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Advancements in surgical and radiotherapy techniques have enhanced locoregional control (LRC) 
in head and neck squamous cell carcinoma (HNSCC), yet 30–40% of patients still experience 
recurrence within 2–3 years. Salvage surgery can result in significant morbidity and often fails to 
achieve optimal LRC as a standalone treatment. Modern radiotherapy (RT) techniques support highly 
conformal re-irradiation for small local recurrences with acceptable toxicity. The role of positron 
emission tomography (PET-CT) based contouring is under evaluation for re-irradiation settings. This 
retrospective study included patients treated with re-irradiation at a tertiary care center, focusing on 
those with prior HNSCC in the oral cavity, pharynx, or larynx, who had received radical or adjuvant 
RT and presented with biopsy-confirmed recurrences or second primary tumors. PET-CT was used 
for metastatic workup, with rigid image registration on planning CT scan employing a significant 
40% SUVmax cut-off for tumor delineation. From January 2019 to June 2022, 85 patients underwent 
re-irradiation, with a median RT dose of 60 Gy (range: 44–66 Gy); 32 patients received concurrent 
chemoradiotherapy (CRT). Treatment planning used the volumetric modulated arc technique (VMAT), 
with the median Dmax for critical structures ranging from 7 Gy to 63 Gy. Acute grade 3 or higher 
mucositis, dysphagia, and odynophagia were observed in up to 23.5% of cases. At a median follow-up 
of 23 months, the 2-year disease-free survival (DFS) and overall survival (OS) rates were 55.2% and 
63.5%, respectively. These promising results support PET-CT contouring-based planning as a potential 
standard of care in re-irradiation.
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Globally, head and neck squamous cell carcinoma (HNSCC) accounts for approximately 0.9  million cases 
and results in around 0.4  million deaths annually. Despite advanced radiotherapy and chemotherapy, local 
recurrence and second primaries in previously irradiated areas remain significant challenges1. Randomized 
trials show a locoregional recurrence rate of 16–25% in high-risk postoperative HNSCC patients receiving 
adjuvant chemoradiotherapy (CRT)2. Up to half of those treated with definitive CRT for locally advanced 
HNSCC experience recurrence, and up to 40% of long-term survivors develop a second primary, with 15% 
occurring within five years post-treatment3.

Traditionally, salvage surgery has been the preferred option for recurrence, but it often involves extensive 
resection and risks of post-radiotherapy complications. It is effective in select cases with small recurrences, 
particularly in the tongue and buccal mucosa. Alternatives include palliative chemotherapy and re-irradiation 
(RERT). For localized recurrences with poor prognostic factors, re-recurrence rates are high without adjuvant 
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RERT. When surgery is not feasible, definitive RERT with concurrent chemotherapy remains viable, showing 
good locoregional control with manageable toxicity.

Critical to RERT is managing doses to organs at risk (OARs) like the spinal cord and carotids. Traditional 
imaging methods like CECT or MRI often fail to distinguish recurrence from post-RT changes, particularly 
in post-RT and postoperative settings. Modern techniques such as 18-FDG PET-CT provide better sensitivity 
and specificity in demarcating recurrences4, aiding in reducing gross tumor volume (GTV) and clinical tumor 
volume (CTV), thereby minimizing toxicity5. PET-CT for radiotherapy planning has been applied in initial 
diagnoses6, but its role in recurrent settings is still under investigation.

Delivering optimal doses while sparing OARs is challenging. Advanced methods like intensity-modulated 
radiotherapy (IMRT) mitigate RERT-related morbidities. IMRT, as shown by Vargo et al., is viable for large 
volume disease7, with multi-institutional series demonstrating its dosimetric and clinical benefits8–11.

In our study, PET-CT was used for contouring patients, and radiotherapy was delivered using VMAT to 
evaluate progression-free survival (PFS), overall survival (OS), and report acute and delayed toxicities.

