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Objective

Interpreting complex post-treatment changes in head and neck cancer (HNC) is challenging with further added perplexity due to variable interobserver interpretation and hence evolved the NI-RADS lexicon. We evaluated the accuracy of NI-RADS in predicting disease status on 1st post-treatment follow-up CECT in a homogenous cohort of those who received only chemoradiation.





Methods

Retrospective analysis of imaging was done for LASHNC patients who received radical chemoradiation in an open-label, investigator-initiated, phase 3 randomized trial (2012-2018) randomly assigned to either radical radiotherapy with concurrent weekly cisplatin (CRT) or CRT with the same schedule plus weekly nimotuzumab (NCRT). 536 patients were accrued, and 74 patients who did not undergo PET/CECT after 8 weeks post-CRT were excluded. After assessing 462 patients for eligibility to allocate NI-RADS at primary and node sites, 435 cases fell in the Primary disease cohort and 412 cases in the Node disease cohort. We evaluated sensitivity, disease prevalence, the positive and negative predictive value of the NI-RADS lexicon, and accuracy, which were expressed as percentages. We also prepared flow charts to determine concordance with allocated NI-RADS category and established accuracy with which it can identify disease status.





Results

Out of 435 primary disease cohort, 92%, 55%, 48%,70% were concordant and had 100%, 72%, 70%, 82% accuracy in NI-RADS1 (n=12), NI-RADS2 (n=261), NIRADS3 (n=105), and NI-RADS 4 (n=60) respectively. Out of 412 nodes disease cohort, 95%, 90%, 48%, 70%were concordant and had 92%, 97%, 90%, 67% accuracy in NI-RADS1 (n=57), NI-RADS2 (n=255), NI-RADS3 (n=105) and NI-RADS4 (n=60) respectively. % concordance of PET/CT and CECT across all primary and node disease cohorts revealed that PET/CT was 91% concordant in primary NI-RADS2 as compared to 55% concordance of CECT whereas concordance of CECT was better with 57% in primary NI-RADS3 cohort as compared to PET/CT concordance of 41%.





Conclusion

The accuracy with which the NI-RADS lexicon performed in our study at node sites was better than that at the primary site. There is a great scope of research to understand if CECT performs better over clinical disease status in NI-RADS 3 and 4 categories. Further research should be carried out to understand if PET/CECT can be used for close interval follow-up in stage III/IV NI-RADS 2 cases.
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Introduction

Imaging has become an integral part of the multidisciplinary management of head and neck cancer (HNC) patients to optimize prognosis and preserve function (1). Due to the availability of a wide range of multimodality treatment options resulting in complex post-treatment changes, interpreting them on imaging becomes challenging (2–4). Variable interobserver interpretation of imaging further adds perplexity in guiding the treating physicians (5). The ACR formed the Neck Imaging Reporting and Data Systems (NI-RADS) Committee in August 2016 to standardize the reporting of surveillance imaging to guide the management of patients with treated HNC. The NI-RADS was originally developed for surveillance contrast-enhanced CT (CECT) imaging with or without positron emission tomography (PET) in patients with treated HNC. It was aimed to simplify the communication between radiologists and referring clinicians and provide management guidance for specific levels of suspicion (5, 6). The ACR-NIRADS lexicon has been constantly evolving over the last few years, with the last revised version of the PET/CT lexicon published in January 2021, followed by the MRI lexicon in November 2021. The primary tumor site and neck lymph nodes are scored separately based on imaging suspicion of recurrence as NI-RADS1–4. NI-RADS1 indicates no evidence of recurrence, whereas NI-RADS4 is already known/biopsy-proven recurrence. New or enlarging discrete soft tissue with intense differential enhancement with or without bone erosion (7) qualifies for NI-RADS3 category for primary site. Enlarging node(s) with new necrosis or gross extranodal extension (ENE) (8) qualifies for NI-RADS3 category for neck nodes, both of which indicate biopsy of the area of concern. The first post-treatment imaging examination is important to predict prognosis as surgery has 70% 2-year relapse-free survival rate in early-stage (stage I/II) recurrence as compared to those with resectable advanced-stage HNSCC (stage III/IV), which have 25% 2-year relapse-free survival rate (9). Familiarity with the imaging characteristics of post-treatment changes and of the potential complications caused by surgery and irradiation and an ability to differentiate these findings from tumor recurrence are essential for post-treatment surveillance and follow-up management of patients with head and neck cancer (10). The post-radiation therapy imaging features of early reactions on CT and MR are thickening of the skin to radiation therapy and platysma, reticulation of the subcutaneous fat, edema and fluid in the retropharyngeal space, increased enhancement of the major salivary glands, thickening and increased enhancement of the pharyngeal walls, and thickening of the laryngeal structures (11, 12). As there is an extensive sundry of imaging features for various post-treatment changes in early-stage and late-stage HNC patients (1) including post-resection with or without flap reconstruction leading to altered anatomy, postoperative complications, post-chemo-radiation, and recurrence (9), it necessitated evaluating the accuracy of NI-RADS under a specific treatment condition. Due to the varied imaging features of these post-treatment changes, NI-RADS serves as a practical guide to interpreting radiologists which simplifies categorizing of the imaging features linked to specific levels of suspicion (5, 6). Knowledge of preferred imaging modalities in various settings and a standard protocol for optimal image acquisition are necessary (6, 13). While early detection of recurrence might yield improved survival outcomes, imaging before 8–12 weeks might be disadvantageous due to the presence of post-treatment inflammation (14, 15). Interpretation of post-treatment imaging may pose a challenge to inexperienced radiologists. Such scans should be reviewed by experienced in-house sub-speciality radiologists if the scan and reporting were done in another diagnostic center/hospital (16). Our hospital is a tertiary cancer care institute which caters to a very large number of HNC patients annually. Hence, there is a great need for standardized radiology reporting with a linked management algorithm that will help to reduce inter-reader variability and guide further management in such post-treated HNC patients. In this study, we have evaluated the accuracy of NI-RADS in predicting disease status on first post-treatment follow-up CECT in a homogenous cohort of those who received only chemoradiation.





