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Abstract

Objectives—Vitamin D may prolong cancer survival by inhibiting tumor progression and 

metastasis, however, there are limited epidemiologic studies regarding the association between 

circulating 25-hydroxyvitamin D (25(OH)D) and lung cancer survival. The aim of this study was 

to examine the relationship between serum 25(OH)D and lung cancer specific survival and to 

evaluate whether vitamin D binding protein (DBP) concentration modified this association.

Materials and Methods—25(OH)D and DBP were measured in fasting serum samples from 

500 male lung cancer cases in the Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study. 

Cox proportional hazards regression was used to estimate hazard ratios (HRs) and 95% confidence 

intervals (CI) for lung cancer related death according to quartiles of season-specific 25(OH)D, 

DBP, and the molar ratio of 25(OH)D:DBP, a proxy for free circulating 25(OH)D.

Results—Comparing highest to lowest quartiles, serum 25(OH)D (HR=1.18; 95% CI: 0.89–

1.56) and DBP (HR=0.95; 95% CI: 0.71–1.26) were not associated with lung cancer survival and 

DBP concentration did not modify the association with 25(OH)D (p for interaction=0.56). There 

was suggestion of an association between higher serum 25(OH)D and better survival from 

adenocarcinoma (HR=0.64; 95% CI: 0.17–2.45) and small cell carcinoma (HR=0.55; 95% CI: 

0.21–1.45), but these estimates were based on a relatively small number of cases.

Conclusion—Serum 25(OH)D was not associated with overall lung cancer survival regardless 

of DBP concentration, however, these findings should be examined in other studies that include 

women and subjects with higher 25(OH)D levels.
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INTRODUCTION

Lung cancer is the second most common cancer and the leading cause of cancer related 

death in men and women in the United States (1). Ecologic studies suggest that lung cancer 

mortality is lowest in patients diagnosed during the summer and autumn months, the time of 

year when vitamin D levels tend to be highest (2, 3). Vitamin D may influence cancer 

survival and inhibit tumor progression by suppressing metastasis, proliferation, and 

angiogenesis, or by promoting apoptosis in cancer cells (4–6). 25-hydroxyvitamin D 

(25(OH)D) is the primary form of circulating vitamin D and the accepted measure of 

vitamin D status, integrating vitamin D obtained from sunlight exposure and dietary intake 

(7).

Evidence suggests that higher serum concentrations of 25(OH)D are associated with better 

prognosis for cancer patients (8), however, there are limited epidemiologic studies of serum 

25(OH)D concentration in relation to survival among lung cancer cases. Two studies 

observed better survival among lung cancer cases with higher circulating 25(OH)D 

measured shortly after diagnosis (9, 10), but other studies observed that higher 25(OH)D 

concentration at diagnosis was not association with survival (11) or associated with worse 

survival (12). To our knowledge no other studies have examined pre-diagnostic serum 

25(OH)D in relation to survival among lung cancer cases.

The vitamin D binding protein (DBP) is the primary transport protein of 25(OH)D (13). In 

addition to being a carrier for vitamin D metabolites, DBP may also influence survival 

through its other functions including actin scavengering, macrophage activation, and 

neutrophil chemotaxis (14–16). Previous studies have suggested that serum DBP modifies 

25(OH)D risk associations with pancreatic (17), prostate (18), and bladder cancers (19), and 

was itself inversely related to pancreatic (17) and renal cell carcinoma (20), findings that 

support the need to measure DBP when evaluating associations between 25(OH)D and 

disease outcomes. To our knowledge, no previous study has assessed whether DBP 

concentration modifies the association between 25(OH)D and lung cancer survival.

We examined whether circulating 25(OH)D prior to diagnosis was associated with survival 

in 500 men diagnosed with lung cancer from the Alpha-Tocopherol, Beta-Carotene Cancer 

Prevention (ATBC) Study and whether DBP concentrations modified this association.

