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INTRODUCTION

Cancer survival rates are generally increasing worldwide [START_REF] Allemani | Global surveillance of trends in cancer survival 2000-14 (CONCORD-3): analysis of individual records for 37 513 025 patients diagnosed with one of 18 cancers from 322 population-based registries in 71 countries[END_REF], making survivorship research a key component of cancer care. The growing number of cancer survivors includes a large fraction of longterm survivors; in the United States, 45% of the 16.9 million people with a history of cancer who were alive in 2019 had been diagnosed more than 10 years ago [START_REF] Miller | Cancer treatment and survivorship statistics[END_REF]. Understanding determinants of second primary cancer risks among long-term survivors is essential for patient information, screening and/or prophylactic procedures, depending on the site, and requires large studies with detailed treatment information.

Radiation therapy is an established risk factor for second primary cancers, based on numerous epidemiological studies that have quantified risk as a function of dose received to the second primary cancer location [START_REF] De Gonzalez | Second solid cancers after radiation therapy: a systematic review of the epidemiologic studies of the radiation dose-response relationship[END_REF][START_REF] Morton | Current knowledge and future research directions in treatment-related second primary malignancies[END_REF][START_REF] Grantzau | Risk of second non-breast cancer after radiotherapy for breast cancer: a systematic review and meta-analysis of 762,468 patients[END_REF]. There is emerging evidence that the volume of irradiated tissue may also be a determinant of second cancer risk, with studies reporting increased risks with larger treatment fields [START_REF] Schaapveld | Second Cancer Risk Up to 40 Years after Treatment for Hodgkin's Lymphoma[END_REF][START_REF] Swerdlow | Lung cancer after Hodgkin's disease: a nested case-control study of the relation to treatment[END_REF][START_REF] Swerdlow | Breast cancer risk after supradiaphragmatic radiotherapy for Hodgkin's lymphoma in England and Wales: a National Cohort Study[END_REF][START_REF] Moskowitz | Breast cancer after chest radiation therapy for childhood cancer[END_REF]. Those increased risks, however, were observed mainly for organs located within or at the edge of the targeted volume that likely received higher doses with larger fields. In the absence of information about dose-volume distribution to organs at risk, it was difficult to disentangle dose and volume effects [START_REF] Journy | Volume effects of radiotherapy on the risk of second primary cancers: A systematic review of clinical and epidemiological studies[END_REF]. Yet understanding the role of dose gradients (i.e. dose heterogeneity across normal tissues) and volume effects (i.e. a modification of normal tissue tolerance to dose with changes in irradiated volume) is a prerequisite for definition of constraints in treatment planning to reduce second cancer risks [START_REF] Marks | Use of normal tissue complication probability models in the clinic[END_REF][START_REF] Werner-Wasik | Radiation dose-volume effects in the esophagus[END_REF]. The question of dose-volume effect is particularly compelling with modern techniques, especially for intensity modulated radiation therapy (IMRT), which produces higher dose gradients, with more conformal target coverage and improved sparing of nearby normal tissues, and larger volumes receiving low-to-moderate doses (<1 Gy) compared to conventional or 3D conformal radiation therapy. However, the long-term outcomes of IMRT remain poorly quantified due to short follow-up times [START_REF] Journy | Second Primary Cancers After Intensity-Modulated vs 3-Dimensional Conformal Radiation Therapy for Prostate Cancer[END_REF], and risk prediction of radiation-induced second primary cancers, which typically occur >10-20 years after irradiation, relies on dose-volume-risk models derived from the long-term follow-up of patients treated in the past.

