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Abstract

Background and Aim: Vitamin D deficiency and insufficiency may contribute to musculoskeletal complications observed
in patients receiving letrozole. This study aimed at assessing the effects of vitamin D3/calcium supplementation on letro-

zole-related vitamin D deficiency and musculoskeletal complications.

Methods: In this randomized controlled parallel study, forty postmenopausal estrogen receptor positive patients with breast
cancer who received letrozole for six months were randomized into 2 groups; group 1 (the control group; n=20) which re-
ceived letrozole 2.5 mg daily for 6 months, and group 2 (the vitamin D3/calcium group; n=20) which received letrozole 2.5
mg daily in addition to 2000 IU vitamin D3 and 1000 mg of calcium daily for 6 months. At baseline, 3 and 6 months after in-
tervention, serum concentration of 25-hydroxy vitamin D, calcium, phosphorous, alkaline phosphatase (ALP), osteocalcin,
and intact parathyroid hormone (PTH) were assayed. Additionally, dual-energy X-ray absorptiometry (DXA), the standard
health assessment questionnaire and pain scale were implicated to assess bone mineral density, the patients' disability and

pain. Data were analyzed by paired -test, unpaired ¢-test, and Chi-Square test.

Results: Six months after intervention and as compared to the control group, vitamin D3/calcium supplementation signifi-
cantly increased the serum concentrations of vitamin D (p<0.001), ionized and total calcium (p<0.001) and phosphorous
(p<0.001), which was associated with significant decline in the concentrations of intact-PTH (p=0.001), and osteocalcin
(p=0.028). Additionally, vitamin D3/calcium supplementation improved bone mineral density (p<0.001), patients' disability
and patients' pain (p<0.001 and p=0.005 respectively).

©2023 The Authors. Published by the JScholar under the terms of the Crea-tive Com-
mons Attribution License http://creativecommons.org/licenses/by/3.0/, which per-

mits unrestricted use, provided the original author and source are credited.
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Conclusion: Vitamin D3/calcium supplementation significantly improved serum vitamin D concentrations and decreased

letrozole-related musculoskeletal complications.
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Introduction

Breast cancer is the most frequent cancer world-
wide and represents the second leading cause of death
among women, after lung cancer [1]. Vitamin D deficiency
has been implicated in a wide variety of cancers [2]. The lev-
el of 25-hydroxy vitamin D (250HD), the major circulating
metabolite, provides a direct assessment of vitamin D status

in- vivo [3].

Aromatase inhibitors (AI) markedly suppress plas-
ma estrogen levels in postmenopausal women through inhi-
bition of aromatase enzyme responsible for the production
of estrogen from androgenic substrates [4]. Letrozole is a
third generation aromatase inhibitor which has fewer com-
plications including fatigue and musculoskeletal symptoms
which in turn causes negative impact on patient’s adherence
to letrozole [5]. Unlike tamoxifen, aromatase inhibitors
have no partial estrogen agonist activity [6]. Third genera-
tion aromatase inhibitors are more potent and more selec-
tive than first and second generation aromatase inhibitors
[5]. Third generation aromatase inhibitors are commonly
used for estrogen receptor-positive postmenopausal pa-
tients with breast cancer and in patients who showed treat-

ment failure to tamoxifen or other hormonal therapies [5].

Severe vitamin D insufficiency can lead to defec-
tive bone mineralization and osteomalacia in adults. In less
severe vitamin D insufficiency, the decrease in intestinal cal-
cium absorption and the subsequent hypocalcaemia result
in an increase in serum parathormone level which stimu-
lates bone remodeling and contributes to osteoporosis in
elderly patients [7]. Joint pain, stiffness, muscle pain and
muscular weakness are the most common musculoskeletal
symptoms [3-5]. Earlier studies demonstrated that, these
musculoskeletal symptoms could be attributed to the reduc-
tion in the estrogen level and to letrozole induced vitamin
D deficiency [8].
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In this context, the aforementioned information
encourages us to run this study which aimed at assessing
the effects of vitamin D3/calcium supplementation on letro-

zole-related musculoskeletal side effects.

Patients and Methods

Study Design, Study Population and Ethical Appro-

val

This study was designed as a randomized, con-
trolled parallel clinical study. Forty postmenopausal estro-
gen receptor positive patients with stage II and stage III
breast cancer who received letrozole for six months were in-
cluded in the study. The study was conducted in out-patient
Oncology Clinic, Tanta Cancer Center, Tanta, Egypt. The
study was approved by the National Research Ethics Com-
mittee of Tanta University with an approval Code
(35211/1/22). The study was registered as clinical trial at
ClinicalTrials.gov with ID: NCT05523609. Written in-
formed consent was obtained from eligible patients. The in-
clusion criteria included female patients with biopsy-con-
firmed diagnosis with stage II and stage III breast cancer ac-
cording to the American Joint Committee on Cancer (TNM
staging system) [9]. Women with age > 50 years old and
with positive hormonal receptors were included. The inclu-
sion criteria also involved aromatase inhibitor treatment
naive postmenopausal women who were assigned to receive
hormonal therapy with aromatase inhibitor. Postmeno-
pausal is defined as age =55 years old and one year or more
of amenorrhea or age < 55 years old and one year or more
of amenorrhea, with an estradiol level less than 20 pg/ml
[10]. Overweight patients (BMI > 25 kg/m2 and <30
kg/m2), and obese patients (BMI 2 30 kg/m2) were also in-
cluded in the study. The exclusion criteria were patients
with bone metastasis, patients with a history of renal stones,
patients with serum calcium >11mg/L, patients with renal
insufficiency, patients on steroid hormone replacement ther-

