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ABSTRACT

BACKGROUND: There is contradicting evidence on vitamin D levels and cancer mortality rates. In this study, we aimed to evaluate the
impact of baseline vitamin D level on the outcome in patients with estimated glomerular filtration rate (EGFR)-mutant advanced non—small-
cell lung cancer (NSCLC) who received either gefitinib or gefitinib with chemotherapy (pemetrexed and carboplatin) as first-line therapy in
a prospective randomized study.

METHODS: This was a post hoc analysis of a phase Ill randomized trial comparing gefitinib with gefitinib with carboplatin and pemetrexed
in patients with advanced NSCLC with activating EGFR mutations in the first-line setting. As a part of regular practice, baseline vitamin D
levels were measured using circulating 25(0OH) levels in blood. We included 334 patients who had baseline vitamin D levels in the study and
evaluated the effect of the vitamin D level on oncologic outcomes.

RESULTS: There were 136 (40.7%) patients with a sufficient (>20ng/mL) baseline vitamin D level, and 198 (59.3%) patients who were defi-
cient in vitamin D (<20ng/mL). The median progression-free survival (PFS) in patients with normal vitamin D levels was 17 months, whereas
that in patients with deficient vitamin D levels was 15months, with a hazard ratio of 1.45 (95% confidence interval [Cl]=1.03-2.06). The
median overall survival (OS) in patients with normal vitamin D levels was 28.6 months, whereas that in patients with deficient vitamin D levels
was 28.5months, with a hazard ratio of 1.17 (95% CI = 0.81-1.68). On multivariate analysis, only 2 factors impacted the PFS, the baseline
vitamin D level, and the treatment regimen; other factors like age, sex, disease stage, and performance status did not.

CONCLUSIONS: Baseline vitamin D levels have a significant impact on PFS, whereas OS is not affected by the baseline vitamin D levels on
patients receiving targeted therapy for EGFR-mutant lung cancer.

TRIAL REGISTRATION: The trial was prospectively registered with the Clinical Trial Registry of India, registration number CTRI/2016/08/007149.

The date of the registration was 5 August 2016.

KEYWORDS: Vitamin D, non—-small-cell lung cancer, gefitinib, chemotherapy, EGFR

RECEIVED: November 23, 2023. ACCEPTED: April 23, 2024.
TYPE: Original Research Article

FUNDING: The author(s) received no financial support for the research, authorship, and/or
publication of this article.

DECLARATION OF CONFLICTING INTERESTS: The author(s) declared no potential
conflicts of interest with respect to the research, authorship, and/or publication of this
article.

R Arunkumar is now affiliated to Department of Cardiothoracic and Vascular Surgery,
JIPMER, Puducherry, India; Supriya Adak is now affiliated to Department of Clinical
Operations, Senior Clinical Study Monitor, Plano, USA

CORRESPONDING AUTHOR: Kumar Prabhash, Solid Tumours Unit, Department of
Medical Oncology, Tata Memorial Hospital, Dr. E. Borges Marg, Parel, Mumbai 400012,
Maharashtra, India. Email: kumarprabhashtmh@gmail.com

Introduction
Vitamin D, commonly known to be an essential nutrient, is a
precursor of a potent steroid hormone, calcitriol, which regu-
lates a broad spectrum of physiological processes. In addition
to the traditional roles of vitamin D like bone metabolism,
studies have suggested that vitamin D may play a vital role in
prevention and treatment of cancer.!* Several cancer cell stud-
ies and animal studies have shown that biological activities of
vitamin D might slow or prevent the development of cancer.®
Vitamin D deficiency has been implicated as a risk factor
for prostate cancer.® In various cell culture studies, vitamin D
metabolites have had protective action against cancer develop-
ment.” Studies have shown vitamin D levels to have an inverse
relation with cancer mortality, whereas others have regarded it
a potential risk factor.® With regard to breast cancer-specific

outcome, Rose et al® previously reported that women with vita-
min D deficiency were at an increased risk of distant recurrence
and death. In this study, this correlation was confirmed,
although the effect was less significant.

Certain studies have shown that vitamin D supplementa-
tion could decrease cancer mortality, but the evidence is weak.
A meta-analysis done by Keum et al'® reported that vitamin D
supplementation was associated with 13% reduction in cancer
mortality over 3 to 10years of follow-up, but the results were
not confirmatory.

