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ABSTRACT 

The primary objective-s of this retrospective.suidy were to determine the cancer detection rate ofPET/ 

CT az this institution and to compare the seasitivity andspecificity of low-dose PET/CT to that of PET 

with high-dose CT Three hundred -rix -seven (367) patients with unremarkable history, family histoiy 

of cancer, symptoms or abnormal diagnostic tests, and withfbllow-up „studies were included. PET/CT 

and histopathology results were noted Individual and overall cancer detection rate-s, as well as 

sensitivities and specificities for each subgroup, were computed Overall cancer detection rate was 

22.3%, fbr low-dose PET/CT was 17.9%, and for high-dose PET/CT was 24.4%. Using the chi 

squared test of independence, no statistically significant difference was/band between the calculated 

sensitivities and specificities of low- and high-dose PET/CT across all patient groups. Using the 

Mantel Haeaszel chi squared lest, a statistically significant association between the subindication fbr 

malignancy screening and PET/CT results was established with subina'ications pointing to a higher 

saspicionfor malignancy hat:Mg a higher probability ofdetecting a malignaney. Therefore, high-dose 

PET/CT as a screening test would be advisedfOr high-risk patients and lowdose PET/CT would be 

recommended because of its sanitar accuracy but lower radiation exposure. 
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INTRODUCTION 

According to the World Cancer Research Fund 

International, there were an estimated 12.7 million 

cases of cancer worldwide in 2008 and this number is 

expected to increase to 21 million by 2030 (1). In the 

Philippines, thirteen out of 100 males and twelve out 

of 100 females in the Philippines would have had 

some form of cancer if they would have lived up to 

age 75 based on the rates in 2008. Furthermore, ten 

out of 100 males and seven out of 100 females would 

have died from cancer before age 75. In 2010, there 

were approximately more than 80, 000 new cancer 

cases mostly of the breast, lung, liver, colon/ rectum 

and cervix, and more than 50, 000 deaths from lung, 

liver, breast, colon/rectum cancers, and leukemia (2). 

Malignant neoplasms are, in fact, the third leading 

cause of mortality in this country (3). Thus, it is 

important that screening tests are utilized to decrease 

this disease burden. 

18F-Fluorodeoxyglucose Positron Emission 

Tomography (FDG PET) is a diagnostic imaging 

modality that scans the whole body and possibly 

identifies lesions with malignant potential through 

increased glucose metabolism. As early as 2001, there 

have been published data showing that PET can 

detect a wide variety of malignancies such as 

lymphoma, melanoma, lung cancer, esophageal 

cancer, breast cancer, head and neck cancer, and 

colorectal cancers (4). It is already in use for cancer 

screening in some institutions in the United States and 

on a more widespread basis in Japan and Taiwan 

(5) 

In the Philippines, only the affluent can afford to 

have a PET scan done because it is an out-of-pocket 

expenditure. They come in with different histories 

but for the indication of screening, they all want to 

find out the presence or absence of cancer. 
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With the advent of hybrid imaging machines, PET 

scans can now be acquired with either low-dose CT 

or high-dose CT thus improving localization and 

characterization of lesions (6). PET/CT provides 

fewer equivocal findings than PET alone (7) and 

increases both sensitivity and specificity by 

identifying physiologic tracer uptake as such and 

discovering anatomical abnormalities with low or no 

18F-FDG uptake (5). A common question is, "Is 

PET/CT (lowdose) sufficient for screening?" 

OBJECTIVES 

This retrospective study aims to determine the 

individual and combined cancer detection rates of 

low-dose and high-dose PET/CT. More 

specifically, this study aims to determine the 

proportion of equivocal findings from lowdose and 

high-dose PET/CT, obtain the individual sensitivity 

and specificity of low-dose and high-dose PET/CT 

for each subindication (unremarkable history, 

family history of cancer, presence of symptoms, 

and abnormal laboratory or imaging findings) and 

thereby assess which type of PET/CT is better for 

each category, and find out if there is a significant 

association between the subindication and PET/CT 

results. This study also aims to describe the false-

negative and false-positive cases, as well as some 

interesting findings. 

MEI HODOLOGY 

Study Design 

This was a retrospective cross-sectional study. 

Study Population 

The youngest patient was eight years old and the 

oldest was 94 years old. Out of the 548 PET/ CT 

scans done for screening, fourteen of which were 

from the same patients, 175 were low-dose PET/CT 

scans and 373 were PET scans with highdose CT. 

Only 367 had available follow-up data, of which 

117 were low-dose PET/CT scans and 250 were 

PET scans with high-dose CT. 

