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ABSTRACT

Objective: The role of baseline and post-treatment standardized uptake value (SUVmax) values in predicting pathological response in patients with breast 
cancer after neoadjuvant chemotherapy (NAC).

Materials and Methods: Thirty patients with invasive ductal breast cancer were included in this retrospective study. F-18 fluorodeoxyglucose (FDG) 
positron emission tomography/computerized tomography (PET/CT) examinations were performed before and after NAC. Pretreatment SUVmax (SUVmax I), 
post-treatment SUVmax (SUVmax II) and ΔSUVmax values of primary breast cancer were obtained. Breast tumor pathology preparations were examined for the 
evaluation of tumor response according to the Miller and Payne classification. Patients were grouped as responding to treatment (pCR) and unresponsive to 
treatment (nonpCR). In all analyses, p<0.05 was considered statistically significant.

Results: The mean age of the 30 patients included in the study was 51.2±11.98 years. In the study-defined grouping, 13 patients (43.3%) were 
nonresponders and 17 patients (56.7%) were responders. ΔSUVmax was significantly greater in the responders group compared to the nonresponders group, 
while SUVmax II was lower (p = 0.001 and p = 0.004, respectively). There was no significant difference between the responders and nonresponders in terms 
of age, tumor diameter, and SUVmax I values. Multivariate logistic regression analysis showed ΔSUVmax to be the only independent predictive factor for pCR.

Conclusion: F-18 FDG PET/CT was an effective method in evaluating the treatment response after NAC in breast cancer, and ΔSUVmax and post-
treatment SUVmax can be used to predict the response of the primary tumor to treatment.
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Key Points

• F-18 FDG PET/CT is an effective method in evaluating the treatment response after NAC in breast cancer.

• ΔSUVmax and post-treatment SUVmax values correlate with pathological evaluation in predicting pCR.

• Multivariate logistic regression analysis showed ΔSUVmax to be the only independent predictive factor for pCR.

Introduction

Breast cancer is the most common type of cancer among women and 
its incidence has been increasing over the years (1). In the treatment of 
breast cancer, neoadjuvant chemotherapy (NAC) has recently become 
more frequently used. NAC is preferred, especially in locally advanced 
breast cancer, to reduce tumor volume and to allow breast-conserving 
surgery (2). In addition, it is stated that NAC has advantages, such as 

early detection of possible resistance to chemotherapy and predicting 
prognosis (3). Patients with pathological complete response (pCR) 
after NAC had better disease-free survival and overall survival rates 
than patients without a complete response (4). Although anatomical 
imaging methods are primarily used in the evaluation of response after 
NAC, there are some limitations. Conventional methods may not be 
able to clearly distinguish between viable tumor tissue and fibrotic scar 
tissue in patients with residual tissue after treatment. 
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2-deoxy-2-[18F]-fluoro-D-glucose positron emission tomography/
computed tomography (F-18 FDG PET/CT) is a molecular imaging 
method frequently used in oncology practice to evaluate response to 
treatment. Glucose metabolism is increased in cancer tissue and this 
a decrease in the metabolic activity of the residual tumor tissue after 
NAC is indicative of the response to treatment. In the literature, there 
are several studies investigating the accuracy of F-18 FDG PET/CT 
in evaluating response to treatment after NAC, with the pathological 
response criteria as reference (5-9). Due to the cytotoxic effect of 
chemotherapy, a decrease in cellular glycolysis is observed before tumor 
shrinkage. Therefore, standardized uptake value (SUVmax), which is a 
semi-quantitative parameter, is used to show the metabolic activity 
change more accurately.

In this study, the role of baseline and post-treatment SUVmax values 
and SUVmax change in predicting pathological response in patients 
with breast cancer after NAC was investigated.

Materials and Methods

Patients

Thirty patients with newly diagnosed, non-inflammatory, non-
metastatic, invasive breast cancer were included in this retrospective 
study. In all patients, the diagnosis of invasive breast cancer was made 
with tru-cut biopsy and NAC treatment was given. F-18 FDG PET/
CT examinations were performed on the patients before and after 
NAC. F-18 FDG PET/CT examination after NAC was performed 
at least 15 days after the end of the treatment. All patients underwent 
mastectomy/breast-conserving surgery 4-6 weeks after post-treatment 
F-18 FDG PET/CT. Exclusion criteria of the patients in the study 
were: patients who were diagnosed with inflammatory breast cancer; 
whose F-18 FDG PET/CT examination was contraindicated (for 
example with pregnancy or high blood sugar); who had a chronic 
disease; and who had previously received surgery or radiotherapy as 
treatment were excluded from the study.