apy, patients with secondary malignancy, women who were
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treated with luteinizing hormone-releasing hormone agon-
ists (LHRH), and women with cardiovascular disease. The
participants were randomized by simple randomization us-
ing sealed envelope method into two groups; group 1(the
control group; n= 20) which received letrozole 2.5 mg daily
for 6 months and group 2 (Vitamin D3/Calcium supplemen-
tation group; n=20) which received letrozole 2.5 mg daily in
addition to 2000 IU vitamin D3 and 1000 mg of calcium dai-
ly for 6 months.

All participants enrolled in this study were with
stage II and stage III breast cancer with lymph node involve-
ment. The participants were enrolled in the study after com-
pleting their treatment with chemotherapy/surgery/radio-
therapy. The chemotherapy used for all participants was
FEC regimen (Fluorouracil (500mg/m2), Epirubicin
(100mg/m?2), and Cyclophosphamide (500 mg/m2)) system
for 3 cycles (cycle every 21 days) followed by paclitaxel (175
mg/m2) for 3 cycles (9 weeks), or FAC regimen (Fluoroura-
cil (500mg/m2), Adriamycin (50 mg/m2), and Cyclophos-
phamide (500 mg/m2)) for 3 cycles (cycle every 21 days) fol-
lowed by paclitaxel for 3 cycles (9 weeks). After completing
the chemotherapy cycles, all patients were submitted to
surgery by modified radical mastectomy (MRM) or breast--
conserving surgery (BCS). Within one month after surgery,
all women were received a total of 16 sessions of radio-thera-
py (5 sessions every week) and started on their hormonal
therapy (letrozole 2.5 mg/day). There were 9 patients with
positive human epidermal growth factor receptor 2 (HER2)
in the two study groups (5 patients in the control group, 4
patients in vitamin D3/calcium supplementation group).
The immunohistochemistry (IHC) revealed that, those 9 wo-
men were with low HER2 (7women were positive 1 and 2
women were positive 2). The confirmatory analysis through
fluorescence in-situ hybridization (FISH) revealed negative
HER2 (HER2-negative) for all the 9 women. Therefore,
those 9 women were not candidates for targeted therapy
[11,12].

Measurements
Demographic, Clinical, and Anthropometric Data

At baseline, age, medication history, stage of the
disease, and receptor status were collected. Weight and

height were measured to the nearest kilogram (kg) and cen-
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timeter (cm) and then, the body mass index (BMI) was cal-
culated using the following equation: BMI = Weight (kg)/
height2(m).

Blood Samples Collection and Biochemical Measure-

ments

At baseline, three and six months after the inter-
vention, 5 ml of venous blood was withdrawn from the ante-
cubital vein of every participant after overnight fasting (10-

12 hour fasting period) between 8:30 and 10:30 am.

Blood samples were transferred slowly into a plain
test tube then allowed to clot, centrifuged at 3000 rpm for
10 min (Hettich Zentrifugen EBA 20). The sera were collect-
ed and divided into two portions; the first portion was used
for immediate determination of serum calcium (OCPC-
Ortho-cresolphthalein complexone method), serum phos-
phorus (Phosphomolybdate method) and serum alkaline
phosphatase (ALP). The second portion of the serum was
stored at —80 °C for further analysis of serum levels of 25 (O-
H) vitamin D (ELISA kit, Calbiotech Biotechnology Com-
pany, USA, Catalogue No: VD220B), Intact-parathyroid
hormone "PTH" (ELISA kit, Calbiotech Biotechnology Com-
pany, USA Catalogue No: PT311T) and Osteocalcin (EIISA
Kit, Sunred BioTechnology Company, China, Catalogue
No:201-12-1556 ).

Assessment of Bone Mineral Density

Bone mineral density for all participants was as-
sessed at baseline and after 24 weeks using dual-energy X-

ray absorptiometry (DXA).
Clinical Assessment

Health Assessment Questionnaire-II (HAQ-II)
was completed for assessing the disability of the study parti-
cipants at baseline and 3 and 6 months after intervention.
Health Assessment Questionnaire-II compromises a set of
ten standardized questions which was applied to assess the
patients' disability that could be attributed to musculoskele-
tal symptoms. The higher HAQ-II scores the greater degree
of disability [13]. In addition, pain score was also assessed
using the Brief pain inventory-short form (BPI-SF). The
pain score was assessed at baseline and on biweekly basis

throughout the study period to assess the pain related to aro-
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matase inhibitors induced arthralgia.
Primary and Secondary Outcomes

The primary outcome was the change in biological
markers. The secondary outcome was the change in bone

mineral density and health assessment questionnaire.
Sample Size Calculation

The sample size calculation was based on a previ-
ous study which was conducted in breast cancer patients re-
ceived aromatase inhibitor. The total sample size used in
this former study was 38 patients [14]. With 0.05 a error,
80% power and an attrition rate of 5%, our sample size was

40 patients (20 patients in each group).
Statistical Analysis

All statistical analysis were carried out using IB-
M-SPSS statistical package version 24.0 (SPSS Inc.: USA
2016). The data were tested for normality using Shapiro-
Wilk test. Paired ¢-test was used to compare the results at
baseline and after treatment within the same group. Un-
paired t-test was applied to compare between the means of

the two groups. Chi-Square test was used to analyze categor-
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ical data. Correlation between variables was evaluated using
Pearson correlation coefficient. The data are expressed as
the mean =+ the standard deviation, range, number and per-

cent. The significance level will be set at p< 0.05.

