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Background

Inadequate resection margins in oral cavity squamous cell carcinoma have an adverse effect on patient outcome. Intraoperative assessment provides immediate feedback enabling the surgeon to achieve adequate resection margins. The goal of this study was to evaluate the value of specimen-driven intraoperative assessment by comparing the margin status in the period before and the period after the introduction of specimen-driven assessment as a standard of care (period 2010–2012 vs period 2013–2017).



Methods

A cohort of patients surgically treated for oral squamous cell carcinoma at the Erasmus MC Cancer Institute, Rotterdam, between 2010–2012 was studied retrospectively and compared to results of a prospectively collected cohort between 2013–2017. The frequency, type and results of intraoperative assessment of resection margins were analyzed.



Results

One hundred seventy-four patients were included from 2010–2012, 241 patients were included from 2013–2017. An increase in the frequency of specimen-driven assessment was seen between the two periods, from 5% in 2010–2012 to 34% in 2013–2017. When performing specimen-driven assessment, 16% tumor-positive resection margins were found in 2013–2017, compared to 43% tumor-positive resection margins overall in 2010–2012. We found a significant reduction of inadequate resection margins for specimen-driven intraoperative assessment (p < 0.001). Also, tumor recurrence significantly decreased, and disease-specific survival improved when performing specimen-driven intraoperative assessment.



Conclusions

Specimen-driven intraoperative assessment improves resection margins and consequently, the outcome of oral cancer patients. We advocate this method as standard of care.
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Introduction

Patients with inadequate tumor resection margins often receive adjuvant treatment (radiotherapy, chemoradiation and/or re-operation), which leads to higher morbidity (1).

Moreover, inadequate resection margins in oral cavity squamous cell carcinoma (OCSCC) lead to a significantly worse clinical outcome (2–4).

In our previous retrospective study, we found inadequate resection margins (i.e., a distance of ≤5 mm from tumor border to resection surface) in 85% of OCSCC cases based on final histopathology (3). Equally low numbers of adequate OCSCC resections were reported by other authors (2, 4).

This illustrates that for the oral cavity, with its complex anatomy, inspection and palpation by the surgeon during the operation are often insufficient to warrant an adequate resection.

In order to control resection margins, intraoperative assessment by frozen sectionprocedure is available. During this procedure, the surgeon samples tissue from seemingly the most suspicious areas in the wound bed (i.e., the defect-driven intraoperative assessment). For the detection of inadequate margins during OCSCC surgery, this defect-driven frozen section procedure has been shown to have low sensitivity (5–9). Moreover, this procedure is time-consuming and only a limited number of tissue samples can be examined, leading to sampling error, and resulting in underestimation of inadequate margins (10–15). Furthermore, the defect-driven frozen section procedure cannot provide the exact length of resection margins (in millimeters); it can only indicate the presence of tumor-positive margins.

To overcome these limitations, the specimen-driven intraoperative assessment, performed by the surgeon and pathologist together, has been advocated. This approach provides immediate feedback on whether an additional resection is needed. Recent studies show that this type of intraoperative assessment is superior to defect-driven assessment due to better visualization, less sampling error and it has been recommended in the latest AJCC guidelines (4, 6, 16–21).

At our institute, this multidisciplinary approach has been introduced in 2013.

This study aimed to evaluate the value of specimen-driven intraoperative assessment by comparing the margin status in the period before and the period after the introduction of specimen-driven assessment (i.e., period 2010–2012 vs period 2013–2017).



Material and Methods


Patient Selection

The study was approved by the institutional Medical Ethics Committee (MEC-2015-150). All patients treated surgically for OCSCC in the period from October 2010–October 2012 and September 2013–January 2017 were selected for analysis.

The period from 2010–2012, when specimen-driven intraoperative assessment was not standard of care, has been described earlier (3).



Data Collection

A database was created containing patient characteristics (i.e., age, gender, comorbidity, smoking habit), and tumor characteristics (i.e., subsite, pathological TNM classification, differentiation grade, perineural growth, pattern of invasion).

In addition, margin status was recorded, based on both; intraoperative assessment and final histopathology. The type of intraoperative assessment was recorded as defect-driven or specimen-driven. The margins were defined based on the guidelines of the Royal College of Pathologists: >5 mm as clear, 1-5 mm as close and <1 mm as tumor-positive (22). Clear margins are referred to as adequate, close and tumor-positive margins as inadequate. All cases were reviewed by one or two dedicated head and neck pathologists (S.K., V.N.H.).

