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5 different liposoluble forms:

Vitamin D...

Vitamin D (VD) is a group of pro-hormones.

vitamin D.
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Figure 1. Vitamin D synthesis pathway (based on Bikle 2014 [14]).
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1,25-0H, VITAMIN D
(CALCITRIOL)

ACTIVE FORM. NOT STORED IN
TISSUES, VERY SHORT BLOOQOD

HALF-LIFE

NO MARKER!




25-0H VITAMIN D (CALCIDIOL)

PRECURSOR MAINLY STORED IN

LIVER AND MUSCLES, THE MOST
PRESENT IN BLOOD




Calcidiol: different ranges...

tio.. The ongoing D-lemma of vitamin D supplementation
for nonskeletal health and bone health

Nipith Charoenngama‘b, Arash Shirvani® and Michael F. Holick®

Vitamin D 25(OH)D range guidelines from various organizations

Vitamin Endocrine Food and Testing
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Vitamin D Deficiency in Oncology Patients g##an Ignored
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ABSTRACT:

KEY WORDS:

Background: Vitamin D status is not evaluated routinely in
cancer patients with bone metastasis who are treated with
bisphosphonates.

Objectives: To assess the effect of vitamin D status on risk of
hypocalcemia and quality of life in these patients.

h We perf d lab y tests for routine serum
biochemistry, 25(0H)D, plasma parathyroid hormone (PTH)
and bone turnover markers (CTX, PINP) in 54 patients aged
57.5 + 13 years treated with intravenous bisphosphonates.
Results: Most of the patients (n=44, 77.8%) did not receive
calcium and vitamin D supplementation. Their mean serum
25(0H)D levels (12.83 + 6.86 ng/ml) correlated with vitamin
D daily intake (P = 0.002). In 53 patients (98.1%) 25(0H)
D levels were suboptimal (¢ 30 ng/ml). Albumin-corrected
calcium levels correlated with plasma PTH (P = 0.001). No
[ ion was observed betv daily calcium intake and
serum calcium (P = 0.45). Hypocalcemia was observed in
one patient. Mean plasma PTH was 88.5 + 65 ng/L. Plasma
PTH correlated negatively with 25(0H)D serum levels (P
=0.003) and positively with PINP (P = 0.004). Albumin-
corrected calcium correlated negatively with PINP (mean
126.9 + 191 ng/ml) but not with CTX levels (mean 0.265 + 0.1
ng/ml) (P ¢ 0.001). There was no correlation among quality
of life parameters, yearly sun exposure and 25(0H)D levels
(P=0.99).

Conclusions: Vitamin D deficiency is frequent in oncology
patients with bone is treated with bisphosph

and might increase bone damage. Our results indicate a
minor risk for the development of severe hypocalcemia
in vitamin D-deficient pati receiving bisphosph
therapy. Although vitamin D deficiency might have some
effect on the quality of life in these patients, it was not
proven significant.

IMA) 2012; 14: 607-612
bisphosphonates, vitamin D, oncology patients,
hypocalcemia, quality of life
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Abstract

Purpose To assess adherence to the current European Society for Medical Oncology (ESMO) clinical practice guideline on bone
health in cancer patients and the German guidelines for lung, breast, and prostate cancer among German oncologists in hospitals
and office-based physicians and to identify predictors of guideline compliance to assess the needs for dedicated training,
Methods This was a retrospective sample analysis representing hospitals and office-based physicians in Germany in 2016,
Records from lung, breast, and prostate cancer patients who had received a diagnosis of bone metastasis between Apnil |1,
2015, and March 31, 2016, were included. Oncologists at participating centers answered a self-assessment survey on aspects
related to their professional life, including guideline adherence and years of clinical experience in medical oncology. Guideline
adherence rates were assessed from patient records. Treatment variables and survey data were used to identify predictors of
guideline compliance in a Classification and Regression Tree (CART) analysis.

Results Disregarding recommendations for supplementation of calcium and vitamin D, guideline adherence among physicians
treating lung, breast, or prostate cancer patients was 62%, 92%, and 83%, respectively. Compliance was 15%, 42%, and 40% if
recommendations for dictary supplements were taken into account. Identified predictors of guideline compliance included
treatment setting, medical specialty, years of professional experience, and frequency of quality circle attendance.

