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Abstract 

Background: With the expansion of the use of the neoadjuvant chemotherapy(NAC) in locally advanced breast 
cancer (LABC), both dynamic contrast enhanced magnetic resonance imaging (DCE‑MRI) and 18F‑fluorodeoxyglu‑
cose positron emission tomography (18F‑FDG PET CT) are promising methods for assessment of the tumor response 
during chemotherapy. We aimed to evaluate the diagnostic accuracy of DCE‑MRI of breast &18 F‑FDG PETCT regard‑
ing the assessment of early response to neoadjuvant chemotherapy (NAC) in locally advanced breast cancer patients 
(LABC) and pathologic complete response (pCR) prediction.

Results: A total of forty LABC patients who had NAC were included in the study. Before and during NAC, PET/CT and 
DCE‑MRI were used. Various morphological and functional criteria were compared and linked with post‑operative 
pathology for both. The MRI sensitivity and specificity in assessing NAC response in conjunction with pathologi‑
cal data were 100% (p = 0.001) and 12.5% (p = 0.18) respectively. The equivalent readings for PET/CT were 94.1% 
(p = 0.001) and 25% (p = 0.18), respectively, although the estimated total accuracy for both MRI and PETCT was the 
same measuring 94.1% (p = 0.001) and 25% (p = 0.18) (72%). PETCT had a higher overall accuracy than MRI in assess‑
ing the response of axillary lymph nodes (ALN) to NAC (64% and 56%, respectively). Longest diameter of lesion, ADC 
value, and maximal enhancement in baseline MRI,  SUVmax and SUV mean in baseline PETCT were all significant predic‑
tors of rCR.

Conclusion: During NAC in the primary breast mass and ALN, DCE‑MRI demonstrated a better sensitivity in predict‑
ing pCR in LABC patients. Although both MRI and PETCT were equally accurate in detecting pCR of LABC patients to 
NAC, PETCT was more accurate in detecting pathological response of ALN to NAC.
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Background
Over the last few decades, the use of neoadjuvant chemo-
therapy (NAC) to improve surgical results has increased. 
It has also been demonstrated that establishing a patho-
logical complete response (pCR) after NAC is associated 
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with a better disease-free survival rate, particularly in 
her2 enriched and triple negative breast cancer [1].

With the widespread use of NAC in breast cancer treat-
ment, it’s more important than before to assess response 
early and precisely in order to guide future management 
and forecast pCR [2].

Dynamic contrast-enhanced MRI is a morphological 
and functional imaging, morphological through (tumour 
size and cellularity, i.e. shrinkage pattern) and functional 
changes (through diffusion-weighted images, perfusion 
MRI, and spectroscopy) [3].

FDG PET/CT is used to assess primary tumour extent 
and detect metastases in breast cancer patients. It can 
also provide functional information about tumour 
metabolism, allowing for earlier identification of 
response to therapy than the more delayed gross mor-
phological changes seen on conventional imaging [4].

The goal of this study was to compare the diagnos-
tic accuracy of DCE-MRI of the breast and 18 F-FDG 
PETCT in assessing NAC response in locally advanced 
breast cancer patients, as well as to analyze their effec-
tiveness as pCR predictors.

Methods
The Radiology, Nuclear Medicine, and Clinical Oncol-
ogy Departments were collaborated on this prospective 
study from January 2019 to February 2020. The work was 
authorized by the institutional review board’s Ethical 
committee. Patients had given their informed consent.

Patients who were going to get NAC were screened. 
Patients were included in the study if they met the follow-
ing criteria: female gender, age (18–70 years), and patho-
logically established primary LABC were also factors to 
consider (stage II–III). The following criteria were used 
to exclude people: Patients with recognized contraindica-
tions to 18F-FDG-PET/CT&/or DCE-MRI, such as preg-
nancy and renal insufficiency, should not undergo the 
procedure, patients who were not candidates for NAC and 
those who were diagnosed with metastatic breast cancer.