Follow up data was collected from the patient files until 27-09-2019. Data on local recurrence, regional recurrence and distant metastasis were recorded. Mortality was also recorded, including the cause of death to calculate disease-specific survival (DSS).



Specimen-Driven Intraoperative Assessment

Figure 1 shows an example of the specimen-driven IOARM procedure. During operation, the surgeon places numbered tags in a pair-wise manner on both sides of the resection line, both superficially and deep in the wound bed (Figure 1A). When the resection is completed, one tag of each pair remains attached to the specimen and the other tag stays in the wound bed. These tags are later used to relocate an inadequate margin in the wound bed. This relocation method was described in more detail by van Lanschot et al. (23).




Figure 1 | (A) Paired wise tagging on both sides of the resection line, performed during surgery (23). (B) Anatomical template, used to maintain orientation, tags are noted on the template. (C) Grossing of the tissue, perpendicular incisions must be 5–6 mm from each other. (D) Measuring the margin with a ruler. (E) Patient file, used for patient information, reporting results and recommendations. (F) Cross section of fresh tissue placed against cork to maintain shape and orientation during fixation. (G) Cross section after fixation shows no shrinkage of tissue or change in shape.



Next, the specimen is taken to the pathology department for intraoperative assessment. The surgeon and the pathologist select an anatomical template that best illustrates the anatomical orientation of the resection specimen and wound bed (Figure 1B). The pathologist and surgeon visually inspect and palpate the specimen to locate suspicious areas (i.e., areas on the resection surface that might have an inadequate margin). If a suspicious area is found, the pathologist makes one or more parallel (partial or complete) incisions, perpendicular to the tissue surface with a mutual distance of approximately 5 mm (Figure 1C).

In most cases, this enables the visualization and measurement of the margin of healthy tissue on the cross-sectional side with a ruler (Figure 1D).

If no inadequate margins are found, the surgeon can return to the operating room and close the wound. If an inadequate margin is detected on the specimen, the numbered tags enclosing such area are used by the surgeon to detect this area in the wound bed. It can then be determined if an additional resection is possible. The required thickness of the additional resection is indicated by the pathologist (in millimeters). For example, if the initial margin is 2 mm, the pathologist recommends an additional resection of tissue with at least 4 mm thickness to achieve a margin of more than 5 mm.

The whole specimen-driven IOARM process, including the conclusion and the recommendation for additional resection, is recorded and stored in the patient file (Figure 1E).

Next, to maintain the anatomical orientation and shape of the specimen, tissue cross sections created for intraoperative assessment are placed between two pieces of cork at the original location in the specimen, and held in place by needles (Figures 1F, G) prior to formalin fixation.

After the intraoperative assessment, the resection specimen enters the routine procedure for the final pathological examination.



Statistical Analysis

Differences in patient and tumor characteristics between the two periods (2010–2012 vs 2013–2017) were tested with t-test for continuous variables and with a chi-square test for categorical variables. Differences between the three intraoperative assessment types (i.e., “no intraoperative assessment”, “defect-driven assessment”, and “specimen-driven assessment”) were tested with a one-way ANOVA for continuous variables and with a chi-square test for categorical variables.

Differences in achieving adequate resection margins comparing IOARM groups were estimated with Poisson regression with robust standard errors. Crude relative risks (RR) for defect-driven assessment and specimen-driven assessment compared to no intraoperative assessment were estimated as well as RRs adjusted for gender, age, tumor size and location. Tumor subsites were: tongue, floor of mouth, alveolar process, retromolar trigone and palate. Because of the low number of patients with tumors located at the retromolar trigone and palate we decided to merge these two groups into the group ‘other’ for statistical analysis.

Time to local recurrence within three years after surgery was described with Kaplan-Meier estimations, and compared between groups based on margin status (i.e., >5 mm “clear”, 1–5 mm “close” and <1 mm “tumor-positive”) with a logrank test for trend. For comparing time to all recurrence events (local recurrence, regional recurrence, distant metastasis) complete follow-up was analysed. For disease-specific survival, events within 2 months after surgery were omitted to exclude surgery-related mortality.




