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Breast cancer is the most common malignancy in women1,2. It is 
the second leading cause of death in females1. It is estimated that 
1.38 million cases are detected worldwide per year and 458,000 
deaths consequently1. 

Early detection of breast cancer is essential in managing patients 
with breast cancer; it is directly related to the type of therapy, 
outcome, prognosis and overall survivor3. Involvement of the 
axillary lymph nodes with malignant deposition is considered the 
most important prognostic element in recurrence and survival4,5. 
The number of the involved lymph nodes is directly proportionate 
to the ten-year survival of patients with breast cancer; survival 
reaches 90% if no lymph nodes were involved; 70% if one to 
three lymph nodes affected and as low as 30% if more than 
ten nodes affected6,7. For decades, any female diagnosed with 
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breast cancer will be mandatory posted for axillary lymph node 
dissection (ALND) to achieve an accurate diagnosis. 

Axillary clearance carried many surgical complications 
including wound hematoma, nerve paralysis, discomfort 
and lymphedema of the upper limb up to 20%; in addition 
to the cost and prolonged hospital stay8-12. Thus, alternative 
modalities were required to decrease the invasiveness of 
axillary procedures.

During staging process, an axillary ultrasound and biopsy of 
suspicious lymph nodes could detect up to 45% of metastases13. 
ALND is indicated if the ultrasound guided needle biopsy is 
positive for metastases to stage and not to treat the primary 
disease. In contrast, patients with impalpable axillary lymph 
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nodes and negative ultrasounds are scheduled for sentinel 
lymph node biopsy (SLNB). It is the standard procedure to 
identify affected lymph nodes using a radioisotope, blue dye 
or both8,10. If metastases are proven with the SLNB, ALND is 
indicated during the same sitting14. 

Although SLNB carries fewer complications as opposed 
to ALND, it still requires experts, additional costs for the 
equipment and facilities. In addition, its sensitivity does not 
reach 100%15. Thus, the urge for safer, less invasive modalities 
to stage the axilla accurately became a necessity.

Recently positron emission tomography (PET) has been 
introduced in the diagnostic modalities of several malignant 
diseases including breast cancer16. PET produces three-
dimensional images using radioactive tracer that can detect 
neoplastic cells. More advanced scanners add a computed 
tomography (CT) scan, known as PET-CT scan. This addition 
gives clearer data of the tissue anatomy17.

The aim of this study is to evaluate the accuracy of PET-CT in 
assessing axillary nodes in patients with breast cancer. 

METHOD

The study was performed between 1 January 2013 and 31 
October 2015. Sixty-two patients were diagnosed with breast 
cancer. The clinical stage had been determined by using the 
triple assessment which includes: physical examination, 
mammography and ultrasound of the breast and the axilla 
and biopsy from the breast lesion. Twenty-one patients were 
diagnosed with breast cancer and had PET-CT prior to their 
surgery for initial staging. The PET-CT scans were interpreted 
by two nuclear medicine consultants. 

The data was retrieved from the electronic hospital filing 
system (INDRA database) through the IT department and the 
histopathology department.

The data was analyzed using SPSS version 23. Categorical data 
was reported in percentages, diagnostic accuracy estimated 
using sensitivity and specificity analyses, and axillary 
involvement detection rates between PET-CT and Pathology 
were compared using Mc Nemar’s test. 

RESULT

Sixty-two patients were diagnosed with breast cancer. Twenty-
one cases had axillary PET-CT scan and had been included in 
this study. Fourteen (66.6%) patients were Bahrainis, see table 
1. Eighteen (85.7%) patients had invasive ductal carcinoma; 
the most common grade of tumor was G2, 11 (52.4%), see 
tables 2 and 3. 

Eight (38.1%) positive axillary PET-CT scans were confirmed 
by histopathology as positive axillary lymph nodes with tumor 
metastases. The number of lymph nodes retrieved at surgery 
ranged from 9 to 20 lymph nodes. Included were two cases 
where the histology was confirmed by tru-cut biopsies. 

Thirteen (61.1%) patients had negative axillary PET-CT scans; 
five (23.8%) patients were histologically negative by axillary 
lymph node dissection and six (28.6%) patients had sentinel 
lymph node biopsy which were sent for frozen sections and 
confirmed subsequently by paraffin sections as negative nodes. 
However, 2 (9.5%) cases were negative PET-CT scan for axillary 
nodes but the lymph nodes removed surgically were positive 
for cancer; one (4.8%) patient had 11 lymph nodes removed 
surgically, 4 of which showed metastatic carcinoma. One case 
was negative PET-CT but positive sentinel nodes on histology. 

