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Dear Colleagues and Friends, 

  
Mabuhay! 

It is with great pride and honor to write a message in the January-July 2021 issue of the Philippine Journal of       
Nuclear Medicine.  

In the past two years, we experienced unprecedented circumstances brought about by the Covid-19 pandemic.    
Nuclear Medicine services in some institutions came to a halt due to difficulty in transporting isotopes and to give 
way to the more essential services.  The PSNM remains grateful and salute the efforts made by all our colleagues, 
associates and members who stood their ground and have kept the light scintillating during these dark moments. 
We also remember and pray for our dear friends who we lost in this pandemic some of whom played major roles in 
the current existence of the PJNM, namely Drs. Gerard Fabian Goco,  Joel Mendoza and Blesilda Pono.   

PSNM will be turning 56 in 2022, we, the board members are humbled to be elected to lead our society with energy 
and dynamism while adjusting to the new normal. In recent years we have seen the continuous expansion of the 
Nuclear Medicine community in the Philippines as evidenced by the establishment of new Nuclear Medicine centers 
in different parts of the country. While the pandemic poses a challenge, we will do our best in aligning our           
strategies to keep up with this growth as we remain hopeful in future developments within the Nuclear Medicine 
community. The PSNM will also continue to strengthen its relationship and collaboration with international         
organizations such as the IAEA, EANM, WARMTH, AOFNMC, ASNM and WFNMB. 

Globally, we have witnessed the unraveling of new discoveries and developments in Nuclear Medicine in the era of 
precision and evidence-based medicine. Advancements in Molecular Imaging and Theranostics have kept our       
colleagues optimistic and excited for the future of Nuclear Medicine. As our former editor in chief, Dr. Jerry Obaldo 
wrote in the 2003 issue of the PJNM, we move a step closer to the creation of the “magic bullet” that we have long 
dreamt of.  The PSNM will continue to provide continuing medical education to keep up with these changes and we 
commend our scientific committee for coming up with a comprehensive scientific program and for inviting           
distinguished speakers in this year’s 37th PSNM Annual Convention with the theme Updates and Refresh having 
incorporated basic Nuclear Medicine concepts and the aforesaid new technologies and methodologies.   

We also wish our editor in chief Dr. Vincent Peter Magboo and his editorial staff the very best and thank them for 
their continued efforts in maintaining and improving the quality of our journal.  PSNM recognizes the importance of 
research as it promotes critical thinking, arouses intellectual curiosity, and will help improve the quality of the     
practice of our specialty. We, therefore, encourage our members and trainees to indulge in cutting-edge research 
and methodologies and appeal to our training institutions to send their quality work for publication. 

Lastly, we are looking ahead with great optimism of becoming a better and stronger society in the next decade and  
we are kindly requesting for your continued kind support and participation. 

Thank you very much! 

Warmest regards, 

 

 

 

 

Francis Gerard M. Estrada, MD, FPSNM 

President, Philippine Society of Nuclear Medicine (2021-2023) 

Message from the President of the Society 



  

 

Message from the Editor 

Greetings from your Editor!  

 

COVID-19 has affected the practice of nuclear medicine practice significantly not only locally but globally. This      
pandemic has imposed significant challenges on our local health-care systems leading to reduced services for both 
in-patient and outpatient for all diseases. Stringent infection prevention and control measures become standard 
and common in all health institutions. COVID-19 indeed truly changed the way we do things in relation to             
constraints in the organization, clinical, imaging and research activities in nuclear medicine. This has affected our 
clinical practice and our interaction with patients and colleagues.  

 

Despite all these, research activities should adhere to the notion of “the show must go on” as a semblance of return 
to normalcy and continuity of healthcare services to our patients. We believe that research activities in nuclear       
medicine should not end due to the COVID pandemic. In fact, many studies have already been published to           
determine and assess extent of pandemic impact to our practice. Worldwide, research agenda have been focused 
on novel technologies, newer radiopharmaceuticals, and revised methods of imaging paving for exciting and better 
future in our clinical practice.  

 

As such, it is our responsibility not only to protect and promote the continuity of our innovative scholarly efforts but 
also do our part to encourage and support the return to normalcy. As a professional society journal, our main goals 
for the coming years is to encourage more contributions from the nuclear medicine community and to disseminate 
our findings to the world. We would like to thank our authors, contributors, editors and anonymous reviewers, and 
readers all of whom have volunteered to contribute to the success of the journal. We are publishing our journal 
twice a year with a particular emphasis on quality, safety and better outcomes of research.  

 

Thank you very much! 

 

 

 

 

 

Vincent Peter C. Magboo, MD, FPSNM 

Editor, Philippine Journal of Nuclear Medicine 
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Systematic Review and Meta-analysis comparing the diagnostic utility of     
Tc-99m tagged RBC scintigraphy with CT-angiography imaging studies in      
diagnosing Lower Gastrointestinal Bleeding  

Jose Carlos T. Chanyungco, MD, Ruben V. Ogbac, MD 

Division of Nuclear Medicine, University of the Philippines - Philippine General  Hospital 
E-mail address: jctc93@gmail.com , rvogbac@gmail.com  

ABSTRACT 
Background: 

Lower Gastrointestinal bleeding (LGIB) is a serious and urgent condition which can be assessed using several 
different modalities. Tc-99m tagged RBC scintigraphy has been established as a diagnostic tool in Nuclear     
Medicine but several other modalities, including CT-based imaging (i.e. angiography) currently exist.  

Objective: 

The objective of this study is to compare Tc-99m tagged RBC scintigraphy with CT-based imaging studies in 
terms of clinical utility and diagnostic outcomes.  

Methods: 

A systematic review of available literature was done, with the goal of creating a meta-analysis focusing on the 
reported diagnostic outcomes - mainly sensitivity and specificity on the presence of a LGIB. Aside from this, a 
systematic review of the clinical utility and the differences of each test were discussed, including                        
non-quantifiable advantages. The literature search was conducted following the guidelines of PRISMA, with 
searches from PubMed, Medline, and other pertinent databases. Quality assurance was done using the 
QUADAS tool. Statistical analyses of sensitivity, specificity, and a summary receiver operating characteristics 
plot were computed for the meta-analysis. 

Results: 

Pooled sensitivity and specificity for RBC scintigraphy were 0.886 and 0.119, respectively. Pooled sensitivity and 
specificity for CT-based imaging were 0.729 and 0.660, respectively. CT based imaging also showed higher     
localization and faster completion times. RBC scintigraphy had a longer acquisition window. 

Conclusion: 

Both Tc99m-tagged RBC scintigraphy and CT-based imaging have important clinical utility, with each modality 
having different advantages that the other test cannot provide.  

Keywords: Tc99m-tagged RBC scintigraphy, red blood cell tagging, gastrointestinal bleed scintigraphy, CT        
angiography, Multidetector CT, lower gastrointestinal bleed  

INTRODUCTION 
 
Bleeding from the gastrointestinal tract is a serious      
condition which may lead to mortality in 8-14% of        
patients [1]. Bleeding within the gastrointestinal tract 
can be categorized by anatomy. The ligament of Trietz 
serves as the anatomic demarcation which separates 
bleeding into upper or lower gastrointestinal in origin. 
Lower gastrointestinal bleeding (LGIB) usually presents 
as painless hematochezia, accompanied by a drop in 
hematocrit values [2]. It accounts for around 20 - 33% of 
gastrointestinal hemorrhage [3]. According to one study 
in a tertiary hospital in Manila, LGIB is the most common 
indication for colonoscopies at around 34% [4].  

Several causes of lower gastrointestinal bleeding are 
possible. According to the UCLA-Center for Ulcer          
Research and Education (CURE) database [2], the most 
common etiology is bleeding  due to diverticulosis at 
30%. This is followed by hemorrhoids and ischemic    
bowel disease at 14% and 12%, respectively.               
Management varies depending on the cause of bleeding 
and patients are usually seen by a multidisciplinary team 
of clinicians and diagnosticians.  
 
Guidelines from the American College of                        
Gastroenterology as well as the Philippine Society of    
Digestive Endoscopy recommend several diagnostic tools 
which a physician may use in evaluating LGIB [5,6]. 
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Gastrointestinal bleeding has long been evaluated using 
scintigraphy with tagged RBC (also known as the           
gastrointestinal bleed scan) as one of the less invasive 
methods of diagnosis. The gastrointestinal bleed scan 
has proven its sensitivity in detecting a bleed,         
demonstrating effectiveness even for volumes less than 1 
mL. Recently, several CT modalities have been               
introduced to evaluate GI bleeding. One of which is the 
CT angiography using a multidetector CT (MDCT). It uses 
iodinated contrast on the patient and allows for precise 
localization of any suspected hemorrhage. The                
CT-angiography imaging modality is currently not         
recommended as initial work-up for gastrointestinal 
bleeding, although its use is growing in popularity [7]. 
 
Several studies have been published comparing tagged 
RBC scintigraphy with CT-angiography, with varying    
results. A meta-analysis of these papers would be useful 
when considering the role of each modality for the     
assessment of patients with LGIB.  
 

Objectives: 
 
The primary objective of this study is to review the     
published literature on Tc-99m tagged RBC scintigraphy 
and CT-based diagnostics and come out with a              
conclusion commenting on the comparison between the 
two. This study also aims to have a set of                        
recommendations for the use of both modalities, but 
with a focus on GI scintigraphy. 
 

MATERIALS AND METHODS 
 

Search Strategy 
 

A comprehensive review of PubMed and Medline was 
done using a combination of the following search terms: 
“red blood cell tagging”, “scintigraphy”, “gastrointestinal 
bleed”, “CT angiography”, “Multidetector CT”. A manual 
review of references within pertinent studies was also 
done. The complete MeSH terms and search history are 
attached in the appendix.  
 
Reporting of study results was done following the     
guidelines of Preferred Reporting Items for Systematic 
reviews and Meta-Analyses or PRISMA [8]. Two               
independent reviewers screened for the presence of   
duplicate results and for proper eligibility based on the 
title and abstract. The remaining studies were then      
assessed for eligibility. 
 

Study Selection:  
 
Studies from the initial search were carefully selected by 
setting several inclusion and exclusion criteria. These    
criteria were made to best answer the objectives of this 
paper. 
  
The following are the inclusion criteria for the studies: 
 
1. Studies must deal with patients who were worked up  
        for acute lower gastrointestinal hemorrhage 
2. Studies must have a direct comparison between RBC  
        scintigraphy and CT-based imaging 
3. Studies must report on either the clinical utility of  
        each modality or at least one of the following           
        diagnostic outcomes: sensitivity, specificity,            
        localization 
4. Studies must have actual patient populations who  
        undergo each diagnostic test. 
 
Below are the exclusion criteria for the studies: 
 
1. Studies must not be a case-series, case report or a  
        cohort study comparing different disease stages of  
        LGIB. 
2. Studies with less than 15 total patients will not be  
        included 
3.    Studies must not be published earlier than 2005 
 
Only the studies which fulfilled all of the inclusion criteria 
below were considered. Studies dealing with upper     
gastrointestinal hemorrhage were not in the inclusion 
criteria since RBC-tagging is not a usual diagnostic tool 
used for evaluation. In addition, studies that only         
examined one modality while just referencing the other 
modality were also not considered to avoid possible 
sources of bias.  
 
Studies which possessed all the inclusion criteria were 
further filtered by the exclusion criteria. Cohort studies 
with diagnostics done at different disease stages were 
excluded in order to avoid testing for the presence of 
hemorrhage at different periods wherein the likelihood 
of a positive outcome is different. If the modalities were 
used at different time periods, an unacceptable amount 
of bias would be included, and this would disregard the 
evolution of the disease over time. An example of a 
study that would have been excluded was one where a 
certain modality was used as the initial work-up and the 
other modality used for a different purpose such as     
assessing efficacy of an intervention. 
  
Case-series and case report studies were excluded since 
the designs of these studies cannot predict sensitivity 
and specificity based on the limited sample size  
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Study Quality Assessment and Data    
Extraction 
 

Eligible studies were evaluated for their quality using the 
Quality Assessment of Diagnostic Accuracy Studies 2 
(QUADAS-2) tool to assess for bias and applicability. The 
QUADAS-2 tool was made to assess four pertinent       
aspects of a diagnostic study, which are: 1) patient       
selection, 2) index test, 3) reference standard and, 4) 
flow and timing [9]. The highest score a study can have is 
14, with the lowest possible score of 0. Studies that 
scored 7 or less were not included in the review. 
 

The specificity and sensitivity of each modality in         
diagnosing the presence of LGIB was extracted from the 
reported raw data and was also recomputed by the     
investigator. Separately, the rate of accurate localization 
was also extracted and the number of patients who were 
part of the study was also noted. 
 

A study was considered positive if it was able to correctly 
identify the presence of bleeding, regardless of the      
findings on its localization. Only data from index tests 
which had a corresponding reference standard were   
included for the computation in the meta-analysis.     
However, studies which did not use an acceptable        
reference standard were still noted for the discussion. 
Clinical utility and other differences between the         
modalities which could not be statistically analyzed were 
also accounted for in the systematic review. Two          
independent reviewers discussed their respective        
assessments with a third reviewer available to resolve 
differences via consensus.  
 