Recent guidelines from the U.S. National Comprehen-
sive Cancer Network describe LABC as AJCC stage III 
breast cancer; the definition includes breast cancer that 
fulfils any of the following criteria in the absence of dis-
tant metastasis [5]:

• Tumors more than 5  cm in size with regional lym-
phadenopathy (N1–3)

• Tumors of any size with direct extension to the chest 
wall or skin, or both (including ulcer or satellite nod-
ules), regardless of regional lymphadenopathy

• Presence of regional lymphadenopathy (clinically 
fixed or matted axillary lymph nodes, or any of infra-

clavicular, supraclavicular, or internal mammary lym-
phadenopathy) regardless of tumor stage.

Radiological versus pathological response
In our study, our reference of tumoral response was 
the post-operative pathology. According to the post-
operative pathology, tumoral response was classified 
into complete response (pCR) and incomplete response 
(non-pCR).

We monitored the response during treatment by two 
radiological modalities, MRI and PET/CT scan. There-
fore, in each modality we assessed the radiological 
response and classified patients according to the radio-
logical findings into radiological complete response 
(rCR) and radiological incomplete response (non-rCR). 
In terms of Breast MRI, the response has been evalu-
ated using RECIST 1.1 criteria. While in PET/CT, the 
response has been assessed using the PERCIST 1.0 
criteria.

We finally correlated the radiological response to the 
pathological response to evaluate the accuracy of each 
radiological modality in assessment of tumoral response.

Included patients were subjected to both baseline and 
interim DCE -MRI of breast and whole body PETCT 
to evaluate the response and determine the rCR of the 
tumor and the axillary nodal disease. The diagnostic per-
formance of both modalities were compared and then 
correlated with post-operative pathology.

Treatment was comprised of anthracyclin-taxane based 
chemotherapy for 8 cycles. Trastuzumab was added to 
taxanes in Her2 positive cases.

DCE‑MRI
A 1.5-T scanner (Achieva, Philips) with a specialised 
bilateral breast coil was used for the MRI. Patients were 
scanned while lying down. Axial sequences in a row 
Thrive in three dimensions T1-weighted sequences 
(1.1 × 1.1 × 1.1   mm3 voxels; 90 s acquisition time; TR/
TE 4.4/2.3 ms, flip angle 10 mm, FOV 360  mm) were 
obtained. Initial enhancement (90s after contrast agent 
injection), late enhancement (450  s after contrast agent 
injection), maximum intensity projections, and dynamic 
curves assessment were all done with subtraction images. 
Diffusion Weighted Images (DWIs) were included in our 
research, as well as an ADC map.

In DCE-MRI, the longest diameter of: (a) Enhanc-
ing lesions in DCE-MRI was measured to assess NAC 
response using RECIST 1.1 criteria. (b) Bright Lesions 
in DWIs “Restricted Diffusion”. This equation was used 
to calculate the relative change in tumour size on MRI 
(RECIST 1.1) (Table 1).
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The lesion location and a full descriptive study of its 
enhancement were documented both for MRI pre NAC 
and post NAC, according to the literature Hobb et al. [6] 
and the Breast Imaging-Reporting and Data System (BI-
RADS) lexicon.

According to El Kassas et  al. [7], lesions’ ADC values 
were evaluated, along with all b values (0, 850, 1000). We 
integrated ADC map views with DCE-MRI at this time to 
characterize the lesions and measure ADC values in the 
relevant hypo-intense areas on the ADC map. Each ROI’s 
mean ADC was calculated.

18F‑FDG‑PET/CT
The European Association of Nuclear Medicine (EANM) 
procedural guidelines for FDG PET/CT tumour imaging: 
version 2.07 were used to conduct whole-body 18F-FDG-
PET/CT studies [8]. Before imaging, patients were told to 
fast for at least 4 hours and receive intravenous 18F-FDG 

Largest diameter interimMRI− Largest diameter baseline

MRI Largest diameter baselineMRI
× 100%

injections of 4.62MBq/kg (0.125mCi/kg) up to 555MBq 
(15mCi). Blood glucose levels should be fewer than 200 
mg/dL on the day of the research. The scanner employed 
in this investigation is the Philips Healthcare Ingenuity 
TF 64, which combines a modular, LYSO-based design. A 
qualitative (visual) and quantitative evaluation were car-
ried out. With a thresholding method of 40% of SUV max 
in the ROI, we estimated several metrics of the primary 
breast mass.

