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Summary
Vitamin D derivatives can modulate proliferation and differentiation of cancer
cells. Our main source of Vitamin D is ultraviolet (UV) radiation-induced synthesis in skin following sun exposure. UV measurements show that the ambient annual UV exposures increase by
about 50% from north to south in Norway. As judged from the incidence rates of squamous cell
carcinoma, the same is true for the average personal UV exposures. Solar ultraviolet B (UVB)
(280—320 nm) exhibits a strong seasonal variation with a minimum during the winter months.
The present work aims at investigating the impact of season of diagnosis and residential region,
both inﬂuencing the Vitamin D level, on the risk of death from lung cancer in patients diagnosed
in Norway.
Data on all incident cases of lung cancer between 1964 and 2000 were collected. Risk estimates were calculated as relative risk (RR), with 95% conﬁdence intervals using Cox regression
model. The seasonal variation of 25-hydroxyvitamin D was assessed from routine measurements
of 15,616 samples performed at The Hormone Laboratory of Aker University Hospital.
Our results indicate that season of diagnosis is of prognostic value for lung cancer patients,
with a ≈15% lower case fatality for young male patients diagnosed during autumn versus winter
(RR = 0.85; 95% CI, −0.73 to 0.99; p = 0.04). Residing in a high UV region resulted in a further
lowering of the death risk than residing in a low UV region.
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We propose, in agreement with earlier ﬁndings for prostate-, breast- colon cancer and Hodgkins
lymphoma, that a high level of sun-induced 25-hydroxyvitamin D can be a prognostic advantage
for certain groups of lung cancer patients, notably for young men.
Lung cancer has for several decades been the leading cause of cancer-related mortality in men
in Norway [1] and during the last two decades, became the second most common cause of cancerrelated death in women [2]. There are two main types of lung cancer: small cell lung cancer for
which chemotherapy is the primary treatment and non-small cell lung cancer, which in its early
stages is treated primarily with surgery. Gender-related differences have been described in the
literature with respect to survival after therapy, male gender being a signiﬁcant independent
negative prognostic factor [3]. In Norway the 5 years relative survival for localized tumours is
about 30% for females and 20% for males.
Calcitriol, which is the most active form of Vitamin D, is involved in key regulatory processes
such as proliferation, differentiation and apoptosis in a wide variety of cells [4—6]. Mechanisms
for these actions have been proposed to be the interaction of active Vitamin D derivatives with
a speciﬁc nuclear receptor (VDR receptor) and/or with membrane targets [4,7]. In vitro studies,
performed with lung cancer cell lines, have shown an inhibitive effect of Vitamin D derivatives on
cell-growth and proliferation [8]. Furthermore, animal studies have demonstrated the capability
of these compounds to suppress invasion, metastasis and angiogenesis in vivo [9—11], suggesting
that administration of Vitamin D derivatives may be used as adjuvant therapy for lung cancer.
Humans get optimal Vitamin D levels by exposure to sun or artiﬁcial ultraviolet B (UVB,
280—320 nm) sources [12], and possibly also by consumption of food rich in this nutrient (fat
ﬁsh, eggs, margarine, etc.) or of vitamin supplements [13]. Among these sources, solar radiation
appears to be the most important one [12]. Thus, the Vitamin D status (assessed by the serum
levels of 25-hydroxyvitamin D, calcidiol) exhibits a strong seasonal variation that parallels the
seasonal change in the ﬂuence of solar UVB that reaches the ground. During winter, the UVB
ﬂuence rate in the Nordic countries (50—71◦ N) is below the level required for Vitamin D synthesis
in skin [14]. The maximal level of calcidiol is reached between the months July and September,
and is 20—120% higher than the corresponding winter level [15—24].
Recently we hypothesised that the seasonal variation of calcidiol might be of prognostic significance for colon-, breast- prostate cancer as well as for Hodgkins lymphoma in Norway. Patients
diagnosed during summer and autumn have a better survival after standard treatment than
patients diagnosed during the winter season [25,26]. This might be a consequence of a higher
Vitamin D level. An American study investigated the effect of season of surgery and recent Vitamin
D intake on the survival of non-small cell lung cancer patients. The authors reported a signiﬁcant
beneﬁcial joint effect of summer season and high Vitamin D intake compared with winter season and low Vitamin D intake [27] while Vitamin D intake alone did not affect prognosis. Similar
results were recently reported from a large study in United Kingdom involving over a million
cancer patients including over 190,000 patients diagnosed with lung cancer [28].
Norway (58—71◦ N) has a signiﬁcant north—south variation in UV ﬂuence. This makes the country
suitable for studies relating cancer epidemiology to UV levels [29,30].
We investigated whether variations in UV, and, consequently, in Vitamin D level, inﬂuence the
prognosis of lung cancer, using season of diagnosis and residential regions as variables. Survival
data obtained for patients diagnosed over a 40 years period were compared with variations in
serum Vitamin D levels obtained from routine measurements performed in The Hormone Laboratory of Aker University Hospital during the period 1996—2001. Seasonal and gender variations in
Vitamin D level have been estimated from the analyses.
© 2006 Elsevier Ireland Ltd. All rights reserved.

