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Abstract

Background Patients with breast or prostate cancer diag-

nosed during the summer season have been observed to have

better survival. The extent to which this is due to biological

and/or health care system related factors is unclear.

Methods Using the Swedish Cancer Register and clinical

databases, we analyzed overall survival by month of

diagnosis among the incident cases of breast (n = 89,630)

cancer and prostate (n = 72,375) cancer diagnosed from

1960 to 2004. We retrieved data on tumor stage from 1976

for breast cancer and 1997 for prostate cancer. Cox pro-

portional hazards models were used to calculate relative

risk of survival by the season of diagnosis.

Results There was a higher hazard ratio of death in men

and women diagnosed with cancer in the summer with a

relative hazard of 1.20 (95% confidence interval 1.15–1.25)

for July for prostate cancer and 1.14 (95% confidence

interval 1.09–1.19) for August for breast cancer when

compared to being diagnosed in January. This difference

coincided with a lower mean number of cases diagnosed

per day, and a higher proportion of advanced cases diag-

nosed in the summer. This pattern of presentation was

stronger in the later years.

Conclusion The difference in stage distribution explains

the seasonal variation in prognosis seen in this study. The

variation may be because of structure of the health care

system and a strong tradition of vacationing from mid June to

mid August. Thus, the health care infrastructure and the late

presentation of symptomatic disease may influence cancer

survival studied by season of diagnosis substantially.

Keywords Breast cancer � Prostate cancer �
Prognosis � Season of diagnosis � Early diagnosis

Introduction

The influence of season of diagnosis on prognosis of dif-

ferent malignancies has been recently explored [1–7]. In

general, a better prognosis was found for cancers of the

breast, prostate, and colon following diagnosis or treatment

initiation in the summer or fall. Increased levels of vitamin

D during a period of increased sunlight exposure at the

time of diagnosis have been hypothesized to be because of

possible underlying cause of the seasonal effect [2, 4–7].

Theoretically, this explanation is attractive based on data

relating vitamin D to decreased cancer risk in epidemio-

logical and experimental studies [8–10]. However, there
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are also studies that report seasonal patterns of cancer

survival that are not consistent with the hypothesis that

prognosis is best following seasons with high sun exposure

[11–14]. An alternative hypothesis to the biological—or a

possible confounder that makes it difficult to study a

biological mechanism—is that the variations in survival

with season of diagnosis or treatment are associated

with infrastructure of health care and management issues

[12, 13]. During typical vacation seasons, most industrial-

ized countries in the western world have lower staffing, less

experienced staff, and also a less specialized health care.

Training of attendant staff and organization of care influ-

ence cancer outcomes [15, 16]. During the summer month

vacations, patients themselves may be less willing to make

appointments for routine primary care and screening or low

level symptoms.

We undertook a population-based study within two

health care regions in Sweden to study the association

between season of diagnosis and prognosis among women

diagnosed with breast (n = 89,630) cancer and men diag-

nosed with prostate (n = 72,375) cancer. The Swedish

results relating to season are particularly interesting to

explore because of the long standing and strong tradition

among a large majority of Swedes to take vacation from the

last week in June until the first week of August.

Subjects and methods

The study population for the current investigation includes

all residents in two health care regions in Sweden, the

Stockholm–Gotland and Uppsala–Örebro health care

regions, during 1960–2004. We took advantage of existing

population-based databases: the Swedish Cancer Register,

clinical databases for the two health care regions, the

Swedish Population Register. All residents in Sweden were

assigned an individually unique national registration number

which allows linkage between the registry databases.

The Swedish cancer register

Information on incident of breast and prostate cancer cases

in the regions came from the Swedish Cancer Register,

established in 1958. All health care providers are by law

mandated to report new incident cases of cancer based on

laboratory and/or on clinical findings. The completeness

has been estimated to be 98% for breast cancer and 94% for

urological tumors [17].

The national cancer register is compiled from six

regional registers, including those from the Stockholm–

Gotland and Uppsala–Örebro regions. In the Swedish

Cancer Registry, the date of diagnosis is set as the earliest

date the cancer registry received notification of the cancer

in question. For example, if a first diagnosis by cytology is

verified later by a surgical specimen, the date of the first

notification to the registry is kept as the date of diagnosis,

but the full histopathological report is recorded as the final

confirmation of diagnosis.

The registry included 89,630 incident breast cancer

cases among women and 72,375 incident prostate cancer

among men. Men and women with a cancer diagnosis made

first at autopsy were not included.