The metabolic response was assessed by comparing rel-
ative changes in the SUVmax, SUV Mean, MTV (Meta-
bolic tumour volume), and TLG (Total lesion glycolysis).

After two cycles of NAC, patients were assessed for 
response using PET Response Criteria in Solid Tumors 
(PERCIST) 1.0, which was based on 18F-FDG PET/CT 
data (Table 1). An equation similar to that employed by 
Hatt et al. [4] was used to compute the relative change in 
maximum standardized uptake value (SUVmax).

Table 1 Criteria for evaluation of response of breast lesions and axillary lymph nodes by DCE‑MRI versus PET/CT

Response category Response Evaluation Criteria in Solid Tumors 
(RECIST 1.1)
(Eisenhauer et al. 2009) [23]

PET Response Criteria in Solid Tumors (PERCIST)
(Wahl et al. 2009) [24]

Complete response (CR) Disappearance of all target lesions
Reduction in short axis of target lymph nodes 
to < 10 mm

Disappearance of all lesions on PET images to background 
blood‑ pool levels, regardless of % change from baseline 
and anatomic size

Partial response (PR)  ≥ 30% decrease in sum of target lesion diameter sum  ≥ 30% decrease in sum of target lesion SUV

Progressive disease (PD)  ≥ 20% increase in sum of target lesion diameter and 
minimum of 5 mm total increase or new lesion

30% increase in sum of target lesion SUV or new FDG avid 
lesion

or unequivocal progression of non‑target lesions or unequivocal progression of non‑target lesion 
(e.g., ≥ 30% increase) or unequivocal progression by 
RECIST

Stable disease (SD) Does not meet other criteria Does not meet other criteria

Axillary lymph nodes assessment Malignant lymph nodes: To be considered pathologi‑
cally enlarged and measurable, a lymph node must 
be ≥ 15 mm in short axis. At baseline and in follow‑up, 
only the short axis will be measured and followed

Follow the same criteria as the breast lesions regarding 
SUV change (CR, PR, PD and SD)

Fig. 1 Clinical data: A 33‑year‑old woman with right breast cancer(T2N1). Histologic findings demonstrated grade II invasive ductal carcinoma 
(Triple negative). Post ‑operative pathologic findings revealed dense fibrosis and adenosis with no viable tumor tissue (complete pathological 
response) that confirmed with lumpectomy(ypT0N0). A The first row figure: (a–c) Breast MR images prior to neoadjuvant chemotherapy 
demonstrate a 1.6 × 1.2 cm oval circumscribed enhancing mass in the right breast on axial post‑contrast (a) images restricted diffusion (b) with 
an ADC value of 0.5 (c). The second row (d–f ) Breast MR images during neoadjuvant chemotherapy demonstrate complete regression in size of 
the previously noted right breast mass (d), with no evidence of areas of diffusion restriction in DWI and ADC images (e, f ). Complete response. 
“Complete response”. B The first row 18FDG‑PET/CT images prior to chemotherapy demonstrate a metabolically active 18FDG avid hyper‑dense 
well defined rounded mass in the right breast on (a)axial CT, (b) axial PET and (c) axial fused PET/CT images (SUVmax = 8.3, SUVmean = 4.7, 
MTV = 2.4, TLG = 11). The second row (d–f ) 18FDG‑PET/CT images during chemotherapy demonstrate complete metabolic and anatomic response 
of the previously detected known right breast mass on (d) axial CT, (e) axial PET and (f ) axial fused PET/CT images. “Complete response”

(See figure on next page.)
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Fig. 1 (See legend on previous page.)
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Patients with NAC underwent surgical treatment, either 
MRM or BCS. The patients were classified either patho-
logical complete response (pCR) , that defined as either 
complete absence of tumor cells or presence of only a 
small number of scattered invasive cells in the breast 
resection specimen (Fig.  1) or Pathological non-com-
plete response (non-pCR) that defined as any remaining 
viable residual disease in the breast due to partial tumor 
response, stable or progressive disease [9] (Fig. 2).