1. Methods
1.1. Lung cancer population
Reporting of all new cancer cases to the Cancer Registry of
Norway has been compulsory since the registry was established in 1953. Information regarding date of birth, sex,
place of residence, primary tumour site and stage of disease at diagnosis is available throughout the study period.
The case ascertainment is based on pathology, cytology and
clinical reports. For the present study we have identiﬁed
49,518 lung cancer patients diagnosed between 1960 and

2001. From this, 3837 patients were excluded because of
the following: report by autopsy or death certiﬁcate only,
missing cause of death and no information on place of residence or date of birth. The ﬁnal study population consisted
of 45,681 eligible patients. The patients were followed from
the date of diagnosis until death, emigration or December
31, 2001, whichever occurred ﬁrst. Demographic characteristics of the eligible population are presented in Table 1. The
mean follow-up period was 21 months for females and 17.5
months for males. In the analyses, we considered two age
groups: younger and older than 50 years. The cut-off age
was chosen based on the knowledge that the Vitamin D syn-
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thetic capacity of human skin decreases with age [31] and
allowed us to consider for the survival analyses, a group of
young patients that presumably have a competent Vitamin
D synthesis system.

The mean winter concentration of serum calcidiol was 55 nmol/l for women and 46 nmol/l for men in the samples from routine measurements.
a
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470
488
2741
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2709
2956
288
269
233
296
Winter (01 December—29 February)
Spring (01 March—31 May)
Summer (01 June—31 August)
Autumn (01 September—30 November)

≤50 (n = 1943)
≤50 (n = 1086)

>50 (n = 11,191)

Men (n = 33,404)
Women (n = 12,277)

>50 (n = 31,461)

Men

1.2. Vitamin D population

Women

Percentage change in serum calcidiol
concentration in the samples from
routine measurements
Number of incident cases of lung cancer

Table 1 Number of incident cases of lung cancer by season of diagnosis in the eligible population and seasonal variation of calcidiol concentration in samples drawn for
routine analyses are shown

Seasonal and geographical variations in lung cancer prognosis in Norway

Results from routine serum calcidiol measurements, performed in 15,616 persons (aged 16—80 years) at the
Hormone Laboratory (Aker University Hospital, Oslo) from
1996 to 2001, were available and allowed estimations
of age-, gender- and season-related variations. Calcidiol
concentrations were determined by high performance liquid chromatography after ether extraction, essentially as
described in ref. [32] with an inter assay variation of 12%.

1.3. Study variables and statistical analysis
The time-points for diagnosis were grouped in four seasons:
winter (1 December—29 February), spring (1 March—31 May),
summer (1 June—31 August) and autumn (1 September—30
November). For statistical reasons we have merged the summer and autumn season and the winter and spring season
when performing analyses stratiﬁed by residential region.
Norway was divided into three residential regions (Fig. 1)
according to the calculated level of UV exposure (Fig. 2).
Additionally, to control for the real UV exposure obtained by
different populations, we have plotted the incidence rates
(IR) of squamous cell carcinoma of the skin (SCC) versus the
calculated UV dose (Fig. 3) in each of the Norwegian coun-

Fig. 1 A map of Norway showing the three residential regions
( , southeast region, high incidence rates of SCC; , midwest
region, medium incidence rates of SCC; , north region, low
incidence rates of SCC).
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Fig. 2 The UV exposure from the sun, determined by using
the CIE reference spectrum of erythema. The number in the
brackets gives the county’s number.

calculated annual UV exposures are based on available satellite measurements in the period 1980—2000.
The number of incident cases of lung cancer corresponding to each season was collected. To assess the association
between season of diagnosis and the risk of death from
lung cancer, a Cox regression ran by SPSS for Windows (SPSS
Inc., USA) was used. The relative risk of death for patients
diagnosed in each season versus winter diagnosis was evaluated while considering the following potential confounding
variables: age at diagnosis, stage of disease at diagnosis
and histology which are known predictors of survival from
lung cancer [36]. Additionally, adjustments for sex, period
of diagnosis, birth cohort and residential region were performed. All analyses were done for the ﬁrst 18 months of
follow-up.

