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Abstract
Objective: Our aim was to assess the diagnostic performance of integrated positron emission tomography/computed 
tomography (PET/CT) in the follow-up of breast cancer patients, who underwent a PET/CT scan due to a suspicion of 
recurrence based on elevated levels of serum tumor markers.
Methods: Seventy-seven consecutive patients were included in this study. PET/CT scan results were compared with the 
final diagnoses that were obtained from histopathological sampling or a minimum 6 months of radiological follow-up. The 
sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and the diagnostic accuracy of PET/CT 
for detecting recurrence were calculated.
Results: All 77 patients had increased serum cancer antigen 15-3 levels while 37 had increased serum carcinoembryonic 
antigen levels. According to PET/CT scan results, 59 of 77 patients (PET/CT positive) had local recurrence and/or distant 
metastasis while there was no pathological finding in 18 patients (PET/CT negative). In a follow-up of minimum 6 months, 
tumor recurrence was confirmed in 58 of “PET/CT positive” patients while no tumor recurrence was detected in 16 of “PET/
CT negative” patients. According to these results the sensitivity, specificity, PPV, NPV and the diagnostic accuracy of PET/CT 
for detecting recurrence on a per-person basis were calculated as 98%, 88%, 96%, 94% and 96%, respectively.
Conclusion: In case of elevated levels of serum tumor markers, PET/CT has a high diagnostic accuracy in detecting tumor 
recurrence in patients with breast cancer, and it is an effective modality that can be used in addition to conventional imaging 
techniques.
Keywords: 18F-FDG PET/CT scan, breast cancer, biochemical tumor markers

Öz
Amaç: Bu çalışmada meme kanseri tanısı ile takip edilmekte iken tümör belirteçlerinde [kanser antijeni (CA) 15-3 ve 
karsinoembriyonik antijen (CEA)] yükselme saptanan ve bu sebeple nüks şüphesiyle yeniden evreleme amacıyla 18F-FDG 
pozitron emisyon tomografi/bilgisayarlı tomografi (PET/BT) çekilen hastalarda PET/BT’nin tanısal etkinliği araştırıldı. 
Yöntem: Çalışmaya 77 hasta dahil edildi. Hastaların PET/BT sonuçları ile çalışma sonrası minimum 6 aylık takip döneminde 
elde edilen histopatolojik ve radyolojik veriler karşılaştırıldı. Bu sonuçlara göre PET/BT’nin duyarlılığı, özgüllüğü, pozitif prediktif 
değerleri (PPV) ve negatif prediktif değerleri (NPV) ile tanısal doğruluğu hesaplandı. 
Bulgular: Çalışmaya dahil edilen hastaların tamamında CA 15-3 düzeyi yüksek iken, CEA düzeyi 37 hastada yüksek idi. PET/
BT sonuçlarına göre 77 hastanın 59 tanesinde lokal nüks ve/veya uzak metastaz şüpheli lezyon saptanırken, 18 hastada 
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Introduction

Breast cancer is the most common cancer among females. 
It is also the leading cause of cancer related death among 
females worldwide, with an estimated 1,7 million new 
cases and 521.900 deaths in 2012 (1). 
Recurrence in breast cancer can occur even after 15 years 
following primary therapy, thus requiring life-long routine 
follow-up (2). Early detection of tumor recurrence improves 
long-term survival rates as well as quality of life. 
Cancer antigen 15-3 (CA 15-3) and carcinoembryonic 
antigen (CEA) are two frequently used tumor markers in 
the follow-up of breast cancer (3,4). However, the results 
of many studies about these tumor markers in follow-up 
of breast cancer are inconsistent, even conflicting with 
each other. Previous studies have been conducted to 
quantitatively evaluate the serum levels of these two tumor 
markers and some found no significant correlation between 
increased tumor marker levels and recurrence while some 
found a significant correlation between them (5,6,7). 
Although the definitive diagnostic method of breast 
cancer recurrence is histopathologic confirmation, it 
is not always easy to perform due to deep location or 
being very small in size or being too close to organs or 
great vessels making sampling either difficult or risky. 
Morphological imaging studies or tumor markers can be 
used to evaluate breast cancer recurrence. Currently, the 
most commonly used morphological imaging methods for 
detecting breast cancer recurrence include mammography, 
ultrasound (US), computed tomography (CT) and magnetic 
resonance imaging (MRI). However, both tumor markers 
and morphological imaging studies have some limitations. 
For instance, tumor markers can neither localize the 
recurrence site nor differentiate loco-regional recurrence 
from distant metastasis. Even though morphological 
imaging studies can detect both loco-regional recurrence 
and distant metastasis, it is not always easy to discriminate 
post-operational changes from loco-regional recurrence. 
In addition, they also cannot evaluate the viability of the 
tumor tissue or small lesions since their diagnostic criteria 
depends on size measurement and morphological changes.
Integrated positron emission tomography (PET)/CT 
scan is a functional imaging modality that can measure 

