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Background: The season of diagnosis of several forms of cancer has been observed to impact survival, supporting the hy-
pothesis that vitamin D, has a protective role in cancer survival. All previous studies demonstrating this sea-
sonality were performed in European populations residing at latitudes upwards of 50°N. This study investigat-
ed whether seasonality of prognosis persists in populations residing in the lower latitudes of the contiguous
United States (Latitude 21°N to 48°N).

Material/Methods: The 5-year survival data of 19 204 female breast cancer, 6740 colorectal cancer, and 1644 prostate cancer cas-
es was analyzed.
Results: Female breast cancer patients exhibited improved survival when diagnosed in the summer as compared to
the winter at all latitudes (Hazard Ratio [HR]: 0.940, 95%; Confidence Interval [Cl]: 0.938 to 0.941, P=0.002).
Colorectal cancer and prostate cancer also exhibited a similar seasonal pattern (HR: 0.978, 95% Cl: 0.975 to
0.980, P=0.008 and HR: 0.935, 95%, Cl 0.929 to 0.943, P=0.006), respectively, when the analysis was restrict-
ed to northern regions.

Conclusions: These observations contribute to the mounting evidence that vitamin D, may affect the progression of cancer.
Data also suggest that vitamin D, status at the onset of treatment may synergistically improve the prognosis
of several cancer types.
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Background

PUBLIC HEALTH

Material and Methods

Vitamin D is involved in a number of processes that are es-
sential for healthy body functions. It helps to improve mus-
cle strength and immune function and reduces many of the
inflammatory processes within our bodies. Vitamin D is also
known to promote the absorption of calcium from the gas-
trointestinal tract and to maintain adequate blood levels of
calcium and phosphate needed for bone formation, mineral-
ization, growth, and repair. Evidence supporting the protec-
tive function of vitamin D, against many forms of cancer is
mounting. A large number of ecological studies have observed
that cancer incidence and mortality rates correlate inversely
with vitamin D status [1-8]. A recent review by Grant com-
prehensively outlines the work, to date, that has been com-
pleted in the field [9].

Although the cancer-protective mechanism of vitamin D, is
not fully understood, its actions are likely to involve the acti-
vation of the vitamin D receptors (VDR). It has been well es-
tablished that activated VDR modifies cell function both ge-
nomically and non-genomically [10]. VDR has been shown to
exhibit tumor-suppressing and differentiation-inducing activ-
ities [11]. Promotion of apoptosis as well as inhibition of an-
giogenesis and metastatic potential has also been attribut-
ed to VDR [10,11]. In addition, Vitamin D, has been observed
to act synergistically with several chemotherapeutic agents
[12-17]. VDR expression is known to increase during the de-
velopment of breast, colon, and prostate cancers, suggesting
that these cancer types may be particularly susceptible to vi-
tamin D treatment [18].

Most people get the vitamin D they need through sunlight
exposure. It can also be obtained through the diet, but very
few foods naturally contain vitamin D. Previous studies have
demonstrated that for several forms of cancer, the season
of diagnosis may influence cancer survival rates [19-21].
Individuals diagnosed in the summer or autumn months,
where most individuals are outdoors during the longer days,
were found to have a survival advantage over those diagnosed
in the winter or spring months. Many of the studies linking
cancer survival and season of diagnosis were performed in
European populations residing at latitudes above 50°N [19—
21]. To our knowledge, no studies have demonstrated the
same seasonal pattern of cancer survival in the lower lati-
tudes of the contiguous United States (24°N to 49°N). Using
the National Cancer Institute’s SEER*Stat SEER 17 database,
this study investigated any association between seasonali-
ty and prognosis in cancers of the female breast, colon, rec-
tum, and prostate.

Cancer survival data

The National Cancer Institute compiles data covering 26%
of the US population. The Surveillance Epidemiology and
End Result (SEER) database, a subset of the National Cancer
Institute, contains cancer incidence and survival data from
17 geographic regions reporting between the years 1973 to
2008 [22]. The Kaplan-Meier method was used to calculate
observed survival for female breast, colorectal, and prostate
cancers using the National Cancer Institute’s SEER*Stat ver-
sion 7.0.5. Inclusion criteria included all malignant cases diag-
nosed in Atlanta (Metropolitan), Connecticut, Detroit, Hawaii,
lowa, New Mexico, San Francisco-Oakland SMSA, Seattle, and
Utah between 1973 and 2002. Cases were included only if the
cancer of diagnosis was also the cause of death. Skin vitamin
D, production decreases with age [23]; therefore, individuals
50 and older are less able to convert vitamin D to its active
form; therefore, the subject age range was limited to 50-64
years of age for colorectal and prostate cancer. Menopausal
status was an additional consideration for the breast cancer
age selection. Since the SEER*Stat database does not collect
menopausal status data, a post-menopausal population was
approximated by selecting for females 50 to 64 years of age,
as per SEER*Stat recommendations [23]. All non-white races
were excluded as well as SEER regions that began data collec-
tion between 1992 and 2000.