Results


2010–2012

During this period, 174 patients were treated surgically for OCSCC at the Erasmus MC Cancer Institute. Patients and tumor characteristics are shown in Table 1.


Table 1 | Patient characteristics.



IOARM was performed during 24 operations (14%), with defect-driven assessment in 16 cases (9%) and specimen-driven in 8 cases (5%) (Table 2).


Table 2 | Frequency and type of intraoperative assessment of resection margins.



Upon final histopathological evaluation, adequate resection margins were found in 15% of cases, close resection margins in 42%, and tumor-positive resection margins in 43% of cases. Resection margins status per subsite are shown in Table 3.


Table 3 | Resection margin status per subsite based on final pathology.





2013–2017

In this period, 241 patients were treated surgically for OCSCC at the Erasmus MC Cancer Institute. Patients and tumor characteristics are shown in Table 1.

IOARM was performed in 146 cases (61%), as shown in Table 2.

Defect-driven intraoperative assessment was performed in 65 cases (27%), specimen-driven in 81 cases (34%).

Upon final histopathological evaluation, adequate resection margins were found in 32% of cases, close resection margins in 42%, and tumor-positive resection margins in 26% of cases. Resection margins status per subsite are shown in Table 3.

All cases, for both periods were subdivided into three IOARM groups; 1) no intraoperative assessment, 2) defect-driven assessment, and 3) specimen-driven assessment. The results are shown in Table 4.


Table 4 | Resection margin status in relation to IOA based on final pathology.





Impact of Intraoperative Assessment

The impact of intraoperative assessment was investigated only from September 2013, when the comprehensive specimen-driven IOARM protocol was implemented.

Patient characteristics did not differ between the IOARM groups. When comparing tumor characteristics, significant differences were found for the subsite of the tumor, with the specimen-driven assessment group having more tumors located at the tongue, and fewer tumors located at the alveolar process and at the ‘other’ subsite (P = 0.05).

The crude relative risk of inadequate resection margins for defect-driven assessment compared to no intraoperative assessment was not significant (RR 0.93, 95% CI 0.79 to 1.09). Comparison between specimen-driven assessment and no intraoperative assessment was significant (RR 0.51, 95% CI 0.39 to 0.66). Adjusted RR of inadequate margins for defect-driven assessment was 0.93 (95% CI 0.79 to 1.09) and for specimen-driven 0.54 (95% CI 0.41 to 0.71). The results are listed in Table 5.


Table 5 | Effect of intraoperative assessment on inadequate resection margins.





Specimen-Driven Intraoperative Assessment

The accuracy of specimen-driven IOARM was calculated by comparison of margin status based on IOARM and that from final histopathology. This resulted in an overall accuracy of 63.1%.

Final margin status, with or without additional resection, is shown in Figure 2.




Figure 2 | Comparison of margin status based on intraoperative assessment (IOA) and margin status based on final histopathology (FHP), including additional resection.



In 43 cases an additional resection was performed based on specimen-driven IOARM. In 30 cases additional resection resulted in improvement; 26 from close to clear margin, and 4 cases from positive to close margin. In the remaining 13 cases margins did not improve after additional resection.

In six cases inadequate margins were identified during IOARM but additional resection was not performed because of close proximity of vital structures.



Tumor Recurrence Rate and Survival Based on Margin Status

Local recurrence rate within three years was 4.5% for patients with clear resection margins, 10.6% in the group with close resection margins, and 18.5% in the group with tumor-positive resection margins (logrank test for trend P = 0.01). Kaplan Meier curves are shown in Figure 3.




Figure 3 | Kaplan Meier estimations of time to local recurrence in months.



The difference in occurrence of any recurrence (i.e., local, regional, distant) within 5 years was significant (logrank test for trend P = 0.001) between the three groups; 22.2% (clear), 38.3% (close) and 48.2% (tumor-positive). Kaplan Meier curves are shown in Figure 4.




Figure 4 | Kaplan Meier estimations of time to any recurrence (local, regional, distant metastasis) in months.



For disease-specific survival these percentages after 5 years were 15.7% (clear), 20.9% (close) and 51.7% (tumor-positive) respectively (logrank test for trend P <0.001). Pairwise comparison of clear resection margins and close resection margins showed no significant difference (P = 0.60). However, when comparing clear resection margins with tumor-positive resection margins, and close resection margins with tumor-positive resection margins, there was a significant difference (both P < 0.001). Kaplan Meier curves are shown in Figure 5.