PET/CT Protocol 

Low-dose PET/CT scan: Plain CT scan (120 Kv, 

50 inAs) from head to feet, arms up, was acquired 

with slice thickness of 4mm x 4mm for attenuation 

correction. Emission images were acquired with a 

Philips Gemini TF 64 PET/CT scanner at 18-21 

bed positions (90 seconds per bed position from 

head to mid-thigh and 20 seconds per bed position 

from mid-thigh to feet), 55-65 minutes after IV 

administration of 5-13 mCi of F-18 FDG. Arm 

position was at the sides and acquisition time for 

the head and neck was 180 seconds per bed 

position for head and neck cancers. Fasting blood 

sugar was <150 mg/dL for non-diabetics and <200 

mg/dL for diabetics. Maximum weightbased 

standard uptake values (SIN) of noted lesions 

were taken. 

High-dose CT scan: Plain or contrast CT (using 90-

100 mL of non-ionic contrast) was acquired from 

head to mid-thigh or feet, depending on the disease, 

with slice thickness of 3 mm x 1.5 mm. 

Data Collection 

All PET/CT reports from January 2010 to 

December 2013 at St. Luke's Medical Center-

Global City were retrieved and those referred for 

screening were listed under low-dose or high-dose 

PET/CT. Furthermore, theywere segregated 

according to those with unremarkable history, with 

family history, with symptoms, and with abnormal 

laboratory or imaging findings. PET/CT results 

were noted and classified as positive or negative for 

malignancy. Those with equivocal results were 

considered as positive for the purpose of statistical 

analysis. Afterward, hospital records were searched 

for histopathology reports and/or final diagnosis, 

and date of last test, the longest follow-up being 45 

months later. 

Statistical Analysis 

Sensitivities and specificities were computed for 

each group and chi squared test of independence 

was performed between corresponding patient 
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groups who underwent low-dose or high-dose PET/ 

CT. The Youden index of low- and high-dose PET/ 

CT for each patient group was used to determine 

which screening test appears to be better for each 

subindication. Additionally, Mantel-Haenszel chi 

squared test, with contingency analysis for patients 

lost to follow-up (i.e. dropouts), was utilized to 

establish any significant association between the 

subindication for malignancy screening and PET/ CT 

results. All statistical tests were carried out using R 

v.3.0.2 software. 

RESULTS 

Eighty-two out of the 367 patients with follow-up 

data were confirmed to have malignancies, giving a 

22.3% overall cancer detection rate for the PET 

Center of St. Luke's Medical Center-Global City. 

The rate is 17.9% for low-dose PET/CT; 24.4% for 

high-dose PET/CT. 

Out of the 175 low-dose PET/CT scans, 14.3% 

were read as equivocal. A lower percentage of 

equivocal results at 10.5% were obtained for high-

dose PET/CT. The highest percentage of equivocal 

results among the subindications was for those with 

abnormal laboratory or imaging findings, both for 

low-dose and high-dose PET/CT at 23.3% and 

12.7%, respectively. 

Table 1 presents the sensitivities and specificities of 

low-dose and high-dose PET/CT according to 

subindication. Some sensitivities are undefined 

because of the absence of true and false positives in 

the same patient group. Bold numbers indicate 

which type of PET/CT appears to be better using 

the Youden index. Using the chi squared test of 

independence, there appears to be no statistically 

significant difference between the calculated 

sensitivities and specificities of low- and high-dose 

PET/CT across all patient groups (at 0.05 confidence 

level). Thus, low- and high-dose PET/CT do not 

significantly differ in malignancy detection despite 

the observed higher number of equivocal results 

using low-dose PET/CT. 

Table 2 shows that there is a statistically significant 

association between the subindication for malignancy 

screening and PET/CT results with subindications 

pointing to a higher suspicion for malignancy having 

a higher probability of detecting a malignancy (alpha 

= 0.05). Subindications that are more suspicious for a 

malignancy, such as those with abnormal laboratory 

and/or imaging findings, tend to have as much as 

twice the odds of a malignancy being detected on 

PET/CT than among patients with unremarkable 

history. Pairwise analysis of the different groups of 

patients reveals the same results. 

Using contingency analysis on patients who were 

lost to follow-up, the association between 

subindication for malignancy screening and 

PET/CT results still holds, wherein patients with 

abnormal laboratories and/or imaging results tend 

to have at most 1.5x the odds of having a 

malignancy than patients with unremarkable 

history. 

There were only four false-negative cases with 

histopathologic diagnoses of prostate cancer, 

malignant mesothelioma, cholangiocarcinoma, 

Table 1 Sensitivities and specificities of low- and high-dose PET/CT among patients with different subindications for 

malignancy screening, along with the result of the chi squared test of independence at 0.05 confidence level.  

