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Abstract Bone disease in long-term survivors after gastric
cancer resection has received little research attention. This
study aimed to investigate bone health after curative resec-
tion of gastric cancer and the consequences of high-dose
vitamin D supplementation in patients with low levels of
25-(OH)-vitamin D. Disease-free patients at least 24 months
after gastric cancer resection represented the study cohort.
Serum markers of bone metabolism were assessed at base-
line and at 3 and 12 months. Bone mineral density and pres-
ence of fractures were assessed by X-ray at baseline. Patients
with 25-(OH)-vitamin D <30 ng/mL at baseline received
16,000 IU of vitamin D3 every 10 days during the 1-year
follow-up. Forty patients were included in the study. Mean
time from surgery was 48.9 (24-109) months. Vitamin D
insufficiency and secondary hyperparathyroidism were
observed in 38 and 20 patients, respectively. Densitome-
try showed osteoporosis in 14 women and seven men and
prevalent fractures in 12 women and six men at baseline.
After 3 months of vitamin D supplementation, 35 patients
reached values of 25-(OH)-vitamin D over 30 ng/mL. After
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12 months, 38 patients were in the normal range of 25-(OH)-
vitamin D. At the same time, iPTH levels and markers of
bone turnover (C-terminal cross-linked telopeptide of type-
I collagen, serum concentrations of bone-specific alkaline
phosphatase and osteocalcin) significantly decreased after
vitamin D intervention. Oral administration of high doses
of vitamin D is easily implemented and restored 25-(OH)-
vitamin D and iPTH values, which are frequently disturbed
after gastric cancer resection.

Keywords Gastric cancer - Gastrectomy - Bone health -
Osteoporosis - Vitamin D

Introduction

A combination of radical surgery and adjuvant therapy has
resulted in improved survivorship in patients with gastric
cancer. Five-year survival rates in the range of 60-78% have
been reported in recent trials [1]. Increasing attention is now
being focused on the long-term sequelae of the therapy, par-
ticularly weight loss, nutritional deficiencies, and deteriora-
tion in quality of life. Patients with gastric cancer usually
undergo more or less extensive gastric resections with differ-
ent types of intestinal reconstruction that reduce absorption
of minerals, proteins and vitamins. Adequate absorption of
calcium and vitamin D are important for calcium—phospho-
rous homeostasis and vitamin D deficiency leads to hyper-
parathyroidism, bone loss, osteomalacia, osteoporosis and
fractures [2]. Bone loss and the risk of osteoporosis and
fractures can have a significant negative impact on the lives
of long-term gastric cancer survivors [3].

The consequences of partial or total gastrectomy on
bone metabolism have been studied for many years by sev-
eral authors [4-6]. Some research has demonstrated that
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post-gastrectomy patients have bone metabolism alterations
as a consequence of surgical intervention, with impaired
absorption of calcium and rapid intestinal transit [7]. In iliac
crest biopsies, gastrectomy has also been associated with
severe osteomalacia, marrow fibrosis, and impaired calcium
distribution, partially explained by secondary hyperparathy-
roidism and low calcium absorption [8].

However, only a few studies have evaluated the specific
impact of surgery in long-term gastric cancer survivors [5,
9, 10]. Treatment and doses of vitamin D supplementation
remain a contradictory topic that has to be resolved.

The present study investigated the prevalence of osteo-
porosis, fractures and bone metabolism changes in a cohort
of long-term survivors after gastric cancer resection. The
effects of an easily implemented oral administration of
high doses of vitamin D in those patients with low levels of
25-(OH)-vitamin D were also assessed.

Materials and methods
Study design

A prospective, non-selected, observational, clinical cohort
study was conducted at the Section of Gastrointestinal Sur-
gery and the Musculoskeletal Unit in the Hospital del Mar,
Barcelona, Spain. An intervention with oral supplements
of vitamin D was performed in patients with low levels of
25-(OH)-vitamin D. The Ethics Committee of the institu-
tion approved the study and written informed consent was
obtained from all participants.