Figure 5 | Kaplan Meier estimations of disease-specific survival in months.






Discussion

Of all the prognostic factors (i.e., patient and tumor characteristics) in oncological patients, surgeons and pathologists can only influence the resection margins. Adequate resection of OCSCC, as for many other tumors, is sometimes hard to achieve because of a lack of reliable intraoperative guidance and the complex anatomy of the oral cavity. These are some of the explanations why multiple studies showed a high number of inadequate resection margins for OCSCC (2, 4).

To improve the status of resection margin at our institute, a comprehensive specimen-driven intraoperative assessment of resection margins has been implemented in September 2013. The procedure is performed by a dedicated team of head and neck surgeons and pathologists.

The frequency of intraoperative assessment increased from 14% for the period before 2013 compared to 61% in the period after 2013, irrespective of the assessment type. Moreover, since 2013, for OCSCC, specimen-driven intraoperative assessment was performed almost seven times more often compared to the period before 2013 (34 vs. 5%). Furthermore, we saw an increase of specimen-driven intraoperative assessment from 12% in 2013 to 54% in 2017.

Comparing the resection margin status of all cases from both periods (2010–2012 and 2013–2017), with or without intraoperative assessment, we found an increase of adequate margins from 15 to 32% and a decrease in tumor-positive resection margins from 43 to 26%. Further improvement was achieved when specimen-driven intraoperative assessment was performed: 58% adequate margins and only 16% tumor-positive margins were found after 2013. A decrease of tumor-positive margins was also seen when defect-driven intraoperative assessment was performed: from 50 to 29%. This can be explained by a increase of awareness of the head and neck surgeons who participated in this study. Since our retrospective study where we showed 85% inadequate margins overall, the head and neck surgeons confirmed that they started to be more aware of inadequate margins (3). This can explain the fact that tumor-positive resection margins decreased in all groups, even in the group without intraoperative assessment. The decrease of the number of tumor-positive margins was highest in the specimen-driven assessment group (62.5 to 16%.

The inadequate margins found when analyzing specimen-driven intraoperative assessment from 2010–2012 are partly caused by the fact that we only started performing an extensive specimen-driven approach (as illustrated in this paper) in 2013. In the period 2010-2012 specimen-driven method was not optimal, and was only performed in eight cases, compared to 81 cases from 2013–2017.

As we have shown, adequate margins result in lower rates of local recurrence, regional recurrence, and distant metastasis. Also, disease-specific survival is significantly higher for patients with adequate margins.

This is in accordance with other studies (4, 6, 18–20).

We therefore advocate specimen-driven assessment as standard of care during OCSCC surgery. This is in line with the latest guidelines of the AJCC (16).

There is a number of possible sources of bias in this study. During surgery, it can become evident that achieving adequate resection margins is virtually impossible due to close proximity of vital structures.Although peroperative planning is of essential importance, it unfortunately does not always reflect the intraoperative situation. Preoperative images are often made weeks prior to surgery and tumor may expand in the meantime. Because complete tumor resection (R0) remains the aim of surgery, most structures in the oral cavity can be sacrificed to obtain adequate margins.On contrary, doubt about tumor invasion in of for instance major head and neck nerves or the mandible, can pose surgeon to a difficult choice at that moment, when adequate margins are warranted.

Therefore, achieving adequate resection margins can be more difficult for some locations within the oral cavity. For tongue and lip it seems to be easier to achieve an adequate margin than, for instance, for hard palate or floor of mouth, as shown in Table 3. As there were significantly more tumors of the tongue in the specimen-driven assessment group, this could influence the results. Therefore, we have adjusted results for patient and tumor characteristics, including tumor subsite.

There are limitations of specimen-driven IOARM that need to be addressed. Grossing fresh tissue is counter-intuitive to pathologists because it is more difficult than grossing fixated tissue. Grossing fresh tissue might affect the anatomical orientation and shape of the specimen, which in turn might affect final pathology assessment (24, 25). Our specimen-driven IOARM protocol addresses this by digitally recording every step of the procedure, including the grossing of the specimen and its reconstruction on cork plates, for preservation of anatomical orientation and shape. We have not observed changes in shape or size (shrinkage) of cross sections after fixation, and we have not encountered a single case in which final pathology was affected in any way.

