Journal of Surgical Oncology 1998;68:231–236

A Cross-Sectional Study of Vitamin Intake in
Postoperative Non-Small Cell Lung
Cancer Patients
AMINAH JATOI, MD,1,2* BENEDICT D.T. DALY, MD,3 GERTRUDE KRAMER, MD,4 AND
JOEL B. MASON, MD1
1
Division of Clinical Nutrition, Department of Medicine, Tufts University and New England
Medical Center, Boston, Massachusetts
2
Division of Hematology/Oncology, Department of Medicine, Tufts University and New
England Medical Center, Boston, Massachusetts
3
Division of Cardiothoracic Surgery, Department of Surgery, Tufts University and New
England Medical Center, Boston, Massachusetts
4
Division of General Medicine, Department of Medicine, Tufts University and New
England Medical Center, Boston, Massachusetts

Background and Objectives: This cross-sectional study of postoperative
non-small cell lung cancer (NSCLC) patients examined possible effects of
vitamin intake and folate status on disease-free survival.
Methods: Supplemental vitamin usage, dietary vitamin intake (Willett
Food Frequency Questionnaire), red blood cell (RBC) folate, and serum
folate concentrations were assessed in patients with a history of NSCLC.
Exclusion criteria included factors that alter folate status or that are associated with altered nutritional habits: (1) evidence of cancer on history,
physical, or chest radiograph; (2) tobacco, alcohol ingestion (>2 drinks/
day), or cancer treatment within 3 months; (3) use of folate antagonists;
and (4) age <60 years.
Results: 36 subjects were evaluated. The median disease-free censored
survival was 24 months (range 4–41). Nineteen of 36 patients (53%)
reported vitamin supplementation. Vitamin users had a longer median
censored survival compared with nonusers (41 months versus 11 months;
P ⳱ 0.002). With adjustment for cancer stage, the association between
RBC folate and censored survival (r ⳱ 0.35; P ⳱ 0.055) and between
serum folate and censored survival (r ⳱ 0.32; P ⳱ 0.083) approached
statistical significance.
Conclusions: NSCLC patients who took vitamin supplements were more
likely to be long-term survivors in the patients studied; a similar trend
toward long-term survival was seen among patients with higher circulating
folate concentrations. J. Surg. Oncol. 1998;68:231–236. © 1998 Wiley-Liss, Inc.
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prevention; vitamin supplementation

INTRODUCTION
Epidemiologic evidence points to an inverse relationship between the intake of vegetables and fruits and the
development of lung cancer in relatively healthy populations [1–5]. A recent randomized placebo-controlled
trial underscored a similar relationship among postoperative non-small cell lung cancer (NSCLC) patients [6]. In
© 1998 Wiley-Liss, Inc.

