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Background: Accurately predicting pathological complete response (pCR) to neoadjuvant chemotherapy 
(NACT) in breast cancer remains a clinical challenge. Current imaging-based models are limited in their 
ability to integrate key metabolic parameters to enhance prediction accuracy. This study aimed to develop 
and validate a nomogram using 18F-fluorodeoxyglucose (FDG) positron emission tomography/computed 
tomography (PET/CT) parameters, including maximum standardized uptake value (SUVmax), metabolic 
tumor volume (MTV), and total lesion glycolysis (TLG), to improve pCR prediction. These parameters, 
representing both tumor metabolic burden and activity, were hypothesized to collectively provide a robust 
means of predicting pCR.
Methods: This retrospective cohort study enrolled 95 breast cancer (BC) patients who underwent 18F-FDG 
PET/CT before and after NACT. Patients were categorized into pCR (n=46) and non-pCR (n=49) groups 
based on postoperative pathological outcomes. Clinical and pathological characteristics, as well as changes in 
SUVmax, MTV, and TLG, were compared between the two cohorts. Logistic regression identified independent 
predictors of non-pCR. The dataset was then randomly divided into training (n=66) and validation (n=29) 
cohorts for nomogram construction and validation. The model’s performance was evaluated using the area 
under the receiver operating characteristic (ROC) curve, calibration curves, and decision curve analysis.
Results: Relative to the non-pCR cohort, the pCR group exhibited smaller tumor diameters, lower Ki-
67 expression, fewer lymph node metastases, and higher proportions of HER2+ molecular subtype (P<0.05). 
Pretreatment SUVmax, MTV, and TLG levels in the pCR group were significantly lower than those in the 
non-pCR group, and showed a marked decrease after treatment (P<0.05), whereas no significant changes 
were observed in the non-pCR group (P>0.05). SUVmax, MTV, TLG, and molecular subtype were identified 
as independent predictors of non-pCR through logistic regression analysis. A nomogram constructed 
using these predictors achieved area under the ROC curve (AUC) of 0.9003 and 0.9363 in the training 
and validation cohorts, respectively. The model demonstrated good calibration (Hosmer-Lemeshow test, 
χ2=6.412, P=0.60) and clinical utility through decision curve analysis, effectively stratifying patients at high 
risk of non-pCR based on a cutoff value of 0.8230.
Conclusions: 18F-FDG PET/CT demonstrates significant clinical value in predicting pCR to NACT 
in BC patients. By integrating metabolic parameters such as SUVmax, MTV, and TLG into a nomogram, 
this approach enables accurate prediction of treatment efficacy, aiding in the early identification of patients 
unlikely to benefit from NACT. This facilitates timely adjustments to personalized treatment plans, 
optimizing clinical outcomes and resource allocation.
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Introduction

Breast cancer (BC) is the most prevalent disease in the 
world and the largest contributor to cancer-associated 
mortality among women. The annual growth in incidence 
has considerably increased the global cancer burden (1). 
Between 2010 and 2019, the yearly incidence of BC rose 
by 0.5% (2). In 2020, there were more than 2.3 million 
newly diagnosed cases of BC and around 685,000 associated 
fatalities. By 2040, it is projected that more than 3 million 
new cases of BC will be diagnosed each year (3).

Recently, neoadjuvant chemotherapy (NACT) has been 
employed as the gold standard approach for managing 
early high-risk and locally advanced patients with BC. 
It can convert locally advanced and inoperable breast 
tumors into operable ones, slightly increase the rate of 
breast conservation (4,5), and reduces tumor staging and 
metastatic rates, extending patient survival. However, not 

all patients benefit from NACT due to tumor heterogeneity 
and complexity. In cases of patients who do not respond to 
treatment, although disease progression during NACT is 
rare, long-term treatment may cause adverse effects. This 
could lead to missed opportunities to alter the treatment 
plan (6). Therefore, a method for the early prediction of 
neoadjuvant therapy efficacy is urgently needed to avoid 
ineffective treatments and delays in surgery. 

