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Abstract
Purpose  To investigate the effects of radiological, clinical and histological features in the radiological assessment of tumor 
size in breast cancer, with a particular focus on the effect of surrounding parenchymal features (SPFs).
Method  Patients with SPFs reported in the postoperative pathology reports were included in this retrospective multicenter 
study. Primary lesions were categorized as invasive, in situ (DCIS) or mixed (invasive + DCIS) carcinoma. Pathological tumor 
size was accepted as the gold standard and compared with tumor sizes measured on mammography (MMG), ultrasonography 
(US), and magnetic resonance imaging (MRI), according to the presence or absence of SPFs with or without atypia. The 
effects of other factors such as mammographic breast density, background parenchmal enhancement (BPE), lesion type, 
lesion size, tumor grade and patient age were also evaluated.
Results  There were SPFs in 402/473 patients (85%); and 228 of them (56.7%) had high-risk lesions, of which 196 (48.8%) 
were lesions with atypia. Overall MRI had the best correlation levels in the presence of SPFs. US had agreement levels close 
to MRI for invasive and mixed tumors, but not for DCIS. Presence of atypical high-risk lesions decreased the correlation 
levels of MMG (r = 0.193 vs r = 0.485) and MRI (r = 0.220 vs r = 0.679) in DCIS, and of MRI in mixed tumors (r = 0.718 
vs r = 0.848). Correlation levels increased with high patient age, low breast density, low BPE, high nuclear grade for DCIS, 
and increasing tumor size.
Conclusion  This study showed that surrounding parenchymal findings and high-risk lesions adjacent to the tumor are not only 
a stimulus for malignant development, but also a biological factor that directly affects the accuracy of tumor size measurement 
in imaging modalities. The fact that MRI preserves the highest level of correlation with pathology, even in the presence of 
complex parenchymal structures and high-risk lesions, justifies its consideration as the primary modality in surgical planning.

Keywords  Breast cancer · Tumor size · Surrounding parenchyma · Proliferative changes with atypia · High-risk lesions

Introduction

Tumor size is considered an independent determinant of 
prognosis, especially in breast cancer patients without axil-
lary lymph node metastasis [1]. Accurate evaluation of 
this parameter is critical not only in terms of staging but 
also in treatment planning [1]. In particular, in planning 
breast-conserving surgical methods such as lumpectomy or 

quadrantectomy, the tumor size at diagnosis and the ratio of 
tumor to breast size play a decisive role. In addition to tumor 
size, the presence of tumor multiplicity such as multifocality, 
multicentricity and bilaterality also play a key role in select-
ing the appropriate surgical procedure [2]. Correct deter-
mination of these features can positively affect long-term 
prognosis by reducing the risk of local recurrence [3–6]. In 
addition, tumor size stands out as an important parameter for 
the decision of neoadjuvant chemotherapy (NAC) [7–10]. 
The reduction in tumor size observed after NAC or endo-
crine therapy is an indicator of response to treatment and Extended author information available on the last page of the article
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also has a prognostic value in terms of overall survival [2, 
11]. Therefore, the accuracy of tumor size measurement by 
clinical examination or imaging methods is of great impor-
tance in terms of ensuring the reliability of staging and con-
sistency of the treatment strategy.

Imaging methods such as mammography (MMG), ultra-
sonography (US), and magnetic resonance imaging (MRI) 
are widely used in the preoperative assessment of tumor size. 
The accuracy of the measurements obtained by these meth-
ods has been frequently questioned in literature [12–16]. 
Although radiological findings (such as mammographic 
breast density, background parenchymal enhancement on 
MRI, presence of peritumoral edema, tumor localization, 
etc.), biological (molecular subtype), and histopathological 
features (histological tumor types of invasive carcinoma, 
presence of invasive or in situ carcinoma, presence of fibro-
sis/scar) have been shown to affect tumor size measurement 
in different modalities, it is still unclear whether surround-
ing parenchymal features (SPF) affect the accuracy of these 
measurements [12, 17–20]. The surrounding parenchyma 
of the primary tumor may show different enhancement pat-
terns on MRI based on differences in age, menopausal status 
and hormonal changes, which ultimately affect accuracy [21, 
22]. Furthermore, benign or high-risk lesions with or with-
out atypia may present as calcifications on mammography 
as well as mass or non-mass lesions on US and MRI [23]. 
These lesions may imitate malignancy or create challenges 
in determining lesion borders, thus leading to mistakes on 
the assessment of tumor size [24, 25]. The purpose of this 
study is to evaluate the effect of various radiological, clini-
cal and histological findings in the assessment of tumor size 
with different radiological modalities, with a particular focus 
on the effect of surrounding parenchymal features.

