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During decades of breast cancer management, the 

clear surgical margin in breast cancer surgery has 
saved its importance even after considerable 
improvements in adjuvant therapies.1 It has a 
significant independent impact on the treatment 
outcome, especially the local control of the disease.2 
Traditionally, wide surgical margins (more than 2cm) 
were the standard of care in breast cancer surgery. 
Improving the surgical techniques, adding radiation 
as a local adjuvant therapy, systemic therapies such as 
chemotherapy, hormonal therapy and targeted 
therapy allowed the surgeons to modify their surgical 
treatment to accept closer margins. Nowadays, “no 
ink on tumor” for most invasive and 2mm safe margin 
for in situ carcinomas (DCIS) are accepted according 
to most protocols and recommendations.3 

On the other hand, by introducing breast 
conservative surgery (BCS), intraoperative evaluation 
of the margins was a part of management protocols. 
For many years, assessments of the margins using 
frozen section and touch prep and specimen 
mammography have helped the surgeons to perform 
more precise resections.4,5 Still, their false positive 
and false negative reports and low accuracy as well as 
the fact that they are time-consuming have limited 
their routine usage. In fact, the omission of 
intraoperative assessment was due to the low 
sensitivity and specificity of the methods and their 
shortage   of   accurate   assessment.4   Obviously,   a  

 

 
potentially accurate method for the intraoperative 
assessments of margins can help surgical oncologists 
to make the best decisions to properly define the 
extent of the resection of tissue from all around the 
tumor. The precise resection after an accurate 
assessment of the tumor margins is more crucial in 
situations where returning to the surgical field to 
remove the positive margin is challenging, e.g., after 
oncoplastic repair, intraoperative radiotherapy or 
when immediate breast reconstruction is planned after 
mastectomy.6 Also, intraoperative assessment of the 
margins is more critical in the surgery of patients who 
receive neoadjuvant systemic therapy or suffer from 
more extensive forms of DCIS.7  

To sum up, although many attempts have been put 
into the intraoperative evaluation of the surgical 
margins in breast cancer treatment, the precise 
assessment of the tumor cavity for evaluation of the 
remaining high-risk cells in the tumor bed is still 
challenging. Recently, some new technologies 
(MassPen, Margin Probe, etc.) have been developed 
for the precise real-time checking of excision and 
cavity side margins.8 

In this article, the authors summarize the 
mechanism and results of a new technology working 
on the theoretical basis of hypoxia glycolysis. One of 
the most important distinctive differences between a 
normal or a malignant cell, especially in epithelial 
carcinomas, is changing the cellular metabolism from 
Oxidative Phosphorylation (OXPH) to 
anaerobic/aerobic glycolysis (during cancerous 
transformation steps) named hypoxia glycolysis. 
Hence, the real-time probing of the metabolism in the 
cavity side margins of a resected neoplastic tumor 
could be particularly helpful to prevent tumor 
recurrence.  
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The main characteristic of glycolysis is releasing 
ROS/H2O2 from the cells during metabolism. In other 
words, cancer cells produce a lower amount of ATP 
in each cycle of glycolysis while they run a much 
larger number of metabolic cycles. Pyruvic acid and 
ROS/H2O2 are the most important agents released 
during these cycles.  On the other hand, normal cells 
produce about 32 ATP in each OXPH cycle but the 
number of metabolic cycles is much lower in them. 
Totally, the amount of glucose consumption by cancer 
cells is much more than that of the normal cells. If 
these cells with the ability of H2O2/ROS releasement 
remained in the cavity side margins after tumor 
resection, these reactive non-stable molecules could 
be lively traced by biochemical, electrochemical or 
immune fluorescent assays. Thus, we can achieve a 
real-time margin checking approach during the 
surgery.  

As the newest achievement, researchers from the 
University of Tehran (UT), Tehran University of 
Medical Sciences (TUMS), MOTAMED cancer 
research center, and Shahid Beheshti Medical 
University (SBMU) developed an electrochemically 
smart needle to check and scan cavity margin regions 
by recording the concentration of ROS/H2O2  agents 
in real-time. 

The system which has been named Cancer 
Diagnostic Probe (CDP) has been applied for intra-
operative real-time evaluation of cavity side margins 
after breast tumor resection (Figure 1). This system 
detects the presence of high-risk neoplastic cells in 
tumor bed based on electrochemical tracing of 
hypoxia glycolysis and/or aerobic glycolysis as the 
distinct metabolic parameters of breast cells from 
atypical hyperplasia neoplasia to invasive 
neoplasia.8,9

 

 
Figure 1. Cancer Diagnostic Probe (CDP) would check the cavity side margins intraoperatively, after tumor resection, in real-
time. The mechanism of detecting involved lesions is tracing ROS released from remaining neoplastic cells, due to their 
glycolysis metabolism, by electrochemical approach based on specific nanostructures decorated on the needles. The CDP 
scores about the involvement or clearance of the margins were calibrated by pathological categorization of WHO. Permanent 
pathology (H&E) of the scored lesions was gold standard for evaluation of CDP responses. Sensitivity of CDP for both non-
neoadjuvant and neoadjuvant cases were more than 90%. 

 
Safe biocompatible nanostructure decorated 

needles record the electrochemical peak of reactive 
oxygen species (ROS) released by the remaining 
neoplastic cells in the tumor bed in less than 30 
seconds. Pathological calibration of CDP responses is 
another significant ability achieved based on clinical 
trials on breast-conserving surgery (BCS) cases 
(either Neoadjuvant or Adjuvant), showing that CDP 
reduced the margins involved, some of which even 
have been missed in permanent pathology of tumor 
side. Detailed data could be found in papers released 
by the same authors.10,11,12 The published sensitivity 
and specificity of CDP in human trials of BC patients 
in the Neoadjuvant setting were 91% and 89%, while 
in the non-Neoadjuvant setting, the figures were 93% 
and 91%, respectively, which is completely 

acceptable allowing the surgeons to apply the device 
in the clinical practice.11,12,13 

In summary, intra-operative cavity side margin 
evaluation seems to be the next trend in BCS, which 
can drastically reduce the remaining neoplastic cells 
in the tumor bed. Among the methods presented for 
this purpose, metabolic evaluation of the tumor bed 
cells is interesting due to the distinct metabolism 
differences between normal and pre-
neoplastic/neoplastic cells. CDP, as a real-time 
handheld diagnostic tool, can evaluate the cavity side 
margin by electrochemically tracing the hypoxia 
glycolysis. Many successful studies and trials reveal 
the efficacy of this tool even in the presence of frozen 
section in breast-conserving surgery. 
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