Imaging is essential in BC screening, diagnosis, 
staging, and management. Among the various modalities, 
18F-fluorodeoxyglucose (FDG) positron emission 
tomography/computed tomography (PET/CT) is a 
sensitive molecular imaging system frequently employed for 
cancer diagnosis, early identification of distant metastases, 
assessment of treatment responses in locally advanced and 
metastatic cancers, and prognostic risk stratification (7,8). 

PET/CT parameters, such as maximum standardized 
uptake value (SUVmax), metabolic tumor volume (MTV), 
and total lesion glycolysis (TLG), reflect tumor glucose 
metabolism and total metabolic burden, providing insights 
into tumor heterogeneity and activity that cannot be 
captured by conventional imaging techniques (9-11). 
These parameters are particularly effective in monitoring 
early metabolic changes in response to NACT, which 
often precede morphological changes in tumor size. Thus, 
18F-FDG PET/CT has the potential to serve as a robust 
tool for predicting pathological complete response (pCR). 
Despite this potential, existing prediction models for pCR 
in BC often rely on clinical and pathological factors, with 
limited integration of advanced imaging parameters (12). 
Studies incorporating PET/CT-based models remain 
relatively scarce, and the predictive power of SUVmax, 
MTV, and TLG has not been fully validated in diverse 
clinical settings (13,14). Addressing this gap is critical 
for developing reliable tools that can guide personalized 
treatment strategies and improve outcomes for BC patients.

We conducted this study to examine the capacity of 
18F-FDG PET/CT to predict the efficacy of neoadjuvant 
chemotherapeutic among patients with BC in order 
to garner critical theoretical support for personalized 
treatment and avoid inefficient chemotherapy. We present 
this article in accordance with the TRIPOD reporting 
checklist (available at https://gs.amegroups.com/article/
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Methods

General information

This study was designed as a retrospective cohort study, 
conducted at the Affiliated Hospital of Nantong University. 
A total of 95 female patients with BC who received NACT 
and radical surgery between December 2021 and December 
2023 were included. Data were retrospectively collected from 
electronic medical records, including clinical characteristics, 
pathological findings, and imaging results from 18F-FDG 
PET/CT scans performed before and after treatment. 
The efficacy of NACT was evaluated using postoperative 
pathological outcomes, with patients being categorized into 
two groups: pCR (n=46) and non-pCR (n=49). The inclusion 
criteria were as follows: (I) diagnosis of BC confirmed by 
biopsy before NACT; (II) age between 18 and 70 years; (III) 
a postoperative follow-up time longer than 3 months; (IV) 
provision of informed consent; and (V) complete clinical 
and pathological information. Meanwhile, the exclusion 
criteria were as follows: (I) bilateral BC; (II) BC concurrent 
with other breast diseases; (III) BC concurrent with systemic 
malignancies; (IV) contraindications to surgery or radiation 
therapy; (V) death during follow-up due to other causes; 
and (VI) an inability to complete required examinations and 
treatments. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Affiliated Hospital of Nantong University 
(No. 2025-K006-01) and informed consent was taken from 
all the patients.

18F-FDG PET/CT examination

Each participant received PET/CT scans before and 
following therapy. Before the scan, patients were restricted 
from consuming water for >6 hours, and blood glucose 
concentrations were maintained between 3.9 and 6.1 mmol/L  
on the day of the scan. 18F-FDG was synthesized with 
the mini-trace synthesis method at a PET/CT facility, 
achieving a radiochemical purity of over 90%. The 
injection dose was calculated at 3.7 MBq/kg, and patients 
were advised to empty their bladder before imaging and 
rested in a supine position for 60 minutes post-injection. 
The PET/CT scanner was a 16-slice model with CT 
parameters set to a tube voltage of 140 kV, a tube current 
of 200 mA, a slice thickness of 3.27 mm, and a pitch of 1.0. 