Materials and methods

Patient selection

This study is an extension of a previous retrospective mul-
ticenter study that evaluated the correlation of tumor sizes 
measured on different imaging modalities with histopatho-
logical tumor sizes according to molecular subtypes and the 
presence of accompanying ductal carcinoma in situ (DCIS) 
[12]. In the present analysis, a subgroup of the patients 
included in the original study, whose SPF were detailed in 
their pathology reports, is presented.

Eleven university hospitals participated in the study 
(Turkish Breast Radiology Collaborative TR-BRC 2023-
01). Ethics committee approval was obtained for the study 
(Acibadem University, 2021-21/39). Clinical, radiologi-
cal and pathological data were entered into a common 
database (Verifast, Veritas, Clinical Research, 2024 © 

Copyright VeritasCRO). Patients who were diagnosed 
with breast cancer between 2010 and 2023, and who had 
undergone MMG, US, and MRI before primary surgery, 
were included in the study. Patients who received NAC 
preoperatively, whose radiological images or postopera-
tive pathology results were unavailable, and who had posi-
tive margins at surgical pathology were not included in 
the database. Patients with more than 1 month interval 
between imaging and surgery were also excluded in the 
original study, which comprised of 559 cases finally.

For the present study, pathology reports of these 
patients were re-evaluated in order to determine if the find-
ings in the surrounding parenchyma were reported. Those 
patients (n:86) whose pathology reports did not mention 
any information on the presence or absence of SPFs were 
excluded from this analysis (Fig. 1), leaving 473 patients 
for analysis.

As this was a retrospective study based on imaging 
data collected from institutional archives, there were some 
patients who were entered in the database although they did 
not undergo all three (MMG, US and MRI) examinations, 
but had only two examinations available. These patients 
were still included in the overall study population (n = 473), 
but they were excluded from the specific subgroup analy-
ses (such as lesion type, mammographic breast density and 
background parenchymal enhancement (BPE)). There were 
also a few patients whose MRI images were not of high qual-
ity, and they were also not taken into consideration in the 
MRI group. Therefore, MMG, US and MRI findings were 
evaluated for 462, 473, 436 patients, respectively.

Image analysis

Preoperative MMG, US, and MRI images were accessed 
via PACS systems and retrospectively reviewed by a sin-
gle radiologist with at least 5 years of experience in breast 
imaging at each center based on the 5th version of BI-RADS 
(Breast Imaging Reporting and Data System) [26]. For each 
modality, lesion size (largest diameter in mm), lesion type 
(mass/non-mass/mass + non-mass), mammographic breast 
density (type A, B, C, D) and background parenchymal 
enhancement (BPE) on MRI (minimal, mild, moderate, 
marked) were determined, blinded to the histopathological 
findings and reports. Calcifications, architectural distortions 
and asymmetries on mammography were classified as non-
mass lesions. In the presence of more than one lesion in the 
same breast, the largest lesion and its radiological features 
were included in the study. For statistical analysis, some fea-
tures were dichotomized as follows: mammographic breast 
density as fatty (type A or B) or dense (type C or D), BPE 
on MRI as low (minimal or mild) or intense (moderate or 
marked).
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Fig. 1   Flowchart summarizing patient inclusion and exclusion criteria and study flow
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Histopathological analysis

The histopathological tumor size in the postoperative pathol-
ogy report was accepted as the gold standard. Histopatholog-
ical tumor types were evaluated in three categories: isolated 
invasive carcinoma, isolated DCIS, and invasive carcinoma 
accompanied by DCIS (mixed tumor). In mixed tumors, the 
size of the largest lesion detected on imaging was compared 
with the total size of the invasive and in situ cancers reported 
on the pathology report.

Histological tumor types of invasive carcinomas were 
divided into three categories as invasive ductal carcinoma 
(IDC), invasive lobular carcinoma (ILC), and others. Based 
on molecular subtypes, tumors were classified into four 
groups, Luminal A, Luminal B, HER2-positive, and tri-
ple-negative, according to hormone receptor status, HER2 
expression, and Ki-67 proliferation index [12]. Histological 
grading of invasive carcinomas was performed according to 
the Nottingham histological grading system (Elston–Ellis 
modification of the Scarff–Bloom–Richardson system), 
which evaluates tubule formation, nuclear pleomorphism, 
and mitotic count. Grades 1 and 2 were grouped as low 
grade, while grade 3 was defined as high grade [27]. For 
ductal carcinoma in situ (DCIS), nuclear grade was used. 
Low and intermediate nuclear grades were classified as low 
grade, and high nuclear grade was defined as high grade 
[28]. The Van Nuys classification was not applied in this 
study.