2. Results

ties. The incidence rates were age-adjusted and the values
plotted represent an average of the period 1957—2001.
log—log plots are usually used for incidence—annual UV
dose relationships in the case of skin cancer. The reason
for this is that the relationship is not linear, but closer to
quadratic. In fact, in most cases it follows the equation:
log(incidence) = Ab log(dose), where Ab is the so-called biological ampliﬁcation factor [29]. The main city, Oslo, was
excluded from all analyses, to reduce errors that may arise
from different sun exposure habits and high immigration
rate. Oslo has the highest proportion of immigrants with 18%
of its population being of non-western origin [33].
The global solar UV irradiance (i.e. direct + diffuse radiation on a horizontal surface) was calculated with a radiative
transfer model [34,35]. Daily total ozone column amounts
measured by TOMS satellite instruments were used in the
model. The daily cloud cover for each site used in the calculations was derived from measured reﬂectivities from an
ozone insensitive channel of the same satellite instruments.
The effect of snow cover at different regions in Norway
was estimated by comparing the calculations with UV measurements from the Norwegian UV monitoring network. The

It is widely accepted that UV from the sun is the main
risk factor for SCC. Strong evidence points to a relationship between accumulated UV exposure and incidence rates
of SCC [29,30,37—39]. When plotting the age adjusted incidence rates of SCC as a function of the calculated annual
solar UV ﬂuence, our data clustered in three groups (Fig. 3).
The northern region was not included into the further
analyses. People living in this region consume large quan-

Fig. 3 Annual ambient UV exposure (D) vs. age adjusted
rate of squamous cell carcinoma (R) in Norway (1957—2001).
The relationship is described by the relationship ln R = A × ln D,
where A is the ampliﬁcation factor [29].

Fig. 4 Relative risk of death of lung cancer by season of diagnosis in Norway (winter is the reference season). Data were
stratiﬁed by age and gender. (Upper panel) Data for males and
(lower panel) data for women.
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resulted in a further lowering of the risk of death compared with residing in the midwest. Identical analysis of
the data for female patients showed no signiﬁcant association between season of diagnosis and risk of death from
lung cancer (Table 2).
Table 1 also presents the seasonal variation of calcidiol concentration, assessed in 15,616 serum samples mostly
from routine analyses of patients with suspected bone or
calcium disorders. In both genders the highest mean values
for calcidiol were achieved in the autumn and the lowest
in spring. An important gender-related difference can be
observed in the amplitude of seasonality of serum calcidiol
concentration, with the greatest amplitude for men.

tities of cod and saithe liver, especially from late summer
until spring. The season of cod ﬁshing starts around midDecember and lasts until April. Saithe liver is consumed
from late summer until September/October [15,40]. Therefore, the general intake of Vitamin D is around 17% higher in
north Norway compared with that in southeast and midwest
Norway [41].
The southeast region includes the population living in the
counties with the highest calculated UV doses and the highest incidence rates of SCC (counties 1, 2, 4 and 6—11). The
midwest region comprises the counties 5, 12 and 14—17. The
third region (counties 18—20) is excluded from the analyses
due to higher Vitamin D intake in this region than in the
other ones [41]. Table 1 shows the number of new cases of
lung cancer by season of diagnosis for the two age groups,
in males and females. The results of multivariate analysis of
the RR of death by season of diagnosis are shown in Fig. 4.
We analysed the effect of age, gender and residential region
on the seasonality of lung cancer prognosis. It is apparent
that male patients, younger than 50 years, have a signiﬁcant better survival if diagnosed during autumn or summer
relative to those diagnosed in winter (Table 2). Region of residence also had a positive impact on the improved survival
among cases diagnosed during fall. Residing in the southeast

Table 2

5

3. Discussion
The present results support the hypothesis that sun-induced
Vitamin D improves cancer prognosis. Male lung cancer
patients, younger than 50 years, have a 15% reduced risk
of dying from the disease within 18 months when diagnosed
during the summer/autumn compared with patients diagnosed during winter/spring. Additionally, when analyzing
separately the two residential regions with signiﬁcant vari-