Materials and methods




Materials

This was a retrospective analysis of imaging done for patients who were enrolled in a prospective randomized control trial study at our institute with non-metastatic, locally advanced stage III or IV HNSCC and who were fit for radical chemoradiation. These patients were randomized 1:1 to receive either radical radiotherapy (66–70 grays) with concurrent weekly cisplatin (30 mg/m2) or the same schedule of chemoradiotherapy (CRT) with weekly nimotuzumab (200 mg) (NCRT) at our tertiary care cancer institute between 1 January 2012 and 31 July 2017. The inclusion criteria included age of more than 18 years, treatment-naive head neck squamous cell carcinoma patients (oral, oro-pharynx, hypopharynx, and larynx) who underwent post-treatment positron emission tomography/contrast-enhanced computed tomography (PET/CECT) performed 8 weeks after radical CRT whose scans are available on Picture Archiving and Communication System (PACS) in our institute and with a minimum follow-up period of 12 months or had proven clinical/radiological recurrence (primary or nodal) prior to it. The key exclusion criteria included primary tumors with non-squamous cell histopathological report (HPR), patients with tumors originating in the nasopharynx, salivary gland, or nasal cavity, those who had received immunotherapy or prior radiotherapy to the head neck region, patients with imaging reviewed at our institute without available DICOM data, and patients who initially presented with distant metastasis (17). Other important exclusion criteria included concurrent second primary cancers, patients without adequate treatment details/clinical follow-up data and lastly suboptimal CECT component of PET CT to assign NIRADS either due to motion artefacts or metallic streak artefacts of the dentures. Hence, for our retrospective study, we screened patients from these 536 cases, out of which 74 patients who did not undergo PET/CECT at 8 weeks post-CRT were excluded. We assessed these 462 patients for eligibility in our study to allocate NI-RADS at primary and node sites. Figure 1 shows the consolidated algorithm of the study.




Figure 1 | Consolidated algorithm of the nimotuzumab plus cisplatin-radiation versus cisplatin-radiation arm showing the case selection for allocation of NI-RADS.







Study methodology

The prospective randomized control trial was approved by the institutional ethics committee and was registered with the clinical trial registry of India (CTRI/2014/09/004980). This was an investigator-initiated, randomized controlled trial. All patients underwent standard study protocol for evaluation and treatment. The detailed inclusion and exclusion criteria of the trial are mentioned in the supplement of the main published article of the trial (17). Head and neck examination, dental examination, blood tests, chest radiograph, and electrocardiogram before randomization of selected patients were performed. Randomization for five factors were carried out by an independent statistician, and patients have randomized 1:1 to either the cisplatin radiation arm (CRT) or the nimotuzumab–cisplatin radiation arm (NCRT) (17). The risk factors included the site of malignancy (oropharynx vs. larynx-hypopharynx), overall stage of disease (stage III vs. IV), age (≤60 vs. >60 years), and T stage. The data of the patients were obtained from electronic medical records, including age, sex, clinical nodal positive status, tumor site and clinical TNM staging (7th edition of AJCC cancer staging), which were further used as clinical variables for analysis. Both arms administered high-dose, curative radiotherapy for 6.5 to 7 weeks (17). Using a standard two-dimensional (2D) technique, a three-dimensional (3D) conformal technique, or intensity-modulated radiotherapy with megavoltage radiation, irradiation was planned (17). Local tumor and lymph node disease were treated with 70 grays (Gy), in 2 Gy per fraction, at 5 days per week. A dose of up to 46 to 50 Gy was planned for the uninvolved nodal regions of the neck. Other altered fractionation schedules were permitted if the biological equivalent dose for tumor control was similar to 70 Gy at 2 Gy per fraction. Quality check was done, and plans and doses were cross-verified and confirmed by the radiation oncology teams (17). Cisplatin was dosed at 30 mg/m2 weekly during radiation along with supportive medication in both arms (17). Weekly nimotuzumab was given in the NCRT arm intravenously as a 200-mg dose in 250 mL of normal saline over 60 min without any premedication (17). At 8 weeks post-CRT, these patients underwent PET/CECT for response assessment.

So, we evaluated the imaging of these patients in our retrospective study after approval by the institutional ethics committee. We screened patients from these 536 cases, out of which 74 patients who did not undergo it at 8 weeks post-CRT were excluded. We assessed these 462 patients for eligibility in our study to allocate NI-RADS at primary and node sites, and after applying inclusion and exclusion criteria, we had a primary disease cohort with 435 cases and a node disease cohort with 412 cases.