Results

The total number of encounters with postmeno-
pausal estrogen receptor positive women with breast cancer
was 55 patients. Among those, 4 women declined to partici-
pate, 2 women had renal insufficiency, 3 women were on
steroid, and one woman had secondary malignancy. There-
fore, 45 women were randomized into two groups; group 1
or control group (n=22) and group 2 or vitamin D3/calci-
um supplementation group (n=23). During the treatment
period, 5 patients were dropped-out in both groups (2 pa-
tients in the control group (data was missed (n=1) and
death (n=1)), and 3 patients in the vitamin D3/calcium sup-
plementation group data was missed (n=1), regimen had
changed (n=1) and renal stone had developed (n=1)). In
this context, the final analysis included 40 patients (20 pa-
tients in each group). The flow- chart of the study partici-

pants is illustrated in figure (1).
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55 Patients

Recruitment phase postmenopausal breast
cancer, HR positive
fenale’s patients were

recruited
Exclusion
- Refused (N=4)
- Renal msufficiency (N=2)
s - Taking cortisones (N=3)
- Second Malignancy (N=1})
45
Allocation phase
Underwent
randomization

Witamin D3/Calcium Group Control Group
(M=23) (MN=22)
Drop out Dirop out
-Diata Missing (N=1} — e | -Data Missing (N=1)
“Change in regimen (K=1) -Dieath (N=1)
-Renal Stone (N=1)
Vitamin [/Calcium Group Control Group
(N=20) (N=20)

Receiving 24 weeks of Letrozole treatment

Figure 1: Flow chart of the study participants

Baseline Characteristics ease, chemotherapy used, type of surgery and ejection frac-

tion (EF) as shown in table (1). At baseline, 15% of patients

At baseline, there was non-significant difference (6 patients) were deficient in vitamin D (< 10 ng/ml), 80%

between the two study groups (p>0.05) regarding demo- (32 patient) were insufficient (10-30 ng/ml), and 5% (2 pa-

graphic and anthropometric data (age, weight, height and tients) were sufficient in 25-hydroxy vitamin D concentra-
body mass index), hormonal receptor status, stage of the dis- tions.
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Table 1: Anthropometric and clinical data measurements of the studied patients

Variables Groups T-Test
Control Group Vit D3/Ca ¢ P_value
(n=20) Group(n=20)
Age (years) 57.200 £ 4.916 58.500 + 4.752 -0.850 | 0.400
Weight (Kg) 85.850 + 8.887 89.850 + 10.989 -1.266 | 0.213
Height (cm) 160.600 + 5.716 159.100 + 5.428 0.851 | 0.400
BMI (Kg/mz) 33.345 £ 3.724 35.534 £ 4.677 -1.637 | 0.110
Ejection fraction 59.050 + 3.252 58.100 + 2.882 0.978 | 0.334
Duration of disease (weeks) 36.400 + 3.530 37.150 + 3.297 -0.694 | 0.492
Letrozole duration (Months) 6.444 + 1.304 6.080 + 1.259 0.897 | 0.375
Variables Group Chi-Square
Control Group Vit D3/Ca
(n=20) Group(n=20)
N % N % X | P-value
Stage of the disease | Stage Il 13 65% 10 50% 0.921 | 0.337
Stage II1 7 35% 10 50%
Estrogen receptor Positive 20 100% 20 100% - -
Negative 0 0% 0 0%
Progestin receptors | Positive 20 100% 19 95% 1.026 | 0.311
Negative 0 0% 1 5%
HER?2 receptors Positive 4 20% 5 25% 0.143 | 0.705
Negative 16 80% 15 75%
HER2-positive
1HER2-positive 31-ve 32-ve
2FISH or ISH
Types of surgery MRM 18 90% 19 95% 0.360 | 0.548
BCS 2 10% 1 5%
Chemotherapy FAC 10 50% 8 40% 0.404 | 0.525
FEC 10 50% 12 60%

Data are presented as mean + SD, number and percentage

Control group: postmenopausal, hormone receptor positive female patients with breast cancer received Letrozole only for 24 weeks, Vit D3/-
Ca group: postmenopausal, hormone receptor positive female patients with breast cancer received Letrozole in addition to 2000IU vitamin
D3 and 1000mg Calcium for 24 weeks.

Kg: kilogram; cm: centimeter, BMI: body mass index, HER2: Human epidermal growth factor receptor 2, MRM: Modified radical mastecto-
my, BCS; Breast conserved surgery, FAC; Fluorouracil Adriamycin cyclophosphamide, FEC: Fluorouracil Epirubicin cyclophosphamide.