Patients

We selected from our prospectively maintained database all
patients with gastric cancer who underwent curative total
or subtotal gastric resection between 2004 and 2013, and
had survived at least 2 years without disease recurrence.
A 70 cm Roux-en-Y loop reconstruction was performed
in all cases. Patients with glomerular filtration rate (GFR)
<45 mL/min/1.73 m?, chronic kidney disease (CKD) stage
3b, 4, and 5 according to KDOQI classification, chronic
liver disease, rheumatoid arthritis, Paget bone disease, and
concurrent or previous treatment with bisphosphonates,
oral corticosteroids, or any other bone-active drugs were
excluded. Patients eligible for the study were contacted by
telephone and invited to participate.

Bone history
All patients were asked about osteoporosis risk factors,

menopause status, and years since menopause. Previous
non-fragility fractures, height decrease, falls and back pain

were recorded. Dietary calcium intake was estimated using
a weekly food-intake frequency questionnaire, validated for
the Spanish population [11].

Measurements
Serum levels of 25-(OH)-vitamin D and iPTH

Plasma concentrations of 25-(OH)-vitamin D and iPTHwere
measured at baseline and at 3 and 12 months after inter-
vention with vitamin D supplements, when required. The
25-(OH)-vitamin D levels were analyzed using a competitive
electrochemiluminescence protein-binding assay intended
for the quantitative determination of total 25-(OH)-vitamin
D in human serum and plasma. The assay employs a vita-
min D binding protein as capture protein, which binds to
both 25-OH VitD3 and 25-OH VitD2 (Cobas €602, Roche
Diagnostics, Mannheim, Germany). Intra-assay coefficient
of variation (CV) was 7.8 and 8.1% at mean concentrations
of 15.7 and 26.2 ng/mL, respectively, using quality control
material provided by Roche Diagnostics.

iPTH was analyzed with a solid-phase, two-site chemi-
luminescent enzyme-labeled immunometric assay (IMMU-
LITE 2000 Siemens, Los Angeles, CA, USA). CV was 7.0%
at mean concentrations of 47 pg/mL, using quality control
material provided by Siemens.

Biochemical bone metabolism

Calcium (Ca) and phosphorus (P) and albumin levels were
determined using a chemical autoanalyzer (MODULAR®
ANALYTICS, Roche Diagnostics, Mannheim, Germany)
with a CV value less than 5%.

Biochemical markers of bone turnover (BTM): serum
concentrations of bone-specific alkaline phosphatase (BAP),
osteocalcin (OC) and C-terminal cross-linked telopeptide of
type-I collagen (CTX) were measured at baseline and at 3
and 12 months of follow-up. BAP was measured using the
Access Ostase enzyme assay (Beckman Coulter, Fullerton,
CA, USA), OC by a solid-phase two-site chemiluminescence
assay (IMMULITE 2000 Siemens, Los Angeles, CA, USA),
and CTX by chemiluminescence assay (ECLIA, MODU-
LAR ANALYTICS E170, Roche Diagnostics, Mannheim,
Germany).

Bone mineral density (BMD) analysis

At baseline, BMD at lumbar spine (L1-L4), femoral neck,
and total hip was measured by dual-energy X-ray absorpti-
ometry (DXA) using a Hologic QDR4500SL bone densi-
tometer (Hologic, Waltham, MA, USA), and following the
usual protocol provided by the manufacturer. The in vivo
CV is 1.0% for the lumbar spine and 1.65% for femoral neck.
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Assessment of vertebral fractures

Lateral X-ray films of the thoracic and lumbar spine were
obtained at baseline to identify prevalent vertebral fractures
(VF). Spine fractures were defined according to the semi-
quantitative method of Genant et al. [12, 13].

Intervention

According to the Endocrine Society Clinical Practice Guide-
line definition of 25-(OH)-vitamin D deficiency and insuf-
ficiency [14], patients with 25-(OH)-vitamin D concentra-
tion <30 ng/mL at the baseline visit were treated with oral
vitamin D. An easy scheme with 0.266 mg (16,000 IU) of
vitamin D; (calcifediol, Hidroferol®, FAES FARMA) every
10 days during the 1-year follow-up was used. Moreover,
patients with fragility fractures or diagnosis of osteoporosis
by DXA were treated with intravenous bisphosphonate once
a year.