Data from the patients were obtained from electronic medical records. The patient’s age, sex, clinical TNM staging, tumor location, histopathological grade of primary and nodal sites if available, and post-treatment disease status on clinical and/or imaging follow-up were noted from electronic medical records which were further used as a clinical variable for analysis. On follow-up, the HPR of patients who underwent biopsy/fine needle aspiration cytology/surgery was noted wherever available. As all the patients who were included in the study had undergone PET/CECT as first post-treatment scan, PET findings at the primary and nodal sites were also noted. Similarly, on follow-up imaging whichever patients underwent PET/CECT, PET and CECT findings at the primary and nodal sites were noted. The disease management group radiologist with more than 13 years of experience who was responsible for assigning the NI-RADS category for primary and nodal sites was blinded to the pre-treatment and post-treatment clinical details and the HPR report of the patients. He reviewed only the non-fused whole-body contrast-enhanced computed tomography (WB-CECT) series of the PET/CECT scan done at 8 weeks post-treatment and assigned the NI-RADS category to primary and nodal sites, respectively. The NI-RADS categories were assigned to the non-fused WB-CECT series of the PET/CECT as per the NI-RADS version of 2018 published by the American College of Radiology.

We also prepared flow charts (Figures 2–5) to determine concordance with the allocated NI-RADS category and established accuracy with which it can identify disease status. The post-treatment clinical outcome and available imaging and histopathologic results for each patient who was assigned the NI-RADS category were noted from electronic medical records for a period of 1 year.




Figure 2 | Flow chart describing process in which allocation of NI-RADS1 to Primary and Nodal disease cohort was considered concordant.






Figure 3 | Flow chart describing process in which allocation of NI-RADS2 to Primary and Nodal disease cohort was considered concordant.






Figure 4 | Flow chart describing process in which allocation of NI-RADS3 to Primary and Nodal disease cohort was considered concordant.






Figure 5 | Flow chart describing process in which allocation of NI-RADS4 to Primary and Nodal disease cohort was considered concordant.







Statistical analysis

Diagnostic accuracy parameters like sensitivity, specificity, disease prevalence, positive and negative predictive value as well as accuracy expressed as percentages were calculated as a test to post-treatment disease status on imaging versus clinical outcome as gold standard and/or HPR as gold standard wherever available. Statistical analysis was performed using SPSS version 25 (Statistical Package for the Social Sciences).






Results




Patient characteristics

Out of the primary disease cohort with 435 cases, 12 cases were labeled NI-RADS1, five patients were labeled NI-RADS2A, and 256 patients were labeled NI-RADS2B. To simplify the statistical analysis, both NI-RADS2A and 2B were clubbed together, forming a total of 261 cases as NI-RADS2, 105 cases labeled as NI-RADS3, and 57 cases labeled as NI-RADS4. Likewise, out of the node disease cohort with 412 cases, 57 cases were labeled NI-RADS1, 255 cases were labeled NI-RADS2, 40 cases were labeled NI-RADS3, and 60 cases were labeled NI-RADS4. Patient demographics, clinical treatment, imaging, and histopathological details are mentioned in Tables 1, 2.


Table 1 | Demographics, Clinico-Radio-Pathological Details of Primary Site Cohort.




Table 2 | Demographics, Clinico-Radio-Pathological Details of Node Site Cohort.



Based on the prepared flow charts (Figures 2–5), we further evaluated concordance with the allocated NI-RADS category for both the primary disease cohort (Figure 6) and the node disease cohort (Figure 7) and assessed the accuracy with which it can identify disease status.




Figure 6 | Bar diagram showing the percentage of cases in which the assigned Primary NI-RADS category was concordant.






Figure 7 | Bar diagram showing the percentage of cases in which assigned node NI-RADS category was concordant.







Primary disease cohort

In total, 12 were labeled NI-RADS1, out of which 92% were concordant and had 100% accuracy to identify no disease; 261 were labeled NI-RADS2, out of which 55% were concordant and had 72% accuracy to identify no disease; 105 were labeled NI-RADS3, out of which 57% were concordant and had 70% accuracy to identify the presence of disease; and 57 were labeled NI-RADS4, out of which 79% were concordant and had 82% accuracy to identify the presence of disease. We also assessed the positive predictive value and the negative predictive value for each assessed category as mentioned in Figure 6.

We also compared the %concordance of assessed NI-RADS on CECT with PET/CT findings and clinical assessment of disease status up to 1-year follow-up (Table 3). We found that the %concordance for assessed CECT NI-RADS1, PET/CT, and clinical assessment of disease status up to 1-year follow-up was equal (92%), and the %concordance for assessed CECT NI-RADS2, PET/CT (91%) was better than CECT (55%) and clinical assessment of disease status up to 1-year follow up (59%). The %concordance for assessed CECT NI-RADS3, CECT (57%) was better than the clinical assessment of disease status up to 1-year follow-up (49%) and PET/CT (41%). The %concordance for assessed CECT NI-RADS4 and concordance of CECT (79%) was nearly the same as PET/CT (75%) and slightly better than the clinical assessment of disease status up to 1-year follow-up (72%).


Table 3 | Percent concordance of CECT, PET CT and Clinical disease status for respective Primary and Nodes NI-RADS.







Nodal disease cohort

In total, 57 were labeled NI-RADS1, out of which 95% were concordant and had 92% accuracy to identify no disease; 255 were labeled NI-RADS2, out of which 90% were concordant and had 97% accuracy to identify no disease; 40 were labeled NI-RADS3, out of which 48% were concordant; and had 90% accuracy to identify the presence of disease. A total of 60 were labeled NI-RADS4, out of which 70% were concordant and had 67% accuracy to identify the presence of disease. We also assessed the positive predictive value and the negative predictive values for each assessed category as mentioned in Figure 7.