Statistical Analysis 
 
A meta-analysis of studies which report the same clinical 
outcomes was done while studies which do not qualify 
for the meta-analysis were included in the discussion of 
the review. Data from the index tests, namely RBC      
scintigraphy and CT-based imaging, were extracted from 
each study. If available, this would be compared to the 
reference standard, which was catheter/conventional 
angiography. Also, surgical confirmation was also         
accepted as a reference standard. Sensitivity and        
specificity were recomputed for each study based on 
their presented raw data. Useable data was                  
disaggregated from studies which only reported overall 
outcomes. Particularly, data disaggregation was done to 
separate the index tests that were evaluated against a 

reference standard from the index tests without proper 
comparison. Pooled sensitivity and specificity were then 
computed based on the extracted data. Accurate         
localization of a positive study was also extracted if    
available. Heterogeneity of the studies were analyzed 
during the pooling of sensitivity and specificity  
 
To address the variabilities between the chosen studies, 
a summary receiver operating characteristic (SROC) 
curve was used. The SROC curve plots the 1-specificity 
and the sensitivity  in the x- and y-axes using a regression 
model with a smooth curve as an outcome. From this, 
the area under the curve (AUC) may be computed with 
values between zero to one [10]. The AUC value is the 
probability for which a pair of a true positive and a true 
negative results is identified properly. An ideal test has 
an AUC of 1, while a test which randomly and equally 
assigns positive and negative results has an AUC of 0.5. 
The SROC analysis considers the different thresholds of 
positivity used in each study and the differences in popu-
lation number, both of which are pitfalls when using 
pooled sensitivity, specificity, and averages [10]. The 
SROC curves and AUC values were generated using the 
MetaDisc 1.4 program.  
 
Data on clinical utility and some other diagnostic          
outcomes were included in the systematic review and 
discussion, but not included in the SROC curve            
computation since these parameters can not be fairly 
compared quantitatively. Examples of these parameters 
in the discussion include the window period (possible 
acquisition time) for which bleeding can be seen.  

 

RESULTS 
 

Literature Search Outcome 
 
A total of 182 studies were initially screened for            
eligibility based on the aforementioned search terms and 
combinations. Majority of the studies were excluded   
because they tackled a different subject matter. Six    
studies were deemed eligible to be included in the       
systematic review, based on the inclusion and exclusion 
criteria. However, two of the studies were not included 
in the meta-analysis due to differences in design and    
reported outcomes. The four studies included in the    
meta-analysis amounted to a total number of 374        
patients. The diagram of the search flow following     
PRISMA is in the appendix. The list of the studies,        
alphabetically arranged by authors, may be seen in Table 
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1. Table 1 also indicates the study design and comments 
on how data was reported or used. 
 

Characteristics of the studies 
 
Among the selected studies, three (the studies by Awais, 
Kulkarni and Speir) compared the diagnostic outcomes of 
both index modalities using catheter angiography as the 
reference standard. All three were retrospective reviews 
of patients who underwent a catheter angiography (the 
reference standard) and had a CT-angiography and/or 
RBC scintigraphy. The study by Zink was a prospective 
evaluation of CT-angiography compared with RBC          
scintigraphy, however, not all patients were subject to 
catheter angiography or surgery. For this study, data was 
disaggregated and only the portion of the population 
which had an acceptable reference standard comparison 
was included in the meta-analysis.   
 
 
Table 2 shows the total patient population and the       
number of procedures done for each index test for each 
study. Some patients underwent both tagged-RBC        

scintigraphy and CT-angiography, while other patients 
underwent work-up twice. The study by Kulkarni           
retrospectively looked at all patients who underwent     
CT-angiography, thus the entire population had the test 
done. The studies by Awais and Speir retrospectively 
went through all patients who were worked-up for LGIB, 
regardless of work-up done.  
 

The study by Hsu only reported on the time for index test 
completion and time from the index test to catheter    
angiography. These diagnostic outcomes were not        
included in the meta-analysis by the investigator but     
included in the discussion. Data on the outcomes of the 
catheter angiography were not reported, thus sensitivity 
and specificity were not available. The study by            
Feuerstein reported diagnostic outcomes between both 
modalities, however the index tests served as its own 
reference standard, making the data on sensitivity and 
specificity incomparable with the other studies in the 
meta-analysis. However, Feuerstein also reported on the 
time for test completion, similar to the study by Hsu, 
thus making this portion of the study eligible for           
comparison in the systematic review. 

Study Title Author and Year Study Design Comments 

Accuracy of 99mTechnetium-labeled RBC              
Scintigraphy and MDCT With Gastrointestinal Bleed 
Protocol for Detection and Localization of Source of 
Acute Lower Gastrointestinal Bleeding 

Muhammad Awais, 
MBBS et al (2015) 

Retrospective Included in meta-analysis 

Localizing Acute Lower Gastrointestinal                 
Hemorrhage: CT Angiography Versus Tagged RBC 
Scintigraphy 

Joseph D. Feuerstein, 
et al (2015) 

Retrospective Used the index test as its 
own reference standard 

Time to conventional angiography in gastrointestinal 
bleeding: CT angiography compared to tagged RBC 
scan 

Michael J. Hsu, et al 
(2019) 

Retrospective Only reported on time 

In the workup of patients with obscure                   
gastrointestinal bleed, does 64-slice MDCT have a 
role? 

Chinmay Kulkarni, et al 
(2012) 

Retrospective Included in meta-analysis 

Correlation of CT Angiography and 99m Technetium  
- Labeled Red Blood Cell Scintigraphy to Catheter 
Angiography for Lower Gastrointestinal Bleeding: A 
Single -Institution Experience 

Ethan J. Speir, et al 
(2019) 

Retrospective Included in meta-analysis 

Noninvasive Evaluation of Active Lower                  
Gastrointestinal Bleeding: Comparison Between 
Contrast- Enhanced MDCT and 99mTc-Labeled RBC 
Scintigraphy 

Stephen I. Zink, et al 
(2008) 

Prospective Disaggregated data was      
included in meta-analysis 

TABLE 1. List of studies, alphabetically arranged by author, with study design and comments on their use in the paper  
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The acquisition protocol of all modalities were reviewed. 
In all six studies, the tagged-RBC scintigraphy was         
performed using doses ranging from 555 MBq to 925 
MBq of radiopharmaceutical. The RBCs were tagged with 
Tc-99m pertechnetate using the in-vitro technique. All 
acquisitions were made via planar imaging and none of 
the studies performed SPECT-CT fusion imaging. For the 
CT-angiography test, imaging using intravenous            
iodinated contrast at 300 mg I/mL was done in the       
arterial phase, with variable amounts of contrast used in 
each study. All studies used at least a 64-slice CT.         
Acquisition of the arterial phase was timed differently for 
each study, either after a few seconds after bolus or once 
the 150 HU-enhancement threshold was reached.      
Contrast-enhanced images were compared with           
non-contrast images taken prior. Each study followed the 
acceptable protocol for all modalities for their institution 
and all images were reviewed by experienced               
radiologists. 

 

Quality of Selected studies 
 
The selected studies were of moderate to good quality. 
Two studies scored twelve in the 14-point QUADAS tool 
for assessment of bias, while there was one study each 
scoring 11, 10, and 9 points. The study by Hsu, which   
only reported on completion times, scored 13 points. A 
detailed breakdown of the QUADAS scoring is in the   
appendix. These scores show that the studies selected 
had possible sources of bias in terms of the design.     
However, due to the nature of the disease which was 
being evaluated, as well as the protocols of the index 
tests and reference standard, the design of the studies 
were not expected to score full marks.  
 
The studies consistently interpreted the results of the 

reference standard with prior knowledge of the index 
test. In some studies, the results of the index test         
determined clinical action and thus the reference     
standard was not always performed. Reviewing both 
tests together was part of the standard of care for      
patients. Images, from the CT-angiography and nuclear 
medicine, may easily be retroactively reviewed by       
investigators but it was difficult to do so with catheter 
angiography. A fully blinded, prospective, randomized 
control trial would have theoretically been able to create 
a better study design, but this would compromise patient 
care and is unethical. For retrospective studies, blinding 
was performed wherein the index tests were reviewed 
without knowledge of the results of the reference      
standard. 
  
Another common source of potential bias is the ability of 
the reference standard (catheter angiography) to         
accurately diagnose the disease entity. This issue shall be 
further elaborated in the discussion portion of the study. 
 

Results of Statistical Analysis 
 
The results for the sensitivity and specificity values of 
RBC-tagging and CT-angiography may be seen in Tables 3 
to 6. The pooled sensitivity of RBC-tagging is 0.886,      
higher than that of CT-angiography using MDCT which 
had a sensitivity of 0.729. Both tests show heterogeneity 
for sensitivity, although there was considerably less in 
the analysis of RBC-scintigraphy. Pooled specificity was 
significantly higher for CT-angiography at 0.660 while the 
RBC-tagging only had a pooled specificity of 0.119. Both 
tests for specificity had considerable heterogeneity, with 
the larger chi-squared value for RBC-tagging specificity 
attributable to vastly different population numbers.      
Issues with the reference standard, common to all      

TABLE 2. Patient population and number of procedures for each index test done  

  Total patient population Number of RBC scintigraphy studies Number of CT-angiography studies 

Awais 76 56 25 

Kulkarni 50 11 50 

Speir 207 185 50 

Zink 41 22* 22* 

Total number 374 274 147 

*Disaggregated data was used. The reported numbers are those wherein both the index test and the reference study were done.  
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TABLE 3. Summary values and confidence intervals for Sensitivity of Tagged-RBC Scintigraphy 

TABLE 4. Summary values and confidence intervals for Specificity of Tagged-RBC Scintigraphy  

TABLE 5. Summary values and confidence intervals for Sensitivity of CT-angiography  

TABLE 6. Summary values and confidence intervals for Specificity of CT-angiography  
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studies, will be discussed further in the succeeding       
section. Aside from this, the low pooled specificity of RBC
- tagging was likely skewed by the study of Speir which 
reported a specificity of 0.061. Individual specificities of 
1.00 were also reported by Awais and Zink for                  
CT-angiography and by Kulkarni for RBC-tagging. The 
presence of all these extreme values may be explained 
by the small patient pool used by the studies. 
 
As mentioned earlier, an index test which correctly     
identified the presence of bleeding but incorrectly       
localized the bleeding site was still considered a positive 
result when computing for sensitivity and for the SROC 
curve. The data for correct localization was not present 
in all studies, thus if the condition of correct localization 
was applied to one study but not the others, an undue 
confounding factor will be introduced. This caused the 
need to separate the analysis on positive/negative      
diagnosis from the analysis on localization.  
 
The summary receiver operating characteristic (SROC) 
curves are both seen in Figures 1 and 2, respectively. The 
area under the curve (AUC) of CT-angiography is higher 
at 0.81 compared to the 0.77 AUC of RBC-tagging. As 
seen on the figures, the confidence intervals for the 
SROC curve at 95% are both large thus this puts into 
question the clinical relevance of the rather small      
difference between the AUC of both modalities. As     
mentioned in the previous section, the SROC analysis 
takes into consideration the pitfalls of pooled sensitivity 
and specificity. 

The Spearman’s correlation coefficient was also derived, 
with RBC-tagging showing moderate positive correlation 
at 0.632 and with minimal negative correlation for           
CT-angiography of -0.2. The p-values were both high at 
0.368 and 0.8 respectively, thus little clinically useable 
inferences can be derived. 
 
Accurate localization was demonstrated in all                  
CT-angiography tests from the study of Awais (14 of 14), 
and with only one (out of 17) misidentified source in the 
study by Feuerstein. On the other hand, RBC-tagging 
showed wrong localization in three (out of 26) tests from 
the study of Awais, in five (out of 34) from the study of 
Feuerstein, and one (out of 17) from the study of Zink. 
The remainder of the studies did not report on             
localization results. Further statistical analysis of the data 
was not done since there were inconsistencies between 
the studies on how localization was determined,         
however, the individual data sets showed that                
CT-angiography  outperformed RBC-tagging. 
 

Time from study order to completion showed a            
significantly faster completion time of CT-angiography on 
both studies which reported on it. The study by  Hsu re-
ported an average time to completion of 3 hours and 4 
minutes for CT-angiography compared to 5 hours and 1 
minute for RBC-tagging, while the study by          Feuer-
stein showed an average time to completion of 1 hour 
and 41 minutes for CT angiography compared to 3 hours 
and 9 minutes for RBC-tagging. Significant                  
differences   between  the  averages  of  the  same  index 

FIGURE 1.  SROC curve for RBC-tagging  scintigraphy  FIGURE 2.  SROC curve for CT-angiography 
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test from the two studies may be attributed to the       
inter-hospital differences. A larger window for              
acquisition times for RBC-tagging was present, however, 
the complete data set was not reported in both studies. 
 