Conclusions Compliance with the ESMO and the German guidelines in cancer patients varies between medical specialties., In
particular, patients with lung cancer and bone metastases often do not receive the recommended osteoprotective treatment and

required supplementation. Discrepancies between guideline recommendations and common practice should be addressed with
dedicated training.

of intravenous bisphosphonates, as well as the risk of these
patients to develop hypocalcemia. In addition, an attempt was
made to assess a possible impact of vitamin D deficiency on the

quality of life in this population.

... Disregarding recommendations for supplementation of calcium and vitamin D, guideline adherence

among physicians treating lung, breast, or prostate cancer patients was 62%, 92%, and 83%, respectively.
Compliance was 15%, 42%, and 40% if recommendations for dietary supplements were taken into account.
Compliance with the ESMO and the German guidelines in cancer patients varies between medical
specialties. In particular, patients with lung cancer and bone metastases often do not receive the
recommended osteoprotective treatment and required supplementation. Discrepancies between
guideline recommendations and common practice should be addressed with dedicated training
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A phase l/ll pharmacokinetic and pharmacogenomic study of
calcitriol in combination with cisplatin and docetaxel in
advanced non-small-cell lung cancer

A phase I/ll clinical trial assessing the
maximum tolerated dose and dose-
limiting toxicities of 1,25(0OH)2D3 with
cisplatin/docetaxel in advanced non-
small cell lung cancer patients and
assessing the response rates was
carried out: 60 mcg/m?.

In addition, as a secondary outcome,
they correled systemic exposure to
1,25(0OH)2D3 with polymorphisms in the
CYP24 enzyme.

Abstract

Background—Preclinical studies demonstrated antiproliferative synergy of 1.25-Dj (calcitriol)
with cisplatin. The goals of this phase I/II study were to determine the recommended phase II dose
(RP2D) of 1.25-D3 with cisplatin and docetaxel and its efficacy in metastatic non-small-cell lung
cancer.

Methods—Patients were >18 years, PS 0-1 with normal organ function. In the phase I portion.
patients received escalating doses of 1.25-Dj intravenously every 21 days prior to docetaxel 75
mg/m? and cisplatin 75 mg/m? using standard 3 + 3 design, mcetmo dose-limiting toxicity (DLT)
rate <33 %. Dose levels of 1,25-D3 were 30, 45, 60, and 80 mcg/ ‘m?2. A two- stage design was
employed for phase II portion. We correlated CYP24A4 1 tag SNPs with clinical outcome and 1,25-
D3 pharmacokinetics (PK).

Results—34 patients were enrolled. At 80 mcg/m?, 2/4 patients had DLTs of grade 4
neutropenia. Hypercalcemia was not observed. The RP2D of 1.25-D3 was 60 mcg/m?. Among 20
evaluable phase II patients, there were 2 confirmed. 4 unconfirmed partial responses (PR). and 9
stable disease (SD). Median time to progression was 5.8 months (95 % CI 3.4, 6.5). and median
overall survival 8.7 months (95 % CI 7.6, 39.4). CYP24A1 SNP 153787554 (C > T) correlated
with disease progression (P= 0.03) and CYP24A1 SNP 152762939 (C > G) trended toward PR/SD
(P=0.08). There was no association between 1.25-D3; PK and CYP24A1 SNPs.

Conclusions—The RP2D of 1.25-D;3 with docetaxel and cisplatin was 60 mcg/m? every 21
days. Pre-specified endpoint of 50 % confirmed RR was not met in the phase II study. Functional
SNPs in CYP24A1 may inform future studies individualizing 1.25-D3.



Latitude, seasonality and lung
cancer

In some countries, for example the UK and in Norway, there is a significant
gradient in UVB exposure from north to south and a better lung cancer survival
rate in patients with higher exposure.

In relation to season, in a cohort of just over 45,000 Norwegian patients, authors
found that male lung cancer patients younger than 50 years old had a 15%
reduced risk of dying from the disease within 18 months when diagnosed in the
summer/autumn vs. winter/spring months.

A meta-analysis showed that latitude was positively associated with lung cancer
incidence rates in both men and women. There was also an independent
association of higher lung cancer incidence with lower UVB irradiance.