increased glucose metabolism in tumor cells by using 
18F-fluorodeoxyglucose (18F-FDG) as a radiopharmaceutical 
agent. Recently this imaging modality is also frequently 
performed for evaluating breast cancer, like many other 
types of cancers (8,9). However, the data on the value of 
18F-FDG PET/CT in evaluating breast cancer recurrence in 
case of elevated levels of tumor markers is limited and not 
clear (10). 

In clinical practice, during the follow-up of breast cancer, it 
is difficult to manage treatment when serum tumor marker 
levels increase without any morphological imaging finding or 
when suspicious morphological imaging findings are found 
in terms of breast cancer recurrence but histopathological 
confirmation is not convenient. In such circumstances, PET/
CT scan can be used for evaluating recurrence (11,12). 

That is why, in this study we aimed to assess the diagnostic 
performance of 18F-FDG PET/CT in evaluating recurrence in 
case of elevated levels of serum tumor markers (CA 15-3 
and CEA) during follow-up of breast cancer, and to find the 
optimal cut-off values of serum tumor markers that can be 
used in discrimination of tumor recurrence when reporting 
PET/CT. 

Materials and Methods

Seventy-seven consecutive patients who were followed-
up for breast cancer and who underwent 18F-FDG PET/
CT scan due to suspicion of recurrence based on elevated 
levels of serum tumor markers (CA 15-3 and CEA) were 
included in this study. Elevated serum tumor marker levels 
were accepted as >25 U/mL for CA 15-3, and >3.8 ng/
mL for CEA. PET/CT scan results were compared with the 
final diagnoses that were obtained from histopathologic 
sampling or at least 6 months of radiological follow-up. 
18F-FDG PET/CT Imaging

All scans were performed by using an integrated PET/CT 
system (Discovery 600; GE Healthcare, Milwaukee, USA) that 
consisted of a full-ring high-resolution bismuth germanate 
oxide PET and a 16-slice CT. Patients were fasted for at least 
6 hours before imaging. Blood glucose levels were checked 
to be less than 200 mg/dL before injection of 10 to 15 mCi 
of 18F-FDG. 500 mL of oral contrast was administered and 
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Öz
herhangi bir patolojik bulguya rastlanmadı. Minimum 6 aylık takip neticesinde PET/BT’de şüpheli lezyon saptanan 59 hastanın 
58 tanesinde lokal nüks ve/veya uzak metastaz varlığı doğrulanırken, PET/BT’de patolojik bulgu saptanmayan 18 hastanın 16 
tanesinde takipleri süresince lokal nüks ve/veya uzak metastaz gelişmedi. Bu sonuçlara göre çalışmamızda PET/BT’nin hasta 
bazında duyarlılığı %96, özgüllüğü %94, PPV %98, NPV %88 ve tanısal doğruluğu %96 olarak bulundu.
Sonuç: 18F-FDG PET/BT, meme kanseri tanısı ile takip edilmekte iken tümör belirteç yüksekliği saptanan hastalarda lokal nüks 
ve/veya uzak metastazın araştırılması için tanısal etkinliği yüksek non-invaziv ve konvansiyonel görüntüleme yöntemlerine ek 
olarak kullanılabilecek etkili bir görüntüleme yöntemidir.
Anahtar kelimeler: 18F-FDG PET/BT, meme kanseri, biyokimyasal tümör belirteçleri 
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intravenous injection of 18F-FDG was followed by a period 
of approximately 60 minutes. The images were obtained 
from the vertex of the head to mid-thigh. 