this study, Pastorino et al. [6] examined the use of
300,000 IU of vitamin A in patients who had undergone
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surgical resection of stage I NSCLC. Patients who received high-dose vitamin A developed fewer second lung
cancers; the time to development of second cancers
(most of which were lung cancers) was significantly
shorter in the placebo-treated group (P ⳱ 0.045). Patients treated with vitamin A may also have had a slight
survival advantage when compared with placebo-treated
patients (P ⳱ 0.054). Not all vitamin or micronutrient
intake is beneficial, however. Two other intervention
studies found a significant increase in lung cancer incidence in male smokers receiving ␤-carotene supplementation at doses of either 20 or 30 mg/day [7,8]. Taken
together, these studies underscore the fact that nutrient
intake plays an important, although not well-defined, role
in the prevention and development of lung cancer.
For patients who have undergone surgical resection of
early-stage NSCLC, dietary intake—specifically vitamin
intake—is therefore an issue of interest. The 5-year mortality rate associated with this malignancy, even after
surgical resection, exceeds 50%, with most patients succumbing to either metastatic disease or a second lung
cancer [9]. Yet despite this high mortality, some patients
do well. We hypothesized that habitual vitamin intake
after cancer resection may in part explain this favorable
outcome. We also hypothesized that long-term survivors
of early-stage NSCLC have different dietary habits—
which may protect them from recurrent cancer—as compared with most early-stage NSCLC patients who die
from their disease. We therefore chose to examine the
vitamin intake of a cross section of our NSCLC patient
population in an effort to determine possible effects of
nutritional habits on patients’ disease-free survival.
MATERIALS AND METHODS
Overview
Supplemental vitamin usage, overall dietary vitamin
intake, red blood cell (RBC) folate, and serum folate
concentrations were assessed in patients who had undergone resection of early-stage NSCLC. Overall dietary
vitamin intake was assessed with the Willett Food Frequency Questionnaire [10], for which correlations between energy-adjusted intake and plasma nutrient concentrations are strong and statistically significant for vitamins with reported cancer prevention properties,
including folate, the carotenoids (includes multiple carotenoids in addition to ␤-carotene), vitamin E, and vitamin C (r ⳱ 0.63, P < 0.01; r ⳱ 0.37, P < 0.01; r ⳱
0.53, P < 0.01; and r ⳱ 0.44, P < 0.01, respectively
[11]). In order to provide supplemental information on
self-reported dietary intake results, folate status was assessed biochemically. RBC and serum folate were chosen as markers for this purpose because (1) blood folate
levels are stable biochemically while in storage at −70°C

[12]; (2) in two separate studies, Heimburger et al. [13]
and Saito et al. [14] suggested folate may directly prevent
lung cancer by reversing bronchial squamous metaplasia;
(3) greater intake of folate-rich foods has been shown to
be associated with longevity in the elderly [15]; and (4)
folate is abundant in vegetables and fruits [16].
Recruitment
Between September 1996 and June 1997, postoperative NSCLC patients in the Lung Tumor Evaluation Center at the New England Medical Center were randomly
approached for participation in a research study requiring
blood drawing and completion of a food frequency questionnaire. Fifty-one patients agreed to participate in the
study protocol, which had been approved by the Human
Investigation Review Committee at New England Medical Center, Boston, Massachusetts.
The present report is a nested analysis within this
much larger, ongoing research effort. From the initial
pool of 51 patients, 36 were included in the present
analysis. The remainder were excluded because they possessed one or more of the following exclusion criteria:
(1) evidence of cancer on history, physical examination,
or chest radiograph; (2) tobacco use within the preceding
3 months; (3) use of folate antagonists, such as methotrexate, phenytoin, oral contraceptives, or sulfonamide
antibiotics; (3) alcohol use of >2 drinks/day; or (4) cancer treatment, including surgery, within the preceding 3
months. The foregoing exclusion criteria were chosen
because each has been shown to significantly alter folate
status [17–20]. Subjects less than 60 years of age were
also excluded to minimize the known confounding effects of age on dietary habits and micronutrient supplementation [21].
Vitamin Ingestion
At initial recruitment, subjects were questioned about
their use of vitamin supplements. Subjects were asked
whether they were currently taking supplemental vitamins, what type of vitamins they were taking, and whether these supplements were being taken to correct a known
vitamin deficiency.
Dietary Intake
Subjects completed the Willett Food Frequency Questionnaire at the time of initial recruitment. They were
also given the Food Models from the National Dairy
Council (Courtesy of the National Dairy Council, Rosemont, IL), a pictorial description of portion sizes, to assist them in the completion of the food frequency questionnaire. Subjects had the option of completing the
questionnaire at home. If questionnaires were not re-
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ceived within 2 weeks after initial recruitment, subjects
were contacted once by telephone as a reminder.