UVB data

The most populous city within the each SEER region was used
to estimate average UVB irradiation in that region. The only
exception is for SEER region “Connecticut - 1973+” because UV
Index (UVI) data could not be obtained for the city of Bridgeport,
CT. For “Connecticut — 1973+”, Hartford, CT, was used instead
for both UVB. UVI data was obtained for each region for the
year 1995 (the earliest year for which complete annual data
was available) from the National Ocean and Atmospheric
Administration (NOAA) [24]. NOAA computes UVI using fore-
casted ozone data, a radioactive transfer model, forecasted
cloud amounts, climatological aerosol loading, variable snow
and bare earth albedo, as well as elevation [24]. UVB irradi-
ation, ranging from 280 to 315 nm, was calculated from UVI
data using the following relationship:

UVB W-m) = 18.9 x UVI [25].

280-315 (
Daily UVB irradiation data was used to calculate summer and
winter irradiation averages for each SEER region. Summer
was defined as June 1 to July 31 and winter was defined as
December 1 to February 28. The peak seasonal irradiation
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Table 1. Breast cancer 5 year mortality hazard ratio by season of diagnosis.

Summer: Winter
ratio of UVB
irradiance

Included

latitudes (°N) Season

21.3to 47.6 1.8 to 8.1

P-Value

95% ClI for hazard ratio.

averages were used to calculate summer-to-winter ratios of
UVB irradiation (S: W ratios).

Latitude data

Latitude of the most populous city in each SEER region was
obtained from the US Census Bureau [26]. For SEER region
“Connecticut — 1973+”, Hartford, CT, was used in lieu of
Bridgeport due to the absence of UVI data for Bridgeport.

Statistical analysis

A log rank test was performed on the Kaplan-Meier observed
survival data. Cox proportional hazards model was used to an-
alyze each cancer type for variation in 5-year survival, strati-
fied by season of diagnosis. Seasons were defined as follows:
winter is December 1 to February 28; spring is March 1 to May
31; summer is June 1 to July 31; and fall is September 1 to
November 30. Survival of each season was compared to that
of winter. All aforementioned SEER regions were included in
the primary analysis of each cancer. For cancer types that did
not exhibit seasonality, secondary analyses were performed
after controlling for latitude.

A series of intermediate analyses were performed in which
minimum latitude was progressively elevated in a step-wise
fashion. The minimum latitude was initially set at 37°N. For
each analysis in the series, only SEER regions located at or
above the minimum latitude would be included in the sam-
ple. For the final analysis of colorectal cancer, SEER regions
located at 42.2°N latitude and above were included for anal-
ysis. Prostate cancer regions were restricted to those locat-
ed at 47.6°N.

A ratio of the average summer time to winter time peak irra-
diances was calculated (S: W ratio). Simple linear regression
was performed between S: W ratio and latitudes of SEER re-
gions were included in the analysis. All data was analyzed
using GraphPad Prism Version 5.01 (GraphPad Software Inc,
2012, La Jolla, CA).

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

S:W ratio

0
20 30 40 50
Latitude (°N)

Figure 1. Simple linear regression analysis of S: W ratio vs.
latitude.

Results

For breast cancer analysis, when all SEER regions were includ-
ed, 19 204 cases met our inclusion criteria with 24.15% (4638)
cases diagnosed in the winter, 25.69% (4934) cases diagnosed
in the spring, 25.49% (4895) cases diagnosed in the summer,
and 24.67% (4737) cases diagnosed in the fall. Hazard ratios
for each season of diagnosis are displayed in Table 1. Female
breast cancer cases diagnosed in the summer (HR: 0.940, 95%
Cl: 0.938 to 0.941, P=0.002) showed a significant survival ad-
vantage over those diagnosed in the winter. No difference in
survival was observed between cases diagnosed in the win-
ter compared to spring (HR: 0.993, 95% Cl: 0.990 to 0.995,
P=0.70) nor winter compared to fall (HR: 0.992, 95% Cl: 0.989
to 0.994, P=0.70). When similar analyses were performed for
colorectal cancer and prostate cancer, a seasonality pattern
of cancer survival was not observed.

