not available
in this study cohort. Diagnosis or misdiagnosis of depression among elderly patients is
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challenging and dependent on the specific assessment or instrument used for the study. In
addition, comorbidities, such as dementia, or medication side effects further complicate
detecting depression among older age patients [31]. The challenges providers face
identifying patients with distress and depression are well recognized. New requirements by
the American College of Surgeons Commission on Cancer focus on these challenges and
require institutions to have psychosocial services for patients and a process to integrate and
monitor on-site psychosocial distress screening [32].

In the current study, the strongest predictors of positive depression screen were not tumor-
specific factors but higher number of comorbidities and impairment in activities of daily
living. Previous studies investigating the quality of life for cancer patients have indicated
that the number of comorbidities in cancer patients has a negative impact on physical and
mental health for an individual [33-35]. In a study of 2552 breast cancer survivors,
Schoormans et al. reported that comorbidities, specifically cardiovascular disease, negatively
impacted HRQOL [35]. These data would indicate that the cancer alone does not completely
account for the poor mental health of CRC survivors. Disability resulting from comorbidities
and advanced age contribute to increased prevalence of depression. This is likely secondary
to burden of the disease, decreased mobility, limited social interaction, challenges of
managing the disease, multiple medications, and complications of treatment interventions.
Prevalence of positive depression screen did decrease with time from diagnosis. This may
represent adaptation and adjustment to cancer diagnosis or reflect treatment of depression.

In the current study, lower income was an independent predictor of depression among CRC
survivors. Prior studies have found a similar association between income and quality of life
in cancer survivors [36, 37]. Ell et al. reported that the economic stress of poverty leads to
difficulties with coverage of medications and services, thus impacting one’s health-related
quality of life [37]. Krupski et al. studied prostate cancer survivors and noted that income
was a predictor of quality of life [36]. Although the current study identified an association
between income and depression in CRC survivors, we were not able to adjust for potential
financial hardship secondary to the CRC diagnosis.

Burden of disease, specifically tumor size and overall stage, were not significant predictors
of depression in CRC survivors. With a median follow-up of 5 years and the majority still
alive 1 year after their survey, the study cohort are truly cancer survivors. Therefore, we
would not anticipate larger tumor or advanced stage to have a significant impact on quality
of life or mental health. Previous studies have not found a uniform correlation between
tumor size and quality of life in cancer patients. Poulakis et al. was able to demonstrate a
statistically significant difference in HRQOL for renal cancer patients based on tumor size
[38], while another study by Earlam et al. was not able to demonstrate a significant
difference in HRQOL based on tumor size in CRC patients [39]. Using positive depression
screen as a measure for mental health, our results are consistent with the findings by Earlam
et al. [39]. In addition, the extent of resection (segmental colectomy vs. APR) was not
associated with depression after surgery for CRC survivors. This is consistent with previous
studies that demonstrated minimal difference in quality of life based on the type of operation
for rectal cancer patients [40, 41].
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With the large cohort and extended follow-up, the current study was able to adjust for
multiple confounders, such as comorbidities. However, the current study has several
limitations. First, this is a population-based study using SEER registry data [22]. We did not
have comprehensive clinical data typically available in prospective trials and thus were
unable to adjust for type and duration of chemotherapy, perioperative complications, and
presence or absence of colostomy. Similarly, we were not able to adjust for disease
recurrence or disease progression. The data obtained from SEER-MHOS were from different
registries from various locations in the US; therefore, the data may show variations on
treatment options and socioeconomic status based on the healthcare availability and location
specific to the institution. Lastly, our data reported positive depression screen for CRC
patients postsurgery. We did not know the patient’s depression status before their diagnosis
of CRC,; therefore, we were not able to characterize the development of depression over time
for an individual patient.

Conclusion

In conclusion, 15 % of older colorectal cancer survivors have depressive symptoms but these
symptoms will decrease with time after diagnosis. The major drivers of depressive
symptoms are socioeconomic factors, specifically non-white race and low income, in
addition to comorbidities and impairments in activities of daily living. These findings
highlight the importance of psychosocial support for the colorectal cancer survivor early
after their diagnosis but also need for long-term care of the whole patient including
preexisting conditions and prevention of treatment-associated disability.
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Surveys completed by colorectal cancer respondents Dropped
over 65 years old (n=7,842)
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Fig. 1.
Sample selection of colorectal cancer patients who underwent resection
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Sociodemographic and cancer characteristics of colorectal cancer survivors, age 65 years and older (V= 1785)

Variable All patients
n=1785
Age, years, mean (SD) 78 (7)
Race, no. (%)
White 1337 (74.9)
Asian or Pacific Islander 158 (8.9)
Black or African American 122 (6.8)
Hispanic 124 (7.0)
American Indian or Alaskan Native 11 (0.6)
Another race or multirace 33(1.9)
Type of cancer, no. (%)
Colon 1309 (73.3)
Rectum 476 (26.7)
SEER cancer stage, no. (%), missing =177
Localized 820 (51.0)
Regional 703 (43.7)
Distant 74 (4.6)
Unstaged 11(0.7)
AJCC 7th Edition overall stage, no. (%), missing =375
0 37 (2.6)
1 357 (25.3)
la 259 (18.4)
1b 49 (3.5)
lic 295 (20.9)
Ia 39(2.8)
1Hlb 133 (9.4)
llc 184 (13.1)
v 57 (4.0)
Tumor Size, mm, mean (SD), mean (SD), missing = 435 43.2 (20.8)
Number of months from diagnosis to survey, months, mean (SD)  62.3 (50.0)
Alive 12 months after survey, no. (%) 1697 (95.1)
Positive depression screen, no. (%) 278 (15.6)
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