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Obijective: To investigate the effects of **Tc-methylene diphosphonate (°*Tc-MDP) on osteoporosis (OS) in postmenopausal patients
with differentiated thyroid cancer (DTC) under thyroid stimulating hormone (TSH) suppression.

Patients and Methods: Patients (n = 142) were divided into two groups: (1) 9Tc-MDP (n = 70) and (2) alendronate (n = 72)
treatments (NCT 02304757). Bone mineral density (BMD) in the lumbar spine and hip was evaluated by DXA, along with bone
turnover markers, safety, and quality of life (QOL) using SF-36 at three time points: before treatment and at 6 and/or 12 months after
treatment.

Results: The percentage change of BMD in total lumbar spine or hip showed no significant difference throughout the study (P >
0.025). **Tc-MDP and alendronate treatment alone significantly increased BMD in the lumbar spine, but alendronate treatment also
significantly increased BMD in total hip at 6 and 12 months, as compared with the baseline. There were no significant differences in
the results of the SF-36 scores between the two treatment groups at any time during the whole study period. *Tc-MDP significantly
increased bone formation markers of osteocalcin at 6 and 12 months (P all < 0.05), PINP at 12 months (P = 0.001), and bone resorption
markers of B-CTX at 6 and 12 months (p < 0.05) as compared with the alendronate treated group. No adverse event was observed in
the **Tc-MDP treatment group compared with alendronate (P = 0.014).

Conclusion: **Tc-MDP was as efficacious as alendronate in the improvement of lumbar BMD for DTC patients with OS under TSH
stimulation. **Tc-MDP was shown to be safe and improved patients” QOL.
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Introduction

Differentiated thyroid cancer (DTC) has become one of the most common endocrine malignancies. According to the
American Thyroid Association (ATA) and Chinese Thyroid Association (CTA), most DTC patients undergo total or near
total thyroidectomy, radioiodine ablation, and TSH (thyroid stimulating hormone) suppression.'* TSH suppression treatment
is necessary for DTC as tumor cells express TSH receptors on cell membranes and respond to TSH stimulation by increasing
the expression of several proteins and the rate of cell growth.** However, our previous study found that excessive intake of

levothyroxine (L-T,) contributed to a negative balance of bone formation and resorption resulting in bone loss.’
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Postmenopausal women with DTC under TSH suppression therapy are more vulnerable to Osteoporosis (0S).>'" OS and
fractures are important comorbidities in patients with DTC, with a potential negative impact on quality of life (QOL) and

1.'* The main determinant of skeletal fragility in DTC is TSH suppression.'?

surviva

9Tc-methylene diphosphonate (°’Tc-MDP), a chemical compound of technetium-99 conjugated with methylene
diphosphonate ([*’Tc-MDP], or Yunke, Chengdu Yunke Pharmaceutical Co., Ltd., Chengdu, Sichuan, China), is an anti-
inflammatory and anti-bone destruction drug patented in China, which has long been widely used and showed good efficacy
for the treatment of rheumatoid arthritis (RA) (patent No. ZL94113006.1)" and osteoporosis (patent No. ZL00100083.7) in
China since 2000, respectively. Bisphosphonate drugs inhibit osteoclasts by a regulatory effect on the osteoprotegerin
(OPG)/receptor activator of nuclear factor kappa-B ligand (RANKL)/receptor activator of NF-kB (RANK) system. 99Tc-
MDP may has the anti-osteoclastogenic activity against RANKL-induced osteoclast formation in vitro.'* In addition, **Tc-
MDP promotes the differentiation and proliferation of osteoblast, and new bone formation at high concentrations.'*'
However, as a bisphosphate, little attention has been paid to its anti-OS effect for DTC under TSH suppression. The current
clinical study is, as far as we know, the first one that has compared the outcome of 9mTe-MDP for OS under TSH

suppression with that following alendronate treatment.

Patients and Methods

Study Design

This was an open-label, non-randomized, clinical study carried out in three centers (ClinicalTrials.gov ID:
NCT02304757).

Primary End-Points
Bone mineral density (BMD) in spine lumbar and hip before, 6 and/or 12 months after treatment.