METHODS

Study population

The ATBC Study, which has been described previously (21), was a randomized, double-

blind, placebo controlled, chemoprevention trial with daily supplementation with either α-

tocopherol (50 mg/day), β-carotene (20 mg/day), both supplements, or placebo. The 29,133 

men who enrolled between 1985 and 1988 were residents of southwestern Finland, aged 50–
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69 years, and smoked ≥5 cigarettes per day. Study supplementation continued for 5–8 years 

(median, 6.1 years) until death or trial closure on April 30, 1993. The study was approved by 

the institutional review boards of the National Cancer Institute and the National Public 

Health Institute of Finland and written informed consent was obtained from each participant. 

Participants completed a food frequency questionnaire (22) and a questionnaire to obtain 

information about general risk factors.

The current investigation was based on a nested case-control study of serum 25(OH)D that 

included 500 lung cancer cases (International Classification of Diseases 9, code 162) 

diagnosed through April 30, 2005 (23). Cases were identified by the Finnish Cancer 

Registry, which provides nearly 100% case ascertainment for ATBC study subjects (24). For 

cases diagnosed before May 1999, one or two study physicians reviewed medical records 

and histopathologic information to confirm the diagnosis and staging. For all subsequent 

cases, the date of diagnosis and histology were based solely on information from the Finnish 

Cancer Registry. Tumor stage information was available for cases diagnosed before May 

1999. Histology data were available for all but 87 cases; the main histology subtypes were 

squamous cell carcinoma (n=179), adenocarcinoma (n=72), and small cell carcinoma 

(n=100), as defined by International Classifications of Diseases for Oncology, 2nd edition, 

codes, 80702–80708, 81403–82508, and 80413–80493, respectively. Lung cancer related 

deaths were identified from the Finnish National Register of Causes of Death.

Laboratory measurements

Overnight fasting serum samples were collected at the pre-randomization baseline visit and 

stored at −70°C. Median time from blood collection until diagnosis was 10 years (range: 0–

20 years). Concentrations of 25(OH)D were measured in matched case-control sets (23) by 

Heartland Assays, Inc. (Ames, IA), using the DiaSorin Liaison 25(OH)D TOTAL assay 

(25). Blinded quality control samples were included in each batch and comprised 5% of the 

samples. Nested components-of-variance analysis (26) was used to calculate the interbatch 

and intrabatch coefficients of variation that ranged between 12.3%–13.6% and 9.3%–11.0%, 

respectively.

DBP was measured using the Quantikine Human Vitamin D Binding Protein Immunoassay 

kit (Catalog number DVDBP0, R&D Systems, Inc., Minneapolis, MN) at the Clinical 

Support Laboratory, SAIC-Frederick, Inc., Frederick National Laboratory for Cancer 

Research (Frederick, MD). Blinded quality control samples were included in each batch and 

comprised approximately 10% of the total samples. Interbatch and intrabatch coefficients of 

variation were 10.8% and 15.2%, respectively. DBP concentration measurement was 

available for 480 of the 500 cases.

Statistical analysis

Survival time was calculated from the date of lung cancer diagnosis until the date of death 

from lung cancer, death from another cause, or December 31, 2012, whichever came first. 

Men that did not die from lung cancer were censored at their date of death or at the end of 

the follow-up period if still alive. Survival time by 25(OH)D categories was estimated using 

the Kaplan–Meier method. Cox proportional hazards regression models were used to 
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estimate hazard ratios (HR) and 95% confidence intervals (CI) for lung cancer survival by 

quartiles of 25(OH)D, DBP, and the 25(OH)D:DBP molar ratio, a proxy for free circulating 

vitamin D (27, 28). Quartile cut-points were based on the distribution of 25(OH)D and DBP 

in all cases. To account for seasonal variation, season-specific 25(OH)D quartile cut-points 

were created for each season of blood collection (darker months: November-April or sunnier 

months: May-October) and then merged into one variable. Season-standardized 25(OH)D 

was created using residuals from a model regressing log-transformed 25(OH)D against 

calendar week of blood collection (29). Associations with survival were further evaluated by 

clinically pre-defined cut-points of serum 25(OH)D (<25, 25 - <37.5, 37.5 - <50, and ≥50 

nmol/L) (29). Schoenfeld residuals were used to test the proportional hazards assumption, 

which was fulfilled for 25(OH)D (p = 0.96), DBP (p = 0.41), and the 25(OH)D:DBP molar 

ratio (p = 0.45).

