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Effects of Delayed Analysis of Serum Sample on the Stability of Thyroid     
Hormones Using Radioimmunoassay and Immunoradiometric Assay   
Christian Dominique Sta. Cruz Yu, MD, Marcelino A. Tanquilut, MD, Wenceslao S. Llauderes, MD,         

Emelito O. Valdez-Tan, MD, Ivan Ray F. David, MD, Novy Jean B. Dela Cruz, RMT  

Department of Nuclear Medicine, Jose R. Reyes Memorial Medical Center 
E-mail address: christianyumd@gmail.com  

INTRODUCTION 
 
Thyroid disease is widespread and about 300 million 
people worldwide presents with thyroid dysfunction, 
such as hypothyroidism and hyperthyroidism [1,2] In 
such patients, analysis of the thyroid hormones is                
imperative to conclude a clear diagnosis and for                   
monitoring of the said thyroid disorder, hence a reliable 

quantitation of thyroid hormone levels should be               
utilized [3, 4].  Serum TSH is used as the initial screening 
test since it has the highest sensitivity and specificity for 
evaluation of suspected thyroid disease. However,                    
accuracy of the diagnosis improves when serum of FT3 
and FT4 are analyzed along with the serum TSH [5, 6]. 
 
 

ABSTRACT 
Background:  

Proper and accurate quantification of thyroid hormones are vital in the diagnosis of thyroid diseases. This study 
aims to determine if the duration of storage of serum samples affects the stability and levels of thyroid           
hormones using RIA and IRMA among OPD patients at Jose R. Reyes Memorial Medical Center . 

  

Methodology: 

A prospective study was done with the use of ANOVA on repeated measures to compare the values of the                 
thyroid hormones from 24th(baseline), 72nd, and 168th hour. A total of 50 patients were included in the study 
wherein patient’s blood sample of 10cc was divided into 3 aliquots and was processed in 3 different time points. 
The statistical significance was based on a value of p < 0.05 with a 95% confidence interval. In determining the 
stability of the hormones, if the results obtained at the  72nd and 168th hour period remained within the run-to-
run precision of coefficient of variation of ≤ 10% then it would be considered the same as from the baseline     
value . 

 

Results: 

There was no significant change (p > 0.05) in the TSH levels from the baseline compared to the delayed                  
samples, and the coefficient of variation was within the acceptable limit. Both FT3 and FT4 levels showed       
significant increase from baseline compared with the delayed samples (p < 0.05) ,and the coefficient of variation 
surpassed the acceptable limit . 

 

Conclusion: 

RIA and IRMA is a robust method allowing us to quantify the otherwise unmeasurable and aids our clinicians to 
accurately diagnose and manage patients with thyroid disorder. TSH holds stable and accurate despite delayed 
separation and sampling, while the FT3 and FT4 levels significantly increased in delayed sampling and                      
separation compared to the baseline possibly due to pre-analytic artifacts caused by non-esterified fatty acids. 
To address this limitation, we recommend that samples requested with FT3 and FT4 be processed immediately, 
the sample be separated  and be refrigerated immediately, or FT3 and FT4 be analyzed along with TSH levels. 
As for TSH, delayed separation and sampling can be routinely done due to its stability . 

 

Keywords: Thyroid hormones, Radioimmunoassay, Immunoradiometric assay  
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Various methods are used to measure the said hormones 
and among these methods are the radioimmunoassay 
(RIA) and immunoradiometric assay (IRMA)  methods, 
methods that offer a technique to quantify the otherwise 
unmeasurable with high sensitivity and specificity and 
are the most reliable method for quantification of                
thyroid hormones, however it requires a long incubation 
period, specially trained staff, equipment, and                       
radioactive materials [1].  
 
Conventionally, due to long incubation period RIA and 
IRMA use the batch assay technique wherein pooled 
samples are analyzed or processed at the same time. A 
batch assay offers control over measurement errors           
resulting from variations in kits and batches, including 
the radiotracer's decay, radioactivity, incubation period, 
and laboratory conditions [7]. Because of the batch            
assay's practical simplicity and technical stability, this 
practice was preferred for RIA and IRMA. Another option 
is to send blood samples to a central laboratory, which 
would allow one facility to handle a large geographic         
area [8].  
 
However, compared to the random assay technique, 
batch assay has restrictions regarding the relative lag of 
report time because it requires many samples to be 
more cost-effective [7]. Some studies recommend that 
the facilities offering such tests should make an effort to 
perform the analysis within 24 hours since thyroid              
hormones may not always be stable under storage                     
condition at room  temperature (20 - 25C) with delayed 
sample analysis [9]. 
 
For batch sampling, blood sample screening can be done 
at clinics or centers, and the unfrozen blood samples can 
be transported to storage laboratories. In developing 
countries, it is extremely difficult to process samples as 
quickly as possible because RIA and IRMA require               
measuring multiple subjects in order to be more cost-
effective. Most middle-sized laboratories cannot afford 
to perform random sampling analysis on a daily basis. As 
a result, samples are kept in storage for a prolonged           
period [10].    
 
The Philippines being a developing country also face the 
same predicaments in sample analysis using RIA and               
IRMA since there are also limited facilities that are                
capable of running and analyzing thyroid hormones using 
RIA and IRMA. As a result, batch sampling is utilized in 
order to accommodate multiple samples from different 
clinics, laboratories, and hospitals. The samples are 
sometime stored at room temperature as batches for 
several days before the analysis of the samples causing a 

lag in the report time. Currently there are no local data 
on the effects of long storage prior to sampling using RIA 
and IRMA .  
   

OBJECTIVE 
This study aims to determine if the duration of storage at 
room temperature of serum samples affects the stability 
of thyroid hormones using RIA and IRMA among patients 
at Jose R. Reyes Memorial Medical Center and contribute 
information about the changes in the values of the            
samples with delayed analysis to guide both our nuclear 
medicine physicians and clinicians in releasing accurate 
results.  
 

METHODOLODY 
 
This study is a prospective study where we aim to                   
determine if there would be a significant difference in 
thyroid hormone levels (TSH, FT3, and FT4) if the same 
samples are processed on different time points using RIA 
and IRMA (DIAsource). The sample size computation         
considers the average blood of 121 based on of the study 
of Nye et al. (1975) [11]. Where the needed computed 
sample size was at least 45 at 95% confidence level and 
80% power of test as shown in Figure 1. Convenience                   
sampling was done for this study and patients that came 
to the OPD Nuclear Medicine Department requiring 
testing of thyroid  function test were asked if they would 
like to participate in this study.   
 
  
 
 
 
 
 
 
 
 
 

 
 

FIGURE 1. Computation for sample size 
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Each patient’s blood sample of 10cc was divided into 3 
aliquots in plain tubes. The 1st aliquot was processed on 
the same day. The 2nd and 3rd aliquot was stored at 
room temperature of (20-25C), clotted, and unseparated 
for 72nd and 168th hour, respectively before sample was 
processed by single technologist using RIA and IRMA. The 
serum from aliquots were analyzed by RIA/IRMA in 
different periods to compare the levels and changes of 
thyroid hormone. Data gathered was analyzed per                      
patient, hormone, and day of processing .  
 
Descriptive statistics such as mean, standard deviation, 
and coefficient of variation (CV) were used to present the 
thyroid hormone levels. In comparing the values from 
24th, 72nd, and 168th hour, ANOVA on repeated 
measures was utilized. The statistical significance was 
based on a value of p < 0.05 with a 95% confidence             
interval. 
 
Mean and standard deviation were computed per day of 
processing ,and pairwise comparison was done to                
identify the percent change and p-value of the same                  
hormone from the different periods of processing. This 
study also employed the interpretation of Nye et al. 
(1975) and Kubasik et al. (1982), in determining the                 
stability of the hormones [11, 12]  If the results obtained 
at the  72nd and 168th hour period remained within the 
run-to-run precision of (CV of ≤ 10%), it would be           
considered the same as from the baseline value [11]. If 
the results obtained at the 72nd and 168th hour exceeds 
the coefficient of variation of 10%, the sample will be 
deemed not acceptable and will be considered different 
from the baseline value and would be statistically                      
significant if the p-value was ≤ 0.05. 
 
This research was conducted with the approval of Jose R. 
Reyes Memorial Medical Center Institutional Review 
Board. Identity of patients were not disclosed and confi-
dentiality were ensured. Retrieval of medical records and 
patient information from the department was done in a 
systematic and organized manner to prevent untoward 
incidents. Patient information utilized were during the 
data collection period of January 2022 to December 
2023. 
 
 

RESULTS 
 
A total of 50 patients consented and were included in the 
study. Table 1 shows the average of TSH levels per               
period. The coefficient of variation (9.12%) of TSH was 
within the acceptable limit of 10% (CV) and was                    

considered the same with the baseline value.  Table 2 
shows that the percent change from the baseline TSH as 
compared with the 72nd hour (9.98%) and 168th hour 
(8.87%). This was not statistically significant with p value 
> 0.005.  
 

 

 
 
 
 
 
 
 
 
 
 
Table 3 shows the average of FT3 levels per period. The 
coefficient of variation (14.39%) of FT3 exceeded the         
acceptable limit of 10% (CV), It was deemed not          
acceptable and was considered different from the                
baseline value. Table 4 shows significant increase in FT3 
levels from baseline with a percent change at 72nd hour 
(13.25%) and 168th hour (10.54%) and a p-value of ≤ 
0.005. The change (2.39%) between FT3 levels at 72nd 
and 168th hour was not significant (p = 0.8533). 
 
Table 5 shows the average of FT4 levels per period. The 
coefficient of variation (11.78%) of FT4 exceeded the set 
limit of 10% (CV). It was deemed not acceptable and was 
considered different from the baseline value. Table 6 
shows a significant increase in FT4 levels from baseline 
with a percent change at 72nd hour (10.57%) and 168th 
hour (14.40%) and a p-value of ≤ 0.005. The change 
(3.47%) between FT4 levels of 72nd and 168th hour was 
not significant (p = 0.6613). 

Hour  Mean + SD 95% CI CV 

24th 5.41 + 12.36 (1.900, 8.927) 

9.12% 72nd 5.95 + 14.71 (1.765, 10.126) 

168th 5.89 + 14.80 (1.686, 10.097) 

TABLE 1. TSH (uIU/ml) Levels for the 24th, 72nd, and 
168th hour  

Pairwise                    
comparison 

Percent 
Change 

95% CI 

24th 72nd 9.98% 
 (-1.428, 0.363)       

p = 0.338 

  168th 8.87% 
 (-1.706, 0.749) 

p = 1.000 

72nd 168th 1.01% 
 (-0.705, 0.814) 

p = 1.000 

TABLE 2. Pairwise Comparison of TSH Levels for the 
24th, 72nd, and 168th hour 
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DISCUSSION 
 
The baseline for the TSH was compared with the TSH 
values of 72nd hour and values of 168th hour. It showed 
TSH to be stable and presented with no significant 
change even in delayed sampling (room temperature). In 
line with our result, the study of Basanta also showed 
stability of thyroid stimulating hormone (TSH) using     
ELISA, wherein the TSH levels also presented with no 
change despite delayed analysis and the samples being 
stored in varying temperatures [10]. The findings were 
similar with the study of Subhi wherein the TSH gave an 
acceptable concordance with respect to the fresh assay 
up to 3 days of refrigerated storage and found that TSH 
could be stored for up to 7 weeks with acceptable             
results [9]. These studies concluded that TSH may be   
resistant to degradation, immunologically stable, and 
reasonably insensitive to delayed sampling [9, 10]. 
  
On the other hand, our findings with the delayed               
sampling of FT3  and FT4 showed significant change as 
compared to the baseline. There was a significant               
increase in both FT3 and FT4 on the 72nd hour  and on 
the 168th hour  compared with the baseline. There were 
no significant change with the levels of both FT3 and FT4 
between the 72nd and 168th hour. These findings were 
also similar to the study of Subhi where FT3 and FT4    
using a chemiluminescent immunoassay. It showed a       

degree of discordance or coefficient of variation of the 
samples processed on the delayed days as compared to 
the initial result with CV values greater than 10% [9]. The 
FT4 had an unacceptable increase in variability in day 4 
of refrigerated storage, while the free FT3 had an         
unacceptable increase in variability in day 3 of                      
refrigerated storage. 
 
 A similar study conducted by Nishi showed similar      
results wherein samples were stored in a refrigerator 
with a temperature of (4-8C) and room temperature (20 
- 25C).  The FT4 and TSH values of the samples stored in 
an EDTA-tube were significantly lower than the samples 
stored in a serum tube. Serum and plasma FT4 values 
were decreased during the time that the samples were 
stored in a room temperature environment. With this 
finding, they concluded that TSH and Free T4 were not 
always stable under the storage condition at room                         
temperature [13]. 
 
About 75% of the total circulating T4 concentration in 
normal human serum is carried on thyroxine-binding 
globulin (TBG), with the remaining 10%-15% linked to 
albumin and the other 10%-15% attached to                             
transthyretin. Similarities exist in T3     carriage, with the 
exception that less of it is transthyretin-bound. The                    
displacement of T4 and T3 from TBG may occur as a    
result  of  non-esterified  fatty  acids (NEFA).  Both a  high  

Hour  Mean + SD 95% CI CV 

24th 3.32 + 3.23 (2.406, 4.240) 

14.39% 72nd 3.76 + 3.78 (2.688, 4.835) 

168th 3.67 + 3.42 (2.697, 4.640) 

TABLE 3. FT3 (pmol/L) Levels for the 24th, 72nd, and 
168th hour  

Pairwise                
comparison 

Percent 
Change 

95% CI 

(p-value) 

24th 72nd 13.25% 
 (-0.718, -0.160) 

p = 0.0009 

  168th 10.54% 
 (-0.607, -0.084) 

p = 0.0050 

72nd 168th 2.39% 
 (-0.120, 0.304) 

p = 0.8533 

TABLE 4. Pairwise Comparison of FT3 Levels for the 
24th, 72nd, and 168th hour 

TABLE 5. FT4 (pmol/L) Levels for the 24th, 72nd, and 
168th hour  

Hour  Mean + SD 95% CI CV 

24th 14.86 + 8.51 (12.439, 17.273) 

11.78% 72nd 16.43 + 8.06 (14.139, 18.722) 

168th 17.00 + 8.60 (14.559, 19.447) 

TABLE 6. Pairwise Comparison of FT4 Levels for the 
24th, 72nd, and 168th hour 

Pairwise                 
comparison 

Percent 
Change 

95% CI 

(p-value) 

24th 72nd 10.57% 
 (-2.443, -0.706) 

p = 0.0001 

  168th 14.40% 
 (-2.776, -1.518) 

p = 0.0001 

72nd 168th 3.47% 
 (-1.716, 0.571) 

p = 0.6613 
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blood triglyceride concentration and room temperature 
sample with delayed storage increase the amount of    
NEFA generated in vitro. Preanalytic artifacts caused by 
NEFA production in the sample could therefore cause an        
overestimation of free T4 and free T3 due to the                           
displacement of the hormone from TBG that may explain 
the increase in the levels of our findings [15, 16]. 