Statistical analysis

Data are presented as mean (SD). One-tailed Student ¢ test
for paired measures was used to compare 25-(OH)-vitamin
D levels at different time points. Correlation between pairs
of quantitative variables was assessed by adjusting the distri-
bution to a polynomial curve using the least square method.
The p values <0.05 were considered statistically significant.
All analysis was performed using IBM SPSS version 22
(SPSS Inc., Chicago, IL, USA).

Results

Forty patients (20 men and 20 women) out of 123 who had
undergone gastric cancer resection were included in the
study after signing the informed consent document. Eighty-
three patients were excluded for reasons depicted in Fig. 1.
Baseline and bone-related characteristics of study partici-
pants are shown in Tables 1 and 2.

Vitamin D concentrations at baseline

In the study population, baseline levels of 25-(OH)-vitamin
D were 13.4 + 9.1 ng/mL; 38 patients had concentrations
<30 ng/mL (vitamin D insufficiency), 29 < 20 ng/mL (vita-
min D deficiency), and 21 < 10 ng/mL (severe vitamin D
deficiency). All patients had serum calcium and serum phos-
phorus levels within the normal range, despite low levels of
25-(0OH)-vitamin D.
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123 Curative gastric
cancer resection

-5 59 deaths

24 were excluded due to:
previous treatment with bisphosphonate (2)
bone metabolism disease (1)
endocrinopathies (3)
high comorbilities (4)
gastric cancer recurrence (1)
refusing to participate (12)
non caucasian (1)

I 40 included patients

Fig. 1 Flow chart of patients included in the study

Table 1 Clinical variables of 40 patients included in the study

Characteristics
Sex

Men 20

Women 20
Age (years) (mean + SD) 689 +11.7
Months since gastrectomy, median (range) 48.9 (24-109)
BMI at baseline study (kg/mz) (mean + SD) 233+42
pT*

Tl 14

T2 9

T3 12

T4 5
pN*

NO 26

N1

N2/N3 8
pTNM?

01 22

I 12

I 6
Operation type

Total gastrectomy 29

Subtotal gastrectomy 11
Neoadjuvant therapy

Yes

No 31
Adjuvant therapy

Yes 11

No 29

#According to the 7th edition of the International Union Against Can-
cer Tumor, node, metastasis staging system. Results are expressed as
number of patients with percentages in parentheses unless otherwise
stated
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Table 2 Bone-related characteristics at baseline

Women (n =20) Men (n=20) p

Calcium intake (mg/day) 704 + 335 734 +220 ns

eGFR (mL/min per 77.0+7.5 73.0+13.2 ns
1.73 m?)

25-(OH)-vitamin D 144 +11.1 124+ 6.8 ns
(ng/mL)

iPTH (pg/mL) 1193 + 121.8 82.1 +53.6 ns

LS_BMD (g/cm?) 0.789 +0.13 0.881 +0.13 0.037

FN_BMD (g/cm?) 0.597 +0.10 0.693 +0.11 0.010

TH_BMD (g/cm?) 0.696 + 0.12 0.828 +0.14 0.003

eGFR glomerular filtration rate, LS_BMD lumbar spine bone mineral
density, FN_BMD femoral neck bone mineral density, TH_BMD total
hip bone mineral density, values are mean =+ standard deviation

A weak but significant correlation was observed between
25-(0OH)-vitamin D concentrations at baseline and iPTH lev-
els (R2 = 0.190; p = 0.005) (Fig. 2). No significant correla-
tions were observed between 25-(OH)-vitamin D concentra-
tions at baseline and other variables such as age, body mass
index, and time since surgery.

iPTH levels at baseline

In the study population, levels of iPTH were
90.2 + 68.4 pg/mL (range 23-377); 21 patients had concen-
trations >70 pg/mL in the range of hyperparathyroidism,
all with normal serum levels of corrected total calcium.
Overall, 13 patients with severe vitamin D deficiency had
levels of iPTH >70 pg/mL. Three patients had very high
values of iPTH and were evaluated to rule out primary
hyperparathyroidism.
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Fig. 2 Correlation between levels of 25-(OH)-vitamin D and iPTH at
baseline