Performing the specimen-driven IOARM, as described here, takes additional time. We estimate that, on average, 30 min is needed including transfer of the specimen to the pathology department. In this time, sometimes the surgical procedure can be continued by performing a neck dissection, but in other cases the procedure has to be put on hold until results of IOARM are known.

Perhaps the most critical limitation of IOARM is that the method remains subjective and only a limited number of incisions can be placed on freshly resected specimen so as not to interfere with final histopathological evaluation. We found 63.1% overall accuracy of IOARM, which means that there is room for improvement.

A potential limitation of the current study is the fact that for close resection margins we use the definition of the Royal College of Pathologists, 1–5 mm. In recent years there has been much debate about the optimal resection margin for OCSCC (26). Several authors suggest that resection margins between 2–3 mm could be sufficient while not hampering patient outcome (27–29). Still, no change of guidelines has been made, so for this study, we have chosen to stay with the 1–5 mm definition.

There is a learning curve to go through. For the pathologist, this learning curve comprises discriminating salivary gland tissue and scar tissue from tumor upon palpation and inspection, and to refine the procedure by microscopic evaluation of frozen sections. Another important aspect of the learning process is the meticulous handling of the tissue before fixation. However, the most important prerequisite is close coordination of logistics between surgeons and pathologists. Unfortunately, this will not be feasible for all clinical settings, so alternative methods or techniques should be investigated.

Based on the favourable results presented in this study, and despite its limitations and the additional effort, we strongly advocate the implementation of specimen-driven IOARM in OCSCC surgery.

At the Erasmus MC Cancer Institute, we are currently developing a method for OCSCC surgery guidance based on two optical techniques, fluorescence-guided surgery and Raman spectroscopy (30, 31). The combination of these techniques is being developed to allow for a rapid and accurate specimen-driven intraoperative assessment of all resection surfaces that will fit in the surgico-pathological workflow.

Only by intraoperative assessment of all resection margins, it will be possible to consistently obtain a high number of adequate margins and thereby improve the clinical outcome of OCSCC patients.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement

The studies involving human participants were reviewed and approved by Erasmus MC Medical Ethics Committee MEC-2015-150. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author Contributions 

RS designed the study, performed intraoperative assessment of resection margins, carried out the retrospective database study, and drafted the manuscript. CL and YA performed intraoperative assessment of resection margins and drafted the manuscript. EB, IH, HM, AS, CM, DM, JH, and SKe performed intraoperative assessment of resection margins and revised the manuscript critically for important intellectual content. RJ participated in the design of the study, revised the manuscript critically for important intellectual content, and gave final approval of the version to be published. TS participated in the design of the study and revised the manuscript critically for important intellectual content. VH was responsible for the histopathological evaluation of the patient material used in this study and drafted the manuscript. GP designed the study, supervised the research group, and revised the manuscript critically for important intellectual content and gave final approval of the version to be published. SKo designed and supervised this study, was mainly responsible for the intraoperative assessment of resection margins, and for the final histopathological evaluation of the patient material used in this study and gave final approval of the version to be published. MR was responsible for the statistical analysis of the data. All authors contributed to the article and approved the submitted version.



Funding

The authors declare that this study received funding from Atos Medical BV. The funder was not involved in the study design, collection, analysis, interpretation of data, the writing of this article or the decision to submit it for publication.



Abbreviations

OCSCC, oral cavity squamous cell carcinoma; IOARM, intraoperative assessment of resection margins; FHP, final histopathology; MC, Medical Center; MR, magnetic resonance; CT, computed tomography; ANOVA, analysis of variance; RR, relative risk; CI, confidence interval; TNM, Tumor, lymph nodes, metastasis (according to the TNM Classification of Malignant Tumors); GEE, generalized estimating equation; AJCC, American Joint Committee on Cancer.