 

With these findings, the hypothyroid values raised into 
the euthyroid range or euthyroid values raised to the 
thyrotoxic range, the changes in hormone levels could 
easily lead to a misdiagnosis. FT4 and FT3 should be       
correlated with the serum TSH concentration while     
paying attention to the assumptions that govern this 
connection [10]. It is appropriate to apply an alternative 
free thyroid hormone technique based on a different 
assay principle and correlate the result with an authentic 
total T4 measurement if an FT4 anomaly is still not               
explained after repeat sampling [13]. In addition,           
extended serum-clot contact may also result in pre-
analytical variation. Thus, unless there is clear proof that 
longer contact times do not add to result inaccuracy,   
serum or plasma should be separated as soon as                
possible [10, 14]. 

 

With the studies presented along with our data, it 
showed that only TSH was stable even in delayed        
sampling while being stored at room temperature. Both 
FT3 and FT4 were not always stable under delayed      
sampling while stored at room temperature [10]. 

 

Since there are limited RIA/IRMA facilities in the                
Philippines, and most laboratories pool and delay their 
sampling in order to cater to more patients and be more 
cost-effective, it should be noted that the change in the 
stability of the thyroid hormone levels during delayed 
storage and sampling is critical in producing accurate 
results. 

 

CONCLUSION 
 

RIA and IRMA is a robust method allowing us to quantify 
the otherwise unmeasurable and aids our clinicians to 
accurately diagnose and manage patients with thyroid 
disorder. TSH holds stable and accurate despite delayed 
separation and sampling, while the FT3 and FT4 levels 
significantly increased in delayed separation and            
sampling compared to the baseline possibly due to              
pre-analytic artifacts caused by NEFA. To address this 
limitation, we recommend that samples requested with 

FT3 and FT4 be processed within 24 hours than later if 
possible, samples be separated  and be refrigerated          
immediately, or FT3 and FT4 be analyzed along with TSH 
levels. As for TSH, delayed separation and sampling may 
be done considering its stability.  

 

Due to the price of the radioimmunoassay kits, further 
analysis of a more prolonged period (2 weeks) in                  
sampling was not achieved and only 1 brand of                 
radioimmunoassay was used. We recommend to have a 
larger sample size, use several brands of RIA and IRMA 
kit with comparison of samples to other assay methods 
such as ELISA or chemiluminescent and to also compare 
samples stored in varying temperature. 
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ABSTRACT 
Metastasis to the liver, kidney, or urinary bladder from differentiated thyroid cancer is rare. Combined liver,  
kidney, and urinary bladder metastases are even rarer. Single-photon emission computed tomography with 
computed tomography (SPECT/CT) and other imaging modalities are vital in the detection and evaluation of 
such lesions. For patients with multiple distant metastases, surgical excision or external beam radiation therapy 
of all lesions is not practical. These patients can be treated with radioactive iodine (RAI) therapy if the lesions 
demonstrate iodine-131 (I-131) uptake. We report a case of papillary thyroid cancer with liver, kidney, and              
urinary bladder metastases (on top of lymph node, lung, and bone metastases) who received RAI therapy. To 
our knowledge, this is the first reported case. 

 

Keywords: Papillary thyroid cancer, liver metastasis, kidney metastasis, urinary bladder metastasis  

INTRODUCTION 
 
Papillary thyroid carcinoma is the most common type of 
thyroid cancer, constituting 80% of cases [1]. It is two to 
four times more common in women than in men, and 
the average age of patients at the time of diagnosis is 40 
years [2]. Regional lymph node metastasis is seen in 30 - 
40% of patients with papillary thyroid cancer, while             
metastases to distant sites occur in 1 - 4% of cases. The 
most common sites of distant metastasis are the lungs 
and bones [3]. Metastasis to the liver, kidney, or urinary 
bladder from differentiated thyroid cancer is rare [4, 5, 
6]. 
 

Case Presentation 
 
A 65-year-old female with a 30-year history of a                       
gradually enlarging anterior neck mass consulted in our 
institution with a chief complaint of worsening left hip 
pain, which began when she fell on her left hip 6 months 
prior. A radiograph of the pelvis was acquired which              
revealed an osteolytic focus in the proximal left femur, 
with an associated left hip fracture (Figure 1). 
 
Bone scintigraphy was also ordered which demonstrated 
osteoblastic lesions in the skull, L3 vertebra, pelvis, and 
proximal left femur that were suggestive of bone             
metastases  (Figure 2) 
 

Because the anterior neck mass was suspected to be the 
primary malignancy, a neck ultrasound was performed 
which exhibited a TI-RADS 5 right thyroid lobe mass and 
cervical lymphadenopathy. A fine needle aspiration           
biopsy of the anterior neck mass was thus done, with 
findings suspicious for papillary thyroid carcinoma 
(Bethesda Category V). A neck, chest, and abdominal 
computed tomography (CT) scan with contrast was      
eventually requested which showed a 9.0 x 4.4 x 6.1 cm 
right thyroid lobe mass that was suspicious for                 
malignancy, along with cervical and mediastinal                     
lymphadenopathies, subcentimeter pulmonary nodules, 
and multiple lytic osseous foci with soft tissue                         
components that were worrisome for metastases. Other 
findings included a 1.3 x 1.4 x 1.3 cm nodule in the right 
liver lobe, and a 1 x 1 cm nodule in the urinary bladder 
(Figure 3). 
 
The patient then underwent proximal resection and      
cemented total arthroplasty of the left hip, with the final 
histopathologic diagnosis of metastatic carcinoma from a 
primary thyroid malignancy. Four months later, total          
thyroidectomy with central neck dissection was done, 
with the histopathologic diagnosis of papillary thyroid 
carcinoma, infiltrative follicular variant, 7.7 cm in               
greatest tumor dimension, involving the right lobe and 
isthmus, with microscopic strap muscle invasion and              
extensive angioinvasion. One of four lymph nodes was 
positive for tumor, with the largest metastatic deposit 
measuring 3.0 centimeters  
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FIGURE 1. Radiograph of the pelvis. Expansile 
osteolytic focus in the greater trochanter of the 
left femur (light green arrow), associated with a 
fracture in the left femoral neck  

FIGURE 2. (A) Anterior and (B) posterior images of 
whole-body bone scintigraphy. Osteoblastic       
lesions in the left parietal bone, L3 vertebra, wall 
of the left acetabulum, left ischium, and proximal 
left femur (light green arrows), suggestive of bone 
metastases. 

FIGURE 3. Neck, chest, and abdominal CT scan with contrast. (A) Large mass in the right thyroid lobe (light green    
arrow), and left supraclavicular lymphadenopathy (red arrow). (B) Subcarinal lymphadenopathy (red arrow). (C)             
Nodule in the lower lobe of the right lung (blue arrow). (D) Osteolytic lesion with soft tissue component in the L3       
vertebra (yellow arrow). (E) Osteolytic lesion with soft tissue component in the proximal left femur (yellow arrow).      
(F) Nodule in the right lobe of the liver (orange arrow). (G) Nodule in the urinary bladder (dark green arrow).  
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FIGURE 4. (A) Anterior and (B) posterior images of post-therapy whole-body I-131 scintigraphy. Multiple RAI-avid             
foci in the skull, left thyroid bed, vertebrae, left pubis, right liver lobe, and both kidneys.     

Two months after neck surgery, the patient had                    
hematuria. Whole abdomen ultrasound was performed 
which revealed a pedunculated solid mass within the 
urinary bladder. The patient was then referred to the 
Urology outpatient department clinic, eventually                
admitted in the hospital, and underwent cystoscopy and 
transurethral resection of the bladder tumor, which had 
a measurement of 2.4 cm x 1.6 cm x 1.6 cm. On                      
histopathology, the bladder tumor was compatible with 
metastatic carcinoma from a primary thyroid                             
malignancy. Immunohistochemistry study with TTF-1 
showed diffuse, strong, nuclear staining in the cells of 
the urinary bladder tumor, supportive of a metastatic 
carcinoma from a primary thyroid malignancy. 
 
Six months after resection of the bladder tumor, the          
patient received radioactive iodine (RAI) therapy with 
5.55 GBq (150 mCi) of iodine-131 (I-131). Post-therapy 
whole-body I-131 scintigraphy with single-photon                 
emission computed tomography and computed                           
tomography (SPECT/CT) obtained 7 days later                     
demonstrated functioning thyroid tissue remnants in the 

left thyroid bed, functioning lytic bone metastases with 
soft tissue components, RAI-avid foci in the right liver 
lobe and both kidneys, and non-RAI-avid nodules in both 
lungs (Figures 4 to 6). There were no RAI-avid lesions in 
the urinary bladder. 
 
A triphasic contrast-enhanced abdominal CT scan was 
done for further evaluation of the lesions in the liver and 
kidneys. Images showed a 2.8 x 2.8 x 2.8 cm mass in the 
right liver lobe (Figure 8) compatible with hypervascular 
liver metastasis, which may arise from thyroid cancer. 
Heterogeneously enhancing, mixed solid and cystic             
nodules (Bosniak IV), with sizes ranging from 0.5 cm to 
1.4 cm, were identified in both kidneys (Figure 9) and 
were also compatible with metastases. The mass in the 
right liver lobe and some of the nodules in both kidneys 
had corresponding I-131 uptake on post-therapy whole-
body I-131 SPECT/CT (Figures 6 and 7), consistent with 
functioning liver and kidney metastases from papillary 
thyroid cancer. The nodule in the urinary bladder seen 
on the previous CT scan (Figure 3) was no longer                           
visualized because it was already resected. 
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FIGURE 5. Post-therapy whole-body I-131 SPECT/CT. RAI-avid foci in the (A) left parietal bone, (B) left thyroid bed, 
(C) L3 vertebra, and (D) left pubis. (E) Nodules in both lungs with no significant I-131 uptake (light green arrows). 

FIGURE 6. Post-therapy whole-body I-131 SPECT/CT. An RAI-avid focus in the right liver lobe  

FIGURE 7. Post-therapy whole-body 
I-131 SPECT/CT. RAI-avid foci in the 
(A) inferior aspect of the right                    
kidney and (B) lateral aspect of the        
left kidney (blue arrows). 

FIGURE 8. (A) Non-contrast-enhanced abdominal CT scan. (B) Late arterial, 
(C) portal venous, and (D) delayed phases of triphasic contrast-enhanced 
abdominal CT scan. The mass in the right lobe of the liver (blue arrow) was 
hypodense on non-contrast-enhanced CT, and had a continuous ring of 
contrast enhancement, compatible with hypervascular liver metastasis. Its 
central hypoenhancing component may represent an area of necrosis.  
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Other hypodense foci were seen in the right liver lobe on 
CT scan that were too small to characterize, but may      
represent tiny cysts versus metastases. Furthermore, 
there were some nodules in both kidneys on CT scan that 
did not have I-131 uptake on post-therapy whole-body    
I-131 scan (Figure 10). 

 

DISCUSSION 
 
Metastasis to the liver, kidney, or urinary bladder from 
differentiated thyroid cancer is rare, reported in only 
0.5%, 0.47%, and <0.5% of patients, respectively [4, 5, 6]. 
Combined liver, kidney, or urinary bladder metastases 
are even rare. To our knowledge, this is the first reported 
case. 
 
Risk factors for distant metastases from thyroid cancer 
include male sex, older age, histologic grade, adequacy 
of surgical removal of the primary thyroid mass,           
extrathyroidal extension, and lymph node metastasis [3]. 
One study concluded that among patients with the               
follicular variant of papillary thyroid carcinoma, the       
presence of angiolymphatic invasion, extrathyroidal    
extension, or nonencapsulation increased the risk of            
distant metastasis [7]. The infiltrative form of the             
follicular variant of papillary thyroid carcinoma also has a 
substantial risk of metastasis compared to the                          
encapsulated form, with a different prognosis and                  
molecular profile [8]. BRAF mutations are often found 

among the infiltrative subtype of papillary thyroid                 
carcinoma follicular variant [9]. Another study found that 
a tumor size of ≥ 2 cm, the presence of nodal metastasis, 
and follicular thyroid cancer are correlated with a                   
notably higher predilection for distant metastasis [10]. 
Our patient has the following risk factors for distant                
metastases: older age, extrathyroidal extension, lymph 
node metastasis, angiolymphatic invasion,                                     
non-encapsulation, infiltrative form of the follicular                 
variant of papillary thyroid carcinoma, and a tumor size 
of ≥ 2 cm.  
 
Liver metastases from differentiated thyroid cancer are 
often multiple or diffuse [11]. Although our patient only 
has one large RAI-avid lesion in the right liver lobe that is 
compatible with metastasis from thyroid cancer, there 
were other hypodense foci on CT scan that may                         
represent metastases versus tiny cysts. Liver metastases 
from thyroid cancer usually do not have uptake of I-131 
[12], in contrast to our patient who has I-131-avid liver 
metastasis. 
 
Meanwhile, metastases to the kidney from thyroid                   
cancer  are  seldom  discovered,  and most cases are     
only seen during autopsy [13]. When these lesions are             
detected during life, patients often do not have                  
symptoms and are younger than 45 years [14], contrary 
to  our  patient  who  had  hematuria and is older than 45 
years. Kidney metastases from differentiated thyroid 
cancer  may   be  missed  on  I - 131   whole - body   scans                   

FIGURE 9. Contrast-enhanced abdominal CT scan. 
Heterogeneously enhancing, mixed solid and cystic 
nodules (Bosniak IV) in both kidneys, compatible 
with metastases (light green arrows).  

FIGURE 10. Contrast-enhanced abdominal CT revealed    
other nodules in the (A) right kidney and (B) left kidney 
(blue arrows). Upon review of the post-therapy whole-
body I-131 SPECT/CT, these nodules in the (C) right kidney 
and (D) left kidney had no corresponding I-131 uptake. 
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because these lesions may be masked by normal kidney 
activity or interpreted as physiological bowel activity. 
Therefore, fusion imaging with SPECT/CT may add                
diagnostic value through accurate localization and               
characterization of areas with I-131 uptake. Other                   
imaging modalities (such as ultrasound, enhanced CT, 
and MRI) are also crucial in the appropriate evaluation of 
kidney metastases from differentiated thyroid cancer 
[14]. 
  
For our patient, there were some nodules in both              
kidneys that did not have I-131 uptake. Non-RAI-avid 
lesions on whole-body I-131 scintigraphy may be caused 
by dedifferentiation which occurs in approximately 20 to 
50% of metastatic differentiated thyroid cancers.                 
Instead, these lesions have fluorine-18                                      
fluorodeoxyglucose (F-18 FDG) uptake on positron                    
emission tomography with computed tomography                 
(PET/CT). This is called the flip-flop phenomenon [14]. Of 
note, the presence of F-18 FDG uptake in tumors implies 
a poor response to RAI therapy and an unfavorable              
prognosis [15]. The non-RAI-avid nodules in the kidneys 
of our patient may represent dedifferentiated                          
metastases. These lesions are better evaluated using             
F-18 FDG PET/CT which is indicated for high-risk patients 
with a high serum thyroglobulin and a negative                       
whole-body I-131 scan [14]. 
 
