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Purpose

We aimed to evaluate the long-term outcomes of concurrent chemoradiotherapy (CCRT) with a simultaneous integrated boost (SIB) of radiotherapy for esophageal squamous cell carcinoma (ESCC).



Methods and Materials

Eighty-seven patients with primary ESCC enrolled in this phase II trial. The majority (92.0%) had locoregionally advanced disease. They underwent definitive chemoradiotherapy. The radiotherapy doses were 66 Gy for the gross tumor and 54 Gy for the subclinical disease. Doses were simultaneously administered in 30 fractions over 6 weeks. The patients also underwent concurrent and adjuvant chemotherapy, which comprised cisplatin and fluorouracil. The study end points were acute and late toxicities, first site of failure, locoregional tumor control, and overall survival rates.



Results

The median follow-up time was 65.7 (range, 2.2-97.5) months for all patients and 81.5 (range, 19.4-97.5) months for those alive. There were 17 cases (19.5%) of severe late toxicities, including four cases (4.6%) of grade 5 and seven (8.0%) of grade 3 esophageal ulceration, four (4.6%) of grade 3 esophageal stricture, and two (2.3%) of grade 3 radiation-induced pneumonia. Twenty-three (26.4%) patients had locoregional disease progression. Most (86.7%) locally progressive lesions were within the dose-escalation region in the initial radiation plan, while majority of the recurrent lymph nodes were found out-of-field (83.3%) and in the supraclavicular region (75.0%). The 1-, 2-, 3-, and 5-year locoregional tumor control and overall survival rates were 79.2%, 72.4%, 72.4%, 70.8%, and 82.8%, 66.6%, 61.9%, 58.4%, respectively. Incomplete tumor response, which was assessed immediately after CCRT was an independent risk predictor of disease progression and death in ESCC patients.



Conclusions

CCRT with SIB was well tolerated in ESCC patients during treatment and long-term follow-up. Moreover, patients who underwent CCRT with SIB exhibited improved local tumor control and had better survival outcomes compared to historical data of those who had standard-dose radiotherapy.
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Introduction

Esophageal cancer (EC) is the sixth leading cause of cancer-related deaths worldwide (1). Concurrent chemoradiotherapy (CCRT) has been established as the standard treatment for locally advanced EC since the 1990s (2, 3). It consists of a total dose of 50.4 Gray (Gy) irradiation given in conventional fractionation to both the gross tumor and the subclinical disease with concurrently cisplatin-based chemotherapy. Despite CCRT, approximately 50% of patients still succumbed to locoregional tumor progression, with the majority of uncontrolled diseases found within the gross tumor volume (GTV) in the initial treatment plan (4). The INT0123 (Radiation Therapy Oncology Group (RTOG) 94-05) study examined radiation dose escalation in EC. In this study, an additional 14.4 Gy was administered to high-risk regions after the completion of standard-dose radiotherapy (RT) (50.4 Gy). However, patients who received a higher RT dose exhibited neither a greater overall survival (OS) nor tumor local control compared with those receiving standard-dose RT (5). Similarly, administration of a brachytherapy boost after external-beam radiotherapy (EBRT) did not improve survival in patients with EC. In addition, it was associated with an increased incidence of esophageal fistula (6, 7). Thus, the current non-surgical standard treatment for EC remains to be CCRT with a total radiation dose of 50.4 Gy in conventional fractionation. Moreover, local recurrence within the GTV remains to be the most common failure after treatment.

Modern RT, such as intensity modulated radiotherapy (IMRT) and image-guided radiotherapy (IGRT), can precisely and accurately deliver RT to target volumes, resulting in better organs at risk (OARs) sparing and target volume coverage. Additionally, it provides greater capability for radiation dose escalation in high tumor burden regions. One commonly used approach is simultaneous integrated boost (SIB), wherein a higher dose in moderated hypofractionation (> 2 Gy per fraction [F]) is delivered to the GTV, while a low dose in conventional fractionation is administered to the clinical target volume (CTV) (8, 9). SIB-based IMRT (SIB-IMRT) enables an increase in the overall RT dose administered to high-risk regions without prolonging the total treatment time. This approach has been examined in various cancer diseases, including head and neck cancer, anal cancer, and prostate cancer, and has been shown to improve tumor local control (10–20).