Subindications 
Low-dose PET/CT High-dose PET/CT   

Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity 

Unremarkable history 100.00% 86.11% 100.00% 91.43%  0.6987 

Family History  92.86%  90.91%  0.8856 

Presence of Symptoms  100.00% 100.00% 95.65%  _0.7558 

Abnormal Diagnostics 100.00% 54.55% 93.33% 70.83% 0.6314 0.1460 
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Table 2 Summary of low- and high-dose PET/CT results for malignancy screening among patients with unremarkable 

history, a positive family history of malignancy, symptoms suspicious of a malignancy, and abnormal 

laboratory/imaging results suspicious for a malignancy, and the result of the Mantel-Haenszel chi-squared test at 0.05 

confidence level. 

Subindications 
 Low-dose PET/CT  High-dose PET/CT 

    

Unremarkable history 6 31 7 64 

Family History 2 26 4 40 

Presence of Symptoms 0 10 5 22 

Abnormal Diagnostics 30 12 70 38  
Mantel-Haensze1X-squared = 0.1603, df = 1, p-value = 0.6889 Common 

odds ratio = 1.178914(95% CI of 0.6581415 - 2.1117627) 

and metastatic retroperitoneum of colon origin. 

False-positive causes include tubulovillous 

adenoma, septicemia, liver cirrhosis, chronic 

granulomatous disease, pulmonary tuberculosis, 

reactive lymph nodes, giant cell tumor of bone, 

and hemangioma. 

Ironically, a nonhypermetabolic lesion in the 

right frontal lobe that was interpreted to be a 

possible low-grade tumor turned out to be high-

grade hemangiopericytoma on biopsy. 

Interestingly, a patient with benign findings on 

PET/CT and even on subsequent breast imaging 

eventually developed breast carcinoma-in-situ 

twenty months after the PET/CT. Another patient 

who initially came in for further evaluation of a 

right breast nodule and obtained benign findings 

on PET/CT developed cancer in the contralateral 

breast ten months later. A hypermetabolic 

pulmonary nodule that was read as metastasis 

turned out to be another primary malignancy 

There is a case of urothelial carcinoma that would 

have been missed if not for the contrast-enhanced 

CT. 

DISCUSSION 

The relatively high cancer detection rate of 22.3% 

derived from this study compares favorably to those 

of Japanese studies with 0.96% (8) and 1.14% (9) 

cancer detection rates involving up to 43 996 healthy 

subjects. It is also higher than the rate of 0.8% in 
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a Korean study involving 1 336 asymptomatic 

volunteers (10). This is due to inclusion of 

symptomatic patients and those with abnormal 

laboratory and/or imaging findings, but otherwise 

apparently healthy subjects in this study. If these two 

groups were excluded, the detection rate would drop 

to 1.1%. Indeed, there is a statistically significant 

association between the sub-indication for 

malignancy screening and PET/CT results with 

subindications pointing to a higher suspicion for 

malignancy having a higher probability of detecting a 

malignancy. The overall sensitivity and specificity of 

PET/CT in this study which fall in the range of 

93.33%-100% and 54.55%-100%, respectively, are 

also relatively better than the sensitivity of 17.83% 

and specificity of 95.15% in Japan (8) and 68.8% 

sensitivity and 97.2% specificity in Korea (10). 

PET/CT has been found to be useful in detecting 

several malignancies. In a historical cohort study by 

Yang et al, the prevalence of thyroid incidentaloma in 

healthy subjects (118 of 3868; 3.1%) was statistically 

higher than that in patients with suspected or known 

cancer (11). In a retrospective analysis of 307 patients 

who underwent FDG-PET/CT for indeterminate 

solitarypulmonarynodules, Kagna et al. found that 

low-dose PET/CT may improve screening for lung 

cancer in high-risk patients. The significantly 

improved specificity may potentially reduce false-

positive low-dose CT results and further unnecessary 

invasive procedures (12). In a prospective study with 
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97 patients, Santhosh et al. concluded that focal FDG 

uptake in PET/CT can differentiate malignant from 

benign mass-forming lesions of the pancreas with high 

accuracy (13). Focal colorectal uptake of FDG, which 

is observed in about 1% of PET/CT studies, also 

carries a high risk of neoplastic disease, according to 

Treglia et al. (14). In this study, apart from cancers of 

the thyroid, lung, pancreas and colon, renal cell 

carcinoma, hepatocellular carcinoma, urothelial 

carcinoma, esophageal carcinoma, ovarian carcinoma, 

adrenal cortical carcinoma, pheochromocytoma, 

lymphoma, plasmacytoma, multiple myeloma, 

hemangiopericytoma and breast carcinoma were also 

detected. 