Because liver and kidney metastases from differentiated 
thyroid cancer are rare, patients with such lesions                  
typically already have other distant metastases [11, 14]. 
This is consistent with our patient who has lymph node, 
bone, lung, and urinary bladder metastases. 
 
Urinary bladder metastases may be caused by local                
extension from the retroperitoneum or implantation of 
venous emboli into the serosa [6]. Majority of urinary 
bladder metastases are identified only on autopsy [6]. 
Those that are detected during life usually cause                       
hematuria or symptoms of urinary obstruction, similar to 
our patient who had hematuria. 
 
Surgery, RAI therapy, and radiation therapy have been 
utilized in the management of distant metastases from 
papillary thyroid carcinoma [16]. Patients with low             
volume metastatic disease can be optimally managed 
with surgical resection and subsequent RAI therapy [16, 
17]. However, for patients with metastases at multiple 
sites, surgical excision or even external beam radiation 
therapy of all lesions is not practical [14]. These patients 
can be given RAI therapy if the distant metastatic lesions 
have I-131 uptake on pre-therapy whole-body I-131              
scintigraphy [11,14]. 

In patients with solitary liver metastasis from                         
differentiated thyroid cancer, surgical resection has been 
associated with longer survival [12]. However, RAI                   
therapy can still be effective for iodine-avid liver              
metastases [4]. Likewise, for kidney metastases that are 
iodine-avid, RAI therapy can drastically lower serum             
thyroglobulin, decrease the size, or prevent the                       
progression of these lesions [14]. In one case report,           
solitary urinary bladder metastasis from thyroid cancer 
was managed by transurethral resection of the bladder 
tumor [6]. 
 
For advanced metastatic thyroid cancer that is refractory 
to I-131, tyrosine kinase inhibitors such as lenvatinib and 
sorafenib have been used [14, 16]. In some studies,               
patients with RAI-refractory liver and kidney metastases 
treated with tyrosine kinase inhibitors had better                
outcomes on survival [4,16]. However, challenges                 
associated with tyrosine kinase inhibitors include their 
high cost and side effects [18]. 
 
Our patient with multiple distant metastases from                
papillary thyroid cancer received RAI therapy after she 
underwent left hip surgery, total thyroidectomy with 
central neck dissection, and resection of urinary bladder 
metastasis. Post-therapy whole-body I-131 SPECT/CT 
revealed I-131 uptake in multiple metastatic lesions. 
However, there were some lesions that did not               
demonstrate I-131 uptake. Therefore, close follow-up is 
recommended. Biochemical or structural incomplete 
response to therapy warrants monitoring with serum 
thyroglobulin and anti-thyroglobulin, neck ultrasound, 
diagnostic whole-body I-131 scintigraphy, and other              
imaging modalities, in accordance with guidelines. These 
are needed to assess response to RAI therapy and                 
determine the next appropriate step in management. 
 

Conclusion 
 

We present a rare case of liver, kidney, and urinary              
bladder metastases from papillary thyroid cancer (on top 
of lymph node, lung, and bone metastases). These             
lesions can be treated with RAI therapy if they                  
demonstrate I-131 uptake. However, such metastases 
may be missed on I-131 whole-body scans since their 
uptake can be masked by physiological uptake in the 
body. Therefore, the liver, kidneys, and urinary bladder 
must be carefully reviewed. In these cases, SPECT/CT and 
other imaging modalities are essential in the detection 
and evaluation of such lesions. After RAI therapy,               
follow-up and monitoring are needed to assess                     
treatment response and guide subsequent management. 



22                                                                                                                                                                    Phil  J Nucl Med 2025; 20(2):16 - 22 

 

DISCLOSURE 

The authors  of this study have no conflicts of interest to 
disclose.  

 

REFERENCES 
1. Zhang D, Zhu XL, Jiang J. Papillary Thyroid Carcinoma With 

Breast and Bone Metastasis. Ear Nose Throat J. 2023 
Apr;102(4):259-262. doi: 10.1177/01455613221145273. 
Epub 2022 Dec 7. PMID: 36476071.   

2. Abdullah MI, Junit SM, Ng KL, Jayapalan JJ, Karikalan B, 
Hashim OH. Papillary Thyroid Cancer: Genetic Alterations 
and Molecular Biomarker Investigations. Int J Med Sci. 
2019 Feb 28;16(3):450-460. doi: 10.7150/ijms.29935. 
PMID: 30911279; PMCID: PMC6428975.    

3. Toraih EA, Hussein MH, Zerfaoui M, Attia AS, Marzouk 
Ellythy A, Mostafa A, Ruiz EML, Shama MA, Russell JO, 
Randolph GW, Kandil E. Site-Specific Metastasis and           
Survival in Papillary Thyroid Cancer: The Importance of 
Brain and Multi-Organ Disease. Cancers (Basel). 2021 Apr 
1;13(7):1625. doi: 10.3390/cancers13071625. PMID: 
33915699; PMCID: PMC8037301.  

4. Brient C, Mucci S, Taïeb D, Mathonnet M, Menegaux F, 
Mirallié E, Meyer P, Sebag F, Triponez F, Hamy A.                 
Differentiated thyroid cancer with liver metastases:              
lessons learned from managing a series of 14 patients. Int 
Surg. 2015 Mar;100(3):490-6. doi: 10.9738/INTSURG-D-14
-00026.1. PMID: 25785333; PMCID: PMC4370541.   

5. Yamazaki H, Kishida T, Noguchi G, Iwasaki H, Suganuma N, 
Masudo K, Nakayama H, Yamashita T, Yamanaka T, 
Sugawara Y, Matsubara Y, Kohagura K, Rino Y, Masuda M. 
Nephrectomy for Metastatic Kidney Tumor in Patients 
with Differentiated Thyroid Cancer: A Report of Two      
Cases. Case Rep Endocrinol. 2018 Nov 11;2018:7842792. 
doi: 10.1155/2018/7842792. PMID: 30534449; PMCID: 
PMC6252184.  

6. Grivas N, Housianitis Z, Doukas M, Stavropoulos NE.              
Follicular thyroid cancer metastasis to the urinary bladder: 
report of a case and review of the literature. Case Rep 
Urol. 2012;2012:178915. doi: 10.1155/2012/178915. Epub 
2012 Aug 1. PMID: 22900222; PMCID: PMC3415195.    

7. Li YR, Chen ST, Hseuh C, Chao TC, Ho TY, Lin JD. Risk          
factors of distant metastasis in the follicular variant of 
papillary thyroid carcinoma. J Formos Med Assoc. 2016 
Aug;115(8):665-71. doi: 10.1016/j.jfma.2015.07.002. Epub 
2015 Aug 1. PMID: 26239193.   

8.  Vivero M, Kraft S, Barletta JA. Risk stratification of                          
follicular variant of papillary thyroid carcinoma. Thyroid. 
2013 Mar;23(3):273-9. doi: 10.1089/thy.2012.0369. PMID: 
23025507. 

9. Yu XM, Schneider DF, Leverson G, Chen H, Sippel RS.                
Follicular variant of papillary thyroid carcinoma is a unique 
clinical entity: a population-based study of 10,740 cases. 
Thyroid. 2013 Oct;23(10):1263-8. doi: 10.1089/
thy.2012.0453. Epub 2013 Sep 11. PMID: 23477346; 
PMCID: PMC3787730. 

10. Khan U, Al Afif A, Aldaihani A, MacKay C, Rigby MH,               
Rajaraman M, Imran SA, Bullock MJ, Taylor SM, Trites JRB, 
Hart RD. Patient and tumor factors contributing to distant 
metastasis in well-differentiated thyroid cancer: a                    
retrospective cohort study. J Otolaryngol Head Neck Surg. 
2020 Nov 16;49(1):78. doi: 10.1186/s40463-020-00469-8. 
PMID: 33198797; PMCID: PMC7667857.  

11. Ostrovsky V, Bar-Zakai B, Miller R, Schiller T, Kirzhner A, 
Knobler H, Zornitzki T. Single liver metastasis of a follicular 
variant of papillary thyroid carcinoma: a rare pattern of 
organ spread. Endocrinol Diabetes Metab Case Rep. 2020 
Aug 20;2020:20-0074. doi: 10.1530/EDM-20-0074. Epub 
ahead of print. PMID: 32820131; PMCID: PMC7487177.  

12. Tsukagoshi M, Harimoto N, Araki K, Kubo N, Watanabe A, 
Igarashi T, Ishii N, Yajima T, Sano T, Shirabe K. Liver            
metastasis from papillary thyroid carcinoma treated by 
laparoscopic hepatectomy 43 years after resection of the 
primary tumor: a case report. Surg Case Rep. 2020 Jun 
18;6(1):142. doi: 10.1186/s40792-020-00906-w. PMID: 
32556940; PMCID: PMC7303250.  

13. Smallridge RC, Castro MR, Morris JC, Young PR, Reynolds 
JC, Merino MJ, Sarlis NJ. Renal metastases from thyroid 
papillary carcinoma: study of sodium iodide symporter 
expression. Thyroid. 2001 Aug;11(8):795-804. doi: 
10.1089/10507250152484664. PMID: 11525275.  

14. Qiu ZL, Xue YL, Luo QY. Rare renal metastases from              
differentiated thyroid carcinoma: early clinical detection 
and treatment based on radioiodine. Arq Bras Endocrinol 
Metabol. 2014 Apr;58(3):260-9. doi: 10.1590/0004-
2730000002913. PMID: 24863088. 

15. Wang D, Bai Y, Huo Y, Ma C. FDG PET Predicts the Effects 
of 131I and Prognosis for Patients with Bone Metastases 
from Differentiated Thyroid Carcinoma. Cancer Manag 
Res. 2020 Dec 23;12:13223-13232. doi: 10.2147/
CMAR.S284188. PMID: 33380830; PMCID: PMC7767715.  

16.  Yang J, Ma Y, Gong Y, Gong R, Li Z, Zhu J. Multiple                      
Simultaneous Rare Distant Metastases as the Initial 
Presentation of Papillary Thyroid Carcinoma: A Case                
Report. Front Endocrinol (Lausanne). 2019 Nov 8;10:759. 
doi: 10.3389/fendo.2019.00759. PMID: 31781034; PMCID: 
PMC6856955. 

17.  Nair LM, Anila KR, Sreekumar A, Pradeep VM. Renal                  
metastasis from papillary carcinoma thyroid detected by 
whole body iodine scan: A case report and review of the 
literature. Indian J Nucl Med. 2016 Jul-Sep;31(3):232-4. 
doi: 10.4103/0972-3919.183618. PMID: 27385900; 
PMCID: PMC4918493. 

18. Sánchez-Garavito JE, Sanchez-Garcia J, Olsen D, Shorti RM, 
Lopez-Verdugo F, Rodriguez-Davalos MI. Liver resection 
for metastatic thyroid carcinoma. Case report and                    
literature review. J Surg Case Rep. 2020 Sep 25;2020
(9):rjaa370. doi: 10.1093/jscr/rjaa370. PMID: 33005326; 
PMCID: PMC7517888.   



Phil  J Nucl Med 2025; 20(2):16 - 22 23  

 



   

 



  

 



   

 



  

 



   

 



  

 



   

 



  

 



32                                                                                                                                                                       Phil J Nucl Med 2025; 20(2): 32 - 39 

 

 

Sentinel Lymph Node Mapping by Planar Lymphoscintigraphy and Sentinel 
Lymph Node Biopsy with a Gamma Probe and Indocyanine Green in a           
Primary Malignant Melanoma of the Vulva:  A Case Report  

Christian Dominique S.C. Yu, MD, Marcelino A. Tanquilut, MD, Wenceslao S. Llauderes, MD, 

Emelito O. Valdez-Tan, MD, Ivan Ray F. David, MD  

Department of Nuclear Medicine, Jose R. Reyes Memorial Medical Center 
E-mail address: christianyumd@gmail.com  

ABSTRACT 
Malignant melanoma of the vulva is a rare and aggressive malignancy with a poor prognosis and has a high 
recurrence rate; the metastatic status of the regional lymph nodes plays a strong prognostic factor and                  
powerful predictor of the survival outcome of the patient. To avoid morbidities from an extensive                            
lymphadenectomy, a sentinel lymph node biopsy is ideal. The current gold standard for identifying sentinel 
lymph nodes is by mapping the lymphatic system with preoperative lymphoscintigraphy. The purpose of this 
paper is to present a case of a 56-year-old woman diagnosed with a  rare case of a vulvar melanoma evaluated 
using preoperative sentinel lymph node mapping and intraoperative biopsy using a gamma probe.                              
Lymphoscintigraphy mapping and gamma probe used in the identification of the sentinel lymph nodes spared 
the patient to undergo complete lymph node dissection and proceeded with adjuvant therapy in a short period. 
In this case, the lymphatic spread of malignant melanoma is unpredictable, and the planar images of the               
lymphoscintigraphy provided the lymphatic map of the tumor. With a noted low spatial resolution of a            
planar lymphoscintigraphy, the aid of the intraoperative biopsy with a gamma probe supplemented the                       
identification and excision of the sentinel lymph nodes.  In conclusion, sentinel lymph node mapping                         
scintigraphy gives the surgeons the advantage to tailor a detailed surgical plan, and gamma probing aids to 
identify  sentinel lymph nodes intraoperatively.        

 

Keywords: Vulvar melanoma,  Sentinel lymph node,  Lymphoscintigraphy,  Gamma probe  

INTRODUCTION 

 
The sentinel lymph node (SLN) is known to be the first 
lymph node that directly drains from the primary tumor. 
The histological state of the SLN has been proven to be 
an indicator demonstrative of the entire lymph node      
basin, making it the first lymph node to be at risk to              
receive metastatic cells. It has proven to be the best             
indicator of survival and tumor recurrence. The gold 
standard for identification and excision of the SLN is the 
sentinel lymph node biopsy (SLNB) guided with                       
lymphoscintigraphy using technetium Tc 99m [1, 2, 3].  
 
The use of the detectable radioisotope is ideal since it 
mimics the natural migration of the metastatic cells          
retained in the SLN by macrophage phagocytosis or 
drains from the injection site via lymphatic capillaries 
and is accumulated due to its size in a short period. The 
idea with SLNB is to identify and excise the nodes that 
are likely to have metastasis to be pathologically          
assessed. A negative sentinel node with high accuracy 

can prognosticate the lack of tumor metastases in the 
local lymph nodes and a study found that technetium              
Tc 99m alone can have a 100% success rate in identifying 
sentinel lymph nodes [4, 5]. 
 
The earliest application of using radioisotopes for SLNB 
was done for staging breast cancer and cutaneous              
melanoma providing a lymphatic map of possible                 
metastatic spread, hence serving as a guide for specific 
surgical procedures showing possible unexpected              
lymphatic drainage patterns that can be missed in a 
standard lymphadenectomy. Through time, SLN mapping 
and biopsy became a routine procedure for breast       
cancer and melanoma that contributed to minimizing 
extensive surgical procedures and avoiding morbidity 
from overtreatment as it provides prognostic                        
information on the nodal status. Due to the success          
safety, and reproducibility of the procedure, the SLN 
mapping and biopsy were then applied to other                         
malignant  cases  such  as  urologic  and  rare gynecologic 
malignancies such as vulvar melanoma [6, 7].  
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Ethical Considerations 
The study was in compliance with the ethical standards 
of the  Helsinki Declaration of 1975, as revised in 1983. 
Consent and assent forms were obtained from the 
guardian and the subject, respectively. No personal            
information of the patient was revealed in this paper. 
 

