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Abstract

Background: Neoadjuvant chemotherapy (NAC) is a therapeutic option for locally advanced breast cancer and is
aiming to reduce tumor volume for breast conservation. Accurate assessment of residual tumor after NAC is a
crucial for determining the outcome and survival of the patients. Eighteen fluorine-fluorodeoxyglucose positron
emission tomography/computed tomography (18F-FDG PET/CT) has been recently used as a reliable tool to
evaluate response to treatment due to combined morphologic and metabolic information. The aim of this study
was to assess the value of 18F-FDG PET/CT in evaluation of response to NAC in a sample size of recently diagnosed
30 locally advanced breast cancer patients, who were referred for 18F-FDG PET/CT scanning before and after NAC.
The morphologic and metabolic response was evaluated and compared to histopathologic findings.

Results: 18F-FDG PET/CT detected 23 responders and 7 non-responders among the examined 30 breast cancer
patients, compared to 20 responders and 10 non-responders detected by CT alone. 18F-FDG PET/CT showed
sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of 95.5%, 75%, 91.3, 85.7, and
90%, respectively, compared to 81.8%, 75%, 90, 60, and 80%, respectively, achieved by CT alone.

Conclusion: 18F-FDG PET/CT is a reliable single whole body imaging tool which can be used in monitoring of NAC
response in patients with locally advanced breast cancer showing higher sensitivity and accuracy compared to CT alone.
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Background
Breast cancer is the most commonly diagnosed life-
threatening cancer in females and the leading cause of
cancer death among women [1]. Once diagnosed, the
tumor stage has to be determined accurately to choose ap-
propriate therapy and know the prognosis [2]. Neoadju-
vant chemotherapy (NAC) is a management option for
locally advanced breast cancer. Its goal is to reduce tumor

volume for the purpose of breast conservation. Accurate
assessment of residual tumor after NAC is a crucial prog-
nostic factor for determining the outcome and survival of
the patients [3]. Anatomic response criteria often under-
estimate the chemotherapeutic effect. Imaging of meta-
bolic pathways serves as an alternative way for visualizing
the treatment effects, as metabolic reduction within the
tumor often precedes the anatomic response to therapy
[4]. Positron emission tomography (PET) with 18 fluorine
(18F) flurodeoxyglucose (FDG) has an important role in
oncology, and its role in breast cancer management is
evolving [5–9]. It has been used to evaluate the clinical
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response to NAC in breast cancer patients because meta-
bolic reduction often occurs early in the course of therapy
and precedes reduction in size of the tumor. Semi-
quantitative assessment of 18F-FDG uptake has been re-
ported as a strong predictor of pathologic and clinical re-
sponse. Metabolic reduction detected before and after
NAC using PERCIST (PET Response Criteria In Solid
Tumor) can provide early information on potential tumor
response [4]. The aim of this work was to assess the added
value of 18F-FDG PET/CT scan in evaluation of response
to neoadjuvant chemotherapy in locally advanced breast
cancer patients before surgery.

Methods
Patients
This prospective study was conducted in the period from
March 2017 to October 2019 and included 30 female pa-
tients with locally advanced breast cancer (a total of 31
lesions) who were referred to perform baseline pre-
treatment and end of therapy 18F-FDG PET/CT scans
(before starting and after completion of NAC). Approval
of the institutional review board and written informed
consents from all patients was obtained before the start
of this study.

Inclusion criteria
Any female patient between 20 and 70 years old with
histologically confirmed diagnosis of locally advanced
breast carcinoma (Large breast tumors > 5 cm in diam-
eter, cancers that involve the skin of the breast or the
underlying muscles of the chest, or cancers that involve
multiple local lymph nodes) who did not receive any
therapy (including recurrent breast cancer).

Exclusion criteria
Any patient had inflammatory breast cancer, known to
have contraindications for radiation (e.g., pregnant fe-
males), patients with renal impairment or had high
blood glucose levels at the time of the study, and pa-
tients underwent any surgical intervention or received
radiotherapy as a line of treatment.

Patient preparation
Patients were fasting for a minimum of 6 h before the
scan with good hydration. Exercises were avoided for a
minimum of 24 h (ideally, 48 h) before the scan. Kidney
function tests were reviewed and confirmed to be within
normal limit (0.6–1.3 mg/dL) with pre-scanning blood
glucose level estimation (accepted between 150 and 200
mg/dL including diabetic patients who were advised to
properly control their blood glucose level before examin-
ation) and insertion of ante-cubital intravenous cannula.