PET scanning was conducted for 3 minutes per bed, with 
an axial field of view of 180 mm and a slice thickness of 
3.27 mm. Each patient underwent 9–10 bed positions, with 
adjacent positions overlapping by 50%. After scanning, 
three-dimensional reconstruction was performed using 
the maximum likelihood algorithm, which was combined 
with CT data for attenuation correction, and images were 
fused using an iterative method. Two experienced nuclear 
medicine physicians, each with >5 years of experience, 
independently processed the images and delineated regions 
of interest (ROIs) on the largest diameter plane of abnormal 
metabolic areas. A manual contouring method was used 
for ROI delineation, ensuring accuracy by referring to 
the tumor’s anatomical structure on CT and its metabolic 
activity on PET. The following PET/CT parameters were 
calculated: (I) SUVmax: SUVmax represents the highest uptake 
value of 18F-FDG within the ROI and reflects the most 
metabolically active portion of the lesion. It is calculated 
as the ratio of tissue radioactivity concentration (measured 
by PET) to the injected dose per body weight. (II) MTV: 
MTV was calculated by summing the voxel volumes within 
the ROI that exhibited standardized uptake values (SUVs) 
exceeding 40% of the SUVmax, using the fixed % SUVmax 
threshold method (FSTM) (15). This threshold ensured 
that only metabolically active tumor regions were included 
in the calculation. MTV represents the metabolically active 
tumor burden. (III) TLG: TLG was computed as the 
product of MTV and the mean SUV within the delineated 
ROI. It reflects the overall glycolytic activity of the lesion 
and combines metabolic intensity with tumor volume.

Treatment methods

Patients received different NACT regimens based on tumor 
stage and type: 25 received cyclophosphamide + epirubicin 
+ fluorouracil, and 70 received paclitaxel + epirubicin + 
cyclophosphamide. All patients underwent four cycles of 
chemotherapy. Patients received surgical treatment at our 
facility approximately 2 weeks following the conclusion of 
NACT. pCR was defined as the absence of invasive BC cells 
both in the primary breast tumor site and in the regional 
lymph nodes, whereas non-pCR was defined as the presence 
of invasive cancer cells in either the primary tumor site or 
the regional lymph nodes after treatment.

Collection of clinical and pathological information

Clinical and pathological information was obtained from 
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the hospital information management program and 
included patient age, menstrual status, clinical stage, lymph 
node metastasis, vascular invasion, pathological type, 
nerve invasion, tumor diameter, tumor location, number 
of lesions, Ki-67 expression status (≥14% indicating high 
proliferative activity and <14% indicating low proliferative 
activity), and molecular subtype.

Observational indicators

(I) The clinical and pathological features were assessed 
between the two cohorts before treatment. (II) A 
comparison of SUVmax, MTV, and TLG levels before and 
after therapy between the two groups was conducted. (III) 
Receiver operating characteristic (ROC) curve analysis was 
used to examine the value of the SUVmax, MTV, and TLG 
in predicting pCR following therapy. (IV) Multivariate 
logistic regression was used to identify the independent risk 
factors influencing efficacy. (V) A nomogram for non-pCR 
prediction was generated based on the independent risk 
factors associated with efficacy and on calibration curves.

Statistical analysis

GraphPad Prism 6.0 (GraphPad Software, San Diego, CA, 
USA) was used for creating graphs, while SPSS 26.0 (IBM 
Corp., Armonk, NY, USA) was employed for statistical 
analysis. Independent t-tests were used to compare groups 
with continuously and normally distributed data, with 
the results presented as the mean ± standard deviation 
(SD). The Mann-Whitney test was applied to data with a 
nonnormal distribution, which are reported as the median 
and interquartile range. The χ2 test was used to compare 
categorical information, which are expressed the as 
frequency and percentage. To evaluate the predictive value 

of SUVmax, MTV, and TLG for pCR, ROC curves were 
plotted. The area under the ROC curve (AUC) values of 
0.7–0.8 were considered acceptable, 0.8–0.9 were considered 
good, and >0.9 were considered excellent for prediction 
performance. The efficacy of NACT was determined by 
multivariate logistic regression analysis, and the “rms” 
package in R (The R Foundation for Statistical Computing) 
was used to create a nomogram prediction model and 
calibration curves for non-pCR. All P-values were two-
sided, with P<0.05 set as the significance threshold.