Furthermore, in a US study of 456 patients with early-stage non-small cell lung
cancer, Zhou et al. found that those individuals with higher intakes of vitamin D
and whose surgery occurred during the summer months, had improved survival
rates and a greater recurrence-free survival.

Vitamin D: Potential in the Prevention
and Treatment of Lung Cancer

ROSEMARY NORTON and MARIA A O’CONNELL



Other factors relating VD and
lung cancer...

Associations
between latitude,
UVB and lung cancer
incidence

Dietary vitamin D-3
alongside summer
surgery gives
improved outcomes
for lung cancer
patients

Polymorphisms in the
vitamin D binding
protein DBP are

associated with lung

cancer

Circulating 25(OH)D
is inversely
associated with lung
cancer incidence in
some populations

—

i

Diet

\

Skin 7-Dehydrocholestero| == Vitamin D

Lung epithelial cell

Degradation
products

&L CYP24A1

. 25(OH)D
\cvmm (A=)

1,25(0OH),D

/ Antiproliferation

3 Antimetastatic

R Pro-differentiation

CYP24A1 is up-regulated in

associated with lung cancer

CYP27B1 is constitutively
expressed in primary airway
epithelial cells but not in
some lung cancer cell lines

many lung tumors and lung
cancer cell lines compared
to non-neoplastic tissue

VDR polymorphisms are
risk

1,25(0H),D reduces
metastatic potential of lung
cancer cells by reducing
MMP secretion/expression

1,25(0OH),D reduces
proliferation of lung cancer
cell lines

Figure 2. Summary of the associations between lung cancer and the vitamin D pathway.
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Vitamin D activity: the vitamin D
receptor (VDR)
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Vitamin D activities

* Calcium and Phophorous Omeostasis
* Bones remodelling

* Muscles contraction

* Paracrin regulation of cellular growing (including tumors)
* Blood pressure regulation
* Insulin secretion

* Inflammation

* Neoangiogenesis

o Antimicrobial activity

* Antitumoral activity

e Immunomodulatory activitv

Gene expression regulation in DRUG ADM.

Antimetasia
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Circulating 25-hydroxyvitamin D and lung
cancer risk and survival

The immunomodulatory function
of vitamin D in lung cancer

e 25-VD can inhibit the activity of mammalian target of
rapamycin in lung cancer cells and raise its level of s o
expression, which can induce the autophagy of tumor 7
cells.

Tumor derived endothelal cells
Normal tumor cell
¥ cancer stem cellfcancer stem-ike cell
¥ Cancerassocisted fibroblast
@ Tumor-infilrating ymphocyte

Inflammatory mediator

* 25-VD can induce the expression of major antioxidant
protein—superoxide dismutase SOD1 and SOD2, thereby
inhibiting the formation of lung cancer to some extent.

TUMOR MICROENVIRONMENT

* VD can inhibit cellular proliferation and angiogenesis,
while improving cellular differentiation and apoptosis.

e 24,25(0OH)2D3 is biologically active in lung cancer and
prolonged the survival rate of LLC mice, exhibiting both
antimetastatic and analgesic effects.

in D on malignant behavior of non-small cell lung

* 1,25(0OH)2D3 reduces tumor metastasis and recurrence
and increases tumor immunity in the LLC model.




Metastatic growth of lung cancer cells is extremely reduced
in Vitamin D receptor knockout mice™
Kimie Nakagawa®*, Akihiko Kawaura?, Shigeaki Kato®, Eiji Takeda®, Toshio Okano?®
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Abstract