Technique of 18F-FDG PET/CT scan
The radioactive tracer (18F-FDG) was injected intraven-
ously in a dose of 0.1 mCi/kg body weight. All patients
were kept in a warm temperature room and asked to
rest without vigorous activity and void just before im-
aging. Scanning by a hybrid PET/CT scanner (Ingenuity
TF 64 combining a modular, LYSO-based PET compo-
nent with a 64-channel CT component, Philips Health-
care, Cleveland, OH, USA) was performed 60min after
injection. The patient was positioned supine on the
table. Initial single-phase contrast material-enhanced
helical CT was performed following injection of 125 mL
of a low-osmolarity iodinated contrast medium (Optiray
350) at a rate of 4 mL/s by using a power injector. A
whole body CT study (from the head to mid-thigh) scan-
ning was obtained using 110 mA, 110 kV, 0.5 s tube rota-
tion time, and 3.3 mm section thickness. After CT
scanning, PET scan covering the same field of view was
obtained immediately. Six to seven bed positions are
planned in the three-dimensional acquisition mode for
scanning the entire patient with 3–5-min acquisition at
each bed position. Images were transferred to a dedi-
cated workstation to be reconstructed and displayed in
axial, coronal, and sagittal planes. Baseline (pre-treat-
ment) studies were performed within a week prior to the
start of NAC, and post-treatment studies were per-
formed 3–4 weeks after completion of NAC.

Image analysis
Images were analyzed by two experienced radiologists
having 7 and 10 years of experience in PET/CT imaging
with 100% interobserver agreement. Analysis of CT im-
ages was done by visual inspection with selection of tar-
get lesions and measuring their dimensions. Analysis of
PET/CT images was done by visual inspection with
quantitative calculation of FDG uptake of the lesions
corrected to lean body mass (SULpeak). They used the
PERCIST 1.0 criteria on PET/CT interpretation and the
RECIST 1.1 criteria on CT interpretation in both pre-
and post-NAC scans for all the studied patient as in
Table 1 [10].
SUVmax was defined as the maximum concentration in

the primary tumor (injected dose/body weight). Max-
imum or average SUV has been used in many studies to
quantify tumor FDG uptake, but have specific limita-
tions. Maximum SUVs are sensitive to image noise and
overestimate tumor FDG uptake in mildly FDG avid le-
sions. The goal of SUVpeak is to avoid these limitations.
SUVpeak was calculated using a 1.2-cm diameter volume
region of interest (VOI) placed on the hottest site of the
primary tumor, then normalized to lean body, mass and
abbreviated as SULpeak (SUVpeak × [lean body mass]/
[total body mass]). The percentage of change in SULpeak
was calculated using the following equation: (pre-NAC

Sarhan et al. Egyptian Journal of Radiology and Nuclear Medicine          (2020) 51:116 Page 2 of 10



SULpeak–post-NAC SULpeak)/pre-NAC SULpeak × 100.
SULpeak should be 1.5 times or more that of the liver
SULmean (in a 3-cm diameter spherical ROI on the nor-
mal right lobe). In case of diseased liver, mediastinal
blood pool SULmean can be used as an alternative in-
ternal reference in order to bypass the pitfalls of im-
proper dosage and poor preparation [11, 12].

Histological evaluation
A baseline immuno-histochemical characterization was
also performed, evaluating the hormone receptor in-
dexes (estrogen receptor ER and progesterone receptor
PR). Tumors were then classified into the various mo-
lecular subtypes including luminal A, luminal B, triple
negative/basal-like, and HER2+ [13].
Histopathologic tumor regression was semi-quantitatively

graded by an experienced pathologist (had 10 years of ex-
perience) based on the Miller-Payne grading system. Pa-
tients were divided into two groups: pathologic responders
and non-responders. Patients showing Miller-Payne grades
3, 4, and 5 were categorized as responders, and patients
showing grades 1 and 2 were non-responders (Table 2) [14].