Materials and methods
The study is a retrospective analysis of recurrent HNSCC cases treated at a tertiary care center between January 
2019 and June 2022, with approval from the institutional ethics committee (IEC no:11000552). The study 
adhered to ethical guidelines outlined in the Declaration of Helsinki, International Council for Harmonisation 
of Technical Requirements for Pharmaceuticals for Human Use (ICH) Guideline for Good Clinical Practice 
(GCP), and institutional ethics committee protocols. Since the patients were treated with standard institutional 
protocol and there was no direct contact between the researcher and the patients for the purpose of this study, 
the need of informed consent was waived. The data has been extracted from the electronic medical records of 
the institute. It included patients with HNSCC of the oral cavity, oropharynx, or larynx who were treated with 
curative radiation and presented with biopsy-proven recurrence or a second primary tumor in the head and 
neck region. Patients were eligible if they were between 18 and 80 years old, had a KPS ≥ 80, at least a 1-year gap 
from previous radiation, and were suitable for a dose of > 50 Gy in both radical and adjuvant settings.

In line with institutional policy, patients were required to have PET-CT-confirmed nonmetastatic disease to 
be considered for RERT. PET-CT was used exclusively for local tumor mapping and to rule out metastatic disease, 
not taken in the treatment position with immobilization setup. For oropharynx, hypopharynx, and larynx tumors 
at recurrence, definitive chemoradiotherapy was administered. Oral cavity tumors received surgery followed by 
adjuvant RT or CRT. Adjuvant CRT was provided in cases of T3-4 tumors, or where the margins were close/
positive, or nodes showed positivity with or without extranodal extension. Concurrent chemotherapy included 
weekly injection of cisplatin at 35 mg/m^2, with carboplatin (AUC-2) used for patients who were ineligible for 
cisplatin. Patients with lymphovascular space extension (LVE), perineural invasion (PNI), or tumors with a 
depth of invasion > 5 mm received adjuvant radiotherapy alone. Excluded from the analysis were patients with 
metastatic disease, extensive local recurrence unsuitable for radical intent CRT, a history of prolonged > grade 3 
acute reactions during the first RT, and those who received < 50 Gy in the RERT setting. Patients dependent on 
gastrostomy tube or ryle’s tube with or without functional larynx were included and these factors were taken into 
consideration for Recursive Partitioning Analysis (RPA) classification of the patients.

Following dental prophylaxis, patients underwent RT planning, including a contrast-enhanced CT scan in 
the treatment position with laser alignment to the markers. Head and neck CT scans, with 2.5–3 mm slices, 
were taken using a helical CT scanner up to the carina level after intravenous contrast injection. CT images were 
transferred as DICOM files to the contouring workstation, Eclipse planning system. The OARs were contoured 
per Radiation Therapy Oncology Group (RTOG) contouring guidelines. For definitive RERT, gross tumor 
volume (GTV) was mapped based on clinical findings, radiological imaging, and direct/indirect laryngoscopy 
findings, with PET CT assisting in GTV delineation. The PET CT, initially used for disease diagnosis, guided 
target delineation (Fig. 1). The DICOM files underwent rigid registration with CTsim as the target image and 
CTpet as the source image, initially auto-matched and manually refined. Using the PET adaptive threshold 
technique, the SUVmax of the tumor is set for contouring purpose. Now the PET components were overlaid 
on CTsim to define disease, using a 40% SUVmax threshold algorithm for GTV delineation, followed by slice-
by-slice validation to include suspicious, contrast-enhancing regions. A 5 mm planning target volume (PTV) 
margin was standardly added to the GTV in re-irradiation.

For adjuvant RERT, the preoperative PET CT was similarly fused with CTsim, involving the same matching 
procedure (Fig. 2). The auto-contoured GTV volume was compared to the post-operative bed (CTV) contour on 
CTsim to ensure inclusion of suspicious volumes, subsequently receiving a 5 mm PTV margin.