Different NAC regimens were administered to the patients as follows: 
Six patients received cyclophosphamide and doxorubicin; 17 patients 
received cyclophosphamide and adriamycin; three patients received 
cyclophosphamide, doxorubicin and docetaxel; one patient received 
pertuzumab, herceptin and docetaxel; one patient received herceptin, 
paclitaxel and carboplatin; and two patients received herceptin and 
paclitaxel. The patients were administered 4-6 cycles of NAC.

This study was approved by the Faculty Ethics Committee of 
Pamukkale University (60116787-020/71416).

F-18 FDG PET/CT Imaging

After fasting and resting for six hours, the patients received 259–407 
MBq (7–11 mCi) of F-18 FDG intravenously when their fasting 
bloodglucose level was <200 mg/dL. The patients were examined using 
a dedicated PET/CT scanner (Gemini TF TOF PET-CT; Philips, 
Cleveland, OH, USA). Emission scans were acquired from the calvaria 
base to the middle of the thigh for 1.5 minutes per position without 
intravenous contrast medium injection. Transmission images were 
obtained by low-dose CT (50–120 mA s, 90–140 kVp, 16 sections of 
5 mm thickness).

Attenuation correction was performed for PET images using CT 
findings and the ordered subsets-expectation maximization (OSEM) 
algorithm (33 subsets, 3 iterations). PET images were reconstructed by 

the iterative method. Transverse, sagittal and coronal sections (5 mm 
thickness) were created from PET/CT fusion images and evaluated 
using Philips Fusion Viewer software (ver.2.1; Philips Healthcare, 
Best, The Netherlands).

In this study, patients underwent two F-18 FDG PET/CT scans; 
basal scan for staging before NAC and post-treatment scan for 
response to treatment after NAC. Both examinations were performed 
on the patients under the same conditions and the same acquisition 
parameters.

Image Analysis

F-18 FDG PET/CT images were evaluated by two nuclear medicine 
physicians and consensus was reached in all patients. The isocontour 
method was used to create volume of interest (VOI) around the tumor. 
A 40% SUVmax threshold was used for the isocontour. SUVmax was 
defined as the maximum SUV from a single voxel anywhere within 
the VOI. Tumor size was obtained by carefully measuring the longest 
diameter of the tumor from PET/CT images.

Metabolic response assessment with F-18 FDG PET/CT was 
performed by looking at the relative change in tumoral F-18 FDG 
uptake before and after treatment, and the following formula was used:

ΔSUVmax=100 x (post-treatment SUVmax – baseline SUVmax)/baseline 
SUVmax

Pathological Evaluation

Pathological responses of primary tumors were evaluated by the 
pathologist according to the Miller and Payne grading system (10). Breast 
tumor pathology preparations were re-evaluated for the evaluation of 
tumor response according to Miller and Payne classification. This was 
divided into five grades based on the comparison of tumor cellularity 
between the pre-neoadjuvant core biopsy and the post-surgical sample. 
The Miller and Payne grading system rates the postoperative curative 
effect from levels 1 to 5 according to the reduction in tumor cells. 

The grades were determined as follows:

Grade 1 (G1): No or some change in individual malignant cells, but 
no reduction in overall cellularity;

Grade 2 (G2): Minimal tumor cell loss (up to 30% loss), but overall 
cellularity still high;

Grade 3 (G3): 30% to 90% reduction in tumor cells;

Grade 4 (G4): Marked disappearance of tumor cells, leaving only small 
clumps or widely scattered individual cells; more than 90% loss of 
tumor cells;

Grade 5 (G5): No identifiable malignant cells in sections from tumor 
site, only vascular fibroelastotic stroma remaining, usually containing 
macrophages. Ductal carcinoma in situ (DCIS) may be present (11).

G1, G2 and G3 were included in the nonresponder group (nonpCR), 
and G4 and G5 were included in the responder group (pCR).

Statistical Analysis

Data were analyzed with SPSS, version 25.0 (IBM Inc., Armonk, 
NY, USA). Continuous variables were expressed as mean ± standard 
deviation, median (minimum-maximum values), and categorical 
variables as number and percentage. The compatibility of the data 
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with the normal distribution was examined by the Kolmogorov-
Smirnov test, and the homogeneity was examined by the Levene's test. 
Student’s t-test was used to compare independent group differences 
with normal distribution. The Mann-Whitney U test was used to 
compare the independent group differences that did not fit the normal 
distribution. A logistic regression model was created using ΔSUVmax 
and SUVmax II parameters, which were found to be independent 
statistically significant, to predict response to treatment.