Statistical methods
The Statistical Package for Social Sciences (SPSS) ver. 
25 was used to handle and analyse the data. For inde-
pendent groups, the Student t-test was used to compare 
numerical variables that were normally distributed and 
the Mann-Whitney U test was used to compare numeri-
cal variables that were not normally distributed. The 
Chi square test or Fisher’s exact test were used to com-
pare categorical data as needed. Both MRI and PET/CT 
diagnostic accuracy (sensitivity and specificity) as well as 
positive and negative predictive values were assessed. A 
receiver operator characteristic (ROC) analysis was used 
to establish the diagnostic discrimination for predicting 
pathologic response by various imaging modalities.

Results
Although forty patients were screened initially, fifteen 
patients were excluded from the study (Eight were miss-
ing interim MRI or PET/CT due to the current COVID 
pandemic, six patients had bone metastasis on baseline 
PET/CT and one patient withdrew the consent).

The final analysis included twenty-five cases. The 
patients’ average age at the time of diagnosis was 45.8 
years. Only eight of the patients attained pCR, whereas 
the other seventeen did not achieve pCR in correlation 
with post-operative pathology.

% SUVmax =

[(SUVpre − SUVpost )]

SUVpre
× 100%

IDC was found in 24 cases, while ILC was found in only 
one. Clinical stage IIb was present in 32% of the patients, 
although clinical stage III was present in 68%. Only over 
25% of hormone receptor positive/HER 2 negative (lumi-
nal) cases achieved pCR, whereas 44.4% of HER2+ve/tri-
ple negative patients achieved pCR.

Twelve of the 25 patients had a modified radical mas-
tectomy, while the other thirteen had breast conservation 
surgery.

The maximum diameter of the lesion, maximum 
enhancement percentage, and ADC value were the only 
parameters that linked with pCR in the baseline MRI 
before NACT, with p values of 0.027, 0.001, and 0.043, 
respectively. The lesion was described in interim MRI 
in the same way as it did in the first MRI, however the 
only statistically significant parameter was the time 
to peak of contrast uptake (in seconds), which had a 
median value of 235.0 sec. The change in tumour size 
and maximal enhancement regression were the only 
statistically significant parameters when compared to 
baseline MRI, with p values of 0.016 and 0.049, respec-
tively. (Table 2).

In MRI, a cut-off initial longest diameter of 4.25 was 
proposed for discriminating rCR from non-rCR patients. 
AUC was 77.9. Cut-off values of initial SUVmax, SUV 
mean, ADC, maximum enhancement were not appli-
cable, although there was a statistical significance as 
the area under the curve was very small and unreliable 
(Fig. 5).

The maximum and mean standardized uptake values 
(SUVmax & SUVmean), MTV, and TLG were assessed 
at baseline PET/CT. The SUVmax and SUVmean param-
eters were statistically significant (p values of 0.027 and 
0.016, respectively). In relation to pCR, however, none of 
the PET/CT values at interim PET/CT, nor the computed 
difference between the two scans, approached statistical 
significance (Table 3).

(See figure on next page.)
Fig. 2 Clinical data: A 48‑year‑old woman with left breast cancer (T3N1). Histologic findings demonstrated grade II invasive ductal carcinoma 
(luminal B1). Post‑operative pathology revealed IDC grade I with low grade DCIS with partial effect to therapy confirmed with BCS(ypT1N1). A The 
first row (a–c) Breast MR images prior to neoadjuvant chemotherapy demonstrate a 3 × 2.8 cm irregular microlobulated enhancing mass in the left 
breast on axial post‑contrast (a) images restricted diffusion (b) with an ADC value of 0.9 (c). The second (d–f ) Breast MR images during neoadjuvant 
chemotherapy demonstrate partial regression in size of the previously noted left breast mass with inserted clips seen within, measuring 
2.4 × 2.2 cm (d), with still restricted diffusion signal in DWI with ADC value about 1.2 in images (e) (f ). Δ dimeter of lesion = 20% regression. “Stable 
disease”. B The first row is 18FDG‑PET/CT images prior to neoadjuvant chemotherapy demonstrate a metabolically active 18FDG avid hyper‑dense 
irregular speculated mass in the left breast on (a) axial CT, (b) axial PET and (c) axial fused PET/CT images (SUVmax = 9.9, SUVmean = 5.7, 
MTV = 28.8, TLG = 164.1). The second row (d–f ) 18FDG‑PET/CT images during chemotherapy metabolic progression of such lesion, however 
anatomic regression noted on (d) axial CT, (e) axial PET and (f ) axial fused PET/CT images (SUVmax = 11.5, SUVmean = 6.7, MTV = 5.2, TLG = 34.8, 
ΔSUVmax = 13.9% progression) “progressive disease”
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Fig. 2 (See legend on previous page.)
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Table 2 Results of MRI parameters in relation to pathologic response (n = 25)