Simple linear regression demonstrated that S: W ratio and lati-
tude are positively correlated (slope: 0.25, 95% Cl: 0.19 to 0.31,
R2 0.93) (Figure 1). Puget Sound (Seattle), located at the high-
est latitude of all SEER regions (47.62°N), exhibited the great-
est summer-to-winter differential (S: W ratio 8.07). Hawaii, lo-
cated at the lowest latitude (21.32°N), was calculated to have
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Table 2. Latitude and S: W ratio by SEER region.

Summer:
Winter ratio of
UVB Irradiance

Latitude
(°N)

SEER region

Seattle (Puget Sound)

o7as 47.6 8.1
Detroit (Metropolitan)

— 1973+ 424 6.9
Connecticut — 1973+ 41.8 6.3
lowa — 1973+ 41.6 5.9
Utah — 1973+ 40.8 5.8
San Francisco-Oakland

SMSA - 1973+ 378 >4
New Mexico — 1973+ 35.1 3.8
Atlanta (Metropolitan)

19754 33.8 3.6
Hawaii — 1973+ 21.3 1.8

the lowest S: W ratio (S: W ratio 1.83). All calculated S: W ra-
tios are shown in Table 2.

A total of 6740 patients met the inclusion criteria for the
colorectal cancer analysis. Of this total, 24.70% (1665) were
diagnosed in the winter, 25.83% (1741) in the spring, 25.27%
(1703) in the summer, and 24.20% (1631) in the fall. The
colorectal cancer subjects from regions between 42.2°N and
47.6°N exhibited improved survival when diagnosed in the sum-
mer as compared to the winter (HR: 0.978, 95% Cl: 0.975 to
0.980, P=0.008) (Table 3). In addition, significant improvements
in survival were also observed in the spring and fall groups as
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compared to the winter (HR: 0.984, 95% Cl: 0.980 to 0.987,
P=0.004; HR: 0.991, 95% Cl: 0.987 to 0.993, P<0.0001, respec-
tively). Hazard ratios for each season of diagnosis for colorec-
tal cancer analyses are summarized in Table 3. The S: W ratio
in the regions analyzed ranged from 6.9 to 8.1.

For the prostate cancer analysis, 1644 subjects met the selec-
tion criteria, with 23.26% (384) cases being diagnosed in the
winter, 26.28% (432) in the spring, 23.54% (387) in the sum-
mer, and 26.82% (441) in the fall. Prostate cancer cases did
not exhibit a similar survival seasonality until the latitude was
limited to 47.6°N (HR: 0.935, 95% Cl 0.929 to 0.943, P=0.006)
(Table 3). No significant differences in survival were observed
between spring and winter (HR: 1.035, 95% Cl: 1.028 to 1.042,
P=0.15) or fall and winter (HR: 1.004, 95% Cl: 0.997 to 1.011,
P=0.87) for prostate cancer diagnoses. Hazard ratios for pros-
tate cancer analyses are shown in Table 3. At the latitude of
analysis, the S: W ratio was calculated to be 8.1.

Discussion

Previous studies have shown that abnormal regulation of ad-
hesion proteins such as Wnt/beta-catenin signaling and sub-
sequently increased beta-catenin expression is involved in
the proliferation and growth of colon cancer cells. However,
many of these studies did not investigate whether the down-
regulation of beta-catenin in colon cancer may result in com-
promised invasion and migration in vitro. [27]. In this current
study, when all SEER regions were taken into account, females
diagnosed with breast cancer in the summer exhibited signif-
icantly improved 5-year survival compared to females diag-
nosed in the winter. This finding is consistent with the results
of several similar studies undertaken in European populations

Table 3. 5 year cancer mortality hazard ratio by season of diagnosis adjusted for latitude.