Image Analysis

Two experienced nuclear medicine physicians interpreted 
PET/CT images. The readers were blinded to the results 
of previous imaging studies and to the follow-up data. For 
the purpose of statistical analysis, patients who have at 
least one positive PET lesion compatible with recurrence 
on PET/CT were categorized as “PET/CT positive” and all 
others as “PET/CT negative”. Then, the PET/CT data were 
compared with the follow-up data. If a patient has both 
loco-regional recurrence and distant metastasis but the 
PET/CT detected only one component (i.e. PET/CT detected 
the loco-regional recurrence but not the distant metastasis 
or vice versa) then PET/CT scan result was classified as 
false negative. The golden standard in this study was 
either radiological follow-up (in most of the patients) or 
histopathologic confirmation. Radiologically confirmed 
recurrence was defined as detection of recurrence by 
conventional imaging modalities (mammography, US, CT or 
MRI) within 6 months of PET/CT scan. When a suspicious 
lesion showed interval increment in size during follow-up 
or interval decrement in size after radio/chemotherapy it 
was accepted as a radiologically confirmed recurrence. A 
patient was accepted as free of recurrence after a negative 
radiological follow-up within at least 6 months of PET/CT 
scan. Recurrence detected after this period was interpreted 
as a new recurrence.

Statistical Analysis

A retrospective analysis of prospectively collected archive 
data was performed. The Statistical Package for Social 
Sciences version 22.0 (SPSS Inc,; Chicago, IL, USA) was 
used for statistical analysis. Tests with a p value less than 
0.05 were considered as statistically significant. Patient 
based sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV) and diagnostic accuracy of 
PET/CT were calculated. Receiver operating characteristic 
analysis was used to detect the optimal cut-off serum 
tumor marker levels that can be used in interpreting 
PET/CT. Kappa coefficient was used in the measurement 
of agreement analysis. Written informed consent was 
obtained from each patient included in this study.

Results

Seventy-seven consecutive patients were included in this 
study. The mean age of patients was 50.9, ranging from 27 
to 78. Of all 77 patients, all of them had increased (>25 U/
mL) serum CA 15-3 levels while 37 of them had increased 
(>3.8 ng/mL) serum CEA levels. In terms of histopathologic 
classifying; 66 patients had invasive ductal carcinoma, 6 had 
invasive lobular carcinoma and 5 had other type of tumors. 
According to TNM staging; 2 patients were classified as 

stage 1, 17 as stage 2, 24 as stage 3 and 34 had stage 4 
disease. Patient characteristics are summarized in Table 1.

According to PET/CT scan results, 59 of 77 patients (PET/
CT positive) had local recurrence and/or distant metastasis 
(57 were reported as having distant metastasis and 2 were 
reported as having loco-regional recurrence) while 18 
were reported as having no pathological finding (PET/CT 
negative).

Bone metastasis was reported in 48 patients while liver 
metastasis was reported in 14, lung metastasis in 3, 
plural metastasis in 4, brain metastasis in 3, adrenal 
gland metastasis in 2, peritoneal metastasis in 1, spleen 
metastasis in 1, regional lymph node metastasis in 8, and 
extra-regional lymph node metastasis in 15 patients.

Of all 77 patients evaluated in this study; 58 of “PET/CT 
positive” patients and 2 of “PET/CT negative” patients 
were confirmed to have tumor recurrence, and 1 of “PET/
CT positive” patients and 16 of “PET/CT negative” patients 
were accepted as negative for tumor recurrence finally. 
PET/CT scan results were false positive in 1 patient and 
false negative in 2 patients. In the follow-up, one patient 
who has been reported as having distant metastasis in PET/
CT (false positive) was diagnosed as having mediastinal 
granulomatous disease finally. On the other hand, out 
of the 2 patients who have been reported as having no 
pathological findings in PET/CT (false negative) one was 
diagnosed with bone and pleural metastasis 5 months 
after the PET/CT scan, while bone metastasis in addition to 
neck and mediastinal lymph node metastasis was detected 
12 months after the PET/CT scan in another patient.