Lung cancer is the most common cancer worldwide, account-
ing for 1.2 million new cases annually and responsible for 18%
of all cancer deaths.!! In vitro studies have demonstrated that
similar to other cancer cell lines, vitamin D and various analogs
are capable of inhibiting lung cancer cell proliferation.!?
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Pilz et al'3 demonstrated that increased circulating 25-hydroxy-
vitamin D (25[OH]D) was associated with improved survival
in patients with lung cancer. A study done by Kilkkinen et al™
showed that although there was no overall association between
25(OH)D level and lung cancer risk, women, and younger par-
ticipants with a higher circulating level of vitamin D had a lower
risk of lung cancer. In a study done by Tadashi Akiba, the 5-year
relapse-free survival (RFS) in the vitamin D and placebo groups
was 65% and 57%, respectively, and the 5-year overall survival
(OS) in the vitamin D and placebo groups was 76% and 78%,
respectively.14

Thus, there is contradictory evidence on the impact of vita-
min D levels, both on cancer risk and prognosis.’®> Through
this study, we aimed to evaluate the impact of baseline vitamin
D level on the outcome in patients with estimated glomerular
filtration rate (EGFR)-mutant advanced non—-small-cell lung
cancer (NSCLC) who received either gefitinib or gefitinib
with chemotherapy (pemetrexed and carboplatin) as a first-line
therapy in a prospective randomized study.1®

Methodology

This was a post hoc analysis of the vitamin D levels of the
patients from the trial titled, “A randomized, open-label, phase
IIT study compared gefitinib with gefitinib with carboplatin
and pemetrexed in patients with advanced NSCLC with acti-
vating EGFR mutations in the first-line setting.” We assessed
the baseline vitamin D levels and compared its effect on the
outcome of the patients enrolled in the trial. All patients who
had vitamin D levels examined were included in this study. As
a part of regular practice, baseline vitamin D levels were meas-
ured using circulating 25(OH) levels in blood by the automated
chemiluminescence micro-particle immunoassay (CMIA)
method.

The details of the original study have already been pub-
lished.'® Briefly, it was a randomized, open-label, phase III
study comparing gefitinib with gefitinib with carboplatin and
pemetrexed in patients with advanced NSCLC with activating
EGFR mutations in the first-line setting. The study was
approved by the Institutional Ethics Committee and moni-
tored by the Data Safety Monitoring Subcommittee. The study
was conducted according to the principles laid down by the
International Conference on Harmonization Good Clinical
Practice guidelines, the Declaration of Helsinki, the New
Drugs and Clinical Trials Rules, 2019 and the guidelines estab-
lished by the Indian Council of Medical Research. The study
was prospectively registered with the Clinical Trial Registry of
India, registration number CTRI/2016/08/007149. All

patients provided written informed consent.

Patient population

Patients of age group 18years and above and had histologically
or cytologically confirmed NSCLC with EGFR mutations in

exons 19, 21, or 18 and an Eastern Cooperative Oncology
(ECOG) performance status (PS) of 0 to 2 were enrolled.
Patients in the study either received gefitinib (250 mg orally
daily) or gefitinib (250 mg orally daily) + pemetrexed (500 mg/
m? intravenously on day 1 every 21days) + carboplatin (area
under the curve 5, on day 1 every 21days); pemetrexed and
carboplatin were administered for 4 cycles, followed by main-
tenance pemetrexed in patients who did not have disease pro-
gression. For the purpose of this post hoc analysis, all patients
who had vitamin D level examined were included in this study.
Vitamin D levels had not been not measured for 9 male patients
and 7 female patients. Hence, these patients were not included
for analysis.

As a part of the routine procedure, baseline vitamin D levels
were measured for the patients using 25(OH)D levels in circu-
lation using the automated CMIA method. Based on the pre-
vious literature, 20 ng/mL was considered the normal level for
vitamin D in our population. This cut-off value was used to
divide patients into 2 groups. The decision regarding supple-
mentation of vitamin D was at the discretion of treating

physician.

Statistical analysis

Statistical analysis was done using IBM SPSS Statistics ver-
sion 21 (IBM Corp, Armonk, New York) and R (version 4.1; R
Foundation for Statistical Computing).

Descriptive statistics was used for demographic data analy-
sis. The Kaplan-Meier curve was plotted for progression-free
survival (PFS) and OS for both groups of patients.!”!8 These
curves were compared between the 2 group by the log rank test.
P<.05 was considered statistically significant. We used the
Cox regression analysis for performing the multivariate analy-
s15.1%20 We assessed the effect of various factors including age
(<60years vs 60years and over), sex (male vs female), PS (0-1
vs 2), treatment regimen (gefitinib vs gefitinib + peme-
trexed + carboplatin), disease stage (III vs IV), and baseline
vitamin D level (sufficient vs deficient) using the Cox regres-
sion analysis for PFS.