Due to the emerging clinical value of SIB-IMRT in the treatment of cancer, there has been a growing interest in revisiting RT dose escalation in EC. Previous studies conducted in the 1990s that examined RT dose escalation in EC mainly used two-dimensional and sequential radiation delivery technique which had its disadvantages such as prolonged treatment time, poor sparing of OARs from high-dose irradiation, and uncertainty of tumor coverage. In contrast, SIB-IMRT can accurately and precisely deliver augmented RT dose to well-defined GTVs in a relatively shorter period of time, which may help eliminate radiation-resistant cancer cell clones, and to some extent prevent accelerated tumor clonogen repopulation (21, 22). Its greater tissue sparing effect could help avoid the significantly increased risk and severity of radiation-induced toxicities (23–25). Collectively, these advantages could help expand the therapeutic window for RT in patients with EC, thus resulting in better outcomes. The feasibility of SIB-IMRT in EC was first reported by radiation dosimetric studies followed by its examination in a number of phase I/II clinical trials (24–28). These studies suggested that SIB-IMRT combined with chemotherapy was feasible in EC patients with tolerable short-term toxicities and showed an improving trend of local tumor control.

Despite these promising results in earlier studies that investigated the short-term effects of SIB-IMRT, its long-term effects on efficacy and tolerability remain unclear. In SIB-IMRT, esophageal tissues within or close to the gross tumor are irradiated with a much higher dose compared with their counterparts in standard-dose RT. Its late toxicities such as esophageal ulceration and stricture can significantly affect the quality of life of long-term survivors. In the INT0123 study, a higher radiation dose was associated with severe toxicities, although no causal correlation was established (5). Nevertheless, the moderate hypofractionation utilized by SIB together with concomitant chemotherapy render the esophagus a critical OAR and made patient tolerability uncertain. In addition, it was still unknown whether improvement of local tumor control at an early stage could translate into a long-term survival benefit. Furthermore, target volume delineation with various extent of shrinkage was utilized in these studies. Its utilization required validation on the basis of disease control rates as well as tumor failure patterns. Addressing these questions could provide a comprehensive evaluation of the value of SIB-IMRT in EC. In this study, we conducted a phase II clinical trial to examine definitive CCRT with radiation SIB in patients with esophageal squamous cell carcinoma (ESCC). The endpoints we examined were acute and late toxicities, failure patterns, 5-year locoregional control (LRC), and OS rates.



Methods and Materials


Patient Selection and Evaluation

The inclusion criteria were as follows: (a) histologically or cytologically confirmed primary ESCC; (b) lesion located in the cervical, upper thoracic, or middle thoracic esophagus; (c) absence of distant metastasis (except for supraclavicular (SCV) lymph node (LN) metastasis) and other malignant tumors; (d) Zubrod performance status score of 0 to 2; (e) adequate liver, renal, and bone marrow functions; and (f) women of childbearing potential and men practicing contraception.

The exclusion criteria were as follows: (a) tracheoesophageal or mediastinal esophageal fistula; (b) history of invasive malignancy (except for non-melanomatous skin cancer) unless disease-free for a minimum of 2 years; (c) overlapping of previous RT fields with the currently planned ones; (d) severe comorbidities; and (e) pregnant or nursing women. This study was approved by the local Clinical Ethnic Committee at 201833 and registered at Clinicaltrial.gov (NCT01670409). Informed consent was obtained from all enrolled patients.

The following evaluations were performed prior to treatment: (a) history and physical examination; (b) complete blood count; (c) blood biochemistry; (d) esophageal endoscopic ultrasonography (EUS) with biopsy; and (e) imaging examinations including barium esophagram, plain and contrast-enhanced computed tomography (CT) of the neck, chest, and abdomen, and abdominal ultrasound. Bronchial endoscopies, bone scans and positron emission tomography-CT (PET/CT) scans were performed as clinically indicated. All patients were staged according to the American Joint Cancer Committee (AJCC) staging system 6th (29).