Relative risk of death among lung cancer patients by season of diagnosis and residential region
Women (mean age 65 years)

Men (mean age 66 years)

RR death

95% CI

p-Value

RR death

95% CI

p-Value

Midwest region
Winter
Summer

1.00
0.98

Ref.
0.92—1.05

0.71

1.00
1.00

Ref.
0.96—1.04

0.7

Southeast region
Winter
Summer

0.89
0.9

0.82—0.95
0.83—0.97

0.002
0.006

0.94
0.95

0.90—0.98
0.90—0.99

0.01
0.02

Women ≤ 50 years old

Men ≤ 50 years old

RR death

95% CI

p-Value

RR death

95% CI

p-Value

Midwest region
Winter
Summer

1.00
0.74

Ref.
0.58—0.93

0.01

1.00
0.84

Ref.
0.71—1.01

0.06

Southeast region
Winter
Summer

0.82
0.88

0.64—1.05
0.68—1.14

0.1
0.3

0.82
0.75

0.69—0.99
0.62—0.90

0.04
0.003

Women > 50 years old

Men > 50 years old

RR death

95% CI

p-Value

RR death

95% CI

p-Value

Midwest region
Winter
Summer

1.00
1.01

Ref.
0.94—1.08

0.73

1.00
1.00

Ref.
0.97—1.05

0.49

Southeast region
Winter
Summer

0.89
0.91

0.83—0.97
0.84—0.98

0.006
0.01

0.95
0.96

0.91—0.99
0.92—1

0.02
0.07

Data for 18 months follow-up are shown. Spring and winter were merged into one season, here called ‘‘winter’’, which was set as the
reference category. Summer and autumn were also merged and called ‘‘summer’’. (Upper table) Data for all ages, (middle table) data
for patients younger than 50 years at diagnosis and (lower table) data for patients older than 50 years at diagnosis.
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ations in the levels of UV and SCC, it became apparent that
living in the southeast represents a further beneﬁt.

3.1. Season of diagnosis as a predictor of survival
Our hypothesis is based on the fact that the level of suninduced Vitamin D exhibits a strong seasonal variation and
on the evidence that Vitamin D derivatives act as potent
anticancer agents for lung cancer [8—11,27]. Similar correlations between the season of cancer diagnosis and survival
have been observed for breast-, colon-, prostate cancer and
Hodgkins lymphoma diagnosed in Norway [25,26,42] and,
very recently, in UK [28].
Our measured seasonal variation of the Vitamin D status
is in agreement with what is found in a number of other
Scandinavian investigations showing a 20—120% increase in
the serum calcidiol from winter to summer [15—24]. During
winter, the ﬂuence rate of solar UVB is too low in Norway to
induce any skin synthesis of Vitamin D [43]. This is reﬂected
in a low level of calcidiol. Our calcidiol analyses illustrate a
gender difference in the Vitamin D status. The data should
be interpreted with caution, since most of the samples were
from individuals at increased risk of a Vitamin D insufﬁciency. Furthermore, no information on place of residence
and Vitamin D intake was recorded.
For females, our analyses revealed no beneﬁcial prognostic effect of being diagnosed during autumn/summer. A
similar gender difference has been observed for Hodgkins
lymphoma and colon cancer patients (data not shown).
This might be a consequence of the gender difference in
the seasonality of calcidiol (Table 1). The higher amplitude of calcidiol seasonality observed for males versus
females could be explained by the different sun exposure patterns, with males exposing themselves more than
females.
Since Vitamin D synthesis in skin is age-dependent, we
have analysed survival separately in two age groups. Holick
et al. showed that a given UVB dose induces four times more
serum calcidiol in a young population (20—30 years) compared with in an older population (62—80) [44] and that the
epidermis content of 7 dehydrocholesterol (7DHC, Vitamin
D3 ’s precursor) decreases drastically with age [31]. Moreover, elderly are likely to be housebound, and, therefore,
are less sun exposed than young people [23]. The mean age
in our oldest group was close to 70, possibly explaining the
lack of association between season of diagnosis and survival
among the patients in this age group.
The reason why the best prognosis seems to be associated
with a time of diagnosis that is slightly later than the time of
maximal calcidiol concentration in serum is not known. However, it should be noted that the calcidiol maximum in many
investigations occurs after mid-summer [45—47], which may
be related to late vacations and/or to the delay time caused
by the physiological and biochemical reactions leading from
previtamin D3 formation in the skin to production of calcidiol in the liver and release into the blood. Calcidiol is
taken up by cells in tumours and in a number of other target
tissues, and is then transformed to calcitriol. It has been
proposed that calcitriol is trapped in the cells until it is
degraded [48]. This may result in a further delay, as observed
here.