TABLE I. Reported Vitamin Supplementation Among
Non-Small Cell Lung Cancer Patients

Assay Methods
Blood samples for RBC and serum folate were collected in vacuum tubes both with EDTA and without
additives. Samples were immediately refrigerated after
collection. Blood samples were later processed by mixing 100 l of whole blood from each EDTA tube with 1
ml of 0.4% ascorbic acid and then stored at −70°C. Serum samples were also stored at −70°C. Assays for RBC
and serum folate were run together at a later date with
radioimmunoassay (RIA) kits (Bio-Rad, Hercules, CA).
Data Analysis
Results are expressed as means with standard deviations (SD) or as median values with ranges. We defined
disease-free censored survival as the time in months from
initial staging and treatment of the tumor to the time of
study recruitment and participation, at which time all
patients who were eligible for the study were found to be
disease free. All survival data are censored because all
subjects were alive and disease free at analysis. Data
were log-transformed when not normally distributed. The
Mann Whitney U-test was used to compare continuous
data between two groups. Analysis of covariance was
used to examine relationships between continuous data
when adjustments for categorical or other continuous
variables were necessary. All P-values are 2-tailed. Pvalues of < 0.05 were considered statistically significant.
Analyses were performed with Systat 5.2.1 for Macintosh (SPSS, Chicago, IL).
RESULTS
Subject Characteristics
Of the 36 patients evaluated, the mean age was 71 ± 5
(mean ± SD). The male: female ratio was 17:19. The
median postoperative disease-free censored survival was
24 months (range: 4 to 141 months). Subjects’ cancer
stage, as defined by Mountain’s pathologic staging criteria [22], is distributed as follows: IA (16; 44%); IB (10
(28%); IIB (5; 14%); IIIA (2; <1%); and IIIB (2; <1%).
One subject’s cancer was unable to be accurately staged
pathologically. Twenty-nine subjects (81%) completed
and returned the food frequency questionnaire.
Vitamin Usage
Nineteen of the 36 patients (53%) reported regular
supplemental vitamin usage. The vitamin supplements
taken are listed in Table I. No patient reported taking
vitamins to treat a known vitamin deficiency. The male
to female ratio among the vitamin users was 8:11,
whereas among the nonusers, it was 9:8. The mean age ±
SD of the vitamin users was 72 ± 6 years, whereas among
the vitamin nonusers, it was 71 ± 5 years. Vitamin users
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Vitamin

% of subjects
who reported use

Multivitamin
Folate
Vitamin E
Vitamin C

39
3
14a
14b

a

Two of these subjects reported taking a multivitamin and four also
reported vitamin C supplementation.
b
Two of these subjects reported taking a multivitamin, and four also
reported vitamin E supplementation.

had the following tumor stages: IA (4), IB (7), IIB (5),
IIIA (2), and IIIB (1). Tumor stages among vitamin nonusers are as follows: IA (12), IB (3), and IIIB (1) with
one patient unable to be pathologically staged. Vitamin
users had significantly longer median censored diseasefree survivals compared with nonusers: 41 months (range
4–141) versus 11 months (range 4–84) (P ⳱ 0.002) (Fig.
1). A significant survival advantage continued to be seen
after adjustment for cancer stage (P ⳱ 0.04).
Dietary Intake
Dietary intake was analyzed for the 29 patients who
returned the food frequency questionnaire. Vitamin intake was examined as total vitamin intake, dietary vitamin intake with the exclusion of vitamin supplementation, and vitamin intake adjusted for energy consumption. With adjustment for cancer stage, no significant
relationships were seen between reported intake of folate,
the carotenoids, vitamin E, and vitamin C and censored
survival. In addition, among the 29 patients who returned
the dietary surveys total caloric intake was no different
between the patients who reported being vitamin users
and those who reported being nonusers.
Folate Status
The mean RBC and serum folate concentrations were
358.5 ± 201.6 and 12.8 ± 9.2, respectively, within the
group. The normal ranges for these parameters with the
methodology used in the present study are 215–1,291
ng/ml for RBC folate and 1.5–20.6 ng/ml for serum folate. These normative values are supplied by the manufacturer of the RIA kit and are based on a calculated
mean concentration ± 2 SD for both RBC and serum
folate from 299 samples taken from healthy blood donors.
With adjustment for cancer stage, the association between RBC folate and censored survival approached statistical significance (r ⳱ 0.35; P ⳱ 0.055) (Fig. 2). With
the same adjustment, the association between serum folate and censored survival also approached statistical significance (r ⳱ 0.32; P ⳱ 0.083) (Fig. 3).
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Fig. 1. Subjects who reported using vitamin supplements had a significantly longer median censored survival compared with nonusers:
41 months (range 4–141 months) versus 11 months (range 4–84
months) (P ⳱ 0.002).