RT

RT was delivered using the SIB-IMRT approach. Target volume delineation was based on available imaging resources such as contrast-enhanced CT scans, endoscopic reports, barium esophagram, and PET/CT. GTVs included both the primary esophagus tumor (GTVP) and positive LNs (GTVLNs). Mediastinal and supraclavicular LNs were considered positive if their shortest axis is greater than or equal to 1 cm. The CTV was contoured by adding a 2.0 cm longitudinal and 0.5 to 1.0 cm radial margins to the GTVP and a 0.5 cm uniform margin to the GTVLNs. Esophagotracheal LNs were included in the CTV if their shortest axis was between 0.5 and 1.0 cm. The PTV66 and the PTV54 were generated from the GTVs and the CTV with a 0.5 cm expansion margin, respectively. The prescribed doses were 66 Gy (2.2 Gy/F) to the PTV66 and 54 Gy (1.8 Gy/F) to the PTV54, which were simultaneously delivered in 30 F (1 F per day). OARs included the spinal cord, heart, and lungs.

Treatment plans were designed by using the sliding-window IMRT with five coplanar 6-MV photo beams (angles: 210°/300°/0°/60°/150°). The planning objectives for the PTV were 95% of its volume receiving the prescribed dose, with V107 < 5% and V93 < 1% (Vn = percentage of the PTV covered by n% of the prescribed dose). The dose constraints of OARs were as follows: spinal cord, Dmax (maximum dose) < 45 Gy; heart, V40 (Vx= percentage of the target volume receiving ≥ x Gy) < 100%, V45 < 67% and V50 < 33%; lungs, V20 < 30%, V10 < 50%, and V5 < 60%. Dose calculation was performed using the Anisotropic Analytical Algorithm 8.6.15 with lung heterogeneity correction.

RT was delivered by a linear accelerator (TrueBeam, Varian Medical Systems, Palo Alto, CA) with a maximum dose rate of 600 MU/min. All patients underwent 3D cone-beam CT imaging (CBCT) at least once per week prior to treatment for evaluation and correction of potential setup errors.



Chemotherapy

Patients received two cycles of concurrent chemotherapy on the first and fifth weeks, and another two cycles of adjuvant chemotherapy on the eighth and eleventh weeks. The chemotherapy regimen consisted of intravenous cisplatin (75 mg/m2) on the first day and intravenous fluorouracil (0.5 g/m2) from the first to the fourth day.



Toxicity Evaluation and Management

Therapeutic-related toxicities were scored using the Common Terminology Criteria for Adverse Events (CTCAE, version 4.0) (30). Toxicities were managed with supportive care and dose modifications. Dose modifications consisted of dose reduction, treatment delays, and treatment cancellation depending on the severity of toxicity.



Follow-Up

Patients were evaluated weekly during CCRT. After treatment, they were followed up every three months over a period of two years, every six months within the next three years, and every year thereafter. Follow-up evaluations consisted of history, physical examination, blood test, chest X-ray or contrast-enhanced CT scan, esophagography, and abdominal ultrasound. Esophageal EUS, PET/CT, or electrocardiogram was performed if they were indicated. Local recurrence was confirmed by pathological examination or by at least two imaging examinations when pathological proof was not available. Longitudinal imaging was used to evaluate regional recurrence and distant metastasis excluding other malignant diseases.



Endpoints

The primary endpoint of this phase II study was patient tolerability of CCRT with radiation SIB in patients with ESSC. Its evaluation consisted of the completion of treatment and acute and late therapeutic-induced toxicities in patients. Secondary endpoints included the first site of failure; 1-, 2-, 3- and 5-year locoregional control (LRC); distant metastasis-free survival (DMFS); disease progression-free survival (DPFS); and overall survival (OS). Tumor response was assessed by using the Response Evaluation Criteria in Solid Tumors, version 1.1 (RECIST1.1) (31). Failure patterns at locoregional sites were determined by matching follow-up and baseline examinations, including CT scan, barium esophagram, and endoscopic ultrasonography-guided biopsy. Recurrent lesions that were either entirely or partially within the target volume in the initial treatment plan were defined as in-field progression, whereas the remaining was considered as out-of-field progression.



