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                        ORIGINAL ARTICLE    

 The effect on esophagus after different radiotherapy techniques for 
early stage Hodgkin ’ s lymphoma       

    ANNI Y. S.     J Ø RGENSEN  1,2  ,       MAJA V.     MARALDO  1  ,       NILS PATRIK     BRODIN  1,3  , 
      MARIANNE C.     AZNAR  1,3  ,       IVAN R.     VOGELIUS  1  ,       PER MUNCK AF     ROSENSCH Ö LD  1,3  , 
      PETER M.     PETERSEN  1,2,4   &       LENA     SPECHT  1,2,4    

  1 Department of Radiation Oncology, Rigshospitalet, University of Copenhagen, Copenhagen, Denmark,  2 Department 
of Oncology, Rigshospitalet, University of Copenhagen, Copenhagen, Denmark,  3 Niels Bohr Institute, University of 
Copenhagen, Copenhagen, Denmark and  4  Department of Hematology, Rigshospitalet, University of Copenhagen, 
Copenhagen, Denmark                             

  Abstract 
  Introduction . The cure rate of early stage Hodgkin ’ s lymphoma (HL) is excellent; investigating the late effects of treatment 
is thus important. Esophageal toxicity is a known side effect in patients receiving radiotherapy (RT) to the mediastinum, 
although little is known of this in HL survivors. This study investigates the dose to the esophagus in the treatment of early 
stage HL using different RT techniques. Estimated risks of early esophagitis, esophageal stricture and cancer are compared 
between treatments.  Material and methods.  We included 46 patients  �    15 years with supradiaphragmatic, clinical stage I – II 
HL, who received chemotherapy followed by involved node RT (INRT) to 30.6 Gy at our institution. INRT was planned 
with three-dimensional conformal RT (3DCRT). For each patient a volumetric modulated arc therapy (VMAT), proton 
therapy (PT) and mantle fi eld (MF) treatment plan was simulated. Mean, maximum and minimum dose to the esophagus 
were extracted from the treatment plans. Risk estimates were based on dose-response models from clinical series with 
long-term follow-up. Statistical analyses were performed with repeated measures ANOVA using Bonferroni corrections. 
 Results.  Mean dose to the esophagus was 16.4, 16.4, 14.7 and 34.2 Gy (p    �    0.001) with 3DCRT, VMAT, PT and MF 
treatment, respectively. No differences were seen in the estimated risk of developing esophagitis, stricture or cancer with 
3DCRT compared to VMAT (p    �    1.000, p    �    1.000, p    �    0.356). PT performed signifi cantly better with the lowest risk 
estimates on all parameters compared to the photon treatments, except compared to 3DCRT for stricture (p    �    0.066). On 
all parameters the modern techniques were superior to MF treatment (p    �    0.001).  Conclusions.  The estimated dose to the 
esophagus and the corresponding estimated risks of esophageal complications are decreased signifi cantly with highly 
conformal RT compared to MF treatment. The number of patients presenting with late esophageal side effects will, thus, 
likely be minimal in the future.   

 Hodgkin ’ s lymphoma (HL) is one of the most 
common cancers in young adults. The median age 
at diagnosis is 38 years with an age-adjusted inci-
dence rate of 2.8 per 100 000 men and women per 
year in the USA [1]. The fi ve-year overall survival 
is excellent, approaching 95% [2,3]. HL survivors 
are known to have an excess morbidity and mortality 
risk due to the occurrence of secondary cancers and 
cardiovascular diseases [4 – 6]. However, with a grow-
ing number of young, long-term HL survivors there 
is a necessity of investigating other late effects of 
treatment. 

 Within the last two decades radiotherapy (RT) 
has changed dramatically: fi eld size has been reduced 
from the extended mantle fi eld (MF) to the involved-
node RT (INRT) strategy [7,8], radiation dose has 
been reduced from 36 – 40 Gy to 20 – 30 Gy [2,3], and 
more advanced treatment techniques such as three-
dimensional conformal RT (3DCRT), intensity 
modulated RT (IMRT), volumetric modulated arc 
therapy (VMAT) and proton therapy (PT) have 
become available. These changes have resulted in sig-
nifi cant reductions in the radiation doses to normal 
structures, and this is expected to lead to a decrease 
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in the risk of late effects. It should be noted, however, 
that the patients who present with late effects today, 
will primarily have been treated with a more exten-
sive fi eld (typically an MF) and will have received 
radiation doses up to 40 Gy. 