P-Value: comparing control group with vit D3/Ca group at baseline (Unpaired Student ¢-test)
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Effect of Intervention on Biochemical Parameters

At baseline, there was non-significant difference

between the two study groups regarding the assessed bio-

chemical parameters (p>0.05) as demonstrated in table (2).

Table 2: Baseline biological and clinical parameters of the two study groups

Variables Control group(n=20) Vit D3/Ca Group(n=20) T-Test
t P-value

Vitamin D3 (ng/ml) 27.280 + 8.080 26.380 £ 9.245 0.328 | 0.745
Ionized Ca (mg/dl) 4.870 + 0.500 4.700 = 0.510 1.064 | 0.294
Total Ca (mg/dl) 9.395+0.613 9.281 £ 0.679 0.560 | 0.579
Phosphorous (mg/dl) 4.580 + 0.514 4.550 + 0.476 0.192 | 0.849
ALP (U/L) 78.100 £ 22.143 85.900 + 24.138 -1.065 | 0.294
Osteocalcin (ng/ml) 29.130 £ 15.082 25.035 £ 17.964 -0.781 | 0.440
I-PTH (pg/ml) 39.900 + 21.138 39.500 + 9.191 0.078 | 0.939
BMD (t-score) -1.935 £ 0.517 -1.830 £ 0.487 -0.661 | 0.513
HAQ II score 45.450 £ 1.232 45.875 £ 0.943 1.225 | 0.228
Pain Score 0.7£0.58 0.5£0.76 --- 0.435

Data are presented as mean + SD

Control group: postmenopausal, hormone receptor positive female patients with breast cancer received Letrozole only for 24 weeks, Vit D3/-

Ca group: postmenopausal, hormone receptor positive female patients

with breast cancer received Letrozole in addition to 2000IU vitamin D3 and 1000mg Calcium for 24 weeks.

ng/ml; nanogram per milliliter, mg/dl: milligram per deciliter, U/L: unit per liter, I-PTH: Intact parathyroid hormone, pg/ml: pico-

gram/milliliter, BMD: bone mineral density, HAQ: health assessment questionnaire.

P-Value: comparing control group with vit D3/Ca group at baseline (Unpaired student ¢-test)

As compared to baseline data, 3 and 6 months af-
ter treatment, the control group showed gradual and signifi-
cant decrease in the serum level of 25(OH) Vitamin D
(27.28+8.08 ng/ml versus 25.788+7.765 ng/ml; p,<0.001 and
27.28+8.080 ng/ml versus 22.978+7.305 ng/ml; p,<0.001 re-
spectively), ionized calcium (4.87£0.5 mg/dl versus
4.48+0.586 mg/dl; p,<0.001 and 4.87+0.5 mg/dl versus
4.175£0.506 mg/dl; p,<0.001 respectively), total calcium
(9.395+0.613 mg/dl versus 8.855+0.728 mg/dl; p,<0.001 and
9.395+0.613 mg/dl versus 7.595+0.913 mg/dl; p,<0.001 re-
spectively), and phosphorus (4.580+0.514 mg/dl versus
4.05+0.562 mg/dl; p,<0.001 and 4.58+0.514 mg/dl versus
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3.78+0.542 mg/dl; p,<0.001 respectively). Furthermore and
compared to baseline data, 3 and 6 months after treatment,
the control group showed significant increase in the serum
level of alkaline phosphatase (78.1+22.143 U/L versus
82.55+23.754 U/L; p,<0.001 and 78.1+22.143 U/L versus
86.95+24.903 U/L; p,<0.001 respectively), osteocalcin
(29.13£15.082 ng/ml versus 31.57+15.816 ng/ml; p,<0.001
and 29.13%15.082 ng/ml versus 34.225+16.018 ng/ml;
P,<0.001 respectively) and intact parathyroid hormone level
(39.94+21.138 pg/ml versus 45.45+20.009 pg/ml; p,<0.001
and 39.9+21.138 pg/ml versus 50.7+20.515 pg/ml; p,<0.001
respectively) as postulated in table (3).
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Table 3: Biological and clinical parameters of the two study groups at baseline, 3 and 6 months after intervention

Variables Control Group(n=20) Vit D3/Ca Group(n=20)
After
After 24 After 12 After 24
i P i P P
Baseline 12 i Weeks Baseline weeks ) Weeks ,
weeks
25.78