Results 

Comparison of pretreatment clinical and pathological 
features in pCR and non-pCR groups

Relative to the non-pCR group, the pCR group had a 
substantially greater portion of patients with clinical stage I–
II, tumor diameter ≤3 cm, and Ki-67 expression rate ≤14% 
and a lower portion of lymph node metastases (P<0.05). 
The molecular subtype pattern revealed a marked difference 
between the two cohorts (P<0.05). The HR+HER2+ 
(Hormone Receptor Positive and Human Epidermal 
Growth Factor Receptor 2 Positive) subtype was most 
prevalent in the pCR group, whereas the HR+HER2− (HR 
positive and HER2 negative) subtype was more frequent 
in the non-pCR group. No significant differences were 
observed in the other clinical and pathological features 
(P>0.05; Table 1).

Changes in SUVmax, MTV, and TLG levels before and after 
treatment

The TLG, MTV, and SUVmax levels in the pCR group 
were considerably lower than those in the non-pCR group 

Table 1 Detailed clinical and pathological characteristics before treatment in the pCR and non-pCR groups 

Clinical data pCR (n=46) Non-pCR (n=49) t P

Age (years) 0.002335 0.96

≤50 27 (58.70) 29 (59.18)

>50 19 (41.30) 20 (40.82)

Menstrual status 0.7688 0.38

Premenopausal 31 (67.39) 37 (75.51)

Postmenopausal 15 (32.61) 12 (24.49)

Table 1 (continued)
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Table 1 (continued)

Clinical data pCR (n=46) Non-pCR (n=49) t P

TNM staging 4.6333 0.03

Stage I–II 28 (60.87) 19 (38.78)

Stage III–IV 18 (39.13) 30 (61.22)

Lymph node metastasis 4.6333 0.03

No 28 (60.87) 19 (38.78)

Yes 18 (39.13) 30 (61.22)

Vascular invasion 1.6498 0.20

No 33 (71.74) 29 (59.18)

Yes 13 (28.26) 20 (40.82)

Pathological type 1.277 0.53

Invasive ductal carcinoma 39 (84.78) 37 (75.51)

Invasive lobular carcinoma 4 (8.70) 7 (14.29)

Other 3 (6.52) 5 (10.20)

Nerve invasion 0.9699 0.32

No 29 (63.04) 26 (53.06)

Yes 17 (36.96) 23 (46.94)

Tumor diameter (cm) 5.5337 0.02

≤3 28 (60.87) 18 (36.73)

>3 18 (39.13) 31 (63.27)

Tumor location 0.2262 0.63

Outer quadrant 25 (54.35) 29 (59.18)

Central or inner quadrant 21 (45.65) 20 (40.82)

Number of lesions 1.6235 0.20

1 5 (10.87) 10 (20.41)

>1 41 (89.13) 39 (79.59)

Ki-67 18.99 <0.001

≤14% 38 (82.61) 19 (38.78)

>14% 8 (17.39) 30 (61.22)

Molecular subtype 18.52 <0.001

HR+HER2– 6 (13.04) 27 (55.10)

TNBC 11 (23.91) 6 (12.24)

HR+HER2+ 15 (32.61) 8 (16.33)

HR−HER2+ 14 (30.44) 8 (16.33)

Data are presented as n (%). pCR, pathological complete response; TNM, tumor, node, metastasis; HR, hormone receptor; HER2, human 
epidermal growth factor receptor 2; TNBC, triple-negative breast cancer.
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Table 2 Variations in SUVmax, MTV, and TLG metrics pre- and posttreatment in the pCR and non-pCR groups 

Group SUVmax MTV (cm3) TLG (g)

pCR

Pretreatment 11.29 (6.38, 11.63) 32.70±10.33 259.00 (205.94, 288.92)