CONCLUSIONS
In this cross-sectional study, subjects who took vitamin supplements and were more folate-replete by biochemical assessment were more likely to be long-term
survivors within the group. These findings suggest that
the nutritional habits of these cancer survivors may be
protecting them from recurrent cancer, although the design of this study precludes any definitive statement on
causality. Although the reported dietary intake of micronutrients within our study did not demonstrate correlations with respect to censored survival, this result can be

explained by the inherent imprecision seen with reported
dietary intake data coupled with the fact that our sample
size was relatively small. Within the group of patients we
studied, however, our results clearly demonstrate that the
use of vitamin supplements was associated with longterm survivorship.
The RBC and serum folate results are provocative,
despite the fact that they fall short of conventional levels
of statistical significance. Although early-stage NSCLC
carries a high mortality, several of the short-term survivors within our group of patients will nonetheless become long-term survivors. The data from the short-term
censored survivors in this study are therefore ‘‘contaminated’’ by those patients who will become long-term
survivors. Because this group is skewing our RBC and
serum folate results, we believe the clinical significance
of our findings may exceed their statistical significance.
Future longitudinal studies with larger numbers of subjects should determine whether folate-replete patients are
more likely to become long-term survivors after resection of early-stage NSCLC than are those with diminished folate status.
Finally, our study has several limitations. First, as alluded to, our data are cross-sectional and require a prospective study for confirmation. Even with regard to vitamin supplementation, the cross-sectional design of our
study is problematic in that it does not allow for accurate
assessment of duration of use. Second, although we randomly approached patients for enrollment, we may nonetheless have evaluated a biased population. Vitamin ingestion and a willingness to seek regular medical checkups may be two variables that co-migrate within a

Fig. 2. After adjustment for cancer stage, the
association between red blood cell (RBC) folate
and censored survival approached statistical significance (r ⳱ 0.35; P ⳱ 0.055). One patient
whose cancer could not be accurately pathologically staged was included in the analysis, but not
in the graph.
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Fig. 3. After adjustment for cancer stage, the
association between serum folate and censored
survival approached statistical significance (r ⳱
0.32; P ⳱ 0.083). One patient whose cancer
could not be accurately pathologically staged was
included in the analysis, but not in the graph.

population. Large cross-sectional databases have observed that a variety of other cancer preventive habits do,
in fact, co-migrate with supplemental vitamin usage [23].
As mentioned earlier, a prospective study with aggressive recruitment and follow-up of all patients who undergo resection of early-stage NSCLC is necessary to
overcome this potential for bias. Lastly, our study did not
evaluate pharmacologic doses of vitamin A, which has
been demonstrated to reduce the risk of second lung cancers postoperatively [6]. We chose not to focus on vitamin A because the Willett Food Frequency Questionnaire does not provide accurate dietary information for
this vitamin [11]. Perhaps one of the strengths of our
study, however, is that by evaluating the vitamins we did
and by asking open-ended questions with regard to
supplementation, we found that the ingestion of a variety
of vitamin supplements identify patients who are more
likely to be long-term survivors. Thus, our study raises
the possibility that multiple different nutrients may together promote long-term disease-free survival in earlystage NSCLC patients.
In summary, our study indicates that vitamin supplementation and perhaps folate intake are associated with
long-term survival in postoperative, early-stage NSCLC
patients. In view of the poor prognosis associated with
this malignancy, further studies need to be performed to
determine whether there is a causal relationship between
vitamin use and long-term survival.
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