 For a large number of HL patients, part of the 
esophagus is within or near the border of the RT 
fi eld; the esophagus is, however, rarely contoured as 
a dose-limiting structure, and is generally not con-
sidered an organ at risk. In other patients treated 
with RT to the mediastinum, early and late esopha-
geal toxicity is a known side effect. The Quantitative 
Analyses of Normal Tissue Effects in the Clinic 
(QUANTEC) initiative reviewed 12 studies of pre-
dictors of esophageal toxicity in patients with non-
small cell lung cancer (NSCLC) and found a variety 
of clinical and dosimetric parameters associated with 
early and late esophageal toxicity [9]. A recent study 
by Morton et   al. [10] furthermore described the risk 
of treatment-related esophageal cancer among breast 
cancer survivors. In HL survivors, the information 
on late esophageal toxicity, such as the development 
of esophageal stricture and cancer, mainly comes 
from case reports [11 – 14]. 

 The aim of the present study is to evaluate the 
estimated dose to the esophagus using INRT with 
3DCRT, VMAT and PT, and to compare it to the 
dose delivered with the extensive MF of the past for 
patients with early stage HL. We furthermore com-
pare the estimated risks of developing esophagitis, 
esophageal stricture, and esophageal cancer with 
these different techniques, using dose-response mod-
els from the literature [10,15,16].  

 Material and methods 

 Patients with clinical stage I – II HL, who received 
combined modality treatment with chemotherapy 
and INRT from 1 January 2006 to 30 August 2010 
at our institution were included. Inclusion criteria 
were: supradiaphragmatic disease, classical histology, 
and age    �    15 years. Patients received the adriamycin, 
bleomycin, vinblastine and dacarbazine (ABVD) 
chemotherapy regimen followed by INRT according 
to current guidelines [7]. Exceptions were patients in 
protocol or patients unfi t for this regimen. All patients 
had a pre-chemotherapy 18-fl ouro-deoxy-glucose 
positron emission tomography (FDG-PET) com-
puted tomography (CT) scan as well as a post-
chemotherapy CT scan for treatment planning. The 
two scans were fused and adjusted to the post-
chemotherapy anatomical outlines. Scans were per-
formed in the supine position with contrast enhancement 
and a slice thickness of 2.5 or 3.0 mm. RT doses were 
30.6 Gy to initially involved lymph nodes, delivered in 
1.8 Gy fractions, 5 fractions per week (F/W) with a 

beam energy of 6 MV. INRT was planned with 3DCRT, 
either as opposed or oblique fi elds.  

 Plan simulations 

 The simulations of VMAT and PT plans as well as 
the reconstructions of MF plans have been described 
in detail elsewhere [17,18]. In the planning no dose-
volume constraints were applied to the esophagus 
(see Supplementary Table I for planning objectives, 
available online at http://informahealthcare.com/
doi/abs/10.3109/0284186X.2013.813636). With the 
modern techniques, the prescribed dose was 30.6 Gy 
in 1.8 Gy fractions, 5 F/W, and for MF plans the 
prescribed dose was 36 Gy in 1.8 Gy fractions, 
5 F/W. Plans were simulated using Eclipse TM  v. 8.9 
(Varian Medical Systems, Palo Alto, CA, USA).   

 Contouring 

 The esophagus was defi ned as beginning at the lower 
edge of the cricoid cartilage and ending at the gastro-
esophageal junction. The external contour was delin-
eated in its entire length, by the same physician on 
each CT image for all patients. All contours were 
reviewed by a second physician as there are currently 
no specifi c recommendations for contouring the 
esophagus [9].   

 Risk estimates 

 Risk estimates were based on dose-response models 
from the literature. The risk of developing esophagi-
tis (grade    �    2) was based on a Lyman model derived 
by Belderbos et   al. [15] from two pooled, prospective 
studies of NSCLC patients. The risk of developing 
esophageal stricture was based on a relative seriality 
model by Alevronta et   al. [16] from a case-control 
study with head and neck cancer patients. The risk 
of developing esophageal cancer was derived from 
the Morton study [10] using a linear dose-response 
model. Risk estimates were based on each patient ’ s 
four different treatment plans.   

