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Abstract

Low serum 25-hydroxyvitamin D (250HD) concentrations have been associated with
increased cancer risk, but the relative importance of seasonality, i.e. high summer
concentrations versus low winter concentrations, is unclear. \We investigated this
issue in a high risk group: kidney transplant recipients with known increased risk of
cancer and low vitamin D statuses. We examined the relationship between registered
concentrations of 250HD binned by quarter and subsequent risk of internal
malignancy or cutaneous squamous cell carcinoma in 1112 kidney transplant
recipients. Hazard ratios for internal malignancies were significantly increased with
lower pre-diagnostic 250HD concentrations in the first quarter of the year (January -
March); a 1.4 fold increase (95%CI 1.1;1.7) per 10 nmol/L decrease in 250HD. This
effect was stronger in women, 1.5 (1.2;2.0) per 10 nmol/L decrease, than in men, 1.3
(0.93;1.8 per 10 nmol/L decrease, no gender interaction). Except for women in April -
June (1.4 (1.1;1.7) per 10 nmol/L decrease) pre-diagnostic 250HD concentrations in
the other quarters were not statistically significantly associated with internal
malignancies. Higher 250HD concentrations tended to be associated with the
development of cutaneous squamous cell carcinomas, independent of the time of the
year. Our study indicates that low wintertime 250HD concentrations are associated
with an increased risk of internal malignancies and that transplant recipients may
benefit from wintertime vitamin D supplementation. Our findings need further
corroboration, but suggest that the lowest concentrations of vitamin D, which occur in

winter, are important for the risk of internal malignancies.
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Introduction

Kidney transplant recipients have a highly increased risk to develop internal
malignancies and cutaneous squamous cell carcinomas (cSCC)."2 They are also
known to have widespread vitamin D deficiency.*® Vitamin D status, defined as
serum concentration of 25-hydroxyvitamin D (250HD) is commonly low in kidney
transplant recipients, particularly at the end of winter with a geometric mean of 27
(95% 21-36) vs. 50 (95% 39-64) nmol/l in healthy controls.® This is largely attributed
to the common advice given to kidney transplant recipients to avoid sun exposure
and to use sunscreens when exposed to the sun, to decrease the risk of developing
cSCC." Keyzer et al found that all-cause mortality in kidney transplant recipients was
inversely related to vitamin D status, notably also after adjustment for confounders
such as renal function.’

Vitamin D is predominantly formed in the skin by exposure to (solar) UV
radiation (~ 67%), and acquired for a minor part through the (Western) diet.®° The
classic function of vitamin D is to maintain calcium and phosphate homeostasis,
essential for bone health. However, evidence has been mounting of additional,
pleiotropic functions of vitamin D."®"" A wide range of non-classic roles for vitamin D
has been reported such as immunomodulation, down regulation of cell proliferation,
stimulation of cell differentiation and apoptosis through autocrine and paracrine
pathways.'®"? Cancer cells may thus down regulate their growth through an
autocrine loop if they carry a functional vitamin D receptor, VDR."*'* Recently, our
group has shown that UV exposure and corresponding increases in 250HD impair
development of intestinal cancers in mice."

Large studies in the US"" and in Europe'® showed that the risk of colon cancer
was significantly associated with pre-diagnostic low serum concentrations of 250HD.
With cases and controls properly matched by the month of blood sampling, the
former study reported a more pronounced effect on risk from (low) winter
concentrations, whereas the latter study corrected computationally for mismatches in
months of blood sampling and found no effect on risk from the season in which
250HD serum concentrations were measured. A recent review concluded that the
evidence was not sufficient for “recommendations related to optimal 250HD
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concentrations (and any role for vitamin D supplementation) for primary and
secondary prevention of cancer”.?