Bold means the parameter was significant p-value < 0.05

pCR (n = 8) Non‑pCR (n = 17) p value

Median (Range) Median (Range)

MRI baseline
Max. diameter (cm) 3.8 (1.6–5.6) 5.5 (2.5–15.0) 0.027
ADC value 0.5 (0.3–0.9) 0.4 (0.3–0.8) 0.711

Max. enhancement % 123.5 (66.0–185.0) 72.0 (8.0–102.0) 0.001
MRI interim
Max. diameter (cm) 2.8 (1.9–5.0) 3.5 (1.3–12.0) 0.576

ADC value 0.8 (0.4–1.2) 0.5 (0.3–3.0) 0.711

Max. enhancement % 52.5 (25.0–117.0) 40.0 (8.5–90.0) 0288

MRI (baseline vs interim)
Max. diameter (cm) regression % 30.5 (8.0–100.0) 35.0 (4.0–64.0) 0.016
ADC % change 37.5 (25.0–79.0) 16.7 (0.0–84.0) 0.932

Max. enhancement regression % 56.0 (12.0–79.0) 21.0 (0.0–84.0) 0.049

Table 3 Results of PET/CT parameters in relation to pathologic response (n = 25)

Bold means the parameter was significant p-value < 0.05

pCR (n = 8) Non‑pCR (n = 17) p value

Median (Range) Median (range)

PET/CT Initial
SUV max 8.8 (5.4–16.0) 5.7 (2.1–12.9) 0.027
SUV mean 4.9 (2.7–5.7) 2.7 (1.1–6.2) 0.016
MTV 19.3 (2.4–32.0) 20.8 (5.1–128.1) 0.406

TLG 96.9 (8.7–166.4) 61.4 (9.7–584.5) 0.798

PET/CT Interim
SUV max 2.9 (1.4–16.0) 2.5 (1.0–7.4) 0.581

SUV mean 1.9 (1.0–10.2) 1.8 (0.7–4.0) 0731

MTV 5.2 (1.2–15.5) 7.4 (1.1–32.4) 0.407

TLG 6.1 (1.2–86.7) 17.6 (2.8–198.9) 0.490

PET/CT (baseline vs interim)
SUVmax regression % 70.5 (0.0–100.0) 52.0 (25.0–100.0) 0.754

