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ABSTRACT: 

Background: Many studies have pointed out the role of 18F-FDG 

PET/CT in the assessment of metastatic breast cancer patients, compared 

to conventional imaging. Using the FDG PET metabolic parameters to 

measure tumor burden shows potentiality to predict their survival. 

Aim of work: To evaluate the role of PET/CT in assessment of 

metastatic breast cancer patients, monitoring the treatment response and 

correlating this with the molecular subtypes.  

Patients and methods: A retrospective study was done at Maadi 

military hospital (from February 2017 to March 2021) involved fifty 

female patients with metastatic breast cancer (mean ±SD age 53.4±10.8), 

underwent FDG PET/CT before receiving treatment. PET/CT follow-up 

protocol was done depending on the type of treatment. Comparison 

between PET/CT and CT findings were carried out and metabolic PET 

parameters were calculated and analyzed. 

Results: PET/ CT was superior to CT in detecting bone, lymph 

nodes, liver, and pleural metastases than did CT while CT was more 

sensitive for lung metastases. HR-/HRE2+ and triple-negative patients 

showed worse prognosis with more frequent mortality than hormonal 

positive patients did. Non-survivors showed statistically significantly 

higher mean WB-MTV and WB-TLG than survivors did (307.7±171.1 VS 

97.8±57.4 and 1214.0±962.1 VS 383.0±214.4 respectively, P-Value = 

<0.001 each) while W-SUV max values showed no statistically significant 

difference between the two groups. Survival analysis revealed that WB-

MTV was the only independent factor affecting mortality rate (HR (95% 

CI) =13.46 (1.36-132.72); P-Value = 0.026). 

Conclusion: 18F-FDG PET/CT could be a non-invasive suitable 

imaging technique in the assessment of metastatic IDC breast cancer 

patients with the advantage of being a single modality. WB-MTV is 

suggestive to be a strong independent parameter in predicting the 

survival in metastatic breast cancer patients. 

Keywords: 18F-FDG PET/CT; Metastatic breast cancer; PET 

metabolic parameters. 

 

INTRODUCTION:  

Worldwide, Breast cancer is considered 

the most common cause of cancer death in 

women
(1)

. Breast cancer is a heterogeneous 

disease, which is classified currently into 

different subtypes
(2)

. Approximately 30% of 

breast cancer patients are at the risk of 

developing loco-regional recurrence or distant 

metastasis
(3)

. Stage IV disease (stage IV at first 

diagnosis or recurrent from previous breast 

cancer) showed a 5-year survival rate of 

approximately 22%, However, this rate varies 

according to several factors, one of the most 
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important is the hormone receptor status
(4)

. 

The hormone receptor positive (HR+) subtype 

is the most common subtype and is subdivided 

into luminal A and luminal B. Human 

epidermal growth factor receptor 2 (HER2)-

overexpressing (HR− /HER2+ ) and triple-

negative (HR− /HER2− ) subtypes are known 

to be more aggressive, compared with the 

luminal A and luminal B, and have poorer 

outcomes 
(3)

. Fusion of Positron emission 

tomography with the CT provides the ability 

to combine functional and morphological 

information into a single study
(5)

. 18 F-

fluorodeoxyglucose (18F-FDG) PET/CT has 

been introduced as an additional imaging 

modality facilitating breast cancer staging, 

distant-metastasis detection, and prognostic 

prediction 
(6)

. In recent years, volume-based 

PET metabolic parameters such as the 

metabolic tumor volume (MTV) and total 

lesion glycolysis (TLG) were demonstrated to 

yield prognostic significance as they represent 

not only the tumor metabolic activity but also 

the total tumor burden
(7)

.  

 

AIM OF WORK:  

To determine the role of PET/CT to 

evaluate patients with metastatic cancer breast, 

monitoring the treatment response and 

correlating this with the molecular subtypes.  

Inclusion criteria:  

Histo-pathologically confirmed diagnosis 

of IDC breast cancer presented initially with 

metastasis or relapse after primary treatment. 

Exclusion criteria: 

Patients presented with other synchronous 

malignancy, or non-breast invasive tumors/ 

other breast invasive types. 

Patient preparation:  

Fasting for four to six hours prior to the 

scan. All metallic items are removed from the 

patient. Diabetic patients should be controlled. 

Before FDG administration, all patients should 

have a blood glucose level of less than 200 

mg/d. Avoid any kind of strenuous activity 

prior to the examination and following 

injection of the radioisotope to avoid 

physiologic muscle uptake of FDG. Rest in a 

quiet room and urinary bladder voiding prior 

to scanning.  

PET/CT machine: GE; DISCOVERY 

VCT PET/CT (128 slice CT).  

 

PATIENTS AND METHODS:  

A retrospective study was done at Maadi 

military hospital (from February 2017 to 

March 2021) involved fifty female patients 

with IDC who had distant metastases (mean ± 

SD age 53.4 ± 10.8) and underwent FDG 

PET/CT before receiving treatment. PET/CT 

follow-up protocol was done depending on the 

type of treatment. Comparison between the 

PET/CT and CT findings were carried out and 

metabolic PET parameters, including the 

highest SUV max of whole malignant lesions 

(w-SUV max), the whole-body (WB) 

metabolic tumor volume (MTV), and WB 

total lesion glycolysis (TLG), were analyzed 

to determine their suitability in predicting 3-

year overall survival (OS). Diagnosis of 

metastasis was made by laboratory evidence; 

elevated tumor markers, other imaging 

modalities, biopsy, and/ or follow up imaging. 

