Guideline and Preliminary Clinical Practice Results for Dose Specification and Target Delineation for Postoperative Radiotherapy of Oral Cavity Cancer
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Abstract

Background. Surgery followed by radiotherapy (RT) is indicated for high-risk oral cavity cancer (OCC) patients. Based on multi-institutional reports, we developed a guideline for postoperative RT for OCC patients.

Methods. A multidisciplinary OCC team was recruited to develop a questionnaire concerning details of risk-factor categorization, target delineation, and dose specification. Thirty-one radiation oncologists from 18 institutions completed the questionnaire, and data were subjected to extensive review to establish the guideline by expert meeting. Here we also report results for patients treated in accordance with the guideline at our institution between 2007–2011.

Results. Forty-one patients received RT compatible with this guideline with a median 26.8-month follow-up. Thirty-two patients (78%) remained disease-free, 6 (15%) developed locoregional recurrence (4 in-field, 1 marginal, 1 out-field) and 4 (10%) developed distant metastasis. The overall 2-year survival rate was 86.7%. Conclusions. This guideline is promising and should be validated and refined

in further clinical practice.
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INTRODUCTION


The prevalence of oral cavity cancer (OCC) remains high and is increasing worldwide. According to the World Health Organization, oral cancer is the eighth most common cancer among males, with incidence rates between 1 and 10 per 100,000, with the highest rates in south-central Asia(1). The main treatment for OCC is wide excision with or without neck dissection. Except for those very early stage or terminal stage tumors, radiotherapy remains a crucial component of modern multidisciplinary treatment (2-4).


Among the various radiotherapy techniques, intensity-modulated radiotherapy (IMRT) has been widely accepted for the treatment of head and neck cancers (HNC) since the dose escalation for primary tumors using IMRT may result in an improvement in local control without an increase in toxicity (5-8). In clinical practice, the majority of clinical IMRT investigations for HNC have been focused on treating gross tumor disease. However, there remains a lack of consensus regarding the use of postoperative IMRT. This is of great importance for OCC patients because the rate of recurrence for advanced tumors is high, and adjuvant radiotherapy concurrent with chemotherapy may significantly increase local control for those patients (2-3, 9).


IMRT provides therapeutic advantages including improved coverage and conformality around tumors, as well as the ability to minimize doses to surrounding critical structures and other normal tissues. However, postoperative target delineation is very difficult due to the large surgical alterations of the normal anatomy, possibly increasing the risks in further treatment. Therefore, when considering the clinical application of postoperative IMRT in the treatment of OCC, several crucial issues should be addressed. First, the anatomical alteration is usually great after radical surgery, making the tissue boundaries ambiguous. Second, significant difference in target volume delineation and nodal basin selection exist even between physicians in the same department. Third, minimal data were available on the long-term outcome for OCC treated with IMRT that could be used as a guide for adequate target delineation and nodal basin selection. 


The various descriptions for determination of postoperative clinical target volume (CTV) in OCC from the literature are listed in Table 1. Therefore, the daily practice of treating physicians still presents numerous questions on delineating the CTV around the operative bed. The most difficult task is defining the optimal margin around these anatomy-altered sites to ensure adequate coverage of the possible routes for microscopic spread. Furthermore, no convincing evidence exists to make us comfortable increasing the margins for high-risk pathologic features such as close/positive margin, extracapsular extension, and soft tissue invasion. Increased recurrences using IMRT in the postoperative setting were observed by Turaka et al (10). They found that surgical destruction could alter the anatomy of normal lymphatic drainage and change the predictable pattern at risk which may result in increased marginal failures. In addition, the increased morbidity from the IMRT and the related hot spots could lead to treatment breaks, which in turn could increase the risk for failure. Since recent clinical results in the literature showed improved patient outcomes with postsurgical IMRT, we sought to find optimal treatment parameters for its use.


In the present study, we had two specific aims. First, we recruited radiation oncologists to attend a national collaborative meeting for the development of a guideline based on a literature survey and clinical results. The goal was to define risk factor categorization, nodal coverage, dose specification, and CTV delineation for the use of postoperative IMRT in OCC patients. Second, we retrospectively and prospectively evaluated our own institutional experience by using the guideline to examine the result of IMRT in OCC in terms of locoregional control, disease-free survival, freedom from distant metastasis, and overall survival in a cohort of 41 patients treated at our institution.