The prescribed dose was 66 Gy/33 fractions at 2 Gy per fraction over 6.5 weeks for definitive CTRT, and 
60 Gy/30 fractions at 2 Gy per fraction over 6 weeks for the adjuvant setting, observing OAR limits. Dosimetric 
constraints were met without significant PTV compromise, as detailed in Table  1. Planning was conducted 
using VMAT with single or double arc depending on plan complexity and critical OAR proximity. RT delivery 
utilized a Varian TrueBeam system (Palo Alto, California) with a 5 mm MLC width at the isocenter. Treatment 
verification involved online cone-beam computed tomography (CBCT) for every alternate fraction.

During treatment, patients were assessed weekly in the outpatient department (OPD), with acute toxicities 
graded per RTOG acute toxicity criteria. Follow-up protocols post-radiotherapy complied with institutional 
policy: monthly visits for the initial 3 months, bi-monthly for the next 6 months, and quarterly thereafter. 
Late toxicities were assessed as per RTOG late morbidity criteria12, and trismus grading according to criteria 
by Dijkstra et al.13. In radical RERT with chemotherapy, response assessment was conducted 3 months after 
radiotherapy completion using PET-CT. Adjuvant RERT follow-up involved clinical examination and imaging 
for suspected locoregional or distant failure, with biopsy for suspected lesions deemed necessary for disease-free 
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survival (DFS) evaluation if deemed positive. To assess outcomes based on RPA class as proposed by the MIRI 
collaborative group, patients were categorized into class I, II, and III8.

Patients with a disease-free interval (DFI) of more than two years between the previous RT and current 
histopathologically confirmed recurrence and who underwent resection were categorized as class (I) Patients 
with a DFI greater than two years but who were unresected, or a DFI of less than two years without organ 
dysfunction, were considered class (II) Those with a DFI of less than two years and with organ dysfunction were 
categorized as class III.

This classification helped in stratifying patients for outcome analysis, potentially guiding treatment decisions 
and predicting prognosis based on the RPA class they belonged to, thus customizing therapeutic approaches 
more effectively.

Fig. 2.  CTV contouring on CTsim scan (A), PET CT scan (B) and fused scan (C–E) in a patient receiving 
adjuvant reirradiation.

 

Fig. 1.  GTV & PTV contouring on CTsim scan (A), PET CT scan (B) and fused scan (C) in a patient receiving 
definitive reirradiation.
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Statistical analysis
Statistical analysis utilized SPSS software (version 24.0; IBM). OS was calculated from biopsy-confirmed 
recurrence to death from any cause, DFS from reirradiation initiation to disease progression or death, and 
DMFS from RERT initiation to distant progression or death. Survival rates were estimated using the Kaplan-
Meier method, with log-rank tests comparing outcomes. P-values ≤ 0.05 were considered significant.

Results
Patient characteristics
A total of 85 patients received reirradiation during the study period. Out of these, 4 patients had a second 
primary tumor within the previously irradiated area, and the rest were recurrences. The baseline patient and 
disease characteristics are detailed in Table 2. The most common site was the buccal mucosa (70.5%), followed 
by the tongue (16.4%). All patients were treated with VMAT. The median PTV volume was 207 cc (ranging from 
21 to 786 cc). The dosimetric constraints and median parameters achieved are shown in Table 1. Twelve patients 
were lost to follow-up, and in conservative assessments, all of them were censored for DFS and OS events.

Efficacy outcomes
At a median follow-up of 23 months (ranging from 4 to 54 months), the 2-year DFS rate was 55.2% ±7.1% (95% 
CI) (Fig. 3), while the 2-year OS rate was 63.5% ±7.6% (95% CI) (Fig. 4). Further analysis based on RPA class 
showed median 2-year OS with 95% CI rates of 74.5% ±9.4%, 45.6% ±14%, and 50% ±23.8% for classes I, II, and 
III, respectively, with a p-value of 0.09 (Fig. 5). Combined, the OS for RPA class I was significantly better than 
for classes II and III (p = 0.045). When comparing adjuvant RERT to definitive RERT, the 2-year OS was better in 
the resected subgroup [68.8% ±8% (95% CI) vs. 53.9% ±14.3%(95% CI)], but this difference was not statistically 
significant (p = 0.15). Similarly, there was no significant difference in median DFS between adjuvant and radical 
RERT patients (36 months vs. 31 months, p = 0.72).