DISCUSSION  
 
Assessment and comparison of the two index tests is 
complex and should be done with careful discussion of 
the inherent differences each modality has. The AUC    
values of CT-angiography and tagged RBC scintigraphy 
were too close to be significant given the large              
confidence intervals. This implies the same likelihood 
that the two index tests will classify a pair of true posi-
tive and negative correctly. A number of the included 
studies discussed and concluded that CT-angiography 
demonstrates greater accuracy based on their sensitivity 
and specificity [13, 15], while others were not able to        
definitively conclude that there was statistically            
significant disagreement [17]. However, all studies 
agreed that both modalities were useful in evaluation of 
LGIB. Although different protocols for the sequence of 
which imaging modality for LGIB were used in the         
included institutions, a positive or negative finding in 
either of the index tests affected the management of the 
patient and both were clinically useful, regardless.  
 
The derived sensitivity and specificities from the selected 
studies for RBC-tagging scintigraphy was lower than 
what is usually reported in other sources of literature. A 
sensitivity of higher than 90% is usually the accepted val-
ue with greater variance in the reported specificities, 
ranging from 30% to 90% [17]. Gastrointestinal bleeding 
as low as 0.1 mL/min can be detected by scintigraphy, 
with an imaging window of up to 24 hours from injection 
of the radiopharmaceutical [17, 23, 24] The small 
amount of bleeding needed as well as the large window 
of imaging contributes to the high reported sensitivity of 
scintigraphy in literature, with some even reporting val-
ues nearing 100% of active bleeding [20]. The pooled 
sensitivity at 0.866 may have been improved if a more 
thorough imaging protocol was done. Majority of the 
studies did not mention if delayed images were taken, 
considering the fact that the time of study order to com-
pletion only averaged at 5 hours in one study [15] and 3 
hours in another [16]. 
 
The pooled specificity of RBC scintigraphy derived from 
the studies was 0.119, which is lower than what is         
reported in literature [17]. A possible explanation for this 
may come from the formula of specificity which is (true 
negatives) / (true negatives + false positives), focusing on 

the false positives. A study was deemed to be falsely     
positive if the index test (RBC-tagging scintigraphy)       
reported a positive result while the reference standard 
(catheter angiography) showed a negative result.        
Catheter angiography involves insertion of a catheter 
that delivers contrast which will extravasate into the     
gastrointestinal tract in the presence of active bleeding. 
This is the confirmatory sign of bleeding. Aside from this 
diagnostic utility, therapeutic embolization may also be 
done concurrently, making this a first-line imaging       
modality in gastrointestinal bleeding for some cases [18]. 
 
 Despite being a reference standard, it is not uncommon 
that there are cases wherein a patient will test positively 
in RBC-tagging scintigraphy and negatively in catheter 
angiography. A 2013 study showed that out of 152      
patients who were seen to have bleeding on                  
gastrointestinal bleed scintigraphy, catheter angiography 
was not able to localize bleeding in 116 or  around 76%
[18]. The presence of an imperfect gold-standard may 
cause over- or underestimation of the parameters of the 
index test. The investigators believe that for majority of 
the studies, it has incorrectly increased the false           
positives, thus underestimating specificity. There is little, 
in terms of data processing, that can be done to rectify 
the values which come from an imperfect reference 
standard. A solution that can be offered to assess the 
presence of an actual condition, gastrointestinal bleeding 
in this case, is by using multiple tests [19]. In the study by 
Zink, there were cases where surgical confirmation of 
bleeding superseded the negative findings of catheter 
angiography, and thus classifying a patient who tested 
positive in RBC-scintigraphy as a true positive, despite 
being negative on catheter angiography [14]. However, 
only this one study offered data on other means of    
confirmation and so this method of using multiple tests 
to augment an imperfect reference standard was not 
done for all studies. 
 
 Similar to the values reported in RBC scintigraphy,          
CT-angiography also has a higher reported sensitivity and 
specificity in literature at 85% and 92% compared to  the 
derived values from the included studies at 72.9% and 
66% respectively [7]. Unlike gastrointestinal bleed      
scintigraphy, CT-angiography has a very short window of 
acquisition of 0.5 seconds [7]. This short acquisition     
window  is  likely  the  cause of a lower sensitivity since it  
eliminates the possibility of repeat acquisition in order to 
detect intermittent bleeding. Specificity and bleeding -
site localization is also higher due to the inherent          
advantages of CT-based imaging in determining the     
anatomy of a patient. Accurate bleeding- site localization                  
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is possible in all patients wherein active extravasation is 
identified; this was consistent with the findings from two 
of the studies which reported on site localization [11,16]. 
In addition, CT-angiography can also reliably identify    
other sources of bleeding, even if they are not active, 
such as tumors, AV malformations, or ulcerations [7]. 
This is a distinct advantage of CT-based imaging over      
gastrointestinal bleed scintigraphy and was discussed in 
the studies included in the meta-analysis  
 
An in-depth discussion on tagged-RBC scintigraphy done 
with SPECT-CT acquisition was not present in all studies. 
Fused imaging of functional images from SPECT with     
anatomic imaging from CT drastically increased the     
ability to localize the source of bleeding. Studies show 
varying degrees of increased localization, with accuracy 
being 10-15% and up to 36% better than planar imaging 
[20, 21].  Addition of SPECT-CT fusion imaging does not 
compromise acquisition of planar imaging while offering 
the advantages of CT anatomic imaging [23]. The          
sensitivity in detecting a gastrointestinal bleed may still 
remain the same even with SPECT-CT fusion since       
interpretation of a positive scan still hinges on the       
interpretative criteria from scintigraphy [23, 24].         
Comparing SPECT-CT gastrointestinal bleed scintigraphy 
with CT-angiography may be an interesting avenue to 
explore since no such paper was identified in the         
literature search. 
 
The investigators believe that each patient must be     
evaluated individually with specific clinical scenarios     
calling for one index test over another. An example of 
this is RBC-tagging having distinct advantages for occult 
or intermittent bleeding while CT-angiography is better 
for localization with relatively larger bleeding volumes. 
The American College of Radiology (ACR) has released 
appropriate use criteria for both index tests, which can 
help guide the clinician as to when a test is                     
appropriate [22]. Briefly, the ACR recommended both 
RBC scintigraphy and CT-angiography in a                       
hemodynamically stable patient with active bleeding, 
meanwhile it only recommended CT-angiography in an 
unstable or transfusion-requiring patient. 
 
 

CONCLUSION  
 
To summarize, both tagged RBC scintigraphy and             
CT-angiography are clinically relevant and accurate tests 
to evaluate lower gastrointestinal bleeding. Sensitivity 
and AUC values derived from the SROC curves are       
comparable between both studies with tagged RBC      

scintigraphy showing a slight but not statistically            
significant advantage in sensitivity. CT-angiography 
showed greater specificity but issues with the reference 
standard likely compounded the results for tagged RBC 
scintigraphy causing lower values. Both index tests 
showed distinct advantages over the other such as a 
large window for acquisition for scintigraphy and           
accurate anatomic localization for CT angiography.   
 

 Limitations of the Study and              
Recommendations : 

 
This paper is limited by the small number of studies 
which qualified given the inclusion and exclusion criteria. 
Furthermore, different methodologies between studies 
made direct comparison quite difficult. The small         
population for each individual study lessens the            
statistical significance which was inferred, as seen by the 
wide confidence intervals in the SROC. 
 
Recommendations for further studies include                 
reassessment of catheter angiography as a reference 
standard for other diagnostic modalities. More individual 
studies are also needed to create a robust data set 
where more definitive conclusions can be made. The 
roles of CT-angiography and tagged-RBC scintigraphy 
should be continuously reassessed when managing LGIB. 
The addition of SPECT-CT to tagged-RBC scintigraphy 
may be an interesting avenue to explore, given the      
added advantages it may give and lack of current          
literature.  
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Search 
Number 

Query Filter Search Details Results 

3 ((scintigraphy) 
OR (Red Blood 
Cell tagging)) 
AND (((MDCT) 
OR (CT angi-
ography) OR 
(Multidetector 
CT) AND gastro-
intestinal)) 

  ((((("radionuclide imaging"[MeSH Terms] OR ("radionuclide"[All Fields] 
AND "imaging"[All Fields])) OR "radionuclide imaging"[All Fields]) OR 
"scintigraphies"[All Fields]) OR "scintigraphy"[All Fields]) OR 
(((("erythrocytes"[MeSH Terms] OR "erythrocytes"[All Fields]) OR 
(("red"[All Fields] AND "blood"[All Fields]) AND "cell"[All Fields])) OR "red 
blood cell"[All Fields]) AND ("tagged"[All Fields] OR "tagging"[All Fields]))) 
AND (((((("multidetector computed tomography"[MeSH Terms] OR 
(("multidetector"[All Fields] AND "computed"[All Fields]) AND 
"tomography"[All Fields])) OR "multidetector computed tomography"[All 
Fields]) OR "mdct"[All Fields]) OR (((("computed tomography angi-
ography"[MeSH Terms] OR (("computed"[All Fields] AND "tomography"[All 
Fields]) AND "angiography"[All Fields])) OR "computed tomography angi-
ography"[All Fields]) OR ("ct"[All Fields] AND "angiography"[All Fields])) OR 
"ct angiography"[All Fields])) OR (((("multidetector computed tomogra-
phy"[MeSH Terms] OR (("multidetector"[All Fields] AND "computed"[All 
Fields]) AND "tomography"[All Fields])) OR "multidetector computed to-
mography"[All Fields]) OR ("multidetector"[All Fields] AND "ct"[All Fields])) 
OR "multidetector ct"[All Fields])) AND (("gastrointestinal"[All Fields] OR 
"gastrointestinally"[All Fields]) OR "gastrointestine"[All Fields])) 

174 

2 ((scintigraphy) 
OR (Red Blood 
Cell tagging)) 
AND (((MDCT) 
OR (CT angi-
ography)) AND 
gastrointesti-
nal)) 

  ((((("radionuclide imaging"[MeSH Terms] OR ("radionuclide"[All Fields] 
AND "imaging"[All Fields])) OR "radionuclide imaging"[All Fields]) OR 
"scintigraphies"[All Fields]) OR "scintigraphy"[All Fields]) OR 
(((("erythrocytes"[MeSH Terms] OR "erythrocytes"[All Fields]) OR 
(("red"[All Fields] AND "blood"[All Fields]) AND "cell"[All Fields])) OR "red 
blood cell"[All Fields]) AND ("tagged"[All Fields] OR "tagging"[All Fields]))) 
AND ((((("multidetector computed tomography"[MeSH Terms] OR 
(("multidetector"[All Fields] AND "computed"[All Fields]) AND 
"tomography"[All Fields])) OR "multidetector computed tomography"[All 
Fields]) OR "mdct"[All Fields]) OR (((("computed tomography angi-
ography"[MeSH Terms] OR (("computed"[All Fields] AND "tomography"[All 
Fields]) AND "angiography"[All Fields])) OR "computed tomography angi-
ography"[All Fields]) OR ("ct"[All Fields] AND "angiography"[All Fields])) OR 
"ct angiography"[All Fields])) AND (("gastrointestinal"[All Fields] OR 
"gastrointestinally"[All Fields]) OR "gastrointestine"[All Fields])) 

173 

1 ((scintigraphy) 
OR (Red Blood 
Cell tagging)) 
AND ((CT angi-
ography) AND 
gastrointesti-
nal)) 

  ((((("radionuclide imaging"[MeSH Terms] OR ("radionuclide"[All Fields] 
AND "imaging"[All Fields])) OR "radionuclide imaging"[All Fields]) OR 
"scintigraphies"[All Fields]) OR "scintigraphy"[All Fields]) OR 
(((("erythrocytes"[MeSH Terms] OR "erythrocytes"[All Fields]) OR 
(("red"[All Fields] AND "blood"[All Fields]) AND "cell"[All Fields])) OR "red 
blood cell"[All Fields]) AND ("tagged"[All Fields] OR "tagging"[All Fields]))) 
AND ((((("computed tomography angiography"[MeSH Terms] OR 
(("computed"[All Fields] AND "tomography"[All Fields]) AND 
"angiography"[All Fields])) OR "computed tomography angiography"[All 
Fields]) OR ("ct"[All Fields] AND "angiography"[All Fields])) OR "ct angi-
ography"[All Fields]) AND (("gastrointestinal"[All Fields] OR 
"gastrointestinally"[All Fields]) OR "gastrointestine"[All Fields])) 

158 

Appendix 1.  MESH terms and search history  
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Appendix 2.  PRISMA Diagram  

QUADAS 

  Zink Feuerstein Kulkarni Speir Awais Hsu 

  
 Was the spectrum of patients representative of the patients who will re-
ceive the test in practice? 

Yes Yes Yes Yes Yes Yes 

  
 Were selection criteria clearly described? 

