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Summary
Accurate assessment of tumor size is crucial for effective surgical planning in cancer patients. Specific to 
breast cancer, however, preoperative imaging with mammography and ultrasound often underestimates the  
actual tumor size.1 This article examines the drivers of underestimation, discusses clinical implications, and  
reviews methods to minimize the negative impact of underestimation on surgical outcomes.
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1. Introduction
Accurate assessment of tumor size is vital for  
optimal surgical management of cancer, a significant 
global health concern. Preoperative imaging  
techniques play a pivotal role in evaluating tumor 
extent and planning an appropriate therapeutic 
strategy.2 However, studies have consistently shown  
that preoperative imaging underestimates true 
tumor size, which is a key driver of margin clearance 
and necessitates re-excision surgeries in over 23% 
of breast lumpectomies.1,3,4,5

Studies have consistently shown that preoperative imaging underestimates 
true tumor size, which is a key driver of margin clearance and necessitates 
re-excision surgeries in over 23% of breast lumpectomies.1,3,4,5

1.1 Findings
In breast-conserving surgery, there is a strong  
correlation between preoperative disease under- 
estimation (via mammography and ultrasound) and 
patients with residual disease.4,6

Both mammography and ultrasound have demonstrated 
considerable underestimation of disease extent 
when compared to final pathology (Figure 1).
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2. Reasons for Underestimation

2.1 Radiological Factors
Mammography, the gold standard for breast cancer 
screening, has limitations in estimating tumor size  
accurately.7 The absence of microcalcifications,  
compression of the breast during mammography, and 
dense breast tissue each contribute to tumor size  
underestimation in 50% of diagnoses.1,3

Ultrasound, while important in determining tumor 
characteristics, has been shown to underestimate  
tumor size in over 79% of cases.1 Particularly in small 
tumors, acoustic shadowing may hide the posterior 
edge of the abnormality, while estimating the size of 
large tumors may be limited if any dimensions exceed 
the width of the transducer.8 Additionally, ultrasound 
results are strongly influenced by the user’s skill and 
the sophistication of the equipment available.1,3

The inaccuracy of mammography and ultrasound are 
both directly correlated to increasing tumor size.1

2.2 Biological Factors
Tumor biology plays a significant role in under- 
estimating tumor size. Ductal carcinoma in situ (DCIS) 
is typically seen with calcifications, but may present 
without calcifications in 10-20% of cases.9 

Mammography relies on the interpretation of  
microcalcifications, thus studies have shown that 
non-calcified DCIS presented as a false-negative 
in 49% of cases.10,11 

Some studies have gone as far as excluding patients 
presenting with DCIS without microcalcifications, 
likely due to the difficulty of imaging the tumor.4 

Using ultrasound, non-calcified DCIS may resemble 
invasive carcinoma due to indistinct or irregular 
margins.11

For both mammography and ultrasound,  visualization 
of invasive lobular carcinoma (ILC) presented 
challenges and had the largest difference between 
preoperative and histological tumor size 
  

3. Clinical Implications

3.1 Surgical Planning
Accurate tumor size assessment is essential for  
determining the proper therapeutic approach. Tumor 
size and multifocality may necessitate a more  
aggressive surgical approach, contributing to the  
decision to pursue breast-conserving surgery or  
mastectomy.14,15 Tumor size has also been shown to  
correlate with lymph node involvement, tumor grade, 
and overall survival rate.2 Underestimating tumor size 
may result in the surgeon not choosing the optimal 
treatment based on disease extent.

3.2 Re-excisions
Patients with a discrepancy of >50% between  
pathological and radiological tumor size have a higher 
chance of residual disease following breast-conserving 
surgery.6 Understanding the limits of available  
preoperative imaging technologies may help clinicians 
make informed decisions when deciding on a course 
of treatment for their patients. While additional 
breast-conserving surgeries are largely successful,  
patients whose tumors are more than 50% larger 
than predicted by preoperative imaging have a higher  
likelihood of additional surgeries.16 

While additional breast-conserving 
surgeries are largely successful,  
patients whose tumors are more 
than 50% larger than predicted 
by preoperative imaging have a 
higher likelihood of additional  
surgeries.16

measurements.8,10 ILC is more difficult to detect than 
DCIS or invasive ductal carcinoma (IDC) as its growth 
pattern is less disruptive to the surrounding  
architecture and tends to spread over a large area  
in a single-file cellular pattern.10,12

Tumor multifocality and multicentricity can  
further complicate accurate diagnostic imaging as  
simultaneous cancers may be missed by mammography 
and ultrasound.13 The rate at which multifocal and  
multicentric cancers occur varies widely in the  
literature, likely due to the difficulty with imaging and 

Mammography relies on the  
interpretation of microcalcifications, 
thus studies have shown that non- 
calcified DCIS presented as a false- 
negative in 49% of cases.10,11
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4. Strategies to Optimize Surgical Outcomes

4.1 Multimodal Imaging
Combining different imaging modalities, such as 
mammography, ultrasound and MRI, can improve  
tumor size estimation by providing complementary  
information. This multimodal approach enhances  
accuracy and reduces the risk of underestimation and 
may be recommended in the presence of DCIS or  
ILC. DCIS may be present without calcifications, 
possibly leading to a false-negative assessment using  
mammography alone.1

4.2 Intraoperative Techniques
Conventional intraoperative imaging tools, such as 
specimen radiography and ultrasound, aid in  
confirming the location of seeds, clips, and calcifications 
during surgery. Similar to mammography, they do 
not have the resolution to visualize margins at the  
microscopic level. Optical Coherence Tomography 
(OCT) has 10 times the resolution of X-ray and 
ultrasound at 2 mm imaging depth, allowing for the 
detection of microstructures associated with DCIS 
and other features.17 This enables real-time assessment 
of surgical margins, giving surgeons a new tool to  
potentially help achieve negative margins and minimize 
the risk of re-excision.17

5. Conclusion
Preoperative imaging technologies including 
mammography and ultrasound commonly under- 
estimate tumor size. Understanding these limitations 
is crucial for surgeons to optimize surgical 
planning, minimize re-excision rates, and ensure 
adequate tumor resection. Incorporating multimodal 
imaging and intraoperative techniques, such as 
the use of OCT to visualize margins intraoperatively, 
may improve accuracy and enhance surgical outcomes. 

Optical Coherence Tomography (OCT) 
has 10 times the resolution of X-ray 
and ultrasound at 2 mm imaging 
depth, allowing for the detection of 
microstructures associated with DCIS 
and other features.17 
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