On average, 14.5 lymph nodes per patient were surgically 
removed. Histologically, metastases were found in 38% of 
the patients. There was a progressive increase in metastases 
percentage with tumor size. The average tumor size tumor in the 
cases with lymph metastases was 42.5 mm, while the average 
tumor size for negative axillary lymph nodes was 25 mm.  

The sensitivity of PET-CT in detecting axillary involvement 
compared to histopathology was computed to be 80% (95% 
CI: 0.55 – 1.047), with the negative predictive value being 85% 
(95% CI: 0.65 – 1.042). The overall accuracy of PET-CT in 
detecting axillary involvement was found to be 0.904 (95% CI: 
0.779 – 1.0330), see table 4. A comparison of the percentage 
of subjects diagnosed as having axillary involvement through 
histopathology (47%) and PET-CT (38%), revealed no 
significant difference (Mc Nemar P-value = 0.500), indicating 
similar rate of diagnosis through both methods, see figure 1.

Table 2: Type of Cancer 
Type of Cancer n %

Invasive Ductal Carcinoma 18 85.7
Papillary Adenocarcinoma 1 4.8
Medullary Carcinoma 1 4.8
Mucinous Carcinoma 1 4.8
Total 21 100

Table 3: Grade 
Grade of Cancer n %

G1 3 14.3
G2 11 52.4
G3 7 33.3
Total 21 100

Table 1: Nationality 
Nationality n %

Bahraini 14 66.6
Egyptian 2 9.5
Pakistani 2 9.5
Bangladeshi 1 4.8
Indian 1 4.8
Other 1 4.8
Total 21 95.2

Table 4: PET-CT Compared to Pathology

Parameter Measure 95% Confidence 
Intervals

Axillary Involvement Assessed 
by Pathology [n (%)] 10 (46.7%) -

Axillary Involvement Assessed 
by PET-CT [n (%)] 8 (38.1%) -

Sensitivity of PET CT 80% 0.55 - 1.047

Specificity 100% 1.00 -  1.00

Positive Predictive Value 100% 1.00 – 1.00

Negative Predictive Value 85% 0.65 – 1.042

Overall Accuracy 0.904 0.779 – 1.0330
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DISCUSSION

Marco Greco et al evaluated the possibility of using PET-CT 
scan as a non-invasive procedure to detect axillary lymph 
node involvement rather than ALND in patients known to 
have breast cancer found that the sensitivity and specificity are 
94.4% and 86.3% respectively, which were considered high 
compared to other studies18. 

Wahl et al concluded that ALND is more accurate than PET-
CT scan in detecting lymph node metastasis, as the sensitivity 
of PET scan is 61% while it is 80% specific; he concluded 
that PET-CT scan is not suitable to replace the histological 
evaluation of axillary lymph nodes19. Veronesi et al found that 
PET scan sensitivity rate is 70% and specificity rates were 
noted to be 37% and 96% respectively20. Fuster et al concluded 
that SLB is better than PET scan in detecting axillary LN 
metastasis, as PET scan sensitivity rate is 70%21. 

Groves et al found that PET-CT scan be 62.5% sensitive and 
91.3% specific in detecting axillary lymph node involvement22. 

Pritchard et al concluded that a positive PET-CT scan results 
indicate axillary nodes disease as it carries high positive 
predictive value (96%). However PET-CT scan is neither 
sensitive nor specific to detect positive axillary lymph nodes 
and identify distant metastases23.

Till et al concluded that PET-CT could not replace invasive 
methods to stage the axilla but PET-CT could assist in deciding 
what invasive method to start with SLNB versus ALND24. 

Meta-analysis and systematic review by Cooper et al reached a 
conclusion that SLNB is more sensitive and specific than PET 
scan25. 

PET is superior to bone scan in detecting lytic bone lesions and 
less in detecting sclerotic26-27. However, adding CT imaging 
could detect the sclerotic bone lesions. 
 
PET-CT has showed significant sensitivity and specificity in 
detecting, staging, evaluating the residual or recurrence of 
tumors and monitoring treatment response in breast cancer 
cases28. 
 

The radiation dose from the PET-CT using non-diagnostic CT 
and ten mCi FDG dose is approximately 15 mSv from the CT 
radiation and eight from the PET radiotracer injection28,29.

CONCLUSION

PET-CT scan is highly sensitive and specific in detecting 
axillary lymph nodes metastases in breast cancer. The 
80% sensitivity and 100% specificity in our study could 
be attributed to the small number of patients and the 
improvement in the new generation of the PET-CT 
scanners with high resolution, which led to further increase 
in diagnostic value. 
 
However, the literature review revealed that PET and 
PET-CT scans had lower sensitivity in detecting axillary 
metastasis compared to open biopsy. Therefore, current 
evidence does not support the use of PET-CT scan to 
replace clinically negative axilla as an initial assessment.
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