Vitamin D3 | 27.28%

+ <0.001 | 22.97 £7.30* | <0.001

26.3849.24 | 29.66+8.76* | <0.001 | 33.12+7.53* | <0.001

(ng/ml) 8.08 7 76+
Tonized | o7+ | 448+ . . .
calcium 05 | goge |<000L| 417£050% | <0.001| 4.70+0.51 | 484+0.50* | <0.001| 5.29:0.19* | <0.001
(mg/dl) ' '
Total 939+ | 885+ ) . .
Calcium o6l | oopr | <O001| 7.59+0.91* | <0.001| 9.28+0.67 | 9.55:0.47* | 0.008 | 9.90024* | <0.001
(mgy/dl) ' '
+ +
Ph‘(’;fgl;‘(’lg’“s 4(')5;— t(?@_ <0.001 | 3.78+0.54* |<0.001| 4.55+0.47 | 4.7+0.51* |<0.001| 4.84+0.50* | <0.001
78.10+ | 82.55+ . . .
ALP(UIL) | 55 0 | Sy me | <0001 | 86.95:24.9% | <0.001 | 85.90£24.13 | 82.90£23.46" | 0.001 | 80.30:+24.33* | <0.001
Osteocalcin | 29.13+ | 31.57+ 34.22+
+ + * + *
(ng/m]) o0 | 15apr | <O00L| TS0 <0.001 | 25.03£17.96 | 23.44+16.87* | <0.001 | 22.43£16.61 | <0.001
I-PTH 39.9+ | 4545+

(pg/ml) 21.13 | 20.00

<0.001 | 50.70£20.51* | <0.001

39.50+9.19 | 37.05+8.93* | <0.001 | 33.20+8.66* | <0.001

HAQII 45.45+ | 38.10%

<0.001 | 24.05+0.83* | <0.001

45.87+0.94 | 34.49+2.83* | <0.001 | 18.82+2.97* | <0.001

score 1.23 2.12*
. 0.7 + 43+
Pain Score 0.58 0.85* <0.001 | 7.3%0.59* |<0.001| 0.5+0.76 4.0+£0.76* | <0.001 | 6.7+0.64* | <0.001

Data are presented as mean + SD

Control group: postmenopausal, hormone receptor positive female patients with breast cancer received Letrozole only for 24 weeks, Vit D3/-

Ca group: postmenopausal, hormone receptor positive female patients

with breast cancer received Letrozole in addition to 2000IU vitamin D3 and 1000mg Calcium for 24 weeks.

ng/ml; nanogram per milliliter, mg/dl: milligram per deciliter, U/L: unit per liter, I-PTH: Intact parathyroid hormone, pg/ml: pico-

gram/milliliter, BMD: bone mineral density, HAQ: health assessment questionnaire.

P1-Value: comparing control group at baseline and 3 months after intervention (paired student -test)

P2-Value: comparing control group at baseline and 6 months after intervention (paired student -test)

P3-Value: comparing Vit D3/Ca group at baseline and 3 months after intervention (paired student -test)

P4-Value: comparing Vit D3/Ca group at baseline and 6 months after intervention (paired student ¢-test)

On the other hand and as compared to baseline da-
ta, 3 and 6 months after treatment, vitamin D3/calcium sup-
plementation group showed significant elevation in serum
concentration of 25(OH) vitamin D level (26.38+9.245
ng/ml versus 29.661+8.765 ng/ml; p,<0.001 and
26.38+9.245 ng/ml versus 33.126+7.533 ng/ml; p,<0.001 re-

spectively), ionized calcium (4.7+0.51 mg/dl versus
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4.84+0.5 mg/dl ; p,<0.001 and 4.7+£0.51 mg/dl versus
5.29+0.192; p,<0.001 respectively), total calcium
(9.281+0.679 mg/dl versus 9.554+0.476; p,=0.008 and
9.281+0.679 mg/dl versus 9.9+0.242 mg/dl; p,<0.001 respec-
tively), and phosphorus (4.55+£0.476 mg/dl versus 4.7+0.51
mg/dl; p;<0.001 and 4.55+0.476 mg/dl versus 4.84+0.5
mg/dl; p,<0.001 respectively which was associated with sig-
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nificant decline in the serum levels of alkaline phosphatase
(85.9+24.138 U/L versus 82.9+23.461 U/L; p,=0.001 and
85.9+24.138 U/L versus 80.3+24.336 U/L; p,<0.001 respec-
tively), osteocalcin (25.053.13+17.964 ng/ml versus
23.445+16.873 ng/ml; p,<0.001 and 25.053.13+17.964 ng/ml
versus 22.43+ 16.615 ng/ml; p,<0.001 respectively), and I-
PTH (39.5£9.191 pg/ml versus 37.05+8.935 pg/ml; p,<0.001
and 39.5+9.191 pg/ml versus 33.248.661 pg/ml; p,<0.001 re-
spectively).

The comparison between the two groups revealed
that, 6 months after intervention and in comparison with
the control group, vitamin D3/calcium supplementation
group showed significant elevation in the serum level of
25(0H) (33.126+7.533
22.978+7.305 ng/ml; p,‘0.001; effect size= 1.36). In addi-

tion, 3 and 6 months after intervention and as compared to

Vitamin D ng/ml  versus

the control group vitamin D3/calcium supplementation

group showed significant elevation in ionized calcium

(4.840+0.5 mg/dl versus 4.48+0.586 mg/dl; p;=0.043 and
5.29+0.192 mg/dl versus 4.175+0.506 mg/dl; p,“0.001; effect
size= 2.91 respectively), total calcium (9.554+0.476 mg/dl
versus 8.855+0.728 mg/dl; p,=0.001; and 9.9+0.242 mg/dl
versus 7.595+0.913 mg/dl; p,“0.001; effect size= 3.45 respec-
tively) and phosphorus (4.7£0.51 mg/dl versus 4.05+0.562
mg/dl; p;°0.001 and 4.84+0.5 mg/dl versus 3.78+0.542
mg/dl; p,“0.001 respectively). In contrast 6 months after in-
tervention and as compared to the control group, the vita-
min D3/calcium supplementation group showed significant
decline in the serum levels of osteocalcin (22.43+£16.615
ng/ml versus 34.225+16.018 ng/ml; p,=0.028; effect size=
0.72) and I-PTH (33.2+8.661 pg/ml versus 50.7+20.515
pg/ml; p,=0.001; effect size= 1.11). However, 3 and 6
months after intervention the vitamin D3/calcium supple-
mentation group showed non-significant decline in the
serum level of alkaline phosphatase when compared to the
control group (p;=0.963 and p,=0.398 respectively) as postu-
lated in table (4).