In this first study investigating the relationship between normal tissue dose-volume distribution and second cancer risk, we quantified the long-term risk of oesophageal cancer among women treated with conventional or 3D conformal radiation therapy for breast cancer, after a median follow-up time of 13 years. Previously, we reported a linearly increased risk with radiation dose to the oesophageal cancer location in this study population [START_REF] Morton | Risk of treatmentrelated esophageal cancer among breast cancer survivors[END_REF]. Though risks estimates as a function of dose to the second cancer location are useful to investigate biological mechanisms underlying the occurrence of second cancer, they cannot be used as such for risk prediction as the second cancer location is obviously unknown at that the time of treatment. Here, we report the results of an ad-hoc analysis of this case-control study [START_REF] Morton | Risk of treatmentrelated esophageal cancer among breast cancer survivors[END_REF], where our primary aim was to identify dose-volume histogram (DVH) metrics that are most strongly associated with the risk of oesophageal cancer, and could be meaningful in treatment planning. Our second objective was to assess volume and dose gradient effects, i.e. whether risk estimates for dose to the second cancer location varied according to the dosevolume distribution across the entire oesophagus.

MATERIALS AND METHODS

Study population and data collection

We conducted a nested case-control study within a cohort of 289,748 5-year cancer survivors treated between 1943 and 2003 in Denmark, Finland, Sweden, Canada or the United States, for first primary breast cancer or ductal carcinoma in situ [study design and data collection are detailed in [START_REF] Morton | Risk of treatmentrelated esophageal cancer among breast cancer survivors[END_REF]]. The study was approved by each study centre's institutional review board and exempted from review by the National Cancer Institute because analyses used only existing, de-identified data. Two hundred fifty two women were identified with invasive oesophageal cancer diagnosed ≥5 years after their primary breast cancer (as their first second primary cancer), based on population-based cancer registry reports. A total of 488 controls were randomly selected from the cohort, matched by registry, race (United States only), birth date (±5 years), breast cancer diagnosis date (±5 years), and survival time without subsequent cancer (of any type) at least as long as the matched case's interval from breast cancer to esophageal cancer.

Reconstruction of DVHs

For each individual, radiation doses to the entire oesophagus were estimated using a custom-designed program based on measurements in water and anthropomorphic phantoms constructed of tissueequivalent material [START_REF] Stovall | Dose reconstruction for therapeutic and diagnostic radiation exposures: use in epidemiological studies[END_REF]. Detailed treatment data (dates, delivered doses, beam energy, and field location and configuration) were available for 95.2% of cases and 94.6% of controls (Table 1). Beam energies included cobalt-60 gamma rays (54.4% of women), 100-400 kVp orthovoltage x-rays (37.1%), 4-18 MV photons (20.2%), and 6-20 MeV electrons (20.9%), with similar distributions among cases and controls. The total prescribed dose varied between <15 Gy and 65 Gy, with 2-to 3-Gy fractions. Individual cumulative doses received at the second primary cancer location (DSPC), were estimated at the midpoint of the oesophagus cancer location at diagnosis (or comparable location for controls) that was reported in endoscopy reports or imaging studies [START_REF] Morton | Risk of treatmentrelated esophageal cancer among breast cancer survivors[END_REF]. In addition, individual cumulative doses were calculated at 25 positions along the oesophagus, each located centrally in the oesophagus, anterior to the midpoint of each vertebrae and intervertebral disc from the 6 th cervical vertebrae (C6, depth of 3.6 cm from the skin surface for normal body-mass index females) to the 10 th thoracic vertebrae (T10, depth: 11.2 cm), plus the gastro-oesophageal junction (T10/T11, depth: 10.7 cm) [START_REF] Lamart | Radiation dose to the esophagus from breast cancer radiation therapy, 1943-1996: an international population-based study of 414 patients[END_REF]. Cumulative doses were computed by summing doses from all treatments received from breast cancer diagnosis to 5 years before study exit (oesophageal cancer diagnosis for cases, or comparable date for controls). We derived pseudo-DVHs for the entire oesophagus, assuming that inter-vertebrae midpoint distances are all equal from C6 to T11, and that the circumference of the oesophagus is similar all along its length. From the estimated pseudo-DVHs, we computed DVH metrics: Dmean (mean dose), Dmedian (median dose), DSD (standard deviation), Vx (relative oesophagus volume receiving ≥x Gy: V1, V2, and then V5 to V45 by 5-Gy increments), and Dy (minimum dose received by the y% of the oesophagus volume the most exposed: D0, D10, D20, D80, D90, D100, where D0 the maximal dose and D100 the minimal dose).

