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Chapter 7
Novel Approaches in Surgical 
Management: How to Assess Surgical 
Margins

Frail Biological Basis with Promising Future 
Perspectives

Marco Ferrari, Nausica Montalto, and Piero Nicolai

 Introduction

Understanding the physical interface between tumor and host is a fascinating topic, 
as it dictates our current ability to appreciate the mechanisms of local growth of 
tumor and plan a resection with an adequate cuff of surrounding normal tissues. 
Despite many uncertainties regarding the definition of “adequate margins” that 
should be achieved by surgeons, there is strong evidence that clear resection mar-
gins are one of the main predictors of local control and overall survival in carcino-
mas of the upper aerodigestive tract. As a consequence, the presence of positive 
margins together with extranodal extension are the main factors supporting the use 
of chemotherapy in association with radiotherapy in the adjuvant setting [1, 2].

The present manuscript provides a basic historical, biological, and practical 
background on the concept of margins, which is essential to appreciate the impor-
tance of future perspectives in the field of margin control for tumors of the head 
and neck.
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 Historical Background: The Concept of “Margin”

The concept of margin in oncologic surgery is almost six centuries younger than the 
word “cancer”, which was coined by Hippocrates in view of the appearance of 
blood vessels surrounding a tumor and resembling the claws of a crab [3, 4]. 
Thereafter, cancer was considered mostly as a “humoral disease”, which was conse-
quently deemed as non-curable through simple surgical excision. Galen should be 
credited for being the first to hypothesize that cancer can infiltrate surrounding tis-
sue even beyond the sensitivity of the naked eye, an intuition driven by the observa-
tion that tumors tend to regrow in scars [5]. This assumption led to conclude that 
cancer should be removed together with a cuff of apparently normal tissue, which 
still remains the pillar of surgical oncology. Although the contribute of Galen in 
understanding cancer is considered as controversial [6], the observation that a tumor 
can early return in areas adjacent to where it was completely excised can be consid-
ered as the first insight into the concept of margins. Thus, it can be estimated that 
the concept of “surgical margins” was born in the second century, which means 
almost 600 years after Hippocrates. In the nineteenth century, Virchow and Lebert 
observed that a cancer is formed by “cancer cells”, which have the ability to invade 
neighboring tissues in small groups, yet not producing macroscopic changes in the 
early phases [5]. This new understanding of cancer provided an essential explana-
tion to the observation of Galen, thus corroborating that cancer can be theoretically 
cured through excision of adjacent tissues. Despite its ancient birth, the concept of 
surgical margins first settled in oncologic surgery at the end of the nineteenth cen-
tury, with Halsted being one of the most distinguished oncologic surgeons to con-
cretely apply this thought to surgical practice [7]. Although biological comprehension 
of cancer has seen a large number of steps forward since then, the basic concept of 
surgical margins has remained unchanged, namely removing enough tissue to 
ensure that all cancer cells are included in the surgical specimen. On the other hand, 
the contemporary understanding of cancer biology suggests that cancer cells dis-
semination occurs from even early-stage tumors (also at a systemic level), thus ris-
ing some doubts on the belief that “removing all cancer cells” is the actual 
mechanism through which cancer is cured [8].