Posttreatment 6.00 (3.94, 8.05) 13.96±3.61 54.24 (46.41, 59.97)

t/Z −4.377 11.61 −7.993

P <0.001 <0.001 <0.001

Non-pCR

Pretreatment 13.21 (11.87, 14.18)**** 43.01±14.68*** 259.90 (239.35, 354.60)**

Posttreatment 12.44 (11.38, 13.67)**** 40.31±7.66**** 255.67 (228.11, 339.56)****

t/Z −1.5987 1.1426 −1.3926

P 0.11 0.26 0.17

Data are presented as x±SD or M (P25, P75). Compared with pretreatment and posttreatment in the pCR group: **, P<0.01; ***, P<0.001; 
****, P<0.0001. SUVmax, maximum standardized uptake value; MTV, metabolic tumor volume; TLG, total lesion glycolysis; pCR, pathological 
complete response; SD, standard deviation.

Table 3 Predictive value of SUVmax, MTV, and TLG for pCR 

Indicator AUC SE P value 95% CI Sensitivity (%) Specificity (%) Cutoff value Youden index

Pretreatment SUVmax 0.7753 0.05056 <0.001 0.6762–0.8744 82.61 73.47 12.18 0.5608

Pretreatment MTV (cm3) 0.7010 0.05380 <0.001 0.5955–0.8064 91.30 48.98 44.88 0.4028

Pretreatment TLG (g) 0.6624 0.05611 0.006 0.5524–0.7724 39.13 91.84 224.44 0.3097

SUVmax, maximum standardized uptake value; MTV, metabolic tumor volume; TLG, total lesion glycolysis; pCR, pathological complete 
response; AUC, area under curve.

both before and after treatment (P<0.05). Moreover, the 
pCR group exhibited substantially lower SUVmax, MTV, 
and TLG levels after treatment relative to pretreatment 
measurements. Conversely, the non-pCR group showed no 
significant difference in SUVmax, MTV, or TLG levels from 
before to after treatment (P>0.05; Table 2).

ROC curves of SUVmax, MTV, and TLG and the prediction 
of pCR

According to ROC curve analysis, the AUCs for predicting 
the neoadjuvant chemotherapeutic efficacy among the 
patients with BC before treatment were 0.7753 for SUVmax, 
0.7010 for MTV, and 0.6624 for TLG; the sensitivities 
were 82.61%, 91.30%, and 39.13%, respectively, while the 
specificities were 73.47%, 48.98%, and 91.84%, respectively 
(P<0.05). These findings indicated good clinical predictive 
value (Table 3 and Figure 1).
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Figure 1 Analysis of predictive efficacy. SUVmax, maximum 
standardized uptake value; MTV, metabolic tumor volume; TLG, 
total lesion glycolysis.
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A nomogram model for predicting non-pCR in patients 
treated with NACT for BC

Analysis of independent risk factors influencing efficacy
Factors with statistically significant differences were 
included as independent variables,  with non-pCR 
after NACT as the dependent variable (no =0, yes =1). 
Multivariate logistic regression analysis revealed that 
molecular subtype and pretreatment SUVmax, MTV, and 
TLG levels were independent risk factors associated with 
treatment efficacy (Table 4).

Development of the nomogram model
To conduct our multivariate analysis, we randomly separated 
95 study participants into a training and validation cohort 
in a 7:3 ratio using the “rms” R package. Subsequently, 
a nomogram prediction model was created to predict 
the possibility that patients with BC would not achieve a 
positive response after NACT (Figure 2A). 

In the nomogram presented in Figure 2A, for the 
“Molecular subtype” axis, “0” represents the HR+HER2− 
subtype, “1” represents the triple-negative BC (TNBC) 
subtype, “2” represents the HR+HER2+ subtype, and “3” 
represents the HR−HER2+ subtype. The “Pretreatment 
SUVmax” axis represents the SUVmax level before NACT. 