We addressed the issue of cancer risk in relation to seasonal differences in
250HD serum concentrations in a cohort of more than a thousand kidney transplant
recipients who have been closely monitored over decades since receiving a kidney
transplant and in whom 250HD concentrations had been measured at some stage
after transplantation. Some of these kidney transplant recipients developed internal
malignancies and in most cases (70%) pre-diagnostic measurements of 250HD
concentrations had been documented. We also studied the relation between pre-
diagnostic concentrations of 250HD and cSCC risk. Blood sampling was spread
evenly over the months of the year, which allowed us to analyze cancer risk in

relation to seasonal differences in serum concentrations of 250HD.
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Methods

Patient Cohort

The Leiden Kidney transplant database includes demographic, clinical, laboratory
and other data on all patients who received a kidney transplant in the Leiden
University Medical Center since 1966. Measurements of 250HD serum
concentrations were available from January 1991. The cohort was also analyzed for
elevated cancer risk.? All 1906 kidney transplant recipients in the database with
transplantations up to June 2007 and at least one documented post-transplantation
250HD measurement were first identified. Among these kidney transplant recipients
we distinguished 196 patients who had histopathologically confirmed internal
malignancies or cSCC and 996 patients with neither (Figure 1); the latter group
served as “cancer-free” controls. Next, 80 of 196 cases with either form of cancer but
without any registered 250HD concentrations predating the diagnosis of cancer were
excluded from the analysis (Figure 1). Of 27 patients who had both internal
malignancy and cSCC, 11 had a pre-diagnostic 250HD concentration only for
internal malignancy and 2 only for cSCC. The remaining 7 patients had a pre-
diagnostic 250HD concentration for both internal malignancy and cSCC. These 7
patients were analyzed both in the internal malignancy group and the cSCC group,
(Figure 1).

Ethics statement

The study adhered to the ethical principles of the Declaration of Helsinki, and was
conducted with the approval of the Medical Ethical Committee of the Leiden
University Medical Center. Since we only used archival records and the patients were
anonymized, informed consent was legally not required and thus approval of the
Medical Ethical Committee was obtained (P07.024).

Immunosuppressive regimen

From 1966 to 1986, immunosuppressive regimen consisted of prednisolone and
azathioprine, and from 1986 to 1996 of prednisolone and cyclosporine A. Since 1996,
the immunosuppressive regimen of choice has been triple therapy initially using

prednisolone, mycophenolate mofetil (MMF) and cyclosporine A and later
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prednisolone, MMF and tacrolimus. Most patients initially treated with prednisolone
and azathioprine and demonstrating good renal function were not converted to the
newer regimen. The patients changed sometimes their immunosuppressive
treatment. The immunosuppressive treatment that was used for the longest time was
used in those cases. The time of the year did not influence the therapy.
Immunosuppressive regimens were grouped into three main categories, all including
prednisolone and either azathioprine, MMF or cyclosporine A or tacrolimus.

Laboratory data

Laboratory measurements were performed on freshly collected blood samples by the
Central Clinical Chemistry Laboratory of the Leiden University Medical Center. Serum
concentrations of 250HD were determined using standard radioimmunoassays
(DiaSorin, Stillwater, Mn, USA), with pre-extraction by protein precipitation in
acetonitril.

Longitudinal scatter plots of all the 250HD measurements showed no
evidence of a trend or any systematic variation from 1991 through to 2007 (data not
shown). We did not identify any obvious trends to suggest there was a bias. Vitamin
D insufficiency was defined as 250HD concentrations <50 nmol/l and deficiency as
250HD concentrations <30 nmol/I.

Statistical analyses

All statistical analyses were performed using IBM SPSS statistics for Windows
version 23 (SPSS Inc., Chicago, IL). Data are expressed as mean £ SD. Chi-square
tests were used for categorical variables and two-tailed Student’s T-tests for
continuous variables.