OBJECTIVES 
The key goal of this paper is to present a case of a 56-
year-old woman diagnosed with a  rare case of a vulvar 
melanoma evaluated recently using pre-operative             
sentinel lymph node mapping and intraoperative biopsy 
with gamma probe use. This also includes reviewing the 
epidemiology of the disease and the role of                       
lymphoscintigraphy and gamma probe used in                      
identifying the sentinel lymph node and how it affects 
the surgical plan, clinical staging, and management of 
the patient . 
 

Case Report 
  
A 56-year-old G3P3 (3003), married, from Caloocan with 
a past medical history of hypertension for 20 years, a 
family history of lung cancer on the paternal side, and an 
unremarkable personal and social history with a                
diagnosis of Vulvar Melanoma, T4aN0M0 Clinical Stage 
IIB, s/p Vulvar Mass Incisional Biopsy; s/p Colposcopic 
Guided Cervical Punch Biopsy with Endocervical                      
Curettage was referred to our department for Sentinel 
lymph node mapping and biopsy.  
 
The patient had a 4-month history of vaginal bleeding 
and a 1-month history of palpable vulvar mass. The       
patient had an incisional biopsy done revealing a positive 
S100 - nuclear and cytoplasmic, Melan A and HMB45  
positive in the cells of interest while P16, Pancytokeratin, 
Synaptophysin, and Chromogranin were negative. ECOG 
performance score of 0. Unremarkable physical                   
examination except for the vulvar mass. On inspection of 
the vulva, there are hyperpigmented mass with                     
hemorrhagic areas measuring 3.0 x 3.0 cm at the left             
hymenal area at 11 o’clock position and another                       
hyperpigmented mass in the right hymenal ring at 1 
o'clock position measuring 1.0 x 1.0 cm (Figure 1).  
 
The patient was then scheduled for Sentinel lymph node 
scintigraphy, cystourethroscopy, sentinel lymph Node 
probed biopsy (bilateral Inguinofemoral lymph node    
dissection) followed by wide local excision of the vulvar 
mass under spinal anesthesia. 
 

 Sentinel lymph node scintigraphy was started by first 
cleaning the site with an aseptic technique then               
intradermal injection of 0.5 mCi of filtered 99mTc Sulfur 
Colloid at the bilateral vulva (Figure 2), dynamic imaging 
of the pelvis in the anterior projection was done for 20 
minutes (1 minute per frame, 256x256 matrix) with a 
single-head detector gamma camera, low-energy, high-
resolution resolution collimator with an energy window 
of 20 % centered on the 140-keV photopeak. Additional 
early and delayed static views at the anterior and left 
lateral static images were also acquired at a 256 × 256 
matrix over the lymph node basin. Truncation of the       
injection sites was done by covering the sites with a lead 
plate. A point source was also used to trace the outline 
of the body. Dynamic and static images show the                      
multiple foci of intense radiotracer uptake located at the 
bilateral inguinal area (3 foci on the left and 2 foci on the 
right) which likely denotes the sentinel nodes. (Figures 3 
and 4). 
 
Intraoperatively, cystourethroscopy was done and was 
deemed unremarkable. We then proceeded with the 
sentinel lymph node mapping biopsy with the use of a 
gamma probe and handheld imager using indocyanine 
green dye (Figures 5 and 6). The sentinel lymph nodes 
were identified in the bilateral superficial and deep                 
femoral lymph nodes. With the gamma probe, we were 
able to identify 6 sentinel lymph nodes. (Table 1) 
 
On the histopathology report, malignant round cell             
neoplasm favors melanoma, Breslow level V with a        
thickness of 6.0 mm with skin ulceration present and 
anatomic Clark level IV. Lymphovascular space invasion 
was not demonstrated. Positive for tumor invasion was 
noted in the vulva, hymen, and vaginal floor. There was                   
negative tumor invasion for all the noted sentinel lymph 
nodes.  
 

DISCUSSION 
 
Malignant melanoma of the female genital tracts such as 
vaginal and vulvar melanoma is rare and only represents 
1% of all melanoma cases. Malignant melanoma of the 
vulva is aggressive with a high recurrence and metastatic 
rate and comes with a poor prognosis with only a 5-year 
overall survival rate of 27% - 54% [8, 9, 10]. Unlike               
cutaneous melanoma, vulvar melanoma is unrelated to 
ultraviolet light exposure and the pathogenesis is still 
unknown. 
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FIGURE 1. Hyperpigmented mass at 11’ and 1’o clock position.  

FIGURE 2. Intradermal injection of filtered Tc99m Sulfur colloid on the bilateral vulva 

Location of Sentinel Lymph Node Probe Recorded Counts 

Background 54 

Left Superficial Inguinal 65,535 

Right Superficial Inguinal 17,688 

Left Deep Inguinal Node 11,315 

Left Deep Inguinal Node 2,997 

Left Deep Inguinal Node 4,499 

Right Deep Inguinal Node 11,140 

TABLE 1. Sentinel nodes identified with counts using a gamma probe  
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FIGURE 3. Anterior Dynamic Images of the Pelvis for 20 minutes (1 minute per frame)  

FIGURE 4.  Early (left) and Delayed (right) Static images of the Anterior and left lateral view 
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FIGURE 5. Sentinel lymph node mapping with the use of a gamma probe  

FIGURE 6. Sentinel lymph node mapping with the use of a handheld imager using indocyanine green dye  

Vulvar melanoma behaves similarly to a cutaneous             
melanoma, hence, application of staging, diagnostics, 
and therapeutics for cutaneous melanoma can be         
considered for mucosal melanomas such as vulvar                
melanoma [11]. A primary melanoma is confirmed with                                                
immunohistochemical staining of S-100, Melan A, and 

HMB-45 [12] all of which were present in our patient 
[12]. 
 
There are two staging systems used for gynecologic                   
malignancies: the International Federation of Gynecology 
and  Obstetrics  (FIGO)  classification  for  clinical   staging   
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the American Joint Committee on Cancer's (AJCC) TNM 
staging method for pathological staging [12]. At present, 
FIGO classification is predominantly used for gynecologic 
malignancies; however several studies suggest that the 
TNM staging having a detailed staging system and               
prognosis prediction was found to be superior for                        
malignant vulva melanomas. The prognosis of malignant 
melanoma is not only determined by the tumor size but 
also by tumor invasion. In addition, lymph node status 
plays an important prognostic factor that can be used to 
assess the rate of recurrence and give physicians to            
institute a more appropriate management [5, 7]. 
 
The guidelines for the treatment of vulvar melanoma 
follow that of the cutaneous melanoma since there are 
limited data on genital tract lesions as a result surgical 
excision (wide local excision) which remains important in 
initial management for vulvar melanoma followed by 
other adjuvant treatment such as immunotherapy, 
chemotherapy, and radiation therapy [8, 12]. The overall 
survival is not significantly different among patients    
managed conservatively with wide local excision versus 
radical surgeries since the radicality of the procedure 
does not reduce the recurrence or improve survival, and 
it presents with more associated morbidities [5, 8, 11, 
13]. 
 
Complete lymph node dissection (CLND) was the                              
procedure of choice for malignant melanomas with              
metastasis seen in only about 15 - 20% [4]. As a result, 
sentinel node biopsy was included in the management of 
a patient with malignant melanoma to spare patients 
with no nodal metastasis from the morbidities that the  
CLND may hold [14, 15]. 
 
Gynecologic malignancies usually spread regionally and 
follow the normal drainage. To determine the extent of 
the disease, familiarity with the possible routes of nodal 
metastasis, analysis of lymph node characteristics, and 
treatment options are crucial [7]. Vulvar cancers usually 
spread in the unilateral superficial inguinal lymph nodes 
than into the deep femoro-inguinal lymph nodes and  
bilateral lymphatic spread is possible in midline            
lesions [16]. Melanoma may directly drain to one or           
several nodal basins which is why lymphatic drainage 
from melanoma sites is highly variable with                                 
unpredictable drainage patterns [6]. 
 
SLNB with the aid of lymphoscintigraphy helps the                 
physician to plan the best surgical approach for the                     
locoregional lymph node biopsy without compromising 
the identification of higher-risk patients where adjuvant 
therapy is ideal [2].  It also helps in establishing the best 

surgical approach if the patient would benefit from an 
extensive therapeutic lymphadenectomy and decrease 
the number of patients to undergo unnecessary                          
extensive lymphadenectomy with a negative lymph node 
biopsy [11, 16, 17]. 
 
In the study of Bluemel et al. (2015) [6], SLNB can be 
used in patients in a patient with melanoma have a  
Breslow thickness of >1mm and <1 mm with ulceration, 
mitotic rate of > 0.6. Moncayo et al. (2017) also stated 
that the detection rates of SLNB using                                      
lymphoscintigraphy with thin or intermediate thickness 
melanomas are 100% [4]. Lymphoscintigraphy with SLNB 
is a robust technique with high reproducibility and            
accuracy in melanoma providing a lymphatic road map 
to assess the direct lymphatic flow of the tumor [2]. 
 
Lymphoscintigraphy with SLNB was applied in this case 
using Filtered Tc 99m Sulfur Colloid with preoperative 
planar imaging to assess the sentinel lymph nodes and 
their lymphatic drainage as vulvar melanoma has a high 
variability with unpredictable drainage patterns. The use 
of SLNB in Intermediate and thick-thickness melanomas 
does not demonstrate a survival benefit. Surgical                 
oncologist still pursue SLNB due to its strong prognostic 
factor as specific survival is improved when CLND was 
performed immediately following SLNB with nodal                   
involvement, and lastly, SLNB has a low morbidity and 
can stratify patients who are candidates for palliative or 
adjuvant therapy [4]. 
 
In addition, Giammarile et al. (2014) also stated that                                  
preoperative radiotracer lymphoscintigraphic mapping 
should be used whenever possible in vulvar cancer since 
it improves the accuracy in isolating the SLN and reduces 
morbidity along with a handheld gamma probe [1]. The 
use of the radiotracer along with methylene blue                          
improves the detection rate at 95 - 100%. 
 
Kraft et al. (2012) identified sentinel lymph nodes by 
identifying the lymphatic ducts, period of appearance, 
noted lymph node basin, and increased radiotracer     
uptake of the lymph node [18]. In some cases when 
there is non-visualization of nodes in planar images,    
adjacent nodes may be misinterpreted as one, injection 
site may masks the sentinel node, and limited                              
radiotracer accumulation is noted due to alteration of 
the lymphatic drainage, a SPECT or SPECT/CT can be 
used to increase the  sensitivity [6, 18]. In addition,    
SPECT/CT images can map and identify lymph nodes and 
drainage that are  superimposed by the tumor. Due to 
the CT’s anatomic component, increased localization 
precision is noted to be 70 - 100% [7]. 
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Since the planar view of a gamma camera has limited 
spatial resolution, some nodes may appear as one. But 
after the removal of the said hot node, another node 
may still be detected and this usually occurs when the 
nodes are close together at around 15 - 20 mm [2, 4] This 
holds in our patient's case where we only identified 5 
sentinel nodes in the preoperative SLN mapping and            
intraoperatively we identified 6 nodules with the aid of 
the gamma probe. After the excision of the SLN, a proper 
evaluation of the surgical bed was done to assess if there 
are other remaining SLN and the counts noted were     
unremarkable. In this case, the limiting spatial resolution 
of the preoperative Gamma Camera planar image was 
supplemented by the intraoperative biopsy using the 
gamma probe. 

 

Along with the gamma probe, the indocyanine green         
fluorescence technique was also used. The nodes                        
detected by the gamma probe also fluoresced under the 
hand-held infrared gun. However, some nodes did not 
fluoresce until it was excised out of the surgical bed.  This 
was explained by the study of Bluemel et al. (2015) [6] 
that a limitation of the indocyanine green is that it has an              
optical penetration restriction of < 10 mm, as a result 
overlying structures or deep adipose tissue which can 
preclude the assessment of the specific node. Hence for 
reliability and effectiveness, gamma probing cannot be 
replaced by indocyanine green imaging intraoperatively 
for guided SLN biopsy. However the combination of the 
two techniques can be used to increase the accuracy of 
detecting the SLN [3]. 

 

CONCLUSION 
 

Sentinel lymph node mapping scintigraphy gives the                
surgeons the advantage to tailor a detailed surgical plan, 
with intraoperative gamma probing helping to identify             
sentinel lymph nodes intraoperatively. With these,              
proper staging can be executed without risking                        
morbidities, and adjuvant treatment can be started                
immediately. Especially for vulvar melanomas where it 
has a poor prognosis and a high recurrence rate. Proper 
staging can be done when sentinel lymph node mapping 
and biopsy are used. Over-treatment of                                         
lymphadenectomy can be avoided since sentinel lymph 
node status is vital in the prognosis of this disease. 
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ABSTRACT 
Introduction: 

Sarcopenia is a new geriatric syndrome characterized by decreased muscle function or strength and low muscle 
mass. It has been observed to be a common parameter in many cancers with its presence showing a higher risk 
of morbidity and mortality. Currently, dual-energy X-ray absorptiometry (DXA) is the widely used method to 
measure muscle mass in sarcopenia research.    

  

Objective: 

This study aimed to determine the prevalence of sarcopenia and examine whether sarcopenia was associated 
with the risk for hip fracture and low bone mineral density among Filipinos with breast cancer. This study also 
determined the association of risk factors in the development of sarcopenia, osteoporosis, osteopenia and             
osteosarcopenia among Filipinos with breast cancer. 

 

Methodology: 

This is a cross sectional analytical study of 68 postmenopausal Filipinos diagnosed with breast carcinoma who 
underwent whole body bone densitometry from April 1, 2019 to August 31, 2023. A whole body composition 
analysis and whole body bone mineral density (BMD) was done to obtain bone mineral density and                             
appendicular skeletal muscle mass. Height and weight were also measured to compute the body mass index. 
Skeletal muscle index was calculated by dividing the appendicular skeletal muscle mass by the height2 and a cut
-off value of 5.4 kg/m2 was used to determine the presence of sarcopenia.  

 

Results: 

Among the 68 participants, 7 participants (10.3%) were diagnosed with sarcopenia. Sarcopenia was not                 
associated with osteopenia, osteoporosis, and the risk of developing hip fracture. Normal body mass index 
showed a positive association with developing sarcopenia (p = 0.0) and osteosarcopenia (p = 0.001). Age proved 
to be a significant factor in the development of osteoporosis in our participants with the mean age of 63.63 
years old (p = 0.03). Variables such as age, number of years diagnosed with breast cancer, type of surgery,     
histopathology, molecular types, and types of treatment received showed no significant association in the      
development of osteopenia. 