 Current Biological Rationale of Margins in Head 
and Neck Surgery

The recommendation to leave a margin of normal tissue surrounding the visible 
tumor stands in the awareness that tumor cells can subtly extend far beyond the mac-
roscopic boundary of the tumor. In the head and neck, oral squamous cell carcinoma 
represents the most frequently analyzed cancer to assess the pattern of growth 
towards adjacent tissues. The histologic morphology of the interface between tumor 
and surrounding soft tissues has been classified in five patterns with increasing 
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degree of aggressiveness (Fig. 7.1) [9]. Type 1 pattern is defined as “broad pushing 
front”, meaning that the tumor grows expansively and does not release groups of 
cells beyond its surface. Type 2 is described as “finger-like” as the tumor front dis-
plays some appendices irregularly protruding towards neighboring tissues. From 
type 3 to type 5, non-contiguous groups of cells with heterogeneous shape and dis-
tance from the tumor front are observed. In the type 3 front, only tumor islands, 
which look like “fingers” that grow up to the point of detaching from the tumor, are 
observed. Smaller cell groups, strands, or even single cells located within 1 mm from 
the main tumor surface fall under the definition of type 4 front. Type 5 front of inva-
sion, finally, displays the so-called “satellites”, which consist of either a cell or a 
group of cells located 1 mm beyond the tumor front. The ability to subclinically 
infiltrate surrounding soft tissues such as fat, striated muscles, fascial structures, and 
loose connective areas intuitively increases with the type of invasion front. Oral 
cancer was also used to analyze the pattern of invasion of bone, with special refer-
ence to the mandible. Two modalities of extension towards bone have been observed: 
in the erosive pattern, the tumor causes bone resorption by activating osteoclasts 
along a broad front of invasion; in the infiltrative pattern, tumor cells grow between 
bony trabecula by partially maintaining the microscopic and macroscopic bony 
architecture [10]. Some authors surmised that the infiltrative pattern might represent 
a later phase of invasion of bone compared to the erosive pattern. Parallel to these 
mechanisms of infiltration of adjacent tissues, cancers can acquire the ability to grow 
along nerves and/or vessels, which all together provides tumor cells with a dense 
network of pathways to move distantly from the clinically appreciable mass [11–13].

 Special Elements of Challenge in the Head and Neck Area

The head and neck probably represents one of the most challenging areas of the 
human body to achieve adequately and homogeneously wide margins.

Although a number of factors contribute to the challenge, the need to preserve 
several vital functions most commonly compete with the delineation of a wide mar-
gin all along the tumor surface (Fig. 7.2a). In fact, the head and neck are dense in 
neurovascular structures and essential effector organs such as the brain, eyes, 
tongue, and larynx, which constantly place the surgeon and multidisciplinary team 
in front of dilemmas on resectability versus non-resectability or preservation versus 
ablation.

1 2 3 54

Fig. 7.1 Patterns of local invasion of soft tissues according to Brandwein-Gensler et al. [9]
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Fig. 7.2 Special elements of challenge in the management of margins in cancers of the head and 
neck. (a) Adjacency to critical neurovascular structures. (b) High density of nerves and vessels 
providing cancer with a network of escape routes. (c) Heterogeneous propensity towards subclini-
cal extension into adjacent tissues. (d) Complex 3-dimensional shape. (e) Deep location of the 
tumor. (f) Multifocal tumor dispersed into previously treated tissues
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The density of neural and vascular structures also provides cancers with a dense 
network of potential escape routes (Fig. 7.2b). This further complicates the manage-
ment of tumors displaying perineural and lymphovascular spread, as the vectors of 
microscopic growth of the disease might be numerous, thus making the genuine 
extension of the tumor deeply counterintuitive compared to the macroscopic shape 
of the lesion.

Biological heterogeneity is another element of complexity characterizing tumors 
of the head and neck. Besides the well-known variety of cancer types that exqui-
sitely affect specific areas (i.e., sinonasal tract, salivary glands), several degrees of 
biological aggressiveness have been observed within a single histology (Fig. 7.2c). 
There is evidence that tumors pertaining to the same histological category can dis-
play widely different propensity to grow beyond the macroscopic boundaries of the 
lesion through budding, satellitosis, pagetoid growth, perineural spread, permeative 
bone invasion, or other mechanisms [14–21]. This fact poses an additional chal-
lenge, since a tumor, even though labelled with a reliable preoperative diagnosis, 
might potentially be amenable to a “close-margin” excision (i.e., when microscopic 
local extension is limited) or could instead require a “wide-margin” resection (i.e., 
when microscopic groups of cells deeply invade adjacent tissues) as far as is known 
prior to surgery.

The 3-dimensional shape of the tumor also hinders adequate and regular delinea-
tion of margins (Fig. 7.2d). While often resembling a plaque or a sphere in the early 
phases of growth, advanced tumors of the head and neck acquire a 3-dimensional 
morphology that mirrors the complexity of subsite anatomy. This translates into a 
substantially increased chance of misorienting the plane of dissection with respect 
to one or other components of the tumor [22].