Table 4: Comparing biological and clinical parameters of the of the two study groups 3 and 6 months after intervention

Variables After 12 weeks After 24 Weeks
Control Vit D3/Ca T-Test Control Vit D3/Ca T-Test
Group(n=20) | Group(n=20) Group(n=20) | Group(n=20)
t P t P
Vitamin D3
25.7847.76 | 29.66+8.76 | -1.479| 0.147 | 22.97+7.30 | 33.1247.53* | -4.325 | <0.001
(ng/ml)
Ionized
calcium 4.48+0.58 | 4.84+0.50* |-2.090| 0.043 | 4.17+0.50 529+0.19% | -9.222 | <0.001
(mg/dl)
Total Ca
8.85+0.72 9.55+0.47* | -3.591| 0.001 | 7.59+0.91 9.90+0.24* | -10.914 | <0.001
(mg/dl)
Phosphorous |, o 5¢ 47040.51* | -3.829|<0.001 | 3.78+0.54 | 4.84+0.50* | -6.434 | <0.001
(mg/dl)
ALP (U/L) | 82.55%23.75 | 82.90+23.46 |-0.047 | 0.963 | 86.95+24.90 | 80.30+24.33 | 0.854 | 0.398
Osteocalcin | ) o\ 161 | 234451687 | -1.571 | 0.124 | 3422+6.01 | 22.43+16.61* | -2.286 | 028
(ng/ml)
Intact-PTH | /o 1515000 | 37.0568.93 | 1.714 | 0.095 | 50.70420.51 | 33.20+8.66* | 3515 | 0.001
(pg/ml)
HAQII
coore 38.1042.12 | 34.49+2.83* | -4.548 | <0.001 | 24.05+0.83 | 18.82+2.97* | -7.573 | <0.001
Pain Score 4.3+0.85 4.040.76 - | 0558 | 7.3%0.59 6.7+0.64* | 0.005
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Data are presented as mean + SD
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Control group: postmenopausal, hormone receptor positive female patients with breast cancer received Letrozole only for 24 weeks, Vit D3/-

Ca group: postmenopausal, hormone receptor positive female patients

with breast cancer received Letrozole in addition to 2000IU vitamin D3 and 1000mg Calcium for 24 weeks.

ng/ml; nanogram per milliliter, mg/dl: milligram per deciliter, U/L: unit per liter, I-PTH: Intact parathyroid hormone, pg/ml: pico-

gram/milliliter, BMD: bone mineral density, HAQ: health assessment questionnaire.

P5-Value: comparing control group versus vitamin D3/calcium supplementation group 3 months after intervention (Unpaired student -test)

P6-Value: comparing control group versus vitamin D3/calcium supplementation group 6 months after intervention (Unpaired student -test)

Effect of Intervention on Bone Mineral Density

At baseline, there was non-significant difference
between the control group and the vitamin D3/calcium sup-
plementation group concerning bone mineral density
(-1.935 £ 0.517 versus -1.830 + 0.487; p= 0.513). As com-
pared to baseline data, 6 months after treatment the control
group showed significant decline in bone mineral density

(-1.935 + 0.517 versus -2.240 * 0.426; p“0.001). On the

other hand and compared to baseline data, 6 months after
treatment vitamin D3/calcium supplementation group
showed significant improvement in bone mineral density

(-1.830 + 0.487 versus -1.605 = 0.472, p“0.001).

Six months after intervention and as compared to
the control group, vitamin D3/calcium supplementation
group showed significant improvement in bone mineral
density (-1.605 + 0.472 versus -2.240 + 0.426; p“0.001; effect
size= 1.41) as figure (2).

L-Scare
-
in

ra

-25

w

Baszline

Aftar 24 wesks

mControl Group

mVitD f CaGroup

Figure 2: Bone mineral density for the two study groups

Data are presented as t-score

Control group: postmenopausal, hormone receptor positive female patients with breast cancer received Letrozole only for 24 weeks, Vit D3/-

Ca group: postmenopausal, hormone receptor positive female patients

with breast cancer received Letrozole in addition to 2000IU vitamin D3 and 1000mg Calcium for 24 weeks.