Statistical analyses

While comparing radiation exposures between cases and matched controls, we estimated the excess odds ratio (EOR) of developing oesophageal cancer as a parametric function of a dose descriptor D, using conditional logistic regression models of the following general form:

( | ) ( | ) = exp ( )[1 + ] (Eq. 1)
where Y denotes the case status (1 for case, 0 for control) of the ith individual of the jth matched set, α1 the intercept for indicator variable RT with 3 modalities (no radiation, radiation with estimated doses, and no information on radiation treatment or missing doses), and D a dose descriptor (DVH metric or DSPC). For individuals with missing information on radiation treatment or doses, dose was set to zero so that these individuals contribute to the analysis (which prevents selection bias) while the indicator variable RT allows estimating a specific "baseline risk" for them which may differ from that of non-irradiated individuals.To evaluate the possibility of departure from linearity (Eq. 2) in the dose-response relationship, we compared linear-quadratic (Eq. 3) and linear-exponential (Eq. 3) vs. linear (Eq. 2) dose-response functions by likelihood ratio tests:
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Conditional logistic regression models are, by definition, adjusted for matching variables, i.e., here registry/country, race, year of breast cancer diagnosis, birth year (thus, age at breast cancer diagnosis), and follow-up time. No adjustment for chemotherapy or hormonal agents was made, since no association between these drugs and oesophageal cancer risk was found [START_REF] Morton | Risk of treatmentrelated esophageal cancer among breast cancer survivors[END_REF]. To identify DVH metrics that are most strongly associated with the risk of oesophageal cancer, we compared the goodness-of-fit of conditional logistic regression models, using the Akaike Information Criterion (AIC). First, we compared models including one DVH metric only (among all metrics mentioned in the dosimetry section). Then, we compared various linear combinations of and interactions between those DVH metrics with the best goodness-of-fit in the univariate analyses.

To evaluate whether DSPC-risk estimates varied according to the dose-volume distribution across the entire oesophagus, we compared models including either a linear combination of DVH metrics and DSPC, or an interaction term between a DVH metric and DSPC. In those models, we respectively evaluated whether the EOR/Gy for DSPC was confounded or modified by the dose-volume distribution across the entire oesophagus. As an illustration of the effect modification assessment, we evaluated whether the excess risk at 40 Gy of DSPC varied when 25% or 75% of the oesophagus was irradiated at that dose, or when mean dose to the entire oesophagus was 15 Gy or 35 Gy (e.g. Patient #1 vs Patient #2, Figure S1). We used likelihood ratio tests to evaluate the statistical significance of adding a DVH metric to a model including DSPC only.

The analyses were performed for all histological types combined and then separately for squamous cell carcinoma (SCC) only, the most frequent histological type in the study population [START_REF] Morton | Risk of treatmentrelated esophageal cancer among breast cancer survivors[END_REF]. All models were estimated using the GMBO/PECAN module for case-control studies, Epicure® 1.81 [START_REF] Preston | Epicure Risk Regression and Person-Year Computation Software: Command Summary and User Guide[END_REF].

RESULTS

In this study, 156 cases (SCC: n=116) and 256 controls were treated with radiation and had dosimetric information available (Table 1). The mean (±standard deviation) Dmean to the oesophagus was 16.3 (±8.8) Gy in cases and 14.0 (±8.4) Gy in controls (Table S1 S2). On average, cases treated with IMC plus supraclavicular fields (mean V20=0.61±0.28) received ≥20 Gy to larger volumes than controls treated with the same fields (mean V20=0.47±0.30) (Figure 1). Among patients treated with radiation for whom dosimetric information was available, 47%, 30% and 23% of cases occurred in regions irradiated at <10 Gy, 10-<30 Gy and ≥30 Gy respectively. SCC accounted for 64%, 77%, and 92% of those cases, respectively (Figure S2).