The deep location of a tumor, which means that the lesion is located underneath 
an uninvolved epithelial plane, is not a rarity in the head and neck (Fig. 7.2e). It can 
result from either the origin of the tumor (e.g., salivary cancers, mesenchymal 
tumors), its growth pattern (i.e., submucosal growth in mucosal carcinomas) or 
tumor history (e.g., deep or nodal recurrences). Cancers with no superficial compo-
nents force surgeons to infer the 3-dimensional configuration of the lesion based on 
imaging, palpation, and knowledge of anatomy, yet with a non-negligible risk for 
the resection to be misled.

Finally, improvement and implementation of non-surgical strategies bring to the 
operating theater an increasing number of patients with a tumor recurring within an 
irradiated and/or medically treated area (Fig. 7.2f). Similarly, refinements in sur-
veillance strategies allow identification of post-surgical recurrences that are often 
suitable for surgical re-excision. Post-treatment presentation frequently implies a 
cancer that is multifocally dispersed within uninvolved yet deeply altered tissues, 
thus remarkably increasing the chance of leaving microscopic residual disease irre-
spective of the attention posed towards margin delineation.

These elements being considered altogether, surgical margins have been unsur-
prisingly a hot topic in head and neck oncology over the last decades.
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 Practical Determinants of Margin

Owing to the aforesaid elements of complexity, oncologic surgeons have developed 
strategies to optimize margin delineation. Similar to the principles guiding elective 
treatment of lymph node levels, these strategies are probabilistic in nature, meaning 
that they are intended to maximize the probability to also include the occult portion 
of the disease in the resection. This, however, has the cost to unnecessarily resect 
uninvolved tissue in some patients, or to remove an insufficient thickness of micro-
scopically involved tissue in others.

Three main theoretical approaches have supported the establishment of surgical 
rules to properly delineate margins.

The “metric approach” consists of the identification of a spatial cut-off that 
ensures all tumor cells are included in the resection in the majority of cases [23]. 
This can be objectively measured at definitive pathology. Since the distance between 
tumor and specimen surface shrinks during intraoperative cutting and throughout 
post-surgical processing, the actual margin thickness needs to be estimated. In oral 
cancer, for instance, since a 5 mm pathologic margin was identified as a prognostic 
cut-off in several studies, a shrinkage rate of the surgical specimen accounting for 
21–32% and varying with tissue type and size, at least a 1-cm actual margin is pre-
cautionarily recommended [24, 25]. Main argumentations against the metric 
approach are that a universal cut-off can be adequate, excessive, or insufficient 
depending upon histology and tumor-specific biology, and that 1  cm margin is 
hardly ever achievable in some head and neck sites (i.e., sinonasal tract, skull base).

The “barrier approach” is based on the assumption that tumor expansion is con-
tained by some anatomical structures, which usually consist of fascial layers, mus-
cles, or bones [23]. This approach leads surgeons to identify and follow specific 
anatomical planes that surround the tumor, even though it implies to delineate the 
dissection plane with an irregular distance from the tumor surface. The main flaws 
of this approach are in the poor recognizability of some of these barrier-structures 
at definitive pathology, alongside the scarce demonstrability that they actually serve 
as barriers against tumor local progression.

The “compartment approach”, finally, is based on the surmise that tumor cells 
tend to follow specific anatomical structures or vectors dictated by tissue architec-
ture [26]. Though sounding similar to the barrier approach, this way of conceiving 
tumor progression is less optimistic on the capability of some structures to prevent 
local cancer progression. Rather, cancer cells would expand owing to a “pressure 
growth” that pushes cancers towards the pathways of least resistance (e.g., between 
muscular fibers or fascicles).

As for all competing theoretical models aimed at explaining a biological phe-
nomenon, the reality probably lies somewhere in the middle. Most likely, cancers 
progress through preferential pathways (either because of least resistance or due to 
a biological gain of function such as perineural spread), while also stochastically 
infiltrating surrounding tissues with some structures (e.g., bone, cartilage) probably 
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serving as physical barriers against tumor expansion. Moreover, distribution 
between these modalities of local expansion can obviously vary among malignancies.

A paradoxical fact on recommendations for margin width lies in the technique- 
dependent threshold defining “clear margins”. A cancer of the upper aerodigestive 
tract would be defined as completely resected with a threshold of 5 mm of patho-
logically uninvolved tissue if operated on with open surgery, 2–5 mm if through 
transoral robotic surgery, 0.5–2 mm if via transoral laser surgery, and regardless of 
metric measurements provided that adjacent structures are not infiltrated in case 
endoscopic transnasal resection has been performed [27–36]. On the one hand, this 
difference is understandable as it expresses the need to define as either “adequate” 
or “inadequate” a resection performed with a given technique. On the other, it 
reflects that the definition of margin is currently far from being biology-driven [37].