Results

Between August 2016 and August 2018, 350 patients were
recruited; 174 patients were assigned to the gefitinib with car-
boplatin and pemetrexed arm, and 176 were assigned to the
gefitinib arm. As a part of regular practice baseline vitamin D
levels were measured using circulating 25(OH) levels in blood
for 334 patients (baseline vitamin D level was not measured for
6 patients assigned to gefitinib with carboplatin and peme-
trexed therapy, and 10 patients assigned to gefitinib therapy).
There were 136 (40.7%) patients with a sufficient baseline vita-
min D level, and 198 (59.3%) patients who were deficient in
vitamin D. The median baseline vitamin D level was 17.5 ng/

mL (interquartile range =11.6-25.9).
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Vitamin D supplementation was administered to 25 patients
(12.6%) who had vitamin D levels below 20ng/mL and to 6
patients with levels between 20 and 30 ng/mL. No vitamin D
supplementation was administered to 173 patients (87.4%)
who had deficient baseline vitamin D levels. .

Demographic and baseline clinical characteristics

The patients’ baseline characteristics are listed in Table 1.

The median age of the patients was 55 years, ranging from
27 to 78years. We included 172 (51.5%) male patients and 162
(48.5%) female patients in this analysis. Vitamin D supple-
mentation was administered to 29 patients; 230 patients did
not receive vitamin D supplementation and 73 patients for
whom the vitamin D supplementation was not applicable.

Progression-free survival

There were 228 (68.2%) patients who had an event for PFS.
The median PFS in patients with normal vitamin D level was
17 months (95% confidence interval [CI]=15-21), whereas the
median PFS of patients with deficient vitamin D level was
15 months (95% CI=13-17); hazard ratio (HR) of 1.45 (95%
CI=1.03-2.06) as seen in Figure 1. On a multivariate analysis,
we found that only the treatment regimen and the baseline
vitamin D level had a significant impact on PFS, whereas age,

sex, stage, and PS did not (Figure 2).

Owerall survival

There were 117 (35.04%) patients who had an event for OS.
The median OS in patients with normal vitamin D level was
28.6 months (95% CI = 19.73-37.5), whereas the median OS
in patients with deficient vitamin D levels was 28.5 months
(95% CI=16.91-40.06); HR of 1.17 (0.81-1.68) as seen in
Figure 3.

Vitamin D supplementation

We analyzed the relation between vitamin D supplementation
on OS and found no significant association between the vita-
min D supplementation and the outcome.

Discussion

In this study, we observed the PFS in patients with lower vita-
min D levels was shorter than in the patients with normal vita-
min D levels. The median PFS in patients with normal vitamin
D level was 17 months (95% CI=15-21), whereas the median
PFS of patients with deficient vitamin D level was 15 months
(95% ClI=13-17), which was a statistically significant differ-
ence. The impact of the baseline vitamin D level on PFS
retained statistical significance in a multivariate analysis, along
with the treatment regimen, whereas other factors tested,
including age, sex, disease stage, and PS, did not significantly
impact PFS. Our findings were in line with the results of the

Table 1. Baseline characteristics.

CHARACTERISTICS NUMBER (%)

Age, in years

Median 55

Interquartile range [49, 62]
Sex

Male 172 (51.5)

Female 162 (48.5)
ECOG performance status

PS 0 or1 262 (78.4)

PS>1 72 (21.5)
Smoking history

Never smoker 282 (84.4)

Former/current smoker 52 (15.6)
Comorbidities

Present 169 (50.6)

Absent 165 (49.4)
Histology

Adenocarcinoma 325 (97.3)

Squamous cell carcinoma 2(0.6)

Adenosquamous 6 (1.8)

Sarcomatoid carcinoma 1(0.3)
Stage

1 6 (1.8)

IV A 116 (34.7)