Statistical analysis
The collected data were coded, entered, presented, and
analyzed by computer using a data base software pro-
gram, Statistical Package for Social Science (SPSS) ver-
sion 20. Qualitative data were represented as frequencies
and percentages. For quantitative variables, mean, stand-
ard deviation (SD), and range were computed. For evalu-
ating quantitative variables in the same group, Wilcoxon

signed-rank test was used. Chi-square (X2) test was used
to detect relation between different qualitative variables.
Spearmen’s correlation (r) was used to correlate tumor
size on CT and PET. Sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive value (NPV), and
accuracy were calculated at 95% CI to measure the valid-
ity. The results were considered statistically significant
and highly statistical significant when the significant prob-
ability (P value) was < 0.05 and < 0.001, respectively.

Results
Of the studied thirty patients, 29 patients had unilateral,
and one patient had bilateral primary breast tumors.
The patients ranged in age between 36 and 68 years with
mean age of 53.57 ± 12.27 years. Seventeen patients
(56.7%) were post-menopausal, and thirteen patients
(43.3%) were premenopausal. Among the examined
thirty patients, 29 patients had nodal metastasis; yet, no
any patient had distant metastasis.
According to Tru-cut biopsy, 29 patients were diag-

nosed with IDC (96.7%), and 1 patient had ILC (3.3%). Re-
garding histological grade, 18 patients (60%) had GII
tumor, and 12 patients (40%) had GIII tumor. Regarding
molecular subtypes, 50% of tumors (15 patients) were
classified as luminal A subtype, 20% (6 patients) as luminal
B, 13.3 % (4 patients) as HER2 + subtype, and 16.7% (5 pa-
tients) as the triple negative/basal-like subtype.
On baseline PET CT studies, the size of the primary

tumor ranged from 1.6 to 6.6 cm (mean 3.64 ± 1.36), and
the SULpeak ranged from 2.5 to 15 (mean 6.96 ± 3.81).
There was statistically positive correlation (P value < 0.05)

Table 1 RECIST 1.1 and PERCIST 1.0 criteria for therapeutic response evaluation [10]

RECIST 1.1 PERCIST 1.0

Responders CR Disappearance of target lesions CMR The target lesion shows absent FDG uptake or shows SULpeak less
than the liver.

PR ≥ 30% decrease in the sum of the diameter of the
target lesions

PMR ≥ 30% decrease or at least 0.8 SULpeak decrease

Non
responders

SD Increase in size < 20% or decrease size < 30% SMD Increase or decrease in the SULpeak of less than 30%

PD ≥ 20% increase in the sum of the diameter of the
target lesions or newly developed lesions

PMD The target lesion shows an increase in SULpeak > 30% or at least 0.8
SULpeak increase or newly developed lesions.

CR complete response, PR partial response, SD stationary disease, PD progressive disease, CMR complete metabolic response, PMR partial metabolic response, SMD
stationary metabolic disease, PMD progressive metabolic disease

Table 2 Miller-Payne grading system for histopathologic response evaluation [14]

Miller-Payne
system

Histopathologic findings

Grade 1 No change or some alteration to individual malignant cells, but no reduction in overall cellularity

Grade 2 A minor loss of tumor cells, but overall, cellularity is still high, up to 30% loss

Grade 3 Between an estimated 30% and 90% reduction in tumor cells

Grade 4 A marked disappearance of tumor cells such that only small clusters or widely dispersed individual cells remain > 90% loss of
tumor cells

Grade 5 No malignant cells identifiable in sections from the site of the tumor
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between pre chemotherapy tumor size on CT and SULpeak
on PET among the studied patients (Fig. 1).
On follow-up PET/CT studies, the size of the primary

tumor ranged from 0.0 to 7.6 cm (mean 2.27 ± 1.25),
and the SULpeak ranged from 0.0 to 24.7 (mean 3.43 ±
4.43). There was highly statistical positive correlation (P
value < 0.001) between post-chemotherapy tumor size
on CT and SULpeak on PET among the studied patients
(Fig. 2).