Pattern of failure
At the time of analysis, 27 patients had biopsy and/or radiologically confirmed recurrences after RERT. Of these, 
18 were in the adjuvant RERT subgroup, and 9 in the radical RERT group. Additionally, 2 patients in each group 
developed a second malignancy in the head and neck region. In the adjuvant RERT group, local, locoregional, 
and distant recurrences were observed in 11, 5, and 2 patients, respectively. Among the local recurrences, the 
most common site was at the upper margin of the post-operative region adjoining the low infratemporal region 
(6/11 patients). For tumors in anatomically complex and functionally critical regions like the oral cavity, the use 
of only PET-based imaging might lead to underestimation of the required margins. This discrepancy underscores 
the importance of tailoring margin settings based on tumor type, location, and imaging findings, with a focus on 
including adjacent anatomical structures at risk of subclinical disease involvement. In the radical RERT group, 
local and locoregional recurrences were established in 5 and 2 patients, with no distant metastasis. Among these, 
2 out of 5 patients experienced recurrence within 1 cm of the reirradiation region.

Toxicity
Acute
Acute grade 3 or higher mucositis, dysphagia, and odynophagia were observed in 14.1%, 21.1%, and 23.5% 
of cases, respectively. Only 5 out of 85 patients required treatment interruption due to grade 3 odynophagia. 
Nasogastric tube insertion was necessary for 37 out of 85 patients. Treatment compliance was generally good; 
however, one patient in the adjuvant CRT group, with a planned dose of 60 Gy, required RT stoppage at 50 Gy 
due to grade 4 mucositis. Two other patients in the radical CRT group, planned for 66 Gy, were stopped at 60 Gy 
due to persistent grade 3 odynophagia and mucositis lasting more than 7 days.

Late
Osteoradionecrosis (ORN) was observed in 3 patients (median duration from RT was 5 months), with 2 
developing palatal necrosis and 3 experiencing orocutaneous fistulas, managed conservatively. Of these 8 
patients, 6 were from the adjuvant RERT group. The median cumulative mandibular dose (physical summation 

Parameter Desirable constraints Optimum constraints Median dosimetric parameter achieved

PTV D95% (median) 95% 95% 97% (95-99.2%)

Cord Dmax (median) Dmax < 5 Gy for gap < 2years
< 6 Gy for gap > 2 years

Dmax < 10 Gy for gap < 2 years
< 20 Gy for gap > 2 years 7 Gy (2–24 Gy)

Brainstem Dmax (median) Dmax < 5 Gy for gap < 2years
< 6 Gy for gap > 2 years

Dmax < 10 Gy for gap < 2 years,
< 20 Gy for gap > 2 years 8 Gy (1–27 Gy)

PRV Cord Dmax (median) Dmax < 7 Gy for gap < 2 years,
< 12 Gy for gap > 2 years

Dmax < 12 Gy for gap < 2 years,
< 22 Gy for gap > 2 years 10 Gy(4–26 Gy)

Mandible Dmax (median) Dmax < 60 Gy with cumulative EQD2 < 118 Gy Dmax < 62 Gy with cumulative EQD2 < 124 Gy 63 Gy (15–68 Gy)

Larynx Dmean (median) < 25 Gy < 25 Gy 22 Gy (2–38 Gy)

Oral cavity Dmean (median) < 45 Gy non-oral cavity primary < 45 Gy for non-oral cavity primary 22 Gy (10–47 Gy)

Carotid Dmax (median) Dmax < 60 Gy with cumulative EQD2 < 118 Gy Dmax < 62 Gy with cumulative EQD2 < 120 Gy 62 Gy (5–66 Gy)

Table 1.  Desirable and optimum dosimetric constraints prescribed and achieved.
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of Dmax from both RT plans) in patients developing ORN was 120  Gy (ranging from 118 to 122  Gy). The 
median gap between initial RT and RERT was 1.6 years (ranging from 1 to 2.8 years). No patient reported 
late spinal cord toxicity. Late toxicity manifested as Grade 2 or higher subcutaneous tissue toxicity in 49% of 
patients, with no cases of subcutaneous necrosis. However, 8.2% had grade 3 subcutaneous tissue toxicity, all in 
the adjuvant RT group. Moderate (grade 2) xerostomia was present in 52 out of 85 patients even before RERT, 
possibly due to prior RT. Post RERT, grade 3 xerostomia was observed in 22 patients.