A receiver-operating characteristics (ROC) analysis was performed, 
and cut-off values of the quantitative parameters of F-18 FDG PET/
CT were obtained to evaluate the response to treatment. Sensitivity 
and specificity were calculated at 95% CI to measure the validity. In all 
analyses, p<0.05 was considered statistically significant.

Results

The mean age of the 30 patients included in the study was 51.2±11.98 
(28–75) years. According to their pathological response scores, the 
patients were distributed as follows: One patient (3.3%) was G1, four 
patients (13.3%) G2, 8 patients (26.7%) G3, nine patients (30%) G4, 
and eight patients (26.7%) G5. Thus, for study purposes, 13 patients 
(43.3%) were nonresponders and 17 patients (56.7%) were responders. 
Ten (33.3%) of the patients were premenopausal and 20 (66.7%) were 
postmenopausal. Patient characteristics are listed in Table 1. 

ΔSUVmax was statistically significantly higher in the responders group 
compared to the nonresponders group, while SUVmax II was lower (p = 
0.001 and p = 0.004, respectively). There was no statistically significant 
difference between the responders and nonresponders groups in terms 
of age, tumor diameter, and SUVmax I values (Table 2). 

With multivariate logistic regression analysis, ΔSUVmax was found to 
be the only independent predictive factor for pCR (Table 3).

In the ROC curve analysis performed to determine the cut-off values 
of PET/CT parameters in the differentiation of pCR and non-pCR 
after neoadjuvant chemotherapy, the cut-off value for ΔSUVmax was 
found to be -59.69%, and the sensitivity and specificity values for this 
value were 82% and 85%, respectively [area under the ROC curve 
(AUC): 0.878, p = 0.001, 95% confidence interval (CI) (0.74–1); see 
Figure 1], while the cut-off value for SUVmax II was found to be 2.14, 
and the sensitivity and specificity values for this value were 70% and 
85%, respectively [AUC: 0.810, p = 0.004, 95% CI (0.62-0.99); see 
Figure 2].

Discussion and Conclusion

While NAC allows breast-conserving surgery by reducing tumor size 
in breast cancer, it also makes a significant contribution to survival. 
It has been reported that patients with pCR after NAC had better 
disease-free survival and overall survival rates than patients whose 
response was evaluated by other methods (4). For this reason, in the 
present study, pCR was chosen as the reference standard for evaluating 
tumor response after NAC. In the present study, patients in the G4 
and G5 groups were included in the pCR group according to the 
Miller and Payne classification system. In the literature, no difference 
was found in terms of prognosis between minimal residual disease and 
complete response (12), and in previous studies, pCR (G4, G5) and 
non-pCR (G1, G2, G3) groups were formed in this way (13, 14). 
In the present study, the pCR rate was 56.7%. In different studies, 
response rates after NAC have been reported to vary between 16.3% 

Table 1. Patient and tumor characteristics

Characteristics n %

Histological grade

1 7 23.4

2 13 43.3

3 10 33.3

Nuclear grade

1 3 10.0

2 16 53.3

3 11 36.7

Mitosis rate

1 9 30.0

2 16 53.3

3 5 16.7

ER status

Positive 24 80.0

Negative 6 20.0

PR status

Positive 26 86.7

Negative 4 13.3

HER2 status

0/+ 21 70.0

++/+++ 9 30.0

Subtype

Luminal A 6 20.0

Luminal B-HER2 negative 12 40.0

Luminal B-HER2 positive 6 20.0

HER2+ 5 16.7

Basal 1 3.3

P53 status

Positive 19 63.3

Negative 5 16.7

Unknown 6 20.0

Ki-67 index

<%20 9 30.0

>%20 21 70.0

Axillary lymph node

Negative 6 20.0

Positive 24 80.0

Mean ± SD
Median 

(min-max)

Age 51.2±11.98 51 (28–75)

ΔSUVmax -57.06%±18.73%
-63.65% 
(-21.5–83.4)

SUVmax I 6.25±2.33
6.48 

(2.43–11.23)

SUVmax II 2.51±1.31
2.17 

(1.12–6.20)

Tumor size (mm) 29.42±15.17
27.30 

(10.5–82.3)

ER: estrogen receptor; PR: progesterone receptor; HER2: human 
epidermal growth factor receptor 2; SUVmax I: pretreatment SUVmax; SUVmax 
II: posttreatment SUVmax; ΔSUVmax=100 x (post-treatment SUVmax – basaline 
SUVmax)/basaline SUVmax
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and 55.6% (15-17). This variation was thought to be due to the use of 
different pathological assessment and scoring methods.