Evaluation of treatment response
Twenty patients (66.7%) showed SD (less than 30% de-
crease in longest tumor diameter) and ten patients
(33.3%) showed PR (at least 30% decrease in longest tumor
diameter) according to RECIST 1.1. However, based on
PERCIST 1.0, five patients (16.7%) showed CMR, eighteen
patients (60%) showed PMR (Figs. 3 and 4), four patients
(13.3%) showed SMD (Fig. 5) and three patients (10%)
showed PMD (Fig. 6).
According to the Miller-Payne system for histopatho-

logic response evaluation, 4 patients (13.3%) showed
complete pathologic response (grade 5), 18 patients
(60%) showed partial response (grades 3 and 4), and 8
patients (26.7%) had no response (grades 2 and 1).
So, the highest percentage of the studied patients is re-

sponder to NAC according to RECIST 1.1, PERCIST 1.0,
and histopathology representing 66.7%, 76.7%, and
73.3%, respectively (Table 3, Fig. 7).
According to RECIST 1.1, 18 patients were true posi-

tive, and 2 were false positive among the 20 responders,
while 6 patients were true negative and 4 were false
negative among the 10 non-responders. Therefore, the
sensitivity, specificity, PPV, NPV, and accuracy of CT
based-RECIST 1.1 after NAC were 81.8%, 75%, 90, 60,
and 80%, respectively.
According to PERCIST 1.0, 21 patients were true posi-

tive, and 2 were false positive among the 23 responders,

while 6 patients were true negative and 1 was false nega-
tive among the 7 non-responders. Therefore, the sensi-
tivity, specificity, PPV, NPV, and accuracy of PET based-
PERCIST 1.0 after NAC were 95.5%, 75%, 91.3, 85.7, and
90%, respectively (with 30% change in SULpeak as a cut-
off point).
Thus, the therapeutic response evaluation based on

PET/CT (PERCIST 1.0) showed higher sensitivity, PPV,
NPV, and accuracy compared to the response evaluation
which was based on CT alone (RECIST 1.1).
FDG uptake after NAC was observed in 1 out of the 4

patients in which pathologic complete response was
achieved, and this was considered as false positive result
as it was proved to be of inflammatory nature by histo-
pathologic examination with no malignant cells detected.
Furthermore, pathologic complete response could not be
achieved in 1 out of 5 patients that did not show any ab-
normal FDG uptake in PET/CT, and this was considered
false negative PET result as malignant cells were de-
tected in histopathology.
There was no statistically significant difference between

the size or SULpeak of pre-and post-treatment breast
lesions and age, menopausal status, tumor localization,
clinical stage, and tumor grade (Tables 4, 5, 6, and 7).

Discussion
NAC can induce shrinkage of the breast tumor, improv-
ing its operability and increasing the rate of conserving
breast surgery. However, it is difficult to assess residual
neoplasia especially in patients who are well responded
to treatment [15].
Therapeutic response was assessed on the basis of

change in measurement of tumor size before and after
treatment. However, significant advances in structural
and functional imaging during the past two decades lead
to improvement in evaluation of the treatment response
[16]. 18F-FDG PET/CT can quickly and efficiently assess

Fig. 1 Correlation between pre-chemotherapy tumor size and SULpeak among the studied patients
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malignant tumor response to treatment, including breast
cancer, by comparing baseline scan prior to and following 1
or 2 cycles of treatment [17–22]. It can demonstrate meta-
bolic changes (much earlier than morphological changes in
conventional imaging modalities) semi-quantitatively by
calculating the SUVmax which indicates the 18F-FDG up-
take [23].
Using PET/CT for the identification of responders to

treatment for breast cancer has been investigated in sev-
eral clinical studies. Previous study by Jones el al. re-
ported that PET predicts complete pathologic response,
following a single pulse of chemotherapy, with sensitivity
90% and specificity 74% [24].

Other trial by Coudert et al. showed that early PET/
CT was used to identify early responders to neoadjuvant
therapy following two cycles, and pathological complete
responses were noted in 37 (53.6%, 95% CI 41.2-65.7) of
the PET-predicted responders and 6 (24.0%, 95% CI 9.4-
45.1) of the non-responders [25].
Also, a prospective study conducted by Pahk et al, over

27 patients of locally advanced breast cancer conclude that
interim 18F-FDG PET/CT is a valuable method for pre-
dicting early response of neoadjuvant chemotherapy [26].
A study done by Yildirim et al. included 51 of locally

advanced breast cancer patients who received NAC and
retrospectively analyzed. It revealed that the PET/CT

Fig. 2 Correlation between post-chemotherapy tumor size and SULpeak among the studied patients