Tumor sizes were evaluated in three groups (0–1 cm, 
1–2 cm, >2 cm). This stratification was chosen for both clini-
cal and statistical reasons. The number of patients within the 
conventional T1 subgroups, especially T1a and T1b, was 
limited, which restricted the ability to conduct reliable sub-
group analyses with adequate statistical power. Therefore, 
we merged T1a and T1b into a single group (<1 cm), a strat-
egy that has been employed where the sample size or event 
rate necessitated broader groupings. Tumors <1 cm, particu-
larly in node-negative patients, generally carry an excellent 
prognosis and may not require aggressive treatment. Con-
versely, tumors >2 cm are often considered for neoadjuvant 
chemotherapy or more extensive surgical approaches [29]. 
Considering this clinical approach, a modified T stage clas-
sification was made.

Histopathological evaluations were performed by a single 
experienced pathologist in each center.

Categorization of SPFs

SPFs were categorized into three groups as those with no 
findings (as stated in the pathology report), those with 
benign lesions (such as fibrocystic changes, fibroadenoma, 
proliferative lesions without atypia), and those with high-
risk lesions. SPFs were further subdivided as those with 

or without atypia. Radial scar, papillary lesions, and phyl-
lodes tumor were categorized as high-risk lesions without 
atypia, while atypical ductal hyperplasia (ADH), atypi-
cal lobular hyperplasia (ALH), lobular carcinoma in situ 
(LCIS), and flat epithelial atypia (FEA) were considered 
lesions with atypia (ASPF) [30].

Correlation coefficients (r) and significance levels (p) 
were compared according to the presence of any SPFs, 
SPFs in the form of high-risk lesions and atypical SPFs 
(ASPF). Furthermore, effects of patient age, physical find-
ings (palpable, non-palpable), histopathological findings 
and radiological features on the accuracy of size measure-
ment by MMG; US and MRI were evaluated. For statisti-
cal analysis, patient age was divided into two categories 
as ≥50 and <50. The reason for this categorization was that 
age 50 is considered generally as the age of menopause, 
and after this age, the effect of hormonal changes on the 
breast should decrease [31]. (As this study is retrospec-
tive, it was not possible to collect data on the menopausal 
status of patients.)

Statistical analysis

Patient data collected within the scope of the study were 
analyzed using the IBM Statistical Package for the Social 
Sciences (SPSS) for Mac OS 30.0 (IBM Corp., Armonk, 
NY) package program. A two-tailed Kolmogorov–Smirnov 
test was applied to examine for whether the continuous 
quantitative variables follow a Gaussian distribution. Fre-
quency and percentage were given for categorical data, 
mean, standard deviation (SD), median and interquartile 
range descriptive values for continuous data. “Spearman 
Correlation Analysis” was used for examining the rela-
tionship between continuous variables. The results were 
considered statistically significant when the p-value was 
less than 0.05.

If the correlation coefficient is positive as a result of the 
significant relationship between the variables, it indicates 
that there is a positive linear relationship between the vari-
ables, and if it is negative, it indicates that there is a nega-
tive linear relationship. The value ranges of the correlation 
coefficient are expressed as follows: Correlation coefficient: 
a relationship between 0.00 and 0.29 indicates a weak; 
between 0.30 and 0.49 indicates a low; between 0.50 and 
0.69 indicates a moderate; between 0.70 and 0.89 indicates 
a strong; between 0.90 and 1.00 indicates a very strong rela-
tionship between the two variables [32]. To enhance statisti-
cal transparency, all correlation coefficients reported in this 
study were accompanied by 95% confidence intervals. This 
allows the reader to evaluate the uncertainty around each 
estimate and interpret subgroup analyses with appropriate 
caution.
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Results

A total of 473 patients were included in the study. The 
mean age of the patients was 51 ± 11 years (26–91), and 
48.8% (n:231) were younger than age 50. While 67.2% 
(n:318) of lesions were invasive, 25.6% (n:121) were 
mixed, and 7.2% (n:34) were pure DCIS. The mean his-
topathological size was 20.2 ± 23.7 mm for DCIS cases, 
37.8 ± 28.5 mm for mixed tumors and 22.0 ± 16.2 mm for 
invasive cancers. While 39.4% (n:61) of DCIS were low 
grade and 60.6% (n:94) were high grade, 64.9% (n:285) of 
invasive tumors were low grade and 35.1% (n:154) were 
high grade.