Technique: Low dose non-enhanced CT 

scan first, then a whole-body PET study (from 

the skull to mid-thigh) followed by diagnostic 

enhanced whole-body CT scan. 

Imaging analysis: Comparison between 

the baseline PET/CT and CT findings were 

carried out and baseline PET metabolic 

parameters, including the highest SUV max of 

the whole malignant lesions (w-SUV max), 

whole-body (WB) metabolic tumor volume 

(MTV), and WB total lesion glycolysis (TLG), 

were calculated and analyzed. 

Whole-body metabolic tumor volume 

(WB-MTV) = the sum of metabolic tumor 

volume (MTV) values of each malignant 

lesion in one patient. 
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Whole-body total lesion glycolysis (WB-

TLG) = the sum of total lesion glycolysis 

values of each malignant lesion in one patient. 

Follow-up and survival analysis: 
PET/CT follow-up protocol was done 

depending on the type of treatment. Overall 

Outcome assessment was categorized 

according to PET/CT follow up as Progressive 

response (including died cases), Partial 

response, and complete response. Survival 

time was calculated from the date that the 

PET/CT was done till the date of death. For 

the survivors, 3 years follow-up was the 

endpoint. 

Statistical methods: The collected data 

were coded, tabulated, and statistically 

analyzed using IBM SPSS statistics (Statistical 

Package for Social Sciences) software version 

28.0, IBM Corp., Chicago, USA, 2021. 

Statistical significance was denoted by p < 

0.05.  

 

RESULTS: 

Patients’ characteristics: 

Total number of patients was 50 ( age 

range :32–71, mean age ±SD 53.4 ±10.8), 

(luminal A=19: 38%, luminal B=16: 32%, 

HR- / HER2+=6:12%, triple negative= 9: 

18%). Sites of distant metastases (regarding 

patient- based analysis) included bone (n = 

32), lymph nodes (n = 28), lung (n = 20), 

liver (n = 16), brain (n=3), (Others : 

(suprarenal = 1), pleural ( deposits/ 

malignant effusion) (n=3), peritoneal (n=1) 

and soft tissue (n=3). 

Outcome: 

30 out of 50 patients showed progressive 

course including the number of died patients, 

15 out of 50 patients showed partial response, 

and 5 out 50 patients showed complete 

response. At the endpoint follow up time 15 

patients died (range: 3-35 months; median 

(1st-3rd interquartile): 13 (6-22)) ( Table 1) 

(Diagram 1). 

Performance of PET/CT versus CT in 

detecting lesions in metastatic breast cancer 

patients: 

Regarding patient-based analysis, in the 

50 patients, there was significant statistical 

perfect agreement between CT and PET/CT in 

detecting lymph nodes, brain, suprarenal, and 

peritoneal metastatic lesions, and significant 

statistical high agreement between the two 

modalities in detecting bone, lung, and liver 

metastatic lesions. Meanwhile, there was non-

significant statistical low agreement between 

them in detecting pleural and soft tissue 

metastatic lesions (Table 2).  

Regarding lesion-based analysis, no 

statistically significant differences between the 

number of metastatic lesions in brain and 

suprarenal as detected by PET/CT and that 

detected by CT. There were statistically 

significant differences between number of 

metastatic lesions in bone, lymph node, lung, 

and liver as detected by PET/CT and that 

detected by CT (Table 3). 

No statistically significant differences in 

evaluated different metastatic sites regarding 

the different molecular subtypes (Table 4).  

PET Metabolic Parameters analysis: 

The range values of each measurement 

were as follow: for the W-SUV max: 4.7 to 

22.3 (median 9.4; mean ±SD 10.5±4.3), for the 

WB-MTV (cm3): 10.4–673.5 (median 116.5; 

mean ± SD 160.8 ± 141.8) and for the WB-

TLG: 40.0–3812.5 (median 471.2; mean 

±SD 632.3±666.6) (Table 5).  

There was no statistically significant 

difference regarding the W-SUV max values 

among the non-survivors and survivors 

(Range: 6.1–22.3, Mean ± SD: 11.6±5.2 

versus Range: 4.7–16.8, Mean ± SD: 10.0±3.8 

respectively). Conversely, the WB-MTV 

(cm3) values were statistically significantly 

higher among non-survivors than among 

survivors (Range: 34.4–673.5, Mean ± SD: 

307.7±171.1 versus Range: 10.4–210.8, Mean 

± SD: 97.8±57.4 respectively; p <0.001), as 

were WB-TLG values (Range: 68.5–3812.5, 
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Mean±SD: 1214.0±962.1 versus Range: 40.0–

829.3, Mean±SD: 383.0±214.4 respectively; p 

<0.001) (Table 6).  

Survival analysis: 

The optimal cut-off values for predicting 

mortality for each measurement-using receiver 

operating characteristic (ROC) curve analysis 

were as follow: 

For W-SUV max : ≥12.9 ; For WB MTV: 

≥158.9 (cm3), and for WB-TLG: ≥ 544.0 

(Tables 7,8, and 9 ) ( Diagram 2 ). 

Survival regression was used for 

multivariate analysis to find out independent 

factors affecting the mortality rate. According 

to their medians, only WB-MTV had 

statistically significant hazard risk for 

mortality (Table 10). 
 