Cox proportional hazard analyses were used to calculate hazard ratios for the
rates at which internal malignancies or cSCC developed after transplantation, and to
adjust for potentially confounding factors such as gender, age at transplantation, time
on dialysis and immunosuppressive regimen. P-values below 0.05 were considered
statistically significant. For the Cox analyses starting time (t = 0) was the date of
kidney transplantation and end-time was one of the following milestones: a) diagnosis

of a first cancer , b) death, c) lost from follow up or d) end of the study (June 1, 2012).
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250HD concentrations were analyzed in 2 models. Primarily, units of 10
nmol/L decrease in concentrations were used (model 1) and secondary,
categorization as deficient, insufficient or sufficient was used (model 2) to analyze the
impact of pre-diagnostic 250HD concentrations. The number of pre-diagnostic
250HD concentrations varied between 1 and 38 measurements per patient and were
introduced in model 1 as a time-varying covariate. For the categorized analyses
(model 2) we used the mean value of pre-diagnostic 250HD concentrations for the
specific quarters. All blood measurement results calculated in model 2 were based on
mean concentrations, but when using the first, the lowest, the highest, or the median
concentrations, respectively similar outcomes were observed (data not shown).

Interaction variables were constructed by using the product of e.g. gender and
pre-diagnostic 250HD concentrations with internal malignancies or cSCC as the
outcome. Similarly, interaction variables were constructed for quarter, age and
immunosuppressive regimen with pre-diagnostic 250HD concentrations.

Adjustment for age, gender and immunosuppressive regimen did not
importantly change the hazard ratios. We, therefore, only present the non-adjusted

hazard ratios.
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Results

Baseline characteristics

The baseline characteristics of the kidney transplant recipients with internal
malignancies, cSCC and no cancer are depicted in Table 1. Patients with cSCC were
more often men compared to the patients without cancer and their follow-up time
since transplantation was much longer. The latter was also reflected by the
immunosuppressive regimen which, in the patients with cSCC, much more often
consisted of azathioprine, because in the earlier days (before 1986) azathioprine was
the only available immunosuppressive agent (Table 1).

The characteristics of the patients without cancer according to three different
250HD concentrations are provided in Table 2. The percentage of women who were
250HD deficient was significantly higher than the percentage of men. The
immunosuppressive regimen was not associated with the 250HD concentration
(Table 2).

Types of cancer

In our patient cohort we identified 65 patients with internal malignancies consisting of
5 cases with head and neck cancer (2 oral cavity, 1 salivary glands, 2 pharynx), 16
with digestive organ cancer (5 colon; 1 cecum; 1 small intestine; 5 stomach, 2
esophagus, 1 gall bladder, 1 pancreas), 12 with lung cancer, 3 with breast cancer; 5
with female genital organ cancer (1 cervix uteri; 2 corpus uteri; 1 ovary; 1 vulva), 6
with male genital organ cancer (5 prostate; 1 testis), 5 with urinary tract cancer (4
kidney; 1 urinary bladder), 11 with hematological cancer (9 lymphoma; 2 leukemia)
and 4 with other types of cancer (3 thyroid gland, 1 glioma of the brain) and 58
patients with cSCC.

250HD concentrations and internal malignancies

In a first straight comparison, seasonal differences in 250HD concentrations became
apparent by plotting average concentrations by quarters for tumor-free controls and
transplant recipients who later on developed internal malignancies (Figure 2A).
These differences were more pronounced in women than in men (Figure 2C and 2D).

We, therefore, also performed the analyses for men and women, separately. We did
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not find interactions of quarter, age or immunosuppressive regimen with 250HD
concentrations.

Time-dependent hazard ratios for developing internal malignancies in relation
to 10 nmol/L decrease of pre-diagnostic 250HD concentrations were statistically
significant in the first quarter of the year (January — March) for women and for men
and women combined but just a trend was observed for men only (model 1, Table 3).
The hazard ratio to develop internal malignancies per 10 nmol decrease in 250HD
concentrations measured in the first quarter (January — March) for men and women
together was 1.4 (1.1;1.7) if all internal malignancies (n = 35) were included, 1.7
(1.0;3.0) if the analysis was restricted to the digestive tract (cancer of the stomach or
intestines, n = 10) and 1.6 (0.9;2.8) for lung cancer (n = 7). With the exception of the
second quarter (April — June) for women, pre-diagnostic 250HD concentrations were
not statistically significant associated with internal malignancies in the other quarters
(Table 3).