Cacner Latitude(s) Summer: Winter

type included (°N)

ratio of UVB
irradiance

Season

P-Value

Winter

Colorectal

Prostate 47.6 8.1

1.000 1.000 1.000 1.000
"""" 0984 0080 098 0004
"""" 0978 0975 09% 0008
"""" 0991 0987 0993 <0000l
1000 1000 1000 1000
w18 1o 015
"""" 0935 099 0942 0006
1004 0997 1o 087

95% ClI for hazard ratio.
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[18,28]. Recent studies have suggested that microRNA-10b
(miR-10b) acts as a promoter of metastasis in breast cancer,
although the underlying mechanism remains largely unknown.
E-cadherin (E-cad) adhesion protein seems to be a potential
target of miR-10b. Yong Liu et al. state that the existence of a
novel E-cadherin-related mechanism by which miR-10b mod-
ulates breast cancer metastasis exists and that miR-10b may
be a useful biomarker of advanced progression and metasta-
sis of breast cancer [29].

A recent study, using data extracted from the SEER database,
did not show any overall seasonality in cumulative probabil-
ity of death from breast cancer [30]. Interestingly, a seasonal
variation in tumor stage at the time of diagnosis was detect-
ed by the authors, with spring having the highest proportion
of localized tumors. Cancers such as breast cancer are under
hormonal control and therefore highly influenced by fluctuat-
ing menstrual hormones in pre-menopausal women [31]. These
hormone-positive tumors can be age-specific and are under
the control of receptors for estrogen (ER) and progesterone
(PgR). In addition to this cyclical variance in menstrual hor-
mones, breast cancer ER and PgR expression has been dem-
onstrated to exhibit circannual rhythmicity [31]. ER and PgR
expression reaches a nadir during the spring season [32-36],
which explains the localized restriction of tumor growth seen
during spring in a previous study [30]. Because 50%-80% of
invasive breast cancers are hormone-responsive [37], the com-
plex interactions between rhythmic hormone and hormone re-
ceptor levels may have concealed any seasonal survival pat-
terns caused by vitamin D, production. Consistent with this
hypothesis are observations that breast cancers diagnosed
pre-menopausally can exhibit seasonality of prognosis, but
only in receptor-negative cancers [38].

Studies have also shown that the capacity for UVB-stimulated
cutaneous vitamin D, synthesis declines with advancing age
[22]. In a study investigating the seasonality of prostate can-
cer survival, although all age groups exhibited improved sur-
vival when cancer was diagnosed in the summer, the greatest
improvement was seen in the youngest age group [20]. Thus,
failure to adjust for the advanced age of subjects during analy-
sis may obscure the effects of vitamin D, on seasonal survival.

In the current study, to control for menstruation-related hor-
monal variance, a post-menopausal population was selected
for analysis. The decline and cessation of ovarian hormonal
synthesis may cause the effects of other hormones on breast
cancer survival to become more apparent [37]. Additionally, by
limiting subject age to a maximum of 64 years, we attempt-
ed to exclude individuals who may have impaired vitamin D,
synthesis [20]. The age limits used in the current study may
explain the observed seasonal pattern of breast cancer sur-
vival that was absent in the Stajner study [30].
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Table 4. Latitude ranges analyzed in the current study and
recent studies.

Study Region r::tgi:u(g:l)
United States™ 21 to 48
CNoway to71
United Kingdom™ sotos2

* Latitude range of SEER regions included in analyses;
** Latitude range of South East England [21,40].

Similar analyses based on all combined SEER regions did not
demonstrate seasonality of prognosis for colorectal and pros-
tate cancers. Previous studies observed a link between the sur-
vival rate of various cancers and season of diagnosis. These
studies, however, were performed in regions located at more
northerly latitudes than the contiguous United States, such as
Norway [19,20] and the United Kingdom [21] (Table 4). The large
solar zenith angles (SZA) associated with winter at high lati-
tudes result in an increased amount of UVB absorption by the
ozone layer [39]. Cutaneous vitamin D, synthesis relies on the
conversion of 7-dehydrocholesterol to pre-vitamin D, by solar
UVB,g, 45 my Fadiation [40]. In regions located above 37°N lat-
itude, during late fall and winter (November to February) UVB
irradiation is attenuated by amounts upwards of 80%, limit-
ing the potential for vitamin D, synthesis [41]. Conversely, at
latitudes below approximately 37°N, vitamin D, can be reliably
produced throughout the year [39,41]. Because these high lat-
itudes exhibit a large disparity between summer and winter
UVB irradiation levels, summer and winter vitamin D, levels of
residents of those regions are also likely to vary greatly. It fol-
lows that the relatively low latitude of the United States would
not provide a sufficient difference in UVR and, consequent-
ly, vitamin D, levels between summer and winter to produce
any seasonality patterns for survival for all types of cancers.