 Statistical analyses 

 Mean, maximum and minimum dose to the esophagus 
and estimated risks of developing esophagitis, esopha-
geal stricture and esophageal cancer with 3DCRT, 
VMAT, PT and MF treatment were compared using 
repeated measures analysis of variance (rANOVA). 
When sphericity was violated the Greenhouse-Geisser 
correction was used. To compare the results among 
the independent variables post hoc analyses using 
the Bonferroni correction were performed. All statisti-
cal analyses were performed using SPSS Statistics 
v. 20 (IBM).    
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 Results 

 A total of 46 patients are included in the study; char-
acteristics are shown in Table I. Figure 1 shows the 
constructed 3DCRT, VMAT, PT and MF treatment 
plans for one representative patient.  

 Dose distribution to the esophagus 

 The distribution of mean, maximum and minimum 
dose to the esophagus for each patient with the four 
different treatment techniques are shown in Figure 2. 
Five patients receive a maximum dose to the esoph-
agus below 1.8 Gy in their initial 3DCRT treatment 
plan and they are seen as outliers in Figure 2. Results 
are shown in Table II without outliers. All doses are 
reported as median values. The range in mean dose 
to the individual patients is wide for all but the MF 
plans, where the dose is more evenly distributed. Post 
hoc tests reveal that the difference in mean dose 
between 3DCRT and VMAT is not statistically sig-
nifi cant. Pair-wise comparisons between 3DCRT 
versus PT and VMAT versus PT do, however, trans-
late into a signifi cant difference. The mean dose 
delivered to the esophagus is signifi cantly higher for 
MF compared with the three modern techniques. 
Regarding maximum dose to the esophagus, wide 
differences in range are detected for all but the MF 
plans. No statistically signifi cant differences are seen 
when the three modern techniques are compared. 
Maximum dose to the esophagus is signifi cantly 
higher with the extensive MF treatment when com-
pared to the modern techniques. For the minimum 
dose to the esophagus, the pair-wise comparisons 
between all treatment plans translate into a statisti-
cally signifi cant difference in favor of the modern 
techniques.   

 Risk estimates 

 The risk estimates are shown in Table III. The mod-
ern techniques provide signifi cantly lower risk esti-
mates compared with the extensive MF treatment on 
all parameters. The patients ’  estimated risks of devel-
oping esophagitis decrease approximately fi ve-fold 
with the modern techniques, esophageal stricture 
500-fold, and esophageal cancer seven-fold com-
pared to the MF treatment. Comparison of 3DCRT 
versus VMAT is not signifi cantly different for 
esophagitis, esophageal stricture or cancer in post 
hoc tests. The same is true for esophageal stricture 
when 3DCRT is compared with PT, but not when 
VMAT is compared with PT. All risk estimates are 
minimal with the modern techniques and only the 
early endpoint esophagitis carries a median risk 
above 1%.    

  Table I. Patient characteristics.  

 Number   (%) 

 Patients 46
 Gender 

Male 24 (52)
Female 22 (48)

 Age 
 Years, median (range) 33.5 (15 – 76)

 Histology 
NS 33 (72)
MC 11 (24)
Classical, NOS 2 (4)

 Clinical stage 
IA 2 (4)
IIA 28 (61)
IIAE 1 (2)
IIB 15 (33)

 EORTC prognostic group 
Favorable 16 (35)
Unfavorable 30 (65)

 PS 
0 38 (83)
1 8 (17)

 Chemotherapy 
ABVD 43 (94)
ABVD/BEACOPP 1 2 (4)
ChlVPP 2 1 (2)

 Number of cycles 
2 8 (18)
3 6 (13)
4 20 (43)
6 11 (24)
8 3 1 (2)

 RT 
With boost 4 37 (80)
Without boost 9 (20)
AP/PA 43 (93)
IMRT 5 3 (7)

 RT toxicity 6  
Grade 0 28 (61)
Grade 1 8 (17)
Grade 2 10 (22)

    ABVD, adriamycin, bleomycin, vinblastine, dacarbazine; AP/PA, 
anteriorposterior/posterioranterior; BEACOPP, bleomycin, 
etoposid, adriamycin, cyclophosphamide, vincristine, procarbazine, 
prednisone; ChlVPP, chlorambucil, vinblastine, procarbazine, 
prednisone; EORTC, European Organization for Research and 
Treatment of Cancer; IMRT, intensity modulated radiotherapy; 
NOS, not otherwise specifi ed; NS, nodular sclerosis; MC, mixed 
cellularity; PS, Performance status according to WHO; RT, 
radiotherapy.   
  1 Patients in EORTC-Group d ’ Etudes des Lymphomes de 
l ’ Adulte-, Intergruppo Italiano linifomi (EORTC-GELA-IIL) 
H10 protocol, experimental arm;  2 Patient, 75 years old with 
chronic heart failure and poor lung function; 3Patient with CS2B, 
bulky tumor and risk factors (complete metabolic response after 
4 cycles);  4 Patients with partial response after chemotherapy 
were given a boost of 1.8 Gy  �    3.5 fractions per week to lymph 
node remnants;  5 Three patients received IMRT to limit radiation 
dose to the lungs;  6 RT toxicity was graded retrospectively 
from patient charts according to the National Cancer Institute 
Common Terminology Criteria for Adverse Events version 4.0. 
Main complications were redness of skin, soreness of throat and 
light pain.   
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  Figure 1.     Treatment plans with 3DCRT, VMAT, PT and MF for one patient shown in dose color wash. The esophagus is delinated 
in blue.  