Statistical Methods

The sample size calculation for this study has been described in previous report (32). Overall, 85 patients had an 80% of power to detect a significant (α < 0.05) increase of 2-year LRC by 15% from 50% in historical data. Time-to-event was measured from the date when RT was started to the date of event occurrence and last clinic visit. The events were locoregional disease progression, distant metastasis, and death. The survival curves were generated using the Kaplan–Meier method. Statistical calculations were performed using the Statistical Package for Social Sciences software, version 23.0 (Chicago, IL). The comparison between the RT dose in our study and those of others was performed using the biologically effective dose (BED), which was calculated using the following formula: BED = Nd x (1 + d/(α/β)), N for the number of fractions, d for RT dose per fraction, α/β = 10 (33). Univariate analysis for the 5-year cumulative risk of disease progression or death in subgroups of patients was performed using the log-rank’s test. Patients were categorized according to their clinical characteristics (e.g., age, sex, tumor location, stage, and tumor volumes), treatment (e.g. chemotherapy cycles), and short-term response (response-20 F: as assessed immediately after 20 F; response-30 F: assessed after 30 F). Parameters selected from univariable analysis were included in the multivariable cox regression (with the enter selection method) analysis for identifying independent predictors. A P < 0.05 was considered statistically significant.




Results


Patient Characteristics

Between August 2012 and August 2015, 87 ESCC patients were enrolled in this single-arm phase II trial, which was the most current as of writing on the 30th of August, 2020. The median follow-up time was 65.7 months (range, 2.2-97.5 months) for all patients and 81.5 months (range, 19.4-97.5 months) for those still alive. The 5-year follow-up rate was 97.7%. Only two patients (2.3%) were lost to follow-up 19.4 and 32.1 months after their start of treatment. All patients enrolled in this trial were included in this analysis. Patient clinical characteristics are summarized in Table 1. Approximately 92.0% of patients had locoregionally advanced diseases (T3-4 or N+), while 19.5% had positive SCV LNs (M1).


Table 1 | Clinical characteristics of 87 esophageal cancer patients underwent definitive chemoradiotherapy with radiation simultaneous integrated boost.





Treatment Completion

The treatment planning targets were met in all enrolled patients. Almost all patients (98.3%) completed the entire course of SIB-IMRT. Only one patient (1.7%) missed a fraction (3% of the prescribed dose) of RT due to grade 4 thrombocytopenia. Most patients (95.4%) completed two cycles of concurrent chemotherapy and about 85.1% of patients received at least one cycle of adjuvant chemotherapy. A total of 23 patients (26.4%) had chemotherapy cancellation due to the following reasons: patient’s refusal in eight patients (34.8%); severe bone marrow depression in eight (34.8%); esophageal ulceration/fistula in two (8.7%); esophagitis in two (8.7%); vomiting in two (8.7%); and distant metastasis in one (1.1%). A total of two patients (2.3%) refused adjuvant chemotherapy and underwent exploratory thoracotomy and gastrostomy based on their own decisions. Both were included in the intent-to-treatment analysis. There was no dose modification for chemotherapy.



Toxicities

Acute and late toxicities experienced by patients are summarized in Table 2. In total, 24 patients (28%) displayed grade 3-4 acute toxicities during treatment, while 17 (19.5%) experienced severe (≥ grade 3) late toxicities within the 5-year follow-up. All grade 5 esophageal ulceration/fistula occurred in the first year of follow-up. Patients with grade 3 late toxicities responded well to clinical intervention and supportive care. Matching of follow-up CT scans to those used for the initial treatment planning suggested that esophageal ulcerations were within the PTV66. Further dosimetry analysis did not find apparent differences in RT dose distribution at the dose escalation region between patients with ulcerations and those without. In particular, the V110 (> 72.6 Gy) in PTV66 was less than 2% in all cases. No severe late toxicities of the heart, spinal cord, skin, and liver or other organs were reported in this study.


Table 2 | Acute and late toxicities of 87 esophageal cancer patients after definitive chemoradiotherapy with radiation simultaneous integrated boost.





First Site of Failure and Tumor Control Rates

The short-term responses of tumor after treatment (Response-30 F) in this cohort of patients were as follows: complete response (CR) in 35 cases (40.2%), partial response (PR) in 50 cases (57.5%), and stable disease (SD) in two cases (2.3). At the time of analysis, 35 patients (40.2%) had disease progression within 5 years after their treatment. Their first site of failure and the time of occurrence are summarized in Table 3. The incidences of failures at various sites of all patients were as follows: distant metastasis in 18 cases (20.7%), local in 15 cases (17.2%), and regional in 12 cases (13.8%). The clinical characteristics of patients with local or regional disease progression are summarized in Tables S2 and S3. The 5-year LRC, DMFS, and DPFS rates were 71%, 77% and 55%, respectively (Figures 1A–C).