METHODS AND MATERIALS

Development of a cooperative proposal

The cooperative proposal to establish an RT guideline for postoperative OCC was initiated in mid-2007 when no consensus was available on the accurate delineation of CTV and dose specification. Our multidisciplinary HNC treatment team included an otolaryngologist, oral surgeons, medical oncologists, radiation oncologists, pathologists, and radiologists developed a questionnaire for use in a nationwide survey to evaluate the risk-factor categorization, target delineation, and dose specification for the postoperative use of IMRT for OCC. Based on literature review and clinical results, we then invited 31 radiation oncologists from 18 institutions to fill out the questionnaire. A formal conference was held in late 2007 to review the collected data. If more than 50% of the invited physicians had one item in common, it was listed in the guideline. This guideline was then modified and completed in 2008, and was then issued by all members of the official Taiwan Society for Therapeutic Radiology and Oncology.

Clinical study - Patients

The records of postoperative OCC patients treated with IMRT at one medical center between 2007 and 2011 were reviewed. Forty-one patients who conformed to the protocol were analyzed. Prior to the initiation of treatment, all patients provided a comprehensive history and underwent a physical examination and dental evaluation. The pretreatment work-up included a direct fiber optic laryngoscopy, neck palpation, complete blood counts and biochemistry profile, magnetic resonance imaging (MRI) or computed tomography (CT) of the head and neck, chest X-ray, abdominal sonography, and whole body bone scan. In some cases, positron emission tomography was performed. All the diseases were initially staged according to the 6th edition of the American Joint Committee on Cancer [AJCC] staging system and then re-formatted to the 7th edition for statistics.

Clinical study - Surgery

All patients underwent a curative composite excision of the tumor, with the surgical type dependant on the subsite. Of the 41 patients, 33 (80%) underwent unilateral neck dissection, and 6 (15%) underwent bilateral neck dissection. Two patients with T1N0 disease did not undergo neck dissections. Of the 41 patients, 40 (97%) underwent a reconstructive procedure with transfer of tissue to the surgical site.

Clinical study - Chemotherapy

Twenty-five (61%) patients including all 21 high-risk and 4 intermediate-risk patients received chemotherapy at the physician’s discretion. The concurrent chemotherapy regimen for high-risk oral cavity cancer patients was cisplatin 15 mg/m2 plus 5-Fluorouracil (5-FU) 750 mg/m2 per day administered as a 120 h continuous infusion on days 1–5 (week 1) and days 29–33 (week 5) during the course of RT. After completion of concurrent chemoradiation, another four courses of adjuvant chemotherapy were planned to be administered, consisting of 5-FU 2600 mg/m2 on day 1 plus a continuous infusion of Cisplatin 75 mg/m2 on day 2 for 48 hours. However, patients with obvious comorbidities or in a poor performance state received a modified treatment with lower dose, such as weekly cisplatin (30 mg/m2) during RT. Cetuximab was used for the patients who could not tolerate cisplatin due to hearing deficits or renal insufficiency. On the basis of these criteria, 22 patients received monthly chemotherapy, 2 with weekly cisplatin, and 1 with single-agent cetuximab. Four patients who were defined as high risk did not receive postoperative chemotherapy. Of these 4 patients, 1 did not receive systemic therapy because of old age and comorbidities, 1 patient refused 
chemotherapy, and 2 patients did not receive chemotherapy at the physician’s discretion.

Clinical study - IMRT

All patients underwent adjuvant radiotherapy based on the risk factor analysis. After immobilization by using a thermoplastic mask, simulation CTs were obtained in serial 3 mm slice intervals from the vertex of the skull down through 2 cm below the clavicular head. The CTV was outlined and reviewed slice by slice by the treating physicians. In this study, the role of MRI for target delineation in operated disease was to aid staging and was used as an anatomical reference for pre-operated tumor/nodal extension. CTV1 was the tumor bed, including the surgical bed with margin and the involved lymph node area. CTV2 was the high-risk lymphatic regions, and CTV3 was the intermediate-risk lymphatic areas. The risk assessment, dose to targets based on risk definitions, nodal coverage, and the method of target volume delineation were according to the guideline. The margin added to CTV to create planning target volumes (PTV) was 3 mm. Normal organ structures were delineated, including the brainstem, spinal cord, optic nerves and optic chiasm, parotid glands, mandible, and larynx. Inverse treatment planning was performed for all patients using the Eclipse treatment planning system, version 6.5.


All patients underwent extended-field IMRT that included the primary tumor sites and all the neck nodes down to the supraclavicular fossa using the simultaneous integrated boost (SIB) technique. Typically, seven to nine coplanar fields were applied to produce a homogeneous and conformal dose distribution. At least 95% of the PTV was encompassed by the prescribed dose. No more than 1% of any PTV would receive >110% or ≤90% of the prescribed dose. The postoperative IMRT was initiated as soon as possible after the surgical wounds had sufficiently healed.