Restoration of 25-(OH)-vitamin D levels and iPTH
levels after 3 and 12 months of intervention

Significant increases in 25-(OH)-vitamin D levels were
achieved after 3 and 12 months of vitamin D supplementa-
tion (Fig. 3). At 3 months, 35 patients reached values over
30 ng/mL, five had values within the range of insufficiency
and no one remained in the range of vitamin D deficiency
or severe deficiency. After 12 months, all patients were in
the normal range of 25-(OH)-vitamin D except two who
reported non-adherence to treatment. Moreover, five patients
reached high 25-(OH)-vitamin D values (>100 ng/mL) but
maintaining serum calcium in the normal range.

The iPTH levels decreased after vitamin D interven-
tion. Mean levels were 58.6 + 33.0, and only 11 patients
maintained concentrations >70 pg/mL at 3 months. A fall
in iPTH levels was observed in all patients. The response
of vitamin D and iPTH levels after 3 and 12 months of sup-
plementation did not show any correlation with BMI and
vitamin D at baseline.

Calcium intake, BMD, and fractures at baseline

The mean calcium intake was 720 mg per day, range
(121-1454). Only six patients reached the 1000-1200 mg
of recommended calcium intake [15, 16]. Mean DXA val-
ues at baseline are shown in Table 2. In men, only one
patient had normal BMD values at all sites measured, 12
patients had osteopenic values, and seven had osteopo-
rosis, according to WHO criteria [17]. In women, only
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Fig. 3 Serum levels of 25-(OH)-vitamin D for each patient at base-
line and at 3 and 12 months after oral vitamin D supplementation.
Horizontal bars indicate mean values. Dotted line represents the limit
for defining vitamin D insufficiency. ¥p < 0.001, **p = 0.002
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Table 3 Number of patients with fragility fractures and their location
at baseline

Women® (n = 12) Men (n = 6)
Vertebral fractures® 6 4
Grade 1 2 1
Grade 2 3 0
Grade 3 1 3
Wrist 2 1
Humerus 2 0
Hip 1 0
Others 2 1

#According to the Genant classification (12)

®One woman had two prevalent fractures

one had normal BMD values, five had osteopenia, and
14 had osteoporosis. The majority of fragility fractures
were observed in women (12 vs. six in men), as shown in
Table 3. Only two men had non-vertebral fractures and
four had vertebral fractures, one grade 1 and three grade 3

according to Genant’s criteria in the spine X-ray. Moreo-
ver, an analysis of bone-related characteristics at baseline
according to the presence or the absence of bone fracture
found significant differences only for iPTH and BMD val-
ues, and not for age, BMI, calcium intake, or 25(OD)-Vit
D (Table 4).

Biochemical markers of bone turnover at baseline
and after 3 and 12 months of intervention and BMD
after 12 months of intervention

As defined in the protocol, all patients with osteoporosis
received treatment with intravenous bisphosphonate and, as
expected, the BTM values decreased after 3 and 12 months
(Table 5). Six patients with levels of BAP >30 had levels of
25-(OH)-vitamin D in the range of severe deficiency.

BMD increased significantly after 12 months with intra-
venous bisphosphonate, but there was no difference in the
group without osteoporosis that received only vitamin D
supplementation (Table 5). No new fractures occurred dur-
ing the follow-up.

Table 4 Bone-related

o . Fracture (n = 18) Non-fracture (n = 22) P

characteristics at baseline

according to presence or Age (years) 71.6 + 10.2 66.8 + 12.4 ns

absence of bone fracture BMI (kg/m?) 233 +45 23.9 + 3.4 ns
Calcium intake (mg/day) 695 + 319 737 + 252 ns
25-(OH)-vitamin D (ng/mL) 13.5+11.1 133+ 7.7 ns
iPTH (pg/mL) 1444 +131.2 68.4 +£29.2 0.031
LS_BMD (g/cm?) 0.785 £ 0.17 0.872 +0.10 0.055
FN_BMD (g/cm?) 0.585 +0.12 0.689 + 0,10 0.005
TH_BMD (g/cm?) 0.678 £ 0.12 0.823 +0.13 0.001