Of all invasive tumors, 80.2% were IDC and 12.1% 
were ILC. 20% of invasive tumors were smaller than 
1 cm, 40.1% were 1–2 cm, and 39.9% were >2 cm. There 
were concomitant SPFs in 402 patients (85%), and 228 of 
these patients (56.7%) had high-risk lesions, of which 196 
(48.8%) were ASPFs (Table 1).

The correlation of radiological and pathological size 
measurements based on the presence or absence of any 
SPFs are presented in Table 2. For invasive cancers, corre-
lation was better for MMG and US (r:0.666 vs r:0.450 and 
r:0.769 vs r:0.670, respectively) when there were no SPFs, 
however MRI measurements showed moderate correlation 
in all cases. For DCIS cases, correlation was again better 
for MMG (r:0.555 vs r:0.334) when there were no SPFs, 
and again there was no difference on the accuracy of MRI 
measurements (r: 0.546 vs 0.509). However, US measure-
ments correlated significantly with pathology only when 
SPFs were present, whereas no significant correlation was 
observed when SPFs were absent (r:0.208 vs 0.306). For 
mixed tumors, surprisingly, both US (r: 0.720 vs r:0.309) 
and MRI (r:0.791 vs r:0.487) measurements correlated 
better when there were SPFs, while there was no difference 
for MMG (Figs. 2, 3).

The correlation of sizes based on the presence or 
absence of atypical high-risk lesions in the surrounding 
parenchyma are presented in Table 3. In DCIS cases, the 
size measurements of MMG and MRI did not show a sig-
nificant correlation with pathological sizes in cases with 
atypical proliferative lesions in the surrounding paren-
chyma, while MRI measurements showed moderate cor-
relation if ASPFs were not present. Presence or absence of 
ASPFs did not affect the level of agreement of radiological 
measurements in mixed tumors, although the MRI meas-
urements showed some increase in accuracy when atypi-
cal lesions were absent (r:0.847 vs r:0.718). Interestingly, 
level of agreement increased from moderate to strong for 
both US (r:0.753 vs r:0.582) and MRI (r:0.770 vs r:0.568) 
in invasive cases in the presence of ASPFs, while MMG 
measurements showed weak agreement in all cases.

Correlation between radiological and pathological 
measurements based on the presence of any high-risk 
lesions in the surrounding parenchyma are presented in 
Table 4. The agreement levels did not change for any 
modality in invasive and mixed cancers, although accuracy 
of MRI increased slightly if there were no high risk lesions 
in cases with mixed tumors (r:0.838 vs r:0.748). Correla-
tion was worse for all modalities when these lesions were 
present in the surrounding parenchyma in DCIS cases 
(MMG r: 0.461 vs 0.291, US r: 0.306 vs 0.269, MRI 
r:0.683 vs 0.313), and there was not even a significant 
relationship with pathology for MMG and US in that sce-
nario (p > 0.05).

When the effects of other factors on the accuracy of 
size measurements were evaluated (Suppl. Tables 1–10), it 
was seen that the agreement levels of MRI measurements 
increased in all tumor types in patients older than age 50, 
compared to younger patients, although the increase was 
minimal in invasive cancers. MMG and US accuracy also 
increased in older patients in invasive and mixed tumors. 
In DCIS, age did not affect accuracy of measurements in 
US, while it was better in young patients at MMG (Suppl. 
Table 1). The correlation levels were higher in fatty breasts 
for all modalities in invasive and mixed tumors, but it 
affected only MMG for DCIS cases (Suppl. Table 2). Intense 
BPE caused a decrease in the accuracy of measurements 
of all tumors on MRI; but the decrease was minimal for 
invasive cancers. BPE caused a major difference in meas-
urements of only invasive tumors on MMG and US (Suppl. 
Table 3). In terms of tumor grade, measurements were more 
accurate in mixed tumors with all modalities if the DCIS 
component was high grade, and with MMG and MRI in pure 
DCIS cases (Suppl. Table 4). On the other hand tumor grade 
of invasive cancers did not affect accuracy of measurements 
(Suppl. Table 5). For lobular cancers, MRI demonstrated 
a numerically stronger correlation with pathological size 
(Suppl. Table 6). While MMG and US showed moderate 
levels of agreement, overlapping confidence intervals pre-
vent formal conclusions about modality superiority. When 
evaluated according to molecular subtypes, MRI demon-
strated numerically higher correlation coefficients with his-
topathological tumor size across all groups. The strongest 
correlation was observed in mixed tumors with Luminal B 
subtype (r:0.853, 95% CI: 0.678–0.936), although overlap-
ping confidence intervals between subtypes and modalities 
indicate that these differences should be interpreted with 
caution (Suppl. Table 7). Lesion type and physical exami-
nation findings did not have any effect on the accuracy of 
size measurements (Suppl. Tables 8–9). In terms of lesion 
size, lowest agreement was with invasive cancers that were 
smaller than 1 cm in all modalities, and the highest cor-
relation was achieved with MRI in larger tumors (Suppl. 
Table 10).
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Table 1.   General characteristics 
of patients and tumors included 
in the study