Final diagnoses were obtained by histopathologic sampling 
in 23 (30%) of 77 patients and by radiological follow-up 
in the remaining 54 (70%). Histopathologic confirmation 
was obtained in 2 of 2 loco-regional recurrence site, 6 of 8 
regional lymph node metastasis site, 6 of 15 extra-regional 
lymph node metastasis site, 4 of 48 bone metastasis site, 2 
of 4 pleural metastasis site, 1 of 3 lung metastasis site and 
2 of 14 liver metastasis site. Other sites of recurrence were 
confirmed by radiological follow-up. PET/CT scan results 
and correlation of PET/CT with final diagnosis are listed in 
Table 1.	

Based on these results, on a per-person basis, there was 
a statistically significant correlation between PET/CT scan 
results and final diagnosis (kappa: 0.89, p=0.000 <0.05) 
with a sensitivity, specificity, PPV, NPV and diagnostic 
accuracy of 96%, 94%, 98%, 88% and 96% respectively. 

There was no statistically significant correlation between 
elevated serum CA 15-3 levels (>25 U/mL) and final 
diagnosis (kappa: 0.0, p=1.0 >0.05). Nevertheless, a 
statistically significant correlation was detected if an 
optimal cut-off value of 40 U/mL was used to discriminate 
tumor recurrence when reporting a PET/CT scan (kappa: 
0.35, p=0.001 <0.05) with a sensitivity, specificity, PPV and 
NPV of 76%, 64%, 88% and 44%, respectively. There was 
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Table 1. Patient characteristics and positron emission tomography/computed tomography scan results

No Age Histological
subtype

Disease 
stage CA 15-3 (u/mL)  CEA (ng/mL) PET/CT scan 

report
PET/CT correlation with 
final diagnosis 

1 59 IDCA 4 31 12.4 BM, LNM +

2 29 IDCA 3 41 3 BM, VM +

3 36 OTHER (1) 3 83.3 79.3 BM +

4 38 ILCA 4 85.5 4.8 BM, LNM +

5 48 IDCA 2 35.6 1.9 NPF +

6 39 IDCA 4 75.9 1.6 BM +

7 47 IDCA 4 55.2 5.1 BM, VM +

8 27 ILCA 2 74.4 3.7 VM +

9 65 IDCA 4 27.4 1.7 BM +

10 58 IDCA 3 25.9 1.1 LNM + 

11 36 IDCA 4 53.3 1.1 BM, VM +

12 58 IDCA 2 46.6 11.3 NPF +

13 45 ILCA 3 115.3 2.5 BM +

14 47 IDCA 2 517.9 0.5 VM +

15 63 IDCA 3 34.5 20.3 BM, VM +

16 35 IDCA 4 241.2 21.4 BM +

17 34 ILCA 3 40.9 33.6 BM, VM +

18 67 IDCA 3 175.1 2.9 BM, LNM +

19 58 IDCA 3 705.3 24.3 BM, VM, LNM +

20 35 IDCA 4 299.7 25.5 BM +

21 36 IDCA 4 85.2 2.6 BM +

22 72 IDCA 3 43.6 9 LNM +

23 62 IDCA 2 51.9 1.7 NPF +

24 46 IDCA 3 49.4 1 BM +

25 56 IDCA 4 140.6 3.7 BM, VM +

26 34 IDCA 4 25.2 2.3 BM, VM, LNM +

27 38 OTHER (2) 3 26.6 4.7 NPF +

28 70 IDCA 3 47.9 3.3 LNM +

29 51 IDCA 3 32.5 2.9 NPF +

30 42 IDCA 3 52.1 7.2 BM, LNM +

31 49 IDCA 4 33.1 7.1 VM +

32 60 IDCA 3 41 2.2 BM, LNM +

33 49 IDCA 3 45.4 1.9 NPF +

34 68 IDCA 4 31.6 1.8 BM, VM +

35 66 IDCA 4 53.3 62.8 BM +

36 61 IDCA 3 33.9 5.9 LNM +

37 52 IDCA 2 29.8 7.7 NPF - (6)

38 61 IDCA 2 37.1 4.6 NPF +

39 52 OTHER (3) 4 61.4 6.8 BM, VM + 

40 45 IDCA 2 27.1 2.6 NPF +

41 36 IDCA 4 101.1 0.3 BM, VM +



7

Göktaş and Cayvarlı. PET/CT in Elevated Levels of Tumor Markers in Breast CancerMol Imaging Radionucl Ther 2018;27:3-9

Table 1. Continued.