To assess for potential confounding, factors from Table 1 were entered into univariate 

models to determine if the effect estimate for 25(OH)D or DBP changed more than 10%. 

Family history of lung cancer and daily intake of energy, calcium, and fat were the only 

factors to alter the effect estimates by more than 10%. The final multivariable model 

adjusted for age at randomization (continuous), date of blood collection (continuous), family 

history of lung cancer (yes, no, missing), total daily intake of energy (quartiles, missing 

category), calcium (quartiles, missing category), and fat (quartiles, missing category), and 

factors commonly associated with lung cancer risk or prognosis including cigarettes smoked 

per day (continuous), total years smoked (continuous), BMI (continuous), stage at diagnosis 

(stage I/2, stage 3/4, unknown/missing), age at diagnosis (continuous), total serum 

cholesterol (continuous), daily alcohol intake (no alcohol, quartiles, missing), and trial 

supplementation (α-tocopherol: yes/no, β-carotene: yes/no). To test for linear trend, a term 

with the median values of each quartile for the main effect was entered into the model as a 

continuous ordinal variable.

To explore potential effect modifiers, multivariable models were stratified at the median 

split for age, cigarettes per day, years smoked, serum levels of α-tocopherol, β-carotene, 

retinol, total cholesterol, HDL, and dietary fat and calcium intake. Models were also 

stratified by categories of leisure time physical activity (<3 times/week, ≥3 times/week), 

BMI (<25, ≥25 kg/m2), trial supplementation (α-tocopherol: yes/no, β-carotene: yes/no), 

tumor stage (stage1/2, stage 3/4), time from blood collection to diagnosis (<10 years, ≥10 

years), and season at blood draw (November-April, May-October). To test whether 

interactions were statistically significant, a cross-product interaction term of quartiles of 

25(OH)D and the characteristic coded as a two-level variable was included in a 

multivariable model.

Statistical analyses were conducted using SAS software version 9.2 (SAS Institute, Cary, 

NC) and all p-values were two sided. Kaplan–Meier curves were generated using R version 

3.0.2.
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RESULTS

Of the 500 lung cancer cases included in the analysis, 428 died from their disease. Lung 

cancer survivors were more likely to have a higher BMI and lower serum HDL cholesterol 

at baseline, and be diagnosed with earlier stage disease and non-small cell lung cancer 

(Table 1). Mean baseline concentrations of serum 25(OH)D and DBP did not significantly 

differ by survival status. Men with a higher serum concentration of 25(OH)D had 

significantly lower daily intake of calories, calcium, and fat, had higher dietary vitamin D 

intake, higher baseline serum β-carotene, were more likely to take vitamin D and calcium 

supplements, and less likely to have a family history of lung cancer (data not shown). 

Prognostic factors including tumor stage, BMI, age at diagnosis, smoking, and alcohol 

intake were not correlated with serum concentration of 25(OH)D, however, men in the 

highest quartile of serum 25(OH)D were significantly more likely to have small cell lung 

cancer than men with low concentrations of serum 25(OH)D (data not shown).

Lung cancer specific survival was similar across quartiles of serum 25(OH)D (log-rank p-

value = 0.65) (Figure 1). Comparing highest to lowest quartiles, there was no statistically 

significant association between serum 25(OH)D and lung cancer survival (HR = 1.18; 95% 

CI: 0.89–1.56) (Table 2) and further adjustment for DBP concentration did not alter the 

findings (data not shown). Similar associations were observed for season-standardized 

25(OH)D and clinically pre-defined 25(OH)D cut-points (data not shown). The association 

between serum 25(OH)D and lung cancer survival remained null when comparing men with 

sufficient (≥50 nmol/L, n = 125) versus insufficient (<50 nmol/L, n = 375) 25(OH)D 

concentration (multivariable HR = 1.15; 95% CI:0.91–1.45). Lung cancer survival was not 

associated with DBP concentration (HR = 0.95; 95% CI: 0.71–1.26), or the 25(OH)D:DBP 

molar ratio (HR = 0.90; 95% CI: 0.67–1.22), a proxy for free circulating vitamin D, 

although the second quartile of the 25(OH)D:DBP molar ratio was associated with longer 

survival (HR = 0.71; 95% CI: 0.52–0.94). Results for 25(OH)D, DBP, and the 

25(OH)D:DBP molar ratio were unchanged after excluding cases diagnosed less than 2 

years after blood collection (data not shown).