Yes Yes Yes Yes Yes Yes 

  
 Is the reference standard likely to correctly classify the target condition? 

No No Yes No No N/A 

  
Is the time period between reference standard and index test short 
enough to be reasonably sure that the target condition did not change 
between the two tests? 

Yes Yes Yes Yes Yes Yes 

  
 Did the whole sample or a random selection of the sample, receive verifi-
cation using a reference standard of diagnosis? 

No No No Yes Yes Yes 

  
 Did patients receive the same reference standard regardless of the index 
test result? 

No No No Yes Yes Yes 

  
 Was the reference standard independent of the index test (i.e., the index 
test did not form part of the reference standard)? 

Yes No Yes Yes Yes Yes 

  
 Was the execution of the index test described in sufficient detail to per-
mit replication of the test? 

Yes Yes Yes Yes Yes Yes 

  
 Was the execution of the reference standard described in sufficient detail 
to permit its replication? 

Yes Yes Yes Yes Yes Yes 

  
 Were the index test results interpreted without knowledge of the results 
of the reference standard? 

Yes Yes Yes Yes Yes Yes 

  
 Were the reference standard results interpreted without knowledge of 
the results of the index test? 

No No No No No Yes 

  
 Were the same clinical data available when test results were interpreted 
as would be available when the test is used in practice? 

Yes Yes Yes Yes Yes Yes 

  
 Were uninterpretable/ intermediate test results reported? 

Yes Yes Yes Yes Yes Yes 

  
 Were withdrawals from the study explained? 

Yes Yes Yes Yes Yes Yes 

TOTAL 10 9 11 12 12 13 
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INTRODUCTION 
 

Prostate cancer is the second most common cancer 
among males globally and the third most prevalent in 
men in the Philippines [1]. Prostate-specific membrane 
antigen (PSMA) is a cell surface protein overexpressed in 
most clinically significant prostate cancer cells, up to 
1000 times higher than normal prostate [2]. Its             
expression increases with Gleason score, androgen      
insensitivity, metastasis, and disease progression [3]. The 
unique expression of PSMA makes it an excellent marker 
for detecting prostate cancer recurrence and                 
metastases. In recent years, extensive research has 
demonstrated excellent diagnostic accuracy of several 
PSMA-targeted radiotracers for prostate cancer imaging 

[4], which led to the development of PSMA-labeled     
radiopharmaceuticals for endoradiotherapy [5]. PSMA 
labeled with a positron-emitter (Ga-68) is used to image 
prostate cancer while its counterpart, labeled with a   
beta-emitting nuclide (Lu-177), is used for targeted     
radionuclide therapy [6,7]. Ga-68 PSMA I&T (imaging and 
therapy) is among the most commonly utilized since it is 
more suited for its theragnostic (the term for therapy 
plus diagnosis) role with its biodistribution reflective of 
its 177Lu-labeled counterpart [8]. Lu-177 PSMA              
radioligand therapy (PRLT) has been shown to be a safe 
and effective systemic treatment of metastatic             
castrate - resistant prostate cancer [9,10], but its optimal 
dose has not yet been established [11]. Despite the term 
“prostate-specific,” lower PSMA accumulation is noted 

ABSTRACT 
Background: 

PSMA-targeted radiopharmaceuticals have been widely studied for their theragnostic role in prostate cancer 
and were introduced in the Philippines in 2018. The optimal administered activity of 177Lu-PSMA for targeted 
endoradiotherapy has not yet been established and is thought to be influenced by several factors, including   
tumor burden. This study investigates the effect of tumor burden on the normal tissue PSMA uptake among    
Filipino patients with prostate cancer using its diagnostic counterpart, 68Ga-PSMA I&T  

Methods: 

One hundred four patients imaged with 68Ga-PSMA I&T PET/CT in our institution from January 2018 to May 
2020 were included. Patients were visually classified into low, medium, and high tumor burden groups.        
Maximum and mean standardized uptake values (SUVmax and SUVmean) of the lacrimal glands, parotid 
glands, submandibular glands, kidneys, liver, spleen, and bone were measured and compared among tumor 
burden groups.  

Results and Conclusions: 
68Ga-PSMA I&T uptake in the kidneys, the salivary glands, and the liver, were significantly reduced by             
approximately 25-50% in patients with high tumor burden. This finding supports the hypothesis that patients 
with higher tumor load can tolerate higher activity doses of 177Lu-PSMA for endoradiotherapy before developing 
significant damage to the critical organs. This may serve as a guide towards optimizing and personalizing     
177Lu-PSMA I&T administered activity dose for radionuclide therapy.  

Keywords: Prostate-specific membrane antigen, Ga-68 PSMA I&T, Positron Emission Tomography, PET/CT, bio-
distribution, prostate cancer, tumor burden 
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in several normal organs such as the lacrimal glands,   
salivary glands, liver, spleen, and kidneys [12]. Clinically, 
this means that although the expression of PSMA on 
these cells is significantly lower than prostatic cancer 
cells, the radiation dose is still delivered to these         
non-target healthy tissues when 177Lu- PSMA is used for 
PRLT. The organs identified to be most at risk are the 
kidneys and salivary glands due to their high physiologic 
activity [11-13].  

 

In the Philippines, modern theragnostics was first         
introduced at our institution in January 2018 as it offered 
68Ga-PSMA I&T PET/CT and 177Lu-PSMA I&T radioligand 
therapy (PRLT) services to prostate cancer patients [14]. 
Targeted endoradiotherapy (i.e., PRLT) aims to provide 
the maximum radiation dose delivery to the tumor     
without causing significant radiation-related, non-target 
healthy tissue damage [15]. This translates to the careful 
planning of appropriate radionuclide dose for                
endoradiotherapy. Understanding the factors that may 
affect tracer biodistribution is necessary to achieve this 
goal. 

 

One factor that may influence normal tracer                 
biodistribution is the degree of tumor burden. A          
phenomenon called the tumor sink effect is observed in 
Nuclear Medicine when high tumor load results in a 
marked reduction of normal tissue tracer uptake. This 
occurrence has been reported in several radiotracers 
used in Nuclear Medicine, such as 99mTc-methyl            
diphosphonate (MDP) [16], 18F-fluorodeoxyglucose (FDG) 
[17] and 68Ga-DOTA-octreotate [18]. On the other hand, 
there are limited and conflicting data investigating this 
sink effect using PSMA-targeted radiopharmaceuticals 
[19-22]. For example, Gaertner et al. concluded that          
68Ga-PSMA-11 biodistribution in normal tissues was     
dependent on  tumor load [19], whereas Werner et al. 
recently reported no sink effect from F-18 DCFPyL [20]. 
This theory has yet to be extensively investigated with 
PSMA-targeted radiopharmaceuticals and no data have 
been recorded in the local setting. This retrospective 
analysis aims to explore the effect of tumor burden on 
the 68Ga-PSMA I&T biodistribution in normal tissues 
among Filipino patients with prostate cancer. 

 

MATERIALS AND METHODS 
 

Patient population 
 

We retrospectively evaluated all patients aged 18 years 

and older, and histologically or clinically diagnosed with 

prostate carcinoma who underwent their first 68Ga-PSMA 

PET/CT at our institution from January 2018 to May 

2020. Patients with known renal disease or patients with 

eGFR <60 during the scan, as well as studies that did not 

follow proper protocol (i.e., uptake time of >100 minutes 

and low administered activity of <100 MBq or <2.7 mCi) 

were excluded from the study. Relevant patient          

characteristics (age, height, weight, nationality, Gleason 

score, date of diagnosis, recent PSA value at the time of 

the scan, and prior interventions), as well as scan-related 

information (reason for referral, administered activity, 

and uptake time), were all collected from the                

institution’s database. Body mass index (BMI) and years 

since initial diagnosis were extrapolated from the given 

information.  This study was approved by the                

institution’s technical and ethical review  committees.  

 

 Imaging procedure 

 

As part of our institution’s standard protocol and in     
accordance with the joint EANM and SNMMI procedure 
guideline for prostate cancer imaging version 1.0,         
68Ga-PSMA I&T PET/CT scans were acquired                   
approximately 60 minutes after intravenous injection of 
Ga-68 PSMA I&T and 20 mg furosemide. All PET/CT scans 
were obtained on a Philips Gemini TF 64 PET/CT scanner. 
Non-contrast enhanced low-dose CT scan (120 Kv, 50 
mAs) was taken, followed by PET imaging in 3D mode at 
a rate of  2-3 minutes per bed position from skull vertex 
to toes with patients in supine position. Emission (PET) 
images were corrected for attenuation based on the     
low-dose CT data and reconstructed using BLOB-OS-TF 
(spherically symmetric basis function ordered subset    
algorithm time of flight). Depending on the clinical        
situation and referring physician’s request, diagnostic CT 
scans with or without IV contrast were also performed. 

 

Image analysis 
 

PET/CT images were reviewed and analyzed using Philips 
IntelliSpace Portal (version 10.1, Koninklijke Philips N.V. 
2017). Visual classification of tumor burden and uptake 
quantification were adopted from the Gaertner study 
[19]. Patients were classified into low, medium, and high 
tumor burden (TB) groups. Visual classification of the 
patients’ scans was done independently by two            
experienced Nuclear Medicine physicians.                     
Representative images are shown in Figure 1. Classifica-
tion of tumor burden was defined as: 
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 1. Low: disease confined to the pelvis or those not    
classified as high or medium 

2. Medium: widespread but faint bone uptake or bone  

       lesions with intense uptake involving less than half of  

       the skeleton (≤ 30 solitary lesions), extensive PSMA -  

       positive lymph node on both sides of the                  

       mediastinum, or extensive PSMA-positive lung  

       metastases 

3. High: intense disseminated bone uptake (> 30        
solitary lesions or diffusely confluent bone lesions 
involving more than half of the skeleton) 

  

Before the conduct of the study, independent inter-rater 
reliability (IRR) was done to ensure consistency between 
the two experts. During the study, the two experts made 
a careful discussion to resolve discordance.  

 

Tracer uptake was quantified by maximum and mean 
standard uptake values (SUVmax and SUVmean) based 
on body weight. For calculation of the SUVs, volumes of 
interest (VOIs) were drawn as follows: automatic 50% 
isocontour for lacrimal glands, parotid glands,                
submandibular glands, and kidneys; spherical 50 mm 
diameter for liver, 30 mm diameter for spleen, and 25 
mm diameter for bone. L3 was preferred for SUV         
measurement of the bone, but if L3 was seen to have 
metastasis, then either L4 or L5 was used. Drawing of the 
VOIs was done independently by three Nuclear Medicine 
technologists. Mean of measured SUVs was used for final 
analysis.  

Data analysis 
 

Patients were classified into the three independent 
groups according to tumor burden. Data were               
statistically analyzed using STATA 14.1. Homogeneity of 
baseline characteristics was assessed using analysis of 
variance (ANOVA) and Fisher’s exact test with p ≤ 0.05 
for quantitative and qualitative variables, respectively. 
Tracer uptake SUVmax and SUVmean between patient 
groups were compared using one-way ANOVA and     
Kruskal-Wallis H tests, as appropriate. A p-value of ≤ 0.05 
was rated as significant. For significant tests,                 
Tukey-Kramer Test and Mann-Whitney U Test were       
performed as fitting for post-hoc analyses. Normality was 
tested using the Shapiro-Wilk test. Correlation of SUVs 
among visual TB, PSA (surrogate TB marker), weight, 
BMI, administered activity (AA), and uptake time (UT) 
was evaluated using Spearman and Pearson Correlation 
Coefficient.  
 

RESULTS 
 

A total of 104 male Filipino patients diagnosed with     
prostate cancer were included in our analysis. Seventy -
six (76) patients were classified in low, 18 in medium, 
and 10 in high tumor burden groups. IRR for visual classi-
fication between the two experts before conducting the 
study yielded an almost perfect agreement of 90% 
(27/30).  

 

FIGURE 1. Representative maximum intensity projection (MIP) images of Ga-68 PSMA I&T PET/CT visually rated as low, 
medium, and high tumor burden. 
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Patient characteristics 
 

The baseline characteristics showed no statistically      
significant differences among TB groups regarding age, 
height, weight, BMI, number of years since the initial 
diagnosis, and Gleason score. Characteristics are        
summarized in Table 1.    