References

1. Lin, A. Radiation Therapy for Oral Cavity and Oropharyngeal Cancers. Dent Clin North Am (2018) 62(1):99–109. doi: 10.1016/j.cden.2017.08.007

2. Dik, EA, Willems, SM, Ipenburg, NA, Adriaansens, SO, Rosenberg, AJ, and van Es, RJ. Resection of early oral squamous cell carcinoma with positive or close margins: relevance of adjuvant treatment in relation to local recurrence: margins of 3 mm as safe as 5 mm. Oral Oncol (2014) 50(6):611–5. doi: 10.1016/j.oraloncology.2014.02.014

3. Smits, RW, Koljenovic, S, Hardillo, JA, Ten Hove, I, Meeuwis, CA, Sewnaik, A, et al. Resection margins in oral cancer surgery: Room for improvement. Head Neck (2016) 38(Suppl 1):E2197–203. doi: 10.1002/hed.24075

4. Varvares, MA, Poti, S, Kenyon, B, Christopher, K, and Walker, RJ. Surgical margins and primary site resection in achieving local control in oral cancer resections. Laryngoscope (2015) 125(10):2298–307. doi: 10.1002/lary.25397

5. DiNardo, LJ, Lin, J, Karageorge, LS, and Powers, CN. Accuracy, utility, and cost of frozen section margins in head and neck cancer surgery. Laryngoscope (2000) 110(10 Pt 1):1773–6. doi: 10.1097/00005537-200010000-00039

6. Maxwell, JH, Thompson, LD, Brandwein-Gensler, MS, Weiss, BG, Canis, M, Purgina, B, et al. Early Oral Tongue Squamous Cell Carcinoma: Sampling of Margins From Tumor Bed and Worse Local Control. JAMA Otolaryngol Head Neck Surg (2015) 141(12):1104–10. doi: 10.1001/jamaoto.2015.1351

7. Ord, RA, and Aisner, S. Accuracy of frozen sections in assessing margins in oral cancer resection. J Oral Maxillofac Surg (1997) 55(7):663–9; discussion 669-71. doi: 10.1016/S0278-2391(97)90570-X

8. Priya, SR, D’Cruz, AK, and Pai, PS. Cut margins and disease control in oral cancers. J Cancer Res Ther (2012) 8(1):74–9. doi: 10.4103/0973-1482.95178

9. Prabhu, AV, Sturgis, CD, Lai, C, Maxwell, JH, Merzianu, M, Hernandez-Prera, JC, et al. Improving margin revision: Characterization of tumor bed margins in early oral tongue cancer. Oral Oncol (2017) 75:184–8. doi: 10.1016/j.oraloncology.2017.10.013

10. Black, C, Marotti, J, Zarovnaya, E, and Paydarfar, J. Critical evaluation of frozen section margins in head and neck cancer resections. Cancer (2006) 107(12):2792–800. doi: 10.1002/cncr.22347

11. Du, E, Ow, TJ, Lo, YT, Gersten, A, Schiff, BA, Tassler, AB, et al. Refining the utility and role of Frozen section in head and neck squamous cell carcinoma resection. Laryngoscope (2016) 126(8):1768–75. doi: 10.1002/lary.25899

12. Gokavarapu, S, Rao, LM, Mahajan, M, Parvataneni, N, Raju, KV, and Chander, R. Revision of margins under frozen section in oral cancer: a retrospective study of involved margins in pT1 and pT2 oral cancers. Br J Oral Maxillofac Surg (2015) 53(9):875–9. doi: 10.1016/j.bjoms.2015.08.257

13. McIntosh, ER, Harada, S, Drwiega, J, Brandwein-Gensler, MS, and Gordetsky, J. Frozen section: guiding the hands of surgeons? Ann Diagn Pathol (2015) 19(5):326–9. doi: 10.1016/j.anndiagpath.2015.07.004

14. Williams, MD. Determining Adequate Margins in Head and Neck Cancers: Practice and Continued Challenges. Curr Oncol Rep (2016) 18(9):54. doi: 10.1007/s11912-016-0540-y

15. Buchakjian, MR, Tasche, KK, Robinson, RA, Pagedar, NA, and Sperry, SM. Association of Main Specimen and Tumor Bed Margin Status With Local Recurrence and Survival in Oral Cancer Surgery. JAMA Otolaryngol Head Neck Surg (2016) 142(12):1191–8. doi: 10.1001/jamaoto.2016.2329

16. Amin, MB, Edge, S, Greene, F, Byrd, DR, Brookland, RK, Washington, MK, et al eds. AJCC Cancer Staging Manual. 8th edition.  S.I.P.A.J.C.o. Cancer, Editor. New York: Springer (2017). p. 85.