Table (1): Outcome characteristics of metastatic breast cancer patients. 

Characteristics 
Luminal-A 

(N=19) 

Luminal-B 

(N=16) 

Triple-

negative 

(N=9) 

HR-/Her2 

(N=6) 
§p-value 

Prognosis 

Progressive response  

(N=30) 

8/19 

(42.1%) 

9/16 

(56.25%) 

8/9 

(88.9%) 

5/6 

(83.3%) 

0.356 
Partial response  

(N=15) 

8/19 

(42.1%) 

5/16 

(31.25%) 

1/9 

(11.1%) 

1/6 

(16.7%) 

Complete response  

(N=5) 

3/19 

(15.8%) 

2/16  

(12.5%) 

0/9 

(0.0%) 

0/6 

(0.0%) 

Mortality 

Mortality  

(N=15) 

3/19 

(15.8%) 

4/16 

(25.0%) 

5/9 

(55.6%) 

3/6  

(50.0%) 
0.111 

Survival  

(N=35) 

16/19 

(84.2%) 

12/16 

(75.0%) 

4/9 

(44.4%) 

3/6  

(50.0%) 

§Fisher’s Exact test. 

 

 

 

 

 

 

 

 

 

 

 

 

Diagram (1): Kaplan Meier curve for survival among the studied cases. 
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Table (2): Performance of baseline PET/CT Versus CT in detecting metastases in metastatic breast cancer 

patients (patient-based analysis). 

Sites CT PET/CT Kappa p-value 

Bone 30 (60.0%) 32 (64.0%) 0.915 <0.001* 

Lymph nodes 28 (56.0%) 28 (56.0%) 1.000 <0.001* 

Lung 20 (40.0%) 19 (38.0%) 0.958 <0.001* 

Liver 15 (30.0%) 16 (32.0%) 0.963 <0.001* 

Brain 3 (6.0%) 3 (6.0%) 1.000 <0.001* 

Suprarenal 1 (2.0%) 1 (2.0%) 1.000 <0.001* 

Pleural 1 (2.0%) 3 (6.0%) 0.485 0.060 

Peritoneal 1 (2.0%) 1 (2.0%) 1.000 <0.001* 

Soft tissue 1 (2.0%) 3 (6.0%) 0.485 0.060 

Total=50. Kappa test. *Significant  
 

Table (3): Performance of baseline PET/CT Versus CT in detecting metastases in metastatic breast cancer 

patients (Lesion-based analysis). 

Metastatic lesions 

sites 
Total 

PET/CT relative to CT 
#p-value 

Higher Equal Lower 

Bone 32 7 (21.9%) 25 (78.1%) 0 (0.0%) <0.001* 

Lymph node 28 9 (32.1%) 14 (50.0%) 5 (17.9%) <0.001* 

Lung 20 0 (0.0%) 16 (80.0%) 4 (20.0%) <0.001* 

Liver 16 5 (31.3%) 11 (68.7%) 0 (0.0%) <0.001* 

Brain 3 0 (0.0%) 3 (100%) 0 (0.0%) 0.999 

Suprarenal 1 0 (0.0%) 1 (100%) 0 (0.0%) 0.999 

Percentages taken from row total. #Chi square test *Significant  

Table (4): Comparison according to molecular subtypes regarding metastatic lesion sites in patients with 

metastatic breast cancer patients (patient-based analysis). 

Sites 
Luminal-A 

(N=19) 

Luminal-B 

(N=16) 

Triple-negative 

(N=9) 

HR-/Her2+ 

(N=6) 
§p-value 

Bone 14 (73.3%) 11 (68.8%) 4 (44.4%) 3 (50.0%) 0.440 

Lymph nodes 10 (52.6%) 9 (56.3%) 5 (55.6%) 4 (66.7%) 0.975 

Lung 7 (36.8%) 8 (50.0%) 3 (33.3%) 2 (33.3%) 0.828 

Liver 4 (21.1%) 5 (31.3%) 4 (44.4%) 3 (50.0%) 0.467 

Brain 0 (0.0%) 1 (6.3%) 1 (11.1%) 1 (16.7%) 0.224 

Suprarenal 0 (0.0%) 1 (6.3%) 0 (0.0%) 0 (0.0%) 0.620 

Pleural 1 (11.1%) 1 (11.1%) 1 (11.1%) 0 (0.0%) 0.999 

Peritoneal 0 (0.0%) 0 (0.0%) 1 (11.1%) 0 (0.0%) 0.300 

Soft tissue 0 (0.0%) 1 (6.3%) 2 (22.2%) 0 (0.0%) 0.108 

§Fisher’s Exact test. 
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Table (5): Baseline PET/CT metabolic parameters among the studied cases. 

Variables Median Mean±SD  Range  

WB-SUVmax 9.4 10.5±4.3 4.7–22.3 

WB-MTV (cm3) 116.5 160.8±141.8 10.4–673.5 

WB-TLG 471.2 632.3±666.6 40.0–3812.5 

Total=50 

Table (6): Comparison according to mortality regarding baseline PET/CT metabolic parameters in 

metastatic breast cancer patients. 