 

Conclusion: 

The study highlights the muscle-bone-fat tissue interaction in the development of both sarcopenia and                    
osteosarcopenia. Though no statistically significant association was seen between sarcopenia and bone mineral 
density, the results suggest that patients with sarcopenia may be at higher risk for developing osteopenia and 
osteoporosis, especially those in the elderly population, and active screening should be considered.  

.     

Keywords: Sarcopenia, Hip fracture, Breast Cancer, Philippines  
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INTRODUCTION 
 
Sarcopenia, a form of muscle atrophy and advanced          
disease, is a new geriatric syndrome common in people 
at the age of 50 with a prevalence of about 5 to 10% 
among people aged 65 years old and older. It is                     
characterized as a decline in walking speed or grip 
strength associated with low muscle mass [1]. This may 
result in reduced physical capability, poorer quality of 
life, impaired cardiopulmonary performance,                    
unfavorable metabolic effects, falls, disability, and               
mortality in older people, as well as high healthcare                 
expenditure [2]. Breast cancer is the most frequent              
cancer in women and one of the most common causes of 
cancer-related death among women in the world. The 
disease, as well as its treatments, are associated with 
negative changes in body composition that may lead to 
sarcopenia which may impair quality of life, treatment 
completion, and survival outcomes. Evidence shows that 
sarcopenia and osteoporosis have similar pathways,              
including catabolic molecules released by the skeletal 
muscle [3]. Whole body bone densitometry (DXA) is most 
commonly used in diagnosing sarcopenia [4]. Asia, being 
the most populated and fastest-aging region in the 
world, may soon very well experience the effects of              
sarcopenia among its elderly population. Though experts 
and researchers of sarcopenia from China, Hong Kong, 
Japan, South Korea, Malaysia, Taiwan, and Thailand    
organized and updated the Asian Working Group for         
Sarcopenia (AWGS) last 2019 [5], local data from the         
Philippines and its association with breast cancer and hip 
fracture have yet to be fully investigated.   
 
 

Significance and Rationale 
Sarcopenia is a new geriatric syndrome that may be 
caused by multiple factors, including decreased caloric 
intake, poor blood flow to muscles, mitochondrial                    
dysfunction, a decline in anabolic hormones, and an             
increase in proinflammatory cytokines (Figure 1).  
 
Sarcopenia is a common finding in adults with cancer 
and has been associated with increased treatment-
related toxicities and poor survival. The presence of            
sarcopenia in patients with hip fractures is 58% of the 
cases and results in lower functional ability. This may 
result in hip fracture complications, additional health 
source utilization, and a high probability of a                    
contralateral hip fracture. The early detection of                    
sarcopenia in adults with breast cancer is beneficial to 
initiate early treatment and avoid further complications 
[6]. The impact of sarcopenia has been quantified in                
several studies on morbidity, disability, high costs of 
healthcare, and mortality [7].  
 
 Sarcopenia and Breast Cancer 
Sarcopenia is an important geriatric syndrome that        
increases the risk of negative consequences such as 
physical disability, poor quality of life, and death. In              
particular, a recent systematic review to assess the                  
consequences of sarcopenia reported approximately six 
different types of adverse outcomes: mortality,                         
functional decline, falls, fracture, length of hospital stay, 
and hospitalization [8]. Sarcopenia has emerged as a 
common parameter in many cancers. A recent study 
showed that 16% of breast cancer patients were                  
sarcopenic and was independently associated with an 
overall higher risk for mortality compared to those                    
non-sarcopenic breast cancer patients [9].  

FIGURE 1.  The causes of sarcopenia [1] 
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 Dual Energy X-Ray Absorptiometry (DXA) and                             
Sarcopenia  

DXA is based on the physical principle of measurement 
of the X-ray transmission in crossing tissues of the                
human body at two different energy levels. The radiation 
energies are variably attenuated (absorbed or scattered) 
by anatomical structures, depending on the intensity of 
energy and the density and thickness of human tissues 
[10]. Currently, it is the most widely used method for 
muscle mass measurement in sarcopenia research. DXA 
provides absolute values for total muscle mass and            
regional muscle mass. Appendicular skeletal muscle 
mass (ASM) is defined as the sum of the muscle mass of 
both arms and legs and is generally used for the skeletal 
muscle mass index (SMI). However, muscle mass is                  
fundamentally correlated with body size. Therefore,              
several studies have adjusted the absolute level of ASM 
for body size in different ways, namely using height 
squared (ASM/ht2), weight (ASM/wt), or body mass            
index (ASM/BMI) [11]. These studies showed the                     
following cut-off values, which will be the reference 
standards of this research [2, 12, 13].   

 

Role of Sarcopenia in Osteoporotic Hip Fractures  

Sarcopenia and osteoporosis which are major                  
syndromes in elderly patients, which include weight loss, 
low muscle strength, decreased walking speed and                
instability, and more importantly, frequent falls and    
fractures. Both sarcopenia and osteoporosis are diseases 
characterized by a state of disequilibrium. Fall-related 
fractures are some of the most serious consequences of 
these two systemic pathologies, with hip fracture being a 
major complication affecting osteoporotic and                                     
sarcopenic elderly [14].  

 

OBJECTIVES 

General Objective  

To determine the prevalence of sarcopenia among              
Filipinos with breast cancer.  

 

Specific Objectives  

1. To determine the association between sarcopenia 

and risk for hip fracture among Filipinos with breast 
cancer  

2. To determine the association between bone mineral     
density  and sarcopenia among Filipinos with breast      
cancer  

3. To determine the association of risk factors in the                          
development of sarcopenia among Filipinos with 
breast cancer  

4. To determine the association of risk factors in the                     
development of osteoporosis among Filipinos with 
breast cancer  

5. To determine the association of risk factors in the                         
development of osteopenia among Filipinos with 
breast cancer  

6. To determine the association of risk factors in the                                   
development of osteosarcopenia among Filipinos 
with breast cancer  

  

METHODOLOGY 

Type of study, time period, and target population  

This is a prospective cross-sectional analytical study on 
the prevalence of sarcopenia in post-menopausal                        
Filipinas diagnosed with breast cancer who underwent 
whole body bone densitometry at a tertiary hospital in 
the Philippines from April 1, 2019 to August 31, 2023. 
Written informed consent was obtained from each                
participant and the study was approved by the                            
Institutional Ethics Review Committee of the Research 
and Biotechnology Division of the said hospital. The 
study was conducted in compliance with Good Clinical 
Practice Guidelines Procedures (GCP) and complied with 
the Declaration of Helsinki.  

 

Inclusion criteria  

• Participants who provided informed consent  

• Post-menopausal Filipina participants  

• Participants with breast cancer for 2 to 3 years with 
or without treatment  

• With or without history of hip fracture  

• Participants who underwent whole bone                        
densitometry  

 

Exclusion criteria  

• Pregnant participants  

• Participants with metal implants and pacemakers  

• Participants with musculoskeletal abnormalities  

• Participants with metabolic abnormalities  

• Participants who received bisphosphonates or                         
anti-resorptive bone medications  

TABLE 1. Mean cut-off values of ASM/ht for men and 
women in Japan and Korea  
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Study Maneuver  

All qualified participants who underwent whole body 
bone densitometry in a tertiary hospital in the                         
Philippines from April 1, 2019 to August 31, 2023 were 
included in the study. The researchers obtained written 
consent using the consent to participate in the trial.   

 

The participants’ height, weight and BMI were                            
determined. Relevant clinical history, such as                               
histopathology, treatment received, history of hip                      
fracture, were extracted. The lean mass of the four limbs 
were collected for sarcopenia computation and the bone 
mineral densities of the spine and bilateral hips were 
assessed for osteoporosis.  

 

Measurement of Body Anthropometrics  

The participants were asked to change into a hospital 
gown, and to remove shoes and accessories. Height and 
weight were measured twice and averaged to the                       
nearest 0.1 kg and 0.5 cm, respectively.  

 

Measurement of Body Composition Using GE Lunar 
iDXA  

The participants were given written instructions before 
the procedure. A whole-body scan was performed in 
Thick Mode, as determined by GE's Lunar software     
enCORE for 13 minutes. Whole-body composition             
analysis provided data on different regions of interest, 
including the trunk, arms and legs. The machine was  
calibrated daily using a standardized phantom. Only one 
trained nuclear medicine technologist performed the 
whole body bone mineral density (BMD) and acquired 
the values of the lean mass and BMDs. Evaluation of the 
whole body composition analysis and whole body bone 
mineral density was done independently by two (2)            
nuclear medicine physicians of more than 5 years of            
experience who are blinded on the patient’s information 
and clinical consideration. A third nuclear medicine             
physician of similar years of experience, also blinded   
regarding the patient’s information, clinical                    
consideration and the interpretation of the other 2                      
nuclear medicine physicians, evaluated the data in                            
question to reach a consensus during the event of                  
non-agreement.  

 

Outcome Measures  

A. Dependent variables  

• Sarcopenia  

• Risk for hip fracture  

 

 

B. Independent variables  

• Lean mass measurement  

• Bone mineral densities in the spine and bilateral hips  

• Height, weight and body mass index  

• Histopathology  

 

Operational definitions  

1. Filipino patient – patient who is of Filipino descent in 
which both parents are Filipino  

2. DXA – Dual-Energy X-ray Absorptiometry. A machine 
that measures the mass of a material (eg. muscle, 
fat, bone) by comparing the material's absorption of 
x-rays  

3. Sarcopenia – a syndrome characterized by a decline 
in walking speed or grip strength associated with low                
muscle mass. AWGS recommends using 2 standard                  
deviations below the skeletal muscle index (SMI) of 
young reference group or the lower quintile as the 
cutoff value determination. The group also                       
recommends using height-adjusted skeletal muscle 
mass instead of weight-adjusted skeletal muscle 
mass, and the suggested cutoff values were 7.0 kg/
m2 in men and 5.4 kg/m2 in women by using DXA. 
The equation for SMI is as follows:              

  

           

    

       where, ASM = sum of the muscle masses of the four   

       limbs acquired using DXA.  

4. Osteopenia – a decrease in bone mineral density 
defined by bone densitometry as a T score -1 to -2.5  

5. Osteoporosis – a decrease in bone mineral density                
defined by bone densitometry as a T score < -2.5  

6. Osteosarcopenia - the presence of both osteoporosis 
and sarcopenia  

7. Geriatric syndrome – older age, cognitive                      
impairment, functional impairment, and impaired 
mobility  

8. Mitochondrial dysfunction – long-term, genetic, 
often inherited disorders that occur when the                    
mitochondria fail to produce enough energy for the 
body to function properly  

9. Anabolic hormones – hormones that stimulate                     
protein synthesis and muscle growth  

10. Proinflammatory cytokines – produced by activated     
macrophages; involved in up-regulation of                              
inflammatory reactions in the body  

11. Impaired cardiopulmonary performance – decreased 
oxygen uptake, heart rate, and pulse relative oxygen        
during an activity  
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12. Metabolic effects – changes in the body’s                           
metabolism  

13. Bone mineral density (BMD) – measure of bone                   
density, reflecting the strength of bones as                        
represented by calcium content  

14. Musculoskeletal abnormalities – decrease in muscle 
mass or leg atrophy secondary to poliomyelitis  

15. Metabolic abnormalities – diseases that may affect 
bone mineral metabolism like hyperparathyroidism  

 

Sample size estimation  

Sample size was calculated based on the estimation of 
the prevalence of sarcopenia among breast cancer                
patients aged 50 years old and above, assumed to be 
48.8% [6]. With a maximum allowable error of 10% and 
reliability of 90%, the calculated sample size was 68.  

 

Statistical analysis  

Data was encoded and tallied in SPSS version 23 for       
Windows. Descriptive statistics were generated for all 
variables. For nominal data, frequencies and percentages 
were computed. For numerical data, mean ± SD were 
generated. Analysis of the different variables was done 
using the following test statistics:  

• Chi-square test – used to compare/associate nominal 
data  

• T-test – used to compare two groups with numerical 
data  

• Mann Whitney U test - a non-parametric equivalent 
of the t-test.  

 

RESULTS 

Among the 68 participants included in the study, 7               
patients (10.3%) were found to have sarcopenia, while 
the remaining 61 patients (89.7%) did not. Table 2 shows 
the prevalence of sarcopenia and the distribution of             
patients according to BMD. No significant association 
was seen among sarcopenia and bone mineral density            
(p = 0.26), as well as in the risk of developing hip fracture 
(p = 0.98) (Table 3). 

 

 

 

 

 

 

 

Multiple variables such as bone mineral density, age, 
number of years diagnosed with breast cancer, type of 
surgery, histopathology, molecular types, and types of 
treatment received, were analyzed to identify their          
association in the development of sarcopenia,                          
osteoporosis, osteopenia, as well osteosarcopenia 
(Tables 4 - 7). All of the patients with sarcopenia and                  
osteosarcopenia have normal body mass index, showing 
statistically significant differences with the participants 
with no sarcopenia (p = 0.0) and no osteosarcopenia              
(p = 0.001). Age proved to be a significant factor in the 
development of osteoporosis in our participants with the 
mean age of 63.63 years old (p = 0.03). Among the             
aforementioned variables, no significant association was 
seen in the development of osteopenia. 

     

DISCUSSION 

Prevalence of sarcopenia among Filipinos with breast 
cancer 

The study determined the prevalence of sarcopenia 
among Filipinos diagnosed with breast carcinoma. Seven 
out of 68 participants were diagnosed with sarcopenia 
(10.3%) which is relatively similar to the prevalence rate 
of 15.9% from the HEAL study describing the prevalence 
of breast cancer survivors using dual-energy X-ray              
absorptiometry to obtain appendicular lean muscle mass 
[9]. 