17. Aaboubout, Y, Ten Hove, I, Smits, RWH, Hardillo, JA, Puppels, GJ, and Koljenovic, S. Specimen-driven intraoperative assessment of resection margins should be standard of care for oral cancer patients. Oral Dis (2020) 00:1–6. doi: 10.1111/odi.13619

18. Amit, M, Na’ara, S, Leider-Trejo, L, Akrish, S, Cohen, JT, Billan, S, et al. Improving the rate of negative margins after surgery for oral cavity squamous cell carcinoma: A prospective randomized controlled study. Head Neck (2016) 38(Suppl 1):E1803–9. doi: 10.1002/hed.24320

19. Hinni, ML, Ferlito, A, Brandwein-Gensler, MS, Takes, RP, Silver, CE, Westra, WH, et al. Surgical margins in head and neck cancer: a contemporary review. Head Neck (2013) 35(9):1362–70. doi: 10.1002/hed.23110

20. Kain, JJ, Birkeland, AC, Udayakumar, N, Morlandt, AB, Stevens, TM, Carroll, WR, et al. Surgical margins in oral cavity squamous cell carcinoma: Current practices and future directions. Laryngoscope (2020) 130(1):128–38. doi: 10.1002/lary.27943

21. Mair, M, Nair, D, Nair, S, Dutta, S, Garg, A, Malik, A, et al. Intraoperative gross examination vs frozen section for achievement of adequate margin in oral cancer surgery. Oral Surg Oral Med Oral Pathol Oral Radiol (2017) 123(5):544–9. doi: 10.1016/j.oooo.2016.11.018

22. Helliwell, T, and Woolgar, J. Standards and datasets for reporting cancers. Dataset for histopathology reporting of mucosal malignancies of the oral cavity. London: The Royal College of Pathologists (2013).

23. van Lanschot, CGF, Mast, H, Hardillo, JA, Monserez, D, Ten Hove, I, Barroso, EM, et al. Relocation of inadequate resection margins in the wound bed during oral cavity oncological surgery: A feasibility study. Head Neck (2019) 41(7):2159–66. doi: 10.1002/hed.25690

24. Pangare, TB, Waknis, PP, Bawane, SS, Patil, MN, Wadhera, S, and Patowary, PB. Effect of Formalin Fixation on Surgical Margins in Patients With Oral Squamous Cell Carcinoma. J Oral Maxillofac Surg (2017) 75(6):1293–8. doi: 10.1016/j.joms.2016.11.024

25. Umstattd, LA, Mills, JC, Critchlow, WA, Renner, GJ, and Zitsch, 3RP. Shrinkage in oral squamous cell carcinoma: An analysis of tumor and margin measurements in vivo, post-resection, and post-formalin fixation. Am J Otolaryngol (2017) 38(6):660–2. doi: 10.1016/j.amjoto.2017.08.011

26. Singh, A, Qayyumi, B, and Chaturvedi, P. An Update on Surgical Margins in the Head Neck Squamous Cell Carcinoma: Assessment, Clinical Outcome, and Future Directions. Curr Oncol Rep (2020) 22(8):82. doi: 10.1007/s11912-020-00942-7

27. Nason, RW, Binahmed, A, Pathak, KA, Abdoh, AA, and Sandor, GK. What is the adequate margin of surgical resection in oral cancer? Oral Surg Oral Med Oral Pathol Oral Radiol Endod (2009) 107(5):625–9. doi: 10.1016/j.tripleo.2008.11.013

28. Zanoni, DK, Migliacci, JC, Xu, B, Katabi, N, Montero, PH, Ganly, I, et al. A Proposal to Redefine Close Surgical Margins in Squamous Cell Carcinoma of the Oral Tongue. JAMA Otolaryngol Head Neck Surg (2017) 143(6):555–60. doi: 10.1001/jamaoto.2016.4238

29. Jang, JY, Choi, N, Ko, YH, Chung, MK, Son, YI, Baek, CH, et al. Differential Impact of Close Surgical Margin on Local Recurrence According to Primary Tumor Size in Oral Squamous Cell Carcinoma. Ann Surg Oncol (2017) 24(6):1698–706. doi: 10.1245/s10434-016-5497-4

30. Barroso, EM, Smits, RW, Bakker Schut, TC, ten Hove, I, Hardillo, JA, Wolvius, EB, et al. Discrimination between oral cancer and healthy tissue based on water content determined by Raman spectroscopy. Anal Chem (2015) 87(4):2419–26. doi: 10.1021/ac504362y