Of the 41 patients, 40 completed the prescribed dose (e.g., PTV1 received 66 Gy in 2-Gy fractions in high-risk patients and 60 Gy in 2-Gy fractions in intermediate-risk patients). One high-risk patient received 62 Gy to PTV1 only due to intolerable side effects.

Clinical study - Follow-up

During the IMRT, the patients arranged to visit the clinic once a week to check for toxicity. The toxicity was graded according to the Common Toxicity Criteria (CTC version 2.0). After RT, they were examined every month for the first 6 months, every two months for the next 6 months, and every 3 months for the next 1 year. The interval was then extended to 6 months or annually as needed. Image studies such as a CT or MRI were arranged 3 to 4 months post-treatment and then every 6 months to assess locoregional recurrence.

Clinical study - Analysis of failure

For patients with suspicious findings on physical examination or on the diagnostic images, biopsies were arranged for pathological assessment of recurrence. For all patients with locoregional recurrence, the recurrent tumor volume identified on the CT or MRI would be transferred to the treatment planning CT datasets. The tumor recurrence was divided into three groups based on the tumor volume within the previously defined 95% isodose area: (a) in-field, > 95%; (b) marginal, 20 to 95%; and (c) outside, < 20%.

Clinical study - Statistical analysis of outcomes

The locoregional control (LRC), disease-free survival (DFS), distant metastasis-free survival (DMFS), and overall survival (OS) were calculated using the Kaplan-Meier method. All statistical analyses were performed using SPSS version 12 (SPSS, Inc., Chicago, IL).

RESULTS


The results are separated into two parts. The first was the statistical data from our cooperative proposal based on collection of clinical experience from different radiation oncologists which led to the proposed guideline. The second was our clinical treatment outcome based on this guideline.

Proposal and guideline - Characterization of risk factors


All attendees consistently agreed that the OCC patients should be classified as high risk, intermediate risk, or low risk to determine the postoperative IMRT targets and doses. High-risk patients were those who had one major risk factor or two minor risk factors. Intermediate-risk patients were those who had one minor risk factor. According to the majority statistical results, we recommended the definition for major risk as either positive/close surgical margin or ECE. The minor risk factors are T3/T4 primary tumor, perineural invasion, lymphovascular invasion, positive nodal status, and poor differentiation of the tumor. (Table 2A.)

Proposal and guideline - Dose specification


The dose specifications for OCC differed from physician to physician. We concluded that the most common doses for N0 or ipsilateral positive nodal disease in high-risk patients were 66 Gy, 59.4 Gy, and 56 Gy divided into 33 fractions for CTV1, CTV2, and CTV3; and, 60 Gy, 54 Gy, and 54 Gy divided into 30 fractions in intermediate-risk patients. If the contralateral lymph node was involved, both high- and intermediate-risk patients were treated with 66 Gy, 59.4 Gy, and 56 Gy divided into 33 fractions for CTV1, CTV2, and CTV3.(Table 2B) If a patient had a high risk feature, both primary and positive nodal bed would be classified as CTV1 to receive the highest dose.

Proposal and guideline - Nodal coverage


Nodal coverage for OCC was according to the primary tumor site and staging. The most common delineation and dose specification for nodal CTV is shown in Figure 1.

Proposal and guideline - target delineation


Our delineation guideline was focused on CTV1, i.e. surgical bed and involved lymph node areas. For CTV1 of the primary tumor site, more than 90% of the attendees would include the entire surgical bed and anatomic defect with an adequate margin, and the most commonly used margin was 1 cm (70%). About 70% of them would try to determine the preoperative tumor volume and add a 2-cm margin around it. They would cover the entire flap with a 0.5-cm margin and spare the skin 0.3 cm deep. In those cases with positive or close margins, an additional 1-cm margin would be added. The air cavity and uninvolved bone would be truncated when drawing the CTV. Sixty-percent of the participants would trace the involved major nerve to the origin.


Forty-percent of the participants agreed to trace the involved muscle along insertion to the origin. Only about 30% of the participants would include the area between the primary oral cancer site and the regional lymph node area. For CTV1 of the involved lymph node area, 90% of the attendees agreed to cover the entire involved nodal level, and 30% would delineate only the preoperative nodal basin with an adequate margin, most commonly 0.5 cm (67%). Also, 90% of the participants wanted to extend an additional border if ECE was presented, but there was no consensus about the length of the margin, with the most common being 1 cm (range, 0.5–2 cm). Seventy-percent of the participants would spare skin when drawing the nodal CTV1 with 2–5 mm, and 60% would truncate the air cavity, uninvolved muscle, and bone. The final consensus for CTV1 delineation is listed in table 2C.