Clinical databases

Because no information on stage was recorded in the

Swedish Cancer Register prior to 2005, we cross-linked the

information from the Register with clinical databases for

breast and prostate cancer maintained at the Regional

Oncologic Centers. The clinical databases are kept for pur-

poses of quality assurance and clinical research and to record

tumor characteristics, tumor stage, and treatment data. They

are continuously updated against the Swedish Cancer

Registry data for completeness of both registers. The breast

cancer clinical database has been in operation since 1976 in

the Stockholm–Gotland health care region and since 1992 in

the Uppsala–Örebro region. The Stockholm-Gotland breast

cancer register has a coverage of 95% and the Swedish

Cancer Register and Uppsala–Örebro of 98%. The databases

for prostate cancer have been in operation, in Stockholm,

since 1998 and since 1997 in the Uppsala–Örebro Health

Care Region, with a coverage of 90% and 99%, respectively.

In the clinical database for prostate cancer, patients were

classified as having distant metastatic disease if bone

scintigram was positive or the PSA-value at diagnosis was

over 100 lg/l [18]. In the clinical data for breast cancer, we

defined stage II and/or more advanced as a maximum

tumor size of more than 20 mm and/or presence of meta-

static lymph nodes and/or presence of a T4 tumor (UICC

1966) and/or of distant metastases at diagnosis.

The patients were followed through a linkage to the

Population Register, which is continuously updated for all

Swedish citizens’ vital status. If a person emigrates, the

registry is notified and the record can thus be censored

from further follow-up.

Diagnostic and treatment facilities

A population-based mammography screening program

began in the late 1980s in the two health care regions [19].

PSA testing became more widespread in Sweden after

1996. Virtually all women with breast cancer are treated

within the tax financed public health care system in

Sweden. The same is true for prostate cancer patients

undergoing radical surgery or radiotherapy, or being

treated for advanced disease. However, especially in the
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Stockholm area, prostate cancer patients under active

monitoring without radical treatment often see a private

practitioner.

Statistical methods

Cox proportional hazard models were used to study the

effect of month of diagnosis on overall survival. Likelihood

ratio tests were used to investigate appearance of monthly

variation in survival within time periods. Follow-up time

was calculated from date of cancer diagnosis to death or

censored at date of emigration from Sweden or end of

follow-up (31 December 2005). We conducted analyses for

each of six different time periods, comparing risk of death

to cases diagnosed in the month of January. We used the

Chi-square test to test the significance of difference in the

mean number of cases diagnosed per month in each time

period. All statistics and graphical illustrations are per-

formed using the statistical program package R [20].

The management for both diagnoses has varied sub-

stantially over the time period studied, especially regarding

screening practices. Analyses were therefore stratified on

diagnosis and time period. Both our a priori hypotheses

regarding the association between month of diagnosis and

prognosis imply that stage of disease is an intervening

variable rather than a confounder. Stage was therefore not

included in models, but incidence of early and advanced

stage disease over the year in different time periods was

calculated. One set of the analyses included age at diag-

nosis, but the results were virtually the same as in those

without age adjustment and results of the crude analyses

are therefore shown. All the analyses were first done by

health care region. However, because the pattern was vir-

tually identical in the two regions, only the summarized

data are shown.

To exclude that the seasonal variation only involves

deaths from causes other than cancer, we used relative

survival in one set of analyses. Excess mortality was cal-

culated as the difference between the observed number of

deaths and the expected number of deaths during the first

five years from diagnosis. The expected number was cal-

culated using the age, year, and sex specific death

incidences in the general Swedish population. Finally, a

model including only patients with advanced disease in the

subset with stage information was done to investigate

whether a delay also for patients with more advanced

tumors carried over in a worse prognosis.

Results

Table 1 shows the number of incident cases of breast and

prostate cancer by age, date of diagnosis, and duration of

follow-up. The number of deaths by each cancer site is also

shown. The analyses are based on a total of 834,645 per-

son-years of follow-up for breast and 367,319 person-years

for prostate cancer.