Lung metastatic neoplasms are the major cause of cancer mortality. Despite the progress of diagnostic techniques and improvements in
surgical procedures, the prognosis of patients with lung cancer is generally poor, even in the carly stages of cancer [Cancer: Principles and
Practice of Oncology, vol. 1. fifth ed. Lippincott-Raven, New York, 1997, p. 849]. Epidemiological studies indicate a positive correlation

ith the prevalence of cancers and low serum levels of Vitamin D metabolites [Am. J. Clin. Nutr. 54 (1991) 193s: Cancer Epidemiol.
Biomark. Prev. 9 (2000) 1059]. 1, 25-Dihydroxyvitamin Ds [1a..25(OH);Ds] is a potent inhibitor of cancer cell proliferation in vitro
[Proc. Natl. Acad. Sci. U.S.A. 78 (1981) 4990; Endocrinol. 139 (1998) 1046; Mol. Endocr. 15 (2001) 1127]. There is, however, no report

that 1. 25(OH),D:; is operative in vivo to inhibi ic growth of cancer cells. To verify this possibility. we generated a
stable transfectant of the Lewis lung carcinoma (LLC) cell expressing green fluorescent protein (GEP) and examined its metastatic activity
in wild-type mice and Vitamin D receptor (VDR) knockout mice that exhibit no Vitamin D-dependent calcemic activity and extremely high
serum levels of 1at,25(OH),Ds due to the overexpression of the la-hydroxylase gene [Nat. Genet. 16 (1997) 391; Proc. Natl. Acad. Sci.
U.S.A. 94 (1997) 9831]. Here, we show that 1o 25(OH),D; inhibits metastatic growth of lung cancer cells in the defined animal model
and may work as an intrinsic factor for prevention of metastasis in intact animals. These findings establish a critical role for 1t,25(OH)2Ds
in lung metastatic neoplasms and provide a new model for metastasis of malignant cells.
©2004 Elsevier Ltd. All rights reserved.

Keywords: VDR knockout mice: Vitamin D; Lung cancer; Tumor; Metastasis

22.0511a
lung cancer

Kimie Nakagawa', Yuko Sasaki', Shigeaki Kato?,
Noboru Kubodera® and Toshio Okano'

Kobe Pharmscenticsl Uniy

lndiuk of Molecuar s Celhlir Boeienc, Usverdsy of k36, Hpes
Chugs Phamceasical o Lid 1

T vhom comaponece kd b sbencda: Dpeme of e

Sekreen Kb Pamancabed Unmesty 475.1 Moy st

Vo ko, Kobe 6584558, Japun. Te: +81 78 41 7563,

1a,25-Dibydroxyvitamin Dy (1a.25Dy) has  potent
antiproliferative and anti-invasive properties in vitro in
cancer cells. However, its calcemic effect in vivo limits its
therapeutic applications. Here, we report the efficacy of
2-ox-10,25-dihydroxyvitaminD ;(22-oxa-1a,25-Dy), alow
calcemic analog of vitamin D, against the development of
metasatic lung carcinoma afler an intravenous njection
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Introduction

Lung cancer is the mon cause of cancer death in the
warld. Lung cancer frequenily metastasizes 10 the systemic
Iymph nodes and distant organs, including the liver, lung,
Kidney and bone, and >90% of deaths from lung cancer can
be attributed to metastases (1). In Japan, an estimated 90 000

8

cancer will remain the leading cause of cancer death. There-
fore, metastasis to multiple organs is 4 critical problem for
patients with lung cancer. The prevention and treatment of the
cancer mefastases are clinically importar.
‘The active form of vitamin Ds, 1,25-dihydroxyvitamin Dy
s« major regulator of calcium homeostasis, and is
eritically important for the normal mineralization of bone. In
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ity in vivo as well. In melanoma, lung. prostate, colon and
breast cancer models, a reduction in the number and size of
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Tn the present study, we examined the effects of 2:
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VD and some analogs have antiproliferative properties in several lung
cancer epithelial cell lines expressing VDR. This antiproliferative effects
seem to be mediated in part by stalling the cell cycle at the G1/S
checkpoint by increasing inhibitors and reducing activators of the cyclin-
dependent kinase complexes which prevent DNA synthesis and cell
growth.
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Fig.5. Effects of 1a,25-D; and 22-0xa-1a,25-D3 on LLC-GFP cell-induced
angiogenesis in the mouse dorsal air sac model. (A) The chamber containing
LLC-GFP cells or PBS(~). which was the negative control, was implanted
into a subcutaneous dorsal air sac. At the same time, a osmotic minipump
with control (vehicle), 1a,25-Dj5 or 22-0xa-1a,25-Ds, was implanted on the
opposite side of the chamber ring in the mice. Ten days after implantation,
the mice were killed and the chambers were removed from the fascia. The
area that had been in contact with the chamber was photographed.