  Figure 2.     Minimum, mean and maximum dose distribution to the 
esophagus with 3DCRT, VMAT, PT and MF treatment. Boxes 
represent the 25th to 75th percentiles; whiskers represent the 
range, the plus signs represent outliers.  

 Discussion 

 The focus of this study is to investigate the radiation 
dose to the esophagus in early stage HL, using 
 different RT techniques. Dose-response models are 
applied to estimate the risk of developing esophagitis 
and late effects in the form of esophageal stricture 
and esophageal cancer. Comparisons are made 

between INRT, delivered as 3DCRT, VMAT, or PT 
and the extensive MF technique. By comparing the 
modern techniques with the outdated MF technique, 
it can be estimated whether today ’ s patients share 
the same risk of late effects.  

 Esophagitis 

 Early esophagitis (occurring    �    90 days after treat-
ment initiation) is a known side effect in patients 
undergoing RT for thoracic tumors [9,15,19]. Results 
from the QUANTEC study [9] show a clear trend 
demonstrating that volumes receiving  �    40 – 50 Gy 
correlate signifi cantly with early esophagitis. Factors 
increasing the risk of esophagitis are increased RT 
aggressiveness (e.g. hyperfractionation, concurrent 
boost), concurrent chemotherapy and clinical risk 
factors, such as pre-existing dysphagia and increas-
ing nodal stage. In the present study, the mean 
dose to the esophagus is 34.2 Gy with MF and 
   �    16.4 Gy with the three modern techniques. Cor-
responding maximum dose to the esophagus is 39.6 
Gy with MF and  �    31.8 Gy with the modern 
techniques. This is expected to reduce the risk of 
esophagitis from 22.6% with MF to approximately 
4% with the modern techniques. One patient is how-
ever estimated to receive a mean esophageal dose of 
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approximately 25 Gy and a maximum dose of 
approximately 32 Gy, regardless of which of the 
modern techniques are used, resulting in an esti-
mated risk of esophagitis of approximately 11%. The 
Belderbos study [15] fi nds that when accepting a 
30% risk of developing esophagitis grade  �    2, a max-
imum volume of 50% of the esophagus can be irradi-
ated to 35 Gy. This dose/volume recommendation for 
the esophagus is also given by QUANTEC [20]. Our 
results indicate that, in the treatment of HL, highly 
conformal RT reduces the risk of esophagitis to a 
minor  problem.   

 Esophageal stricture 

 For HL patients, the literature on late esophageal 
damage with fi brosis leading to stricture, stenosis and 
associated dysphagia, trachea-esophageal fi stulas, 
and/or perforation is sparse. Esophageal stricture has 
been reported in pediatric patients with HL 10 – 15 
years after MF treatment with a radiation dose    �    40 
Gy, however, in one case the patient received only 20 
Gy [11,12]. In adults with head and neck cancer and 
NSCLC, esophageal stricture is a known complication 
[16,21,22]. Ahn et   al. [22] fi nd that the only statisti-
cally signifi cant clinical parameter for developing any 

  Table II. Mean, maximum and minimum dose to the esophagus with 3DCRT, VMAT, PT and MF 
treatment plans without outliers and p-values for all comparisons and their pair-wise comparisons. Doses 
are reported as median values for the whole group.  