Variables Measures Mortality (N=15) Survival (N=35) ^p-value 

W-SUVmax 
Mean±SD  11.6±5.2 10.0±3.8 

0.222 
Range  6.1–22.3 4.7–16.8 

WB-MTV (cm3) 
Mean±SD  307.7±171.1 97.8±57.4 

<0.001* 
Range  34.4–673.5 10.4–210.8 

WB-TLG 
Mean±SD  1214.0±962.1 383.0±214.4 

<0.001* 
Range  68.5–3812.5 40.0–829.3 

^Independent t-test. *Significant  

Table (7): Diagnostic performance of baseline PET/CT metabolic parameters in predicting mortality in 

metastatic breast cancer patients. 

 Factors AUC SE p-value 95% CI Cut point 

W-SUVmax 0.576 0.089 0.397 0.402–0.750 ≥12.9 

WB-MTV  0.913 0.056 <0.001* 0.804–1.000 ≥158.9 cm3 

WB-TLG 0.844 0.080 <0.001* 0.688–1.000 ≥ 544.0 

AUC: Area under curve, SE: Standard error, CI: Confidence interval, *significant W-SUVmax= Highest 

SUVmax of whole malignant lesions, WB MTV = whole-body metabolic tumor volume, WB TLG = 

whole-body total lesion glycolysis.  

 

Diagram (2): ROC curve of baseline PET/CT metabolic parameters in predicting mortality in metastatic 

breast cancer patients. 
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Table (8): Diagnostic characteristics of baseline PET/CT metabolic parameters cut points in predicting 

mortality in metastatic breast cancer patients. 

Characters 
W-SUVmax ≥12.9 WB-MTV ≥ 158.9 cm3 WB-TLG ≥ 544.0 

Value 95% CI Value 95% CI Value 95% CI 

Sensitivity 40.0% 16.3%–67.7% 93.3% 68.1%–99.8% 80.0% 51.9%–95.7% 

Specificity 77.1% 59.9%–89.6% 85.7% 69.7%–95.2% 71.4% 53.7%–85.4% 

DA 66.0% 51.2%–78.8% 88.0% 75.7%–95.5% 74.0% 59.7%–85.4% 

YI 17.1% -11.3%–45.6% 79.0% 61.9%–96.2% 51.4% 26.3%–76.6% 

PPV 42.9% 17.7%–71.1% 73.7% 48.8%–90.9% 54.5% 32.2%–75.6% 

NPV 75.0% 57.8%–87.9% 96.8% 83.3%–99.9% 89.3% 71.8%–97.7% 

CI: Confidence interval, DA: Diagnostic accuracy, PPV: Positive Predictive Value, NPV: Negative 

Predictive Value. W-SUVmax= Highest SUVmax of whole malignant lesions, WB MTV = whole-body 

metabolic tumor volume, WB TLG = whole-body total lesion glycolysis 

Table (9): Agreement between Suggested baseline PET/CT metabolic parameters cut-off values and actual 

mortality in metastatic breast cancer patients. 

 
Mortality  

15/50 

Survival  

35/50 
Kappa  p-value 

W-SUVmax 
≥12.9 6 (12.0%) 8 (16.0%) 

0.175 0.216 
<12.9 9 (18.0%) 27 (54.0%) 

WB-MTV  

 

≥158.9 cm3 14 (28.0%) 5 (10.0%) 
0.735 <0.001* 

<158.9 cm3 1 (2.0%) 30 (60.0%) 

WB-TLG  

 

≥ 544.0 12 (24.0%) 10 (20.0%) 
0.454 <0.001* 

<544.0 3 (6.0%) 25 (50.0%) 

Percentages are taken from total=50. Kappa test. *Significant. 

Table (10): Survival analysis (Cox regression) of baseline PET/CT metabolic parameters in relation to 

mortality in metastatic breast cancer patients.  

Factors Β SE p-value Hazards ratio (95% CI) 

W-SUVmax (Above or equal median=9.4) 0.43 0.56 0.439 1.54 (0.52–4.57) 

WB-MTV (Above or equal median =116.5 cm3) 2.69 1.17 0.026* 13.46 (1.36–132.72) 

WB-TLG (Above or equal median =471.2) 0.90 0.88 0.306 2.45(0.44–13.89) 

β: Regression coefficicent. SE: Standard error, CI: Confidence interval, *significant.  
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Figure 1: 

  

 

 

 

 

 

 

 

 

 

 

 

35-year-old female with history of left breast invasive ductal carcinoma (triple-negative subtype) 

underwent mastectomy. (A and B ) CE-CT and corresponding PET/CT showed submental, left cervical 

metabolically active lymph nodes, (C and D) supraclavicular metabolically active lymph nodes; the 

submental lymph node could be missed on CE-CT easily, (E and F) CE-CT and corresponding PET/CT 

showed metabolically active left internal mammary lymph node; the left internal mammary lymph node 

couldn't be detected on CE-CT clearly. 

Figure 2: 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

51-year-old female patient with history of 

left breast invasive ductal carcinoma 

(luminal B subtype) underwent left 

mastectomy; (A) MIP image of PET 

showing widespread metastases with 

increased uptake in metastatic cervical and 

mediastinal lymph nodes as well as lung, 

liver, and bones deposits, W-SUV max = 

13.4, WB- MTV = 297.5 cm3 and total 

lesion glycolysis =1524.7, she died after 9 

months. 
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DISCUSSION: 

In this retrospective study, which included 

50 female patients with metastatic breast 

cancer, our aim was to detect the diagnostic 

value of PET/CT in assessment of metastatic 

breast cancer patients compared to CT and 

correlate this with the molecular subtype. 