Bold values indicate statistically significant results (p < 0.05)
*Categorized as: (Ki-67>14%)
IQR Interquartile range, SPF Surrounding parenchymal findings, ASPF Atypical surrounding parenchymal 
findings, BPE Background parenchymal enhancement, DCIS Ductal carcinoma in situ, HER2 Human epi-
dermal growth factor receptor 2

Variables (n = 473) n (%) Mean ± SD Median (IQR)

Age 51 ± 11 50 (43–58)
 <50 231 (48.8)
 ≥50 242 (51.2)

Mammographic breast density
 Fatty (Type A + B) 164 (35.5)
 Dense (Type C + D) 298 (64.5)

BPE
 Low (Minimal + Mild) 277 (63.5)
 Intense (Moderate + Marked) 159 (36.5)

Type of the tumor
 DCIS 34 (7.2)
 Mixed tumor (DCIS + Invasive) 121 (25.6)
 Invasive 318 (67.2)

DCIS grade n = 155
 Low (grade I–II) 61 (39.4)
 High (grade III) 94 (60.6)

Invasive tumor grade n = 439
 Low (grade I–II) 285 (64.9)
 High (grade III) 154 (35.1)

Tumor size (mm)
 DCIS 20.2 ± 23.7 10 (4–25)
 Mixed tumors 37.8 ± 28.5 30 (22–45.5)
 Invasive tumors 22.0 ± 16.2 18 (12–25)

  <10 mm 88 (20.0)
 10–20 mm 176 (40.1)

  ≥20 mm 175 (39.9)
Histological type of invasive tumor (mm) n = 439
 Invasive ductal 352 (80.2) 18.6 ± 15.8 18 (12–25)
 Invasive lobular 53 (12.1) 24.2 ± 27 22 (15–35)
 Other 34 (7.7) 19.2 ± 18.45 21 (13–32)

Molecular subtype of invasive tumor (mm)*
 Luminal A 219 (46.3) 21.2 ± 16.9 18 (12–25)
 Luminal B 111 (23.5) 20.6 ± 12.6 18.5 (12–25)
 HER2-positive 77 (16.3) 26.3 ± 15.7 22.5 (13–30)
 Triple-negative 66 (14.0) 25.8 ± 14.9 20(15–27)

SPF (n = 473)
 Present 402 (85)
 Absent 71 (15)

ASPF (n = 402)
 Present 196 (48.8)
 Absent 206 (51.2)

High-risk lesion (n = 402)
 Present 228 (56.7)
 Absent 174 (43.3)
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Discussion

This study is an extension of a previous retrospective mul-
ticenter study we have published; where we had compared 
the accuracy of size measurement of breast cancers with 
MMG, US and MRI, based on different molecular sub-
types and presence of accompanying DCIS [12]. In that 

former study, we had shown that MRI is the most reli-
able method for determining preoperative tumor size of 
invasive and in-situ tumors and all molecular subtypes, 
although accuracy dropped in cases with pure or mixed 
DCIS. In this subgroup analysis, we aimed to determine 
the effects of various clinical, radiological and pathologi-
cal findings on the accuracy of lesion sizes measured on 
different radiological modalities. Our primary focus was to 

Table 2.   Evaluation of the agreement between histopathological tumor sizes and radiological sizes according to the presence of surrounding 
parenchymal findings

Bold values indicate statistically significant results (p < 0.05)
MMG Mammography, US Ultrasonography, MRI Magnetic resonance imaging, DCIS Ductal carcinoma in situ, rCorrelation coefficient, CI Con-
fidence interval

Size Surrounding parenchy-
mal findings

Mixed tumor size DCIS size Invasive tumor size

Tumor size on MMG Present r
(95% CI)

0.511
(0.338–0.651)

0.334
(0.157–0.490)

0.450
(0.356–0.535)

p-value  <0.001  <0.001  <0.001
Absent r

(95% CI)
0.504
(0.033–0.791)

0.555
(0.183–0.788)

0.666
(0.483–0.793)

p-value 0.033 0.005  <0.001
Tumor size on US Present r

(95% CI)
0.720
(0.596–0.810)

0.306
(0.116–0.473)

0.670
(0.606–0.726)

p-value  <0.001 0.001  <0.001
Absent r

(95% CI)
0.309
(−0.183–0.677)

0.208
(−0.247–0.587)