Secondary End-Points

Bone turnover markers including serum B-isomer of C-terminal telopeptide of type I collagen (B-CTX) and procollagen
type 1 N-terminal propeptide (P1NP), adverse events, quality of life (QOL) by 36-item Short Form Health Status Survey
questionnaire (SE-36)" will be evaluated before, 6 and/or 12 months after treatment.

Setting and Participants

Patients were identified and enrolled during November 2015 to December 2019 from the Tenth People’s Hospital of
Tongji University, Shanghai No. 4 People’s Hospital, and Xinhua Hospital, School of Medicine, Shanghai Jiaotong
University. They were followed-up for a year.

Postmenopausal patients were eligible for the study if they fulfilled all the following criteria. (1) pathologically
diagnosed with DTC including papillary or follicular carcinoma; (2) received a near total thyroidectomy and radioiodine
treatment; (3) had BMD of the lumbar spine and/or hip was tested by dual-energy X-ray absorptiometry (DXA) at
baseline, and at 6 months and 12 months; (4) undertake TSH suppression for at least one year before the study; (5) had
a T-score <-2.5 SD for the lumbar spine, femur neck, or total hip.

We excluded patients who met the following criteria: (1) had medications for OS before TSH suppression treatment;
(2) had secondary OS owing to the parathyroid or kidney disease; (3) had severe liver or kidney disease; (4) had reflux
esophagitis diagnosed by gastroscope; (5) had long-term use of an immunosuppressive agent, estrogen, or estrogen
receptor modulators.

This study was approved by the Institutional Review Board of Research Ethics in Shanghai Tenth People’s Hospital,
Shanghai Fourth People’s Hospital, and Xinhua Hospital Ethics Committee, Affiliated to Shanghai Jiaotong University School
of Medicine. All the patients were fully acquainted with their treatment and consented to participate in the clinical trial.
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TSH Suppression Treatment

TSH suppression treatment was based on the risk stratification of DTC using L-T, as recommended:'* (1) For patients
with persistent disease, TSH suppression below 0.1 mU/L is recommended. (2) For patients free of disease but originally
presented with high-risk disease, TSH suppression to from 0.1 to 0.5 mU/L is recommended. (3) For patients with low
risk of recurrence, TSH suppression from 0.3 to 2 mU/L is recommended. The dose of L-thyroxine maintained stable
during the study period. Free T, free T4, and TSH were measured using a time-resolved immunofluorometric assay
(Anytest, Sym-Bio Lifescience Co., Ltd, Shanghai, China).

Treatment Protocol
Patients with OS chose **Tc-MDP or alendronate treatment after well informed the two treatment protocol.

1. Tc-MDP treatment group: 15 mg **Te-MDP containing 0.15pg *Tc was intravenously administered twice a week
for 10 weeks, then once a week for 8 weeks, every 2 weeks for 22 weeks, and monthly for a further 3 months.

2. Alendronate treatment group: 70 mg alendronate (Merck & Co., Darmstadt, Germany) was administered orally
once a week for 12 months.

In addition, vitamin D (0.25pg) and 600mg calcium carbonate were orally administered once a day in both the
treatment groups.

BMD in Spine Lumbar and Hip

DXA (v.13.20; enCORETM 2009, GE Healthcare) was used to measure BMD on L;_4 vertebral regions and the hip
(femur neck, trochanter, ward, and total hip). Precision errors, established with a local normal population, were less than
1.5% for all locations at baseline, and at 6 and 12 months.

Serum Bone Turnover Markers

Serum B-CTX, PINP, osteocalcin, and bone alkaline phosphatase (ALP) were all determined by enzyme-linked
immunosorbent assay (Modular E170, Hoffmann-La Roche, Basel, Switzerland) with intra- and inter-assay coefficients
of variation (CVs) of 2.7 and 3.4%.

QOL

QOL in patients with OS was measured with a SF-36' at baseline, and at 6 and 12 months. The SF-36 questionnaire
includes 36 items that can be classified into the following eight health status sub-scales: physical functioning, physical
role limitations, bodily pain, general health perception, vitality, social functioning, emotional role limitations, and mental
health. A standardized physical component summary (PCS) and a standardized mental component score (MCS) were
calculated. In SF-36, eight subscales are summary scales transformed to range 0—100, while the PCS and MCS are
weighted scores. A higher score for SF-36 indicates a better QOL.