Effect of Intervention on Patients' Disability and

Pain

At baseline, there was non-significant difference
between the control group and the vitamin D3/calcium sup-
plementation group concerning HAQ-II total score
(45.45+1.232 versus 45.875+0.943; p=0.228). As compared

to baseline data, 3 and 6 months after treatment the control

JScholar Publishers

group showed significant decrease in HAQ-II total score
(45.45+1.232 versus 38.1+2.128; p, “0.001 and 45.45+1.232
versus 24.05 +0.833; p,“0.001 respectively). On the other
hand, and compared to baseline data, 3 and 6 months after
treatment vitamin D3/calcium supplementation group
showed significant decrease in HAQ-II total score

(45.875+0.943versus 34.495+2.835; p, 0.001 and

JJ Oncol Clin Res 2023 | Vol 4: 204



45.875+0.943 versus 18.825+2.971; p,“0.001 respectively).
The comparison between the two groups 3 and 6 months af-
ter intervention showed that, as compared to the control
group, vitamin D3/calcium supplementation group showed
significantly lower HAQ-II total score which indicates less
disability (34.495+2.835 versus 38.1+2.128; p5<0.001 and
18.825+2.971 versus 24.05+0.833; p, “0.001; effect size= 2.39
respectively) as shown in table (2), (3) and (4).

Concerning pain score, there was non- significant
varjation in pain score between the two study groups at base-
line (0.7+ 0.58 versus 0.5 + 0.76; p=0.435). The pain score
tended to be increased in both groups after each week of
Letrozole administration. The difference in pain scores be-
tween the two groups remained statistically non-significant

till the end of the 20" week. By the end the 24" week, vita-

11

min D3/calcium supplementation group showed significant-
ly lower pain scores than the control group (7.3+0.59 versus

6.710.64; p,=0.005) as demonstrated in table (2) and table
(4).

Correlation Analysis

The Pearson correlation analysis between the bone
mineral density (t-score) and the measured biochemical
variables for vitamin D3/calcium supplementation group re-
vealed that, vitamin D, ionized calcium, and phosphorous
serum levels were positively and significantly correlated
with t-score (r=0.036, p=0.001; r= 0.607, p=<0.001; r=0.599,
p=<0.001and respectively). In contrast alkaline phospha-
tase, osteocalcin and I-PTH were negatively and significant-
ly correlated with bone mineral density (r=-0.565,
p=<0.001, r=-0.150, p=0.027 and r=-0.405, p=<0. 001respec-
tively) as postulated in table (5).

Table 5: Pearson correlation analysis of the measured variables for vitamin D3/calcium supplementation group

Pearson Correlations between BMD and biological markers
Vit D3/Calcium supplementation group t-score after 24 weeks

r P-value

Vitamin D 0.036 0.001
Ionized calcium 0.607 0.001>
Phosphorous 0.599 0.001>
Alkaline phosphatase (ALP) -0.565 0.001>

Osteocalcin 0.150- 0.027
Intact- parathyroid hormone (I-PTH) -0.405 0.001>

Discussion

Breast cancer ranks second among all types of can-
cer that affect women. About 2.7 million new cases were di-
agnosed in 2021 [15]. Letrozole, is the most potent non-s-
teroidal aromatase inhibitor (AI) used for the treatment of
hormonal receptor positive breast cancer. Letrozole was re-
ported to cause musculoskeletal complications and fatigue
which is attributed to vitamin D deficiency and insufficien-

cy [16].

This study aimed at evaluating the effects of vita-

min D3/calcium supplementation on letrozole-related vita-

JScholar Publishers

min D deficiency and musculoskeletal complications. The
dose used of vitamin D3/calcium supplementation during
the current study was 2000 IU vitamin D3 and 1000 mg of
calcium daily which seems in parallel with a previously re-

ported study [17].

The duration of the current study was 6 months
which seems in parallel with a previously reported study
[18]. In the present study, the patients' age was =55 years
old and all patients were overweight and obese subjects. The
participants of the current study had low serum 25 (OH) vi-
tamin D concentration. This previous finding comes in ac-

cordance with some former studies which demonstrated
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that, serum 25 (OH) vitamin D concentration tended to be
decreased in elderly patients [19] secondary to reduced out-
door activity, food intake, skin synthesis and absorption of
vitamin D [20]. Furthermore, it was demonstrated that,
obese patients had low concentrations of serum 25 (OH) vi-
tamin D which is attributed to lack of physical activity and
sequestration of vitamin D into subcutaneous fat depots
[21].

In the control group, there was a decline in serum
25 (OH) vitamin D concentrations throughout the treat-
ment course with letrozole. Previous studies have shown
that letrozole decreased estrogen concentration. It was hy-
pothesized that, reduced estrogen concentrations may un-
mask subclinical vitamin D deficiency since estrogen in-
creases the activity of 1- a hydroxylase, needed for the pro-

duction of the active form of vitamin D [16,22].

Pre-vitamin D is transported and converted by the
liver into 25-hydroxyvitamin D, the major circulating form.
Then, 25-hydroxyvitamin D is converted by the kidney into
1,25-dihydroxyvitamin D which represents the active form
[23]. Through competing with hepatic cytochrome P450
3A4 system, aromatase inhibitors may attenuate vitamin D
metabolism in the liver and subsequently decrease the circu-

lating 25-hydroxyvitamin D [24].