 “Frailty” of Cutting Through Healthy Tissue

The concept of “free margin” grounds on the belief that tissue uninvolved by cancer 
is healthy. However, evidence dating back to the 1990s suggested that tissues sur-
rounding mucosal cancers bear molecular alterations typically found in malignan-
cies [38]. These observations are in agreement with the multistep model that 
explains cancer development and progression. In fact, precancerous cells that grad-
ually accumulate all the mutations necessary to become cancer also proliferate, thus 
giving rise to a number of cells that are preconditioned towards malignant transfor-
mation. This might also explain the propensity of cancers induced by long-term 
exposure to a risk factor (i.e., tobacco smoking) towards recurrence, field canceriza-
tion, and synchronous/metachronous malignancies. Consequently, instead of con-
ceiving cancer as a well-defined mass, preconditioning of the surrounding mucosa 
contributes to make it more comparable to an ill-defined “cloud” of genetic altera-
tions centered around the visible disease and variably extending to the adjacent 
mucosa (Fig. 7.3).

 Current Intraoperative Margin Evaluation

For mucosal cancers, which represent the majority of head and neck malignant 
tumors, delineation of margins is required on both the superficial aspect, meaning 
that the surgeon has to decide how far from the visible tumor the mucosa has to be 
cut, and during dissection of deep tissues. For superficial delineation of margins, 
surgeons rely on sight and palpation, with some technologies (e.g., narrow band 
imaging) augmenting the ability to identify altered tissues mostly owing to optical 
changes [39, 40]. Delineation of deep margins is based on palpation, imaging 
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interpretation, and the consequent 3-dimensional configuration that the surgeon cre-
ates in his/her mind. Sight is currently excluded from the ideal strategies to define 
the deep margin of resection, as it would imply the deep portion of the tumor to be 
exposed, which is a suboptimal scenario as opposed to leaving the tumor surrounded 
by a cuff of normal tissue.

Frozen sections allow intraoperative microscopic assessment of resection mar-
gins. Two main approaches to perform frozen sections for margin assessment are 
traditionally available: the defect-driven (also defined as patient-driven) technique 
consists of sampling the surgical bed, whereas in the specimen-driven technique 

a

b

Fig. 7.3 Discrepancy 
between the common 
representation of cancer 
(a) and actual distribution 
of precancerous alterations 
in adjacent tissues (b)
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tissues to be analyzed are harvested from the surgical specimen. There is no consen-
sus on which technique yields the best accuracy in terms of intraoperative margin 
evaluation. Some evidence suggests that specimen-driven frozen sections might 
provide a higher chance of achieving wide negative margins as compared to defect- 
driven approach [41]. Moreover, positive frozen sections on the surgical specimen 
may also represent an independent negative prognostic factor, whereas defect- 
driven frozen sections have not been demonstrated to carry any relevant prognostic 
information [42]. This could be explained by the fact that sampling on the surgical 
specimen leads the surgeon to address the most critical margin relative to the pal-
pable mass, whereas analysis of the surgical bed requires inferring the initial situa-
tion of the tumor. However, some authors have reported that circumferential 
sampling of the surgical bed has an almost excellent negative predictive value, 
though with suboptimal positive predictive value [43]. Irrespective of the specific 
technique employed to sample tissue to be sent for frozen section analysis, a meta- 
analysis demonstrated that achieving negative margins by extending the resection 
based on a positive frozen section does not equate to an initially negative margin, 
nor does it significantly increase the local control rate [44]. These data should not 
be misinterpreted as suggesting uselessness of achieving negative margins through 
additional resection following a positive frozen section. In fact, in the same meta- 
analysis, local recurrence-free survival of patients with positive margins is reported 
being close-to-significantly (p = 0.055) worse compared to those with negative mar-
gins achieved through additional specimens on a positive frozen section [44]. As a 
consequence, one can conclude that obtaining negative margins upfront represents 
the best case scenario from a prognostic standpoint, but radicalization on a positive 
frozen section is still to be recommended based on the currently available data.

