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The overall death rates are highest in the winter season in
many countries at high latitudes. In some but not all countries,
this is also true for more specific diseases such as cancer,
cardiovascular diseases and influenza. For internal cancers
we find no consistent, significant seasonal variation, neither
of incidence nor of death rates. On the other hand, we find a
significant seasonal variation of cancer prognosis with season
of diagnosis in Norway. Best prognosis is found for summer
and autumn diagnosis; i.e., for the seasons of the best status
of vitamin D in the population. There were no corresponding
seasonal variations, neither of the rates of diagnosis, nor of the
rates of death which could explain the variations of prognosis.
The most likely reason for this variation is that the vitamin D
status in Norway is significantly better in summer and autumn
than in winter and spring. Earlier, seasonal variations have
been explained by circannual variations of certain hormones,
but the data are not consistent.

Introduction

Incidence, as well as prognosis, of several types of cancer seem
to be related to the vitamin D status. Thus, most case-control
epidemiological studies indicate that a high intake of vitamin D
reduces the risk."> Furthermore, several studies of the relation-
ship between 25-hydroxyvitamin D [25(OH)D] concentrations
in serum and risk of cancer show low risks for groups with high
25(OH)D levels.®”

Several of these studies may suffer from weaknesses, the most
important one being that the “latency” time for internal cancer
is likely to be long. Thus, vitamin D consumption and photo-
synthesis, as well as serum 25(OH)D levels 10-25 years prior to
cancer diagnosis, may be more important than those immedi-
ately before detection.?

Ecological studies are stronger on this point, being based on
the fact that photosynthesis in skin is the most important source
of vitamin D. Several studies seemingly show that there is a cor-
relation of latitude with internal cancer incidence- or death rates.
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Under otherwise similar conditions, the annual vitamin D photo-
synthesis increases by about 50% per 10° decrease in laticude."
That solar radiation may lower cancer risk was first proposed in
1937." An inverse association between latitude and cancer mor-
tality was found in 1941."” Garland and Garland" verified this for
colon cancer, a finding later confirmed by several other investiga-
tors.'""" Living in a rural area, as well as migrating southwards,®
reduces the risk.”'®

In a prospective study it was found that low levels of vitamin
D may be associated with increased risk of both incidence and
mortality.

Norway is a country stretching over a long south-north dis-
tance (58-71 N) and with a homogeneous population with
respect to skin type and ethnicity. Hence, we decided early in the
1990s to look for latitude gradients of incidence and death rates
of common cancers. No such gradients were detected, which was
later found to be due to a larger consumption of vitamin D-rich
food in the north,”" almost exactly balancing the lower annual
vitamin D synthesis by the sun.” Since vitamin D levels vary with
the season, we decided to study seasonal variations of cancer
prognosis, incidence and death rates.

Results and Discussion

Together with researchers from the Norwegian Cancer
Registry, we were the first to investigate the variation of can-
cer prognosis with season of diagnosis.? A better prognosis for
cases diagnosed in summer and autumn than in winter and
spring was found. This was attributed to the seasonal variation
of serum 25(OH)D levels, although contributions from other
factors were not excluded. The work was continued, and the
findings were confirmed for several types of cancer.”?*?% In
most investigations we found no latitudinal gradient, although
for breast cancer and lung cancer a small but not significant
gradient was seen.??

Cutaneous, malignant melanoma (CMM), is a special case,
since this cancer is likely to be caused by sun exposure, notably by
erythemogenic exposures. As expected, the number of diagnosis
was lowest in the months of vacation (July, December) but also
for CMM the fatality was lowest for patients diagnosed in the
summer season.>®

Our findings are supported by a similar, recent large investiga-
tion in the UK” and one from USA.?® The UK investigators later
found that the seasonal variation in prognosis became smaller

Dermato-Endocrinology 55



when they adjusted for the generally higher mortality in winter.?”’
However, a reduced mortality among women diagnosed with
breast cancer in the autumn was still observed.