Associations with serum 25(OH)D were not significantly different for men with serum DBP 

concentrations below (HR = 0.80; 95% CI: 0.51–1.27) or above the median (HR = 1.16; 

95% CI: 0.76–1.76) (p for interaction = 0.56) (Table 3). Similarly, associations with serum 

DBP and the molar ratio of 25(OH)D:DBP did not vary by concentration of 25(OH)D and 

DBP, respectively.

In histology-specific analyses (Table 4), there was suggestion that higher 25(OH)D 

concentration was associated with reduced survival in cases of squamous cell carcinoma 

(HR = 1.34; 95% CI: 0.76–2.39), but increased survival for adenocarcinoma (HR = 0.64; 

95% CI: 0.17–2.45) and small cell carcinoma (HR = 0.55; 95% CI: 0.21–1.45), although 

none of these associations were statistically significant and the estimates were based on a 

relatively small number of cases. Similarly, DBP concentration was not significantly 

associated with any histology type (data not shown).
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In subgroup analyses of 25(OH)D, there was a significant interaction with frequency of 

leisure-time physical activity (p for interaction = 0.01), with the highest versus lowest 

quartile of 25(OH)D concentration being associated with decreased survival in cases who 

reported physical activity less than three times per week (HR = 1.46; 95% CI: 1.05–2.03) 

and suggestion of improved survival in men with ≥3 activity sessions per week (HR = 0.53; 

95% CI: 0.24–1.16) (Table 5). No other factors modified the association between serum 

25(OH)D and lung cancer survival (data not shown).

DISCUSSION

Circulating serum concentrations of 25(OH)D and DBP were not associated with lung 

cancer specific survival in this cohort of male smokers, and DBP concentration did not 

modify associations with 25(OH)D. In histology specific analyses, there was suggestion that 

higher 25(OH)D concentration may be associated with improved survival for 

adenocarcinoma and small cell carcinoma, however, these associations were not statistically 

significant.

Results from previous studies of serum 25(OH)D and lung cancer specific survival have 

been inconsistent. A Norwegian study of 210 lung cancer patients that collected serum 

samples shortly after diagnosis, observed that higher serum 25(OH)D was associated with a 

statistically significant longer survival time (9). Similarly, a US study of 447 early stage 

non-small cell lung cancer patients also observed longer survival for those with higher 

serum 25(OH)D at diagnosis, however the association was not statistically significant (10). 

In contrast, higher serum 25(OH)D at diagnosis was associated with shorter survival time in 

a Chinese study of 87 non-small cell lung cancer cases (12). No association between serum 

25(OH)D and survival was observed for 294 patients with advanced stage non-small cell 

carcinoma (11), suggesting that vitamin D may be less protective for later stage, more 

aggressive lung tumors. To our knowledge, only one study examined DBP concentration 

and lung cancer survival (30); among 148 non-small cell lung cancer cases with blood 

samples collected shortly after diagnosis, no survival association was seen for serum 

25(OH)D, but lower serum DBP concentration was associated with significantly shorter 

survival.