 

Multiple studies reported the prevalence of sarcopenia 
in breast cancer patients ranging from 11.5 to 17.3%      
utilizing bioelectrical impedance to measure                                    
appendicular skeletal muscle mass [15, 16, 17]. A higher 
prevalence of 30% was observed in a different study 
wherein  they  used  the  Computed  Tomography scan to 

  Frequency (%) 

Sarcopenia   

Positive 7 (10.3%) 

Negative 61 (89.7%) 

BMD   

Osteoporosis 30 (44.1%) 

Osteopenia 30 (44.1%) 

Normal 8 (11.8%) 

TABLE 2. Prevalence of Sarcopenia  

  Sarcopenia Total p-value 

Positive  
(n=7) 

Negative 
(n=61) 

Frequency (%) /                  
Mean (SD)                    

BMD         

Osteoporosis 5 (16.7%) 25 (83.3%) 30 0.26† 

Osteopenia 2 ( 6.7%) 28 (93.3%) 30   

Normal 0 8 (100%) 8   

Risk for Hip 
Fracture 

1.33 (1.18) 1.30 (2.88) 1.30 
(2.75) 

0.98‡ 

TABLE 3. Association of BMD and Risk for Hip Fracture 
with Sarcopenia  

p > 0.05- NS (Not significant); p  ≤ 0.05-(S) Significant; 

† Chi-square test; ‡ t-test 
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  Sarcopenia Total p-value 

Positive (n=7) Negative(n=61) 

 Frequency (%)/Mean (SD) 

BMI 

Obese 
Overweight  
Normal 

  
0 
0 

7 (100%) 

  
40 (65.6%) 
9 (14.8%) 

12 (19.7%) 

  
40 (58.8%) 
9 (13.2%) 

19 (27.9%) 

  
  

0.000† 

Age (in years) 63.14 (7.88) 60.93 (8.66) 61.16 (8.55) 0.52‡ 

Number of Years Diagnosed with Breast cancer 9.00 (7.14) 8.61 (5.76) 8.65 (5.86) 0.86‡ 

Surgery 
Mastectomy 
Lumpectomy 
No Data 

6 (85.7%) 
1 (14.3%) 

0 

52 (85.2%) 
2 ( 3.3%) 
7 (11.5%) 

58 (85.3%) 
3 ( 4.4%) 
7 (10.3%) 

  
  

0.28† 

Histopath 
Invasive Ductal CA 
Invasive Breast CA 

Invasive Lobular CA 

No Data 

  
5 (83.3%) 

0 
0 

1 (16.7%) 

  
30 (50.0%) 
11 (18.3%) 
3 ( 5.0%) 

16 (26.7%) 

  
35 (53.0%) 
11 (16.7%) 
3 ( 4.5%) 

17 (25.8%) 

  
  

0.43† 

ER 
Negative 
Positive 
No Data 

  
2 (28.6%) 
4 (57.1%) 
1 (14.3%) 

  
5 ( 8.3%) 

37 (61.7%) 
18 (30.0%) 

  
7 (10.4%) 

41 (61.2%) 
19 (28.4%) 

  
  

0.22† 

PR 

Negative 
Positive 
No Data 

  
2 (28.6%) 
4 (57.1%) 
1 (14.3%) 

  
11 (18.3%) 
31 (51.7%) 
18 (30.0%) 

  
13 (19.4%) 
35 (52.2%) 
19 (28.4%) 

  
  

0.63† 

HER2NEU 
Negative 
Positive 
No Data 

  
3 (42.9%) 
3 (42.9%) 
1 (14.3%) 

  
33 (54.1%) 
9 (14.8%) 

19 (31.1%) 

  
36 (52.9%) 
12 (17.6%) 
20 (29.4%) 

  
  

0.17† 

Chemotherapy 
Negative 
Positive 
No Data 

  
2 (28.6%) 
5 (71.4%) 

0 

  
16 (26.2%) 
41 (67.2%) 
4 ( 6.6%) 

  
18 (26.5%) 
46 (67.6%) 
4 ( 5.9%) 

  
  

0.78† 

Radiation 
Negative 
Positive 
No Data 

  
5 (28.6%) 
2 (28.6%) 

0 

  
33 (54.1%) 
22 (36.1%) 
6 ( 9.8%) 

  
38 (55.9%) 
24 (35.3%) 
6 ( 8.8%) 

  
  

0.57† 

Hormonal Therapy 

Negative 
Positive 
No Data 

  
2 (28.6%) 
5 (71.4%) 

0 

  
10 (16.4%) 
48 (78.7%) 
3 ( 4.9%) 

  
12 (17.6%) 
53 (77.9%) 
3 ( 4.4%) 

  
  

0.63† 

TABLE 4. Association of the Different Variables with the Development of Sarcopenia Among Patients 
with Breast Cancer  

p > 0.05- NS (Not significant); p  ≤ 0.05-(S) Significant; 

† Chi-square test; ‡ t-test; §Mann Whitney U test  

to measure skeletal muscle index [18]. Prevalences may 
vary from different studies due to the differences in the 
technique of evaluating skeletal muscle mass and by the 
operational definition of sarcopenia. 

 

 

Association of sarcopenia with the risk for hip fracture 
among Filipinos with breast cancer 

In the present study, the risk of hip fracture in sarcopenic 
participants was similar to the non-sarcopenic                           
participants  concluding  that  the presence of sarcopenia  
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TABLE 5. Association of the Different Variables with the Development of Osteoporosis Among 
Patients with Breast Cancer  

  Osteoporosis p-value 

Positive (n=30) Normal (n=8) 

Mean (SD); Frequency (%) 

BMI 
Obese 
Overweight  
Normal 

  
13 (43.3%) 
4 (13.3%) 

13 (43.3%) 

  
7 (87.5%) 

0 
1 (12.5%) 

  
  

0.08† 

Age (in years) 63.63 (8.19) 56.88 (4.76) 0.03‡ 

Number of Years Diagnosed with breast cancer 9.93 (6.30) 7.38 (3.85) 0.28‡ 

Surgery  
Mastectomy  
Lumpectomy 
No Data 

  
26 (86.7%) 
1 ( 3.3%) 
3 (10.0%) 

  
7 (87.5%) 

0 
1 (12.5%) 

  
  

0.85† 

Histopath  
Invasive Ductal CA 
Invasive Breast CA 
Invasive Lobular CA  

No Data 

  
15 (50.0%) 
5 (16.7%) 
1 ( 3.3%) 
9 (30.0%) 

  
5 (62.5%) 
1 (12.5%) 
1 (12.5%) 
1 (12.5%) 

  
  

0.57† 

ER 
Negative 
Positive 
No Data 

  
4 (13.3%) 

17 (56.7%) 
9 (30.0%) 

  
0 

7 (87.5%) 
1 (12.5%) 

  
  

0.25† 

PR 
Negative 
Positive 
No Data 

  
6 (20.0%) 

15 (50.0%) 
9 (30.0%) 

  
1 (12.5%) 
6 (75.0%) 
1 (12.5%) 

  
  

0.44† 

HER2NEU 
Negative 
Positive 
No Data 

  
14 (46.7%) 
7 (23.3%) 
9 (30.0%) 

  
7 (87.5%) 

0 
1 (12.5%) 

  
  

0.10† 

Chemotherapy 
Negative  
Positive 
No Data 

  
8 (26.7%) 

20 (66.7%) 
2 ( 6.7%) 

  
2 (25.0%) 
6 (75.0%) 

0 

  
  

0.74† 

Radiation  
Negative  
Positive 
No Data 

  
14 (46.7%) 
13 (43.3%) 
3 (10.0%) 

  
6 (75.0%) 
2 (25.0%) 

0 

  
  

0.32† 

Hormonal Therapy 
Negative 
Positive 
No Data 

  
6 (20.0%) 

22 (73.3%) 
2 ( 6.7%) 

  
0 

8 (100%) 
0 

  
  

0.26† 

p > 0.05- NS (Not significant); p  ≤ 0.05-(S) Significant; 

† Chi-square test; ‡ t-test; §Mann Whitney U test  

is not a risk for developing hip fracture. This is similar to 
the previous studies wherein they observed that muscle 
mass alone was not associated with either hip or major 
fracture risk [19]. However, low bone mineral density 
with sarcopenia showed a greater risk for hip fracture 
compared to those with low bone mineral density and 

sarcopenia alone [20]. The study by He et al. (2019)            
suggested that appendicular lean muscle mass derived 
by DXA offers limited predictive value for the incidence 
of fractures in postmenopausal women when BMD is 
also considered [21]. 
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TABLE 6. Association of the Different Variables with the Development of Osteopenia Among 
Patients with Breast Cancer  

  Osteopenia p-value 

Positive (n=30) Normal (n=8) 

Mean (SD); Frequency (%) 

BMI 
Obese 
Overweight 
Normal 

  
20 (66.7%) 
5 (16.7%) 
5 (16.7%) 

  
7 (87.5%) 

0 
1 (12.5%) 

  
  

0.40† 

Age (in years) 59.83 (9.12) 56.88 (4.76) 0.38‡ 

Number of Years Diagnosed with breast cancer 7.70 (5.80) 7.38 (3.85) 0.88‡ 

Surgery  
Mastectomy  
Lumpectomy 
No Data 

  
25 (83.3%) 

2 (6.7%) 
3 (10.0%) 

  
7 (87.5%) 

0 
1 (12.5%) 

  
  

0.75† 

Histopath 
Invasive Ductal CA 
Invasive Breast CA 
Invasive Lobular CA 
No Data 

  
15 (50.0%) 
5 (16.7%) 
1 (3.3%) 

9 (30.0%) 

  
5 (62.5%) 
1 (12.5%) 
1 (12.5%) 
1 (12.5%) 

  
  

0.57† 

ER 
Negative 
Positive 
No Data 

  
3 (10.3%) 

17 (58.6%) 
9 (31.0%) 

  
0 

7 (87.5%) 
1 (12.5%) 

  
  

0.30† 

PR 
Negative 
Positive 
No Data 

  
6 (20.7%) 

14 (48.3%) 
9 (31.0%) 

  
1 (12.5%) 
6 (75.0%) 
1 (12.5%) 

  
  

0.40† 

HER2NEU 
Negative 
Positive 
No Data 

  
15 (51.7%) 
5 (17.2%) 
9 (31.0%) 

  
7 (87.5%) 

0 
1 (12.5%) 

  
  

0.17† 

Chemotherapy 
Negative 
Positive 
No Data 

  
8 (26.7%) 

20 (66.7%) 
2 (6.7%) 

  
2 (25.0%) 
6 (75.0%) 

0 

  
  

0.73† 

Radiation 
Negative 
Positive 
No Data 

  
18 (60.0%) 
9 (30.0%) 
3 (10.0%) 

  
6 (75.0%) 
2 (25.0%) 

0 

  
  

0.58† 

Hormonal Therapy 
Negative 
Positive 
No Data 

  
6 (20.0%) 

23 (76.7%) 
1 (3.3%) 

  
0 

8 (100%) 
0 

  
  

0.32† 

p > 0.05- NS (Not significant); p  ≤ 0.05-(S) Significant; 

† Chi-square test; ‡ t-test; §Mann Whitney U test  

Association of sarcopenia and bone mineral density 
among Filipinos with breast cancer 

Previous studies showed the interrelationship of                  
sarcopenia and bone mineral density with supportive 
findings such as sarcopenic patients having a higher           
osteoporosis risk, osteoporotic patients being more likely 

to suffer from sarcopenia, and that each standard               
deviation increase in relative appendicular skeletal              
muscle mass significantly decreased the risk of                         
osteoporosis [21, 22]. There are similarities in the                  
pathogenesis of sarcopenia and osteoporosis through 
biomechanics and biochemistry explaining their                   
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p > 0.05- NS (Not significant); p  ≤ 0.05-(S) Significant; 

† Chi-square test; ‡ t-test; §Mann Whitney U test  

TABLE 7. Association of the Different Variables with the Development of Osteosarcopenia 
Among Patients with Breast Cancer  

  
  

  

  

With Osteosarcopenia 
(n=5) 

Without Osteosarcopenia 
(n=60) 

Total p-value 

Mean (SD); Frequency (%) 

BMI 
Obese 
Overweight 
Normal 

  
0 
0 

5 (100%) 

  
40 (63.5%) 
9 (14.3%) 

14 (22.2%) 

  
40 (58.8%) 
9 (13.2%) 

19 (27.9%) 

  
  

0.001† 

Age (in years) 66.40 (6.80) 60.75 (8.58) 61.16 (8.55) 0.15‡ 

Years Diagnosed with Breast cancer 11.40 (7.12) 8.41 (5.76) 8.65 (5.86) 0.28‡ 

Surgery  
Mastectomy  
Lumpectomy 
No Data 

  
4 (80.0%) 
1 (20.0%) 

0 

  
54 (85.7%) 

2 (3.2%) 
7 (11.1%) 

  
58 (85.3%) 

3 (4.4%) 
7 (10.3%) 

  
  

0.17† 

Histopath 
Invasive Ductal CA  
Invasive Breast CA 
Invasive Lobular CA 
No Data 

  
4 (80.0%) 

0 
0 

1 (20.0%) 

  
31 (49.2%) 
11 (17.5%) 

3 (4.8%) 
18 (28.6%) 

  
35 (51.5%) 
11 (16.2%) 

3 (4.4%) 
19 (27.9%) 

  
  

0.56† 

ER 
Negative  
Positive 
No Data 

  
1 (20.0%) 
3 (60.0%) 
1 (20.0%) 

  
6 (9.7%) 

38 (61.3%) 
18 (29.0%) 

  
7 (10.4%) 

41 (61.2%) 
19 (28.4%) 

  
  

0.74† 

PR 
Negative 
Positive 
No Data 

  
1 (20.0%) 
3 (60.0%) 
1 (20.0%) 

  
12 (19.4%) 
32 (51.6%) 
18 (29.0%) 

  
13 (19.4%) 
35 (52.2%) 
19 (28.4%) 

  
  

0.90† 

HER2NEU 
Negative 
Positive  
No Data 

  
2 (40.0%) 
2 (40.0%) 
1 (20.0%) 

  
34 (54.0%) 
10 (15.9%) 
19 (30.2%) 

  
36 (52.9%) 
12 (17.6%) 
20 (29.4%) 

  
  

0.39† 

Chemotherapy  
Negative 
Positive 
No Data 

  
1 (20.0%) 
4 (80.0%) 

0 

  
17 (27.0%) 
42 (66.7%) 

4 (6.3%) 

  
18 (26.5%) 
46 (67.6%) 

4 (5.9%) 

  
  

0.76† 

Radiation  
Negative 
Positive 
No Data 

  
3 (60.0%) 
2 (40.0%) 

0 

  
35 (55.6%) 

22 (34.9%) 
6 (9.5%) 

  
38 (55.9%) 
24 (35.3%) 

6 (8.8%) 

  
  

0.76† 

Hormonal Therapy 
Negative 
Positive  
No Data 

  
0 

5 (100%) 
0 

  
12 (19.0%) 
48 (76.2%) 

3 (4.8%) 

  
12 (17.6%) 
53 (77.9%) 

3 (4.4%) 

  
  

0.46† 
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their  symbiotic relationship. 

  

This study showed no statistically significant association 
between the presence of sarcopenia and bone mineral 
density. However, we observed that among the 7                
sarcopenic participants, 5 of them were osteoporotic 
(16.7%), 2 were osteopenic (6.7%), and none were       
observed to have normal BMDs. These findings suggest 
that clinicians should consider screening for sarcopenia 
in patients with low bone mineral density. 

 

Risk factors in developing sarcopenia in breast cancer 
patients 

The investigators observed that among the variables that 
may contribute to the development of sarcopenia,              
normal body mass index showed a significant association 
(p= 0.000). Other factors such as age, number of years 
diagnosed with breast cancer, type of surgery,                   
histopathology, subtypes, and type of therapy showed 
no significant association. This finding is consistent with 
previous studies wherein they observed sarcopenic                   
patients diagnosed with breast cancer had lower BMI 
(normal to underweight) compared to non-sarcopenic 
patients [15, 16, 23] despite the differences in                     
determining skeletal muscle mass. One of the known 
causes of sarcopenia is weight loss which results in loss 
of both fat and muscle, and even when a person regains 
the weight, the majority will be fat rather than muscle 
[1]. Further studies stated that the increased likelihood 
of sarcopenia in individuals with low BMI may be a           
marker of malnutrition and warrants nutritional support 
or management [24]. 