Adverse Reaction
Laboratory assays for routine blood tests, liver, and renal function were measured at baseline and 12 months. A treating
physician reviewed the clinical results and any discomfort at each visit.

Study Size

The predetermined primary end point was the difference in the change in BMD of the lumbar spine between the two
groups. Sixty-four patients were assumed to achieve 80% power to detect non-inferiority using a one-sided two sample
t-test. The margin of non-inferiority was 1.0% percent. The true difference between the means was assumed to be 0. The
significance level (alpha) of the one-sided test was 0.025. The data were drawn from a population with standard
deviations of 0. Following the 10% loss of follow-up rate, the group sample size was 70 cases.
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Quantitative Variables and Statistical Methods

Continuous data are expressed as the mean =+ standard deviation. The independent sample #-test, Fisher exact Chi-square
test in SPSS 22 was used to compare the basic information, clinical characteristics within groups at baseline, and
differences in values of BMD between that at baseline, and at 6 and 12 months after treatment. Differences in QOL
according to the SF-36 questionnaire, bone turnover markers, and other laboratory results were determined using a paired
t-test (one-sided tests), Wilcoxon paired #-test, and Mann—Whitney U-test. Fisher exact Chi-square test was used to
compare adverse events.

Results

Clinical Characteristics of Participants

In total, 152 postmenopausal DTC patients with OS under TSH suppression were enrolled. Five patients were excluded
and five patients were lost during follow-up. Out of the 142 included patients, 70 were treated with *Tc-MDP and 72
were treated with alendronate (Figure 1). The age, weight, BMI, TSH values, duration of TSH suppression, BMD, etc. at
baseline are listed in Table 1 and showed no significant difference (P > 0.05).

Percent Changes of BMD and Serum Bone Turnover Markers

Between group comparisons of the percentage change in BMD of the total lumbar spine were not significant. However,
9Tc-MDP and alendronate treatment alone significantly increased total lumbar spine BMD at 6 months and 12 months,
respectively, as compared with baseline. Alendronate treatment also significantly increased BMD in total hip at 6 and 12
months as compared with baseline (Table 2 and Figure 2).

The mean value and mean percent change in serum B-CTX, PINP, osteocalcin, and ALP levels during the 12-month
study period are shown in Figure 3 and Table 3. **Tc-MDP significantly increased bone formation markers of osteocalcin
(P <0.001) and PINP at 12 months (P = 0.0005) as compared with the alendronate treated group. A significant decrease
was found in B-CTX at 6 months (P = 0.0005) and 12 months (P < 0.001), and in ALP at 6 months (P = 0.0045) in the
alendronate treated group as compared with the **Tc-MDP treatment group.

152 postmenopausal women with DTC and osteoporosis included

5 were excluded:

1 had been under osteoporosis treatment

1 had bone metastasis under zoledronic acid

3 had post-surgery hypoparathyroidsm

147 patients

5 were lost to follow-up:

3 were in *°Tc-MDP treatment group
142 patients 2 were in alendronate group

70 patients treated with ®Tc-MDP || 72 patients treated with alendronate

Figure | Study flow chart.

998 hetps: Cancer Management and Research 2022:14

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Xie et al
Table | Patients’ Clinical Characteristics
Characteristics 99Tc-MDP (N=70) | Alendronate (N=72) | t value P value
TSH (WlU/mL) 0.22+0.18 0.20+0.19 0.73 0.48
Time of TSH suppression (month) 20.38+8.17 20.39+8.28 —0.009 0.99
Age (year) 64.29+7.96 62.73£7.24 I.14 0.25
Height (cm) 157.26£5.79 158.22+5.21 -0.97 0.33
Weight (kg) 57.82+9.40 56.64+14.93 0.53 0.60
Body mass index (kg/m?) 23.37+3.57 22.64+6.10 0.8l 0.42
Calcium (mmol/L) 2.24+0.14 2.260.11 —0.542 0.591
Phosphorus (mmol/L) 1.19£0.12 1.19£0.17 0.159 0.874
Areal bone mineral density (g/cm?)
Total spine 0.7568+0.085 0.7693+0.077 —0.87 0.386
Total hip 0.7380+0.101 0.7136+0.069 1.052 0.297
Z value P value
TNM (number, 8th edition)
TINO-I 35 39 0.5 0.62
T2NO-1 6 5 0.36 0.72
T3NO-1 4 9 1.37 0.17
T4NO-1 18 12 1.31 0.19
TxNx | | 0.33 0.74
TxNO-1 5 4
T1-2Nx | 2
Co-morbidities
Myoma of uterus 7 8
Hypertension 4 5
Diabetes | 2
Cholecystopolyposis or cholecystolithiasis surgery | 2 1.01 0.31
Benign disease of the breast 2 3
Others (appendicitis surgery or Buttock fibroma. etc.) | 2 3