It is biologically plausible for vitamin D to influence lung cancer survival. Lung tissue 

expresses both 1α-hydroxylase, the enzyme that converts 25(OH)D to the metabolically 

active 1,25-hydroxyvitamin D (1,25(OH)2D) (31), and the vitamin D receptor (VDR) which 

mediates the anti-proliferative and other effects of 1,25(OH)2D (32). Furthermore, 

experimental studies have observed that higher VDR expression in lung tumors is associated 

with improved survival (33) and that vitamin D inhibits metastasis and angiogenesis in lung 

cancer cells (4, 5). Select characteristics of the ATBC cohort may have contributed to the 

weak findings observed in the current study as well as a previous analysis in ATBC of 

serum 25(OH)D concentration and risk of lung cancer (23). The ATBC cohort is comprised 

entirely of smokers, and smoking may promote the inactivation of 1,25(OH)2D (34), thereby 

attenuating potential anti-metastatic effects of vitamin D. Also, mean serum 25(OH)D 

concentration in ATBC is lower than mean 25(OH)D levels observed in other cohort 

populations (29) due to the high latitude of Finland, which limits UVB synthesis of vitamin 
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D in the skin, the low levels of vitamin D supplementation reported by participants, and that 

only 10% of subjects had blood drawn from June-August, owing to study clinics being 

closed during July, the time of year when UVB rays are strong and serum 25(OH)D levels 

tend to be highest. Therefore, 25(OH)D concentrations in the ATBC population were 

potentially too low to observe a beneficial effect on survival.

We observed that physical activity modified the association between serum 25(OH)D and 

lung cancer survival, with higher serum 25(OH)D associated with shorter survival among 

men reporting infrequent physical activity and longer survival for men who were regularly 

active. Greater physical activity is associated with higher serum 25(OH)D concentration, 

even in studies controlling for sun exposure (35, 36), possibly as a result of reduced 

bioavailability of vitamin D in individuals that are not physically active D (37). Regular 

moderate physical activity is also associated with a significantly lower risk of cancer 

mortality (38), potentially through improved insulin sensitivity and immune function and 

reduced systemic inflammation (39). Taken together, the survival benefits from physical 

activity and higher serum 25(OH)D among regularly active men, may be reflecting a 

synergistic effect that improves lung cancer survival.

Strengths of our study include pre-diagnostic measurement of 25(OH)D and DBP to 

minimize the potential for reverse causality, a large number of pathology confirmed lung 

cancer cases, up to 20 years of follow-up, and comprehensive assessment of potential 

confounders. The ATBC cohort only includes male smokers, which limits the 

generalizability of our findings to women and non-smokers. The results are likely not 

confounded by smoking, however, since smoking intensity and duration were not associated 

with 25(OH)D concentration and inclusion of smoking factors in multivariable models did 

not change the effect estimates. Treatment information was not available (although baseline 

vitamin D status should not have differed by subsequent treatment protocols), and cancer 

stage and histology were not available for all cases; therefore, the histology specific findings 

that suggest higher 25(OH)D is associated with longer adenocarcinoma and small cell 

carcinoma survival must be interpreted cautiously given the relatively small numbers of 

cases. Although stage was strongly associated with survival, it was not correlated with 

serum 25(OH)D concentration, and the proportion of subjects missing stage information was 

similar across quartiles of serum 25(OH)D. Therefore, if missing stage data does bias the 

results, it would act to mask a potential association between serum vitamin D and lung 

cancer survival. Another potential limitation is that the coefficients of variation for the 

assays used to measure serum 25(OH)D and DBP are slightly high, which may result in non-

differential measurement error that could bias the results towards the null. We did not 

measure serum albumin, which would have allowed us to estimate free circulating vitamin D 

using mass action equations. However, given that only about 12% of vitamin D is carried on 

albumin, and the remaining 88% is carried on DBP, the 25(OH)D:DBP molar ratio is a 

meaningful way to estimate free circulating vitamin D concentration. Since the molar ratio 

may be an imperfect estimate, there is the potential for non-differential measurement error 

that would underestimate the association between free circulating vitamin D and lung cancer 

survival. Lastly, it is not known if baseline concentration of 25(OH)D and DBP are 

representative of typical concentrations over time. Circulating DBP concentrations tend to 

remain fairly stable over time (40) with little seasonal variability (28), but serum 25(OH)D 
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fluctuates by season. However, several cohort studies have shown that individual 25(OH)D 

concentrations remain fairly stable over time (40–42).