Trismus of grade 2 or higher was observed in 56 out of 85 patients. It was more prevalent in postoperative 
patients compared to those receiving radical CTRT. This condition likely resulted from the treatment’s effects on 
the masticatory muscles or associated tissues in the irradiated area, impacting patients’ quality of life (QOL) by 
limiting mouth opening and potentially affecting nutrition and oral hygiene.

The comprehensive analysis of patient characteristics, treatment efficacy, patterns of failure, and acute 
and late toxicities provides crucial insights into the management of recurrent HNSCC, tailoring reirradiation 
strategies to optimize outcomes while minimizing adverse effects. Continued follow-up and further studies will 
be essential to refine these approaches and improve long-term patient care.

Discussion
Three pivotal trials—RTOG 9610, RTOG 9911, and French Groupe d’étude—have demonstrated re-irradiation’s 
value in treating local recurrences or second primary HNSCC tumors and significantly influence current 
practices14–16. Typically, salvage surgery serves small-volume recurrences, with Institut Gustave Roussy’s Phase 
II study showing that concurrent chemoradiotherapy post-surgery can enhance locoregional control (LRC)17. 

Parameter Results (percentage)

Median age (in years, range) 50 (18–77)

Male: female 74:11

ECOG PS status

0 14.1%

1 85.9%

Tumor site

Buccal mucosa 60 (70.5%)

Tongue 14 (16.4%)

Oropharynx 8 (9.4%)

Larynx 3 (3.5%)

Type of RERT

Adjuvant 58 (68.2%)

Radical 27 (31.8%)

T stage

T1 2(2.4%)

T2 12(14.1%)

T3 17 (20%)

T4a 54(63.5%)

N stage

Nx 32(37.6%)

N0 47(55.2%

N1 4(4.7%)

N2 2(2.3%)

Median RT dose (Gy) adjuvant 60 (50–66 Gy)

Definitive 66(60–66 Gy)

Concurrent chemotherapy 32/85

Agent Cisplatin

Median number of cycles 4 (4–6 cycles)

Median PTV Volume (cc) 207 (21–786)

RPA class

1 48(56.4%)

2 32(37.6%)

3 5(5.8%)

Median RT duration (range) 44 days (40–54 days)

Gap between previous RT and RERT 3 years (1–21 years)

Table 2.  Baseline patient characteristics. ECOG European cooperative oncology group, PS performance score, 
RT radiotherapy, PTV planning target volume, RPA recursive partitioning analysis, RERT reirradiation.
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Janot et al. corroborated this with improved disease-free survival (DFS) through adjuvant RERT post-surgery, 
even though it didn’t enhance overall survival (OS)16. In our study, 68.2% of patients received adjuvant RT, which 
benefited resected patients over those treated radically, albeit not to a statistically significant degree.

Patient selection for RERT is challenging. RTOG 9911 and 9610 set prerequisites like a one-year gap 
since prior RT, unsuitability for surgery, and specific health parameters (ECOG 0–1 or KPS > 60%)2,18. Janot 
et al. focused on cases with significant infiltration or nodal recurrence, excluding those with serious post-
RT complications16. Their selection approach was directed by findings highlighting factors like time between 
therapies, salvage surgery, and organ function impact on re-irradiation outcomes, aligning our patient group 
toward a favorable RPA classification8,9,19.