Table 2 Areal Bone Mineral Density (BMD, g/cm?) and Mean Percent Change (%, 7 = SD) in DTC Patients with Osteoporosis at 6 and
12 Month After Treatment with **Tc-MDP and Alendronate

Groups Lumbar Spine Percent Change Total Hip Percent Change

Baseline ~6 Months 12 Months Baseline ~6 Months 12 Months
#Tc-MDP 0.7568+0.08 0.77740.08 (3.0+6.6%°) 0.78610.09 (4.2 + 10.8%) | 0.7380+0.101 0.7389+0.08 (0.9+7.7%) 0.764£0.10 (5.1£17%)
Alendronate | 0.7693+0.077 0.7918+0.07 (3.247.1%") | 0.8072+0.08 (5.1 + 6.1%°) | 0.7136+0.069 0.749+0.06 (4.9+7.7%°%) | 0.7437%0.08 (4.6£9.6%')
P value 0.23 0.123 0.028 0.22

Notes: > *Tc-MDP and alendronate treatment alone significantly increased total lumbar spine BMD at 6 months (P = 0.019 and 0.017, respectively) and at 12 months (P =
0.0005 and < 0.001, respectively) as compared with baseline. *’Alendronate treatment significantly increased BMD in total hip at 6 and 12 months (P = 0.0075 and 0.0155,
respectively) as compared with baseline.

QOL

There were no significant differences in the results of the SF-36 scores between the two treatment groups at any time during the
whole study period (Figure 4). The **Tc-MDP treated group exhibited increased PCS and MCS at 6 months (P = 0.008 and
0.0055, respectively) and 12 months (P =0.001 and 0.013, respectively), as compared with that before treatment. However, no
significant difference was found in PCS and MCS scores in the alendronate group during the study (Figure 4; P > 0.05).

Safety
No significant difference was found in terms of liver and renal function in the two groups (P > 0.025) before or after
treatment (Table 4). A significant increase was found in the incidence of upper gastrointestinal (GI) adverse events in the
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Figure 2 Percentage change from baseline in bone mineral density (BMD). No significance was found in the two treatment groups during the study. Vertical lines represent
the 95% confidence intervals at each time point. A dagger indicates P < 0.025 for the within-group comparisons with the baseline at 6 and |2 months in the lumbar spine in
9Tc-MDP (P =0.019 and 0.0005, respectively) and alendronate (P = 0.017 and < 0.001, respectively) treated groups. Alendronate treatment also significantly increased BMD
in the total hip at 6 and 12 months (P = 0.0075 and 0.0155, respectively).

OS patients treated with alendronate (6/72) compared with **Tc-MDP (0/70) (Fisher test, P = 0.014). In the 6/72 patients
with GI adverse events treated with alendronate, two cases had abdominal pain and four had dyspepsia, which did not
need further medication. No bone fractures were found in the two groups during the one-year follow-up.

Discussion

In the 1990s, some of nuclear medicine physicians found that **™Tc-MDP, a bone imaging agent, had an analgesic effect
for rheumatoid patients. Based on the information described above, Professor Maoliang Li suggested that it should be
technetium [*°Tc], a trace element with a half-life of 2.13X10° years emitting low energy beta particles contributed to
the therapeutic effect. The specific radioactivity of **Tc is 625.3Bq/ug, and the final decay product is stable isotope *’Ru.
Later study found that **Tc had anti-inflammatory and antirheumatic effects by decreasing serum levels of tumor necrosis
factor (TNF) and interleukin-1, prostaglandins E,_, and histamine, thereby promoting pain relief of knee.’ Moreover, it’s
also possible that phosphorus (phosphine) plays a role in the therapeutic effect of the imaging agent. However, there may

17,1
718 reported

be the possibility of radioactive effect of **Tc on OS which has not been investigated yet. Chinese studies
that **Tc-MDP improved the back pain and increased the lumbar BMD. The effect of *’Tc-MDP on OS in postmeno-
pausal DTC patients under TSH suppression is not clear and investigated in the study.