CONCLUSION

In summary, higher serum concentration of 25(OH)D and DBP did not materially influence 

lung cancer survival in this population of male smokers. This association should be 

evaluated in other prospective studies, particularly among populations that include women 

and have higher mean levels of 25(OH)D. Furthermore, the potential differences in the 

association by histologic subtype suggested by our study should be examined further.
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Highlights

• We examined the association between serum 25(OH)D and lung cancer 

survival.

• Pre-diagnostic serum 25(OH)D concentration was measured in 500 lung cancer 

cases.

• Higher serum 25(OH)D concentration was not associated with overall survival.

• Higher serum 25(OH)D concentration may prolong survival for some histology 

types.

• Vitamin D binding protein concentration did not modify associations with 

25(OH)D.
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Figure 1. Kaplan–Meier curves showing the proportion surviving after lung cancer diagnosis by 
quartile of serum 25(OH)D.
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Table 1

Select baseline characteristics for 500 male lung cancer cases in the Alpha-Tocopherol, Beta-Carotene Cancer 

Prevention Study.

Characteristic

Fatal Lung
Cancers
(n = 428)

Lung Cancer
Survivors
(n = 72) p-valuea

Age at randomization, y 58.6 ± 4.9 59.1 ± 5.5 0.34

Age at diagnosis, y 68.5 ± 6.3 68.3 ± 6.6 0.62

Survival time, y 1.1 ± 2.1 5.0 ± 6.6 0.0005

Body mass index, (kg/m2) 25.5 ± 3.7 26.7 ± 4.3 0.04

Education, % >elementary 15.9 16.7 0.87

Married, % 79.4 87.5 0.11

Cigarettes smoked/day 23.2 ± 9.5 21.6 ± 9.4 0.22

Total years smoked 39.4 ± 6.4 39.9 ± 6.8 0.38

Family history of lung cancer, %b 14.4 11.4 0.59

Stage at diagnosis

    Stage 1 or 2, % 15.9 33.3 0.002

    Stage 3 or 4, % 46.5 34.7

    Missing stage at diagnosis, % 37.6 31.9

Histology

    Squamous cell carcinoma 34.1 45.8 0.007

    Adenocarcinoma 13.1 22.2

    Small cell carcinoma 21.7 9.7

    Other types and unknown 31.1 22.2

Leisure physical activity ≥3 times/week, % 20.8 25.0 0.46

Energy intake, kcal/day 2688 ± 736 2562 ± 849 0.06

Vitamin D supplement use, % yes 8.2 5.6 0.44

Calcium supplement use, % yes 11.9 11.1 0.84

Dietary vitamin D intake, µg/day 5.4 ± 3.0 5.3 ± 3.1 0.62

Dietary calcium intake, mg/day 1416 ± 605 1348 ± 618 0.26

Total fat intake, g/day 125 ± 42 117 ± 47 0.06

Alcohol, g of ethanol/day 17.6 ± 20.6 16.5 ± 21.0 0.31

Season at blood draw, % May-October 40.2 38.9 0.84

Alpha-tocopherol intervention, % 51.9 47.2 0.47

Beta-carotene intervention, % 52.8 58.3 0.38

Serum 25(OH)D, nmol/L 36.8 ± 21.3 39.4 ± 24.3 0.50

Serum DBP, nmol/L 5988 ± 1814 5670 ± 1643 0.21

Serum 25(OH)D:DBP molar ratio (× 103) 6.8 ± 4.8 7.9 ± 6.4 0.26

Serum α-tocopherol, mg/L 11.8 ± 3.4 11.5 ± 3.4 0.43

Serum β-carotene, µg/L 199 ± 138 207 ± 171 0.83

Serum retinol, µg/L 570 ± 137 573 ± 137 0.64

Serum total cholesterol, mmol/L 6.2 ± 1.2 6.1 ± 1.3 0.96

Serum high-density lipoprotein cholesterol, mmol/L 1.22 ± 0.33 1.10 ± 0.27 0.006
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DBP = vitamin D binding protein, 25(OH)D = 25-hydroxyvitamin D.

Data are presented as means ± the standard deviation or proportions.

a
Wilcoxon rank sum test for continuous variables and the chi-squared test for categorical variables.

b
Family history data available for 55% of cases.
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