It has been estimated that an increment of 25 nmol/l in serum
25(OH)D would give a 17% reduction in total cancer incidence
and a 29% reduction in total cancer mortality.” The fact that the
reduction in mortality is larger than that in incidence, indicates
that a high 25(OH)D level leads to decreased fatality, as sug-
gested by our data,”?*%
similar to what we can estimate, using a summer 25(OH)D level

and the magnitude of the reduction is

throughout the year and assuming that the overall prognosis to
be as good throughout the year as found for summer diagnosis,
i.e., 20-30% better than for winter diagnosis.

Consistent with our data the five-year case-fatality from colon
cancer seems to decrease with latitude in the US population,®
and the odds ratio for 25(OH)D in serum samples taken in win-
ter and spring had a stronger inverse correlation with colorectal
adenomas than did those taken in summer and fall.*!

The interaction of dietary intake of vitamin D and photosyn-
thesis remains largely unknown. In an attempt to elucidate this
problem we extended our first study of colon cancer’ and divided
Norway into three regions, one with a high annual UV dose,
one with a low UV dose and one with a low UV dose and a high
vitamin D intake in the population.? Since photosynthesis of
vitamin D decreases with age, we also investigated different age
groups. Attention was paid to frequencies of vacation to south-
ern latitudes and sex differences. We verified that calculated and

measured annual UV exposures”?

are relevant for real exposures
by studying the incidence rates of squamous cell carcinomas of
the skin in each of the three regions.

Recently, Holmberg et al. studied the prognosis of breast
and prostate cancer and found that for these cancers there was a
higher hazard ratio of death for persons diagnosed in the sum-
mer, notably in July—August.* The time point of this high haz-
ard ratio coincided with a low mean number of diagnosis and
a high proportion of advanced cases diagnosed in the summer.
Thus, the high hazard ratio was attributed to late presentation,
leading to poor prognosis. We tried to look for a similar rela-
tionship in our data, but did not find it.”> As exemplified in the
case of colon cancer in Figure 9 in ref. 22 there are small dips
in the incidence numbers in July and December (vacations),
but no corresponding time points of poor prognosis. In fact the

opposite is found: A surprisingly good prognosis for December
diagnosis. If the diagnostic rate had been constant throughout
the year, the prognosis for December diagnosis would have been
even better than shown in our work.?> We have no explanation
for the delay between maximal vitamin D status (July—August)
and time point for diagnosis leading to optimal prognosis
(November-December, Fig. 9 in ref. 22). We have proposed
that the following factors might play roles: seasonal variations
of vitamin D intake, rapid winter worsening of the vitamin
D status, generally poor health around mid winter (influenza
etc.), high intake of fat food around Christmas diluting vitamin
D and long-term storage of active vitamin D metabolites in the
body. Neither can circannual variations of hormonal status be
ruled out. Such factors were proposed to explain seasonal varia-
tions of prognosis of breast cancer.>* In these early investiga-
tions patterns different from ours was found: Longer survival
for spring—summer diagnosis in Australia* and for October—
June diagnosis in Finland.?

The role of vitamin D status for prostate cancer has been stud-
ied in Finland® and in Norway.’® In Finland both high (above
80 nM) and low (below 19 nM) vitamin D levels in serum were
associated with higher risk. In Norway medium (50-80 nM)
and high (above 80 nM) levels were significantly related to better
prognosis. Both of these studies support a positive role of vitamin
D, but they cannot be directly compared since one study con-
cerns risk and the other one concerns prognosis.

In summary, the Norwegian data support a positive role of
vitamin D for cancer prognosis. The prognosis is best for summer
and autumn diagnosis and therapy start i.e., for time points of
optimal vitamin D status.

Materials and Methods

The methods of acquiring data on cancer incidence rates, death
rates and prognosis from The Cancer Registry of Norway, for
the vitamin D status in different seasons within Norway and the

statistical methods we used have also been described.”**!