SUVmean regression % 60.0 (96.2–100.0) 39.3 (0.0–84.0) 0.157

MTV % change 79.0 (47.0–100.0) 73.0 (5.0–100.0) 0.440

TLG regression % 86.0 (47.0–100.0) 82.0 (23.0–100.0) 0.588

Fig. 3 Clinical data: A 46‑year‑old woman with right breast cancer (T3N1). Histologic findings demonstrated grade II invasive ductal carcinoma 
(luminal B1). Post‑operative pathologic findings revealed IDC grade I with low grade DCIS with partial effect to therapy confirmed with BCS(ypT1N1). 
A The first row is (a–c) Breast MR images prior to neoadjuvant chemotherapy demonstrate a 4.6 × 3.9 cm irregular microlobulated enhancing mass 
in the left breast on axial post‑contrast (a) images restricted diffusion (b) with an ADC value of 0.9 (c). The second row (d–f ) Breast MR images during 
neoadjuvant chemotherapy demonstrate partial regression in size of the previously noted left breast mass, measuring 2.9 × 2.5 cm (d), with still 
restricted diffusion signal in DWI with ADC value about 1 in images (e, f ). Δ diameter of lesion = 37% regression “partial response”. B the first row is 
18FDG‑PET/CT images prior to neoadjuvant chemotherapy demonstrate a metabolically active 18FDG avid hyper‑dense irregular microlobulated 
mass in the left breast on (a) axial CT, (b) axial PET and (c) axial fused PET/CT images (SUVmax = 5.2, SUVmean = 5.2, MTV = 32, TLG = 166). The 
second row (d–f ) 18FDG‑PET/CT images during chemotherapy demonstrate metabolic stability, however anatomic regression in the previously 
detected known left breast mass on (d) axial CT, (e) axial PET and (f ) axial fused PET/CT images (SUVmax = 2.47, SUVmean = 10.26, MTV = 8.5, 
TLG = 86.7. ΔSUVmax = 54% regression) “partial response”

(See figure on next page.)
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Fig. 3 (See legend on previous page.)
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Comparison of tumor responses; radiologic 
versus pathologic response
PET CT assessment after two cycles of NACT, using 
relative reduction in SUVmax parameter (according to 
PERCIST), revealed 3 patients to be rCR i.e. not traced 
in images “complete radiological response” and 22 non-
rCR. Among 3 rCR (in correlation with post operative 
pathology) we found that two of them were true negative 
(TN) (Fig. 1), however only one was false negative (FN). 
Among 22 non-rCR, 16 were true positive (TP) (Figs. 2, 
3) and 6 were false positive (FP) (Fig. 4) (p value=0.016).

On the other hand, DCE-MRI assessment after two 
cycles of NACT, using relative reduction in longest dim-
eter parameter (according to RECIST), revealed one 
patient to be rCR and 24 were non-rCR. The one rCR is 
true negative (TN) (Fig.  1), among 24 non-rCR, 7 were 
false positive (FP) (Fig. 4) and 17 were true positive (TP) 
(Figs. 2, 3) (p value=0.125).

The response to neo-adjuvant therapy in axillary lymph 
nodes were assessed by RECIST and PERCIST criteria in 
MRI and PETCT respectively (Table 1).

The sensitivity and specificity of MRI in assessing 
ALN response to NAC in association with pathological 
data were (83% and 50%) respectively, however the cor-
responding values in PET/CT were (47.4% and 68.4%) 
respectively. PETCT, on the other hand, was predicted to 
have a higher overall accuracy than MRI (64% and 56%) 
respectively (Table  4). MRI was significant in detection 
axillary lymph nodes in relation to pathological response 
(p = 0.012) (Table 5).

Discussion
During Neoadjuvant chemotherapy NAC, accurate 
assessment of the presence or absence of residual 
tumors can guide the range of surgical resection, avoid-
ing radical mastectomy and increasing the possibility of 
breast-conserving surgery. Furthermore, correct assess-
ment may aid the clinician in adjusting the chemo-
therapy regimen for patients who have a suboptimal 
response [10].

In this study, regarding the baseline MRI, we found that 
the longest diameter of the lesion, ADC value and per-
centage of maximum enhancement were statistically sig-
nificant in prediction of pathological response (p = 0.027, 
0.043 and 0.001 respectively).

Mansour et  al [11] also found that the ADC value as 
a single parameter to predict pCR achieved 78.95% sen-
sitivity, 83.33% specificity and 80.65% total accuracy. 
The additive role of DWI to conventional DCE-MRI 
enhanced the diagnostic indices to 89.47% sensitivity, 
83.87% total accuracy (compared to 73.68% and 77.42%, 
respectively, in case of DCE-MRI alone).

While in interim MRI the peak of contrast uptake and 
change in tumor size (pre-post/post x100) as well as 
change in maximum enhancement were significant radio-
logical prognostic factors for prediction of pCR (p < 0.05), 
However change in ADC value was not statically signifi-
cant (p = 0.932).