In the present study, ΔSUVmax was found to be a highly effective 
parameter for predicting pCR after NAC in breast cancer patients. 
The cut-off value for ΔSUVmax was found to be -59.69%, and the 
sensitivity and specificity values for this value were 82% and 85%, 
respectively (Figures 3 and 4). In a meta-analysis evaluating 19 studies, 
to predict histopathological response in primary breast lesions by PET, 
the pooled sensitivity and specificity were 84% (95% CI, 78–88%) 
and 66% (95% CI, 62–70%), respectively (18). Our specificity value 
was found to be higher than the specificity value determined in the 
meta-analysis. Studies in the meta-analysis used very different NAC 
regimens, and the timing of the F-18 FDG PET/CT scan was different 
from each other. In our study, PET/CT examination times were 
the same, and the same device and the same examination protocol 
were used.  In the 43-patient study of García-Esquinas et al. (9), the 
sensitivity and specificity were found to be 90.9% and 90.6% when 
the ΔSUVmax cut-off was taken at -90.4%. In that study, the same NAC 
regimen was used in each patient, unlike ours, and the high ΔSUVmax 
cut-off value may have increased the sensitivity and specificity. This 
may explain the higher sensitivity and specificity than we found. 
The values obtained for ΔSUVmax in several studies in the literature 

were similar to or lower than our results (5, 8, 19-21). In the study of 
Berrido-Rieninger et al. (20), specificity was found to be 86% when 
ΔSUVmax was -60% (20). This finding is consistent with our result. In 
the 50-patient study of Park et al. (22), the sensitivity was 100% while 
the specificity was 62%. About half of the primary tumors in this study 
were <1 cm. In our study, the primary tumor size was greater than 1 
cm in all patients. The low specificity can be attributed to the small 
tumor size. In another study, sensitivity was 82.3% and specificity 
82.4% when ΔSUVmax was -87.9% (5). Although the ΔSUVmax cut-off 
value of this study was higher than ours, we obtained similar sensitivity 
and specificity values.

Table 2. Relationship between primary tumor characteristics and response to treatment

Mean ± SD Median (min-max) p-value

Age

Responders (17) 47.58±9.77 48 (28–59) 0.058

Nonresponders (13) 55.92±13.31 59 (32–75)

Tumor size (mm)

Responders (17) 25.34±8.39 27 (10.50–41.40)
0.135

Nonresponders (13) 34.76±20.20 29 (12.30–82.30)

SUVmax I

Responders (17) 6.31±1.45 6.56 (3.38–8.27)
0.88

Nonresponders (13) 6.17±3.21 5.89 (2.42–11.23)

ΔSUVmax

Responders (17) -68.07%±11.16% -69.66% (-41.70–83.04)
0.001

Nonresponders (13) -42.66%±16.91% -40.52% (-21.05–74.66)

SUVmax II

Responders (17) 1.89±0.46 1.87 (1.12–2.84)
0.004

Nonresponders (13) 3.22±1.63 2.87 (1.17–6.20)

SUVmax I, pretreatment SUVmax; SUVmax II, posttreatment SUVmax;

ΔSUVmax=100 x (post-treatment SUVmax – basaline SUVmax)/basaline SUVmax

Table 3. Logistic regression

B S.E. p-value 95% CI

ΔSUVmax 0.108 0.044 0.015 1.021–1.216

SUVmax II -1.57 0.897 0.079 0.360–1.199

SUVmax II, posttreatment SUVmax; 

ΔSUVmax=100 x (post-treatment SUVmax – basaline SUVmax)/basaline SUVmax

Figure 1. Receiver operating characteristic (ROC) curve for the 
prediction of pathological complete response (pCR) using ΔSUVmax in 
F-18 FDG PET/CT [Area under ROC curve (AUC)=0.878]

FDG: fluorodeoxyglucose; PET: positron emission tomography; CT: computerized 
tomography 
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SUVmax was used as a semi-quantitative parameter in most of the studies 
on the value of F-18 FDG PET/CT in response assessment after NAC. 
In the study of Berriolo-Riedinger et al. (20), except SUVmax, SUV 
parameters corrected for total body weight, body surface area and 
blood glucose were used (8). However, no significant difference was 
found between SUV parameters in estimating pCR. Therefore, in our 

study, we used SUVmax parameters (SUVmax I, SUVmax II and ΔSUVmax) 
in accordance with the literature.