Dmedian, Dmean, D80, V25 and V30 were the DVH metrics most strongly associated with risk of oesophageal cancer in univariate analysis (Figure S3), with moderate to high linear correlation between these parameters (Table S3). We found a borderline significant departure from linearity in the dose-response relationship with a slight upward curvature for Dmean ( S5). Compared to non-irradiated women, ORs for Dmedian were 1.17 (95%CI: 0.74 to 1.83) at <10 Gy, 1.42 (95%CI: 0.84 to 2.37) at 10 to <20 Gy, 2.17 Gy, 10 to <20 Gy, 20 to <30 Gy and 30 to <40 Gy, respectively, compared to non-irradiated women.

In models including a linear combination of dose to the second primary cancer location and DVH metrics, no significant effect of the DVH metrics, nor variation of the EOR/Gy for DSPC of more than 20% (which would reflect a major confounding bias by DVH metrics), was observed (Table S4).

Tests for interaction between DSPC and DVH metrics showed a borderline statistically significant modifying effect by V30 (p=0.07) for all histological types combined (Table 3, M18). For SCC, the EOR/Gy for DSPC significantly increased with increasing V25 (p=0.02) or V30 (p<0.01) (Table 3, M17, M18). Models including an effect modification by V30 had the same (for all histological types combined) or better (for SCC alone) goodness-of-fit than models including a linear-exponential function of DSPC (Table 3, M15).

DISCUSSION

Among the DVH metrics evaluated, median dose to the oesophagus (Dmedian) had the best statistical performance for estimating the risk of all histological types combined. For estimating SCC risk, the best fitting DVH-based risk model allowed the EOR/Gy for Dmedian to increase as the volume of tissue exposed to at least 30 Gy (V30) increased. This model had a goodness-of-fit as high as models based on DSPC only, suggesting that Dmedian and V30 could be used for risk prediction purposes, provided that our results can be validated in other patient populations. The better statistical performance of DVH metrics and the stronger effect of V30 in estimating risks of SCC than other histological types likely reflects the different distribution of anatomical localization of each histological type. SCC cases more frequently developed in the upper and middle oesophagus which were exposed to higher doses than the lower oesophagus (where most cases of other histological types -mainly adenocarcinomaoccurred), leading to a higher attributable fraction of SCC cases to radiation therapy.