 Performance of PET/CT Versus CT: In 

our study, we found that PET/CT is of very 

high add value to CT in detecting and 

identifying distant metastases. 

Groheux D et al 
(8)

 reported that 18F-FDG 

PET/CT was superior to conventional imaging 

in the detection of bone metastases, distant 

lymph nodes, and liver metastasis, while CT 

was more sensitive for lung metastases. These 

results came in agreement with our results.  

Bone, lung, liver, and brain are common 

sites of distant metastasis in breast cancer with 

bone metastasis being the most common 

site
(9)

. 

PET/CT shows a magnificent combina-

tion of morphological and functional images 
(10)

. CT portion may be useful in localizing and 

distinguishing fractures, cysts, or degenerative 

changes
(11)

. 

In our retrospective study, PET/CT 

showed better performance than CT in 

detecting bone deposits, P-value <0.001. 

PET/CT showed a higher ability to detect 

developing bone metastases and early bone 

marrow infiltration without CT structural 

changes (occult CT metastases). These results 

are consistent with those of Wafaie et al. 
(12)

, 

who reported that PET/CT was highly 

efficient in assessing bone metastases as well 

as detecting early bone marrow metastases 

without CT structural changes. 

Groheux D et al. 
( 8 )

 reported that PET/CT 

led to change in the staging of 77 out of 254 

breast cancer patients (30.3%). It detected 

unsuspected N3 disease in 40 women (sub- or 

supra-clavicular or internal mammary nodes). 

Aukema et al. 
(13)

 reported that FDG-PET/CT 

detected extra-axillary lymph nodes in 28% of 

the patients, while in 17% FDG-PET/CT 

showed suspicious uptake that was not 

detected by conventional imaging.  

In our study, the overall number of lymph 

node metastases detected by PET/CT was 

significantly higher than that of CT with a P-

value < 0.001. In 9 out of 28 patients PET/CT 

was significantly higher than CT regarding the 

number of metastatic lymph nodes detected, 

meanwhile in 5 out of 28 patients the CT 

showed up a higher number of metastatic 

lymph nodes, regarding the morphology, while 

these lymph nodes showed no significant FDG 

uptake in corresponding PET/CT and 

considered false-positive CT finding; as 

evident by follow up. 

Diagnostic CT is efficiently capable of 

detecting sub-centimetric pulmonary nodules. 

While PET lacked sensitivity for detecting 

small subcentimetric nodules, this is maybe 

due to the partial volume effect and respiratory 

movements’. Therefore, combined PET/CT 

improved the sensitivity of PET/CT in 

comparison to PET alone 
(13)

. In our study, 4 

out of 20 patients showed PET/CT- CT 

mismatch, as the PET portion of the PET/CT 

failed to pick up small sub-centimetric 

pulmonary nodules showing no FDG uptake 

and considered indeterminate, while 

considered metastatic in the CT assessment 

regarding the multiplicity (P-value = 0.001). 

Groheux D et al.
(14)

 stated that PET/CT 

corrected the diagnosis of patient with isolated 

pleural effusion, which was considered benign 

on CT. PET/CT scan showed high nodular 

uptake in the effusion, which was interpreted 

as metastasis and later confirmed by pleural 

aspiration as malignant. In our study, in 2 

patients with pleural effusion, PET/CT was 

superior to CT in detecting malignant nature 

and showed pleural thickening with FDG 

uptake.  

18F-FDG PET/CT had similar sensitivity 

to that of conventional imaging for liver 

metastases, yet PET/CT helped to classify 
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doubtful lesions on conventional imaging 
(15)

. 

In our study, PET/CT sensitivity was higher 

than CT alone in hepatic metastases 

assessment with P-value < 0.001. PET/CT was 

superior to CT in detecting developing hepatic 

metastases as well as identifying small 

indeterminate lesions (Too small to be 

characterized lesions and cystic metastases). 

The role of PET/CT in brain metastases 

assessment is limited by the high physiologic 

uptake of FDG by the brain as well as the lack 

of contrast in the CT part of most 

examinations, which may lead to missed 

metastases. Detection of brain metastasis 

could be performed more accurately by re-

adjusting PET images to reduce normal brain 

FDG uptake and assessing CT images in the 

brain window 
(16)

. 

Regarding molecular subtype characteri-

stics: According to different gene expressions, 

breast cancer is classified into 4 main 

subtypes; luminal types A and B, triple-

negative (TN), and Her 2+ molecular 

subtypes
(17)

. Although there are discrepancies 

between reports regarding the preferential sites 

for metastasis of breast cancer subtypes, it is 

now accepted that different molecular 

subtypes exhibit distinctive behavior regarding 

the sites of distant metastasis
(18)

. Bartmann C 

et al. 
(19)

 and Soni A et al. 
(20)

 reported in their 

studies that the luminal subtypes showed more 

frequent bone metastasis while the HER2+ 

subtype showed more frequent liver 

metastasis. Patients with triple-negative 

subtype were most likely to develop visceral 

metastases. Brain metastasis was 

predominately found in patients with HER2+ 

and TN breast cancer. 