0.769
(0.638–0.856)

p-value 0.198 0.354  <0.001
Tumor size on MRI Present r

(95% CI)
0.791
(0.697–0.858)

0.509
(0.356–0.635)

0.668
(0.604–0.723)

p-value  <0.001  <0.001  <0.001
Absent r

(95% CI)
0.487
(0.057–0.765)

0.546
(0.190–0.775)

0.582
(0.382–0.729)

p-value 0.025 0.004  <0.001

Fig. 2   A 55-year-old female patient with a non-palpable tumor in the 
lower outer quadrant of her right breast had a lesion size of 9 mm on 
MMG (a), 12.7 mm on US (b), and 11.7 mm on MRI (c). The pathol-
ogy result was invasive ductal carcinoma (invasive ductal carcinoma 

(IDC), NOS, grade II, ER = %90, PR = %55, Ki-67:7%) and the tumor 
diameter was reported as 13 mm. The tumor sizes measured by US 
and MRI were similar to the pathological sizes of the tumor. There 
were no surrounding parenchymal findings in the pathology report
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evaluate the effects of SPFs with or without atypia. To the 
best of our knowledge, this is the first study that evaluates 
the effects of findings in the surrounding parenchyma on 
the accuracy of radiological tumor size measurements in 
breast cancer.

There were concomitant SPFs in 85% (n:402) of our 
patients. More than half (228/402) of these lesions were 

high-risk lesions, most of which (196/228) were lesions 
with atypia. These ratios are very high and support pre-
vious studies reporting that SPFs in the form of high-risk 
lesions with or without atypia are more common in breast 
cancer patients compared to the normal population [33, 
34]. Hoogerbrugge et al. have also reported that high risk 
lesions are detected in 71% of BRCA mutation carriers, but 

Fig. 3   A 39-year-old woman with a palpable tumor in the upper outer 
quadrant of her right breast showed pathological microcalcifications 
and accompanying distortion in an area of approximately 25 mm on 
MMG (a). The widest lesion size measured 16  mm on US (b) and 
26 mm on axial contrast-enhanced fat-suppressed T1-weighted MRI 

images (c). Postoperative pathology revealed in situ + invasive carci-
noma, with an in situ (high-grade) size of 10 mm and an invasive size 
of 25 mm (invasive ductal carcinoma (IDC), NOS, grade II, ER: 80%, 
PR: 10%, Ki-67:20%) with surrounding atypical hyperplastic changes

Table 3.   Evaluation of the agreement between histopathological tumor sizes and radiological sizes according to the presence of atypical sur-
rounding parenchymal findings

Bold values indicate statistically significant results (p < 0.05)
MMG Mammography, US Ultrasonography, MRI: Magnetic resonance imaging, DCIS Ductal carcinoma in  situ, r Correlation coefficient, CI 
Confidence interval

Size Atypical surrounding 
parenchymal findings

Mixed tumor size DCIS size Invasive tumor size

Tumor size on MMG Present r
(95% CI)

0.525
(0.258–0.717)

0.193
(−0.112–0.465)

0.493
(0.362–0.604)

p-value  <0.001 0.199  <0.001
Absent r

(95% CI)
0.515
(0.268–0.698)

0.485
(0.278–0.650)

0.406
(0.266–0.529)

p-value  <0.001  <0.001  <0.001
Tumor size on US Present r

(95% CI)
0.719
(0.521–0.843)

0.335
(0.033–0.581)

0.753
(0.679–0.812)

p-value  <0.001 0.026  <0.001
Absent r

(95% CI)
0.715
(0.529–0.835)

0.320
(0.069–0.533)

0.582
(0.470–0.676)

p-value  <0.001 0.011  <0.001
Tumor size on MRI Present r

(95% CI)
0.718
(0.531–0.838)

0.220
(−0.080–0.484)

0.770
(0.701–0.824)

p-value  <0.001 0.137  <0.001
Absent r

(95% CI)
0.847
(0.738–0.913)

0.679
(0.523–0.791)

0.568
(0.454–0.663)

p-value  <0.001  <0.001  <0.001
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in only 43% of non-carriers [35]. These lesions are clues of 
a biologically more active background parenchyma in breast 
cancer patients, and support the need of active surveillance 
in patients with high-risk lesions detected on percutaneous 
biopsies. Considering that MRI is the method with highest 
sensitivity and accuracy in breast cancer detection, it could 
be a very good alternative to conventional methods in the 
screening of these patients, especially for those with dense 
breasts. This is also supported by a recent study reported 
by Salim et al. where the cancer detection rate with MRI 
in patients with a complex parenchyma as determined by 
machine learning methods was very high (64/1000), much 
higher than in patients that are actually categorized as high-
risk patients [36].