IVB 212 (63.5)
Site of metastasis

Non-metastatic 8

Pleural/pericardial effusion/nodules 55

Opposite lung 38

Bone 49

Brain 15

Liver 3

Non-regional lymph nodes 7

Multiple sites (>1) 173

Adrenal 1

Omentum/peritoneum/ascites 1

meta-analysis by Liu et al,?! in which higher 25(OH)D levels

correlated with a better prognosis.
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Progression Free survival probability
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Figure 1. Kaplan-Meier plot for progression-free survival comparing normal and deficient levels of vitamin D using the log rank test.
Progression Free Survival
Variable Level Hazard Ratio(95% Cl) P value
Age 260 —o—,« 0.8 (0.6 - 1.07) 0.132
Gender Female —— 0.78 (0.59 - 1.02) 0.066
e Performance Status 2 e 1.3 (0.95-1.78) 0.104
Stage Stage IV B 0.59 (0.28 - 1.26) 0.176
Vitamin D Deficient f— 1.39 (1.05- 1.83) 0.021
Arm Pem/Carbo+Gef ~ —e— : 0.5 (0.38 - 0.65) <0.0001
I T i T T T 1
0.0 0.5 1.0 1.5 2.0 25 3.0
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Figure 2. A multivariate analysis of progression-free survival for the variables age, gender, performance status, stage, vitamin D, and arm.

There was no statistically significant difference in the OS in
patients with normal vitamin D levels and deficient vitamin D
levels. The median OS in patients with normal vitamin D level

was 28.6 months (95% CI=19.73-37.5), whereas the median

OS in patients with deficient vitamin D levels was 28.5 months
(95% CI=16.91-40.06).

As there was no previous literature regarding correction of
vitamin D deficiency to improve oncologic outcomes, hence it
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Overall survival probability
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Figure 3. Kaplan-Meier plot for overall survival comparing 2 groups of vitamin D using the log rank test.

was left to the physician’s discretion. This being a post hoc
analysis including the patients who were EGFR mutant and
treated with Gefitinib-targeted therapy or Gefitinib-targeted
therapy along with pemetrexed and carboplatin in a study set-
ting, the general association between vitamin D levels in other
patients with lung cancer receiving treatment for the same
needs to be further studied. The significance of correction of
vitamin D in a prospective randomized study also needs to be
done for confirming the hypothesis. Ours was a retrospective
analysis, and vitamin D receptors had not been evaluated in the
study. We were, therefore, unable to assess the connection
between vitamin D receptors and survival; this was a limitation
of our study.

Conclusions

Baseline vitamin D levels have a significant impact on PFS,
whereas OS is not affected by the baseline vitamin D levels in
patients receiving Gefitinib-targeted therapy for EGFR-
mutant lung cancer. However, the impact of vitamin D needs to
be further studied in other lung cancer patients in prospective
setting along with correction for deficiency for a clearer deci-
sion on clinical practice.

Acknowledgements
None.

Author Contributions

VN and KP were responsible for the conception and design of
the study. All authors were responsible for acquisition of the
data. VN and KP were responsible for analysis of the data. All
authors were responsible for interpretation of the data. VN
drafted the article, and all other authors revised it critically for
important intellectual content.

Availability of Data and Materials

The individual de-identified data will be available on request to
the corresponding author, Dr KP (kumarprabhashtmh@gmail.
com), until Syears after publication. Requests beyond this
timeframe will be considered on a case-by-case basis.

Consent for publication
Not applicable.

Ethics Approval and Consent to Participate

The trial was conducted at Tata Memorial Center (TMC), an
academic tertiary oncology hospital in Mumbai, India. The
study was approved by the Institutional Ethics Committee of
TMC (study number 204) and monitored by the Data Safety
Monitoring Subcommittee. The study was conducted as per
Good Clinical Practice, following Indian and International
regulations and guidelines. All participants provided written
informed consent before enrollment on this study. The CTRI
number of the study is CTRI/2016/08/007149. The date of
the registration was 5 August 2016.

ORCID iD

Kumar Prabhash https://orcid.org/0000-0001-8858-5004

REFERENCES

1. Jeon S-M, Shin E-A. Exploring vitamin D metabolism and function in cancer.
Exp Mol Med. 2018;50:1-14. doi:10.1038/512276-018-0038-9

2. Pandey A, Singh A, Singh S. Prevalence of vitamin D deficiency in treatment-
naive individual consecutive cancer patients. Cancer Res Stat Treat. 2020;3:25-31.
doi:10.4103/CRST.CRST_113_19

3. Shamsi U, Usman S. Causal association of vitamin D deficiency with cancer:
more research needed. Cancer Res Stat Treat. 2020;3:369-370. doi:10.4103/
CRST.CRST_89_20

4. Batra U, Sharma M. Association of vitamin D with cancer—catch me if you can!
Cancer Res Stat Treat. 2020;3:78-80. doi:10.4103/CRST.CRST_49_20


mailto:kumarprabhashtmh@gmail.com
mailto:kumarprabhashtmh@gmail.com
https://orcid.org/0000-0001-8858-5004

Clinical Medicine Insights: Oncology

10.