(B) Measurement of neovascular counts in the skin of mice bearing Millipore
chambers containing LLC-GFP cells. ND, the neovascular vessels were not
detected. Each bar represents the mean £ SE. ***P < 0.001 versus
vehicle-treated group (n = 10).

Effects of continuous treatment with 22-oxa-1c,25-D; on the
de\elopmem of lung metastases in the LLC-GFP cell injected
VDR*'™* mice and VDR™'~ mice fed a high calcium and
vitamin D-deficient diet

VDR~ mice exhibit hypocalcemia and extremely high serum
levels of 1a,25-D;. However, we reported previously that
feeding these animals a high calcium and vitamin D-deficient
diet resulted in the complete elimination of 1c,25-D; and the
correction of calcium levels in the serum of both VDR** and

rigel 10,25-D3  22-0xa-10,25-D3
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Fig. 6. Effects of 1a,25-D; and 22-oxa-1a,25-D; on bFGF-induced
angiogenesis in the in vitro chamber angiogenesis assay. At the time of the
implantation of the chamber ring to store the Matrigelcontaining bFGF,

a osmotic minipump with 1a.,25-Ds or 22-oxa-1a,25-Ds, was implanted on
the other side of the chamber ring in the mice. Ten days after implantation,
the mice were killed and the chambers were removed from the fascia. The
angiogenic factor bFGF induced angi is on day 10 pos as
determined from OD readings at 415 nm. Each bar represents the mean = SE.
*P < 0.05 versus vehicle-treated group (n = 10).




Establishment of a regression model of
bone metabolism markers for the diagnosis
of bone metastases in lung cancer

Zhongliang Zhu', Guangyu Yang', Zhenzhen Pang, Jiawei Liang, Weizhong Wang ™" and Yonglie Zhou™'®

Check for
updates

Abstract

Background: The aim of this study was to establish a regression equation model of serum bone metabolism
markers. We analyzed the diagnostic value of bone metastases in lung cancer and provided laboratory evidence for
the early clinical treatment of bone metastases in lung cancer.

Methods: A total of 339 patients with non-metastatic lung cancer, patients with lung cancer with bone metastasis,
and patients with benign lung disease who were treated in our hospital from July 2012 to October 2015 were
included. A total of 103 patients with lung cancer in the non-metastatic group, 128 patients with lung cancer
combined with bone metastasis group, and 108 patients with benign lung diseases who had nontumor and
nonbone metabolism-related diseases were selected as the control group. Detection and analysis of type | collagen
carboxyl terminal peptide B-special sequence (B-CTX), total type | procollagen amino terminal propeptide (TPINP),
N-terminal-mid fragment of osteocalcin (N-MID), parathyroid hormone (PTH), vitamin D (VitD3), alkaline
phosphatase (ALP), calcium (CA), phosphorus (P), cytokeratin 19 fragment (F211), and other indicators were
performed. Four multiple regression models were established to determine the best diagnostic model for lung
cancer with bone metastasis.

Results: Analysis of single indicators of bone metabolism markers in lung cancer was performed, among which
F211, B-CTX, TPINP, and ALP were significantly different (P < 0.05). The ROC curve of each indicator was less than
0.712. Based on the multiple regression models, the fourth model was the best and was much better than a single
indicator with an AUC of 0.856, a sensitivity of 70.0%, a specificity of 91.0%, a positive predictive value of 82.5%, and
a negative predictive value of 72.0%.

Conclusion: Multiple regression models of bone metabolism markers were established. These models can be used
to evaluate the progression of lung cancer and provide a basis for the early treatment of bone metastases.

Keywords: Bone metabolism markers, Lung cancer, Bone metastases
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Tumor Resistance to Vitamin D

In the lung, normal airway epithelial cells and alveolar macrophages
express CYP27B1, converting 25(OH)D to its more active form.
Furthermore, dendritic cells and lymphocytes also express this enzyme. In
contrast to normal airway epithelial cells, some small cell and non-small
cell cancer cell lines have been shown to express very low CYP27B1 or
none at all. This suggests that lung cancer cells may inhibit CYP27B1
expression, and hence formation of active 1,25(0OH)2D3, in order to
prevent its antiproliferative effects.