Fig. 3 48 years old female patient presented with clinically palpable right breast mass biopsy revealed IDC grade III. a Axial CECT image revealed
right breast speculated soft tissue mass lesion measuring about 55 × 60 mm that was eliciting dense tracer fixation reaching 13.5 SULpeak in axial
PET (b) and fused PET/CT (c) images. On follow-up after completion of chemotherapy, marked morphologic and metabolic regression of the
mass was noted in the form of reduction in size (reaching 10 × 12 mm) in axial CECT image (d) denoting partial response and reduction in
SULpeak (reaching 2.7) in axial PET (e) and fused PET/CT (f) images denoting partial metabolic response
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Fig. 4 68 years old female patient presented with right breast lump biopsy revealed invasive duct carcinoma grade II (luminal A subtype). Axial
CECT image (a) revealed a rather defined right breast soft tissue mass lesion measuring about 29 × 36 mm at lower inner quadrant that was
eliciting increased tracer uptake reaching 5 SULpeak in axial PET (b) and fused PET/CT (c) images. On follow-up after completion of chemotherapy,
morphologic and metabolic regression of the mass was noted in the form of reduction in size (reaching 9 × 16 mm) in axial CECT image (d)
denoting partial response and reduction in SULpeak (reaching 2.1) in axial PET (e) and fused PET/CT (f) images denoting partial
metabolic response

Fig. 5 56 years old female patient with history of right breast cancer submitted for MRM followed by chemotherapy presented with left breast
cancer (invasive ductal carcinoma, luminal B subtype). Axial CECT and fused PET/CT images (a, b) revealed metabolically active left breast soft
tissue mass lesion achieving 3 SULpeak. On follow-up after completion of chemotherapy, stationary appearance of the left breast mass regarding
size and FDG uptake is noted in both axial CECT and fused PET/CT images (c, d) denoting stationary disease and stationary metabolic disease
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had sensitivity and specificity of 75% and may be useful
in predicting the prognosis because none of the patients
with a complete response in PET/CT exhibited recur-
rence. The false positivity was established in 3 out of 15
patients with pCR. Furthermore, out of the 20 patients
with a complete response in PET/CT, 12 exhibited true
positivity, and 8 exhibited false positivity. There was no
significant difference between the mean pretreatment
SUVmax values of the patients with or without pCR.
There was a significant relationship between the post-
treatment SUVmax value and pCR [3].
Although maximum or average SUV has been used in

many studies for quantification of tumor FDG uptake,
yet, they have specific limitations, and therefore PER-
CIST criteria used peak SUV (activity concentration in
an approximately 1.0 cm volume) corrected for lean
body mass (SULpeak), instead of maximum SUV cor-
rected for body weight, to avoid these limitations [27,
28]. PERCIST criteria quantifies therapeutic response as
percent change in SULpeak of the most intense lesion be-
tween the baseline and post-treatment 18F-FDG PET
scans and requires a change greater than 30% to distin-
guish PMR from SMD and PMD [29].

Fig. 6 56 years old female patient with history of left breast cancer, submitted for MRM followed by chemotherapy and hormonal treatment,
presented with focal skin thickening at the operative bed, and histopathologicaly proven to be recurrent neoplasia (IDC basal subtype-tripple
negative). Axial CECT and fused PET/CT images (a, b) revealed metabolically active soft tissue mass lesion measuring about 15 × 46 mm and
achieving 3.4 SULpeak. On follow-up after completion of chemotherapy, the lesion shows regression in size (measuring 19 × 29 mm) in axial CECT
(c) denotin partial response, yet with progression in FDG uptake (achieving 6.4 SULpeak) in fused PET/CT image (d) denoting progressive
metabolic disease

Table 3 Tumor response according to RECIST 1.1, PERCIST 1.0,
and histopathology

Response No. of patients

RECIST 1.1

Responders 20 (66.7%)

Non-responders 10 (33.3%)

PERCIST 1.0

Responders 23 (76.7%)

CMR 5 (16.7%)

PMR 18 (60%)

Non-responders 7 (23.3%)

SMD 4 (13.3)

PMD 3 (10%)

Pathologic response

Responders 22 (73.3%)

Grade 3 14 (46.7%)

Grade 4 4 (13.3%)