High-risk lesions in the parenchyma are important not 
only as a sign of increased risk, but also as a factor that 
affects accuracy of lesion size assessment on imaging [30]. 
They imitate findings of malignancy, thus making the deter-
mination of lesion boundaries difficult. Our results showed 
that the presence of high-risk lesions, especially those with 
atypia, was most effective on the MRI measurement of pure 
DCIS cases. The correlation level of MRI measurements 
dropped to 0.313 from 0.683 when high-risk lesions were 
present, and the difference was even higher (0.220 vs 0.679) 
in the presence of atypical proliferative lesions. The same 
effect was observed also in the MMG measurements of 
DCIS cases. However, even when these lesions were not 
present, its accuracy was lower compared to MRI. High-risk 
lesions usually present as non-mass lesions on MMG and 

MRI, similar to DCIS. Therefore, they can be expected to 
cause a negative effect on the accuracy of measurement in 
cases of DCIS, as seen in our findings. On the other hand, 
our results show that the US measurements are not affected 
by the presence of these lesions, probably because some of 
them do not present as a measurable finding on US, and even 
DCIS itself cannot be detected in an important percentage 
of patients. In cases with mixed tumors, the accuracy of 
MRI measurements decreased but those of MMG and US 
did not change. The drop in MRI was lower compared to 
cases with pure DCIS, not leading to a change in the level 
of correlation.

Surprisingly, presence of atypical proliferative lesions in 
the surrounding parenchyma increased the accuracy of size 
measurement of invasive cancers on US and MRI, while 
there was no difference on MMG. Invasive cancers usually 
present as mass lesions. When the correlation of radiological 
and pathological lesion sizes was evaluated based on lesion 
type in our study, it was found that correlation was better 
in mass lesions compared to non-mass lesions in invasive 
cancers. This may be a reason for this discrepency, however 
these results need to be verified in prospective larger studies 
with a higher number of cases in each subgroup.

When the effect of any SPF was evaluated, we showed 
that even benign proliferative lesions affected the accu-
racy of MMG. Level of correlation dropped to 0.334 from 
0.555 in DCIS, and to 0.450 from 0.666 in invasive cancers. 
Although a similar effect was observed on US for invasive 
tumors, the increase in diagnostic performance compared 

Table 4.   Evaluation of the agreement between histopathological tumor sizes and radiological sizes according to the presence of high-risk lesions

MMG: Mammography, US Ultrasonography, MRI Magnetic resonance imaging, DCIS Ductal carcinoma in  situ, r Correlation coefficient, CI 
Confidence interval

Size High-risk lesions Mixed tumor size DCIS size Invasive tumor size

Tumor size on MMG Present r
(95% CI)

0.526
(0.288–0.703)

0.291
(0.033–0.513)

0.411
(0.281–0.527)

p-value  <0.001 0.024  <0.001
Absent r

(95% CI)
0.525
(0.250–0.721)

0.461
(0.220–0.649)

0.487
(0.344–0.607)

p-value  <0.001  <0.001  <0.001
Tumor size on US Present r

(95% CI)
0.739
(0.575–0.846)

0.269
(0.001–0.501)

0.684
(0.601–0.753)

p-value  <0.001 0.043  <0.001
Absent r

(95% CI)
0.701
(0.480–0.838)

0.306
(0.019–0.547)

0.651
(0.543–0.737)

p-value  <0.001 0.032  <0.001
Tumor size on MRI Present r

(95% CI)
0.748
(0.596–0.849)

0.313
(0.057–0.531)

0.683
(0.601–0.751)

p-value  <0.001 0.015  <0.001
Absent r

(95% CI)
0.838
(0.706–0.914)

0.683
(0.509–0.804)

0.647
(0.539–0.734)

p-value  <0.001  <0.001  <0.001
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to non-invasive tumors was limited (r: 0.670 vs 0.769), 
suggesting a less pronounced improvement. Again unex-
pectedly, size measurements were more accurate for mixed 
tumors on US and MRI in the presence of SPFs. A potential 
explanation for this finding may be that both methods actu-
ally underestimate lesion size, and in the presence of other 
lesions nearby, the lesions appear larger, leading to a more 
accurate determination of lesion size. Another possibility 
for MRI is that breasts with many proliferative lesions are 
more bioactive and the vascularity is increased, thus leading 
to more accurate representation of the tumoral lesions on 
images. As previously stated, this paper is the first in litera-
ture evaluating the effect of SPFs with and without atypia on 
the accuracy of radiological measurement of breast cancer, 
and the results need to be verified in larger studies.