In previous studies, a wide range of DVH metrics were found to be associated with the risk of esophagitis within the first year after radiation therapy for lung cancer, particularly mean dose and V20 to V60 (e.g. [START_REF] Caglar | Esophagus in-field: a new predictor for esophagitis[END_REF][START_REF] Zhang | Clinical and dosimetric risk factors of acute esophagitis in patients treated with 3-dimensional conformal radiotherapy for non-small-cell lung cancer[END_REF][START_REF] Kahn | Anatomically-correct" dosimetric parameters may be better predictors for esophageal toxicity than are traditional CT-based metrics[END_REF][START_REF] Wei | Risk factors for acute esophagitis in nonsmall-cell lung cancer patients treated with concurrent chemotherapy and three-dimensional conformal radiotherapy[END_REF][START_REF] Everitt | Association of oesophageal radiation dose volume metrics, neutropenia and acute radiation oesophagitis in patients receiving chemoradiotherapy for non-small cell lung cancer[END_REF][START_REF] Zhang | Risk factors of radiation-induced acute esophagitis in non-small cell lung cancer patients treated with concomitant chemoradiotherapy[END_REF]). Several case studies have investigated radiation dose-volume effects for late damages to the oesophagus occurring several years after treatment (e.g. [START_REF] Singh | Predictors of radiation-induced esophageal toxicity in patients with non-small-cell lung cancer treated with three-dimensional conformal radiotherapy[END_REF][START_REF] Qiao | Clinical and dosimetric factors of radiation-induced esophageal injury: radiation-induced esophageal toxicity[END_REF][START_REF] Jensen | Late swallowing dysfunction and dysphagia after radiotherapy for pharynx cancer: frequency, intensity and correlation with dose and volume parameters[END_REF][START_REF] Mortensen | Late dysphagia after IMRT for head and neck cancer and correlation with dose-volume parameters[END_REF][START_REF] Cox | Esophageal toxicity from high-dose, singlefraction paraspinal stereotactic radiosurgery[END_REF]). Those case series suggested a major role of maximal radiation doses to the oesophagus on risks of late oesophageal injury [START_REF] Singh | Predictors of radiation-induced esophageal toxicity in patients with non-small-cell lung cancer treated with three-dimensional conformal radiotherapy[END_REF][START_REF] Qiao | Clinical and dosimetric factors of radiation-induced esophageal injury: radiation-induced esophageal toxicity[END_REF][START_REF] Jensen | Late swallowing dysfunction and dysphagia after radiotherapy for pharynx cancer: frequency, intensity and correlation with dose and volume parameters[END_REF] or dysphagia [START_REF] Jensen | Late swallowing dysfunction and dysphagia after radiotherapy for pharynx cancer: frequency, intensity and correlation with dose and volume parameters[END_REF][START_REF] Mortensen | Late dysphagia after IMRT for head and neck cancer and correlation with dose-volume parameters[END_REF] after lung [START_REF] Singh | Predictors of radiation-induced esophageal toxicity in patients with non-small-cell lung cancer treated with three-dimensional conformal radiotherapy[END_REF][START_REF] Qiao | Clinical and dosimetric factors of radiation-induced esophageal injury: radiation-induced esophageal toxicity[END_REF], pharynx [START_REF] Jensen | Late swallowing dysfunction and dysphagia after radiotherapy for pharynx cancer: frequency, intensity and correlation with dose and volume parameters[END_REF] and head and neck [START_REF] Mortensen | Late dysphagia after IMRT for head and neck cancer and correlation with dose-volume parameters[END_REF] cancer treatment, or para-spinal stereotactic radiosurgery [START_REF] Cox | Esophageal toxicity from high-dose, singlefraction paraspinal stereotactic radiosurgery[END_REF]. Our study also indicated an important role of high doses in the long-term risk of oesophageal SCC, with an increase in EOR/Gy for Dmedian by 31% for each 10% increment of V30 (Table 2,M13). This result may reflect, at least in part, the borderline significant upward curvature observed in the DSPC-risk association over a dose range of 0-45 Gy (Table 3, M15, Figure S4). This upward curvature in the dose-response relationship could also explain the borderline increase in DSPC-associated risks with larger volumes irradiated at doses ≥30 Gy, given that modelling an interaction between DSPC and V30 (Table 3, M18) did not fit the data substantially better than a linear-exponential DSPC-based model (Table 3, M15). Investigating interactions between DSPC and DVH metrics thus did not provide clear evidence of any volume or dose gradient effect in the radiation-related risk of oesophageal cancer.