No Age Histological
subtype

Disease 
stage CA 15-3 (u/mL)  CEA (ng/mL) PET/CT scan 

report
PET/CT correlation with 
final diagnosis 

42 43 IDCA 2 37.6 0.9 BM +

43 57 OTHER (4) 4 74.4 4 BM, LNM +

44 52 IDCA 2 41.1 13.8 BM, VM +

45 28 IDCA 4 41.1 5.7 BM, LNM +

46 42 IDCA 4 69.5 7.8 BM, VM +

47 70 IDCA 2 26.6 2 NPF +

48 76 IDCA 2 37.8 2.2 LRR +

49 63 IDCA 4 725.5 5.2 BM, VM +

50 42 IDCA 4 187 69 BM, VM +

51 35 IDCA 2 32.3 3.1 LNM - (7)

52 35 IDCA 4 85.6 30.5 BM +

53 48 IDCA 2 25.5 49.1 NPF +

54 56 OTHER (5) 4 78.9 429.8 BM, VM +

55 35 IDCA 4 83.3 2.6 BM +

56 72 ILCA 4 483.1 4.2 BM, VM, LNM +

57 48 IDCA 4 1507 1183 BM +

58 74 IDCA 4 51.6 2.3 BM +

59 45 IDCA 4 41.1 2.1 BM +

60 45 IDCA 3 41 5.3 NPF - (8)

61 63 IDCA 4 30 1.9 BM +

62 45 IDCA 3 99 3.6 VM, LNM +

63 54 IDCA 4 527 3.7 BM, LNM +

64 64 IDCA 2 30.2 1 NPF +

65 58 IDCA 4 94.1 26.6 BM, VM, LNM +

66 73 IDCA 1 28.7 0.9 NPF +

67 54 IDCA 4 527.6 3.7 BM, VM +

68 37 IDCA 3 57.8 0.6 NPF +

69 59 IDCA 1 31.8 2.4 NPF +

70 56 ILCA 3 32.1 49.1 BM +

71 58 IDCA 4 195.4 95 BM, VM, LNM +

72 46 IDCA 4 76.1 2.3 BM +

73 46 IDCA 2 53.1 2.3 NPF +

74 78 IDCA 3 963.9 130 BM, VM +

75 49 IDCA 2 61.1 9.4 NPF +

76 41 IDCA 3 30.8 1.4 LRR +

77 42 IDCA 3 103.9 11.9 BM, VM +

Elevated serum tumor marker levels are defined as >25 U/mL for CA 15-3 and >3.8 ng/mL for CEA, CA 15-3: Cancer antigen 15-3, PET/CT: Positron emission tomography/
computed tomography, CEA: Carcinoembryonic antigen, IDCA: Invasive ductal carcinoma, ILCA: Invasive lobular carcinoma, LRR: Loco-regional recurrence, BM: Bone metastasis, 
VM: Visceral metastasis, LNM: Lymph node metastasis, NPF: No pathological finding. Other: (1) Mix invasive mucinous and invasive ductal carcinoma, (2) mix invasive lobular 
and invasive ductal carcinoma, (3) mix mucinous carcinoma and invasive micropapillary carcinoma, (4) inflammatory breast carcinoma and (5) tubulolobular carcinoma, (6) 
finally diagnosed as having bone and pleural metastasis after 5 months of PET/CT scan, (7) finally diagnosed as having mediastinal granulomatous disease, (8) finally diagnosed 
as having bone metastasis in addition to neck and mediastinal lymph node metastasis after 12 months of PET/CT scan
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no statistically significant correlation between elevated 
serum CEA levels (>3.8 ng/mL) and final diagnosis (kappa: 
0.16, p=0.081 >0.05). However, when reporting the PET/
CT scan, if an optimal cut-off value of 4.8 ng/mL was used 
to differentiate tumor recurrence, a statistically significant 
correlation was detected (kappa: 0.21, p=0.017 <0.05) 
with a sensitivity, specificity, PPV and NPV of 50%, 82%, 
90% and 31%, respectively.