In a retrospective study of 48 patients, Kang et at 

found that hypermetabolic foci in the breast may 

represent malignancy in as many as 37.5% of cases 

(15). On the contrary, according to Zhao et al., 

PET/CT does not seem to have a high sensitivity in 

the detection of breast lesions, especially in the 

early stage of cancer (16), as exemplified in two 

cases in this study. Zytoon et al. suggests delayed 

imaging to further evaluate poorly visualized breast 

lesions due to minimal FDG uptake as these are not 

always benign (17). 

Another advantage of PET is that it may detect an 

unexpected second primary cancer or premalignant 

lesions (18, 19). Therefore, discretion must be carried 

out in interpreting a hypermetabolic pulmonary 

nodule as metastasis from thyroid or colon cancer, as 

seen in this study, when it could be another primary 

malignancy. Caution must also be exercised in 

calling hypermetabolic lesions in the colon as 

malignant when they could be adenomas. 

A possible pitfall of PET is in the head and neck 

region. Elevated/asymmetric head and neck FDG 

accumulation without a correlating morphological 

lesion can frequently be found, particularly in the 

nasopharynx and tonsils, and does not predict 

cancer development. In populations in which goitre 

is endemic, FDG uptake by the thyroid is common 

and not associated with thyroid cancer (20). 

'8F-FDG PET has its weakness in detecting 

malignancies with low FDG uptake such as 

bronchoalveolar carcinoma, small primary prostate 

cancers with a low Gleason score, and mucinous 

pancreatic or ovarian neoplasms (5). Studies by 

Terauchi et al. and Minamimoto et al. showed low 

sensitivity for prostate cancer and gastric cancer 

(21, 22). 

PET/CT also does not always provide a desirable 

binary answer, i.e. presence or absence of cancer 

(5). Therefore, for some cases, combination with 

other screening modalities is necessary to make a 

satisfactory diagnosis (10). 

Another issue with PET/CT as a screening test is the 

radiation exposure. Depending on the specific CT 

protocol and the 18F-FDG activity, the effective 

dose equivalent for whole-body PET/CT may range 

between 10 mSv for low-dose and 25 mSv for high-

dose (23). The average estimated effective dose was 

13.5 mSv (male 14.2 mSv; female 12.8 mSv) for 

PET/CT. The risk-benefit break-even age from the 

viewpoint of radiation exposure was in the 50s for 

men or 60s for women. Murano et al. concluded that 

FDG PET cancer screening is beneficial for patients 

above the break-even ages (24). 

However, for high-risk patients, the benefit of cancer 

screening outweighs the risk of radiation exposure. 

Those with abnormal laboratory or imaging findings 

tend to have twice the odds of a malignancy being 

detected on PET/CT than patients with unremarkable 

history. Between low-dose and high-dose PET/CT, 

low-dose PET/CT must be chosen if they have 

similar accuracies. In a retrospective study of 84 

patients by Lubold et al., low-dose PET/CT and 

contrastenhanced PET/CT provide similar accuracies 

for colorectal mass detection. Low dose and lack of 

iodine contrast in the CT component do not impact 

the accuracy (25). This study also shows that low-

dose and high-dose PET/CT do not significantly 

differ in malignancy detection. 
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CONCLUSION AND RECOMMENDATION 

Because the sensitivity and specificity of low-dose 

and high-dose PET/CT do not significantly differ, 

low-dose PET/CT would be recommended for 

screening purposes. It could be more cost-effective in 

malignancy detection especially for patients with 

limited resources. Moreover, patients with higher 

probability of malignancy, i.e. those with laboratory 

or imaging manifestations of disease, rather than 

those with unremarkable medical history, would 

benefit most from a PET/CT scan. 

It is recommended that data from other PET Centers 

in the Philippines be included for a more robust study 

in the future. Lead-time bias, length bias, and 

overdiagnosis bias are some pitfalls in designing or 

analyzing screening studies. The impact of these 

biases can be reduced through a randomized 

controlled trial (5). If a large randomized controlled 

trial is not feasible for financial or logistic reasons, 

then one has to rely on other trial designs, such as 

cohort studies, and indirect outcome measures, such 

as the earlier detection of cancer (26). 

It is also recommended that categories with different 

combinations of subindications be included in the 

analysis to test the hypothesis that PET/CT would be 

most sensitive and specific for symptomatic patients 

with a family history of carcinoma and with abnormal 

diagnostic tests. 
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