Acknowledgements
The present work was supported by The Norwegian Cancer
Society and by Helth South, Norway. Thanks to Alina Porojnicu
for help in treating the data.

References
Chen P, Hu B, Xie D, Qin Y, Wang E Wang H. Meta-

analysis of vitamin D, calcium and the prevention of
breast cancer. Breast Cancer Res Treat 2009; 121:469-

5. Lipworth L, Rossi M, McLaughlin JK, Negri E, 10.

Talamini R, Levi E et al. Dietary vitamin D and cancers
of the oral cavity and esophagus. Ann Oncol 2009;
20:1576-81.

Moan ], Porojnicu AC, Dahlback A, Setlow RB.
Addressing the health benefits and risks, involving vita-
min D or skin cancer, of increased sun exposure. Proc

Natl Acad Sci USA 2008; 105:668-73.

6. Garland CE, Gorham ED, Mohr SB, Garland FC. 11. Peller S, Stephenson CS. Skin irritation and cancer in the
77. Vitamin D for cancer prevention: global perspective. United States Navy. Am J Med Sci 1937; 194:326-33.
2. Ferraroni M, La VC, D’Avanzo B, Negri E, Franceschi Ann Epidemiol 2009; 19:468-83. 12. Apperly FL. The relation of solar radiation to cancer
S, Decarli A. Selected micronutrient intake and the risk 7 Giovannucci E, Liu Y, Rimm EB, Hollis BW, Fuchs mortality in North American. Cancer Res 1941; 1:191-5.
of colorectal cancer. Br ] Cancer 1994; 70:22-5. CS, Stampfer M]J, Willett WC. Prospective study of 13, Garland CFE, Garland FC. Do sunlight and vitamin D
3. LaVC, Braga C, Negri E, Franceschi S, Russo A, Conti predictors of vitamin D status and cancer incidence and reduce the likelihood of colon cancer? Int ] Epidemiol
E, et al. Intake of selected micronutrients and risk of mortality in men. ] Natl Cancer Inst 2006; 98:451-9. 1980; 9:227-31.
colorectal cancer. Int ] Cancer 1997; 73:525-30. 8. Garland C, Shekelle RB, Barret-Connor E, Criqui 14. Freedman DM, Dosemeci M, McGlynn K. Sunlight
4. Lappe JM, Travers-Gustafson D, Davies KM, Recker MH, Rossof AH, Paul O. Dictary vitamin D and and mortality from breast, ovarian, colon, prostate and
RR, Heaney RP. Vitamin D and calcium supplementa- calcium and risk of colorectal cancer: a 19-year prospec- non-melanoma skin cancer: a composite death cer-
tion reduces cancer risk: results of a randomized trial. tive study in men. Lancet 1985; 1:307-9. tificate based case-control study. Occup Environ Med
Am ] Clin Nutr 2007; 85:1586-91. 9. Moan ], Porojnicu AC, Robsahm TE, Dahlback A, 2002; 59:257-62.
Juzeniene A, Treti S, Grant W. Solar radiation, vita- 15. Gorham ED, Garland CF, Garland FC. Acid haze air
min D and survival rate of colon cancer in Norway. ] pollution and breast and colon cancer mortality in 20
Photochem Photobiol B 2005; 78:189-93. Canadian cities. Can J Public Health 1989; 80:96-100.
56 Dermato-Endocrinology Volume 2 Issue 2



20.

21.

22.

23.

24.

Grant WB. An estimate of premature cancer mortality
in the U.S. due to inadequate doses of solar ultraviolet-
B radiation. Cancer 2002; 94:1867-75.

Mizoue T. Ecological study of solar radiation and can-
cer mortality in Japan. Health Phys 2004; 87:532-8.
Ziegler RG, Devesa SS, Fraumeni JF Jr. Epidemiologic
patterns of colorectal cancer. Important Adv Oncol
1986; 209-32.