 

Risk factors for developing osteoporosis or osteopenia 
among Filipinos with breast cancer 

Advanced age appears to be a risk factor in developing 
osteoporosis among breast cancer patients. Previous 
studies observed that the incidence rate of osteoporosis 
was higher in older breast cancer patients [25, 26, 27]. In 
contrast to other studies [28] exposure to chemo- and 
hormonal therapies are not associated with developing 
either osteopenia or osteoporosis in breast cancer              
patients however the duration of treatment and specific 
treatment protocol were not taken into account. 

 

Risk factors of osteosarcopenia among Filipinos with 
breast cancer 

Bone, muscle, and adipose tissues interact with each 
other by mechanical and neuro-hormonal pathways and 
a problem in one aspect can greatly affect the other. 
Lower body mass index is identified as a positive risk         

factor in the development of osteosarcopenia among 
breast cancer patients. Our finding supports the previous 
study stating that a higher BMI is a protective factor 
against osteosarcopenia [29] whereas high-fat mass is a 
strongly associated factor in developing                                      
osteosarcopenia. This highlights the value of identifying 
body composition and differentiating fat from bone and 
muscle mass [30]. 

 

LIMITATION OF THE STUDY 
The strengths of our study include a well characterized 
prospective cross-sectional design, consecutive sampling 
design and blinding of interpreters. The main limitation is 
the fact that this was done in a single institution and the 
sample population may not accurately represent the           
Filipino population with breast carcinoma. Future                       
researchers should seek to confirm these findings in a 
larger and more diverse patient population. The study 
also lacks data regarding muscle strength and functional 
capacity of the participants to completely evaluate the 
presence of sarcopenia, as well as to grade the severity. 
Given the lack of a standardized definition for sarcopenia 
with multiple publications factoring in skeletal muscle 
mass, strength, functional capacity, BMI, height, weight, 
different methods of measurement, as well as conflicting 
cut-off values, the definition of sarcopenia that was 
adopted by the current investigation may have led to the 
underdetection of sarcopenia in the current participant 
pool. 

 

RECOMMENDATIONS 
Based on our findings, future researchers may want to 
focus on the following research topics. 

1. Concordance with bioelectrical impedance,                   
Computed tomography, and DXA, in measuring               
skeletal muscle mass. 

2. Subgroup analyses such as cancer stage, molecular                  
subtype, as well as the type and duration of the                     
treatment regimen could also be explored to                  
improve the predictive value of these tests. 

3. Analysis of fat content through DEXA, determining its 
association with sarcopenia, as well as the                          
prevalence of sarcopenic obesity is another area 
worth examining. 
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CONCLUSION 

The prevalence of sarcopenia among Filipino breast           
cancer patients was 10.3%. Sarcopenia is not associated 
with osteopenia, osteoporosis, and the risk of developing 
hip fractures. The study highlights the muscle-bone-fat 
tissue interaction that supports our findings that low 
body mass index has a role in the development of both 
sarcopenia and osteosarcopenia. Though no statistically 
significant association was seen between sarcopenia and 
bone mineral density, the results suggest that patients 
with sarcopenia may be at higher risk for developing         
osteopenia and osteoporosis, especially those in the           
elderly population, and active screening should be                   
considered in these individuals. 

 

KEYPOINTS 
The results of the study emphasizes the active screening 
for sarcopenia in patients with low bone mineral density 
and/or osteoporosis regardless of the presence of a           
concomitant malignancy or other co-morbidities,                      
especially for post-menopausal women. 
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ABSTRACT 
Background: 

Decreased skeletal muscle mass is one of the components of sarcopenia. Sarcopenia and osteoporosis, which 
are both common in the elderly, are associated with increased morbidity and mortality. This study examined the 
relationship of total body skeletal muscle mass (SMM) and appendicular skeletal muscle mass (ASM) with bone 
mineral density (BMD) and FRAX-based fracture risks in postmenopausal Filipino women. 

 

Methodology: 

A total of 123 postmenopausal Filipino women who underwent whole-body bone densitometry scans using dual
-energy X-ray absorptiometry (DXA) in the Philippine General Hospital from January 1, 2017 to December 31, 
2019 were included in this study. Significant differences between patients with low ASM and patients with     
normal ASM were determined using Student t test, Mann-Whitney U test, and Fisher exact test. Pairwise             
correlations between the different numerical variables were determined using Spearman rank-correlation            
coefficient analysis . 

 

Results: 

Among the 123 study subjects, 110 (89.43%) had normal ASM, while 13 (10.57%) had low ASM. Meanwhile, 6 
(4.88%) had normal BMD, 40 (32.52%) had osteopenia, and 77 (62.60%) had osteoporosis. Compared to study 
subjects with normal ASM, study subjects with low ASM had significantly lower median lumbar spine BMD,  
lower mean femoral neck BMD, lower mean total hip BMD, higher median FRAX (major osteoporotic fracture), 
and higher median FRAX (hip fracture). There was no sufficient evidence that study subjects with low ASM and 
study subjects with normal ASM had a significant difference in BMD category. Both SMM and ASM had positive 
moderate correlations with BMD in all three sites (lumbar spine, femoral neck, and total hip). Moreover, both 
SMM and ASM had inverse moderate correlations with FRAX (major osteoporotic fracture) and FRAX (hip            
fracture). 

 

Conclusion: 

Our study showed that both low SMM and low ASM are associated with lower BMD and higher FRAX-based 
fracture risks among postmenopausal Filipino women. However, larger studies incorporating muscle strength 
and physical performance are recommended to further analyze the relationship between sarcopenia and                 
osteoporosis .     

 

Keywords: Skeletal muscle mass, appendicular skeletal muscle mass, bone mineral density, FRAX  

INTRODUCTION 
 

Skeletal muscle mass contributes 30 to 40% of the total body 
mass and is thus a key constituent of body composition. It is 
related to physical functions and the health status of                      
individuals. Approximately 75% of skeletal muscle mass is             
situated at the limbs (also known as appendicular skeletal 
muscle mass). Decreased muscle mass in the appendicular 

skeleton results in adverse health consequences, including 
weakness, disability, poor quality of life, and mortality [1]. 

 

 Low appendicular skeletal muscle mass is part of the three 
criteria to diagnose sarcopenia. According to the Asian                 
Working Group for Sarcopenia (AWGS), sarcopenia is the loss 
of skeletal muscle mass with increasing age, together with 
decreased muscle strength and/or physical performance. The 
pathophysiology of sarcopenia may involve motor neuron loss,  
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decreased activity of neuromuscular junctions, hormonal 
changes, cytokines that promote inflammation,            
decreased function of mitochondria, abnormal                   
production of myokines, and decreased weight due to 
reduced appetite [2] . 
 
Sarcopenia is common in older people, as is                           
osteoporosis. According to the WHO, osteoporosis is the 
disease wherein low bone mass as well as                       
microarchitectural decline of bone tissue result in fragile 
bones, resulting in an higher probability of fracture [3]. 
Sarcopenia and osteoporosis are both linked to               
substantial morbidity and mortality [4], as sarcopenia is 
linked to a greater probability of falls, which further           
predisposes osteoporotic individuals to sustain low-
impact or fragility fractures such as in the hip [5].                  
Sarcopenia and hip/vertebral fractures have also been 
shown to predict future mortality in older individuals. 
Studies likewise reveal that muscle health may be linked 
to bone health. A possible explanation for this link is the 
mechanostat hypothesis which states that muscle                
contraction provides a direct mechanical stimulus for 
osteogenesis. Hormones, including growth hormone, can 
also enhance the growth of muscles and bones. Genetics 
may also contribute to muscle and bone health [4]. 
There are also factors that cause both loss of skeletal 
muscle mass and loss of bone mass. These include 
changes associated with aging such as the decline in the 
levels of sex steroid hormones, as well as impaired                 
signaling and activity of growth hormone and IGF-1 [5]. 
Therefore, muscle mass may have a relationship with 
bone mineral density (BMD) and the probability of               
fractures. 
  
Dual-energy x-ray absorptiometry, or DXA, is a widely 
utilized test to diagnose osteoporosis using BMD               
measurements in the spine as well as the proximal           
femur, which are the two most frequent sites of                 
osteoporotic fractures [6]. Osteoporosis is diagnosed 
among postmenopausal women and males at least 50 
years old if the BMD values in the lumbar spine, total 
hip, or femoral neck are at least 2.5 standard deviations 
below the reference standard (white female, 20 to 29 
years old, NHANES III database). The 33% radius (1/3  
radius) of the non-dominant forearm may be used to 
diagnose osteoporosis if the hip and/or spine cannot be 
measured or interpreted, in patients with                                 
hyperparathyroidism, and in severely obese patients 
whose weight is greater than the maximum weight that 
the DXA table can carry [7].  
 
Aside from initial diagnosis and monitoring of                              
osteoporosis using BMD, another application of DXA  

includes the measurement of body composition (divided 
into bone, lean or muscle, and fat) [6]. DXA can be used 
to measure total body lean tissue mass (total body       
skeletal muscle mass or SMM) and appendicular skeletal 
muscle mass or ASM. Because individuals with a bigger 
body size usually have a higher muscle mass, either 
height, weight, or BMI can be used to adjust for the 
measured SMM and ASM [8]. The AWGS 2019                          
recommends using either DXA or multifrequency                   
bioelectrical impedance analysis (BIA) for the                        
measurement of muscle mass in the diagnosis of                         
sarcopenia. The AWGS 2019 cutoffs for low ASM (height-
adjusted) in the diagnosis of sarcopenia using DXA are: 
less than 7.0 kg/m2 in males and <5.4 kg/m2 in females 
[2]. 
 
BMD alone may not be sensitive for predicting fracture 
risk [9]. Hence, the Fracture Risk Assessment Tool or 
FRAX algorithm was created. The FRAX algorithm utilizes 
clinical risk factors and fracture and mortality data            
specific to each country to measure an individual’s              
probability of a hip or major osteoporotic fracture in 10 
years. The FRAX algorithm guides clinicians in                    
determining which patients have a higher probability of 
developing fragility fractures. These patients require 
treatment to improve their bone health. The National 
Osteoporosis Foundation recommends that aside from 
patients with hip/vertebral fractures and osteoporosis, 
treatment should also be commenced in                                 
postmenopausal women as well as males at least 50 
years old with low bone mass (defined as a T-score of          
-1.1 to -2.4 in the femoral neck, total hip, or spine) in 
combination with a ≥ 3% probability of hip fracture or      
≥ 20% probability of major osteoporotic fracture in 10 
years, measured using the FRAX algorithm [10]. 
 
Osteopenic and osteoporotic patients who have a low 
ASM may have a higher fracture risk than osteopenic or 
osteoporotic women with normal ASM. It has been         
proposed that screening for low ASM during BMD                
examinations by DXA may be useful in detecting                        
osteopenic or osteoporotic women who have a low ASM 
because these patients may require interventions to     
increase both muscle mass and BMD [5].  
 

OBJECTIVE 
General objective 
To measure the skeletal muscle mass of postmenopausal 
Filipino women and its relationship with bone mineral 
density (BMD) and FRAX-based fracture risks    
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Specific objectives 

1. To measure the total body skeletal muscle mass 
(SMM) and appendicular skeletal muscle mass (ASM) 
of postmenopausal Filipino women 

2. To measure the prevalence of low ASM among               
postmenopausal Filipino women 

3. To measure the relationship of SMM and ASM with 
BMD (at the lumbar spine, at the femoral neck, and 
at the total hip) and FRAX-based fracture risks (major 
osteoporotic and hip fracture risks) 

 

METHODOLOGY    
 

Research design 

Retrospective analytical study that utilized a review of 
medical records 

 

Study site 

This study was conducted at the Radioisotope                           
Laboratory, located inside the Philippine General                   
Hospital. 

 

Sampling design 

All postmenopausal Filipino women who had whole-
body bone mineral densitometry scans using DXA during 
the period January 1, 2017 to December 31, 2019 who 
fulfilled the inclusion criteria but did not satisfy the                
exclusion criteria were involved in this study. With                       
confidence level at 95%, 5% error, and the prevalence of 
sarcopenia which was 6.10% in a study done in the                   
Philippines [11], the computed sample size for this study 
was 89.  

 

Inclusion criteria 

All postmenopausal Filipino women (no menstruation for 
at least 1 year) who had whole-body bone mineral                
densitometry scans using DXA during the period January 
1, 2017 and December 31, 2019. 

 

Exclusion criteria 

1. Patients with prosthetic or metal implants because 
these affect the values calculated by the DXA            
machine 

2. Patients under 40 years old because FRAX-based 
fracture risks were not available for these younger 
patients 

3. Patients with diseases associated with secondary 
osteoporosis and other disorders that may affect the 
musculoskeletal system such as rheumatoid arthritis, 
type 1 diabetes mellitus, osteogenesis imperfecta, 
thyrotoxicosis, hypogonadism, early menopause 
(before 45 years of age), nutritional disorders, heart 
failure, chronic lung disease, chronic liver disease, 
chronic kidney disease, growth hormone deficiency, 
gigantism, acromegaly, hypothyroidism,                     
hyperparathyroidism, Cushing syndrome, vitamin D 
deficiency, other bone metabolic disorders,                        
malignancy, neurologic diseases, paralysis or                 
immobilization, myopathy, other diseases associated 
with a lower muscle mass, or a history of taking 
medications known to affect skeletal muscle mass or 
bone mineral density (including levothyroxine,                    
estrogen, progesterone, anti-osteoporosis drugs, and 
chronic steroid use) 

 

Data collection and outcomes 

The principal investigator collected the following data: 
age, BMI, SMM, ASM, BMD at the lumbar spine, BMD at 
the femoral neck, BMD at the total hip, FRAX with BMD 
for major osteoporotic fracture, and FRAX with BMD for 
hip fracture. These values were obtained from the whole
-body bone densitometry scans performed by trained 
technicians using the DXA machine (Stratos dR, DMS 
Group, France). For the BMD at the femoral neck and 
total hip, the lower value among the bilateral femora 
was used. For the FRAX with BMD for major osteoporotic 
fracture and hip fracture, the higher value among the 
two femora was used. 

 

The ISCD guidelines [7] were followed. The L1-L4                     
vertebrae  were used to calculate the lumbar spine BMD; 
however, if a vertebra had structural changes or                    
artifacts, it was excluded, with at least two vertebrae 
remaining. Anatomically abnormal vertebrae were          
excluded from analysis if they were grossly abnormal and 
unable to be evaluated by the resolution of the system, 
and if the difference in the T-score between one          
vertebra and its adjacent vertebrae was greater than 1.0. 
The WHO criteria for normal BMD (T-score of -1.0 or 
higher), osteopenia (T-score of -1.1 to -2.4), and                 
osteoporosis (T-score of -2.5 or lower) were used [3]. 
The AWGS 2019 cutoff for low ASM in women by DXA 
(<5.4 kg/m2) was applied [2].  
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Data handling, processing, and storage 

Data was handled, processed, and stored in adherence 
to the Data Privacy Act of 2012. The principal                           
investigator encoded the data in a Microsoft Excel file, 
locked using a password, that was accessible to the                    
principal investigator only. For the protection of privacy 
and confidentiality of research information, patients 
were anonymized using code numbers. Data stored will 
be kept for five (5) years. Subsequently, the data will be 
erased. 