Results indicated that **Tc-MDP was as efficacious as alendronate in the improvement of lumbar BMD for DTC patients
with OS under TSH stimulation. **Tc-MDP was safe and improved patients’ QOL. **Tc-MDP is a novel bisphosphate
derivative and has been used in the treatment of rheumatoid arthritis in China since 2000."® Nitrogen-containing bispho-
sphonates (N-BPs), such as alendronate, are the standard treatment for OS,'**2! and alendronate was used for comparison in
the current study. To our knowledge, the current study is the first to compare the outcome of these two treatment modalities in
postmenopausal women with DTC and OS under TSH suppression. As expected, no difference in the percent change of BMD
was found between the two treatment groups. However, both **Tc-MDP and alendronate alone significantly increased both
BMD in the lumbar spine, while alendronate also increase the BMD in the total hip. Alendronate increases BMD by inhibiting

2223 characterized by the significant decrease in p-CTX in our study. Increased resorption

the effects of bone resorption
markers in the **Tc-MDP group may indicate the worse anti-osteoclastogenic activity as compared with alendronate which

should be clarified in large sample size and long term. The reported mechanisms of **Tc-MDP may be owing to the elevation
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Figure 3 Percentage change from baseline in levels of bone-turnover markers. The mean percentage change from baseline in the levels of serum B-isomer of C-terminal
telopeptide of type | collagen (B-CTX), procollagen type | N-terminal propeptide (PINP), osteocalcin, and bone alkaline phosphatase (ALP) are shown at 6 and 12 months
after the baseline visit. An asterisk indicates P < 0.05 for the comparisons between 9Tc-MDP and alendronate treated groups. 9Tc-MDP significantly increased bone
formation markers of osteocalcin (P < 0.001) and PINP at 12 months (P = 0.0005) as compared with the alendronate treated group. A significant decrease was found in bone
resorption $-CTX at 6 months (P = 0.0005) and 12 months (P < 0.001), and a significant decrease of ALP at 6 months (P = 0.0045) in the alendronate treated group as
compared with the **Tc-MDP treatment group. The vertical lines represent the 95% confidence intervals at each time point. A dagger indicates P < 0.05 for the within-group
comparisons with baseline.

of osteogenic capacity of mesenchymal stem cells, decreased adipogenic differentiation capacity,”* inducement of osteoblast
proliferation and differentiation, inhibition of differentiation.'*'>*

The duration of exposure to suppressed TSH values was found to be an important determinant of skeletal health. In
the current study, TSH suppression was at least 1 year before the study and showed no significant difference among these
groups. TSH suppression therapy is also associated with an increased risk of fragility fractures and fracture-related deaths
mainly in postmenopausal women and the elderly.'? Fortunately, no fragility fractures were observed in our patients. And
radiological vertebral fractures were found to be a frequent complication of long-term TSH-suppressive therapy even in
patients with BMD T-score values above —2.5 SD.

Potential safety issues should be considered when bisphosphonates are used because N-BPs cause rare yet serious

side effects, such as atypical femoral fractures, osteonecrosis of the jaw,'*20-2¢28

and atrial fibrillation, which may be
relatively increased in patients with subclinical hyperthyroidism.?’ In the current study, alendronate produced
a significant increase in the incidence of upper gastrointestinal adverse events. However, no adverse reactions were
found following **Tc-MDP treatment. Therefore, °*Tc-MDP treatment was deemed to be safe for patients with OS. The

study also showed that QOL was similar in both treatment groups. However, **Tc-MDP significantly improved both the
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Table 3 Changes in Bone Metabolism Markers (ng/mL) and Mean Percent Change (%, ¥ == SD)