When other factors were evaluated, all measurements 
were more accurate on MRI in patients older than age 50, 
and in patients with low BPE. This is an expected finding, 
since menstrual changes are less affective in this age group. 
This aligns with prior studies showing that menstrual hor-
monal fluctuations elevate BPE, which can obscure lesion 
boundaries and decrease measurement accuracy; conversely, 
less hormonally active breasts yield clearer delineation and 
better MRI-pathology correlation [37]. Similarly, it was 
noted that in patients with intense BPE, US and MMG 
accuracy, as well as MRI compatibility, generally decreased, 
which is consistent with the literature [25, 38]. On the other 
hand, age did not affect measurement on US and MMG for 
DCIS. Lesion measurements were more accurate in fatty 
breasts for all modalities in all types of tumors, with the 
exception of DCIS on MMG, which was not affected by 
density. This is also an expected finding, since BPE is also 
decreased in these patients and fatty breasts are more com-
mon in older patients. It has also been suggested that the 
relative low incidence of SPFs in fatty breasts may be a con-
tributing factor [39, 40]. The US RSNA review similarly 
reports that dense fibroglandular tissue impairs both lesion 
detection and size-estimation, resulting in greater discord-
ance compared to fatty breasts [41]. Consistent with litera-
ture, the measurements of invasive tumors that presented as 
a mass lesion was more accurate in all modalities, but lesion 
type did not affect measurement in other types of cancers 
[15].

Tumor grade was affective in DCIS cases but not in inva-
sive cancers. Measurement was more accurate in pure and 
mixed DCIS cases in all modalities if the DCIS component 
was high grade in accordance with the literature [42, 43]. 
When we look at tumor type, our results showed that the 
measurement of cancers other than IDC and ILC were more 
accurate on all modalities, probably because these lesions 
usually present as mass lesions with definite margins. For 
lobular carcinomas, MRI demonstrated numerically higher 
correlation coefficients with pathological size compared to 

other modalities, supporting the findings of previous studies 
on this subject [44]. Another interesting finding of our study 
was that the lowest correlation coefficients were observed 
in invasive cancers smaller than 1 cm across all imaging 
modalities. MRI showed numerically higher correlation val-
ues for tumors of all sizes, though overlapping confidence 
intervals suggest these differences should be interpreted with 
caution and not considered statistically significant.

Limitations

One of the limitations of our study is the relatively small 
number of patients. The unbalanced distributions in sub-
groups may have affected the results of the study. The rela-
tively low number of patients in some subgroups may have 
led to limitations in terms of statistical significance and gen-
eralizability. Furthermore, the retrospective and multicenter 
nature of the study make standardization difficult. Patholo-
gists in different centers may have different priorities in 
reporting SPFs, however due to the high number of patients 
with SPFs, we think that all pathologists gave detailed infor-
mation about the surrounding parenchymal findings. Simi-
larly, MRI, MMG and US images were obtained at different 
centers with different devices and protocols, and evaluated 
by a different radiologist at each center. This may have 
caused interobserver variation. However, this was actually 
the reason this study was designed as a multicenter study, 
in order to prevent observer bias, and all the measurements 
were made by dedicated breast radiologists with at least 5 
years of experience. Another limitation is the potential dis-
crepancy in tumor size measurements due to differences in 
the orientation of imaging planes and pathological slicing. 
Since radiological assessments, especially in MG and US, 
are obtained in standardized yet limited planes, they may 
not always align with the pathological long axis, potentially 
affecting the accuracy of size correlation. Although the time 
interval between imaging and surgery was less than 1 month, 
some aggressive tumors may have grown rapidly during that 
time. Tissue shrinkage and changes in sampling methods at 
pathology can also lead to underestimation of tumor size. 
In addition, the large amount of tissue taken in preopera-
tive biopsies, especially vacuum biopsy, may have caused 
differences in radiological and pathological measurements.

Conclusion

This study showed that surrounding parenchymal findings 
and high-risk lesions adjacent to the tumor are not only a 
stimulus for malignant development, but also a biological 
factor that directly affects the accuracy of tumor size meas-
urement in imaging modalities. The fact that MRI preserves 
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the higher level of pathological measurement accuracy even 
in the presence of complex parenchymal structures and high-
risk lesions, justifies its consideration as the primary modal-
ity in surgical planning. On the other hand, the frequent pres-
ence of high-risk lesions in the breast parenchyma indicates 
that these women require more intensive and multidiscipli-
nary follow-up. Appropriate adaptive imaging strategies and 
personalized screening approaches may both increase diag-
nostic accuracy and reduce unnecessary invasive procedures 
for this group of patients.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11604-​025-​01895-2.
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