3.2. Residential region
We investigated the fatality among cases in the southeast
and midwest regions, in a similar manner as we analysed
the data for the whole country. Our results show that residing in the southeast adds an extra beneﬁcial effect to the
improved summer survival.
We have previously found a seasonal variation in the
prognosis of breast, colon and prostate adenocarcinomas
and in that of Hodgkins lymphoma [25,26,42]. The prognosis was signiﬁcantly better for summer/autumn diagnosis.
This was tentatively attributed to a high Vitamin D status
in these seasons as compared with the winter. Our ﬁndings
are in agreement with other epidemiological studies indicating that cancer mortality decreases with increasing sun
exposure [49—56].
Until now, mainly calcitriol derivatives have been considered for adjuvant cancer therapy. For these compounds,
development of secondary hypercalcemia is a limiting factor for clinical application [57]. Calcitriol is believed to
be the biologically most active Vitamin D derivative in
relation to the calcium metabolism [12]. The main source
of calcitriol is hydroxylation of calcidiol in the kidneys.
However, a number of other normal and malignant tissues, including lung cancer cells [58], produce calcitriol
that control differentiation, multiplication and cell growth
by autocrine mechanisms [59—61]. Once formed, calcitriol
binds to well-known nuclear or putative membrane receptors and performs its function. Calcidiol, which is found in
500—1000 times higher concentrations in serum compared
to calcitriol, has a lower afﬁnity for the nuclear receptors
[59,62]. This has been the rationale for choosing calcitriol
in clinical testing [57].
The measurements from Hormone Laboratory, Aker University Hospital, Oslo, show no seasonal variation of the
calcitriol concentration (data not shown). Other investigations agree with this [17,21,63,64]. Therefore, we have
hypothesized that calcidiol may be a more important Vitamin D derivative than calcitriol in view of cancer prognosis
[25,26,42]. Calcidiol might act either directly by binding to
VDR receptors (since its high concentration might compensate for the lower receptor afﬁnity) or by supplying cancer
cells with the precursor of calcitriol. Hence, the role of
calcidiol should be considered in further experimental and
clinical studies.
In summary, our results suggest that Vitamin D status at
time of lung cancer diagnosis is of prognostic value. From
this perspective, further epidemiological and experimental
studies are warranted to evaluate the role of sun-induced
Vitamin D in cancer progression. The circulating level of
Vitamin D derivatives (calcidiol) needed to reduce cancer
risk and improve prognosis is currently not known. The
present work seems to indicate that levels as found in
summer play a positive role. Levels higher than previously
thought to be sufﬁcient for skeletal health have been suggested [65—68]. Safety and efﬁciency of different Vitamin D
sources should be further investigated.
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[2] Hansen S, Norstein J, Næss Å. Cancer in Norway. Report by The
Cancer Registry of Norway and Institute of Population-based
Cancer Research, Oslo, 2005.
[3] Fu JB, Kau TY, Severson RK, Kalemkerian GP. Lung cancer in
women: analysis of the National Surveillance, Epidemiology,
and End Results database. Chest 2005;127:768—77.
[4] Mehta RG, Mehta RR. Vitamin D and cancer. J Nutr Biochem
2002;13:252—64.
[5] van den Bemd GJ, Chang GT. Vitamin D and Vitamin D analogs
in cancer treatment. Curr Drug Targets 2002;3:85—94.
[6] Nagpal S, Na S, Rathnachalam R. Non-calcemic actions of Vitamin D receptor ligands. Endocr Rev 2005;26:662—87.
[7] Lin R, White JH. The pleiotropic actions of Vitamin D. Bioessays
2004;26:21—8.
[8] Guzey M, Sattler C, DeLuca HF. Combinational effects of
Vitamin D3 and retinoic acid (all trans and 9 cis) on proliferation, differentiation, and programmed cell death in two small
cell lung carcinoma cell lines. Biochem Biophys Res Commun
1998;249:735—44.
[9] Nakagawa K, Kawaura A, Kato S, Takeda E, Okano T. Metastatic
growth of lung cancer cells is extremely reduced in Vitamin D receptor knockout mice. J Steroid Biochem Mol Biol
2004;89—90:545—7.
[10] Nakagawa K, Kawaura A, Kato S, Takeda E, Okano T. 1Alpha,25dihydroxyvitamin D(3) is a preventive factor in the metastasis
of lung cancer. Carcinogenesis 2005;26:429—40.
[11] Nakagawa K, Sasaki Y, Kato S, Kubodera N, Okano T. 22Oxa-1alpha,25-dihydroxyvitamin D3 inhibits metastasis and
angiogenesis in lung cancer. Carcinogenesis 2005;26:1044—54.
[12] Holick MF. Vitamin D: photobiology, metabolism and clinical
application. In: Heersche JNM, Kanis JA, editors. Bone and
mineral research. Amsterdam: Elsevier; 1994. p. 543—62.
[13] Calvo MS, Whiting SJ, Barton CN. Vitamin D intake: a global
perspective of current status. J Nutr 2005;135:310—6.
[14] Webb AR, Kline L, Holick MF. Inﬂuence of season and latitude on the cutaneous synthesis of Vitamin D3: exposure
to winter sunlight in Boston and Edmonton will not promote
Vitamin D3 synthesis in human skin. J Clin Endocrinol Metab
1988;67:373—8.
[15] Brustad M, Alsaker E, Engelsen O, Aksnes L, Lund E. Vitamin D
status of middle-aged women at 65—71 degrees N in relation
to dietary intake and exposure to ultraviolet radiation. Public
Health Nutr 2004;7:327—35.
[16] Lamberg-Allardt C. Vitamin D intake, sunlight exposure and 25hydroxyvitamin D levels in the elderly during 1 year. Ann Nutr
Metab 1984;28:144—50.
[17] Landin-Wilhelmsen K, Wilhelmsen L, Wilske J, Lappas G, Rosen
T, Lindstedt G, et al. Sunlight increases serum 25(OH) Vitamin
D concentration whereas 1,25(OH)2D3 is unaffected. Results
from a general population study in Goteborg, Sweden (The
WHO MONICA Project). Eur J Clin Nutr 1995;49:400—7.
[18] Melin A, Wilske J, Ringertz H, Saaf M. Seasonal variations in
serum levels of 25-hydroxyvitamin D and parathyroid hormone