Grade 5 4 (13.3%)

Non-responders 8 (26.7%)

Grade 1 1 (3.3%)

Grade 2 7 (23.3%)
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In the current study, we also correlated our results
with the histopathological findings to evaluate accuracy
of PET/CT in NAC response monitoring. After neoadju-
vant chemotherapy, PET/CT showed 23 responders and
7 non-responders according to the PERCIST 1.0 criteria.
Five patients showed complete metabolic response, and
eighteen patients showed partial metabolic response (of
the 23 responders), while 3 cases showed stable disease
and 4 cases showed progressive disease (of the 7 non-
responders). Among the 23 responders, 21 were true
positive, and 2 were false positive. Among the 7 non-

responders, 6 were true negative, and 1 was false nega-
tive. Therefore, the sensitivity, specificity, and accuracy
of PET/CT for NAC response evaluation were 95.5%,
75%, and 90%, respectively, compared to 81.8%, 75%,
and 80%, respectively, achieved by CT alone.
Tateishi et al. also showed that RECIST 1.1 had a sen-

sitivity of 45.5%, specificity of 85.5%, and accuracy of
82.4%, while those values for PERCIST 1.0 were 70.4%,
95.7%, and 90.8%, respectively [4]. However, in another
study by Kitajima et al. compared the response classifica-
tions RECIST 1.1 and PERCIST 1.0 used to determine

Fig. 7 Distribution of the studied patients according to response to NAC determined by RECIST 1.1, PERCIST 1.0, and histopathology

Table 4 Relationship between demographic/histopathologic
features and pre-NAC tumor size

Characteristics Pre-NAC tumor size P value

Mean SD Range Median

Age (years)

≤ median 54 3.38 1.43 1.6–6.6 3.6 a0.917

> median 54 3.57 1.31 1.7–5.7 3.5

Menopausal status

Pre-menopause 3.92 1.48 1.6–6.6 4 a0.341

Post-menopause 3.42 1.26 1.6–5.7 3.3

Tumor grade

II 3.43 1.26 1.6–5.7 3.6 0.305

III 3.94 1.49 2–6.6 3.9

Tumor molecular type

Luminal A 3.8 1.3 1.6–6.6 3.8 b0.582

Luminal B 3.3 1.5 1.7–5.7 2.9

HER-2 + 3.2 1.9 1.6–5.7 2.8

Basal type 4.0 1.2 2.5-5 4.8
a Mann-Whitney U test
b Kruskal-Wallis test (KW)

Table 5 Relationship between demographic/histopathologic
features and post-NAC tumor size

Characteristics Post-NAC tumor size P value

Mean SD Range Median

Age (years)

≤ median 54 2.2 1.9 0.0–7.6 1.5 a0.491

> median 54 2.3 1.1 1.1–5 1.9

Menopausal status

Pre-menopause 1.9 1.5 0.0–5.6 1.5 a0.385

Post-menopause 2.5 1.8 0.0–7.6 1.9

Tumor grade

II 2.1 1.8 0.0–7.6 1.5 a0.305

III 2.5 1.4 0.0–5.6 2.5

Tumor molecular type

Luminal A
Luminal B
HER-2 +
Basal type

2.7
1.7
1.6
2.2

1.9
1.7
1.2
0.4

0.0–7.6
0.0–5
0.0–3
1.8–2.5

2.5
1.3
1.7
2.5

b0.113

a Mann-Whitney U test
b Kruskal-Wallis test (KW)
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pathological response to NAC in breast cancer patients,
PERCIST 1.0 showed higher levels of sensitivity and
NPV, but lower levels of specificity, PPV, and accuracy
when compared to RECIST 1.1 [11].
In several studies, the 18F-FDG uptake values found to

be related to tumor biology in various malignancies.
Studies comparing the 18F-FDG uptake with histopatho-
logical parameters in breast cancer showed that the 18F-