 Dose to the esophagus (range), Gy 

Mean dose Maximum dose Minimum dose

 RT techniques 
3DCRT 16.4 (0.71 – 25.7) 31.4 (5.25 – 33.6) 0.35 (0 – 3.85)
VMAT 16.4 (4.54 – 25.4) 31.8 (14.5 – 33.8) 0.40 (0 – 5.75)
PT 14.7 (0.08 – 24.9) 31.7 (3.95 – 33.1) 10 	9  (10 	9 )
MF 34.2 (27.3 – 35.9) 39.6 (37.2 – 42.5) 29.1 (4.00 – 32.3)

 All comparisons p    �    0.001 p    �    0.001 p    �    0.001
 Pair-wise comparisons 1  

3DCRT vs. VMAT p    �    1.000 p    �    0.266 p    �    0.020
3DCRT vs. PT p    �    0.001 p    �    1.000 p    �    0.001
VMAT vs. PT p    �    0.001 p    �    0.463 p    �    0.001
3DCRT vs. MF p    �    0.001 p    �    0.001 p    �    0.001
VMAT vs. MF p    �    0.001 p    �    0.001 p    �    0.001
PT vs. MF p    �    0.001 p    �    0.001 p    �    0.001

    MF, mantle fi eld; PT, proton therapy; 3DCRT, three-dimensional conformal radiotherapy; VMAT, 
volumetric modulated arc therapy.   
  1 Adjustment for multiple comparisons: Bonferroni.   

  Table III. Risk estimates with 3DCRT, VMAT, PT and MF treatment plans and p-values for all 
comparisons and their pair-wise comparisons.  

 Risk estimates (range),% 

Esophagitis Esophageal stricture Esophageal cancer

 RT techniques 
3DCRT 4.31 (0.28 – 11.6) 0.006 (0 – 0.29) 0.14 (0 – 0.90)
VMAT 4.22 (0.28 – 11.3) 0.005 (0 – 0.26) 0.16 (0 – 0.89)
PT 3.68 (0.27 – 11.0) 0.003 (0 – 0.24) 0.12 (0 – 0.87)
MF 22.6 (13.9 – 25.7) 2.39 (0.55 – 3.43) 1.02 (0.21 – 1.24)

 All comparisons p    �    0.001 p    �    0.001 p    �    0.001
Pair-wise    comparisons 1  

3DCRT vs. VMAT p    �    1.000 p    �    1.000 p    �    0.356
3DCRT vs. PT p    �    0.003 p    �    0.066 p    �    0.008
VMAT vs. PT p    �    0.001 p    �    0.002 p    �    0.001
3DCRT vs MF p    �    0.001 p    �    0.001 p    �    0.001
VMAT vs. MF p    �    0.001 p    �    0.001 p    �    0.001
PT vs. MF p    �    0.001 p    �    0.001 p    �    0.001

    MF, mantle fi eld; PT, proton therapy; 3DCRT, three-dimensional conformal radiotherapy; VMAT, 
volumetric modulated arc therapy.   
  1 Adjustment for multiple comparisons: Bonferroni.   
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with gastroscopy if presenting with dysphagia. This 
recommendation could be transferred to HL survi-
vors, to enable early detection of esophageal cancer.   

 Choosing the optimal treatment technique 

 A study by Gomez et   al. [19] shows that patients with 
NSCLC treated with IMRT has the highest rate of 
grade 3 acute esophagitis when compared with 
3DCRT and PT. The authors speculate that this could 
be due to the  “ low-dose bath ”  received by the esoph-
agus with IMRT, whereas 3DCRT and PT allow com-
plete or partial sparing of the esophagus. Fiandra et   al. 
[24] fi nd IMRT techniques to be superior in target 
coverage and organ at risk-sparing compared to 
3DCRT, with, as expected, larger volumes of healthy 
tissues receiving low-intermediate doses. Considering 
all the different organs at risk simultaneously, they are 
not able to fi nd an optimal IMRT technique. 

 In the present study we fi nd no statistically sig-
nifi cant differences in the estimated mean dose to the 
esophagus or in the risk estimates of developing 
esophagitis, esophageal stricture, or esophageal cancer 
when 3DCR is compared to VMAT. The  “ low-dose 
bath ”  delivered with VMAT can, however, potentially 
increase the risk of morbidity and secondary cancer in 
surrounding organs, and this question needs further 
investigation. PT performs signifi cantly better with the 
lowest risk estimates on all parameters compared to 
the photon treatments, except when compared to 
3DCRT for stricture. Some patients will however 
receive a high radiation dose to the esophagus regard-
less of the modern technique used, and the optimal 
choice of treatment technique must therefore be 
assessed for each individual patient. However, the abso-
lute risk estimates are so low, that in most patients the 
radiation dose to the esophagus is unlikely to be the 
most important endpoint when choosing treatment 
strategy. Other risk organs in the mediastinum, such as 
the heart, lungs, or breasts for female patients are of 
more concern than the esophagus. However, as recently 
shown by our group, when considering these organs we 
found no one single best modern RT technique due to 
the anatomically diversity among HL patients [18]. 