Bouzón et al [12] found that MRI can accurately meas-
ure tumor response and residual tumor size in breast can-
cer patients treated with NAC. In their series, evaluation of 
residual tumor size was more accurate in baseline tumor 
size ≤ 5 cm lesions, similar to our results. Scheel et al [13]
also found that change in size in MRI between pre-NAC 
and during NAC can be used to guide the implementation 
of chemotherapy regimens. Minarikova et  al. [14] found 
that the change in tumor size as measured by MRI served 
as a significant predictor of CR compared to change in 
ADC values which was similar to our conclusion (Fig. 5). 

In this study, the positive predictive value of MRI 
breast (ability to correctly predict the presence of 
residual disease at final pathologic examination) was 
found to be 70.8%, however the negative predictive 
value (ability to correctly predict the absence of disease 
at final pathologic examination) was found to be only 
58.8%. In a meta-analysis of six investigations, Crashaw 
et al. [15] discovered that MRI has a high positive pre-
dictive value (93%). Because the negative predictive 
value was only moderate (65%), the overall diagnostic 
accuracy was reduced to (84%).

(See figure on next page.)
Fig. 4 Clinical data: A 38‑year‑old woman with left breast cancer (T3N0). Histologic findings demonstrated grade III invasive ductal carcinoma 
(triple negative). Post‑operative pathologic findings revealed complete absence of tumor cells, wide areas of necrosis as well as free surgical 
margins confirmed with BCS(ypT0N0). A the first row is (a–c) Breast MR images prior to neoadjuvant chemotherapy demonstrate a 5 × 3.9 cm 
irregular macro‑lobulated rim enhancing mass in the left breast on axial post‑contrast (a) images restricted diffusion (b) with an ADC value of 
0.4 (c).The second row (d–f ) Breast MR images during neoadjuvant chemotherapy demonstrate significant regression in size of the previously 
noted left breast mass, leaving behind linear non mass enhancement, measuring 1.4 × 1.2 cm (d), with still restricted diffusion signal in DWI with 
ADC value about 0.4 in images (e, f ). Δ diameter of lesion = 58% regression “partial response”. B The first row is 18FDG‑PET/CT images prior to 
chemotherapy demonstrate a metabolically active 18FDG avid hyper‑dense well circumscribed rounded mass in the left breast on (a) axial CT, (b) 
axial PET and (c) axial fused PET/CT images (SUVmax = 12.9, SUVmean = 3.8, MTV = 72.6, TLG = 376). The second row (d–f ) 18FDG‑PET/CT images 
during chemotherapy demonstrate significant metabolic and anatomic regression in the previously detected left breast mass with clips seen within 
the mass on (d) axial CT, (e) axial PET and (f ) axial fused PET/CT images (SUVmax = 4, SUVmean = 1.6, MTV = 32.4, TLG = 52.4, ΔSUVmax = 68.9% 
regression) “partial response”
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Fig. 4 (See legend on previous page.)
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In terms of PET/CT, the original 18F-FDG-PET/CT 
upstaged five cases to stage IV disease (advanced dis-
ease); it identified previously undiscovered distant 

metastatic disease in bones, particularly in the axial 
skeleton, impacting treatment options considerably. 
This was consistent with level II evidence that sup-
ports the use of 18F-FDG PET/CT for initial staging 
of patients with LABC since it enhanced both regional 
and systemic staging [16].  SUVmax and  SUVmean of the 
breast mass in the initial pre-therapy scan were the only 
statistically significant metabolic factors in predict-
ing rCR, with P values of 0.027 and 0.016 respectively, 
according to semi-quantitative analysis of 18F-FDG-
PET CT. However, no other deduced quantitative meta-
bolic parameters were statistically significant in the 
interim PET scan nor the calculated difference between 
both scans (a calculated according to the PERCIST).

We calculated MTV and TLG of the primary breast 
mass with thresholding method of 40% of SUV max in 
the ROI and they were not significant either in the ini-
tial or the interim scans, this could be explained by Hong 
et  al. [17] who stated that MTV and TLG may be two 
promising metabolic parameters. However, selecting a 
verified appropriate threshold to delineate the tumour 
and calculate volume-based factors appears to be dif-
ficult, given the various clinical contexts such as lesions 
size, tumour biology, and background breast activity that 
can be modified by patient age and hormonal status.