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]
[34]

[35]

[36]

[37]

7

but no detectable change in femoral neck bone density in an
older population with regular outdoor exposure. J Am Geriatr
Soc 2001;49:1190—6.
Mowe M, Bohmer T, Haug E. Vitamin D deﬁciency among
hospitalized and home-bound elderly. Tidsskr Nor Laegeforen
1998;118:3929—31.
Overgaard K, Nilas L, Johansen JS, Christiansen C. Lack of seasonal variation in bone mass and biochemical estimates of bone
turnover. Bone 1988;9:285—8.
Rejnmark L, Jorgensen ME, Pedersen MB, Hansen JC, Heickendorff L, Lauridsen AL, et al. Vitamin D insufﬁciency in
Greenlanders on a westernized fare: ethnic differences in calcitropic hormones between Greenlanders and Danes. Calcif
Tissue Int 2004;74:255—63.
Savolainen K, Maenpaa PH, Alhava EM, Kettunen K. A seasonal
difference in serum 25-hydroxyvitamin D3 in a Finnish population. Med Biol 1980;58:49—52.
Sem SW, Sjoen RJ, Trygg K, Pedersen JI. Vitamin D status of
two groups of elderly in Oslo: living in old people’s homes and
living in own homes. Compr Gerontol [A] 1987;1:126—30.
Valimaki VV, Alfthan H, Lehmuskallio E, Loyttyniemi E, Sahi
T, Stenman UH, et al. Vitamin D status as a determinant of
peak bone mass in young Finnish men. J Clin Endocrinol Metab
2004;89:76—80.
Robsahm TE, Tretli S, Dahlback A, Moan J. Vitamin D3 from sunlight may improve the prognosis of breast-, colon- and prostate
cancer (Norway). Cancer Causes Control 2004;15:149—58.
Moan J, Porojnicu AC, Robsahm TE, Dahlback A, Juzeniene
A, Tretli S, et al. Solar radiation, Vitamin D and survival
rate of colon cancer in Norway. J Photochem Photobiol B
2005;78:189—93.
Zhou W, Suk R, Liu G, Park S, Neuberg DS, Wain JC, et al.
Vitamin D is associated with improved survival in early-stage
non-small cell lung cancer patients. Cancer Epidemiol Biomarkers Prev 2005;14:2303—9.
Lim HS, Roychoudhuri R, Peto J, Schwartz G, Baade P, Moller
H. Cancer survival is dependent on season of diagnosis and
sunlight exposure. Int J Cancer 2006;119:1530—6.
Moan J, Dahlback A, Henriksen T, Magnus K. Biological ampliﬁcation factor for sunlight-induced nonmelanoma skin cancer
at high latitudes. Cancer Res 1989;49:5207—12.
Moan J, Dahlback A. Ultraviolet radiation and skin cancer:
epidemiologic data from Scandinavia. In: Bjørn LO, Moan J,
Nultsch W, Young AR, editors. Environmental UV photobiology.
New York: Plenum Press; 1993. p. 192—255.
MacLaughlin J, Holick MF. Aging decreases the capacity of human skin to produce Vitamin D3. J Clin Invest
1985;76:1536—8.
Falch JA, Oftebro H, Haug E. Early postmenopausal bone
loss is not associated with a decrease in circulating levels
of 25-hydroxyvitamin D, 1,25-dihydroxyvitamin D, or Vitamin D-binding protein. J Clin Endocrinol Metab 1987;64:836—
41.
Statistics Norway. http://www.ssb.no/english/subjects/02/01/
10/innvbef en/; 2005 [accessed on June 2006].
Dahlback A, Stamnes K. A new spherical model for computing
the radiation ﬁeld available for photolysis and heating rate at
twilight. Planet Space Sci 1991:671—83.
Stamnes K, Tsay SC, Wiscombe W, Jayaweera K. Numerically
stable algorithm for discrete-ordinate-method for radiative
transfer in multiple scattering and emitting layered media.
Appl Opt 1988:2502—9.
Bouchardy C, Fioretta G, De Perrot M, Obradovic M, Spiliopoulos A. Determinants of long term survival after surgery
for cancer of the lung: a population-based study. Cancer
1999;86:2229—37.
Armstrong BK, Kricker A, English DR. Sun exposure and skin
cancer. Australas J Dermatol 1997;38(Suppl. 1):S1—6.