Discussion

One of the major problems in breast cancer follow-
up is detecting loco-regional recurrence and/or distant 
metastasis since the 80% 5-year survival rate in early 
disease is decreased to 15% in advanced stages, and 
since a considerable amount of patients are diagnosed at 
advanced stages. Moreover, the recurrence rate is very high 
-nearly 30% in early stage disease, and it can occur even 15 
years after primary therapy. The 5- and 10-year recurrence 
rates after primary therapy are reported as 6 and 12% in 
stage 1-2 disease, respectively (2,13). Patients who have 
tumor recurrence occurring after primary therapy have a 
chance of curative treatment. Therefore, early detection 
of recurrence and restaging is important for planning the 
optimal treatment regimen and selecting the patients who 
can be curatively treated. 

In the follow-up of breast cancer, an increase in tumor 
marker levels usually indicates recurrence, but its sensitivity 
is low and the sensitivity spreads in a wide range in different 
studies. An elevated tumor marker level is not always 
related to a recurrence. Moreover, tumor markers cannot 
localize the recurrence and cannot show if the disease is 
widespread or not.

In a study of Lumachi et al. (14), they found the sensitivity 
of CEA and CA 15-3 as 38.1% and 61.1% and the specificity 
of both tumor markers as 98.8% and 91.2%, respectively, 
in detecting breast cancer recurrence. In another study, 
Guadagni et al. (15) reported the sensitivity of CEA as 
41.3% and the sensitivity of CA 15-3 as 80.8% in recurrent 
disease.

Some studies showed that the tumor marker levels increase 
before clinical or radiological findings of recurrence (16,17). 
In a study by Nicolini et al. (11), patients were divided 
into two groups; the first group of patients who received 
medical therapy in case of negative conventional imaging 
findings but significant increase in one or more components 
of CEA-TPA-CA 15-3 tumor marker panel (“tumor marker 
guided” treatment) and the second group of patients who 
were treated only after radiologically confirmed recurrence 
(conventional treatment). As a result of this study, “tumor 
marker guided” treatment prolonged disease-free and 
overall survival rates significantly (11). 

Gallowitsch et al. (18) evaluated the role of 18F-FDG PET in 
the follow-up of breast cancer in case of clinical suspicion 
of recurrence and/or tumor marker increase in correlation 

with conventional imaging modalities and reported on the 
advantages of 18F-FDG PET in the diagnosis of metastases 
when compared with conventional imaging modalities. In 
patients with clinical suspicion of tumor recurrence but not 
increased tumor marker levels, 18F-FDG PET was found to 
be a reliable imaging modality for detecting recurrence (18). 

In parallel with the aforementioned study, in the study 
investigating the diagnostic accuracy of FDG PET/CT, CT 
and bone scintigraphy in patients with suspected breast 
cancer recurrence, Hildebrandt et al. (19) found that PET/
CT was accurate in detecting recurrence and ruling out 
distant metastasis. They suggested that PET/CT had higher 
accuracy as compared to conventional imaging modalities 
in this patient group (19).

In the study by Liu et al. (20) evaluating the impact of 
FDG PET on detecting breast cancer recurrence based 
on asymptomatically elevated tumor marker levels, 
FDG PET correctly detected recurrence in 35/38 sites in 
25/28 patients, and they reported the sensitivity and 
accuracy of FDG PET as 96% and 90%, respectively (20). 
Similarly, Lonneux et al. (21) found that FDG PET detected 
recurrence in 37/39 sites in 31/33 patients in their study 
evaluating the role of 18F-FDG PET imaging in patients 
with a suspicion of breast cancer recurrence due to tumor 
marker increase, and they concluded that FDG PET is highly 
sensitive for detecting distant metastasis despite a low 
specificity (21). The higher specificity rate detected in our 
study as compared to these two studies can be attributed 
to the usefulness of CT integration to PET devices, making 
discrimination of degenerative changes or physiological 
uptakes from pathological ones easier. In addition, both 
the high number of patients and the lower levels of serum 
tumor markers in our study as compared to those of Liu 
et al. (20) further confirm the high efficacy of PET/CT, and 
increase the importance of our study. 

PET/CT is a highly sensitive and effective modality for 
evaluating breast cancer recurrence in case of an increase 
in tumor marker levels in asymptomatic patients. However, 
patient management should not be based only on PET/CT 
results due to its low specificity, and additional radiologic or 
histopathologic confirmations are required. 