31. Rosenthal, EL, Warram, JM, de Boer, E, Basilion, JP, Biel, MA, Bogyo, M, et al. Successful Translation of Fluorescence Navigation During Oncologic Surgery: A Consensus Report. J Nucl Med (2016) 57(1):144–50. doi: 10.2967/jnumed.115.158915



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Smits, van Lanschot, Aaboubout, de Ridder, Hegt, Barroso, Meeuwis, Sewnaik, Hardillo, Monserez, Keereweer, Mast, Hove, Bakker Schut, Baatenburg de Jong, Puppels and Koljenović. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-10-614593-g001.jpg
Nindubatigy.

Anstomicaltemplate
g inipaniony

N






OEBPS/Images/fonc-10-614593-g003.jpg
~ime tolocal recurrence

— o
- s
T o

o]

T3 T 3%

o —

Time (months)





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Intraoperative Assessment of the Resection Specimen Facilitates Achievement of Adequate Margins in Oral Carcinoma

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Material and Methods

        

          		

            Patient Selection

          



          		

            Data Collection

          



          		

            Specimen-Driven Intraoperative Assessment

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            2010–2012

          



          		

            2013–2017

          



          		

            Impact of Intraoperative Assessment

          



          		

            Specimen-Driven Intraoperative Assessment

          



          		

            Tumor Recurrence Rate and Survival Based on Margin Status

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc.2020.614593_cover.jpg
’ frontiers
in Oncology

Intraoperative Assessment of the
Resection Specimen Facilitates
Achievement of Adequate Margins in
Oral Carcinoma





OEBPS/Images/table2.jpg
Type of intraoperative assessment of
resection margins

Defect-driven
Specimen-civen
Total

2010-2012
(n=174)

%
5%
14%

20182017
(n=241)

2%
34%
61%





OEBPS/Images/table4.jpg
20102012
n=150

-adoquate 24 (16%)

close 62(1%)

tumor-positive. 64 (43%)

20132017
=95
16(17%)
49(52%)
20@1%)

Defect-driven
20102012 20132017
n=16 65
2(12:5%) 1523%)
67.5%) 31 (48%)
8(60%) 19 29%)

‘Specimen-driven
2010-2012 2013-2017
n=8 n-81
000%) 47 (58%)
3075%) 21 (26%)
5(625%) 13(16%)





OEBPS/Images/table3.jpg
tonguo
floor of mouth
alveolar process.

Adequate

2010-2012

n-26

1521%)
8016%)
16%)
1(6%)
00%)
16%

20132017
n-78
51 (46%)
e
o2
3015%
3(100%)
1%

Close

20102012
n=73
40(56%)
1836%)
7%
3@s%)
0%
520%)

Tumor-positive
2013-2017 20102012 2013-2017
n=101 n=75 n=62
47 (2% 1723%) 13(12%)
24 (45%) 24 (46%) 184%)
1404%) 11(68%) 18 (%)
10(3%) 867%) 6@2%)
0(0%) 0(0%) 0%

s 1571%) 760%)






OEBPS/Images/fonc-10-614593-g002.jpg
Specimen driven 10A margin ‘Additional

‘assessment status resection FHEmak satis

5 (15 tmor poste

- S
R —





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-10-614593-g005.jpg
‘isease specilic survival

3

T

T %

er—y—

T

H
£
H





OEBPS/Images/fonc-10-614593-g004.jpg
TRy ———

] 3 @
Time (months)

— o






OEBPS/Images/table1.jpg
Median age (range)
Male, %

pT1-pT2, %

Subsite, %
tongue

floor of mouth
-alveolar process
-cheek

-lip

- other

20102012
n=174

65(16-%9)
68
53

a

27

27
5
0
0

20132017
n=261

67 (24-95)
53
7

I
2
7
8
1
6

p-value difference

009
0002

<0001
008"

oDifevence fested after re-cateqorization 10 “Tonoue.” Toor of mouth,” Tendibie,” and “other.”





OEBPS/Images/table5.jpg
AR
0ARM Nono el
Ootectdrven 053
Specimen-diven 051

e A eiios B o ek et koiton:

pvalve.

<0001

Adjusted model”

AR 95% 0l pvalue
o <0001
0%3 079,100
054 041,071