Please cite this article in press as: Porojnicu AC, et al., Seasonal and geographical variations in lung cancer prognosis in
Norway, Lung Cancer (2007), doi:10.1016/j.lungcan.2006.11.013

+Model
LUNG-2619; No. of Pages 8

ARTICLE IN PRESS

8

A.C. Porojnicu et al.

[38] Armstrong BK, Kricker A. The epidemiology of UV induced skin
cancer. J Photochem Photobiol B 2001;63:8—18.
[39] English DR, Armstrong BK, Kricker A, Fleming C. Sunlight and
cancer. Cancer Causes Control 1997;8:271—83.
[40] Brustad M, Sandanger T, Aksnes L, lund E. Vitamin D status
in a rural population of northern Norway with high ﬁsh liver
consumption. Public Health Nutr 2004;7:783—9.
[41] Johansson L, Solvoll K. Norkost 1997 Norwegian National
Dietary Survey; Oslo, 1999;45—6.
[42] Porojnicu AC, Robsahm TE, Hansen Ree A, Moan J. Season of
diagnosis is a prognostic factor in Hodgkin lymphoma. A possible role of sun-induced Vitamin D. Br J Cancer 2005;93:571—4.
[43] Holick MF. McCollum award lecture, Vitamin D—–new horizons
for the 21st century. Am J Clin Nutr 1994;60:619—30.
[44] Holick MF, Matsuoka LY, Wortsman J. Age, Vitamin D, and solar
ultraviolet. Lancet 1989;2:1104—5.
[45] Brot C, Vestergaard P, Kolthoff N, Gram J, Hermann AP,
Sorensen OH. Vitamin D status and its adequacy in healthy
Danish perimenopausal women: relationships to dietary intake,
sun exposure and serum parathyroid hormone. Br J Nutr
2001;86(Suppl. 1):S97—103.
[46] Lund B, Sorensen OH. Measurement of 25-hydroxyvitamin D in
serum and its relation to sunshine, age and Vitamin D intake in
the Danish population. Scand J Clin Lab Invest 1979;39:23—30.
[47] Vik T, Try K, Stromme JH. The Vitamin D status of man at 70
degrees north. Scand J Clin Lab Invest 1980;40:227—32.
[48] Holick MF. Vitamin D: a millenium perspective. J Cell Biochem
2003;88:296—307.
[49] Berwick M, Armstrong BK, Ben Porat L, Fine J, Kricker A, Eberle
C, et al. Sun exposure and mortality from melanoma. J Natl
Cancer Inst 2005;97:195—9.
[50] Grant WB. An estimate of premature cancer mortality in the
US due to inadequate doses of solar ultraviolet-B radiation.
Cancer 2002;94:1867—75.
[51] Grant WB. An ecologic study of dietary and solar ultravioletB links to breast carcinoma mortality rates. Cancer
2002;94:272—81.
[52] Hanchette CL, Schwartz GG. Geographic patterns of prostate
cancer mortality. Evidence for a protective effect of ultraviolet
radiation. Cancer 1992;70:2861—9.
[53] Garland FC, Garland CF, Gorham ED, Young JF. Geographic
variation in breast cancer mortality in the United States: a
hypothesis involving exposure to solar radiation. Prev Med
1990;19:614—22.
[54] Freedman DM, Dosemeci M, McGlynn K. Sunlight and mortality from breast, ovarian, colon, prostate, and non-melanoma
skin cancer: a composite death certiﬁcate based case—control
study. Occup Env Med 2002;59:257—62.