 Future Directions: “Know Your Enemy”

Borrowing the aphorism of Sun Tzu from “The art of war”, the first step to improve 
our ability to locally control cancer should consist of “knowing cancer”. In particu-
lar, it is a common observation that every head and neck cancer has its own specific-
ity in terms of local progression, which is not reliably expressed by the current 
systems of classifying and describing tumors.

For instance, it has been demonstrated that tongue squamous cell carcinoma has 
a particular propensity to subclinically invade the so-called “T-N tract”, which 
roughly corresponds to the connective space including the sublingual area up to the 
level IB [45]. This confirms that tongue cancer can grow eccentrically with respect 
to the epicenter of clinically appreciable disease, which has not been observed in 
other oral cavity subsites whose cancerization shares analogous epidemiological 
and histopathological characteristics. This data being acquired, a modification of 
the surgical technique defined as “compartmental tongue surgery” has been imple-
mented by some groups, aiming at addressing this particular characteristic of tongue 
cancer. Indeed, based on preliminary and retrospective data, compartmental tongue 
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resection seems to provide improved oncologic outcomes compared to standard 
wide-margin resection [26, 46]. These findings possibly confirm that focusing atten-
tion on the most probable escaping route of tumor might translate into better control 
of cancer.

Another example of deepening the understanding of cancer local behavior is the 
relationship between histologic growth pattern and topographic gross extension. For 
instance, it has been revealed that perineural and lymphovascular invasion substan-
tially drive local extension of cancers of the maxillary sinus regardless of their his-
tology [47]. In particular, tumors displaying lymphovascular invasion tend to grow 
with a caudal direction and give nodal metastases, while those with perineural inva-
sion more frequently invade superior, medial, and posterior structures. Should 
detection of perineural and lymphovascular invasion be reliably detectable before 
surgery, the resection could be extended accordingly towards the most critical areas.

In view of this evidence, head and neck oncologic surgeons should be avid in 
knowing the local behavior of cancers with a histology-, site-, and possibly biology- 
level precision. Therefore, future research on local tumor extension in the head and 
neck should primarily assess the relationship between the cancer’s specificities and 
escape routes, in order to guide surgeons towards the most critical areas and possi-
bly improve outcomes.

 Future Directions: Enhanced Tumor Visualization

Another strategy to improve local control is to augment the way cancer is “seen” 
during ablation. The most promising and accessible technology to support this 
refinement is represented by surgical navigation systems. Although most frequently 
employed to minimize intraoperative complications and optimize precision of 
reconstruction, cross-sectional imaging-based navigation could also provide the 
surgical team with a more precise image of tumor extension. This has been shown 
in a preclinical setting, where the employment of navigation with 3-dimensional 
rendering of the tumor extension significantly increased the adequacy of margin 
delineation in models of advanced cancers variably extending within the cranio-
maxillofacial skeleton [22]. Over a total of 381 simulated osteotomies, the use of 
surgical navigation decreased the rate of gross margin involvement from 18.1% to 
0.0%. Moreover, some groups have published their experience in using navigation 
to improve the margin status of resections of advanced cancers of the head and neck, 
showing encouraging results [48–50]. Despite the limited number of patients 
reported in these preliminary experiences (24 overall), the employment of naviga-
tion led to obtain free margins in a high percentage of patients affected by locally 
advanced cancer of the head and neck.

By basing the 3-dimensional representation of the tumor on radiologic data, 
navigation- guided resections might also benefit from incorporating relevant infor-
mation into cancer rendering. For instance, the tumor can be rendered together with 
an isotropic expansion to provide a visual representation of a metric margin. 
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Moreover, cancer rendering could also include fusion of functional and cross sectional 
imaging, possibly increasing the accuracy of tumor mapping [50]. In this sense, 
whichever future methodology is capable of better depicting the actual tumor exten-
sion could be incorporated in the representation of tissue to be resected through 
surgical navigation.

However, the accuracy of surgical navigation is constrained by precise and last-
ing registration alongside the presence of a bony framework that limits motions of 
soft tissue. For this reason, navigation is most likely useful in the setting of tumors 
strictly attached to the craniomaxillofacial skeleton, whereas cancers invading 
mostly soft tissues would be less accurately rendered.