11.

12.

National Cancer Institute. Vitamin D and cancer. Accessed October 14,2023. https://
www.cancer.gov/about-cancer/causes-prevention/risk/diet/vitamin-d-fact-sheet
Swami S, Krishnan AV, Feldman D. Vitamin D metabolism and action in the
prostate: implications for health and disease. Mo/ Cell Endocrinol. 2011;347:61-
69. doi:10.1016/j.mce.2011.05.010

TuohimaaP, Tenkanen L, Ahonen M, et al. Both highand lowlevels of blood vitamin D
are associated with a higher prostate cancer risk: a longitudinal, nested case-control
study in the Nordic countries. In.] Cancer. 2004;108:104-108. doi:10.1002/ijc.11375
Gupta D, Vashi PG, Trukova K, Lis CG, Lammersfeld CA. Prevalence of serum
vitamin D deficiency and insufficiency in cancer: review of the epidemiological
literature. Exp Ther Med. 2011;2:181-193. doi:10.3892/etm.2011.205

Rose AA, Elser C, Ennis M, Goodwin PJ. Blood levels of vitamin D and early
stage breast cancer prognosis: a systematic review and meta-analysis. Breast Can-
cer Res Treat. 2013;141:331-339. d0i:10.1007/s10549-013-2713-9

Keum N, Lee DH, Greenwood DC, Manson JE, Giovannucci E. Vitamin D sup-
plementation and total cancer incidence and mortality: a meta-analysis of random-
ized controlled trials. Ann Oncol. 2019;30:733-743. doi:10.1093/annonc/mdz059
Kilkkinen A, Knekt P, Heliévaara M, et al. Vitamin D status and the risk of lung
cancer: A cohort study in Finland. Cancer Epidemiol Biomarkers Prev.
2008;17:3274-3278. d0i:10.1158/1055-9965.EPI-08-0199

Christiani DC, Matthew Kinsey C. Lung cancer. In: Litonjua AA, ed. Vitamin
D and the Lung: Mechanisms and Disease Associations. Humana Press; 2012:
307-322.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Pilz S, Tomaschitz A, Obermayer-Pietsch B, Dobnig H, Pieber TR. Epide-
miology of vitamin D insufficiency and cancer mortality. Anticancer Res.
2009;29(9):3699-704.

Akiba T, Morikawa T, Odaka M, et al. Vitamin D supplementation and survival
of patients with non—small cell lung cancer: a randomized, double-blind, pla-
cebo-controlled trial. Clin Cancer Res. 2018;24:4089-4097. doi:10.1158/1078-
0432.CCR-18-0483

Vora CS. Let us not associate everything with cancer. Cancer Res Stat Treat.
202053:371. doi:10.4103/CRST.CRST_80_20

Noronha V, Patil VM, Joshi A, et al. Gefitinib versus gefitinib plus pemetrexed
and carboplatin chemotherapy in EGFR-mutated lung cancer. J Clin Oncol.
2020;38:124-136. d0i:10.1200/JC0O.19.01154

Pawar A, Chowdhury OR, Salvi O. A narrative review of survival analysis in
oncology using R. Cancer Res Stat Treat. 2022;5:554-561

Chakraborty S. A step-wise guide to performing survival analysis. Cancer Res
Stat Treat. 2018;1:41-45. doi:10.4103/CRST.CRST_5_18

Dessai S, Simha V, Patil V. Stepwise Cox regression analysis in SPSS. Cancer Res
Stat Treat. 2018;1:167-170. doi:10.4103/CRST.CRST_7_19

Dessai S, Patil V. Testing and interpreting assumptions of COX regression anal-
ysis. Cancer Res Stat Treat. 2019;2:108-111. doi:10.4103/CRST.CRST_40_19
Liu J, Dong Y, Lu C, et al. Meta-analysis of the correlation between vitamin D
and lung cancer risk and outcomes. Oncotarger. 2017;8:81040-81051. doi:10.18
632/oncotarget. 18766


https://www.cancer.gov/about-cancer/causes-prevention/risk/diet/vitamin-d-fact-sheet
https://www.cancer.gov/about-cancer/causes-prevention/risk/diet/vitamin-d-fact-sheet