In our study, all 77 patients had increased CA 15-3 levels. 
In 60 of these patient’s tumor recurrence was confirmed. 
According to this data, CA 15-3 had a PPV of 77%. In 37 
patient’s, serum CEA levels were increased. Thirty-two of 
these patients had confirmed recurrent disease. Therefore, 
the PPV of CEA in detecting tumor recurrence was 86%. 
Nevertheless, it must be remembered that 37 patients 
had elevated levels of both serum CEA and CA 15-3, so 
high PPV of CEA is not an unexpected result if both serum 
tumor markers are used together. 

In our study, PET/CT correctly detected 58 of 60 patients 
who had confirmed tumor recurrence, and 16 of 17 patients 
who were confirmed as negative for tumor recurrence 
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yielding a diagnostic accuracy of 96%. We found that in 
case of elevated levels of serum tumor markers, PET/CT has 
a high diagnostic accuracy in detecting tumor recurrence in 
patients with breast cancer.

In conclusion, this study provides significant evidence about 
the value of PET/CT in evaluating breast cancer recurrence 
in case of elevated levels of serum tumor markers during 
follow-up. Moreover, our results demonstrate that PET/
CT can allow optimization of the treatment planning and 
might be considered in clinical decision-making process.

Study Limitations 

There are several limitations to our study. First, histopathologic 
confirmation of recurrence was not provided in most cases. 
In addition, the majority of included patients had advanced 
staged disease that increased the possibility of recurrence.

Further well-designed clinical studies are required to analyze 
the value of PET/CT in evaluating breast cancer recurrence. 
Also, the role of PET/CT in different histological subgroups 
of breast cancer should be evaluated.

Conclusion

18F-FDG PET/CT is a noninvasive imaging modality that 
enables whole body scanning at once. In case of elevated 
levels of serum tumor markers, 18F-FDG PET/CT has a high 
diagnostic accuracy in detecting breast cancer recurrence 
and it is an effective modality that can be used in addition 
to conventional imaging techniques.

Ethics 

Ethics Committee Approval: A retrospective analysis of 
prospectively collected archive data was performed.

Informed Consent: Written informed consent was 
obtained from each patient included in this study.

Peer-review: Externally and internally peer-reviewed.

Authorship Contributions

Concept: İ.G., Design: İ.G., Data Collection or Processing: 
İ.G., H.C., Analysis or Interpretation: İ.G., H.C., Literature 
Search: İ.G., H.C., Writing: İ.G., H.C.

Conflict of Interest: No conflict of interest was declared 
by the authors.

Financial Disclosure: The authors declared that this study 
received no financial support.

References
1.	 Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global 

Cancer Statistics, 2012. CA Cancer J Clin 2015;65:87-108.
2.	 Hayat MA. Methods of Cancer Diagnosis, Therapy, and Prognosis 

Volume 1, Breast Carcinoma. Springer; 2008.
3.	 Uehara M, Kinoshita T, Hojo T, Akashi-Tanaka S, Iwamoto E, Fukutomi 

T. Long-term prognostic study of carcinoembryonic antigen (CEA) 
and carbohydrate antigen 15-3 (CA 15-3) in breast cancer. Int J Clin 
Oncol 2008;13:447-451.

4.	 O’Hanlon DM, Kerin MJ, Kent P, Maher D, Grimes H, Given HF. An 
evaluation of preoperative CA 15-3 measurement in primary breast 
carcinoma. Br J Cancer 1995;71:1288-1291.

5.	 Samy N, Ragab HM, El Maksoud NA, Shaalan M. Prognostic 
significance of serum Her2/neu, BCL2, CA15-3 and CEA in breast 
cancer patients: A short follow-up. Cancer Biomark 2010;6:63-72.

6.	 Thriveni K, Krishnamoorthy L, Ramaswamy G. Correlation study of 
Carcino Embryonic Antigen & Cancer Antigen 15.3 in pretreated 
female breast cancer patients. Indian J Clin Biochem 2007;22:57-60.

7.	 Fu Y, Li H. Assessing Clinical Significance of Serum CA15-3 and 
Carcinoembryonic Antigen (CEA) Levels in Breast Cancer Patients: A 
Meta-Analysis. Med Sci Monit 2016;22:3154-3162.

8.	 Ratib O, Phelps ME, Huang SC, Henze E, Selin CE, Schelbert HR. 
Positron tomography with deoxyglucose for estimating local 
myocardial glucose metabolism. J Nucl Med 1982;23:577-586.