Consistent with these previous studies, we 

found in our study that luminal types (A and 

B) showed a higher propensity for bone 

metastases (73.3% and 68.8%, respectively) 

compared with lung, liver, and pleural 

metastases. Otherwise, there was no 

statistically significant difference between the 

different molecular subtypes regarding 

metastatic sites. This could be attributed to the 

small sample size of our study compared to 

previous studies. In keeping with several 

previous studies (21 and 22), we found in our 

study that luminal types (A and B) had a better 

prognosis with lesser mortality rates than HR-

/HER2 + and Triple-negative subtypes (15.8 

% and 25%, 50%, and 55.6% mortality 

respectively). 

Regarding the PET/CT metabolic 

parameters: Glucose uptake, which is a 

hallmark of cancers, increases with 

malignancy. It is usually evaluated on 

FDG/PET by calculating the standard uptake 

value (SUV) in the tumor. SUV max is the 

most commonly used parameter in clinical 

trials. However, tumor metabolic burden in 

terms of metabolic tumor volume (MTV) and 

total lesion glycolysis (TLG) has been 

reported to be capable of reflecting glucose 

uptake within the whole tumor rather than a 

single-pixel value of 18F-FDG activity (SUV 

max) 
(23)

. 

Morris PG et al. 
(24)

 reported that in 

metastatic bone lesions, the SUV max showed 

a strong proportional association with overall 

survival; meanwhile, Zhang J et al. 
(25)

 showed 

that the SUV max of the primary tumors at 

baseline assessment was significantly 

correlated with progression-free survival and 

overall survival. In these studies, in patients 

with multiple metastatic sites, the lesion with 

the highest SUV max was included in the 

analysis, the condition in which probably 

seems to underestimate the risks presented by 

other metastatic sites 
(26)

. 

Many studies have been conducted to 

assess the importance of the metabolic tumor 

burden in primary breast cancer. Chen W et al 
(23)

 declared that the metabolic tumor burden 

(represented by the MTV and TLG) could 

reflect the tumor metabolic differences in 

different breast cancer molecular subtypes. 

Yoo J et al 
(7)

 reported that total lesion 

glycolysis of the primary tumors could be 

useful in predicting pathologic axillary lymph 

node metastasis in IDC patients with clinically 

negative axillary lymph. 
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Chen W et al
(23)

 defined the metabolic 

tumor volume (MTV) as the volume of the 

tumor that shows increased FDG uptake; it is 

the extent of FDG uptake by a tumor, not 

solely the intensity of FDG uptake. They 

reported that MTV is able to reflect the meta-

bolic volume, rather than the size of the mass; 

it provides more accurate measurement than 

the maximum or minimum diameters, 

especially for lesions with non-FDG-uptake 

necrosis inside. Total lesion glycolysis (TLG); 

the product of mean SUV and MTV, 

represents the combination of the volumetric 

and metabolic information of FDG-PET 
(27)

.  

As PET can provide information on 

whole-body (WB) metabolism, it also allows 

the total volume of metastatic lesions to be 

determined 
(26)

.  

Few studies were carried out to evaluate 

the role of PET metabolic parameters in 

metastatic cancer patients. Son SH et al. 
(26)

 

reported in their study on patients with 

metastatic breast cancer that WB-MTV and 

WB-TLG values were statistically 

significantly higher among non-survivors than 

among survivors, (p= 0.0430 ; p = 0.0428 

respectively), while WB-MTV ; representing 

systemic WB tumor burden, was the only 

independent prognostic index of over-all 

survival in these patients. 

Another study was done by Marinelli B et 

al. 
(28)

 on 47 metastatic triple-negative breast 

cancer patients, and they reported that W-SUV 

max and WB-TLG were not significantly 

predictive of survival yet WB-MTV was. 

In agreement with previous studies, in our 

study, there was no statistically significant 

difference in the SUV maximum values 

between survivors and non-survivors. 

Meanwhile, the mean of WB-MTV and WB-

TLG values were statistically significant in the 

non-survivors than in the survivors ( p= 

<0.001 each ), yet survival analysis revealed 

that WB-MTV was the only independent 

factor affecting mortality rate (hazard ratio 

(95% CI) =13.46 (1.36-132.72); P-Value = 

0.026). 

Conclusion:  

18F-FDG PET/CT could be a non-

invasive suitable imaging technique for 

assessment of metastatic IDC breast cancer 

patients with the advantage of being a single 

modality. WB-MTV is suggestive to be a 

strong independent parameter in predicting the 

survival in metastatic breast cancer patients. 

Limitations: 

Small number of patients and Short-term 

follow-up. 

Retrospective nature of our study with 

heterogeneous population and consequently 

different treatment regimens and heterogeneity 

in the timing of follow-up. 

No biopsy for metastases for most cases. 
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دور التصىٌز الطبقً بالبىسٌتزون المىبعث )فلىرٌذ الجلىكىس مىقىص الاكسجٍه( المذمج مع الأشعة المقطعٍة فى تقٍٍم 

 سزطان الثذي ثاوىٌات المزضى الذٌه ٌعاوىن مه

 

طش٠مح ٌٍرظ٠ٛش  (PET/CT) ٠ؼذ اٌّسػ اٌزسٜ اٌّمطؼٝ تالإٔثؼاز اٌثٛص٠رشٟٚٔ اٌّذِط ِغ الأشؼح اٌّمطؼ١ح الخلفٍة:

اٌرٕثؤ تّساس اٌّشع، لأٔٗ ٠ٛفش اٌمذسج ػٍٝ  ذسًٙ ذم١١ُ ِشاؼٍح اٚساَ اٌصذٞ ٚ ِؼشفح ٚ ذؽذ٠ذ ِٕاطك أرشاس الأٚساَ اٌصا٠ٛٔح، ٚ

 اٌّؼٍِٛاخ اٌٛظ١ف١ح ٚاٌّٛسفٌٛٛظ١ح فٟ فؽض ٚاؼذ.اٌعّغ ت١ٓ 

فٟ اٌسٕٛاخ الأخ١شج، ذُ إشثاخ أْ اٌّؼٍِٛاخ الأ٠ض١ح اٌمائّح ػٍٝ اٌؽعُ ِصً ؼعُ اٌٛسَ الأ٠ضٟ ٚ ِعّٛع ذؽًٍ اٌسىش  

 اٌىٟ ٌذٜ اٌٛسَ ذؼطٟ أ١ّ٘ح إٔزاس٠ح, لأٔٙا لا ذّصً فمظ ٔشاط اٌٛسَ ٌٚىٓ أ٠ضًا ػةء اٌٛسَ اٌىٍٟ.

ْ اٌٙذف ِٓ دساسرٕا ٘ٛ اورشاف اٌم١ّح اٌرشخ١ظ١ح ٌٍرظ٠ٛش اٌطثمٟ تاٌثٛص٠رشْٚ إٌّثؼس )فٍٛس٠ذ اٌعٍٛوٛص وا الهذف:

 فٟ ذم١١ُ اٌّشضٝ اٌز٠ٓ ٠ؼأْٛ ِٓ شا٠ٛٔاخ سشطاْ اٌصذٞ (FDG PET/ CT)ِٕمٛص الاوسع١ٓ( اٌّذِط ِغ الأشؼح اٌّمطؼ١ح 

 شػ١ح ٌسشطاْ اٌصذٞ. ٚذم١١ُ الاسرعاتح اٌؼلاض ِغ اٌرشو١ض ػٍٝ الأٔٛاع اٌف

 05لسُ اٌطة إٌٛٚٞ، ٚ ذضّٕد  -وأد ٘زٖ اٌذساسح تأشش سظؼٟ ، أظش٠د فٟ ِسرشفٝ اٌّؼادٞ ٌٍمٛاخ اٌّسٍؽح  الطزق:

( ٚخضؼٓ ٌٍرظ٠ٛش اٌّمطؼٟ تٛاسطح الأثؼاز الإشؼاػٟ 05-+/05ِش٠ضح ِظاتاخ تسشطاْ اٌصذٞ إٌمٍٟ )ِرٛسظ اػّاس٘ٓ 

سٕٛاخ ٌٍّراتؼح ٌىً ِش٠ضح. ذٛفٝ  5ٚ اٌّراتؼح ؼسة خطح اٌؼلاض ٌىً ِش٠ضح. وأد ٔمطح إٌٙا٠ح  اٌثٛص٠رشٟٚٔ لثً ذٍمٟ اٌؼلاض

 شٙشا(. 05خّسح ػشش ِش٠ضح ِٓ اٌخّس١ٓ اٌّش٠ضح )ِرٛسظ ِؼذي اٌٛف١اخ 

ّمطؼٟ ٚ اٌرظ٠ٛش اٌ ذُ ظّغ اٌث١أاخ تّا فٟ رٌه الأٔٛاع اٌفشػ١ح ٌسشطاْ اٌصذٞ، ٔرائط اٌرظ٠ٛش اٌّمطؼٟ اٌثٛص٠رشٟٚٔ

ِعّٛع  ,-W) (SUVmax ٚإٌرائط الا٠ض١ح ٌٍرظ٠ٛش اٌثٛص٠رشٟٚٔ )ِرضّٕح أػٍٝ ل١ّح اِرظاص ل١اس١ح ٌلاٚساَ تاٌعسُ وٍٗ

(, شُ ذُ  (WB-TLG)، ٚ ِعّٛع ذؽًٍ اٌسىش اٌىٍٟ ٌذٜ الاٚساَ تاٌعسُ وٍٗ (WB-MTV) تاٌعسُ وٍٗ اٌؽعُ الأ٠ضٟ ٌلاٚسَ

 ظذٌٚح إٌرائط ٚذؽ١ٍٍٙا. 

طثما ٌٍفؽٛطاخ الا١ٌٚح, اشثد اٌّسػ اٌزسٜ اٌّمطؼٝ تالإٔثؼاز اٌثٛص٠رشٟٚٔ اٌّذِط ِغ الأشؼح اٌّمطؼ١ح أٗ  الىتائج:

 اٌؼظاَ ٚاٌغذد ا١ٌٍّفا٠ٚح ٚاٌىثذافضً ِٓ اٌرظ٠ٛش اٌّمطؼٟ فٟ اورشاف ٚ ذم١١ُ الاٚساَ اٌسشطا١ٔح اٌصا٠ٛٔح ٌسشطاْ اٌصذٞ فٟ 

 فٟ ذم١١ُ شا٠ٛٔاخ اٌشئح خاطح اٌرٟ ٠مً لطش٘ا ػٓ ٚاؼذ سٕر١ّرش.ت١ّٕا واْ اٌرظ٠ٛش اٌّمطؼٟ أوصش ؼساس١ح 