 

Mean patient age was 69 ± 9 years (range 44-88 years), 
mean BMI was  26.4 ± 3.5 kg/m2 (range 16.8-33.5         
kg/m2) and mean number of years since initial diagnosis 
was 3 ± 4 (range 0-19 years). A great bulk of the patients 
were newly diagnosed or referred within the first year of 
diagnosis (n = 45, 43.3%). Gleason score (GS) was        
available  for  only 57 of  104 patients; 47 from the low, 9  

  TUMOR BURDEN  

p-value   Low (n=76) Medium (n=18) High (n=10) 

Age (years) 68.7 (9.1) 68 (8.8) 69 (10.2) 72 (9.5) 0.49 

Height (cm) 168.2 (6.3) 167.9 (6.4) 169.3 (6.0) 169.2 (6.7) 0.59 

Weight (kg) 74.7 (11.3) 74.7 (11.0) 77.7 (10.1) 69.4 (15.1) 0.18 

BMI (kg/m2) 26.4 (3.5) 26.5 (3.4) 27.1 (3.2) 24.2 (4.7) 0.10 

Gleason Score 7.6 (1.2) 7.4 (1.1) 8.3 (1.2) 9* 0.06 

PSA (ng/mL) 38.11 (90.67) 16.18 (31.14) 41.35 (49.21) 214.34 (224.09) <0.001 

Years since diagnosis 3.0 (4.2) 2.7 (3.9) 3.72 (4.5) 3.8 (5.8) 0.50 

Prior surgery 

Yes 46 (44.2%) 36 (78.3%) 6 (13%) 4 (8.7%) 

0.06 

  

No 58 (55.8%) 40 (69%) 12 (20.7%) 6 (10.3%)   

Prior chemotherapy 

Yes 12 (11.5%) 4 (33.3%) 5 (41.7%) 3 (25%) 

0.004 

  

No 92 (88.5%) 72 (78.3%) 13 (14.1%) 7 (7.6%)   

Prior radiotherapy 

Yes 23 (22.1%) 14 (60.9%) 7 (30.4%) 2 (8.7%) 

0.19 

  

No 81 (77.9%) 62 (76.5%) 11 (16.6%) 8 (9.9%)   

Prior hormone therapy 

Yes 43 (41.3%) 24 (55.8%) 12 (27.9%) 7 (16.3%) 

0.004 

  

No 61 (58.7%) 52 (85.3%) 6 (9.8%) 3 (4.9%)   

Administered activity 161.1 (27.7) 161.2 (27.0) 167.7 (28.5) 148.7 (29.7) 0.22 

Uptake time (mins) 69.6 (10.7) 69.3 (10.7) 67.8 (9) 74.5 (13) 0.27 

Indication 

Assess   
recurrence 

53 (51%) 41 (77.4%) 7 (13.2%) 5 (9.43%) 

 Primary 
staging 

35 
(33.6%) 

28 (80%) 6 (17.1%) 1 (2.9%) 

Others 16 7 (43.8%) 5 (31.2%) 4 (25%) 

TABLE 1. Representative Summary of patients’ characteristics  

 Quantitative data presented as Mean (Standard Deviation) while qualitative data presented as Number (%). 

*Only one datum available 
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from the medium, and 1 from the high TB groups. The 
majority had a Gleason score between 7 and 9 (44/57, 
77.2%).  

 

Serum PSA was noted in 102 of 104 patients. PSA was 
not available in two patients (one from the low and one 
from the high TB group). There were significantly higher 
PSA values in the high TB group compared to the low and 
medium groups. Mean PSA in the high TB group was 
214.34 ± 224.09 ng/mL (range 0.76-746.99 ng/mL), 
whereas the mean PSA for the low and medium TB 
groups were 16.18 ± 31.13 ng/mL (range 0.003-160.54 
ng/mL) and 41.35 ± 49.21 ng/mL (range 0.03-171.21      
ng/mL), respectively. 

 

The clinical indications for imaging included assessment 
for recurrent/metastatic disease (53/104, 51.0%) and 
primary staging/preoperative evaluation (35/104, 
33.7%), among a few others (e.g., PRLT planning and 
treatment monitoring). All of those referred for           
assessment of recurrent disease had prior intervention 
(e.g., surgery, chemotherapy, radiation therapy, and    
hormone therapy). A statistically significant difference 
was detected in the proportion of patients who received 
chemotherapy and prior hormone therapy than those 
who did not, as seen in Table 1. Other prior interventions 
showed no significant difference. 

 

PET Imaging 
 

Patients' scans with low administered activities (<100 
MBq) or long uptake time (>100 minutes) were excluded 
for analysis. As a result, no significant differences were 
observed for AA and UT. Mean AA was 161.1 ± 27.7 MBq 
(range 100-228 MBq), and mean UT was 69.6 ± 10.7 
minutes (range 50-100 minutes).  

 

Tissue uptake 
 

Tracer uptake (SUVmax and SUVmean) in the salivary 
glands, kidneys, and liver showed a significant reduction 
in the high tumor burden group compared to the low TB 
group. Uptake reduction by 25.9% to 27.4% for the      
parotid glands, 24.8% to 27.3% submandibular glands, 
39.4% to 45.8% for the kidneys, and 33.7% to 36.1% for 
the liver was observed. In general, SUVmean of these 
organs had more noticeable declines compared to their 
SUVmax. Kidneys SUVmean exhibited the most          
prominent drop of 45.8% (p = 0.002) between low and 
high TB groups. Normal tissue uptake results are listed in 

Table 2; SUVmax and SUVmean are illustrated in Figure 
2. 

 

SUVmax in the bone showed a significant increase in    
patients with high tumor burden compared with low    
tumor burden. No significant difference was observed for 
the other normal tissue uptake sites (lacrimal glands, 
spleen, and bone SUVmean). The lacrimal and salivary 
glands SUVs could not be delineated in two patients (one 
from the high TB group and one from the medium TB 
group) due to low uptake or bone metastases involving 
the adjacent skull. In five patients belonging to the high 
TB group, normal bone SUVs could not be measured due 
to extensive bone metastases.  

 

Correlative Analysis of Tissue Uptake 
 

Weak but significant negative correlations (rho ≈ 0.2-0.3; 
p ≤ 0.05) were noted between TB groups and the        
SUVmax and SUVmean of the salivary glands, and        
kidneys. Uptake in the salivary glands, kidneys and liver 
correlated negatively with serum PSA, a surrogate tumor 
burden marker (rho ≈ 0.2-0.3; p ≤ 0.05). Correlation of  
SUVmean and PSA is illustrated in Figure 3. PSMA uptake 
of the kidneys was also noted to have weak but            
significant positive correlation with weight (rho ≈ 0.2), 
not BMI. No significant correlation was noted for the     
other studied tissues with the other parameters (e.g., 
AA, UT, weight, and BMI).  

 

 DISCUSSION 

  

The rapidly expanding use of PSMA - ligand                     

radiopharmaceuticals in imaging and therapy of patients 

with prostate cancer is accompanied by the need to    

understand factors that may affect normal tissue uptake. 

This retrospective analysis explored the effect of tumor 

burden on the PSMA uptake in non-target healthy tissues 

among Filipino patients with prostate cancer. Here, we 

show the significant impact of high tumor burden on the 

Ga-68 PSMA I&T uptake of the kidneys, salivary glands, 

and liver, where mean tracer uptake in these organs was 

notably reduced approximately 25% to 50% in patients 

with high tumor burden. 
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      TUMOR BURDEN 

   Low Medium High P value 
 SUV N Mean (SD) Mean (SD) Mean (SD)  

Lacrimal glands* 
max 102 6.77 (3.22) 6.66 (3.34) 5.64 (2.25) 0.605 

mean 102 3.92 (1.86) 3.64 (1.70) 3.28 (1.33) 0.539 

Parotid glands* 
max 103 16.44 (4.85) 15.50 (4.65) 12.18 (5.89) 0.041 

mean 103 10.09 (2.94) 9.57 (3.0) 7.32 (3.71) 0.036 

Submandibular glands* 
max 103 19.13 (5.24) 16.01 (5.49) 14.39 (6.54) 0.010 

mean 103 11.66 (3.31) 9.51 (3.50) 8.48 (3.65) 0.005‡ 

Kidneys† 
max 104 47.73 (17.2) 43.20 (14.03) 28.70 (12.28) 0.007 

mean 104 28.82 (10.71) 26.66 (8.82) 15.63 (7.58) 0.002§ 

Liver† 
max 104 5.21 (1.65) 5.30 (1.69) 3.45 (1.80) 0.013 

mean 104 4.06 (1.37) 4.07 (1.34) 2.59 (1.52) 0.011 

Spleen† 
max 104 7.60 (2.71) 7.30 (2.92) 8.17 (4.48) 0.835 

mean 104 5.79 (2.08) 5.67 (2.44) 5.97 (3.08) 0.845 

Bone† 
max 99 1.35 (0.35) 1.43 (0.35) 1.97 (0.66) 0.038 

mean 99 0.81 (0.22) 0.83 (0.22) 1.06 (0.26) 0.059 

TABLE 2.  Normal tissue Ga-68 PSMA uptake across tumor burden groups.  

Legend:  

*Normally distributed data: used one-way ANOVA and Tukey-Kramer tests  

†Not normally distributed data: used Kruskal-Wallis and Mann-Whitney U tests  

Values in bold signify statistically significant reduction of P values (≤ 0.05) between tumor groups and in patients with 

high and low TB groups 

‡Significant difference between medium and low TB groups P values (≤ 0.05) 

§Significant difference between medium and high TB groups P values (≤ 0.05) 

Similar to the established biodistribution studies of        
Ga-68 PSMA I&T [5,13] and other PSMA-targeted          
radiotracers [23-26], the kidneys and the salivary glands 
exhibited the highest uptake among the studied organs. 
This is followed by the lacrimal glands, liver, and spleen, 
and minimal uptake in the bone. Due to the high         
physiologic uptake of the kidneys and salivary glands, 
these two have previously been identified as the relevant 
critical organs or the dose-limiting organs for PRLT 
[27,28]. 

 

Remarkably, these at-risk organs are found to have a  
significant reduction in uptake with high TB. Despite the 
patient population being Filipino and predominantly with 
low TB, our results with 68Ga-PSMA I&T are compatible 
with previous studies supporting the tumor sink effect 

using Ga-68 PSMA-11 [19] and Lu-177 PSMA-617 [21,22]. 
In addition, liver uptake has also shown to be                 
significantly reduced with high TB in the current study. A 
significant inverse correlation between visual TB and PSA 
(surrogate tumor burden marker), and uptake in these 
organs is also noted, although with weak correlation     
coefficients (rho ≈ 0.2-0.3). A small, positive correlation 
(rho ≈ 0.2) was also observed between kidney uptake 
and weight. No significant difference or correlation with 
tumor burden, PSA, AA, UT, or weight was noted among 
the other organs studied. These observations remind us 
that although normal tissue biodistribution may depend 
on tumor load, several other factors can cause uptake 
variability. In a study investigating inter-patient and       
intra-patient variability using a related PSMA-targeted 
radiotracer 18F-DCFPyl, the intra-patient variability      
factors   mostly   influenced   liver   and    kidney   uptake,  
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FIGURE 2.  Bar graphs showing influence of tumor burden on the 68Ga-PSMA I&T normal tissue uptake  

(A. SUVmax and B. SUVmean) with error bars (SD), relating to tumor burden groups (low, medium, and high). 

*Significant reduction (P ≤ 0.05) of PSMA uptake across TB groups 

.  
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FIGURE 3.  Scatter plots showing weak but significant negative correlations of the salivary glands, kidneys, and liver 68Ga-
PSMA I&T uptake (SUVmean) with serum PSA.  .  
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and weight. No significant difference or correlation with 
tumor burden, PSA, AA, UT, or weight was noted among 
the other organs studied. These observations remind us 
that although normal tissue biodistribution may depend 
on tumor load, several other factors can cause uptake 
variability. In a study investigating inter-patient and intra
-patient variability using a related PSMA-targeted        
radiotracer 18F-DCFPyl, the intra-patient variability      
factors mostly influenced liver and kidney uptake, 
whereas inter-patient variability factors largely affected 
the lacrimal glands, salivary glands, and spleen [29].   

 

While this study focuses mainly on the effect of tumor 
burden on the biodistribution, there were several 
attempts to lessen interpatient variability from other 
factors in the analysis. For example, patients with known 
or suspected renal impairment and those scanned       
beyond the institution’s standard protocol (low            
administered activities and prolonged uptake time) were 
excluded. Moreover, homogeneity of patient                
characteristics (age, height, weight, BMI, nationality, 
Gleason score, years since diagnosis, recent PSA value at 
the time of the scan, and prior interventions) and          
imaging parameters (AA and UT) were investigated. 
Baseline characteristics were relatively uniform; only the 
PSA, prior chemotherapy, and hormone therapy were 
found to be significantly different, and no significant     
correlations between tissue uptake and AA nor UT were 
observed. Conversely, factors that contribute to          
intra-patient variability (e.g., time of day, recent meals, 
and hydration status) [29] were not evaluated. 

 

Following the tumor sink effect, all normal tissue uptake 
should be reduced with high tumor burden. However, 
this study records a statistically significant increase in 
patients’ normal bone uptake with high tumor burden. 
This is possibly due to the small number of successfully 
measured bone uptake in the high TB group, only five 
out of ten. It may also be potentially caused by the       
inherent difference of biodistribution in the bone and 
blood pool of 68Ga-PSMA I&T, which has been shown to 
have higher retention than 68Ga-PSMA-11 [7].               
Additionally, occult skeletal metastases cannot be        
discounted. Despite being statistically significant, uptake 
in the bone was found to be minimal in all patients.      
SUVmean of the bone ranges from 0.19 to 1.74; both the 
lowest and highest values were found in the low TB 
group. Further research is suggested to verify this         
observation and to explore its clinical significance.  