 Our study has the inherent limitation of a dose 
planning study: The esophagus is slightly mobile dur-
ing respiration which is unaccounted for, and there 
are uncertainties in the delineation of the esophagus. 
Also, no dose-volume constraints are applied to the 
esophagus in the treatment planning. A further limi-
tation is that the risk estimates are based on data 
from other patient groups, whose treatment differ 
from that of HL patients, making the direct transfer 
of the risk estimates to our patient cohort question-
able. However, all treatment plans share these limita-
tions and they should not  systematically affect our 

grade of late esophageal toxicity is the severity of the 
acute esophageal toxicity, suggesting that this early 
endpoint might be causally correlated (i.e. a conse-
quential late effect). This raises the question if more 
aggressive supportive care to patients can help pre-
vent this severe late event. It would be encouraging 
to see a clinical outcome series demonstrating a drop 
in early esophagitis with modern techniques, as this 
would be expected to be followed by a later drop in 
the risk of esophageal stricture. In a study by Lawson 
et   al. [21],   esophageal stricture developed in 13% of 
the patients after 52% of the esophagus received a 
mean dose of 60 Gy. In the group without stricture, 
only 30% of the esophagus was irradiated to 60 Gy. 
The dose used in modern day treatment of HL is well 
below 40 Gy [2,3], and the estimated risk of    �    0.01% 
of developing esophageal stricture with the modern 
techniques in our study refl ects this.   

 Esophageal cancer 

 The criteria for radiation-induced malignancies of 
the esophagus were described in 1972 by Chudecki 
[23]. Micke et   al .  [14] reviewed the literature and 
found 66 case reports of radiation-induced esopha-
geal cancer from 1957 to 1994. Patients with previ-
ous breast cancer (17 patients) and HL (12 patients) 
accounted for the majority of these reports. Esopha-
geal cancer in a previously irradiated area occurred 
with a median time-to-event of 15 years and median 
dose of 40 Gy. They were not able to confi rm the 
diagnosis of radiation-induced esophageal cancer 
versus spontaneously developed cancer. 

 Analyses supported a time-dose relationship in 
which higher doses shortened the latency interval; how-
ever, this effect was not signifi cant. Morton et   al. [10] 
fi nd that, in breast cancer survivors who received radi-
ation to the site of the esophageal tumor, the risk of 
esophageal cancer increases 8.3-fold for doses    �    35 Gy. 
The median time-to-event between breast cancer and 
esophageal cancer is 13 years (range 5 – 37 years), and 
the risk increases with known esophageal cancer risk 
factors such as smoking, alcohol consumption, family 
history of cancer and increasing BMI. The overall risk 
is, however, low: 0.5% risk of developing esophageal 
cancer within 25 years after irradiation to 30 Gy. 

 In the present study, the estimated maximum 
dose to the esophagus is    �    31.8 Gy with a corre-
sponding estimated risk of developing esophageal 
cancer  �    0.2% with the three modern techniques. 
With the MF technique, mean and maximum dose 
are 34.2 Gy and 39.6 Gy, respectively, increasing the 
risk of developing esophageal cancer approximately 
seven-fold. Morton [10] recommends that patients 
who receive irradiation to the mediastinum should 
refrain from smoking and be thoroughly examined 
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conclusions. Also, the direct comparison between 
MF and the modern INRT techniques is biased due 
to the difference in fi eld size and dose. However, this 
refl ects the change in treatment regimen, and the 
comparison is important in order to extrapolate the 
risk from earlier time periods to patients of today.    

 Conclusion 

 The results of this study show that modern INRT 
treatment for early stage HL with 3DCRT, VMAT 
or PT signifi cantly reduces the estimated dose to the 
esophagus and the corresponding estimated risks of 
esophageal complications when compared to the 
extensive MF treatment. This will likely decrease the 
number of HL survivors presenting with esophageal 
side effects in the future. Possibly, the risk of esoph-
ageal late effects can be further reduced with cessa-
tion of smoking and excessive alcohol intake, and 
with thorough clinical examination of HL survivors 
presenting with dysphagia, to ensure early detection. 

  Declaration of interest:   The authors report no 
confl icts of interest. The authors alone are respon-
sible for the content and writing of the paper.                            
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