We also compared the %concordance of assessed NI-RADS on CECT with PET/CT findings and clinical assessment of disease status up to 1-year follow-up (Table 3). We found that the %concordance for assessed CECT NI-RADS1, CECT and clinical assessment of disease status up to 1-year follow-up was equal (95%), while PET/CT was slightly lower (86%). The %concordance for assessed CECT NI-RADS2, PET/CT (95%) was slightly better than CECT (90%) and the clinical assessment of disease status up to 1-year follow-up (90%). The %concordance for assessed CECT NI-RADS3, clinical assessment of disease status up to 1-year follow-up (62.5%) was better than CECT (48%) and PET/CT (35%). The %concordance for assessed CECT NI-RADS4, CECT (70%) was better than PET/CT (57%) and clinical assessment of disease status up to 1-year follow-up (43%).

A line diagram showing the performance of NI-RADS in our primary disease cohort and nodes disease cohort are illustrated in Figures 8, 9. The cases in which there was discordance/ concordance between the assigned NIRADS category and their final outcome have been discussed in Supplementary Figures 1–8.




Figure 8 | Line diagram showing performance of NI-RADS in our Primary Disease Cohort.






Figure 9 | Line diagram Chart showing performance of NI-RADS in our Nodal Disease Cohort.








Discussion

Treatment intensification with concurrent chemoradiation approaches, neoadjuvant chemotherapy, and altered fractionation regimens have improved treatment outcomes in patients with HNCs (18–25), though with increased early toxic effects (26, 27). As there is an exhaustive list of imaging features for various post-treatment changes in early-stage and late-stage HNC patients (1), including post-resection with or without flap reconstruction leading to altered anatomy, postoperative complications, post-chemo-radiation changes, and recurrence (28), it necessitated evaluating the accuracy of NI-RADS under a specific treatment modality. Hence, we evaluated the accuracy of NI-RADS in predicting disease status on the first post-treatment follow-up CECT in a homogenous cohort of those who received only chemoradiation (17).

The baseline performance of NI-RADS in our study suggested that node NI-RADS performed better across all categories, except NI-RADS4 with PPV of 63% and accuracy of 67%, while the performance of NI-RADS2 and NI-RADS3 category cases of the primary cohort was relatively similar in terms of PPV and accuracy, mostly due to complex imaging features at the post-treatment site, making it difficult to allocate appropriate NI-RADS. Here PET/CECT imaging and close interval follow-up can be used as a solving tool in NI-RADS2 category, and biopsy can be recommended for NI-RADS3 cases. Patients who are categorized as NI-RADS1 in the primary disease cohort can undergo their next surveillance imaging after 6 months with 100% PPV and accuracy to identify no disease and 100% NPV to identify the presence of disease. The positive predictive value for NI-RADS3 primary site lesions was lower (74%) than for the node site (100%); this is most likely due to the more complex imaging appearances at the primary site due to post-treatment changes.

The NI-RADS1 group of the node disease cohort, among whom two patients showed avidity and had no disease progression on follow-up, suggested that first post-treatment PET/CT may have a false-positive rate, mainly due to radiation-induced inflammation causing FDG avidity. Among four NI-RADS2 primary disease cohort patients who did not show clinical disease progression at 1 year but turned out to be positive for the disease on HPR and were PET avid, it is suggested that, in combination with CECT, PET may help in raising the suspicion level of disease in this group of NI-RADS2, where NI-RADS category can be upgraded to NI-RADS3 and biopsy in such cases can be used as a problem-solving tool, hence prevailing the management recommendation in NI-RADS2 category of suggesting PET/CECT where only CECT was done. Here there is an opportunity to understand further that PET/CECT can be used for close interval follow-up in such stage III/IV patients to pick up residual disease/recurrence early.

Post-treatment CECT was better able to raise the suspicion of disease in NI-RADS3 and NI-RADS4 categories of both cohorts as compared to PET, hence subjecting these cases to early intervention for further evaluation to rule out residual disease/recurrence. Here imaging was better able to pick up disease progression in NI-RADS3 and NI-RADS4 cases as compared to clinical follow-up. This is an area which can be explored further to assess if the statistical significance of CECT performs better over clinical disease status on follow-up.

This is the first single institutional study with a large number of a uniform cohort of stage III and IV cases of the oropharynx and other cancer (hypopharynx and larynx) patients who underwent CRT and PET/CECT imaging as the first post-treatment scan (17) (with 435 cases in the primary disease cohort and 412 cases in the node Disease cohort included). We had a good number of cases with 1-year follow-up and low dropout cases, which helped evaluate NI-RADS’s performance in such a uniform cohort. Nearly all the first-post treatment PET/CECT scans were performed at around 8 weeks.

Since this study was for patients who underwent CRT as primary treatment, only advanced-stage patients were included in this study, and we had to exclude stages I–II cases. Patients with an incomplete response should undergo more frequent clinical and imaging surveillance than patients with a complete response. Furthermore, the true benefits of NI-RADS application with PET/CECT surveillance guidelines for the early detection of recurrent or residual disease and the potential impact on patients’ overall survival require further investigation, preferably with an additional long-term prospective study. Lastly, in our study, only stages III and IV cases of patients from a single institution were included in the study cohort. Post-operative cases who underwent CRT later were also excluded from the study. Therefore, the results may not be comparable or universalized if all stages and post-operative cases are included in the study cohort. The prognostic value of radiological extranodal extension was also studied in this cohort, where it was proved that rENE is an independent prognostic sign for survival in patients with LAHNSCC treated radically with CCRT that may be employed as a potential predictive marker for responsiveness to treatment, allowing for the stratification of patients into responders and non-responders (8, 29).