In our study population, one out of four women with any oesophagus volume irradiated at ≥30 Gy were treated with supraclavicular and internal mammary chain fields (Table S5). Current breast cancer treatments with 3D conformal or IMRT and CT-guided treatment plan optimization are associated with reduced exposures to the oesophagus, but doses exceeding 30 Gy have still been reported in recent series of breast [START_REF] Wang | Postmastectomy intensity modulation radiated therapy of chest wall and regional nodes: Retrospective analysis of the performance and complications up for 5 years[END_REF][START_REF] Ma | Post mastectomy linac IMRT irradiation of chest wall and regional nodes: dosimetry data and acute toxicities[END_REF][START_REF] Dumane | Dose to organs in the supraclavicular region when covering the Internal Mammary Nodes (IMNs) in breast cancer patients: A comparison of Volumetric Modulated Arc Therapy (VMAT) versus 3D and VMAT[END_REF], lung [START_REF] Duijm | Predicting high-grade esophagus toxicity after treating central lung tumors with stereotactic radiotherapy using a Normal Tissue Complication Probability model[END_REF], and head/neck [START_REF] Monti | Voxel-based analysis unveils regional dose differences associated with radiation-induced morbidity in head and neck cancer patients[END_REF] cancer patients. For patients who did, or did not receive such high doses, we found that the EOR of oesophageal cancer linearly increased with Dmedian (Table 2), suggesting that contemporary patients remain at risk of oesophageal cancer subsequent to radiation therapy. It is in line with results from simulation studies suggesting that modern radiation therapy techniques do not exclude (and could even increase) long-term risks of second primary cancer despite of a dose reduction to surrounding organs [START_REF] Hall | Intensity-modulated radiation therapy, protons, and the risk of second cancers[END_REF][START_REF] Lee | Radiotherapy-induced secondary cancer risk for breast cancer: 3D conformal therapy versus IMRT versus VMAT[END_REF][START_REF] Filippi | Intensity Modulated Radiation Therapy and Second Cancer Risk in Adults[END_REF], and observational studies on environmental exposures which reported increased risks of oesophageal cancer even at doses <5 Gy [START_REF] Preston | Solid cancer incidence in atomic bomb survivors: 1958-1998[END_REF][START_REF] Unscear | Epidemiological studies of cancer risk due to low-dose-rate radiation from environmental sources[END_REF].

Unlike previous studies investigating risks as a function of dose to the second cancer location [START_REF] De Gonzalez | Second solid cancers after radiation therapy: a systematic review of the epidemiologic studies of the radiation dose-response relationship[END_REF], the present study benefited from estimates of individual pseudo-DVH to the entire oesophagus for a large population of women with breast cancer. Substantial dose gradients along the oesophagus (more than 20-fold from one to another point estimate) and variability of dose distribution among patients treated with various fields (e.g., direct chest wall, axillary, internal mammary) [START_REF] Lamart | Radiation dose to the esophagus from breast cancer radiation therapy, 1943-1996: an international population-based study of 414 patients[END_REF] made this study particularly well-suited to explore the question of volume effects on second primary cancer risk.

There was also relatively low uncertainty about the size and position of the organ relative to the patient's weight and height, compared to other (moving) digestive organs. Last, our previous study found that risks of oesophageal cancer subsequent to radiation therapy for breast cancer are not likely confounded by lifestyle factors (e.g. smoking and alcohol consumption), chemotherapy, or hormonal agents [START_REF] Morton | Risk of treatmentrelated esophageal cancer among breast cancer survivors[END_REF]. However, the study was limited by uncertainties in dose reconstruction due to insufficient details in the patients' medical records, the absence of individual CT images for oesophagus delineation, and the availability of dose estimates to only 25 locations of the oesophagus that did not allow us to reconstruct actual DVHs [START_REF] Lamart | Radiation dose to the esophagus from breast cancer radiation therapy, 1943-1996: an international population-based study of 414 patients[END_REF]. Additionally, we were unable to assess whether fractionation impacted the dose-related risk due to lack of individual information on fraction size.

However, the variability in fractionation schedules was typically low in participating centres. Last, it should be noted that the present results were largely driven by primary treatment of breast cancer, not by treatments of recurrences or second cancers (the latest ones having being excluded by study design). The cumulative doses received during the entire study period or within the first year after diagnosis only were highly correlated, and the risk estimates did not substantially change when considering exposures within the year after diagnosis only (Table S6).
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 1 27 to 3.70) at 20 to <30 Gy, and 4.16 (95%CI: 1.71 to 10.1) at 30 to <40 Gy. For SCC however, V30 significantly modified Dmedian. The EOR/Gy for Dmedian to the entire oesophagus was 0.046 (95%CI: -0.005 to 0.233), when no part of the oesophagus received ≥30 Gy (