In contrast, increased CYP27B1 expression has been reported in alveolar
macrophages from patients with lung cancer, with highest expression
being found in more advanced stages of lung cancer. This may be a means
by which the tumor evades the immune system by modulating cytokine
production and suppressing immune cell function by increasing vitamin D,
or it may be the body’s response to increase 1,25(0OH)2D3 in order to
activate its antiproliferative and anticancer properties.



Immunomodulatory

activity in lung
cancer

Lymph node - >

Right lung: “,
Upper lobe

Middie lobe -
Lower lobe

Diaphragm



Immune system regulation role

Vit D and immunomodulation
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The immunomodulatory function of vitamin D in lung

cancer

VD immunomodulatory properties are the inhibition of prostaglandins,
proteases and pro-inflammatory cytokines through modulation of signaling
pathways that include p38 mitogen activated protein kinase (MAPK) and

nuclear factor kappa-light-chain-enhancer of activated B cells (NFkB).

Particularly, 1,25(OH)2D3 reduces interleukin-6 (IL-6) production in primary

airway epithelial cells, but not in the lung cancer cell lines NCI-H292 an

d A549.

IL-6 is a key cytokine involved in the initiation and extension of the immune

response and elevated levels have been implicated in lung cancer.
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concentrations




NIVOLUMAB RESULTS: PLASMA LEVELS
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Median nivolumab concentrations:
-12.48 ug/mlL (IQR:9.54-17.13) at 15 days
- 22.31 ug/ml (IQR:18.30-34.88) at 45 days
-25.19 ug/mlL (IQR:14.34-38.93) at 60 days
No anti-nivolumab antibodies were found




NIVOLUMAB RESULTS: correlations at 15 DAYS
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NIVOLUMAB RESULTS: correlations at 60 DAYS
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NIVOLUMAB RESULTS: CONCENTRATIONS and GENDER
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NIVOLUMAB RESULTS: genetics 15 DAYS
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NIVOLUMAB RESULTS: genetics 45 DAYS

NIVOLUMAB CONCENTRATIONS at 45 DAYS
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NIVOLUMAB RESULTS: genetics 60 DAYS
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NIVOLUMAB CONCLUSIONS

- NIVOLUMAB CONCENTRATIONS at 15d and 60d are directly correlated with 25-VD.

- Women have higher drug levels.

- 15d exposure is higher in VDR Tagl CC, Apal CA/AA and CYP27B1-1260 TT genotype patients.

- 45d exposure is higher in VDR Cdx2 AA, GC (VDBP) AA and CYP27B1-1260 TT genotype patients.
- 60d exposure is higher in VDR Cdx2 AA and Taql TC/CC genotype patients.

- 18.7 ug/mL at 15d are predicted by baseline 25-VD at < 10 ng/mL (all) and GC AC/CC genotype.
- Progression is predicted by baseline 25-VD at < 10 ng/mL, BMI > 25 Kg/m2 and CYP24A1 8620 AG/GG
genotype.

- Overall survivall is predicted by baseline 25-VD at < 10 ng/mL (all died) and VDR Cdx2 AG/GG and Apal
CA/AA (all died) genotypes.

* Nivolumab exposure is directly correlated with VD concentrations (in contrast for what
observed for other drugs (e.g. tacrolimus)), but in accordance with studies reporting low
VD levels associated with low intrinsec IgG concentrations.

* Nivolumab concentrations are increased in females: estrogen could affect protein
turnover; in addition, progression is more present in individuals with BMI > 25 Kg/m?
(tipically men).
» 25-hydroxyvitamin D levels at baseline < 10 ng/mL was able to predict nivolumab

concentrations < 18.7 ug/mL, progression, survival and toxicity; for this reason, it is
important to monitor vitamin D levels during life, also considering genetics.




Conclusions...

* VD role in inhibiting angiogenesis and
proliferation, improving immunity activation,
apoptosis and cellular differentiations in lung
cancer has been demonstrated, altough some
conflicting data.

VD is also able to affect drug concentrations

* Further studies are needed to clarify these
aspects: collaborations have to be improved!



Thanks for your attention!