The NI-RADS was originally developed for surveillance contrast-enhanced CT imaging with or without PET in patients with treated HNC (30). The MRI-specific NI-RADS lexicon was soon published in view of superiority of MRI in evaluating the skull base, sinonasal region, nasopharynx, salivary glands, orbits, and especially for assessing perineural spread. The NIRADS has seen significant evolution over the last few years with the last revised version of PET/CT category descriptors, imaging lexicon, and management guidelines being published in January 2021, followed by the MRI lexicon in November 2021. We have employed the NI-RADS version of 2018 for this study. In areas where MRI is not routinely available, CT descriptors are the mainstay for reporting post-treatment surveillance imaging. Studies comparing the performance of PET vs. CT vs. MRI should be undertaken to determine the advantage of one imaging modality over the others in surveillance imaging. There will be greater developments in the protocols and reporting lexicon of head neck cancer surveillance imaging as more diverse original research works surface with time.





Conclusion

The accuracy with which the NI-RADS lexicon performed in our study at node sites was better than that at the primary site. There is a great scope of research to understand if CECT performs better over clinical disease status in NI-RADS3 and NI-RADS4 categories. Further research should be carried out to understand if PET/CECT can be used for close-interval follow-up in stage III/IV NI-RADS2 cases.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.





Author contributions

Study concept: AM. Study design: AM, HU. Data acquisition: AM, HU. Quality control of data algorithms: AM, HU, SS, NS, RV. Statistical analysis: AM, HU Manuscript preparation: all authors. Manuscript editing: AM, HU, SS. Manuscript review: all authors. All authors contributed to the article and approved the submitted version.





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.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1200366/full#supplementary-material




References

1. Post treatment, CT. and MR imaging in head and neck cancer: what the radiologist needs to know. RadioGraphics (2012) 32(5):1261–82. doi: 10.1148/rg.325115160

2. Gehani, A, Sen, S, Chatterjee, S, and Mukhopadhyay, S. Imaging features of postradiotherapy changes in head and neck cancers. Indian J Radiol Imag (2021) 31(03):661–9. doi: 10.1055/s-0041-1735921

3. Zhao, X, and Rao, S. Surveillance imaging following treatment of head and neck cancer. Semin Oncol (2017) 44(5):323–9. doi: 10.1053/j.seminoncol.2018.01.010

4.NI-RADs. Acr.org (2020). Available at: https://www.acr.org/Clinical-Resources/Reporting-and-Data-Systems/NI-RADs.

5. Strauss, S, Aiken, A, Lantos, J, and Phillips, C. Best practices for post-treatment surveillance imaging in head and neck cancer: application of the neck imaging reporting and data system (NI-RADS). Am J Roentgenol (2020) 216(6):1438–51. doi: 10.2214/AJR.20.23841

6. Mahajan, A, Agarwal, U, Gupta, A, Shukla, S, Ashtekar, R, Shah, P, et al. Synoptic reporting in head and neck cancers—Head and Neck Cancer Imaging Reporting and Data Systems (HN-CIRADS): The journey ahead for standardization of imaging in head and neck cancer staging. Cancer Res Stat Treat (2022) 5(2):322–30. doi: 10.4103/crst.crst_304_21

7. Mahajan, A, Dhone, N, Vaish, R, Singhania, A, Malik, A, Prabhash, K, et al. Prognostic impact of pattern of mandibular involvement in gingivo-buccal complex squamous cell carcinomas: marrow and mandibular canal staging system. Front Oncol (2022) 11:5967. doi: 10.3389/fonc.2021.752018

8. Mahajan, A, Chand, A, Agarwal, U, Patil, V, Vaish, R, Noronha, V, et al. Prognostic value of radiological extranodal extension (rENE) detected by computed tomography (CT) for predicting outcomes in locally advanced head and neck squamous cell cancer (LAHNSCC) patients treated with radical concurrent chemoradiotherapy (CCRT). Front Oncol (2022) 27:2029. doi: 10.3389/fonc.2022.814895

9. Goodwin, WJ Jr. Salvage surgery for patients with recurrent squamous cell carcinoma of the upper aerodigestive tract: when do the ends justify the means? Laryngoscope (2000) 110:1–18. doi: 10.1097/00005537-200003001-00001

10. Saito, N, Nadgir, R, Nakahira, M, Takahashi, M, Uchino, A, Kimura, F, et al. Posttreatment CT and MR imaging in head and neck cancer: what the radiologist needs to know. RadioGraphics (2012) 32(5):1261–82. doi: 10.1148/rg.325115160

11. Shah, JP. Patterns of cervical lymph node metastasis from squamous carcinomas of the upper aerodigestive tract. Am J Surg (1990) 160(4):405–9. doi: 10.1016/S0002-9610(05)80554-9

12. Hermans, R. Posttreatment imaging in head and neck cancer. Eur J Radiol (2008) 66(3):501–11. doi: 10.1016/j.ejrad.2008.01.021

13. Mahajan, A, Agarwal, U, Nandakumar, PG, Vaish, R, Shukla, S, Sahu, A, et al. Imaging recommendations for diagnosis, staging, and management of oral cancer. Indian J Med Paediatr Oncol (2023) 44(02):150–8. doi: 10.1055/s-0042-1760314

14. Helsen, N, Roothans, D, Van Den Heuvel, B, Van den Wyngaert, T, Van den Weyngaert, D, Carp, L, et al. 18F-FDG-PET/CT for the detection of disease in patients with head and neck cancer treated with radiotherapy. PloS One (2017) 12(8):e0182350. doi: 10.1371/journal.pone.0182350