 Future Directions: Augmented Mapping of the Surgical Bed

The latest and most promising advent in the field of surgical margins control is appli-
cation of bio-optical imaging technologies to search for tumor localizations that would 
otherwise be undetectable by the naked eye [51]. Employment of this technology to 
improve delineation of the superficial margin of resection has been already demon-
strated to be beneficial. On the contrary, optical imaging to detect potential residues of 
the tumor into the surgical bed and accordingly guide frozen section is still an ever-
changing field. The most promising optical imaging modalities which could meet this 
need are fluorescence-based imaging, hyperspectral imaging, and Raman spectros-
copy. Fluorescence-based imaging relies on either natural (i.e., autofluorescence 
imaging) or targeted fluorescence (i.e., through biological probes attached to fluoro-
phores) of cancer tissue. Hyperspectral imaging consists of dividing electromagnetic 
waves beyond the 3-band division of the human eye and even beyond the spectrum of 
visible light. By collecting and elaborating this optical information, it is possible to 
infer biological information of a tissue under analysis. Raman spectroscopy is able to 
depict the molecular fingerprint of a tissue by taking advantage of light scattering as a 
consequence of vibration of intramolecular bonds. All these imaging modalities rely 
on the common principle of collecting bio-optical characteristics of tissues and render 
them in a way that is appreciable to the surgeon’s eye.

Recently, van Keulen et al. published a series of 20 patients who were operated on 
for head and neck squamous cell carcinoma by targeted fluorescence-surgery [52]. All 
patients were injected with panitumumab, an anti-epidermal growth factor receptor 
(EGFR) monoclonal antibody, conjugated to the fluorophore IRDye800CW. The sur-
geon could therefore visualize in real time the distribution of EGFR through a hand-
held camera prior to incise tissues. The authors demonstrated that tumor-to-background 
ratio, which represents the ability to distinguish the tumor from surrounding tissues, 
was satisfactory irrespective of age, gender, tumor size and site, and EGFR expression. 
Though preliminary in nature, these data are encouraging, as they demonstrate feasibil-
ity of the workflow and suggest that targeted- fluorescence imaging is reliable. Analysis 
of the actual benefit of this technology in terms of intraoperative margin status evalua-
tion will represent an essential future step.
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Halicek et al. published a study on 293 fresh specimens obtained from resection 
of head and neck squamous cell carcinomas in 102 patients and analyzed with 
reflectance-based hyperspectral imaging [53]. The authors found that hyperspectral 
imaging could distinguish squamous cell carcinoma from uninvolved tissue with an 
area-under-curve ranging between 0.80 and 0.90 compared to histopathological 
microscopic evaluation. The time span required to obtain hyperspectral-based eval-
uation of the surgical specimen was estimated to be around 2 min. This study pro-
vided promising data on the classification performance of hyperspectral imaging 
calculated from a large dataset. However, application of this methodology to the 
surgical bed would require optimization for potential confounders such as blood 
and cauterized tissues.

Barroso et al. have demonstrated the utility of Raman spectroscopy in identify-
ing positive margins on 26 mandibulectomy specimens, with diagnostic accuracy as 
high as 95% [54]. Yu et al. achieved a 99.3% sensitivity and 94.3% specificity in 
distinguishing tongue squamous cell carcinoma with respect to normal tissue by 
applying a deep learning method to Raman spectral data obtained from 24 fresh 
specimens [55].

The above-mentioned references represent just selected publications among a 
large and constantly increasing number of studies demonstrating and progressively 
refining the diagnostic performance of bio-optical imaging techniques on fresh tis-
sues harboring cancer. The following step will probably be to apply these technolo-
gies intraoperatively and quantify the actual benefit they can confer to outcomes.

 Conclusions

Adequate control of margins is an urgent need in head and neck surgical oncology. 
Our current understanding of local progression of cancer is still inadequate, espe-
cially considering the variety of histologies and biological behaviors characterizing 
the head and neck area. Consensus should be reached to obtain a solid and biology- 
driven definition of “adequate margins”, which could be transversally applied to a 
given cancer irrespective of the surgical technique employed to excise it. On the 
other hand, technologies such as surgical navigation and bio-optical imaging will 
probably be implementing our current way of ablating cancers, possibly translating 
into better delineated surgical specimens and improved outcomes.
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