To examine regions with the greatest differential between
summer and winter UVB irradiation levels, only regions locat-
ed at higher latitudes (above 37°N) were included in second-
ary analyses. Significant survival advantages were observed
for colorectal and prostate cancers diagnosed during the sum-
mer at latitudes above 42.4°N and at 47.6°N, respectively. The
S: W ratio of UVB irradiation correlated linearly with latitude.
These data are consistent with the hypothesis that vitamin D,
status at the time of diagnosis may improve cancer survival.

Of the 3 cancer types investigated in the current study, the
effects of seasonality were most pronounced in the female
breast cancer group. Several other authors have previously
commented on this trend [18,21,43,44] but no explanatory
hypothesis has been proposed. The tumor-suppressing and
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differentiation-inducing actions of VDR have been generalized
to many cancer types [11]. Specific mechanisms for the sup-
pressions of breast cancer have also been attributed to VDR
[10,45,44]. Activated VDR has been demonstrated to down-
regulate ER synthesis and ER activity [10,45]. As previously
mentioned, ER and PgR exhibit circannual rhythmicity and a
pattern of rhythmicity persists even after menopause [31,36].
Because hormone receptor concentrations are fundamental
predictors of breast cancer outcome, the interaction between
the rhythmicity of vitamin D, and the rhythmicity of ER may
be important in recognizing the strength of the relationship
between female breast cancer and seasonality of prognosis.
After diagnosis and treatment, many women seek breast re-
construction as a means of maintaining aesthetic beauty. The
internal mammary artery and vein are often used as sites of
anastomoses in microvascular breast reconstruction because
this area supports lymphatic drainage of the breast. However,
its role in breast cancer metastasis remains unclear. Christoph
Andree et al. concluded that the internal mammary lymphat-
ic drainage system is an important and often underappreciat-
ed pathway for breast cancer metastasis. Their findings indi-
cate that routine sampling of these lymph nodes at the time
of microvascular breast reconstruction is easy to perform and
is a useful tool for identifying women who might require ad-
ditional treatment and to increase cancer-free survival. [46]

The present study has several limitations, including limitations
of the data available from the SEER database. Factors that may
affect vitamin D status but could not be controlled for in this
study include vitamin D dietary intake [2,48], obesity [2,48],
physical activity, alcohol consumption [2], smoking [2], and
socioeconomic status [2]. These limitations accounted for the
inconsistency in results between the findings in the literature
because of the challenges of conducting studies observing in-
dividual behaviors. Measuring blood levels of vitamin D avoids
some of the limitations of assessing dietary intake. However,
vitamin D levels in the blood vary by race, with the season (as
discussed within this review), and possibly with the activity
of genes whose products are involved in vitamin D transport
and metabolism. These variations complicate the interpreta-
tion of studies that measure the concentration of vitamin D
in serum at a single point in time. The use of S: W ratio may
also have limited interpretation value. The ratio was a con-
venient method to calculate a crude estimation of the differ-
ence in seasonal UVB irradiation of each region. The actual
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Conclusions

Vitamin D is involved in a number of processes that are es-
sential for healthy body functions. It helps to improve mus-
cle strength and immune function and reduces many of the
inflammatory processes within our bodies. Vitamin D is also
known to promote the absorption of calcium from the gas-
trointestinal tract and to maintain adequate blood levels of
the calcium and phosphate needed for bone formation, min-
eralization, growth, and repair. Many ecological studies have
observed that cancer incidence and mortality rates corre-
late inversely with vitamin D, status [1-8]. Individuals living
in southern latitudes were found to have lower rates of inci-
dence and death for colorectal, breast, and prostate cancers
than those living at northern latitudes. Because sunlight/UV
exposure is necessary for the production of vitamin D,, it was
hypothesized that variation in vitamin D levels accounted for
the observed relationships. Other investigators have also dem-
onstrated that in several European populations season of di-
agnosis is a prognostic factor for many cancer types [19-21].
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entiation and death of cancer cells, or slowed their prolifer-
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the US using data obtained from the SEER database. The ob-
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cancer prognosis is latitude-dependent. The findings of this
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ing the role of vitamin D, as a protective agent against sev-
eral forms of cancer.
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