15. Gupta, T, Master, Z, Kannan, S, Agarwal, JP, Ghsoh-Laskar, S, Rangarajan, V, et al. Diagnostic performance of post-treatment FDG PET or FDG PET/CT imaging in head and neck cancer: a systematic review and meta-analysis. Eur J Nucl Med Mol Imag (2011) 38:2083. doi: 10.1007/s00259-011-1893-y

16. Mahajan, A, Shukla, S, Mali, R, Agarwal, U, Sable, N, Vaish, R, et al. Second opinion interpretations by specialty radiologists in head-and-neck oncology and their impact on clinical management: A retrospective observational study. Cancer Res Stat Treat (2022) 5(4):652–9. doi: 10.4103/crst.crst_36_22

17. Patil, VM, Noronha, V, Joshi, A, Agarwal, J, Ghosh-Laskar, S, Budrukkar, A, et al. A randomized phase 3 trial comparing nimotuzumab plus cisplatin chemoradiotherapy versus cisplatin chemoradiotherapy alone in locally advanced head and neck cancer. Cancer (2019) 125(18):3184–97. doi: 10.1002/cncr.32179

18. Burri, RJ, Kao, J, Navada, S, and Packer, S. Nonsurgical treatment of head and neck cancer. In:  PM Som, and HD Curtin, editors. Head and neck imaging, 5th ed. St Louis, Mo: Mosby (2011). p. 2893–914.

19. Bernier, J, Cooper, JS, Pajak, TF, Van Glabbeke, M, Bourhis, J, Forastiere, A, et al. Defining risk levels in locally advanced head and neck cancers: a comparative analysis of concurrent postoperative radiation plus chemotherapy trials of the EORTC (#22931) and RTOG (# 9501). Head Neck (2005) 27(10):843–50. doi: 10.1002/hed.20279

20. Al-Sarraf, M, LeBlanc, M, Giri, PG, Fu, KK, Cooper, J, Vuong, T, et al. Chemoradiotherapy versus radiotherapy in patients with advanced nasopharyngeal cancer: phase III randomized Intergroup study 0099. J Clin Oncol (1998) 16(4):1310–7. doi: 10.1200/JCO.1998.16.4.1310

21. Baujat, B, Audry, H, Bourhis, J, et al. Chemotherapy in locally advanced nasopharyngeal carcinoma: an individual patient data meta-analysis of eight randomized trials and 1753 patients. Int J Radiat Oncol Biol Phys (2006) 64(1):47–56. doi: 10.1016/j.ijrobp.2005.06.037

22. Forastiere, AA, Goepfert, H, Maor, M, Pajak, TF, Weber, R, Morrison, W, et al. Concurrent chemotherapy and radiotherapy for organ preservation in advanced laryngeal cancer. N Engl J Med (2003) 349(22):2091–8. doi: 10.1056/NEJMoa031317

23. Fu, KK, Pajak, TF, Trotti, A, Jones, CU, Spencer, SA, Phillips, TL, et al. A Radiation Therapy Oncology Group (RTOG) phase III randomized study to compare hyperfractionation and two variants of accelerated fractionation to standard fractionation radiotherapy for head and neck squamous cell carcinomas: first report of RTOG 9003. Int J Radiat Oncol Biol Phys (2000) 48(1):7–16. doi: 10.1016/s0360-3016(00)00663-5

24. Adelstein, DJ, Lavertu, P, Saxton, JP, Secic, M, Wood, BG, Wanamaker, JR, et al. Mature results of a phase III randomized trial comparing concurrent chemoradiotherapy with radiation therapy alone in patients with stage III and IV squamous cell carcinoma of the head and neck. Cancer (2000) 88(4):876–83. doi: 10.1002/(sici)1097-0142(20000215)88:4<876::aid-cncr19>3.0.co;2-y

25. Blanchard, P, Hill, C, Guihenneuc-Jouyaux, C, Baey, C, Bourhis, J, Pignon, JP, et al. Mixed treatment comparison meta-analysis of altered fractionated radiotherapy and chemotherapy in head and neck cancer. J Clin Epidemiol (2011) 64(9):985–92. doi: 10.1016/j.jclinepi.2010.10.016

26. Trotti, A. Toxicity in head and neck cancer: a review of trends and issues. Int J Radiat Oncol Biol Phys (2000) 47(1):1–12. doi: 10.1016/s0360-3016(99)00558-1

27. Trotti, A, Bellm, LA, Epstein, JB, Frame, D, Fuchs, HJ, Gwede, CK, et al. Mucositis incidence, severity and associated outcomes in patients with head and neck cancer receiving radiotherapy with or without chemotherapy: a systematic literature review. Radiother Oncol (2003) 66(3):253–62. doi: 10.1016/s0167-8140(02)00404-8

28. Aiken, A, Rath, T, Anzai, Y, Branstetter, B, Hoang, J, Wiggins, R, et al. ACR neck imaging reporting and data systems (NI-RADS): a white paper of the ACR NI-RADS committee. J Am Coll Radiol (2018) 15(8):1097–108. doi: 10.1016/j.jacr.2018.05.006

29. Mahajan, A, Ahuja, A, Sable, N, and Stambuk, HE. Imaging in oral cancers: A comprehensive review. Oral Oncol (2020) 104:104658. doi: 10.1016/j.oraloncology.2020.104658

30. Aiken, AH, Farley, A, Baugnon, KL, Corey, A, El-Deiry, M, Duszak, R, et al. Implementation of a novel surveillance template for head and neck cancer: Neck Imaging Reporting and Data System (NI-RADS). J Am Coll Radiol (2016) 13(6):743–6. doi: 10.1016/j.jacr.2015.09.032