The “Pretreatment MTV” axis represents the MTV level 
before NACT. The “Pretreatment TLG” axis represents 
the TLG level before NACT. The “Risk” axis indicates the 
model’s prediction of the risk of non-pCR. The ROC curve 
for this nomogram model is shown in Figure 2B. According 
to the findings, the training cohort’s AUC was 0.9003 [95% 
confidence interval (CI): 0.8278–0.9728], and its sensitivity 
and specificity were 0.9655 (95% CI: 0.8991–1.0000) and 
0.7027 (95% CI: 0.5554–0.8500), respectively. An AUC of 
0.9363 (95% CI: 0.8542–1.0000), along with a sensitivity 
of 0.9412 (95% CI: 0.8293–1.0000) and a specificity of 
0.6667 (95% CI: 0.3999–0.9334), indicating good accuracy, 
were obtained from bootstrap analyses used for internal 
validation of the nomogram (Table 5). 

The cutoff value for this model was 0.8230. In this study, 
a risk score ≥0.8230 was considered to indicate high risk for 
non-pCR following NACT, while a score <0.8230 indicated 
low risk. 

An example application of the nomogram is described 
below (Figure 2A) :  for a patient with BC with an 
HR+HER2− molecular subtype, a pre-treatment SUVmax 
level of 15.00, an MTV level of 25.00, and a TLG level 
of 175.00, the corresponding to “Points” values for the 
molecular subtype, pre-treatment SUVmax, pre-treatment 
MTV, and pre-treatment TLG are 63, 37.5, 28.5, and 23, 
respectively. The sum of these values gives a total score of 
152. Based on the “Total Points” scale, this score represents 
a risk value of approximately 0.7 on the “Risk” axis. Since 
0.7<0.8230, the model predicts that this patient has a low 
risk of non-pCR following NACT.

Calibration curve and decision curve analysis 
The Hosmer-Lemeshow (HL) test is an indicator of model 
fit. A P value >0.05 indicates the model fits rather well, 
implying no appreciable variation between expected and 
actual values. The HL test findings for this model were 
a χ2 value of 6.412 and a P value of 0.6012, suggesting an 
adequate model fit. Furthermore, the calibration curve 
indicated that the expected and actual probabilities were 
generally consistent (Figure 3A).

Clinical decision curve analysis is a relatively new 
method for evaluating the clinical effectiveness of predictive 
models. The clinical decision curve for the non-pCR risk 
nomogram showed that compared to the scenarios in which 
all patients were classified as non-pCR (red diagonal line in 
Figure 3B) or all as pCR (green horizontal line in Figure 3B),  
the nomogram model provided an excellent net clinical 
benefit in the threshold range of 0.05 to 1 (Figure 3B).

Table 4 Multivariate analysis of variables influencing treatment 
efficacy

Influencing factors P Exp(B) 95% CI

TNM staging 0.19 3.6726 0.5153–26.1756

Lymph node metastasis 0.12 5.2926 0.6429–43.5692

Tumor diameter 0.93 1.0869 0.1594–7.4092

Ki-67 0.10 3.8763 0.7624–19.7076

Molecular type (HR+HER2–)

TNBC 0.002 0.0098 0.0005–0.1868

HR+HER2+ 0.009 0.0522 0.0057–0.4751

HR−HER2+ 0.003 0.0106 0.0006–0.2032

Pretreatment SUVmax 0.02 1.2685 1.0456–1.5389

Pretreatment MTV 0.004 1.1325 1.0418–1.2311

Pretreatment TLG 0.02 1.0181 1.0031–1.0333

TNM, tumor, node, and metastasis; HR, hormone receptor; 
HER2, human epidermal growth factor receptor 2; TNBC, 
triple-negative breast cancer; SUVmax, maximum standardized 
uptake value; MTV, metabolic tumor volume; TLG, total lesion 
glycolysis; CI, confidence interval.
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Figure 2 Predictive tools for breast cancer treatment outcomes. (A) Nomogram for predicting non-pCR in patients undergoing neoadjuvant 
chemotherapy for breast cancer. (B) Validation of the nomogram using ROC curve analysis. SUVmax, maximum standardized uptake value; 
MTV, metabolic tumor volume; TLG, total lesion glycolysis; AUC, area under the ROC curve; CI, confidence interval; pCR, pathological 
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Discussion