 

Statistical analysis 

For numerical variables that were normally distributed, 
means and standard deviations were applied to                   
summarize the data. For numerical variables not                 
following the normal distribution, median and                       
interquartile range were utilized. Finally, for                  
categorical variables, frequency and percentage were 
applied. Significant differences between patients with 
low ASM and patients with normal ASM were                           
determined by Student t test, Mann-Whitney U test, and 
Fisher exact test for numerical variables that followed 
the normal distribution, non-normally distributed          
numerical variables, and categorical variables,                       
respectively. Pairwise correlations between the different      
numerical variables were determined by Spearman                          
rank-correlation coefficient analysis. Data analysis was 
accomplished via Stata 17. There were no missing values 
in this dataset. The Shapiro-Wilk test of normality was 
employed to evaluate if numerical variables followed the 
normal distribution. Tests of hypothesis were evaluated 
with significance level established at p = 0.05. 
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RESULTS 
 

Table 1 summarizes the characteristics of the 123 study                   
subjects. The mean SMM was 33.44 kg, while the median 
ASM was 6.5 kg/m2. Among the 123 study subjects, 110 
(89.43%) had normal ASM, while 13 (10.57%) had low 
ASM. Furthermore, 6 (4.88%) had normal BMD, 40 

(32.52%) had osteopenia, and 77 (62.60%) had                   
osteoporosis. 

 

Table 2 shows the comparisons between study subjects 
with normal ASM and study subjects with low ASM. 
Study subjects with low ASM were found to have                    
significantly lower mean BMI, lower median lumbar 
spine BMD, lower mean femoral neck BMD, lower mean 
total hip BMD, higher median FRAX (major osteoporotic 
fracture), and higher median FRAX (hip fracture) in               
comparison to study subjects with normal ASM. The 
group with low ASM was revealed to have a higher                
incidence of osteoporosis (84.62%) than the group with              
normal ASM (60.00%). However, no sufficient evidence 
was acquired to conclude that the study subjects with 
low ASM and the study subjects with normal ASM had a 
significant difference in BMD category. There was also no 
sufficient evidence to conclude that there was a                   
significant difference in the mean age between study 
subjects with low ASM and study subjects with normal 
ASM. 

 

The correlations between the variables are listed in Table 
3. Both SMM and ASM had positive moderate                     
correlations with BMD in all three sites (lumbar spine, 
femoral neck, and total hip). Moreover, both SMM and 
ASM had inverse moderate correlations with FRAX 
(major osteoporotic fracture) and FRAX (hip fracture). 

 

  

Characteristic Value 

Age (years), mean (SD) 66.59 (8.39) 

BMI (kg/m2), median (IQR) 24.9 (4.5) 

SMM (kg), mean (SD) 33.44 (4.79) 

ASM (kg/m2), median (IQR) 6.5 (1.3) 

ASM Category   

     Normal ASM, frequency (%) 110 (89.43%) 

     Low ASM, frequency (%) 13 (10.57%) 

Lumbar spine BMD (g/cm2), median (IQR) 0.74 (0.19) 

Femoral neck BMD (g/cm2), mean (SD) 0.70 (0.13) 

Total hip BMD (g/cm2), mean (SD) 0.84 (0.14) 

BMD Category  

     Normal BMD, frequency (%) 6 (4.88%) 

     Osteopenia, frequency (%) 40 (32.52%) 

     Osteoporosis, frequency (%) 77 (62.60%) 

FRAX (major osteoporotic fracture) (%),   

      median (IQR) 

2.88 (1.7) 

FRAX (hip fracture) (%), median (IQR) 0.7 (1.23) 

TABLE 1. Characteristics of the 123 study subjects.  
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DISCUSSION 
 

In this study, the prevalence of low height-adjusted                            
appendicular skeletal muscle mass (low ASM) measured 
using    DXA    among    postmenopausal     women     was   

10.57%. This  is consistent with other studies wherein 
the prevalence ranged from 4% to 19.5% [12, 13, 14]. 
However, these studies defined low ASM as a value of 
less than 5.45 kg/m2, with the study of Walsh et al. 
(2006) [14] explaining that this cutoff value was more 
than 2 standard deviations under the mean of a                  
reference  population of healthy young women. Our 
study used a cutoff value of < 5.4 kg/m2, based on the 
AWGS 2019 definition of low ASM in women when 

measured using DXA [2]. Other criteria for low ASM exist, 
such as a cutoff value of less than 5.5 kg/m2 in the 
EWGSOP2 study in 2019 [8]. Differences in the cutoff 
values used for defining low ASM among studies may 
contribute to these studies’ differences in the prevalence 
of low ASM. Disparities in the prevalence of low ASM 
among studies may also be due to the varying                         
characteristics of the population included in each study, 
including age, home setting, and ethnicity [15].                      
Sarcopenia was more prevalent in studies involving 
women above 80 years and in nursing homes and        
hospitalized women compared to community-dwelling 
women [15, 16]. Finally, sarcopenia was more prevalent 
in non-Asians compared to Asians [15].     

TABLE 2. Comparisons between study subjects with normal ASM and study subjects with low ASM  

Variable Normal ASM Low ASM p-value 

  (n = 110) (n = 13)   

Age (years), mean (SD) 66.45 (8.46) 67.69 (7.94) 0.617 

BMI (kg/m2), median (IQR) 25.3 (3.7) 19.5 (1.5) < 0.001 

Lumbar spine BMD (g/cm2), median (IQR) 0.76 (0.17) 0.65 (0.16) < 0.001 

Femoral neck BMD (g/cm2), mean (SD) 0.72 (0.13) 0.61 (0.12) 0.003 

Total hip BMD (g/cm2), mean (SD) 0.85 (0.13) 0.73 (0.11) 0.003 

BMD Category   0.310 

     Normal BMD, frequency (%) 6 (5.45%) 0  

     Osteopenia, frequency (%) 38 (34.55%) 2 (15.38%)  

     Osteoporosis, frequency (%) 66 (60.00%) 11 (84.62%)  

FRAX (major osteoporotic fracture) (%), median (IQR) 2.69 (1.57) 3.74 (2.22) < 0.001 

FRAX (hip fracture) (%), median (IQR) 0.68 (1.06) 1.53 (1.34) < 0.001 

TABLE 3. Correlation of age, BMI, SMM, ASM, BMD, and FRAX, with Spearman’s rank correlation coefficient rs.   
                 Correlations with p--value < 0.05 are marked with asterisks. 
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Our study revealed that postmenopausal women with 
low ASM had a significantly lower median lumbar spine 
BMD, mean femoral neck BMD, and mean total hip BMD 
compared to postmenopausal with normal ASM. This is 
contrary to the study of Sherk et al. (2009) [12] wherein 
there was no statistically significant difference in the 
mean BMD at the lumbar spine, total hip, and femoral 
neck between postmenopausal women with low ASM 
and postmenopausal women with normal ASM. The 
smaller sample size in the study of Sherk et al. (2009) 
[12], wherein only 7 postmenopausal women with low 
ASM and 48 postmenopausal women with normal ASM 
were included, possibly did not have enough statistical 
power to reveal significant differences between the two 
groups, whereas our study included 13 patients with low 
ASM and 110 patients with normal ASM. Meanwhile, in 
the study of Saddik et al. (2020) [17], postmenopausal 
women with low ASM had a significantly lower mean 
total hip BMD and mean femoral neck BMD compared to 
postmenopausal women with normal ASM, similar to our 
study. However, contrary to our study, no statistically 
significant difference was found in the mean lumbar 
spine BMD between postmenopausal women with low 
ASM and postmenopausal women with normal ASM. 
These conflicting findings may be due to differences in 
the severity of lumbar spine degenerative changes           
between patients among various studies. Degenerative 
lumbar spine changes are linked to increased lumbar 
spine BMD [5]. This may affect the correlation of lumbar 
spine BMD with ASM.  

 

Other studies have investigated the relationship of total 
body skeletal muscle mass (SMM) and ASM with BMD in 
postmenopausal women. Similar with our study,                     
Ilesanmi-Oyelere et al. (2018) [18] and Sotunde et al. 
(2015) [19] noted that in postmenopausal women, SMM 
was discovered to have significant positive correlations 
with BMD in the lumbar spine, femoral neck, and total 
hip. Gillette-Guyonett [20] also observed a significantly 
positive correlation between SMM and femoral neck 
BMD in postmenopausal women. On the contrary, in the 
study of Lee et al. (2016) [21], SMM was not significantly 
correlated with the BMD at the femoral neck or total hip 
among postmenopausal women. Akin to our study,               
Sornay-Rendu et al. (2017) [22] detected that in                  
postmenopausal women, both SMM and ASM had             
positive correlations with BMD at the femoral neck. 
Meanwhile, Sherk et al. [12] found that in                                    
postmenopausal women, both SMM and ASM had                
positive correlations with BMD in the total hip and              
femoral neck, but not in the lumbar spine. However, in 
our study, both SMM and ASM had positive moderate 

correlations with the BMD at all three sites. Finally, in 
the study of Saddik et al. (2020) [17], both SMM and 
ASM had a positive correlation with total hip BMD and 
femoral neck BMD in postmenopausal women, but only 
SMM was positively correlated with lumbar spine BMD. 
These discrepancies in the relationship of SMM and ASM 
with BMD in postmenopausal women among studies are 
possibly due to differences in study designs, study                
populations, and DXA machines used [19]. 

 

Similar to our study, Gillette-Guyonett et al. (2000) [20] 
and Walsh et al. (2006) [14] did not find a correlation 
between low ASM and osteoporosis in postmenopausal 
women. One possible explanation for this is that low 
ASM by itself may not be enough to promote                        
osteoporosis. There are other contributory factors to the 
occurrence of osteoporosis in postmenopausal women, 
such as genetics, older age, race, duration of estrogen 
deprivation, nutritional status, sedentary lifestyle, body 
composition, weight, smoking, chronic steroid intake, 
excessive alcohol intake, coffee intake, and vitamin D 
deficiency [23, 24]. Furthermore, aside from muscle 
mass, sarcopenia has two other components: muscle 
strength and muscle performance. One study showed 
that compared to muscle mass, grip strength was more 
significantly associated with osteoporosis in                   
postmenopausal women [25]. Moreover, they                   
demonstrated that the combination of ASM, grip 
strength, and physical performance had a stronger                 
relationship with osteoporosis compared to the                        
relationship of each component with osteoporosis. 

 

Our study exhibited that in postmenopausal women, 
SMM and ASM had an inverse moderate correlation with 
median FRAX (major osteoporotic fracture) and median 
FRAX (hip fracture). Likewise, in the study of Zhang et al. 
(2012) [26], SMM displayed a negative linear correlation 
with the calculated probability of major osteoporotic and 
hip fractures in 10 years among postmenopausal                 
women. Meanwhile, Sornay-Rendu [22] concluded that 
lower values of ASM correlated with a significantly              
increased risk of major osteoporotic fractures, along with 
other fractures. Similarly, in the study of Harvey et al. 
(2021) [27], lower values of ASM were correlated with a 
higher risk of incident fracture, whether clinical,                 
osteoporotic, major osteoporotic, or at the hip. 

 

The positive correlation of muscle mass with BMD, as 
well as the negative correlation of muscle mass with 
fracture risk, may be explained by the fact that in                     
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postmenopausal women, muscles contribute 25 to 30 % 
of the extragonadal conversion of androgens to                 
estrogen,  while  fat  contributes only 10 to 15% [26]. The 
hormone estrogen promotes bone growth and prevents 
bone remodeling [18]. In the postmenopausal state, 
there is a continuous reduction in estrogen, causing 
bone resorption to surpass bone formation, leading to 
faster bone loss as well as lower bone mass [28].                   
Therefore, in postmenopausal women with a greater 
muscle mass, the higher levels of estrogen converted 
from androgens in their muscles may contribute to               
increased BMD and decreased risk of fractures. Another 
hypothesis that may explain the relationship of muscle 
mass with BMD is that higher muscle mass contributes to 
mechanical loading, stimulating bone growth and leading 
to increased BMD [29]. 

 

Postmenopausal women who are more physically active 
have been shown to have greater ASM compared to 
postmenopausal women who are sedentary or less             
physically active [13]. According to the study of Walsh et 
al. (2006) [14], physical activity had a positive correlation 
with both ASM and BMD in postmenopausal women. 
Aside from increasing muscle mass, physical activity also 
promotes balance, coordination, muscle strength, and 
reaction time, which may provide protection against 
fractures [26]. Muscles, which surround bones, may            
provide protection or padding to bones; therefore,             
increased muscle mass may reduce the force of impact 
on bones during a fall [14]. Thus, studies recommend 
exercise because it can increase muscle mass and conse-
quently, decrease the risk of fractures [14, 26]. 

 

According to current guidelines, some of the indications 
for BMD testing include women 65 years old and above, 
younger postmenopausal women who have a risk factor 
for low bone mass, and perimenopausal women          
possessing clinical factors associated with an increased 
probability of fractures [7]. Because sarcopenia is         
accompanied by a greater risk of falls and fractures, 
measuring ASM and BMD simultaneously using DXA is 
recommended by Walsh et al. (2006) [14]. According to 
Miyakoshi et al. (2013) [5], screening for low ASM using 
DXA should be considered because sarcopenia is a major 
reason for disability and increased health costs,                      
especially among the elderly. Moreover, concurrent 
measurement of ASM and BMD using DXA may be                     
helpful in detecting women with both sarcopenia and 
osteoporosis, because these patients may benefit the 
most from physical activity and exercise programs to                
increase both muscle mass and BMD [5, 14]. 

However, our study had limitations. One limitation is 
that the sample size in our study was relatively small. 
Furthermore, our study may have suffered selection bias 
because only patients who visited our hospital were     
included. Therefore, the results of our study cannot be 
applied to the entire population of postmenopausal            
Filipino women. Larger studies with multiple centers, 
including communities across the country, are needed to 
validate the results of our study. Another limitation is 
that according to the AWGS 2019 criteria, sarcopenia is 
diagnosed by the presence of low ASM in combination 
with either low muscle strength (evaluated using               
handgrip strength) or low physical performance 
(measured using 6-meter walk, 5-time chair stand test, 
or Short Physical Performance Battery). Our study only 
had data on ASM and did not have data on the muscle 
strength and physical performance of patients. Future 
studies with these data are essential to further analyze 
the relationship between sarcopenia and osteoporosis.   

 

CONCLUSIONS 
 

Our study showed that lower SMM and lower ASM are 
both associated with lower BMD and higher FRAX-based 
fracture risks among postmenopausal Filipino women. 
Although there was no sufficient evidence to conclude 
that low ASM had a correlation with osteopenia or                
osteoporosis among postmenopausal women, measuring 
ASM and BMD concurrently using DXA may still be                  
helpful because it can detect postmenopausal women 
with both sarcopenia and osteoporosis, a group that may 
be the most in need of exercise interventions to increase 
their ASM and BMD, as well as decrease their risk of    
fractures. However, larger studies are needed to validate 
these findings.  
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