 

This study has several strengths. First, this is the first 
study evaluating the effect of tumor burden on normal 

Ga-68 PSMA I&T biodistribution in the Philippines and 
Filipino patients with prostate cancer. Second, patient 
homogeneity with baseline characteristics, administered 
activity, and uptake time for the PET imaging was         
observed. As a result, the probability of inter-patient    
variability affecting the outcomes is low. Third, Ga-68 
PSMA I&T is the radiopharmaceutical used, reflective of 
our local real-world scenario, and is likely more            
representative of its therapeutic arm counterpart’s       
biodistribution. Moreover, all patients were scanned in 
the same PET/CT scanner assuring uniform SUV        
measurements. 

 

This study’s potential restrictions include visual             
classification of tumor load instead of quantitative tumor 
volume measurement as part of our institution’s limited 
workstation capabilities. Also, a large bulk of the patients 
studied have low tumor load. Nevertheless, this patient 
population represents our typical patient population, 
and statistically significant results were observed. Owing 
to the study’s retrospective nature, collected data on the 
patient’s history (e.g., prior intervention and date of      
initial diagnosis) were vulnerable to recall bias of          
informants and recorded information by the interviewer. 
Only single static scans were analyzed, precluding        
evaluation of intra-patient factors. 

 

Our present analysis shows tumor burden’s significant 
influence on the normal biodistribution of PSMA tracer 
uptake wherein high tumor burden results in                
substantially reduced physiologic tissue uptake of the 
kidneys, salivary glands, and liver. Although extensive 
research has shown high accuracy, efficacy and safety of 
68Ga/177Lu-PSMA theragnostics, limited data are available 
on factors that may affect the tracers’ biodistribution. 
This is the first study to document such findings in our 
local setting. As these have implications on possible dose 
adjustment for PRLT in our local setting, it is highly        
recommended that subsequent studies investigate      
tumor load quantitatively and explore other factors that 
may cause variability of 68Ga/177Lu-PSMA biodistribution. 

 

CONCLUSION 
 

Significantly reduced 68Ga-PSMA I&T uptake is observed 

in the kidneys, the salivary glands and the liver in         

patients with high tumor burden. As 68Ga and               
177Lu-PSMA I&T have comparable biodistribution, this 

study has significant implications on PSMA-targeted      

radionuclide therapy. It corroborates the hypothesis that 
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 patients with higher tumor load can tolerate higher    
activity doses of 177Lu-PSMA for radionuclide therapy 
before developing significant damage to the critical      
organs. Further studies are needed to extrapolate these 
data in optimizing and personalizing 177Lu-PSMA I&T dose 
for PRLT. 
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ABSTRACT 
Background: 

According to GLOBOCAN 2008, Breast cancer was the leading cause of morbidity (12,262) and mortality (4,371) 
among Filipino women in the Philippines. Ten years later, it is still on the top of the chart in terms of incidence 
(24,798), mortality (8,057) and five-year prevalence (68,537). Over the years, survival from breast cancer has 
improved with earlier diagnosis and advanced medical treatments, thus it is becoming important to monitor for 
potentially detrimental effects, such as osteoporosis. The reference standard method evaluating osteoporosis is 
by measuring bone mineral density (BMD) by Dual Energy X-ray Absorptiometry (DXA) scanner. Studies on the 
impact of chemotherapy in the BMD of premenopausal  breast cancer patients have been studied among       
Europeans, Americans, Mexicans, and others, but there is a lack of information in the Filipino  population.  

Objective: 

The study aimed to determine the bone mineral density (BMD) change after chemotherapy in Filipino        
premenopausal patients treated for early breast cancer.  

Methods: 

A longitudinal, prospective study design was applied with measurements before and after chemotherapy      
treatment in 28 premenopausal patients with early breast cancer. This study done with the approval of the     
ethical board of the Institutional Review Board of Jose R. Reyes Memorial Medical Center from January 2019 to 
January 2020. BMD measurements were taken by Dual Energy X-ray Absorptiometry (DXA) scans before and 
after completion of chemotherapy (6 months). Patients’ clinical data was recorded. Fischer exact test was      
utilized to analyze the association of age and menstruation status. Independent t-test was used to compare the 
mean BMD and menstruation status. Paired T-Test was used to compare BMD before and after chemotherapy 
The level of statistical significance was set at p ≤ 0.05, while Medcalc Statistical software version 19.3.1 was 
used to carry out statistical calculations. The major limitation of this study was the time constraints in getting 
more participants who are willing to join and will be less likely to be excluded in the future. Catastrophic natural 
events like volcanic eruption and COVID-19 pandemic also became a major hindrance to gathering participants. 

Results:  

28 eligible patients volunteered for the study. The final analysis included 11 patients with mean age of            
40.4 ± 6.5 with breast cancer (stage IIA-IIIB) who had 2 DXA scans. The results showed significant decrease in 
the Z-score of the lumbar spine by 64.3% after chemotherapy (p=0.0328). We observed no significant decrease 
in the Z-score of the femoral neck. The age of the patients, whether below 40 or above 40 years old, as well as 
the bone mineral density in the lumbar spine and femoral neck, were not associated with the menstruation     
status, whether the patients developed transient or continuous amenorrhea during and after chemotherapy. 
There was no significant change in the body mass index before and after chemotherapy, (p=0.4284 ). 

Conclusions: 

This study showed significant decrease in the Z-score of the lumbar spine after chemotherapy. The BMD in the 
lumbar spine and femoral neck decreased after chemotherapy, however the change  was not significant. The 
age and the mean BMD of the patients were not associated with the menstruation status during and after 
chemotherapy. DXA may benefit breast cancer patients who will undergo chemotherapy about their bone 
health. 

Keywords: Bone Mineral Density, DXA, Premenopausal, Breast Cancer , Filipino  
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INTRODUCTION 
 

According to GLOBOCAN 2008, Breast cancer was the 

leading cause of morbidity (12,262) and mortality (4,371) 

among Filipino women in the Philippines. Ten years later, 

it is still on the top of the chart in terms of incidence 

(24,798), mortality (8,057) and five-year prevalence 

(68,537) [1,2]. Over the years, survival from breast      

cancer has improved with earlier diagnosis and advanced 

medical treatments, thus it is becoming important to 

monitor for potentially detrimental effects, such as      

osteoporosis. The reference standard method evaluating 

osteoporosis is by measuring bone mineral density 

(BMD) by Dual Energy X-ray Absorptiometry (DXA)      

scanner, which measures the bone in grams per square 

centimeter.   

 

At present, premenopausal patients with early stage 

breast cancer are treated with chemotherapy with a 

combination of drugs such as cyclophosphamide,         

doxorubicin, and docetaxel that  can cause ovarian      

failure and  premature menopause, resulting to             

chemotherapy induced bone loss [3]. In literature, there 

are variable results about the effects of chemotherapy in 

the bone mineral density of premenopausal women and 

there is no standard timing for taking the post            

chemotherapy DXA scan [4 - 12] . 

 

Studies on the impact of chemotherapy in the BMD of 

premenopausal  breast cancer patients have been       

studied among Europeans, Americans, Mexicans, and 

others, but there is a lack of information in the Filipino 

population.  

 

MATERIALS AND METHODS 
 

The research design was based on a longitudinal,          

prospective study of premenopausal women below 50 

years old with primary diagnosis of early invasive breast 

cancer who are being treated at Jose R. Reyes Memorial 

Medical Center (JRRMMC), a tertiary level medical center 

in Manila, Philippines. With the approval of the ethical 

board of the Institutional Review Board of JRRMMC,     

patients’ data were gathered with permission from the 

files of the Medical Oncology Department. This study 

was conducted between January 2019 to January 2020. 

The women included in this study were aged below fifty 

(50) years old, premenopausal, and diagnosed with early 

breast cancer (stage 0, IA-IB), stage II (A-B) and III (A-B), 

without comorbidities that may affect body or bone 

composition such as endocrine disorders, skeletal         

deformities, second primary cancer, and no previous 

chemotherapy, who responded to invitations via text 

messaging and phone call.  Excluded in the analysis were 

women who showed bone metastases on bone scan, 

discontinued their chemotherapy, had                            

salphingoophorectomy, or were lost to follow up.   

 

The women who responded to the invitation were       

requested to sign an informed consent for study          

participation and Dual Energy X-Ray Absorptiometry 

(DXA) scan. Information about their demographic data, 

clinical staging, medical history, height and weight,     

menstrual history (menstruation cycle before treatment, 

during and after treatment), history of smoking and     

alcoholic beverage drinking, and comorbidities, and     

intake of any medications were recorded on their DXA 

interview sheet.  

 

Bone Mineral Density (BMD) was measured using the 

same Dual Energy X-Ray Absorptiometry (Hologic         

Discovery Wi) scanner at the Nuclear Medicine            

department of JRRMMC. The DXA scan protocol was in 

accordance to the guidelines set by the International    

Society for Clinical Densitometry (ISCD) and was           

performed by a trained and certified technical staff. The 

quality standards of the scanner was tested daily. BMD 

measurements from the lumbar spine (L1-L4) and       

femoral neck were taken before chemotherapy and after 

completion of chemotherapy. The results of the BMD 

were reported in grams per square centimeter (g/cm2 ). 

For premenopausal women, the Z-score was used to    

calculate the BMD using the WHO criteria where, Z-score 

of negative 2.0 or less is “below the expected range for 

age” and Z-score above -2.0 is “within the expected 

range for age”.  The Z-score describes the standard      

deviations by which the BMD of an individual is           

compared  to  the   mean  value   expected   for  age   and 
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  gender. The DXA scan results were interpreted by at 

least two board certifies nuclear medicine physicians as a 

consensus in accordance with the guidelines specified by 

the ISCD.  

 

Statistical Analysis 
 

Descriptive statistics such as mean and standard            

deviation were used to present continuous variables 

such as age, BMI and BMD. The rest of the categorical 

data were presented by frequency and percentage. 

Fischer exact test was utilized in determining the          

association of age and menstruation status while          

independent t - test was used to compare the mean 

BMD between  patients who reported transient          

amenorrhea and continuous after chemotherapy. BMD 

before and after chemotherapy were compared using 

paired T - Test. The level of statistical significance was set 

at p ≤ 0.05, while Medcalc Statistical software version 

19.3.1 was used to carry out statistical calculations.  

 

RESULTS 
 

With informed consent, a total of 28 eligible volunteers 

with age ranging from 29 to 49 years old (mean age  40.4 

± 6.5) diagnosed with early breast cancer, underwent 

DXA scan prior to chemotherapy. Only 11 patients        

completed both the baseline and the second DXA after 

completing the chemotherapy. The drop outs were 

mostly due to lost to follow up (9),  three (3) presented 

with bone metastases on bone scan and four (4) died. 

The characteristics and clinicopathologic features of the 

patients in the final analyses are presented in Table 1.  

The baseline BMI of the patients were mostly normal (7 

(63.6%), 3 (27.3%) were overweight, and 1 (9.1%) was 

obese.  Three out of 11 already had surgical removal of 

the breast. All tumors (100%) were invasive ductal        

carcinomas, with 4 (36.4%) stage IIA, 2 (18.2%) stage IIB, 

3 (27.3%), 3 (27.3) stage IIIA, and 2 (18.2) stage IIIB. 

None of our patients were smokers and alcoholic         

beverage drinkers nor had any comorbidities.  Ten (10) 

patients completed 4 cycles of chemotherapy               

combination of Doxorubicin - Cyclophosphamide and 

another 4 cycles of Docetaxel, while 1 patient underwent 

4 cycles of Doxorubicin-Cyclophosphamide and 4 cycles 

of Taxane – Trastuzumab. On their baseline DXA scan, 10  

out of 11 patients had a Z-score that was  “within the 

expected range for age” in the lumbar spine and femoral 

neck. Only one patient had Z-score that was “below the 

expected range for age” in the same skeletal sites.  

 

In Table 2, age, BMD, and mestrual status were shown. 

Two out of 11 (18.18%) patients have stopped             

menstruating during and after chemotherapy. The rest of 

the patients (9/11) developed transient amenorrhea    

during their treatment. Results showed that age below 

or above 40 years old was not associated with the      

menstrual status (p = 1.000). In the same table, result 

showed that the mean BMD in the lumbar spine              

(p = 0.5707) and femoral neck (p = 0.5241) had no          

significant association menstruation status whether the 

patient developed transient amenorrhea during        

chemotherapy or continued to experience amenorrhea 

after chemotherapy. 