In supplementary Table S1 the association of three different 25-
hydroxyvitamin D concentrations (sufficient; insufficient and deficient) with the risk of
internal malignancies is presented (model 2) showing largely the same results as
presented for model 1.

Winter versus summer concentrations of 250HD

A scatter plot of winter (January through March) vs. summer (July through
September) concentrations (Figure 3) showed a significant (P < 0.001) but weak
correlation in controls (R? = 0.23, n = 368) and a somewhat stronger correlation in
kidney transplant recipients with internal malignancies (R? = 0.51, n= 26); the
regression in the latter group was steeper but the difference with controls was not

significant (P = 0.31 for interaction with group).

250HD concentrations and ¢cSCC

Time-dependent hazard ratios for developing cSCC in relation to 10 nmol/L decrease
of pre-diagnostic 250HD concentrations (model 1) and in relation to the three
different 250HD concentrations (model 2) showed a decrease, i.e., contrary to the
association between 250HD concentrations and internal malignancies, but statistical

significance was not reached (Figure 4, Table 4 and supplementary Table S2).
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Hence, there was a trend that the risk of cSCC was associated with increased

250HD concentrations, which was largely independent on the quarter of the year.
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Discussion

We found a significant association between pre-diagnostic low winter but not summer
250HD concentrations and an increased risk of internal malignancy in a large cohort
of kidney transplant recipients, which was most pronounced in women. This
relationship was mainly attributable to digestive tract and lung cancers (43% of the
cancers).

We did not find a statistically significant association between 250HD
concentrations and cSCC, although there was a clear trend that higher 250HD
concentrations were associated with the development of cSCC, independent of the
time of the year. It is conceivable that the higher 250HD concentrations are not
causally involved in cSCC carcinogenesis, but merely indicate that these patients had
a higher level of UV exposure which can explain the higher 250HD concentrations in
these patients and which is the real carcinogenic factor for cSCC.

Among kidney transplant recipients, a relationship between pre-transplantation
250HD concentrations and internal malignancy risk has been previously reported
(1.12 HR per ng/ml decrease or 4.6% per nmol/l decrease), but, so far, the effect of
seasonal variation in vitamin D concentrations has not been studied in this
population.?’

Very much in keeping with our data, some studies on seasonal variation in
250HD concentrations in immunocompetent subjects also found an increase in risk
of neoplasia with lower winter serum concentrations of 250HD, and no reduction in
risk with higher summer concentrations. A study of a Finnish cohort of male smokers
showed a significant inverse association between base line serum concentrations of
250HD in winter and spring at the start of the study and the risk of non-Hodgkin
lymphoma in the first 7 years, but not thereafter.?? A Japanese study found that the
risk of colorectal adenoma decreased significantly from the lowest to the highest
quartiles in winter concentrations (November -April) of 250HD.%

In our study summer and winter concentrations of 250HD were not strongly
correlated in tumor-free controls (R? = 0.22), but these concentrations were
somewhat more strongly correlated in kidney transplant recipients with internal
malignancies (R? = 0.51) whose winter concentrations were lower. Other factors than

sun exposure in summer months were probably important for winter concentrations of
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250HD in cancer-free transplant recipients. In addition to possible genetic
differences, diet and other supplementary sources of vitamin D could have
specifically contributed to their winter concentrations.?* In keeping with our findings,

2527 310 found weak correlations between summer and winter

other studies
concentrations of 250HD (R? = 0.21 and 0.27, and a Spearman rho = 0.08,
respectively) although a study from the UK? reported a tighter correlation (R? =
0.62). Summer and winter concentrations of 250HD have also been reported to be
rather weakly correlated with personal summertime UV doses (R? = 0.28 and 0.19,
resp.).?’ It thus appears that increases in summer sun exposure are ineffective in
ensuring sufficiently high winter concentrations of 250HD.