Table 3 | First site of failure of 87 esophageal cancer patients after definitive chemoradiotherapy with radiation simultaneous integrated boost.






Figure 1 | Kaplan–Meier curves of 87 esophageal cancer patients underwent definitive chemoradiotherapy with radiation simultaneous integrated boost. (A) Locoregional control (LRC) rate; (B) Distant metastasis-free survival (DMFS) rate; (C) Disease progression free survival (DPFS) rate; (D) Overall survival (OS) rate. The 1-year (-y), 2-y, 3-y, and 5-y tumor control rates or survival rates were shown. Censored events are indicated with ‘‘+’’ in the curves.





Failure Patterns

The distribution of local progressive lesions in relation to the PTVs was demonstrated in Figures 2A, C. Most (13/15; 87%) of them were In-PTV66 in the initial radiation plan. The overall risk of Out-of-PTV54 progression at the esophagus was 1.1% (1/87). A total of eight out of the 12 cases of regional recurrence occurred without concomitant local progression. Their locations are shown in Figure 2B. They were all Out-of-PTV54 with or without concurrently In-PTV54 relapse (Figure 2D). The overall risk of Out-of-PTV54 regional recurrence in this cohort of patients was 9.2%. All Out-of-PTV54 regional recurrences were found in the supraclavicular (SCV) region. The risks of SCV LN recurrence for patients with different primary tumor location were as follows: cervical, 28% (2/7); upper thoracic, 8.6% (3/35); and middle thoracic, 6.7% (3/45). Distant metastasis occurred mostly in the following sites: lungs (50.0%), bones (38.9%), liver (27.8%), and nonregional lymph nodes (27.8%).




Figure 2 | The location of local or solely regional recurrence in relation to the PTVs in esophageal cancer patients underwent definitive chemoradiotherapy with radiation simultaneous integrated boost. The location of local (n = 15) and solely regional (n = 8) recurrence in relation to PTV66 (in black) and PTV54 (in gray) was shown in (A, B), respectively. Each black point represents one case of relapse. The distribution of failure patterns was summary in (C, D).





Cause of Death and OS

A total of 40 patients (40/87; 46.0%) died during the follow-up period. The causes of death included local recurrence (14/40, 35.0%), distant metastasis (10/40, 25.0%), esophageal hemorrhage (4/40, 10.0%), regional recurrence (3/40, 7.5%), non-esophageal cancer diseases (5/40, 12.5%), and unknown causes (4/40; 10.0%). The 5-year OS rate was 58% (Figure 1D).



Predictors for Risk of Disease Progression or Death

The multivariable cox regression analysis results suggested that the Response-30 F was an independent predictor for the 5-year cumulative risk of disease progression or death in this cohort of patients (Tables S4–11). As summarized in Table 4, patients without CR (i.e., PR or SD) were associated with a significantly higher risk for locoregional disease progression, distant metastasis, disease progression, or even death as compared to patients with CR. A male sex was also an independent risk factor for disease progression (Table S9).


Table 4 | Comparison of 5-year cumulative risk of disease progression or death between esophageal cancer patients with various response immediately after concurrent chemoradiotherapy with simultaneous integrated boost.






Discussion

Locoregional tumor control in EC undergone definitive RT remains an unmet clinical need. The predominant in-field failure pattern after a standard-dose RT, the technical advances in RT delivery, and the promising clinical outcomes of SIB in other types of cancer have prompted the revisiting of radiation dose escalation in EC. As shown in Table 5, the results of SIB-RT as reported from several phase II studies were compared with that of the INT0123 study (5, 26, 36). In this study, our long-term results suggested that patients who received this regimen exhibited tolerable late toxicities, promising locoregional tumor control, and improved survival compared to those in historical data.


Table 5 | Summary of phase II/III clinical trials examining radiation dose escalation with external beam radiotherapy in esophageal cancer.