Groups Procollagen Type | N-Terminal p-Isomer of C-Terminal Telopeptide of Osteocalcin Alkaline Phosphatase (ALP)
Propeptide (PINP) Type | Collagen (B-CTX)
Baseline | 6 Months 12 Months Baseline | 6 Months 12 Months Baseline | 6 Months 12 Months Baseline | 6 Months 12 Months
9Tc-MDP 41.9+21 43.7+14 52.6+20 0.36 0.46+0.25 0.37+0.21 16.28 16.27+6.3 19.2249.1 96+32 131£22 90+33
(9.2+18%) (20.66+31%%) +0.25 (2.9+11%) (8.3+22%) 38 (—2.35£19%) (17.1£55%") (1'1.2+12%) (—3.2427%)
Alendronate 52438 29+24 29.9+25 0.42 0.28+0.15 0.17+0.16 20.8+12 11.8+£3.5 10.6+3.8 117£23 10011 107+18
(=7.4%33%) (—2.1£47%) +0.33 (—12+68%") (-60.8£99%") (—24.6+38%) (—39.5%£33%) (-6.67£11%°%) | (~7.6£13%)
p >0.05 < 0.001 0.0005 < 0.001 >0.05 0.0005 0.0045 >0.05

¥1:770T Yo4easay pue juswadeuel Jadued)

Note: *Indicate P < 0.05 for the comparisons between 99T¢-MDP and alendronate treated groups.
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Figure 4 The results of the combined mental component score in a 36-item Short Form Health Status Survey questionnaire (SF-36) for the **Tc-MDP group and the
alendronate group (Mann-Whitney U-test). No significant difference was found in the two treatment groups during the study. A dagger indicates P < 0.05 for the
comparisons of physical component summary (PCS) and mental component score (MCS) with the baseline at 6 months (P = 0.008 and 0.0055, respectively) and 12 months
(P = 0.001 and 0.013, respectively) in *Tc-MDP treated group.

physical and mental QOL as compared with that before treatment. The improvement in QOL was somewhat slower in the
alendronate treated group but the difference was not significant.

Oral administration of alendronate is much easier than intravenous administration of **Tc-MDP. However, alendro-
nate needs to be administered on empty stomach in a specific way. The intravenous administration of **Tc-MDP may be
advantageous over alendronate to eliminate the risk of improper administration, especially in cases of poor compliance,
which can be the case in some elderly patients.

There were some limitations in our study such as the non-randomized nature. However, the clinical characteristics of
patients in both groups were very similar, which minimizes the significance of the lack of randomization. The study was
also not blinded and the choice of treatment was based on the conscious decision of the participants, which could result in
biased answers in the SF-36 questionnaire. The effects of *Tc-MDP on OS should and will be observed during a long-
term follow-up in large population.

Table 4 Changes in Routine Clinical Chemistry Parameters

99Tc-MDP for t value P Alendronate for t value P

Osteoporosis Osteoporosis

Baseline 12 Months Baseline 12 Months
Alanine aminotransferase 21.63£1.91 24.57x11.82 -0.29 0.387 26.39+£2.99 24.48%10.66 0.148 0.442
Aspartate aminotransferase | 23.07+7.01 24.55+8.3 0.022 0.4925 30.71x12.17 28.4+7.93 0.631 0.268
Urea nitrogen 4.86+2.14 5.03+1.51 —1.048 0.157 5.03+1.22 4.85+1.53 —0.326 0.374
Creatinine 53.04+13.42 | 58.32+I1.18 -1.27 0.113 60.97+12.51 59.9.+11.08 —0.019 0.493
Calcium 2.24+0.14 2.27+0.09 —0.434 0.38 2.260.11 2.24+0.11 —0.161 0.437
Phosphorus 1.19£0.12 1.1840.19 1.434 0.085 1.19£0.17 1.24+0.26 —0.563 0.29
White blood cells 5.36+1.44 5.57+1.29 —0.238 0.401 6.18+1.71 611.68 0.026 0.489
Red blood cells 4.36+0.45 4.38+0.77 —1.728 0.048 4.39£0.39 4.42+0.35 —0.233 0.408
Platelet 185.8+41.2 174.41£47.8 0.24 0.407 21 1+£56.44 198.5£54.59 0.243 0.405
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In conclusion, **Tc-MDP proved to be as efficacious as alendronate in the improvement of lumbar BMD for DTC
patients with OS under TSH stimulation. **Tc-MDP appeared to be safe and improved patients’ QOL.
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