9.	 Kostakoglu L, Agress H Jr, Goldsmith SJ. Clinical role of FDG PET in 
evaluation of cancer patients. Radiographics 2003;23:315-340.

10.	 Lei L, Wang X, Chen Z. PET/CT Imaging for Monitoring Recurrence 
and Evaluating Response to Treatment in Breast Cancer. Adv Clin Exp 
Med 2016;25:377-382.

11.	 Nicolini A, Carpi A, Michelassi C, Spinelli C, Conte M, Miccoli P, Fini 
M, Giardino R. “Tumor marker guided” salvage treatment prolongs 
survival of breast cancer patients: final report of a 7-year study. 
Biomed Pharmacother 2003;57:452-459.

12.	 Xiao Y, Wang L, Jiang X, She W, He L, Hu G. Diagnostic efficacy of 
18F-FDG-PET or PET/CT in breast cancer with suspected recurrence: 
a systematic review and meta-analysis. Nucl Med Commun 
2016;37:1180-1188.

13.	 Howlader N, Noone AM, Krapcho M, Garshell J, Miller D, Altekruse 
SF, et al. (eds). SEER Cancer Statistics Review, 1975-2012, National 
Cancer Institute. Bethesda, MD. Available from: http://seer.cancer.
gov/csr/1975_2012/

14.	 Lumachi F, Brandes AA, Boccagni P, Polistina F, Favia G, D’Amico DF. 
Long-term follow-up study in breast cancer patients using serum 
tumor markers CEA and CA 15-3. Anticancer Res 1999;19:4485-
4489.

15.	 Guadagni F, Ferroni P, Carlini S, Mariotti S, Spila A, Aloe S, D’Alessandro 
R, Carone MD, Cicchetti A, Ricciotti A, Venturo I, Perri P, Di Filippo F, 
Cognetti F, Botti C, Roselli M. A re-evaluation of carcinoembryonic 
antigen (CEA) as a serum marker for breast cancer: a prospective 
longitudinal study. Clin Cancer Res 2001;7:2357-2362.

16.	 Cheung KL, Graves CR, Robertson JF. Tumour marker measurements 
in the diagnosis and monitoring of breast cancer. Cancer Treat Rev 
2000;26:91-102.

17.	 Nicolini A, Carpi A. Postoperative follow-up of breast cancer patients: 
overview and progress in the use of tumor markers. Tumour Biol 
2000;21:235-248.

18.	 Gallowitsch HJ, Kresnik E, Gasser J, Kumnig G, Igerc I, Mikosch P, 
Lind P. F-18 fluorodeoxyglucose positron-emission tomography in 
the diagnosis of tumor recurrence and metastases in the follow-up 
of patients with breast carcinoma: a comparison to conventional 
imaging. Invest Radiol 2003;38:250-256.

19.	 Hildebrandt MG, Gerke O, Baun C, Falch K, Hansen JA, Farahani 
ZA, Petersen H, Larsen LB, Duvnjak S, Buskevica I, Bektas S, 
Søe K, Jylling AM, Ewertz M, Alavi A, Høilund-Carlsen PF. [18F] 
Fluorodeoxyglucose (FDG)-Positron Emission Tomography (PET)/
Computed Tomography (CT) in Suspected Recurrent Breast Cancer: 
A Prospective Comparative Study of Dual-Time-point FDG-PET/
CT, Contrast-Enhanced CT, and Bone Scintigraphy. J Clin Oncol 
2016;34:1889-1897.

20.	 Liu CS, Shen YY, Lin CC, Yen RF, Kao CH. Clinical impact of [(18)F]
FDG-PET in patients with suspected recurrent breast cancer based on 
asymptomatically elevated tumor marker serum levels: a preliminary 
report. Jpn J Clin Oncol 2002;32:244-247.

21.	 Lonneux M, Borbath II, Berlière M, Kirkove C, Pauwels S. The Place 
of Whole-Body PET FDG for the Diagnosis of Distant Recurrence of 
Breast Cancer. Clin Positron Imaging 2000;3:45-49.

Göktaş and Cayvarlı. PET/CT in Elevated Levels of Tumor Markers in Breast CancerMol Imaging Radionucl Ther 2018;27:3-9