In the studies which found colon cancer risk to be also related to summer
serum concentrations of 250HD,""'® these concentrations may have been more
strongly related to winter concentrations (as in the transplant recipients who develop
internal cancers in our study). This could be due to low vitamin D intake in Winter or
substantially higher 250HD concentrations in Summer. As kidney transplant patients
are advised to moderate their sun exposure, their summer concentrations of 250HD
may rise to a lesser extent than they otherwise would have done, thus contributing
very little to the winter concentrations.

A possible shortcoming of our study is that our clinical archive did not contain
information on all relevant data. Because of a lack of data on sun exposure and skin
type, we could not test the importance of these factors for the observed associations.
Nor could we test for possible confounders like smoking or other factors (such as diet
and vitamin supplements) that could have affected 250HD concentrations. A
dominant confounding effect from smoking would, however, probably have affected
250HD concentrations throughout the year, i.e. over all quarters. Although our main
and primary analysis on vitamin D concentrations and internal malignancy risk
showed a statically significant inverse association, we did a number of additional
statistical tests to check for confounding and interactions (for age, gender and
immunosuppressive regimen). The significance of our result would be lost after
correction for this additional multiple testing, and therefore the main result needs
confirmation in independent studies.

Kidney transplant recipients should continue to be advised to reduce sun

exposure in order to decrease the risk of cSCC, but at the same time their 250HD
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concentrations should be monitored in the wintertime and supplementation with
vitamin D should be seriously considered in the light of a potential beneficial health
effects, in particular reduced cancer risk as suggested by the present study.?*

In conclusion our data indicate that pre-diagnostic low winter but not summer
concentrations of 250HD are associated with increased internal malignancy risk in
our cohort of kidney transplant recipients. This finding suggests that recurrent low
winter serum concentrations of 250HD may enhance internal malignancy
development. Since high concentrations of 250HD in summer are no guarantee for
sufficiently high concentrations in winter, one should not rely on summer sun
exposure. Wintertime vitamin D supplementation would be the most effective
approach to secure sufficiently high winter concentrations of 250HD (at least > 50
nmol/l). Long-term studies are clearly required to demonstrate a definitive effect of
vitamin D supplementation on cancer risk in humans. A recent meta-analysis of
randomized control trials (RCTs) failed to show a clear beneficial effect of vitamin D
supplementation on cancer risk, although an earlier Cochrane study extracted an
overall significant effect on cancer mortality.*' The mixed bag of RCTs may not have
been an adequate base for an assessment of effects on cancer risk; many of them
may not have been optimal in design and were not dedicated to assess cancer
risk.2%*2 Our data in kidney transplant recipients indicate the primary importance of
winter concentrations of 250HD for cancer risk which may generally apply to people
with an overall, year-round, low vitamin D status.
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Figure Legends:

Figure 1: Flow diagram of selecting kidney transplant recipients (KTR) with recorded
250HD concentrations from the database. Subgroups of KTR with only internal
malignancies or only cutaneous squamous cell carcinoma (cSCC) are depicted next
to the subgroup that contracted both, 7 cases remaining after selection for pre-
diagnostic vitamin D statuses, resulting in a total of 65 qualifying KTR with internal
malignancy and 58 with cSCC.

Figure 2: Mean pre-diagnostic 250HD concentrations (nmol/L) in four different
quarters for all patients with internal malignancies and without cancer (Panel A), and
for men (Panel C) and women (Panel D), separately. Panel B shows the 250HD

concentrations of men and women without cancer.