 

Comparing the BMD before and after chemotherapy in 

Table 3 revealed a  1.4% change in the mean BMD in the 

femoral neck, but the result was not significant                

(p = 0.2368). In the lumbar spine, the 5.2% decrease was 

also not significant (p = 0.066). Comparing The mean         

Z-score before and after chemotherapy, there was a 

10.1% decrease in the femoral neck, but the change was 

not significant (p = 0.1500). On the other hand, the mean 

Z-score in the lumbar spine showed a significant           

decrease of 64.3% (p = 0.0328). Finally, the results also 

showed no significant change in the body mass index 

before after chemotherapy (p = 0.4284 ). 

 

DISCUSSION  

 

Chemotherapeutic agents such as  doxorubicin,            
cyclophosphamide, and docetaxel  are known to induce 
ovarian failure and amenorrhea, leading to bone loss 
often referred to with chemotherapy induced bone loss 
in premenopausal patients treated with these agents      
[3 - 7, 9 - 15]. The rapid decline in estrogen levels         
increases the level of bone turnover is seen as decrease 
in bone mineral density in DXA scan [5].  
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  Respondents  (n=11) Drop Outs (n=17) 

Age (Mean) 

Range (29-49) 

40.4 ± 6.5 42.0 ± 5.0 

Baseline Body Mass Index (kg/m2 , mean) 

Normal 

Obese  

Overweight 

24.4 ± 3.3 

   7 (63.6)  

1 (9.1) 

  3 (27.3) 

26.9 ± 4.4 

7 (41.2) 

4 (23.5) 

6 (35.3) 

Clinical Breast Cancer stage 

I 

IIA 

IIB 

IIIA 

IIIB 

  

0 (0.0) 

4 (36.4) 

2 (18.2) 

3 (27.3) 

2 (18.2) 

  

1 (5.9) 

6 (35.3) 

2 (11.8) 

3 (17.6) 

5 (29.4) 

Histologic subtype 

Invasive Ductal Carcinoma (IDCA) 

  

11 (100.0) 

  

17 (100.0) 

Surgical Status 

Modified Radical Mastectomy 

No surgery 

  

  

3 (27.3) 

8 (72.7) 

  

7 (41.2) 

10 (58.8) 

Lifestyle & Comorbidities 

Smoker 

Alcoholic Beverage drinker 

Comorbidities 

  

0 (0.0) 

0 (0.0) 

0 (0.0) 

  

0 (0.0) 

0 (0.0) 

0 (0.0) 

Chemotherapy Regimen 

4 cycles Doxorubicin -Cyclophosphamide 

4 cycles Taxane – Trastuzumab  

4 cycles Doxorubicin - Cyclophosphamide 

4 cycles Docetaxel 

  

1 (9.1) 

1 (9.1)  

10 (90.9) 

10 (90.9) 

  

  

- 

- 

- 

- 

Baseline Bone Mineral Density (BMD) Z-score  
 
 (Lumbar Spine) 
Above -2.0 “Within the expected range for age”  
-2.0 or lower  “Below the expected range for age”  
 
(Femoral Neck)  
Above -2.0 “Within the expected range for age”  
-2.0 or lower “Below the expected range for age” 

  
 
 

10 (90.9)   
1 (9.1) 

 
 

10 (90.9)   
1 (9.1) 

  
  
  

14 (87.5) 
2 (12.5) 

  
  

15 (93.8)  
1 (6.3) 

  

TABLE 1. Patient characteristics and clinicopathologic features  
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Our data showed a 5.2 percent decrease in mean BMD 

in the lumbar spine after chemotherapy. This result was 

not statististically significant but is comparable to other 

studies who evaluated the BMD in the same skeletal 

site and the same interval of DXA scan of 6 months post 

chemotherapy. Studies conducted by Shapiro et al. and 

Cameron et al reported lumbar spine BMD loss of 4% 

[6,16] while Monroy et al. reported a decrease of       

almost 5% in the same site [10]. 

 

Our results also showed a significant decrease of 64.3% 

in the Z-score of the lumbar spine  which reflects the     

patients’ BMD compared to normal women of the same 

age, race, and gender in which the score was calculated 

from the observed value, mean of sample, and standard 

deviation of the sample. A low Z-score also indicates 

low bone density.  Contrary to the results of other     

studies   [6, 10, 16], we did not observe a significant    

decrease in the mean BMD and Z-score in the femoral 

neck. However, even if we look at the Z-score of         

individual skeletal site, the reporting of the BMD        

according to ISCD guidelines [17] takes into account at 

least 2 skeletal sites. We also report that the changes in 

the BMD and Z-scores in this study is not associated 

with the age of the patients and whether the they       

experienced transient amenorrhea during                

chemotherapy or continued to have amenorrhea after 

chemotherapy.  

 

We looked into BMI as a factor that may influence the 

bone mineral density. According to studies, BMD was 

found to be higher in obese premenopausal women 

than normal weight and postmenopausal women [14] 

and was considered a determining factor for BMD in 

another study among healthy Indian premenopausal 

women [8]. However, it was also noted that it could be 

variable in different ethnic groups. Majority or 7 out of 

11 of the premenopausal women in our study had nor-

mal weight before their chemotherapy and did not 

show any  significant decrease in their BMI after their 

treatment. 

 

Smoking and alcoholic beverage drinking are known                

independent risk factors for low bone mineral density depending 

on the frequency and amount of intake [18], while taking        

calcium supplements is said to increase BMD and have a         

significant protective effect on the     femur, but not the lumbar 

spine, according to Monroy et al [10].  None of our patients said 

they were smokers or  alcohol beverage drinkers nor taking     

calcium supplements before or during their chemotherapy. 

Some cancer centers give, prednisolone together with           

chemotherapy with a typical dose of 175 mg for once cycle and 

receive as much as 1425 mg of the drug over an 18-week       

treatment period. Fracture risk increases with dose and length 

of time of intake, especially within the first 3 to 6 months [5]. 

Patients in our study did not report intake of glucocorticoids 

during their treatments. 

 

The decrease in BMD and Z-score post chemotherapy 

could be explained by the normal composition of the     

skeletal sites we measured and the rate of turnover in 

these sites.  The lumbar spine is 85% trabecular tissue 

while the femoral neck is 30-50% trabecular tissue.            

25 percent of this type of tissue undergoes resorption     

annually, with estrogen being a key factor in maintaining 

the balance of resorption and remodeling in the bone [10].  

Chemotherapeutic agents that induce ovarian failure are 

contributory to bone resorption.  

 

One might conclude that BMD loss is irrelevant in Filipino 

premenopausal women undergoing chemotherapy for 

breast cancer and that DXA scan is not so important to 

request early on due to its additional cost and limited 

availability. But then, a baseline DXA scan may detect low 

bone mineral density early during their treatment and 

these patients may benefit from proper diagnosis which 

otherwise may have an impact in their long-term quality of 

life. The advantage of this study is the patients’              

compliance to follow-up DXA since the cost of the scan 

was covered by a government health program.   

 

We did not explore the diet and physical activity of the 

patients, which are known to influence bone health.       

Finally, The major limitation of this study was the small 

sample size that was due to time constraints in getting 

more  patients  to  join  the  study.  The unexpected turn of 
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of the events during the year such as major volcanic 

eruption in the nearby city and COVID-19 pandemic was 

the greatest hindrance to gathering participants. 

 

CONCLUSIONS  
 

In this study among 11 premenopausal women with 

ealy breast cancer, where DXA scan was taken before 

and after chemotherapy, the results showed that the 

decrease in the BMD after  chemotherapy in the        

femoral  neck  and  lumbar  spine  were  not  statistically  

significant. The individual Z-scores of the 2 skeletal sites 

showed significant decrease in the lumbar spine after 

chemotherapy. Reporting of BMD follows ISCD guidelines 

using 2 skeletal sites instead of one.  

The age and the mean BMD of the patients were not      

associated with the menstruation status during and after 

chemotherapy. Our data suggests that a DXA scan may not 

be necessary before the chemotherapy of premenopausal 

Filipino women with early breast cancer but                     

recommending it to reassure patients about their bone 

health will be beneficial. With limited sample size, it is    

recommended that a similar study be conducted with 

greater number of participants. 

  Transient amenorrhea 
during chemotherapy 

n(%) 

Amenorrhea during and 
after chemotherapy 

n(%) 

p value 

≤ 0.05 

Age 

Above 40 

40 and below 

  

4 (44.4) 

5 (55.6) 

  

  

1 (50.0) 

1 (50.0) 

  

  

1.0000ns 

BMD Lumbar Spine L1-L4 

  

BMD Femoral neck 

0.91 ± 0.09 

  

0.73 ± 0.07 

0.96 ± 0.16 

  

0.69 ± 0.06 

0.5707 ns 

  

0.5241ns 

TABLE 2. Association Association between the age and BMD to menstruation status during and after     
chemotherapy (n=11)  

  Before Chemo After Chemo       

  Mean ± SD Range Mean ± SD Range Difference % change p value  

BMD g/cm2  

Femoral neck  

Lumbar spine 

   

  0.73 ± 0.06 

 0.97 ± 0.11 

   

 0.58 to 0.83 

 0.81 to 1.17 

   

 0.72 ± 0.07 

 0.92 ± 0.09 

  

 0.60 to 0.81 

 0.77 to 1.07 

   

 -0.01 

 -0.05 

  

-1.4% 

-5.2% 

0.2368 ns 

0.0668ns 

Z-score  

Femoral neck  

Lumbar Spine 

 

-0.79 ± 0.61 

 -0.42 ± 1.05 

  

-2.0 to 0.0 

-2.0 to 1.2 

  

-0.87 ± 0.55 

-0.69 ± 0.92 

  

-2.0 to -0.3 

-2.0 to 0.9 

  

-0.08 

-0.27 

  

 -10.1% 

-64.3% 

  

0.1500ns 

0.0328* 

BMI kg/m2  24.4 ± 3.3 19.5 to 30 24.27 ± 2.4 21.5 to 28.9  - 0.13    -0.53% 0.4284ns 

TABLE 3. Association BMD and BMI measurements before and after chemotherapy (n=11)  
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ABSTRACT 
 

Background: 

Numerous applications of artificial intelligence have been applied in radiological imaging ranging from           
computer-aided diagnosis based on machine learning to deep learning using convolutional neural networks. 
One of the nuclear medicine imaging tests being commonly performed today is bone scan. The use of deep 
learning methods through convolutional neural networks in bone scintigrams has not been fully explored. Very 
few studies have been published on its diagnostic capability of convolutional neural networks in assessing        
osseous metastasis.  

Objective: 

The aim of our study is to assess the classification performance of the pre-trained convolutional neural            
networks in the diagnosis of bone metastasis from whole body bone scintigrams of a local institutional dataset.  

Methods: 

Bone scintigrams from all types of cancer were retrospectively reviewed during the period 2019-2020 at the 
University of Perpetual Help Medical Center in Las Pinas City, Metro Manila. The study was approved by the 
Institutional Ethical Review Board and Technical Review Board of the medical center.  Bone scan studies should 
be mainly for metastasis screening. The pre-processing techniques consisting of image normalization, image 
augmentation, data shuffling, and train-test split (testing at 30% and the rest (70%) was split 85% for training 
and 15% for validation) were applied to image dataset.  Three pre-trained architectures (ResNet50, VGG19, 
DenseNet121) were applied to the processed dataset. Performance metrics such as accuracy, recall (sensitivity), 
precision (positive predictive value), and F1-scores were obtained. 

 

Results: 

A total of 570 bone scan images with dimension 220 x 646 pixel sizes in .tif file format were included in this 
study with 40% classified with bone metastasis while 60% were classified as without bone metastasis.        
DenseNet121 yielded the highest performance metrics with an accuracy rate of 83%, 76% recall, 86% precision, 
and 81% F1-score. ResNet50 and VGG19 had similar performance with each other across all metrics but         
generally lower predictive capability as compared to DenseNet121. 

 

Conclusion: 

A bone metastasis machine learning classification study using three pre-trained convolutional neural networks 
was performed on a local medical center bone scan dataset via transfer learning. DenseNet121 generated the 
highest performance metrics with 83% accuracy, 76% recall, 86% precision and 81% F1-score. Our simulation 
experiments generated promising outcomes and potentially could lead to its deployment in the clinical practice 
of nuclear medicine physicians. The use of deep learning techniques through convolutional neural networks has 
the potential to improve diagnostic capability of nuclear medicine physicians using bone scans for the              
assessment of metastasis. 

 

Keywords:  Deep Learning, Convolutional Neural Networks, Transfer Learning, Bone Metastasis  
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INTRODUCTION 
 

In the recent years, numerous applications of artificial 
intelligence (AI) have been applied in radiological          
imaging ranging from computer-aided diagnosis based 
on machine learning to deep learning using                     
convolutional neural networks (CNN) [1]. Deep learning 
techniques have been  studied for various potential    
applications such as data acquisition, image                   
reconstruction and image registration, image                
segmentation, image classification and lesion                
segmentation  [2]. The seeming endless applications in 
radiological imaging being considered a data-rich         
medical specialty have been made possible due to the 
advances and widespread availability not only in          
hardware but in software as well [3]. However, for many 
radiologists and nuclear medicine physicians, the term AI 
appears to be a blackbox with doubts on its                   
interpretability and perceived as a threat to their clinical 
practice [4].    