Fractionation, RT techniques, and chemotherapy regimens were critically assessed in RTOG studies. Like the 
MIRI collaborative findings reporting 80.1% success with once-daily fractions, we opted for this dosing due to 
proven advantages and practical considerations. The development of IMRT has shown promising results, as seen 
in a study by Lee et al. where IMRT significantly reduced locoregional failure compared to conventional RT20. 
Kharofa et al. found IMRT superior in minimizing late toxicities compared to 3D-CRT21, encouraging our full 
adoption of VMAT, a refined IMRT form.

SBRT presents precise radiation delivery, offering potential benefits for re-irradiation, as indicated by studies 
reporting promising survival outcomes and reduced late toxicity22–24. However, a comparison by Vargo et al. 
highlighted a better toxicity profile but poorer OS for SBRT compared to IMRT7. Based on tumor volume 
assessments and prior research, we used conventional fractionation and VMAT for treatment.

Controversy persists around RT doses and re-irradiation volumes. Caudell et al.‘s analysis emphasized 
doses ≥ 66  Gy in radical contexts for optimal results9. Table  3 summarises all the studies which utilised 
reirradiation in HNSCC. Our study maintained GTV and CTV to primary sites without elective nodal irradiation, 
using reduced margins justified by PET-CT contouring accuracy5,25. This technique provided effective volume 
optimization, resulting in fewer acute and late complications, notably lower rates of Grade 3 subcutaneous 
fibrosis and osteoradionecrosis than other studies report26. The ALARA principle aided in effectively controlling 
doses to critical OARs, as seen in our lower morbidity rates.

In our study cohort, there was a trend towards improvement in OS in adjuvant RERT group vis a vis definitive 
RERT group, but it failed to meet statistical significance level (p = 0.15) and thus warrants cautious interpretation. 
This might be attributed to smaller sample size and potentially a larger cohort of each group might have shed 
more insight into it. Adjuvant RERT is mostly limited to relatively earlier stage tumors, mostly limited to oral 
cavity region. Definitive RERT on the other hand is mostly used in oropharynx, hypopharynx and larynx subsites. 

Fig. 3.  Disease free survival of the patients receiving reirradiation.
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Given the closer proximity of pharyngeal and laryngeal tumor to spinal cord and carotids making the planning 
more challenging and need of higher BED in definitive RERT coupled with need of concurrent chemotherapy, 
the outcomes are expected differently. There is an inherent patient selection and more intense treatment bias 
inbuilt into this subgroup analysis, and these factors need to be considered while interpreting this result.

The choice of imaging for tumor delineation on RERT setting remains critical in optimising RERT outcomes. 
Contouring of GTV and CTV for atypical tumor location like retromolar trigone or parapharyngeal space 
tumors with extensive perineural spread to infratemporal region remain challenging. PET imaging is a valuable 
tool for defining target volumes, its limitations in accurately delineating microscopic tumor extension should be 
carefully considered. PET-CT alone underestimates these atypical radiological finding and also at time fails to 
detect recurrence from post treatment non tumorous changes. The role of complementary diagnostic modalities, 
such as clinical palpation and MRI, is crucial in ensuring comprehensive coverage of potential tumor spread. 
Over the time the introduction of diffusion-weighted imaging (DWI) and T1 contrast dynamic perfusion 
imaging (DCE-MRI) which are known as functional MRI, has evolved as alternative imaging technique in 
characterising tumor recurrence in HNC. Both DWI, and post-contrast DCE-MRI have better potential in 
detecting as well as differentiating tumour recurrence from post-therapy non-tumorous changes which are very 
important for accurate delineation in RERT patients27. However, in case of recurrent disease with cervical node 
as the primary recurrent site the utility of diffusion weighted MRI lack adequate sensitivity and specificity28. This 
has been attributed to reactive nodal changes with multiple germinal centres and stromal fibrosis which results 
in microstructural barriers within lymph node, thus reducing apparent diffusion coefficient. Therefore, a more 
nuanced, multimodal approach that integrates PET-CT, functional MRI, and clinical examination is warranted 
for CTV margin definition, especially in cases of oral cancer and this multimodal approach for contouring can 
be looked into for future studies. Several studies have evaluated the role of PET-CT, functional MRI, and other 
imaging modalities, both pre- and post-treatment, in combination with clinicopathological factors as part of 
radiomics approaches to predict overall survival in HNC. However, there is a notable paucity of radiomics-based 
data in the context of re-irradiation, highlighting a critical gap and paving the way for future research in this 
area29,30.