Our result comes in consonance with a previously
reported finding demonstrated that patients received letro-
zole for long time had a low serum concentration of vitamin
D [17]. The main function of vitamin D is to maintain calci-
um and phosphorus balance in the body by allowing calci-
um and phosphorus absorption from the intestines and kid-
neys [25]. During vitamin D deficiency, only 10%-15% of
calcium and 50%-60% of phosphorus can be absorbed from
dietary sources [25]. This could explain the low levels of cal-
cium and phosphorus observed with the control group.
This results seems in matching with a previously reported
finding postulated that, low concentrations of serum 25 (O-
H) vitamin D is associated with low concentrations of
serum calcium and phosphorus and high concentrations of
PTH [26]. Low serum calcium concentration causes an in-
crease in PTH secretion, which in turn stimulates the pro-
duction of 1,25-dihydroxyvitamin D. Through this mech-

anism, 1,25-dihydroxyvitamin D is kept at near normal con-
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centrations at the expense of higher serum PTH concentra-
tion [27]. In this context, during the current study, vitamin
D3 and calcium supplementation resulted in an increase in
the concentrations of calcium and phosphorous level which
was associated with a significant decrease in the concentra-
tions of parathyroid hormone and alkaline phosphatase
serum levels which come in consonance with a previously

reported finding [17].

Osteocalcin is considered to be one of the markers
for osteoporosis and bone formation [28,29]. Osteocalcin is
synthesized in the skeleton by osteoblasts, the cells responsi-
ble for the bone formation. Osteocalcin has a high affinity
to calcium and a compact calcium dependent a helical con-
formation, in which the y-carboxyglutamic acid (Gla) resi-
dues binds and promote absorption to hydroxyapatite in

bone matrix with subsequent bone mineralization.

Vitamin D deficiency and insufficiency which re-
sults in calcium and phosphorous deficiency may lead to de-
creased formation of hydroxyapatite crystals and reduced
bone mineralization. This could justify the observed elevat-
ed level of osteocalcin in the control group and its low level
in the intervention group during the current study. Our re-
sult comes in matching with a previously reported finding
demonstrated that, there is an inverse association between

vitamin D and osteocalcin [28,29].

During the current study, our data revealed that vi-
tamin D3/calcium supplementation group showed an im-
provement in bone mineral density (BMD) as compared to
the control group. It has been demonstrated that, Vitamin
D deficiency and insufficiency have negative impact on os-
teoblastic activity, matrix ossification, bone mineral density
and bone remodeling. Low serum 25 hydroxy vitamin D
concentrations is associated with secondary hyperparathy-
roidism, increased bone turnover and reduced bone miner-
al density BMD with elevated risk of fractures [30]. Additio-
nally, it was hypothesized that, treatment for 3 months with
alendronate + calcium + Vitamin D may be helpful to pre-
vent bone loss, and increasing the bone strength [29,31].
Furthermore it was demonstrated that, vitamin D deficien-
cy is a risk factor for low bone density, increased bone
turnover and supplementation with vitamin D appears to

suppress bone turnover, possibly mediated by suppressing
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of parathyroid hormone [32].

After intervention and as compared to the control
group, vitamin D3/calcium supplementation group showed
significantly lower pain score and health assessment ques-
tionnaire (HAQ-II) score meaning that, this group showed
less musculoskeletal symptoms. Patients in the control
group had low serum 25 (OH) vitamin D concentrations
and are more vulnerable to musculoskeletal symptoms as
evidenced by their higher pain and HAQ-II scores. These
musculoskeletal symptoms may be attributed to the expan-
sion of the collagen matrix that increases the pressure on pe-
riosteal surfaces and sensory pain fibers. Furthermore, hy-
pophosphatemia induced by hyperparathyroidism may lead
to muscle pain and weakness [33]. Additionally, estrogen de-
ficiency is thought to cause arthritis through its direct effect
on joint tissues and through inflammatory pathways and re-
lease of inflammatory cytokines including interleukin-6 and
through its effect on central and peripheral nociception
[24].

This result seems compatible with the results de-
monstrated by other authors who showed that patients with
low 25 (OH) vitamin D concentrations had higher HAQ

scores and musculoskeletal symptoms [34].

The points of strength of the current study include
its design, the assessment of many biological markers and
DXA score, the use of the same brand of letrozole, vitamin
D and calcium supplement throughout the study and the rel-
atively good study duration. However, the current study has
some limitations including a relatively small sample size,
the lack of assessment of estradiol serum level. In this con-

text, future studies are still recommended.

Conclusion

This study aimed at assessing the effects of vitamin
D3/calcium supplementation on letrozole-related vitamin
D deficiency and musculoskeletal complications. Patients re-
ceived vitamin D3/calcium supplementation showed signifi-
cant elevation in the serum concentrations of vitamin D, cal-
cium and phosphorus and significant decline in the serum
levels of alkaline phosphatase, parathyroid hormone and os-
teocalcin. In addition vitamin D3/calcium supplementation

resulted in an improvement in bone mineral density (DXA
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score) and less pain and musculoskeletal symptoms (HAQ-
I score). Based on the data obtained with the current study,
we recommend supplementation of 2000 IU/day vitamin
D3 and 1000 mg/day calcium for postmenopausal patients
with breast cancer who will be treated with letrozole. How-

ever, further detailed studies are still needed.
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