FDG uptake values are lower in invasive lobular carcin-
omas than that in invasive ductal carcinomas. This was
attributed to lower intensity of tumor cells in lobular
carcinomas, diffuse infiltrative tumor growth patterns,
and lower proliferation rates [30]. A comparison could
not be made in this study owing to the low number of
included patients with invasive lobular carcinoma (one
patient).
No significant relationship was observed between the

menopausal status of the patient and SULpeak in our
study. Although a study by Groheux et al. revealed that
the 18F-FDG uptake value was 1.3 times higher in pre-
menopausal patients, another study by Kim et al re-
vealed that menopausal status and tumor FDG uptake
values were independent [30, 31].
The tumor grade is a significant predictive factor in

breast carcinomas. A strong positive correlation has been
detected between the 18F-FDG uptake levels and histo-
logical grade in a study done by Ekmekcioglu et al. [32].
Although the mean SULpeak values of patients with a
grade III disease was higher in our study ,yet, no relation-
ship between the tumor grade and SULpeak values was ob-
served, possibly because of the limited number of patients.
The main limitation of our study was the relatively

small sample size due to the high cost of the technique.
Therefore, a future prospective trial recruiting a larger
number of patients will more clearly define the role of
PET/CT-based evaluation of treatment response with
more accurate results. Furthermore, only primary breast
lesions were analyzed to assess tumor response. In
addition, follow-up PET/CT was done in this study after
finishing the chemotherapy, while many other studies
performed serial PET/CT in the beginning of and during
chemotherapy, determining the benefits of administering
a new chemotherapy regimen versus prolonged adminis-
tration of the same chemotherapy regimen in non-
responders.

Conclusion
18F-FDG PET/CT is a reliable single whole body imaging
tool which can be used in monitoring of NAC response
(using PERCIST 1.0) in patients with locally advanced
breast cancer showing higher sensitivity and accuracy
compared to CT alone (using RECIST 1.1).

Abbreviations
18F-FDG: 18F-Fluorodeoxyglucose; PET/CT: Positron emission tomography/
computed tomography; RECIST: Response Evaluation Criteria In Solid Tumor;
PERCIST: PET Response Criteria In Solid Tumor; CR: Complete response;
CMR: Complete metabolic response; PR: Partial response; PMR: Partial
metabolic response; SD: Stationary disease; SMD: Stationary metabolic
disease; PD: Progressive disease; PMD: Progressive metabolic disease;
pCR: Pathologic complete response; mg/dL: Milligram per deciliter;
mCi: Millicurie; Kg: Kilogram; mL: Milliliter; mA: Milliampere; kV: Kilovolt;
s: Second; mm: Millimetre

Table 6 Relationship between demographic/histopathologic
features and pre-NAC tumor SULpeak
Characteristics Pre-NAC tumor SULpeak P value

Mean SD Range Median

Age (years)

≤ median 54 6.6 4.3 2.5–15 5.2 a0.215

> median 54 7.5 3.1 2.8–13.7 7.6

Menopausal status

Pre-menopause 6.6 4.3 2.5–15 5.1 a0.341

Post-menopause 7.3 3.5 2.5–14.1 6.7

Tumor grade

II 6.5 3.5 2.5–14.1 5.4 a0.573

III 7.6 4.3 2.5–15 6.6

Tumor molecular type

Luminal A 6.1 3.4 2.5–14.1 5.1 b0.549

Luminal B 7.3 2.6 4.7–12 6.9

HER-2 + 6.9 5.6 2.8–15 5.1

Basal type 9.2 4.7 4.5–14.4 9.1
a Mann-Whitney U test
b Kruskal-Wallis test (KW)

Table 7 Relationship between demographic / histopathologic
features and post-NAC tumor SULpeak
Characteristics Post-NAC tumor SULpeak P value

Mean SD Range Median

Age (years)

≤ median 54 3.7 5.6 0.0–24.7 2.3 a0.491

> median 54 3.2 1.8 1.3–8.1 2.5

Menopausal status

Pre-menopause 2.5 2.0 0.0–5.8 2.1 a0.385

Post-menopause 4.3 5.6 0.0–24.7 2.5

Tumor grade

II 3.9 5.6 0.0–24.7 2.4 a0.305

III 2.9 1.5 0.0–5.8 2.7

Tumor molecular type

Luminal A 4.3 5.9 0.0–24.7 2.5 b0.113

Luminal B 3.1 2.7 0.0–8.1 2.5

HER-2+ 1.9 1.3 0.0–2.8 2.4

Basal type 2.7 0.9 1.9–3.9 2.3
a Mann-Whitney U test
b Kruskal-Wallis test (KW)
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