On analyzing the pattern of recurrence in our patient cohort, a few cases demonstrated failure near the upper 
margin of the postoperative region. This may be attributed to the underestimation of CTV expansion in areas 
of PNI extending toward the infratemporal region, which might have been missed on preoperative PET-CT 
imaging. Incorporating functional MRI and careful delineation of the infratemporal region may help optimize 
CTV volumes. Additionally, marginal recurrences may arise due to changes in CT anatomy during radiotherapy, 
influenced by postoperative edema and seroma evolution. Close monitoring with daily CBCT and judicious 
application of adaptive radiotherapy could potentially mitigate the risk of such marginal failures.

Fig. 4.  Overall survival of the patients receiving reirradiation.

 

Scientific Reports |        (2025) 15:18721 7| https://doi.org/10.1038/s41598-025-00557-7

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Our retrospective analysis, despite inherent limitations such as smaller sample size and challenges with 
PET/CT acquisition, is pioneering in evaluating PET-CT-based contouring’s impact on RERT. We accept that 
including larger number of patients of only one subgroup that is either definitive RERT or only adjuvant RERT 
could have allowed more generalizability of our data.

The large number of buccal mucosa patients in our study can be attributed to the high prevalence of buccal 
mucosa tumors in India and especially in our region as well as the rampant use of oral chewable tobacco. In view 
of noted acute and late sequelae, it would have been useful to assess QOL for patients undergoing RERT. This 
would have helped correlate effect of these sequelae on the QOL of the patients and perhaps even correlation 
between QOL and survival. This was not done as study is retrospective and we will consider this for future 
prospective studies. Therefore, large prospective study with possible incorporation of QOL data at various time 
points and organ function outcomes could establish this PET-CT based approach as a standard, potentially 
improving recurrent HNSCC outcomes. Limited follow up period for some patients is another limitation of our 
study which can influence the reported outcomes. Given the high number of censored cases in the Kaplan-Meier 
analysis a formal sensitivity analysis would have been useful. However, it was not feasible due to smaller sample 
size, and it remains a limitation of our study. A registry-based prospective follow-up with extended follow up 
duration is required to provide a more comprehensive assessment of the efficacy of PET based contouring and 
its impact on patient outcomes in future research.

Conclusion
PET-CT-based contouring for RERT offers encouraging clinical results and should be considered alongside CT/
MRI-based contouring. Careful patient selection and advanced imaging and radiotherapy techniques could 
significantly improve outcomes in recurrent HNSCC, addressing historically challenging prognoses.

Fig. 5.  Overall survival based on RPA class in patients receiving reirradiation.
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Name of 
study Number Inclusion criteria RT dose/fractionation Chemotherapy DFS/PFS OS Acute toxicity Late toxicity

Janot et al.16 65

- HNSCC occurring in 
previously irradiated with at 
least 45 Gy.
-The intersection between 
the first irradiation and the 
reirradiation fields > 65%.

60 Gy at 2 Gy per 
fraction Hydroxyurea + 5-Fluorouracil

DFS was 
significantly 
improved 
in the RT 
arm, with 
a hazard 
ratio of 1.68 
(95% CI, 
1.13 to 2.50; 
P = 0.01)

OS was not 
statistically 
different.