BMI body mass index, LS_BMD lumbar spine bone mineral density, FN_BMD femoral neck bone mineral
density, TH_BMD total hip bone mineral density, Values are mean + standard deviation

Table 5 Bone turnover markers and DMO in patients with vitamin D supplementation alone and patients with osteoporosis and intravenous

bisphosphonate treatment

Vitamin D Vitamin D and bisphosphonate

Baseline 3 months 12 months Baseline 3 months 12 months
CTX (ng/mL) 0.615 +0.32 0.525 +0.26 0.506 + 0.25 0.834 + .208 0.616 + 0.43** 0.264 + 017"
BAP (mcg/L) 22.6 +13.2 19.3 + 01.2%%* 21.6 + 11.1 25.4 +13.6 21.1 £ 13.5% 16.2 + 8.5%%
OC (ng/mL) 84+39 97+6 172 +£12.2 13.0+9.1 123 +72 3.9 + 1.5
LS_BMD (g/cm?) 0.904 +0.10 0.910 +0.10 0.747 £ 0.13 0.781 + 0.13*
FN_BMD (g/cm?) 0.710 £ 0.09 0.713 £ 0.09 0.584 + 0.09 0.596 +0.10
TH_BMD (g/cm?) 0.872 +£0.12 0.871 +£0.14 0.661 + 0.08 0.677 + 0.08

CTX C-terminal cross-linked telopeptide of type-I collagen, BAP serum concentrations of bone-specific alkaline phosphatase, OC osteocalcin
* p=0.001, ** p = 0.034 = p = 0.004, *p = 0.0001, ¥p = 0.007, **p = 0.001, #p = 0.001 versus baseline
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Discussion

Our study found a high prevalence of vitamin D deficiency
with secondary hyperparathyroidism and osteopenia/osteo-
porosis in almost all long-term survivors after gastric cancer
resection. The main consequence of these bone metabolism
disorders is the high prevalence of fractures. Even severe
deficiency after surgery was reversed with high doses of oral
vitamin D supplements.

Long-term survivors after gastric cancer resections are
under systematic controls by oncologists and surgeons to
rule out recurrence, and they often receive treatment with
vitamin B12 to prevent anemia. However, they are not usu-
ally evaluated for other chronic disease such as osteoporosis.
Bone loss is one of the adverse health effects in cancer survi-
vors [18, 19]. Bone metabolism disorders in patients under-
going other types of surgical procedures, such as bariatric
surgery, have been known for many years [20]. Although the
majority of guidelines have recommended calcium and vita-
min D supplementation after gastrointestinal surgery [21],
there are no recommendations about doses and timing. In
our study, we supplemented every 10 days with high doses
of calcifediol, and we achieved levels of 25-(OH)-vitamin
D in a normal range without any adverse effects and with
normalization of iPTH levels. The dose of vitamin D sup-
plementation selected was based on previous studies from
our group in patients with bariatric surgery [22] and breast
cancer [23].

Lim and colleagues published a study with 133 patients
and found a prevalence of osteoporosis and reported frac-
tures of 39.6 and 18%, respectively [10]. In our study, the
prevalence was higher, especially among women, because
age and time since gastrectomy were also higher. There-
fore, time since menopause was added as an important risk
factor for bone loss in women. Although Lim et al. [10]
reported 13.5% of patients with high serum alkaline phos-
phatase (AP) as suspected osteomalacia, they did not analyze
25-(OH)-vitamin D to confirm the diagnosis [10]. Our study
found a high prevalence of secondary hyperparathyroidism,
with six patients having high levels of BAP. No bone biopsy
was performed to establish the diagnosis of osteomalacia.
In a prospective study, Baek et al. [24] did not find statisti-
cal differences in vitamin D levels before and 12 months
after gastrectomy; they explained that their patients were
instructed to increase calcium and vitamin D intake. Based
on their results, Baek et al. [24] recommended supplemen-
tation with vitamin D to avoid secondary hyperparathy-
roidism. In a similar study, Heiskanen et al. [5] showed sig-
nificantly lower BMD values in 18 patients after gastrectomy
than that of the control group and also found low levels of 25
(OH)-vitamin D. However, they did not analyze iPTH levels
to find secondary hyperparathyroidism.