Figure 3. Scatter plots and regression lines of winter versus summer concentrations
of 250HD in kidney transplant recipients who developed no malignancies (N = 368)
(Panel A), internal malignancies (N = 26) (Panel B) or cutaneous squamous cell
carcinomas (N = 34) (Panel C). The correlations in transplant recipients with internal
malignancies (R? = 0.51) and in transplant recipients with cutaneous squamous cell
carcinoma (R? = 0.39) were higher than in controls (R? = 0.23, all three P < 0.001).
Although the regressions were not significantly different (P= 0.31 for internal
malignancies and P = 0.21 for cutaneous squamous cell carcinoma compared to
controls), the regression lines were steeper in kidney transplant recipients with
internal malignancies (0.53 + 0.11) and cutaneous squamous cell carcinoma (0.54 +
0.12) vs. controls (0.37 + 0.04) (+ SE; all three slopes significantly different from 0, P
< 0.001). The intercepts were not significantly different from 0 in transplant recipients
with internal malignancies (6 + 7, P= 0.38) and transplant recipients with cutaneous
squamous cell carcinoma (10 + 8, P = 0.24), but significantly different from 0 in
controls (19 + 2, P < 0.001). The steeper slope and an intercept not significantly
different from O suggest that winter concentrations among kidney transplant
recipients who developed internal malignancies or cutaneous squamous cell
carcinomas depended more on summer concentrations and less on wintertime intake

of vitamin D than winter concentrations in controls.
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Figure 4. Mean pre-diagnostic 250HD concentrations (nmol/L) in four different
quarters for all patients with cutaneous squamous cell carcinoma and without cancer
(Panel A) and for men (Panel B).. The data for women are not shown, because of the

low number of women in this analysis.
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Table 1 Baseline characteristics of kidney transplant recipients with internal
malignancies or cutaneous squamous cell carcinoma and without cancer.*

No Cancer Internal malignancy cSCC
(N =996) (N =65) (N =58)
N (%) N (%) N (%)
Sex
Women 398 (40.0) 28 (43.1) 14 (24.1)°
Men 598 (60.0) 37 (56.9) 44 (75.9)
Age at transplantation (years)
05-29 177 (17.8) 5(7.7) 18 (31.0)
30-39 204 (20.5) 16 (24.7) 14 (24.1)
40-49 223 (22.4) 17 (26.2) 12 (20.7)
50 - 59 240 (24.1) 17 (26.2) 7(12.1)
60— 69 131 (13.1) 6(9.2) 7(12.1)
70-77 21 (2.1) 4(6.2) 0
Time from transplantation to end of follow-up (years)
0-1 11 (1.1) 0 0°
2-7 249 (25.0) 12 (18.5) 2(3.4)
8-12 279 (28.0) 12 (18.5) 5(8.6)
13-17 184 (18.5) 16 (24.5) 9 (15.5)
18-22 120 (12.0) 12 (18.5) 8 (13.8)
23-40 153 (14.4) 13 (20.0) 34 (58.7)
Time from transplantation to first blood sample (years)
0-1 449 (45.1) 20 (30.8)° 8(13.8)°
2-7 330 (33.1) 19 (29.2) 10 (17.2)
8-12 114 (11.5) 13 (20.0) 13 (22.4)
13-17 57 (5.7) 5(7.7) 16 (27.6)
18-22 30 (3.0) 7 (10.8) 5(8.6)
23 and longer 16 (1.6) 1(1.5) 6 (10.3)
Immunosuppressive regimen
Aza in any combination 171 (19.1) 25 (38.5)° 37 (63.8)°
MMF in any combination 360 (40.2) 4 (6.2) 5(8.6)
CyA or Tac in any combination 364 (40.7) 36 (55.4) 16 (27.6)
Missing values 101 (10%) 0 0

*In the patients with cancer the 25-hydroxyvitamin D concentrations were recorded before the diagnosis of cancer.

¢SCC: cutaneous squamous cell carcinoma; Aza = Azathioprine; MMF = Mycophenolate mofetil; CyA = Cyclosporine A ; Tac =
Tacrolimus.