Gr 3–4 28%

At 2 years, 
39% of 
patients in 
the RT arm 
and 10% in 
the Wait & 
see (WS) arm 
experienced 
grade 3 or 4 
late toxicity

RTOG 
991115 105

Recurrent, unresectable 
HNSCC or second primary 
tumor in a previously 
irradiated field

1.5 Gy per fraction 
Bid x 5 days every 2 
weeks x 4

Cisplatin + Paclitaxel - MST 12.1 
months

Gr 5 5%
Gr 4 or worse 
21%

83%

RTOG 
961014 86

-Recurrent, unresectable 
HNSCC or second primary 
tumor in a previously 
irradiated field
- Patients may have 
experienced > 1 recurrence, 
as long as the first recurrence 
occurred at least 6 months 
after the end of the prior 
radiotherapy
- ≥75% of tumor volume 
within the previously 
irradiated volume that 
received 45 Gy with the initial 
RT program

1.5 Gy per fraction Bid 
x 5 days x 4 weeks Hydroxyurea + 5-Fluorouracil -

2 year OS 
15.2%
5 year OS 
3.8%

Gr 3 38%
Gr 4 17.7%
Gr 5 7.6%

Gr 3 19.4%
Gr 4 3%

Lee N at al20 105

RERT to sites like neck, 
nasopharynx, paranasal 
sinus, oropharynx, oral 
cavity, larynx, parotid and 
hypopharynx

Median RERT dose: 
59.4 Gy Platinum based -

LR 
progression-
free disease 
had better 
2-year OS vs. 
those with 
LR failure 
(56% vs. 
21%)

Gr 3–4
23%

Gr 3–4
15%

Kharofa et 
al.21 38

- Prior radiation at the site of 
recurrence of at least 45 Gy
-Treated with continuous 
course-reirradiation

Median RERT dose: 
60 Gy Paclitaxel + Carboplatin

PFS at 1, 2, 
and 5 years 
was 44%, 
34%, and 
29%

OS at 1, 3, 
and 5 years 
was 54%, 
31%, and 
20%

Gr 2 5%
Gr 3 15%

16%
(68% 
required 
gastrostomy 
tube during 
follow-up)

Rudzianskas 
et al.24 30

-Recurrence of previously-
irradiated head and neck 
cancer.
-Treated with hypofractionated 
accelerated CT-guided 
interstitial HDR-BRT in RERT

30 Gy at 2.5 Gy per 
fraction Not mentioned

DFS at 1 
and 2-years 
was 60% 
and 53%

OS at 1 and 
2-years was 
63% and 
47%

Gr 2 7%
Gr 3 3%

Gr 2 7%
Gr 4 3%
Gr 3–4 3%

Bhalavat et 
al.31 25

Recurrent head and neck 
cancers were treated with 
HDR interstitial brachytherapy

40.5 Gy in radical and 
27 Gy for Post EBRT 
boost cases at 4.5 Gy 
per fraction

Not mentioned -

OS at 1- and 
2-year overall 
survival was 
77% and 
68%

-
At 2-years:
Grade 1 12%
Grade 2 8%

Lee A et 
al.32 242 Treated with Proton Therapy-

RERT

Median RERT dose 
was 70 CGE for the 
fractionated cohort and 
44.4 CGE for the quad 
shot cohort.

-Cisplatin
-cetuximab
-cetuximab and docetaxel
-carboplatin and paclitaxel

-

-For 
fractionated 
cohort, 
1-year OS 
was 66.6%
- For the 
quad shot 
cohort, 1- 
year OS was 
28.5%

Gr 3 30%
Gr 4 2.5%

Gr 3 33%
Gr 4 2%
Gr 5 2%

Present 
study 85

Tumors of the oral cavity, 
oropharynx, hypopharynx, 
and larynx receiving adjuvant/
definitive RT/CTRT

Median RERT dose 
60 Gy Cisplatin 2 year DFS 

55.2%
2 year OS 
63.5%

Grade 2 
or higher 
mucositis: 14.1% 
dysphagia:21.1%
odynophagia: 
23.5%

ORN 3/85 
palatal 
necrosis 2/85
orocutaneous 
fistula 3/85

Table 3.  Comparison of various studies using reirradiation in HNSCC. HNSCC head and neck squamous cell 
carcinoma, CGE cobalt gray equivalent, OS overall survival, DFS disease free survival, RERT reirradiation, 
MST median survival time, Bid twice a day, LR loco-regional, HDR-BT high dose rate brachytherapy.
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Data availability
The deidentified data can be made available to the readers by contacting the corresponding author on reasonable 
request.
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