In comparison to pathological data, the pooled sensi-
tivity and specificity of MRI in assessing LABC response 
to neoadjuvant therapy were 100% (p0.001) and 12.5% 
(p = 0.18), respectively. The corresponding figures for 
PET/CT were 94.1% (p0.001) and 25% (p = 0.18), respec-
tively. However, the total accuracy for both MRI and 
PET/CT was 72%. Breast MR imaging was found to be a 
sensitive medium for breast cancer identification and an 
accurate imaging method for assessing tumour response 
to neoadjuvant therapy by Mariscotti et  al. [18]. In 
patients with breast cancer, Li et al. [19] discovered that 
MRI had a higher sensitivity and PET/CT had a higher 
specificity for predicting the pathologic response follow-
ing NAC, similar to our findings.

Sarhan et  al. [20] had evaluated the role of FDG-PET/
CT in assessment of response to NAC in breast cancer, 
they found that the sensitivity, specificity, and accuracy 
of PET.CT were 95.5%, 75%, and 90%, respective values, 
the higher specificity and hence the accuracy of the study 
could be attributed to two essential differences. Firstly, 
they analyzed PET based-parameters after end of NAC not 
in the early interim phase as our study: this may raise the 
awareness of the added value of PET/CT after end of ther-
apy regarding the specificity of the study, to avoid higher 
incidence of false positive results in interim PET due to 
associated early therapy related inflammatory changes.

Secondly, Sarhan et al. [20] used SUV values corrected 
to lean body mass (SUL) which can overcome many 

Table 4 Diagnostic performance of MRI versus PET/CT

a Chi-square/ Fisher exact test

Parameter MRI (%) PET/CT (%) p  valuea

Sensitivity 100.0 94.1 < 0.001

Specificity 12.5 25.0 0.180

Positive predictive value 70.8 72.7 NA

Negative predictive value 100.0 66.7 NA

Table 5 Comparison of axillary LN status detected by radiologic 
versus pathologic modalities (n = 25)

Bold means the parameter was significant p-value < 0.05
a Chi-square/ Fisher exact test

Radiology Pathology p value a

Positive (n = 6) Negative 
(n = 19)

MRI
Positive 5 10 0.012
Negative 1 9

PET/CT
Positive 3 6 0.508

Negative 3 13

Fig. 5 ROC curve analysis for pathologic response prediction using 
Max. Diameter by initial MRI (Best cut off value for Max. Diameter by 
MRI 1 = 4.25 with sensitivity = 70.6% and specificity = 75.0%). The area 
under the curve is 77.9% (95% confidence interval = 59.8–96.1)
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shortcomings related to SUV corrected to body weight 
as it is not affected with changes in patient’s body weight 
which may be encountered due to effect of therapy [21].

The sensitivity and specificity of MRI in assessing the 
response of axillary lymph nodes to neoadjuvant ther-
apy in association with pathological data were 83% and 
50%, respectively, in the current investigation. The cor-
responding values for PET/CT were 47.4% and 68.4%, 
respectively, with p values of (p = 0.625) and (p = 0.146), 
but the estimated overall accuracy of PET/CT was higher 
than that of MRI (64%and 56%, respectively), which was 
similar to Ergul et al. [22] who reported that PET/CT had 
a higher specificity for detecting axillary nodal involve-
ment than MRI (89%).

The limitations in our study was the limited number 
of patients that resulting in defect in assessment the 
different imaging modalities for assessment response to 
NAC as well as performing subgroup analysis based on 
receptor subtypes.

Conclusion
We concluded that DCE-MRI and 18 F-FDG-PET CT 
could play different roles in the evaluation of NAC in 
LABC patients as;

• DCE-MRI had a higher sensitivity in predicting the 
pCR in locally advanced breast cancer after NAC 
either in the primary breast mass or the axillary 
lymph nodes (ALN), although there was no dif-
ference in overall accuracy in the former, however 
PET/CT was more accurate in the latter.

• 18 F-FDG-PET/CT had therapeutic implication 
by measuring baseline metabolic activity in the 
primary tumor and ALN and by detecting distant 
metastatic disease not previously disclosed by con-
ventional imaging modalities.
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