Relative risk of death by month of diagnosis

First, we estimated the relative risk of death by month of

diagnosis, with January as the reference for every five-year

period (Fig. 1). Already from 1960 and onward, we found a

Table 1 Number of breast and prostate cancer cases by time period,

month of diagnosis, and follow-up time

Breast cancer Prostate cancer

n % n %

Age at diagnosis (years)

\50 17,696 (19.7) 266 (.4)

50–59 20,137 (22.5) 4,955 (6.8)

60–69 21,801 (24.3) 19,821 (27.4)

70–79 18,669 (20.8) 31,735 (43.8)

80? 11,327 (12.6) 15,598 (21.6)

Year of diagnosis

1960–1969 11,920 (13.3) 7,277 (10.1)

1970–1979 15,989 (17.8) 11257 (15.6)

1980–1989 19,608 (21.9) 15538 (21.5)

1990–1999 26,691 (29.8) 21255 (29.4)

2000–2004 15,422 (17.2) 17048 (23.6)

Month of diagnosis

January 7,053 (7.9) 6,109 (8.4)

February 7,725 (8.6) 6,090 (8.4)

March 8,352 (9.3) 6,631 (9.2)

April 7,747 (8.6) 5,981 (8.3)

May 7,850 (8.8) 6,106 (8.4)

June 7,738 (8.6) 5,358 (7.4)

July 5,763 (6.4) 4,803 (6.6)

August 5,803 (6.5) 5,103 (7.1)

September 7,507 (8.4) 6,444 (8.9)

October 8,418 (9.4) 6,873 (9.5)

November 8,391 (9.4) 7,027 (9.7)

December 7,283 (8.1) 5,850 (8.1)

Time of follow up (years)

B5 35,362 (39.5) 44,588 (61.6)

5–10.0 22,367 (25.) 18,386 (25.4)

10–15.0 13,863 (15.5) 6,327 (8.7)

15–20.0 7,736 (8.6) 2,140 (3.)

20–25.0 4,639 (5.2) 627 (.9)

[25 5,663 (6.3) 307 (.4)

Status at end of follow up

Alive 37,342 (41.7) 19,337 (26.7)

Dead 52,288 (58.3) 53,038 (73.3)
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tendency for a higher hazard ratio of deaths among patients

diagnosed in the summer, with a peak in July for prostate

cancer, with a 10–24% higher hazard in the different time

periods corresponding to an overall relative hazard of 1.20

(95% confidence interval 1.15–1.25) from 1960 to 2004.

For breast cancer, the most marked peak appeared in

August with a 5–17% higher hazard and an estimate of 1.14

(95% confidence interval 1.09–1.19) for the whole study

period. The seasonal variation in prognosis became more

pronounced in later years of observation. For prostate

cancer, the seasonal variation in diagnosis did not differ in

a statistically significant way 1960–1969 or 1970–1979,

but did so (p \ 0.05) in all later periods. During

1990–1999 and 2000–2004, the relative hazard was 1.25

(1.16–1.36) and 1.17 (1.00–1.37), respectively, comparing

diagnosis from July to January. Also for breast cancer, the

variation in prognosis became more pronounced after 1979

(p \ 0.01 for a difference over the months in each fol-

lowing period). During 1990–1999 and 2000–2004, two

periods reflecting modern screening and management

practices, the relative hazard with 95% confidence interval

was 1.12 (1.01–1.23) and 1.15 (0.95–1.40), respectively,

comparing diagnosis from August to January. During the

period of analyses we observed an overall improvement in

prognosis for both cancers, yet with the same pattern of

association between month of diagnosis and prognosis over

the whole study period (data not shown).

We repeated the analyses with relative survival as

endpoint and found the same pattern with a relative excess

mortality in July varying between 1.2 and 1.5 for prostate

cancer and in August between 1.04 and 1.3 for breast

cancer for the different time periods. For prostate cancer

the contrast was biggest in 1995–1999 and for breast

cancer in 1980–1989.

Number of cases diagnosed per month

To explore further the variation in survival, by season of

diagnosis, we estimated the mean number of cases diag-

nosed per day in a given month, by a five-year calendar

period from 1960 and onward (Fig. 2). For prostate cancer,

a seasonal variation in number of cases per month started to

appear around 1975 and became gradually more pro-

nounced over time (p \ 0.001 within each time period),

with the lowest number of cases diagnosed in July, but also

with some decrease in December and January. For breast

cancer the same pattern was evident, but the seasonal

variation became more prominent in the mid 1970s

(p \ 0.001 throughout all periods). Furthermore, a pattern

qualitatively similar to that found in the summer was seen

also for December and January.

Incidence and proportion of cases with advanced stage

cancer by month of diagnosis

We used the clinical databases in the two health care

regions to estimate the proportion of prostate cancer

patients diagnosed with distant metastases at the time of

presentation (Fig. 3). From 1999 and onward, this pro-

portion was consistently higher in the summer time.
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Likewise, among women with breast cancer, the proportion

with stage II or with more advanced disease, peaked during

the summer months (Fig. 3).