NACT is used extensively as an all-encompassing treatment 
of BC. However, only about 20% of patients receiving 
NACT can obtain pCR. Patients exhibiting extended 
disease-free survival and overall survival (OS) contrast with 
those without pCR patients, who may encounter disease 
progression and unfavorable prognosis (16). Therefore, 
predicting the efficacy of NACT in BC is essential for 

targeted therapy. Compared to conventional imaging 
techniques, 18F-FDG PET/CT can detect tumor response at 
an earlier stage, demonstrating the significant potential for 
predicting the efficacy of NACT (17-19). Tumor metabolic 
changes occur before a reduction in tumor size, and FDG 
uptake reflects tumor metabolic activity (20,21). According 
to Abdelrahman et al. (22), 18F-FDG PET/CT can reliably 
predict, at an early stage, the pathological response of 
locally progressed or borderline resectable pancreatic cancer 

Table 5 ROC curve data for the training and validation sets

Data AUC (95% CI) Sensitivity (95% CI) Specificity (95% CI) Cutoff

Training 0.9003 (0.8278–0.9728) 0.9655 (0.8991–1.0000) 0.7027 (0.5554–0.8500) 0.8230

Test 0.9363 (0.8542–1.0000) 0.9412 (0.8293–1.0000) 0.6667 (0.3999–0.9334) 0.8230

ROC, receiver operating characteristic; AUC, area under the ROC curve; CI, confidence interval.
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Figure 3 Assessment of the non-pCR risk prediction model in neoadjuvant chemotherapy. (A) Calibration curve for the model. (B) DCA 
curve for evaluating the clinical utility of the model in predicting non-pCR. pCR, pathological complete response; DCA, decision curve 
analysis.

to NACT. Mi et al. (23) provided evidence that a significant 
decrease in TLG, MTV, and SUVmax of the primary tumor 
is linked to improved OS and progression-free survival, 
indicating that 18F-FDG PET/CT can accurately reflect 
chemotherapy efficacy before and after NACT. In the 
study by Sengoz et al. (24), the only independent predictor 
of pCR was ΔSUVmax, with responders having a ΔSUVmax 
much greater than that of nonresponders. This suggests that 
18F-FDG PET/CT is a valuable tool for assessing treatment 
outcomes following NACT for BC. Our analysis indicated 
that before treatment, SUVmax, MTV, and TLG levels were 
considerably elevated among the non-pCR group relative 
to the pCR group, which is consistent with above study. 
Following treatment, the pCR group’s SUVmax, MTV, and 
TLG levels substantially decreased, but those of the non-
pCR group showed no change. This implies that 18F-FDG 
PET/CT features are potentially robust predictors of 
neoadjuvant therapeutic efficacy. 

Additionally, the comparison of clinical and pathological 
features revealed marked differences between the two cohorts 
in clinical stage, tumor diameter, Ki-67 expression rate, 
lymph node metastasis, and molecular subtype. This can be 
explained by the strong association between 18F-FDG PET/
CT parameters and tumor progression. Elevated TLG, 
MTV, and SUVmax levels suggest increased tumor burden 
and active metabolism (25). Higher clinical stages (26), 
larger tumor diameters (27), lymph node metastasis (28), and 
increased Ki-67 expression (29) are all clinical indicators of 
tumor progression, reflecting greater tumor invasiveness and 
increased metabolic activity. This can explain the significant 
higher 18F-FDG PET/CT values in the non-pCR group than 
in the pCR group in this study. Moreover, the heterogeneity 
in BC subtypes, such as invasive lobular carcinoma and 