  conclusion, based on up to 35 years of follow-up of a large population of breast cancer survivors, this study found a strong radiation dose-response relationship with oesophageal cancer, with no clear evidence of any irradiation volume or dose gradient effect. This first study investigating the association between oesophageal dose-volume distribution and long-term risk of second primary cancer shows that risk models based on Dmedian and V30 performed similarly to what models based on DSPC did, especially for SCC. It thus suggest that Dmedian and V30 could be relevant DVH metrics in treatment plan optimization for contemporary patients. These findings should be further translated in terms of absolute risks to support patient information and risk stratification for surveillance strategies of long-term survivors treated with past or modern radiation therapy techniques. Given that modern techniques have variable dose-volume distributions within organs at risk, it is important that further studies investigating second primary cancer risks (and other late effects) account for dose-volume joint effects, beyond the standard approach of dose to the second cancer location.

Figure captions Figure 1 .

 captions1 Figure captions

Table 1 )

 1 , were associated with the highest doses to the oesophagus in both cases and controls (mean dose: 20.1 Gy with supraclavicular irradiation and 16.7 Gy without supraclavicular irradiation, as compared to 13.9 Gy for supraclavicular without IMC fields, 1.7 Gy for tangential and/or direct chest wall fields only, and 0.7 Gy for axilla and/or other fields; Table
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 2 M2, Figure S4), but not for other DVH metrics (data not shown). The DVH-based models with the best goodness-of-fit included Dmedian and V30. For all histological types combined, the EOR/Gy for Dmedian was 0.071 [95% confidence interval (CI): 0.018 to 0.206] (Table 2, M3), with no evidence of heterogeneity by V30 (p-trend>0.5, Table 2, M10, Figure
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 2 M13).

	The EOR/Gy for Dmedian increased by 31% (95%CI: 3% to 205%) for each increment of 10% of the
	oesophagus volume irradiated at dose ≥30 Gy (p-trend for V30 = 0.02). Among women who received
	≥30 Gy to 10%, 20% or 40% of the oesophagus, the EORs/Gy for Dmedian were 0.060, 0.079, and
	0.137, respectively. When V30>0, the estimated ORs of SCC were 1.11 (95%CI: 0.42 to 2.94), 2.19
	(95%CI: 1.02 to 4.71), 2.69 (95%CI: 1.39 to 5.18), and 7.86 (95%CI: 2.58 to 23.98), at Dmedian <10

Table 1 .

 1 Characteristics of the study population

	Cases	Controls
	N (%)	N (%)

Table 2 .

 2 Parameter estimates and goodness-of-fit criteria of selected models based on dose-volume histogram metrics : Akaike Information Criterion; p(β2): likelihood ratio test p-value for a model including an exponential term vs. not including this exponential term (bold value indicates p-value <0.05); ns: not significant with p-value ≥0.10.NB: Regression coefficients are given per dose unit in Gy and 0.10 relative volume. The models reported here are those with the lowest AIC values among all the models tested that included one or two dose-volume histogram metric(s).

		All histological types		Squamous cell carcinoma
	β1	β2	p(β2) Deviance AIC	β1	β2	p(β2) Deviance AIC

AIC

Table 3 .

 3 Parameter estimates and goodness-of-fit criteria of selected models based on dose estimates to the oesophagus cancer location (DSPC) for cases, or matched location for controls, without and with effect modification by dose-volume histogram (DVH) metrics : Akaike Information Criterion; DVH: Dose-volume histogram; p(β2): likelihood ratio test p-value for a model including an exponential term vs. not including this exponential term (bold value indicates p-value <0.05) ; ns: not significant with p-value ≥0.10.NB: Regression coefficients are given per dose unit in Gy and 0.10 relative volume. The models reported here are those with the lowest AIC values among all the models tested that included one or two DVH metric(s).

			All histological types			Squamous cell carcinoma
	β1	β2	p(β2) Deviance AIC	β1	β2	p(β2) Deviance AIC
		Models based on DSPC only			

AIC
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