Furthermore, we estimated the crude incidence rate

per 100,000 men diagnosed with metastatic prostate

cancer and women diagnosed with stage II or more

advanced breast cancer over the year. This analysis was

confined to the later time periods when stage information

was available (Table 2). The incidence rate of advanced

disease had less seasonal variation than that of early

stage disease (Table 2), if anything, the rate of advanced

disease was lower during summer, to become slightly

higher immediately after. To investigate if this indicated

a more severe delay also for women with stage II or

more advanced breast cancer and men with metastatic

prostate cancer, a survival analysis of these patient strata

by month of diagnosis with January as a reference was

carried out. For breast cancer the relative hazards varied

between 0.86 (February) and 1.0 (July). Globally, the

months were more different from each other than

expected by chance (p = 0.04), but no month stood out

as statistically significantly different from January on its

own. For prostate cancer the estimates varied between

0.88 (December) and 1.05 (July). The estimates for the

months did not differ from each other in a statistically

significant way globally (p = 0.09) or individually. There

was not a consistent seasonal pattern for neither of the

diagnoses.

Discussion

In contrast to several other investigators [1–7], we found a

worse survival for patients diagnosed with breast or pros-

tate cancer in the summer compared with other periods of

the year. The association between month of diagnosis and

prognostic outlook became continuously stronger with

calendar time. Supporting the time trends, the number of

persons diagnosed with breast or prostate cancer in the

summer relative to the other months also decreased in later

time periods. Beginning in the mid 1990s, when we had

stage information, the stage distribution became less

favorable in the summer relative to the other months. This

difference appears to be due not to so much to a shift in

incidence of cases diagnosed with more advanced disease

over the seasons as to the relatively fewer diagnoses of

early stage cases, and therefore the total number of cases,

so that the proportion of those diagnosed with advanced

disease became higher in the summer.

We utilized population-based registers with nearly com-

plete coverage of the population. The follow-up started at the

earliest notification to the cancer registry of the diagnosis, so

the calendar time of starting treatment may have been later,

and for patients with prostate cancers, considerably later.

The clinical databases have been repeatedly utilized for

research (www.roc.se/publ-ref/publ_brost.asp, www.roc.

se/publ_ref/publ_prostata.asp) and the data sets have thus

been quality assured and cleaned on several occasions.
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We studied overall survival as opposed to cancer-specific

survival. The hypothesis about Vitamin D as a causal agent

theoretically involves deaths due to many causes as sug-

gested by a recent meta-analysis [21]. Likewise, the

alternative hypothesis about effects of quality in care and/or

self referral patterns also involves deaths from other causes.

Our results were not sensitive to the age distribution. If the

assumption is that we address a cancer specific phenomenon,

our results would rather err on the conservative side, diluting

the estimates. This hypothesis was also corroborated by our

analyses of relative excess mortality, which if anything

showed stronger corrrelations than the overall survival
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tnecrePFig. 3 Proportion of prostate

cancers diagnosed with

metastatic disease (M1 of

PSA [ 100) and breast cancers

diagnosed with stage II (UICC

stage) or more advanced disease

Table 2 Crude incidence per 100,000 women (breast cancer) and

men (prostate cancer) by stage and month. Stage II? breast cancer

was defined as tumor size over 20 mm and/or positive lymph nodes or

more advanced, and in prostate cancer evident distant metastases at

diagnosis (positive imaging or biopsy) or a PSA over 100 ng/ml was

the definition for advanced stage

Breast cancer (n = 41,447) Prostate cancer (n = 23,482)

Advanced (Stage II?) Not advanced (Stage I) Advanced (Metastatic or PSA [ 100) Not advanced

Year of diagnosis

1985–1995 4.9 6.0

1996–2000 5.4 6.1 3.1 7.7

2001–2004 6.6 6.7 2.3 13.6

Month of diagnosis

January 5.5 5.2 2.5 10.0

February 5.6 5.6 2.6 10.5

March 5.9 6.3 2.9 11.6

April 5.8 6.1 2.7 10.0

May 5.8 6.2 2.2 10.5

June 5.3 6.2 2.4 8.8

July 4.6 4.3 2.3 7.0

August 4.5 3.6 2.5 7.8

September 5.6 5.7 2.9 11.2

October 6.3 6.5 2.9 11.4

November 5.9 7.2 3.1 12.4

December 5.4 6.2 2.8 10.3
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pattern. A possible explanation for the seasonal variation in

number of cases could be less well functioning cancer reg-

istration during the summer months. However, the high

overall coverage [17] makes this a less likely explanation for

the rather dramatic changes in reports and it is also difficult to

accommodate that a less good reporting would pertain nearly

only to patients diagnosed with early disease.