The current study provides additional data to support
the use of supplementation with a very easy and safe
scheme of 16,000 IU of oral vitamin D in order to avoid
or reverse hyperparathyroidism and secondary bone loss.
Therefore, the DXA values obtained after treatment with
vitamin D supplementation or intravenous bisphospho-
nates were as expected. Treatment for osteoporosis relies
on antiresorptive or anabolic drugs (e.g., bisphosphonates
or denosumab and teriparatide, respectively). Vitamin D
is used to avoid secondary hyperparathyroidism and to
achieve 25(OH)-vitamin D >30 ng/mL, the threshold at
which PTH levels began to increase [14].

Glatzle et al. [7] obtained good results using a compli-
cated scheme combining extremely high intramuscular and
oral doses of vitamin D. However, a recent randomized
clinical trial in community-dwelling men and women [25]
showed an increased incidence of falls and no benefit in
lower extremity function, dissuading clinicians from using
the extremely high doses of vitamin D used by Glatzle
et al. [7].

Safety of vitamin D supplementation is an important
issue. The use of calcitriol is not usually recommended,
because it could increase hypercalcemia. Cholecalciferol
and calcifediol are quite safe; hypercalcemia is very unu-
sual at regular and even high oral doses, and happens only
as a prescription or medication error [26]. In our study,
five patients had 25-(OH)-vitamin D values over 100 ng/
mL but no participant had hypercalcemia. In all five cases,
calcium values were between 9.5 and 9.8 mg/dL and phos-
phorus between 3.8 and 3.9 mg/dL. When 25(OH) vitamin
D values after supplementation exceed 100 ng/mL, action
would be required in the presence of hypercalcemia. If not
present or asymptomatic, only reduction of vitamin D dose
is required; but if symptomatic hypercalcemia is present,
treatment with zoledronic acid or denosumab, intravenous
saline serum and furosemide must also be prescribed.
Another safety aspect is the risk of falls when high doses
of vitamin D are used. Although the occurrence of falls
was not a specific objective of our study, the investigators
asked about falls at each follow-up visit (3 and 12 months
after supplementation) and none of the patients reported
falling.

The resorption marker CTX showed a moderate decrease
in patients with vitamin D supplementation alone and very
high reduction in patients with osteoporosis and intrave-
nous bisphosphonate treatment, as expected [27] On the
other hand, bone formation markers showed a clear and sig-
nificant decrease in patients with intravenous bisphospho-
nates. Our results are consistent with a previous study where
authors looked at the short-term changes in bone metabo-
lism after one year of gastrectomy [24] and confirmed the
effect of long-term vitamin D deficiency and secondary
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hyperparathyroidism on BTM, and also showed the revers-
ibility of this situation with vitamin D supplementation.

One important aspect of our study is the high prevalence
of fragility fractures, especially in women. Glatzle et al.
[7] also showed a high prevalence of vertebral deformity
in women as more time elapsed since gastrectomy. Based
on these results, an important recommendation would be to
use thoracic and lumbar lateral X-rays to perform an active
search for vertebral fragility fractures in all patients before
and after gastrectomy during their annual gastric cancer
check-up.

Our main study limitation was the small sample size,
which did not allow for a broad analysis of all bone metabo-
lism factors. However, the selection of a homogenous sam-
ple of patients with long-term survival without any treatment
or other disease that could affect bone metabolism was an
important strength of the study. We ruled out many factors,
including alcoholism, use of corticosteroids, or many other
drugs that have some influence in bone metabolism, in order
to assess how the gastrectomy itself affects skeletal bone.
Another limitation was the lack of specific data on micro-
albuminuria in order to rule out early kidney damage that it
might influence the 25-(OH)-Vit D levels.

In summary, the current study highlights the importance
of analyzing bone health and diagnosing vitamin D defi-
ciency or insufficiency and the secondary hyperparathy-
roidism that may occur several years after gastrectomy. The
study showed that a simple scheme of high doses of oral
vitamin can restore normal 25-(OH)-vitamin D and iPTH
values with no adverse effects.
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