A major concern for radiation dose escalation in EC is the toxicities of OARs, including the esophagus itself. In this study, most patients exhibited minor to moderate and manageable side effects of the treatment. Severe late toxicities of the esophagus were only found in 19.5% of patients. Of them, four cases (4.6%) had grade 5 esophageal ulceration, which was not apparently higher than those in previous studies (5, 26). Severe late esophagitis was not associated with a significantly higher irradiation dose in the esophagus compared to patients without. Methodologies are needed to identify high-risk patients in advance to allow early intervention immediately. Only four (4.6%) patients experienced grade 3 esophageal strictures in this cohort within five years after the start of RT. This indicated that SIB-IMRT did not lead to substantially increased risk of severe esophageal stricture as compared to that in patients receiving conventional RT in historic data (37–39).Consistent with our data, Chen et al. showed that SIB-RT was well tolerated in locally advanced EC (28). In a multicenter retrospective data analysis of 2132 patients reported by Wang et al., the results showed the incidence of late toxicity in SIB group were significantly lower than No-SIB group (40).These results suggested that SIB-IMRT in combination with concurrent chemotherapy was tolerable in EC patients.

The long-term results of this study proved the hypothesis that RT dose escalation using the SIB approach could help improve LRC in EC patients. The 2-, 3-, and 5-year LRC rates were 72.4%, 72.4% and 70.8%, respectively, which were higher than those in historic reports. In line with our results, Chen et al. demonstrated that SIB-RT was associated with promising tumor control (2-year local control (LC) rate: 67%) in a group of patients with mixed pathological types (28). Notably, negative results also emerged. Hulshof et al. conducted a phase III trial to examine CCRT with or without SIB (61.6 Gy/28 F, 2.2 Gy/F vs 50.4 Gy/28 F, 1.8 Gy/F) for the definitive treatment of EC (41). Patients who underwent SIB-RT showed a trend of improving LRC compared with those who received standard-dose RT, but the difference was not statistically significant (63% vs 53%, P = 0.08). SIB-RT also led to a substantial increase of toxicities. In comparing their results with ours, factors such as patient characteristics (e.g., disease stage and pathological type), radiation dose, and the incidence of severe toxicities should be considered. Patients enrolled in this study displayed a greater response and less severe toxicities compared with those in Hulshof et al.’s study despite having more patients with advanced stages (e.g., T4, N1 or M1). This discrepant observation might be attributed to different designs of radiation regimen.

The augmentation of locoregional tumor control was associated with improvement of OS in this study. The majority of locoregional tumor progression occurred within 12 months after treatment. The LRC and OS curves plateaued on the second and third years, reaching 72% and 62%, respectively. These promising results suggested that improvement in the locoregional tumor control through radiation dose escalation could successfully be translated into long-term survival benefits.

The patterns of locoregional failure in this study provided useful insights for future clinical studies. There were 15 cases (17.2%) of tumor relapses at local sites. The cumulative risk of out-of-PTV54 relapse at the esophagus was only 1.1%, albeit a relatively smaller CTV, thereby suggesting that CTV delineation was sufficient to encompass almost all subclinical diseases at the esophagus. Notably, most locally progressive lesions were found within the PTV66, while local disease progression was the main death reason of this cohort of patients. The predominant in-field failure pattern suggested that radiation resistance was the leading cause of tumor control failure and raised a question regarding whether further escalating the RT intensity could improve OS. The extent of escalation that would be required to eliminate radiation-resistant tumors is unknown. While additional RT dose is likely to increase the risk of severe esophageal toxicities in patients. Thus, further RT escalation might not be an appropriate option in patients with radiation-resistant tumors. Management of these patients required early identification and a combination of CCRT with other therapeutics, such as salvage surgery and immunotherapy. Short-term tumor response emerged as an independent predictor for locoregional disease progression. Therefore, it could help select EC patients for personalized adjuvant treatment after CCRT. Immunotherapy using immune checkpoint blockers could release the break of existing anti-tumor immune response, thus leading to the elimination of cancer cells in a systemic fashion (42). Adding ICBs to SIB-based CCRT might help further improve tumor control and OS in EC.

The overall incidence of solely regional recurrence was about 9.2% in this patient cohort, indicating that the radiation regimen and CTV contour for the LN draining region were sufficient to eliminate the majority of metastatic lymphatic diseases. Most Out-of-PTV54 regional recurrence was found in the SCV region. Thus, prophylactic SCV irradiation could be considered in subgroups of patients, considering their primary tumor location. Cervical EC patients were associated with a higher risk (28%) of SCV regional recurrence. Therefore, they needed to be routinely subjected to SCV prophylactic irradiation. Since the CTV in their treatment plan already encompassed a part of the SCV region, expanding the CTV to include the entire SCV region would not result in significant increase of irradiation to OARs. In contrast, patients with middle or lower thoracic EC were less likely to benefit from prophylactic SCV irradiation. Including SCV in the CTV might reduce the risk of regional recurrence in a small fraction of patients, but the majority of patients would be subjected to unnecessary irradiation with possibly a significant increase of toxicities.