[55] Lefkowitz ES, Garland CF. Sunlight, Vitamin D, and ovarian cancer mortality rates in US women. Int J Epidemiol
1994;23:1133—6.
[56] Grant WB, Garland CF. The association of solar ultraviolet B
(UVB) with reducing risk of cancer: multifactorial ecologic
analysis of geographic variation in age-adjusted cancer mortality rates. Anticancer Res 2006;26:2687—99.
[57] Beer TM, Myrthue A. Calcitriol in cancer treatment: from the
lab to the clinic. Mol Cancer Ther 2004;3:373—81.
[58] Jones G, Ramshaw H, Zhang A, Cook R, Byford V, White J, et al.
Expression and activity of Vitamin D-metabolizing cytochrome
P450s (CYP1alpha and CYP24) in human nonsmall cell lung carcinomas. Endocrinology 1999;140:3303—10.
[59] Zittermann A. Vitamin D in preventive medicine: are we ignoring the evidence? Br J Nutr 2003;89:552—72.
[60] Cross HS, Peterlik M, Reddy GS, Schuster I. Vitamin D
metabolism in human colon adenocarcinoma-derived Caco-2
cells: expression of 25-hydroxyvitamin D3-1alpha-hydroxylase
activity and regulation of side-chain metabolism. J Steroid
Biochem Mol Biol 1997;62:21—8.
[61] Zehnder D, Bland R, Williams MC, McNinch RW, Howie
AJ, Stewart PM, et al. Extrarenal expression of 25hydroxyvitamin d(3)-1 alpha-hydroxylase. J Clin Endocrinol
Metab 2001;86:888—94.
[62] Barger-Lux MJ, Heaney RP, Lanspa SJ, Healy JC, DeLuca HF.
An investigation of sources of variation in calcium absorption
efﬁciency. J Clin Endocrinol Metab 1995;80:406—11.
[63] Rapuri PB, Kinyamu HK, Gallagher JC, Haynatzka V. Seasonal
changes in calciotropic hormones, bone markers, and bone
mineral density in elderly women. J Clin Endocrinol Metab
2002;87:2024—32.
[64] Tjellesen L, Christiansen C. Vitamin D metabolites in normal
subjects during 1 year. A longitudinal study. Scand J Clin Lab
Invest 1983;43:85—9.
[65] Bischoff-Ferrari HA, Giovannucci E, Willett WC, Dietrich T,
Dawson-Hughes B. Estimation of optimal serum concentrations
of 25-hydroxyvitamin D for multiple health outcomes. Am J Clin
Nutr 2006;84:18—28.
[66] Gorham ED, Garland CF, Garland FC, Grant WB, Mohr SB, Lipkin M, et al. Vitamin D and prevention of colorectal cancer. J
Steroid Biochem Mol Biol 2005;97:179—94.
[67] Whiting SJ, Calvo MS. Dietary recommendations for Vitamin
D: a critical need for functional end points to establish an estimated average requirement. J Nutr 2005;135:
304—9.
[68] Whiting SJ, Calvo MS. Dietary recommendations to meet both
endocrine and autocrine needs of Vitamin D. J Steroid Biochem
Mol Biol 2005;97:7—12.

Please cite this article in press as: Porojnicu AC, et al., Seasonal and geographical variations in lung cancer prognosis in
Norway, Lung Cancer (2007), doi:10.1016/j.lungcan.2006.11.013