invasive ductal carcinoma, has been reported to contribute 
to differences in metabolic activity and response rates 
to NACT (30). For example, invasive ductal carcinoma, 
which is the most common subtype, tends to demonstrate 
higher metabolic activity on 18F-FDG PET/CT compared 
to invasive lobular carcinoma, which often exhibits lower 
FDG uptake due to its histological characteristics (31,32). 
However, in our study, the distribution of pathological 
subtypes between the pCR and non-pCR groups showed 
no significant differences. These findings suggest that the 
observed differences in MTV, TLG, and SUVmax levels 
between the two groups may not be directly attributed to 
the distribution of pathological subtypes in this cohort. 
Instead, other factors, such as molecular subtypes and 
tumor metabolic burden, likely play a more prominent role 
in influencing the metabolic parameters. Furthermore, 
variations in molecular subtypes also play a significant role 
in the response to NACT. For instance, NACT provides a 
higher pCR rate in HER2+ patients (33). In a study on high-
risk early BC, the estimated pCR prevalence for the HER2+ 
group was much higher than that of the HER2 group (74% 
vs. 30%) (34). Similarly, our study observed that the pCR 
group had the highest proportion of HER2+ patients. These 
findings suggest that the differences in MTV, TLG, and 
SUVmax levels may primarily reflect the tumor’s metabolic 
burden and molecular characteristics.

Our study employed pretreatment 18F-FDG PET-CT 
parameters to estimate the neoadjuvant chemotherapeutic 
efficacy, thereby enhancing the predictive power of 
18F-FDG PET-CT in this regard. Although the validity of 
each parameter differs, ROC curve analysis demonstrated 
that each represents a robust means to evaluating 
neoadjuvant chemotherapeutic efficacy in patients with 
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BC. Among the parameters, SUVmax had the highest 
AUC, MTV had the highest sensitivity, and TLG had the 
highest specificity. Thus, combining all three parameters 
may provide a comprehensive assessment of chemotherapy 
efficacy, aiding clinicians in the timely adjustment of 
treatment plans during neoadjuvant therapy.

Studies on the variables influencing the neoadjuvant 
chemotherapeutic efficacy in BC are currently scarce. 
Existing studies report different independent factors due 
to variations in study populations and clinical data. Jiao 
et al. (35) observed that in patients with initial ipsilateral 
supraclavicular lymph node metastases, the degree of Ki-
67 expression was an independent risk factor influencing 
pCR. Our study found that molecular subtype and TLG, 
MTV, and SUVmax pretreatment levels were independent 
risk factors influencing NACT efficacy. Higher levels of 
TLG, MTV, and SUVmax before treatment and a molecular 
subtype of HR+HER2− were associated with a higher risk 
of non-pCR. Based on genetic subtype and pr-treatment 
TLG, MTV, and SUVmax, we constructed a nomogram 
prediction model for non-pCR with strong predictive 
power and practical value. The model’s repeatability and 
dependability were confirmed using the HL test and 
calibration curves, which demonstrated a close relationship 
between expected and actual risks. In clinical practice, this 
model can be used to evaluate the actual efficacy of NACT, 
identify non-responders early, and adjust treatment plans 
promptly to improve patient outcomes and survival rates. 
Decision curve analysis assesses the decision utility of the 
model, with net benefit defined as the difference between 
the expected benefit and harm of each prediction model (36). 
The decision curve analysis results of this study indicated 
the significant predictive capability of the clinical prediction 
model. This study, while having produced promising 
results, was retrospective in nature, included a limited 
sample sized, and recruited participants from a single 
center, which represent its inherent limitations. Additional 
research with a larger sample size and a multicenter design 
is essential to enhancing the precision of 18F-FDG PET/CT 
in predicting the efficacy of NACT and to better inform 
clinical treatment decision-making.

Conclusions

The 18F-FDG PET/CT measures of TLG, MTV, and 
SUVmax possess significant clinical utility in the early 
prediction of pCR following NACT. They can accurately 

assess the efficacy of NACT, thereby helping to avoid 
ineffective treatment and providing a basis for personalized 
treatment plans.
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