Our findings are in line with common medical practice

in Sweden, where provision of most elective routine

procedures in health care is substantially reduced for

approximately six weeks starting in late June. For

example, mammography screening does not take place

during the summer months and accessibility to health care

diminishes because of vacation patterns. As a corollary,

people are less prone to seek medical consultations for

minor symptoms or for advice on screening during

vacation and may wait until symptoms develop. The

differences in survival across the season of diagnosis have

become greater during the later years, with the largest

impact from 2000 to 2004. These time trends are in line

with changing screening practices. Mammography

screening for breast cancer began in the late 1980s,

whereas PSA-testing for prostate cancer—with no orga-

nized program—became increasingly widespread from the

mid 1990s.The absolute rate of cases diagnosed in

advanced stages is nearly constant over the year, whereas

the number of patients with early stage prostate or breast

cancer is strongly increased in the spring and fall.

The small shift toward a lower rate of advanced cancer

during the summer and an increase after, could mean that

also some patients with more advanced disease, but less

alarming symptoms wait until after summer to seek

advice. We could not substantiate that such a delay car-

ried over in a markedly worse survival for those

diagnosed in a more advanced stage in the summer. The

similar survival prospects for those with advanced cancer

over the year also contradict that the treatment for a

patient once diagnosed would be of substantial less

quality during the summer time. However, to more firmly

exclude a seasonal and clinically relevant shift in prog-

nosis for subsets of those in the most advanced tumor

stages, a more detailed stage and treatment information in

combination with individual data on symptom duration

would be needed.

Our study does not address the hypothesis of vitamin D

as potentially beneficial for cancer [9] or that improvement

in vitamin D intake can lower overall mortality [21]. Our

data imply in line with the two Finnish studies [12, 13] that

the health care system related factors may significantly

influence the association between season of diagnosis and

prognosis in cancer. Thus, these factors may confound

season of diagnosis as an indicator for vitamin D exposure

in a prognostic study. The great majority of studies on

season of diagnosis and prognosis have so far only allowed

ecological inferences for any sort of causal agent and hence

they have had little possibility to control for confounding.

The time of diagnosis is determined by a large range of

factors that are not directly driven by tumor biology such as

screening activity, screening participation, location of the

tumor (influencing when it becomes palpable or otherwise

symptomatic), individual response to symptoms, and

availability of health care. Some of these behavioural

factors may also be related to lifestyle, which may also

include exposure to vitamin D and/or other possible mod-

ifiers of cancer prognosis.

It is difficult to compare studies that take date of diag-

nosis as a departure [1, 4, 7] with those which use date of

treatment [5, 11]. Our data indicate that even for breast

cancer, with a short time interval between diagnosis and

treatment, using day of treatment initiation would skew the

baseline date for a survival analysis about one month for-

ward. Thus, two studies, both showing the best result with

July as the indicator for exposure of either an environ-

mental factor or circumstances related to management,

may have different interpretations if date of diagnosis is

used in one study and date of treatment in the other. Studies

that group months into seasons as spring, summer, autumn,

and winter may overlook the pattern found in our study,

and different definitions of the seasons may yield different

results.

We interpret the effects seen in our study as results of

selection: Screened patients are ‘‘removed’’ from the

vacation months since screening activity is low and there

are no symptoms to prompt a medical consultation.

Swedish patients only seek medical advice during vacation

time when symptoms prevail. Patients with mild symptoms

may also postpone a consultation until after vacation. Our

study cannot directly address if extending screening to the

vacation months or more readily available health care also

during normal vacation times would improve the situation

for patients with advanced disease. However, two impor-

tant public health issues are illuminated by our results.

Access and organization of health care will impact survival

substantially—bearing in mind that some of the improve-

ment in survival following screening will be due to added

lead time. Furthermore, the results underline that it is

unfavorable to postpone a medical consultation until more

alarming symptoms occur. Finally, the results may prompt

other investigators to take health care system factors into

account in studies of season of diagnosis and prognosis in

cancer.
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