In the present study, we evaluated the potential of pretreatment SUVmax 
(SUVmax I) and post-treatment SUVmax (SUVmax II) to predict pCR, as 
well as ΔSUVmax. The cut-off value for SUVmax II was found to be 2.14, 
and the sensitivity and specificity values for this value were 70% and 
85%, respectively. In the literature, there are few studies evaluating 
the efficacy of post-treatment SUVmax in predicting the response to 
treatment after NAC in breast cancer. In the study of Yıldırım et al. 
(21), consisting of 51 patients, no significant difference was observed 
between pCR and nonpCR in terms of pretreatment SUVmax, but a 
significant difference was found between post-treatment SUVmax 
values. Our findings are consistent with this study. In the present study, 
it was revealed that, like ΔSUVmax, the value of post-treatment SUVmax 
was an effective parameter in predicting the response to treatment after 
NAC in breast cancer. However, this finding needs to be supported by 
new studies. There are different results in the literature regarding the 
value of pretreatment SUVmax in predicting the response to treatment 
after NAC in breast cancer. In some studies, basal SUVmax was found 
to be higher in the pCR group (23-25), while in some studies, higher 
SUVmax values were found in unresponsive patients (26, 27). In 
addition, and in contrast to these studies, there are also publications 
that argue that there is no difference in basal SUVmax between pCR and 
nonpCR (15, 20, 28). Therefore, the findings in the literature suggest 
that there is no consensus regarding the value of pretreatment SUVmax 
in predicting the response to treatment after NAC.

The present study has some limitations. It was designed retrospectively 
and the number of patients was low. Due to the low number of patients, 
subgroup-related to prognostic factors (receptor status, grade, subtype, 
Ki-67 ratio, etc.) of breast cancer could not be formed and their 

Figure 3. Forty-six years old woman. Left breast localized invasive 
ductal carcinoma (primary tumor axial diameter 14.6 mm, primary 
tumor SUVmax: 8.02) is seen in pretreatment CT and fusion PET/
CT transaxial images (blue arrow) (A, B). There is a significant 
decrease in F-18 FDG uptake (SUVmax:1.36; ΔSUVmax:-83.04%) in post-
treatment CT and fusion PET/CT transaxial images (blue arrow) after 
four cycles of cyclophosphamide/adriamycin chemotherapy (C, D). 
Histopathological features of the primary tumor: histological grade 
3, nuclear grade 3, mitosis rate 2, ER and PR negative, HER2 +3 
positive, K-67 40%, p53 positive, and subtype HER2 positive. Miller 
and Payne grading system pathological score 4

FDG: fluorodeoxyglucose; PET: positron emission tomography; CT: computerized 
tomography; SUV: standardized uptake value; HER2: human epidermal growth 
factor receptor 2; ER: estrogen receptor; PR: progesterone receptor

Figure 4. Seventy-eight years old woman. Left breast localized 
invasive ductal carcinoma (primary tumor axial diameter 18.7 mm, 
primary tumor SUVmax:6.55) is seen in pretreatment CT and fusion 
PET/CT transaxial images (blue arrow) (A, B). There is a slight 
decrease in F-18 FDG uptake (SUVmax:4.51; ΔSUVmax:-44.25%) in post-
treatment CT and fusion PET/CT transaxial images (blue arrow) after 
four cycles of cyclophosphamide/adriamycin chemotherapy (C, D). 
Histopathological features of the primary tumor: histological grade 
2, nuclear grade 2, mitosis rate 2, ER 90% positive, PR 90% positive, 
HER2 negative, Ki-67 30%, p53 positive, and subtype luminal B/HER2 
negative. Miller and Payne grading system pathological score 3

FDG: fluorodeoxyglucose; PET: positron emission tomography; CT: computerized 
tomography; SUV: standardized uptake value; HER2: human epidermal growth 
factor receptor 2; ER: estrogen receptor; PR: progesterone receptor

Figure 2. Receiver operating characteristic (ROC) curve for 
the prediction of pathological complete response (pCR) using 
posttreatment SUVmax (SUVmax II) in F-18 FDG PET/CT [Area under ROC 
curve (AUC)=0.810]

FDG: fluorodeoxyglucose; PET: positron emission tomography; CT: computerized 
tomography 
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relationship with PET parameters could not be evaluated. Different 
NAC regimens were administered to the patients and the relationship 
between the different NAC regimens could not be evaluated due to the 
small number of patients.

F-18 FDG PET/CT was an effective method in predicting the response 
to treatment after NAC in breast cancer. ΔSUVmax and post-treatment 
SUVmax values correlate with pathological evaluation in predicting 
pCR. We did not find that pretreatment SUVmax was effective in 
predicting response to treatment.
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