ذساٜٚ اٌّسػ اٌزسٜ اٌّمطؼٝ تالإٔثؼاز اٌثٛص٠رشٟٚٔ اٌّذِط ِغ الأشؼح اٌّمطؼ١ح ٚ اٌرظ٠ٛش اٌّمطؼٟ فٟ اٌىشف ػٓ 

 شٟٚٔ إٌاذعح ػٓ اِرظاصٌذٜ اٌّسػ اٌزسٜ اٌّمطؼٟ تالأثؼاز اٌثٛص٠ر اٌؽساس١ح إٌّخفضح ٚلذ ٠شظغ رٌه اٌٟ اٌصا٠ٛٔاخ تاٌّخ

 ٠رُ ذم١١ذ اسرخذاِٗ فٟ ٘زا اٌغشع. ٚتاٌراٌٟ ,اٌّخ ٌّادج فٍٛس٠ذ اٌعٍٛوٛص ِٕمٛص الاوسع١ٓ

١ِلًا ِشذفؼاً ٌلأرشاس فٟ ا١ٌٙىً اٌؼظّٟ ِماسٔحً تالأِاوٓ الاخشٜ،  (luminal A and B ) واْ ٌٍٕٛػاْ اٌٍّؼ١اْ أ ٚ ب

٠ّىٓ أْ ٠ؼضٜ  ,ت١ٓ الأٔٛاع اٌفشػ١ح اٌّخرٍفح ف١ّا ٠رؼٍك تأِاوٓ أرشاس الاٚساَ اٌصا٠ٛٔح ت١ّٕا ٌُ ٠ىٓ ٕ٘ان فشق ِؼرذ تٗ إؼظائ١ا

 رٌه إٌٝ طغش ؼعُ ػ١ٕح دساسرٕا ِماسٔح تاٌذساساخ اٌساتمح.

ٚ رٚٞ ِسرمثلاخ اٌٙٛسِٛٔاخ ساٌثح ٚ  (TN) أظٙشخ اٌّش٠ضاخ اٌلاذٟ وأد ٌذ٠ٙٓ اٚساَ رٚٞ اٌّسرمثلاخ اٌساٌثح شلاش١ا 

ذذ٘ٛس ٌٍؽاٌح اٌّشض١ح ٚ اسذفاع فٟ ٔسة اٌٛف١اخ ِماسٔح  (+HR-/HER2)  ػٍٝ ِسرمثلاخ ٌؼاًِ ّٔٛ اٌثششج اٌثشش٠حذؽرٛٞ 

 تاٌلاذٟ وأد ٌذ٠ٙٓ ِسرمثلاخ ٌٍٙشِٛٔاخ ِٛظثح.

واْ ِرٛسظ ِعّٛع اٌؽعُ الأ٠ضٟ ٌلأٚساَ ٚذؽًٍ اٌسىش اٌىٍٟ ٌذٜ الاٚساَ تاٌعسُ وٍٗ أػٍٟ فٟ اٌؽالاخ اٌّرٛف١ح ػٓ  

ٌه فٟ اٌؽالاخ اٌثال١١ٓ ػٍٝ ل١ذ اٌؽ١اج، ت١ّٕا ٌُ ٠ظٙش ِرٛسظ أػٍٝ ل١ّح اِرظاص ل١اس١ح ٌلأٚساَ أٞ فشق رٞ دلاٌح إؼظائ١ح ر

 ت١ٓ اٌّعّٛػر١ٓ. 

أٔٗ ٠ّىٓ فمظ اسرخذاَ ِعّٛع ِرٛسظ اٌؽعُ الأ٠ضٟ ٌلأٚساَ  survival analysis)) أظٙش ذؽ١ًٍ اٌثماء الاؼظائٟ 

 فٟ ِؼذي اٌٛف١اخ.٠ؤشش تاٌعسُ وٍٗ وؼاًِ ِسرمً 

 الأشؼح ِغ اٌّذِط اٌثٛص٠رشٟٚٔ تالإٔثؼاز اٌّمطؼٝ اٌزسٜ اٌّسػخٍظٕا فٟ دساسرٕا اٌٝ إٔا ٔمرشغ اسرخذاَ  الخلاصة:

اٌٛسائً اٌع١ذج ٚاٌعٛ٘ش٠ح فٟ ذؽذ٠ذ أرشاس  ٠ؼذ ِٓسشطاْ اٌصذٞ، ؼ١س أٗ  فٟ ذم١١ُ اٌّشضٝ اٌز٠ٓ ٠ؼأْٛ ِٓ شا٠ٛٔاخاٌّمطؼ١ح 

 الأٚساَ اٌصا٠ٛٔح ٚذم١١ُ اٌعسُ وٍٗ فؽض ٚاؼذ، ٚوزٌه ِراتؼح اٌؼلاض ِّا ٠ساُ٘ فٟ اخ١اس اٌؼلاض الاِصً.

اٌز٠ٓ ٠ؼأْٛ ِٓ اسرخذاَ ِعّٛع ِرٛسظ اٌؽعُ الأ٠ضٟ ٌلأٚساَ تاٌعسُ وٍٗ ٠ّىٓ اْ ٠ىْٛ ِف١ذا فٟ ذم١١ُ اٌّشضٝ 

 شا٠ٛٔاخ سشطاْ اٌصذٞ ٚرٚ ل١ّح فٟ اٌرٕثؤ تّؼذي اٌٛف١اخ.

 