“P<0.05 compared to No Cancer.
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concentrations, restricted to 996 kidney transplant recipients without
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cancer.
Deficient Insufficient Sufficient
< 30 nmol/L 30-49 nmol/L >50 nmol/L
(N=181) (N =389) (N = 426)
N (%) N (%) N (%)
Sex
Women 88 (48.6) 151 (38.8) 159 (37.3)°
Men 93 (51.4) 238 (61.2) 267 (62.7)
Age at transplantation (years)
05-29 29 (16.0) 70 (18.0) 78 (18.3)
30-39 37 (20.5) 85 (21.8) 82 (19.2)
40 — 49 46 (25.4) 71 (18.3) 106 (24.9)
50 - 59 35 (19.3) 100 (25.7) 105 (24.6)
60 - 69 30 (16.6) 52 (13.4) 49 (11.5)
70 -77 4(2.2) 11 (2.8) 6 (1.5)
Immunosuppressive regimen
Aza in any combination 30 (18.5) 64 (17.4) 77 (21.0)
MMF in any combination 67 (41.4) 143 (39.0) 150 (41.0)
CyA or Tac in any combination 65 (40.1) 160 (43.6) 139 (38.0)
Missing values 19 (10%) 22 (6%) 60 (14%)

Aza = Azathioprine; MMF = Mycophenolate mofetil; CyA = Cyclosporine A ; Tac = Tacrolimus.

°P<0.05.
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nmol/L decrease of personal pre-diagnostic 25-hydroxyvitamin D concentrations in
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four separate quarters over the year and over the whole year (model 1).

All patients Men Women
HR (95% ClI) HR (95% CI) HR (95% CI)
250HD January - December 1.1 (0.98;1.2) 1.0 (0.89;1.2) 1.2(0.98;1.4)
P=0.132 P =0.710 P =0.085
250HD January - March 1.4 (1.1;1.7) 1.3 (0.93;1.8) 1.5 (1.2;2.0)
P =0.004 P=0.123 P =0.015
250HD April - June 1.1 (0.96;1.3) 0.93 (0.76;1.1) 1.4 (1.1;1.7)
P=0.164 P =0.459 P =0.016
250HD July - September 1.1 (0.96;1.2) 1.1 (0.92;1.3) 1.1(0.91;1.3)
P=0.183 P =0.306 P =0.348
250HD October - December 1.1 (0.92;1.3) 0.95 (0.78;1.2) 1.4 (0.99;1.9)
P =0.337 P =0.593 P =0.061

HR = hazard ratio; Cl = confidence interval.

The numbers of patients with and without internal malignancies per category are presented in Table S1.
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Table 4. Time-dependent hazard ratios for developing cutaneous squamous cell carcinoma
in relation to 10 nmol/L decrease of personal pre-diagnostic 25-hydroxyvitamin D
concentrations in four separate quarters over the year and over the whole year

(model 1).

All patients

HR (95% ClI)

Men

HR (95% ClI)

Women

HR (95% ClI)

250HD January - December

0.96 (0.87;1.1)

P =0.372

0.98 (0.87;1.1)

P =0.732

0.87 (0.74,1.0)

P=0.103

250HD January - March

250HD April - June

250HD July - September

250HD October - December

0.96 (0.83;1.1)
P=0617
0.95 (0.82;1.1)
P =0.490
0.99 (0.88;1.1)
P =0.934
0.92 (0.80;1.1)

P=0.277

0.95 (0.79;1.1)
P =0.604
1.1 (0.87;1.4)
P =0.476
0.97 (0.83;1.1)
P =0.683
0.87 (0.75:1.0)

P =0.058

0.80 (0.59;1.1)
P=0.158
0.75 (0.60;0.94)
P =0.011
1.1(0.83;1.4)
P =0.599
0.94 (0.65;1.4)

P=0.722

HR = hazard ratio; Cl = confidence interval.
The numbers of patients with and without squamous cell carcinoma per category are presented in Table S2.
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Kidney transplant recipients with the lowest wintertime vitamin D levels appear to run the highest
risk of internal malignancies. The effect was strongest in women.