Conclusions

CCRT with SIB was tolerated by patients with EC over the period of long-term follow-ups. Patients exhibited an excellent 5-year LRC and OS compared to those in historical data who had standard-dose RT. Most locally progressive lesions were found within the PTV66, suggesting that novel strategies were warranted to tackle these radiation-resistant tumors. Patients with cervical EC might benefit from routinely prophylactic irradiation to the SCV region as they were more likely to suffer from SCV LN recurrence. Short-term tumor response (immediately after CCRT) was an independent predictor for disease progression or death in this cohort of patients and might help select patients for personalized adjuvant treatment after CCRT.
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Late
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Toxicities were scored by using the Common Terminology Criteria for Adverse Events
(CTCAE, version 4.0)
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CR (n=35) PR/ST (n = 52)

LRPD 15 48 33(1.2-9.2) 0.023

Distant metastasis 9 39 4.5(1.3-156.7) 0.017

Disease progression 24 66 3.7 (1.7-8.3) 0.001

Death 24 64 29(1.2-7.1) 0.020

L RPD, locoregional disease progression;

CR, complete response; PR, partial response; ST, stable; RR, relative risk; Cl, confidence interval.
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T stage*
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Lesion site
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NO
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Il

1l

1\
Cervical
Upper thoracic
Middle thoracic
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ECOG, Eastern Cooperative Oncology Group.

*According to the American Joint Cancer Committee (AJCC) staging system 6.
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INT0123 Control arm INT0123 High-dose arm Li etal. (34) Chen et al. (35) Our study
Patient No 109 109 44 46 87
SCC: AC 84%: 16% 87%: 13% 100%: 0% 52%: 48% 100%: 0%
TNM stage
T3-4 43% 48% 81% 87% 79.3%
N1 17% 27% 98% 68% 64.4%
M1 - - - 17% 14.9%
Stage I-Il 13% 22% 33%
Stage III-IV 87% 78% 67%
RT dose
PTV-G 50.4Gy/28F 64.8Gy/36F 59.92Gy/28F 2.14Gy/F 63Gy/28F 66Gy/30F
1.8Gy/F 1.8Gy/F 2.25Gy/F 2.2Gy/F
PTV-C 50.4Gy/28F 64.8Gy/36F 50.4Gy/28F 50.4Gy/28F 54Gy/30F
1.8Gy/F 1.8Gy/F 1.8Gy/F 1.8Gy/F 1.8Gy/F
PTV-G BED2 61.74 Gy 79.4 Gy 76.0 Gy 80.7 Gy 84.2 Gy
Treatment time (weeks) 5.6 7.2 5.6 5.6 6
RT techniques 2D 2D IMRT IMRT IMRT
Boost methods NA Sequential SiB SiB SiB
Acute toxicities G3: 43% G3: 46% G3: 53% G3: 22% G3: 20%
(Grade 3-5) G4: 26% G4:21% G4: 4% G4: 0 G4: 8%
G5: 2% G5: 9% G5: 0 G5: 0 G5: 0
Late toxicities G3: 24% G3: 34% G3:0 G3: 7% G3: 15%
(Grade 3-5) G4: 13% G4:11% G4: 0 G4: 0 G4:0
G5:0 G5: 1% G5: 2% G5: 0 G5: 5%
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3-y: 29% 3-y: 62%
5-y: 58%
LC rates 2-y: 48% 2-y: 44% 1-y: 78.8% 1-y: 70% 1-y: 87%
2-y:67% 2-y: 82%
3-y: 82%
5-y: 80%
Reference 5 5 26 28

SCC, squamous-cell carcinoma; AC, adenocarcinoma; PTV-G, planning target volume for gross tumor; PTV-C, planning target volume for subclinical diseases; BED2, biologically
equivalent dose for 2Gy conventional fractionated radiotherapy; 2D, two dimensional; IMRT, Intensity modulated radiotherapy; SIB, Simultaneous Integrated Boost; NA, not applicable; G,

Grade; OS, Overall survival; LC, Local control; -

-year.