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2023 Mahajan, Unde, Sable, Shukla, Vaish, Patil, Agarwal, Agrawal, Noronha, Joshi, Kapoor, Menon, Agarwal, Laskar, Dcruz, Chaturvedi, Pai, Rane, Bal, Patil and Prabhash. 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-13-1200366-g005.jpg
NI-RADS 4

For both Primary and
Node targets

PET findings of the same study were
noted

PET - No uptake ‘ ‘

PET - Low grade ‘
uj

ptake

PET - Avid

Clinically post treatment changes seen
on follow-up for upto12 months with no
disease progression
was not considered concordant with
NI-RADS 4

Clinically disease Progression at the time
of 1% post-treatment scan/ histopathology
result at the same time was positive for
disease, then assigned NI-RADS 4 was
concordant.

Clinically has post treatment changes then on a \
low-up for upto12 months
developed recurrence at site of disease/ developed
recurrence on imaging follow-up (3 month/6month)
t was positive/negative for
disease on follow-up was not considered concordant

subsequent clinical fol

or histopathology resu!

NI-RADS 4

with

4






OEBPS/Images/fonc-13-1200366-g002.jpg
/Cﬁnically had no disease |
progression and stays
NI-RADS 1
even on one year follow

up b

The assigned NI-RADS 1
category was concordant with
clinical outcome at one year

NI-RADS 1

If clinically patient had disease
progression in less than one year

The assigned NI-RADS 1
category was not concordant
with clinical outcome at one
year

A y





OEBPS/Images/fonc.2023.1200366_cover.jpg
& frontiers | Frontiers in Oncology

Response assessment of post-treatment
head and neck cancers to determine further
management using NI-RADS (Neck Imaging

Reporting and Data System): a subgroup

analysis of a randomized controlled trial





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Response assessment of post-treatment head and neck cancers to determine further management using NI-RADS (Neck Imaging Reporting and Data System): a subgroup analysis of a randomized controlled trial

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Materials

          



          		

            Study methodology

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Patient characteristics

          



          		

            Primary disease cohort

          



          		

            Nodal disease cohort

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-13-1200366-g003.jpg
‘ NI-RADS 2

|

‘ Primary target NLRADS 2A ‘ Primary target NI-RADS 2B ‘ ‘ Node target NI RADS 2

PET findings of the same study were
noted

‘ PET — Low grade uptake ‘ ‘ PET - Avid

PET — No uptake

Clinically post-treatment changes seen on
follow-up for upto12 months
was considered concordant with
NI-RADS 2

Clinically disease Progression in less than or

equal to 1 year/ obvious imaging progression on

subsequent radiological follow-up (3 month/ 6

month) / histopathology result positive for

disease, then assigned NI-RADS 2 was not
concordant.

Clinically has post-treatment changes or no recurrence on follow-up
for up to 12 months at site of disease/ radiological follow-up (3
month/6 months) with post-treatment changes/ histopathology result
negative for disease/ showing post-treatment changes was
considered as concordant with NI-RADS 2






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-13-1200366-g007.jpg
100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Node NI-RADS (n=412)

NIRADSI (n=57) NIRADS2 (n=255) NIRADS3 (n=40) NIRADS4 (n=60)

" Node NI-RADS not concordant Node NI-RADS concordant





OEBPS/Images/table2.jpg
Nodal disease ¢ NI-RADS1 NI-RADS:

Male 48 221 35 52 356
Female 9 34 5 8 56
Total 57 255 40 60 412
Cisplatin Arm 27 127 16 33 203
Cisplatin + Nimotuzumab arm 30 128 24 27 209
Node Tumour Site

Hypopharynx 13 | 49 4 11 77
Larynx 20 92 6 11 129
Oropharynx 24 114 29 38 205
Oral cavity 0 0 1 0 1
HPR Grade

Not Documented 41 152 20 36 249
Well differentiated 0 3 1 1 5
Moderately Differentiated 9 35 5 6 55
Poorly Differentiated 7 65 14 17 103
N Stage

NO 23 89 1 1 114
N1 13 57 5 9 84
N2a 1 2 5 7 15
N2b 12 52 19 19 102
N2c 7 53 8 22 90
N3 1 2 2 2 7
Stage of Disease

Stage I1I 20 103 3 7 133
Stage IVA 32 145 35 50 262
Stage IVB 5 7 2 3 17
PET Imaging

No uptake 49 213 18 14 294
Low Grade Uptake 6 28 7 12 53
Avid 2 14 15 34 65
Clinical Progression (less than or equal to 1 year)

Yes 3 26 25 26 80
No 54 229 15 34 332
Imaging Progression (less than or equal to 1 year)

Yes 4 29 12 29 74
No 49 205 20 19 293
Progression on Histopath (less than or equal to 1 year)

Yes 5 29 16 29 79
No 5 18 5 7 35
Not done 47 208 19 24 298





OEBPS/Images/fonc-13-1200366-g009.jpg
300%

250%

200%

150%

100%

50%

0%

Performance of NI-RADS In our
Nodal Disease Cohort

97%

90%

NI-RADS1 NI-RADS2 NI-RADS3

=o=Positive predictive value = =®=Negative predictive value

NI-RADS4

=8=Accuracy






OEBPS/Images/fonc-13-1200366-g006.jpg
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Primary NI-RADS (n=412)