 

One of the nuclear medicine imaging tests commonly 
performed today is bone scan. Its primary indication is to 
detect the presence of osseous  metastasis which would 
then suggest that the cancer has reached its advanced 
stage with a median survival of a few months and having 
limited appropriate therapies    [5,  6]. Many cancers, like 
breast, prostate, and lung malignancies are known to 
spread to the bones. In 25-40% of advanced breast can-
cer patients, bones are usually the first site of distant 
metastasis [7]. In prostate cancer, the metastatic depos-
its in the axial skeleton can cause pain, debility and/or 
functional impairment impacting the quality of life of the 
patients [8]. 

 

The use of CNN in bone scintigrams has not been fully 
explored. Very few studies have been published on the  
diagnostic capability of CNN in assessing osseous           
metastasis. Papandrianos et al developed a robust CNN 
architecture for bone metastasis diagnosis using whole -
body scan images with an impressive classification       
accuracy of 92.50% besting other popular and                
well-known CNN architectures for medical imaging like 
ResNet50, VGG16, MobileNet, and DenseNet [6]. Using a 
meticulous exploration of CNN hyperparameter selection 
and fine-tuning, Papandrianos et al, applied a CNN      
model for the classification of bone scans for  metastasis 
among prostate cancer patients. The model yielded       
classification testing accuracy of 97.38% outperforming 
VGG16, ResNet50, GoogleNet, and MobileNet [9]. In    

another study involving 14,972 bone lesions from whole 
- body bone scans the authors compared a 2D CNN 
based on the RestNet50 architecture with InceptionV3, 
VGG16, and DenseNet169. Results showed their CNN 
model bested other pre-trained architectures with an 
average sensitivity, specificity, accuracy, positive          
predictive value, and negative predictive value for all 
visible bone lesions at 81.30%, 81.14%, 81.23%, 81.89%, 
and 80.61%, respectively [10]. In a masteral thesis by 
Dang, the author designed a CNN to classify hotspots in 
bone scintigram for bone metastasis with a testing     
accuracy rate of 89% [11]. 

 

OBJECTIVE 
 
The aim of our study is to assess the classification         
performance of the pre-trained convolutional neural    
networks in the diagnosis of bone metastasis from whole 
body bone scintigrams of a local institutional dataset. 
The performance metrics include accuracy, precision, 
recall and F1-score.   
 

MATERIALS AND METHODS 
 
Bone scintigrams during the period 2019-2020 at the 
University of  Perpetual Help Medical Center in Las Pinas 
City, Metro Manila were retrospectively reviewed. The 
study was approved by the Institutional Ethical Review 
and Technical Review Boards of the medical center and 
was conducted in accordance with the Declaration of  
Helsinki for the ethical conduct of research involving    
human participants. The machine learning pipeline for 
this study is shown in Figure 1.   

 

Characteristics of Dataset 
 
Bone scintigrams from all types of cancers during the 
period 2019-2020 of the medical center were included in 
the study. The bone scan studies should be mainly for 
metastasis screening. Other indications of bone scans 
such as assessment of metabolic bone disease,             
osteomyelitis versus cellulitis, loosening of implants/
prosthesis, identification of primary bone tumors, etc. 
were excluded in the study. 

 

Bone scan images consisted of whole body anterior and 
posterior views with 1024 x 256 pixel resolution. All bone 
scan    procedures   were   performed   with   a    Siemens   
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gamma camera Symbia S series with two heads, with low 
energy high resolution collimators (LEHR), and with 
SyngoVE32B software. Bone scans were obtained 3 
hours after the intravenous administration of 25 - 30 mCi 
of technetium-99m methylene diphosphonate (Tc-99m 
MDP) using a low-energy  high-resolution collimator,    
matrix size of 1024 x 256, an acquisition time of 15 – 20 
cm/min and photon energy centered on the 140-keV 
photo-peak with a symmetrical 20% energy window [12, 
13]. The scanning procedure was in accordance with the 
guidelines set by the European Association of Nuclear 
Medicine and Society of Nuclear Medicine.  

 

Labelling of Images 
 

The interpretation of bone scan images was performed 
by a board-certified nuclear medicine physician with    
almost 25-year clinical experience in bone scan              
interpretation. Quality assurance of all the images before 
its inclusion in the machine learning pipeline was made. 
A pre-processing approach was also done to remove      
artifacts (non-osseous uptake such as urine                  
contamination, site of tracer injection etc) in the original 
images. Images with medical devices such as implant, 
catheters etc were also excluded in the study to avoid  
interference with image interpretation. Additionally, all 
included bone scan whole body images underwent 
deidentification procedure resulting to cropped images 
for inclusion in the study.  Images were then classified 
into two classes: (1) with scintigraphic evidence of bone      
metastasis and (2) without scintigraphic evidence of 
bone metastasis. The following were used as the criteria 

for the scintigraphic evidence of bone metastasis: (a) 
based on the typical patterns of tracer uptake seen in 
metastasis, (b) interval appearance of new bone lesions 
that cannot be ruled out as malignant in follow-up scans, 
(c) presence of flare phenomenon on scans, (d) when the 
accompanying medical records and radiological reports 
(CT scan, radiographs, MRI, PET/CT, bone alkaline       
phosphatase elevation) indicate bone destruction, and 
(e) when bone lesions appeared enlarged after at least 3 
months follow-up. On the other hand, following criteria 
were used to classify bone scan as without scintigraphic 
evidence of bone metastasis: (a) bone lesions confirmed 
to be traumatic in origin, (b) lesions whose tracer uptake 
appeared around the bone joint, (c) lesions which the 
accompanying radiological studies indicate non-osseous 
metastasis and (d) equivocal lesions which lack definitive 
evidence of metastasis.  Figure 2 shows a sample image 
indicating with and without bone metastasis  

 

Pre-Processing Techniques 

 

Numerous pre-processing techniques were applied to 
image dataset. These consisted of (a) image                  
normalization using Min-Max normalization, (b) image 
augmentation, c) data shuffling for random order of the 
datset, and (d) data train-test split.   The dataset was 
split in three parts: testing (30%) and the rest (70%) is 
split 85% for training and 15% for validation. The          
following geometric augmentations were applied to all 
images: (1) zoom range, (2) horizontal flipping,                
(3) rotation range, (4) translation, and (5) shear range.   

FIGURE 1. Machine Learning Pipeline for Bone Metastasis Study 
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FIGURE 2. Sample bone scan image (A) with bone metastasis   and  (B) without bone metastasis  

Architecture of the Convolutional Neural 
Networks 
 
Popular pre-trained CNNs typically used in medical       
imaging were applied to the processed dataset. These 
include ResNet50, VGG19, and DenseNet121. ResNet50 
is a CNN model consisting of 50 layers version of ResNet 
(Residual Neural Network) trained on ImageNet            
database. Its architecture consists of sequences of        
convolutional blocks with average pooling and uses       
softmax at the last layer for classification [14, 15, 16, 17].   
VGG-19 is one of the VGG (Visual Geometry Group) 
based architectures with 19 connection layers, including 
16 convolution layers and 3 fully connected layers. The 
convolution layers extract features of the input images, 
the fully connected layers with softmax make the final 
classification and uses Maxpooling instead of average 
pooling for downsampling to reduce volume size prior to 
classification [15, 17, 18, 19]. DenseNet (Dense             
Convolutional Neural Network) is another type of CNN 
architecture commonly employed for visual object     
recognition. DenseNet121 consists of 121 layers with 
parameters of more than 8 million, divided into         
DenseBlocks.  The layers between the blocks are called 

transition layers and uses a batch normalization for 
down-sampling and employ softmax activation function 
in the last fully connected layer for the classification [16, 
20, 21]. Huan et al have reported the advantages of 
DenseNet121 as follows: alleviation of the vanishing-
gradient problem, strengthening of the feature           
propagation, encourage feature reuse, and substantial 
reduction of the number of parameters [20]. The         
architecture of these pre-trained CNN’s are shown in 
Figures 3 - 6. 

 

All simulation experiments were performed in Kaggle as 
it supports free use of NVIDIA TESLA P100 GPUs. Keras 
2.6.0, TensorFlow 2.6.0., and python language 3.7.10 
were utilized in all simulations. 

 

Performance Metrics 
 

Performance of the pre-trained architectures in the       
classification of bone metastasis, accuracy, recall 
(sensitivity), precision (positive predictive value), and F1 
scores were computed.  
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FIGURE 4. VGG19 Architecture (Source:[19]) 

FIGURE 3. ResNet50 Architecture (Source:[14]) 

RESULTS 
 
Included in this study were 570 bone scan images with 
dimension 220 x 646 pixel sizes in .tif file format of which 
228 (40%) images were classified with bone metastasis 
while 342 (60%) images were classified as without bone 
metastasis. Majority of our cases were females at 68% 
with breast cancer as the most common type of           
malignancy. The clinical characteristics of bone scan     

patients is seen in Table 1.  
 
DenseNet121 yielded the highest performance metrics 
with an accuracy rate of 83%, 76% recall (sensitivity), 
86% precision (positive predictive value), and 81% F1 -
score. ResNet50 and VGG19 had similar performance 
with each other across all metrics but generally lower 
predictive capability as compared to DenseNet121. The 
performance metrics of each architecture are shown in 
Figure 6.  
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DISCUSSION 
 
We have conducted simulation experiments on a bone 
scan dataset of a local medical center. All bone scan    
images underwent data cleaning for quality assurance. 
This was followed by application of pre-processing    
techniques in an attempt to increase the predictive     
capability of CNN models as well as avoidance of         
potential overfitting. The use of geometric augmentation 
is a standard practice in machine learning as it improves 
the performance of CNN models in image classification. 
In our study, DenseNet121 showed the highest             
predictive performance as compared to the VGG19 and 
ResNet50. As compared to other studies reported in the 
literature showing good performance of various           
pre-trained architectures in the classification of osseous 
metastasis from bone scans, our results are generally 
lower [6,9,10,19]. This could be brought about by the 
relatively small number of images included in our         
dataset. Nonetheless, our results are similar to that of                
Papandrianos et al [6], which showed DenseNet121 with 
the highest performance.    
 
Pre-trained CNN models are trained on numerous        
datasets with various categories of images. However, 
these are not trained on radiological images. However, 
transfer learning techniques can still employ these         
pre - trained  models  on   a   variety  of  computer  vision  
problems. This is more particularly prominent in areas 

with limited resources (dataset and computing              
resources). The availability of labelled radiological         
images for deep learning studies are very few. In the 
Philippines, we believe this study is the first its kind in 
applying machine learning techniques in nuclear         
medicine images. 
 
While the pre-trained CNN models have fairly -
satisfactory performance metrics rates suitable for use in 
clinical practice, DenseNet121 obtained the highest         
predictive capability for classifying osseous metastasis. 
Hence, DenseNet121 can be tapped by nuclear medicine 
physicians  as  a  decision support  tool  in  the                 
interpretation of bone scintigrams. Complementing bone 
scan (with well-known excellent sensitivity) with the use 
of these CNN models due to its positive predictive value 
highlights the potential utility of CNN models in the      
clinical practice of nuclear medicine physicians.  
 

CONCLUSIONS 
 

A bone metastasis machine learning classification study 
was performed on a local medical center bone scan      
dataset via transfer learning. Three pre-trained             
convolutional   neural   networks  were  assessed   for  its           
capability to detect  bone metastasis from bone scans. 
DenseNet121 generated the highest performance       
metrics  with  83%  accuracy,  76%  recall,  86%  precision  

FIGURE 5. DenseNet121 Architecture (Source:[20]) 
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TABLE 1. Clinical Characteristics of Bone Scan Patients 

 Clinical Features Percentage (%) 

Male 
Female 

32% 
68% 

Age (years) 46.55 + 8.12 

Type of Malignancy 
   Breast Cancer 
   Prostate Cancer 
   Lung Cancer 
   GI Malignancies (Colon,  
        Rectal, Anal, Appendiceal) 
   Other Malignancies 

  
70 % 
15 % 
2 % 
 2 % 
1 % 

Labelled Images (570 images) 
     With bone metastasis 
     Without bone metastasis 

  
228 (40%) 
342 (60%) 

FIGURE 6. Forest Performance Metrics of the Pre-Trained Architectures  

and 81% F1-score. Our simulation experiments             
generated promising outcomes and potentially could 
lead to its deployment in the clinical practice of nuclear 
medicine physicians. The use of deep learning             
techniques through convolutional neural networks has 
the potential to improve diagnostic capability of nuclear 
medicine physicians using bone scans for the assessment 
of metastasis.  

 

RECOMMENDATIONS 
 

Addition of more bone scan images is highly                  
recommended to improve the performance of the neural 
network models as deep learning techniques generally 
require huge amount of images. Additionally, it is highly 

recommended to do more simulations with other         
pre-trained architectures, using different learning rates 
and different types of optimizers. 
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