Clinical treatment outcome


The clinical and disease characteristics of these patients are listed in Table 3A. All the pathologic features are listed in Table 3B. The median follow-up for living patients was 26.8 months (range, 13.8–42.9 months). Among the 41 patients, 32 (78%) remained disease-free during the follow-up time. There were 6 (15%) local-regional failures: 2 failed at the primary tumor sites, and 4 failed at the regional lymph nodes. There were 4 (10%) patients who developed distant metastases; of these, 1 also had locoregional failure. The 2- and 3-year locoregional control, disease-free survival, freedom from distant metastasis rate, and overall survival are shown in Figure 2. Acute grade III/IV toxicities of IMRT with or without chemotherapy included oral mucositis in 25 (61%), dermatitis in 26 (63%), neutropenia in 13 (32%), anemia in 7 (17%), and thrombocytopenia in 2 (5%) patients.


The median time from treatment completion to locoregional recurrence was 11.5 months (range, 3.6–37.7 months). Of these 6 failures, 2 patients failed in the primary tumor bed (CTV1) and 2 failed in the ipsilateral level I neck (CTV2). All 4 patients had in-field failures. One patient developed a local recurrence near the ipsilateral masseter muscle which was defined as marginal failure; and, 1 patient was found to have subcutaneous nodules over the contralateral cheek with parotid gland involvement and was defined as an out-field recurrence. A salvage IMRT to the local recurrent tumor with concurrent chemotherapy was given to 5 of them, but unfortunately these 5 patients all died eventually.

DISCUSSION


With the rapid improvement of radiation technology, clinical consensus for RT, is urgently needed, particularly for highly conformal image-guided methods. Unlike the development of surgical techniques, almost every detail for radiation planning can be quantified and calculated by using CT images from the RT planning system. For example, the margin needed from the gross tumor volume to develop the CTV is according to the pathological analysis. From a histological review of nodal extension by Apisarnthanarax et al (11)., it showed that extracapsular extension should be less than 5 mm in 96% of the examined lymph nodes from 48 head and neck cancer patients. As the distance from the capsule increased, the probability of tumor extension decreased. Thus, for the N1 node at high risk for ECE but without grossly infiltrating musculature, a 0.5 cm margin from the nodal gross tumor volume was recommended to cover the microscopic nodal extension. Therefore, to establish a guideline for the target delineation, the issues arising from literature review, clinical experience, statistical data, and the pathological analysis should be carefully examined by consensus meetings or checklists, as we did in this study. We employed the checklist as a tool to collect the details of RT planning from different radiation oncologists with assistance from our national radiation oncology society.


In our report, we created a guideline for postoperative IMRT which was approved by a group of nationwide radiation oncologists who specialized in head and neck cancers. Forty-one OCC patients from our institution whose treatment conformed to the guideline were followed to a median of 26.8 months. We observed 3-year estimated of locoregional control and overall survival of 87% and 79.3%, respectively; these compare rather favorably to the findings of previous IMRT studies shown in Table 4. As for the failure pattern, the majority of the locoregional failure sites were in-field, indicating adequate coverage of the marginal areas most at risk following resection. Sparing normal tissues, such as non-target oral mucosa, skin, temporomandibular joints, and sternocleidomastoid muscles, by using this guideline should reduce RT-related complications. Further clinical investigation to validate these preliminary results is warranted.


In adjuvant RT for OCC, which is mainly after major surgery, the great defects and alterations of the anatomical structures pose a challenge for the radiation oncologist trying to simultaneously take into account the target coverage and sparing normal tissue. Our proposed guideline for treating postoperative OCC could improve the consistency of RT planning processes, provide educational aids to junior physicians, and foster specific discussion between physicians or medical physicists. Since delineation of target volumes is the basis for conformal RT, the clinical application of this guideline would include IMRT, IGRT, VMAT, tomotherapy, proton therapy and the other advancing RT techniques.


In conclusion, we established a single nationally based adjuvant RT guideline for postoperative OCC by creating a cooperative proposal through the use of a questionnaire. Although the preliminary clinical outcomes were acceptable, due to the limitations of small case number and a retrospective study, further prospective clinical trials for validation are warranted.
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