55% 57%
79%
92%
45% 43%
21%
8%

NIRADSI (n=12) NIRADS2 NIRADS3 NIRADS4 (n=57)
(n=261) (0=105)

Primary NI-RADS not concordant Primary NI-RADS concordant





OEBPS/Images/table3.jpg
% %

COHORTS No. of No low grade vid % concorda- = concorda- = Clinical % Accuracy of
ca-ses uptake upta-ke nce PET nce concorda- NIRADS for CECT
CECT nce
Primary
NI-RADSI
(IZ)RA 3 concordant 11 10 0 1 92% 92% 92% 100%
not 1 1 0 0 8% 8% 8%
concordant
ZIG-EADSZ concordant 143 130 11 2 91% 55% 59% 72%
not 18 86 10 2 9% 45% 41%
concordant
E](;;ADSS concordant 60 27 14 19 41% 57% 49% 70%
not 45 35 4 6 59% 3% 51%
concordant
E\;I7)RA D concordant 45 5 2 38 75% 79% 72% 82%
nof 12 5 2 5 25% 21% 28%
concordant
Nodes
fg)MDSl concordant 54 47 5 73 86% 95% 95% 92%
not 3 2 1 0 14% 5% 5%
concordant
NIRADS2 concordant 229 195 24 10 95% 90% 90% 97%
(255)
not 26 18 4 4 5% 10% 10%
concordant
fﬁ))RA Ds3 concordant 19 8 1 10 53% 48% 62.5% 90%
not
21 11 6 4 47% 53% 37.5%
concordant
i\z)-)RA DSt concordant 42 6 9 27 57% 70% 43% 67%
not 18 8 3 7 13% 30% 57%
concordant






OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-13-1200366-g001.jpg
Assessed for
eligibility

(0= 536)

Cases assigned to nimotuzumab chemoradiation Cases assigned to cisplatin chemoradiation arm

arm (n=268) (n=268)

Received Nimotuzumab chemoradiation (n=266) Received Cisplatin-based chemoradiation

Did not receive Nimotuzumab chemoradiation (n=266)

(0=2) Did not receive cisplatin-based chemoradiation
Patient defaulted (n=1) (n=2)
Patient received induction chemotherapy Patient defaulted (n=1)

followed by cisplatin chemoradiation alone (n=1) Received carboplatin instead of cisplatin(n=1)

74 patients who did not undergo PET-CT as 1%
post-treatment scan at 8 weeks post CRT were
excluded.

Finally, two cohorts for assigning NIRADS were
made based on the inclusion and exclusion criteria
from the remaining 462 patients

Primary Disease Cohort Nodal Disease Cohort

(n=435) (n=412)
(27 out of 462 did not meet (50 out of 462 did not meet
inclusion criteria or fell in inclusion criteria or fell in
exclusion criteria) exclusion criteria)






OEBPS/Images/fonc-13-1200366-g004.jpg
For both Primary and
Node targets

y

‘ NI-RADS 3 ‘

noted

‘ PET findings of the same study were ‘

PET - Low grade uptake

PET — No uptake

Clinically post-treatment changes
seen on follow-up for uptol12
months with no disease progression
was not considered concordant with
NI-RADS 3

Clinically disease Progression in less than or
equal to 1 year/ obvious imaging progression on
subsequent radiological follow-up (3 months /
6month)/ histopathology result positive for a
disease, then assigned NI-RADS 3 was
concordant.

Clinically has post-treatment changes. Then on subsequent
clinical follow-up for upto 12 months has post-treatment changes
or no recurrence at site of disease/ radiological follow-up (3
month /6month) with post-treatment changes/ histopathology
result negative for disease/ showing post-treatment changes was
not considered concordant with NI-RADS 3






OEBPS/Images/table1.jpg
Primary disease cohort NI-RADS1 NI-RADS2

Male 10 219 96 52 377
Female 2 42 9 5 58

Total 12 261 105 57 435
Cisplatin Arm 6 133 51 24 214
Cisplatin + Nimotuzumab Arm 6 128 54 33 221

Primary Tumour Site

Hypopharynx 4 53 20 10 87
Larynx 2] 89 33 8 132
Oropharynx 5 119 52 39 215
Oral cavity 1 0 0 0 1
HPR Grade

Not Documented 0 157 67 35 259
Well differentiated 4 3 1 1 9
Moderately Differentiated 3 32 15 6 56
Poorly Differentiated 5 69 22 15 111
T Stage

T1 1 12 1 1 15
T2 3 42 11 9 65
T3 5 134 45 16 200
T4a 2 64 46 30 142
T4b 1 9 2 1 13

Stage of Disease

jits 2 97 29 9 137
VA 8 150 75 47 280
VB 2 14 1 1 18

‘ PET Imaging
No uptake 11 216 62 10 299
Low Grade Uptake 0 21 18 4 43
Avid 1 24 25 43 93

Clinical Progression (less than or equal to Tyear)

Yes 1 108 51 41 201

No 1 153 54 16 234
‘ Imaging Progression (less than or equal to 1year)

Yes 1 34 19 12 66

No 10 200 60 16 286
‘ Progression on Histopath (less than or equal to 1year)

Yes 1 39 26 23 89

No 1 15 14 7 37

Not done 10 207 65 27 309





OEBPS/Images/fonc-13-1200366-g008.jpg
Performance of NI-RADS In our
350% Primary Disease Cohort

300%

100%
250%

82%

200%

150%

100%

50%

0%
NI-RADS1 NI-RADS2 NI-RADS3 NI-RADS4

=o=Positive predictive value = =®=Negative predictive value =®=Accuracy