Lagunova Z, Porojnicu AC, Dahlback A, Berg JP, Beer
TM, Moan J. Prostate cancer survival is dependent on
season of diagnosis. Prostate 2007; 67:1362-70.

Moan ], Porojnicu A, Lagunova Z, Berg JP, Dahlback
A. Colon cancer: prognosis for different latitudes, age
groups and seasons in Norway. ] Photochem Photobiol
B 2007; 89:148-55.

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 ], Dahlback A, Lagunova Z, Cicarma E,
Porojnicu AC. Solar radiation, vitamin D and cancer
incidence and mortality in Norway. Anticancer Res
2009; 29:3501-9.

Porojnicu AC, Robsahm TE, Ree AH, Moan J. Season
of diagnosis is a prognostic factor in Hodgkin’s lym-
phoma: a possible role of sun-induced vitamin D. Br J
Cancer 2005; 93:571-4.

Porojnicu AC, Lagunova Z, Robsahm TE, Berg JD,
Dahlback A, Moan J. Changes in risk of death from
breast cancer with season and latitude: sun exposure
and breast cancer survival in Norway. Breast Cancer Res

Treat 2007; 102:323-8.

www.landesbioscience.com

25.

26.

27.

28.

29.

30.

31.

32.

Porojnicu AC, Robsahm TE, Dahlback A, Berg JD,
Christiani D, Bruland OS, Moan J. Seasonal and
geographical variations in lung cancer prognosis in
Norway. Does Vitamin D from the sun play a role?
Lung Cancer 2007; 55:263-70.

Moan ], Porojnicu AC, Dahlback A. Epidemiology
of Cutaneous Malignant Melanoma. In: Ringborg U,
Brandberg Y, Breitbart EW, Greinert R. Skin Cancer
Prevention NY, USA: Informa Healthcare 2007;179-201.
Lim HS, Roychoudhuri R, Peto J, Schwartz G, Baade
P, Moller H. Cancer survival is dependent on season
of diagnosis and sunlight exposure. Int ] Cancer 2006;
119:1530-6.

Stajnerm I. Season of breast cancer diagnosis and prob-
ability of death from breast cancer in the united states.
Int J Cancer 2009.

Roychoudhuri R, Robinson D, Coupland V, Holmberg
L, Moller H. Season of cancer diagnosis exerts distinct
effects upon short- and long-term survival. Int ] Cancer
2009; 124:2436-41.

Kosary C. SEER cancer statistics review 1973-1992.
Tables and Graphs, National Cancer Institute, Bethesda,
MD 1996; 131-68.

Peters U, McGlynn KA, Chatterjee N, Gunter E,
Garcia-Closas M, Rothman N, Sinha R. Vitamin D,
calcium and vitamin D receptor polymorphism in
colorectal adenomas. Cancer Epidemiol Biomarkers
Prev 2001; 10:1267-74.

Holmberg L, Adolfsson J, Mucci L, Garmo H, Adami
HO, Moller H, et al. Season of diagnosis and prognosis
in breast and prostate cancer. Cancer Causes Control

2009; 20:663-70.

Dermato-Endocrinology

33.

34.

35.

30.

Joensuu H, Toikkanen S. Association between the
month of diagnosis and prognosis in breast carcinoma.
Br J Cancer 1991; 64:753-6.

Mason BH, Holdaway IM, Stewart AW, Neave LM,
Kay RG. Season of initial discovery of tumour as an
independent variable predicting survival in breast can-
cer. Br J Cancer 1990; 61:137-41.

Tuohimaa P, Tenkanen L, Ahonen M, Lumme S, Jellum
E, Hallmans G, et al. Both high and low levels of blood
vitamin D are associated with a higher prostate cancer
risk: a longitudinal, nested case-control study in the
Nordic countries. Int ] Cancer 2004; 108:104-8.
Tretli S, Hernes E, Berg JP, Hestvik UE, Robsahm TE.
Association between serum 25(OH)D and death from
prostate cancer. Br ] Cancer 2009; 100:450-4.

57



