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ABSTRACT
Background: Patients with stage II seminoma have traditionally been treated with photons to the
retroperitoneal and iliac space, which leads to a substantial dose bath to abdominal and pelvic organs
at risk (OAR). As these patients are young and with excellent prognosis, reducing dose to OAR and
thereby the risk of secondary cancer is of utmost importance. We compared IMPT to opposing IMRT
fields and VMAT, assessing dose to OAR and both overall and organ-specific secondary cancer risk.
Material and methods: A comparative treatment planning study was conducted on planning CT-
scans from ten patients with stage II seminoma, treated with photons to a ‘dog-leg’ field with doses
ranging from 20 to 25Gy and a 10Gy sequential boost to the metastatic lymph node(s). Photon plans
were either 3–4 field IMRT (Eclipse) or 1–2 arc VMAT (Pinnacle). Proton plans used robust (5mm; 3.5%)
IMPT (Eclipse), multi field optimization with 3 posterior fields supplemented by 2 anterior fields at the
level of the iliac vessels. Thirty plans were generated. Mean doses to OARs were compared for IMRT vs
IMPT and VMAT vs IMPT. The risk of secondary cancer was calculated according to the model
described by Schneider, using excess absolute risk (EAR, per 10,000 persons per year) for body outline,
stomach, duodenum, pancreas, bowel, bladder and spinal cord.
Results: Mean doses to all OARs were significantly lower with IMPT except similar kidney (IMRT) and
spinal cord (VMAT) doses. The relative EAR for body outline was 0.59 for IMPT/IMRT (p< .05) and 0.33
for IMPT/VMAT (p< .05). Organ specific secondary cancer risk was also lower for IMPT except for pan-
creas and duodenum.
Conclusion: Proton therapy reduced radiation dose to OAR compared to both IMRT and VMAT plans,
and potentially reduce the risk of secondary cancer both overall and for most OAR.
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Background

Testicular cancer is the most common solid tumor in men
aged 20–45 years and the incidence has been rising (Znaor
[1], Efstathiou [2]). For stage I seminoma, active surveillance
and salvage treatment of recurrences gives the same excel-
lent prognosis as adjuvant chemo- or radiotherapy upfront
[3]. Active surveillance for stage I seminoma is the preferred
strategy in Denmark, and radiotherapy is mainly reserved for
solitary retroperitoneal lymph node recurrences <3 cm and
for primary stage IIa and IIb (if lymph nodes are <3 cm) [4].

The standard radiation volume for both recurrences and
primary stage II comprises retroperitoneal (para-aortic,
paracaval, interaorto-caval, precaval, and pre-aortic) and ipsi-
lateral internal and external iliac lymph nodes regions – the
so-called ‘dog-leg’ (Pierorazio [5]). Further, a sequential boost
to the pathological lymph node is added. Due to the extent
of this radiation field, several organs at risk (OARs), including

stomach, pancreas, bowel bag, kidneys, spinal cord, duode-
num and bladder are exposed to radiation.

Acute toxicity is most often minor (Pasalic [6], Pierorazio
[5]), but some patients experience late morbidity including
erectile dysfunction [7], neurological, gastrointestinal, and
urogenital events with increased risk of mortality from com-
plications up to 30 years after the treatment (Knap [8],
Pierorazio [5]). Studies have also documented an increased
risk of secondary cancer after radiotherapy for seminoma
(Travis [9] and Kier [10]). The young age of the patients and
the favorable prognosis make reduction of secondary cancer
risk pertinent, thus optimizing radiotherapy is essential to
improve outcome for these patients.

Published studies on photon therapy for seminoma
includes conventional 3D or IMRT techniques with anterior/-
posterior field orientation (Simone [11], Pasalic [6]).
Volumetric arc techniques (VMAT) have been implemented
for several cancer types, as it offers increased conformity and
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rapid treatment delivery, but VMAT also increase the low
dose bath to surrounding OARs [12].

Previous studies have compared conventional photon
therapy with different proton techniques and field orienta-
tions (Pasalic [6], Simone [11], Efstathiou [2], Hoppe [13]).
One recent study have compared proton therapy (both pas-
sive scattering (PS)/uniform scattering (US) and pencil beam
scattering (PBS)) with 3D AP-PA (anterior-posterior) photon
fields and IMRT/VMAT and assessed secondary cancer risks
between modalities for selected OARs (Maxwell [14]).

With this study we compare radiation dose to OAR with
AP-PA, modern IMRT, VMAT and IMPT for patients with semi-
noma and indication for radiotherapy. Further, we model the
secondary cancer risk for each technique, both over-all and
organ specific.

Material and methods

Patients

Treatment planning scans from ten patients with recurrent
stage I or stage II seminoma, previously treated with trad-
itional ‘dog-leg’ volume and photon therapy, were used for
comparative dose planning, Table 1. The elective target
(CTV-E) was defined as para-aortic, paracaval, interaorto-
caval, precaval, and pre-aortic and ipsilateral internal and
external iliac lymph nodes as described by Wilder et al. [15],
individual modifications were allowed. Prescribed dose to
CTV-E ranged from 20 to 25Gy. Metastatic lymph node(s)
with a 10mm margin (CTV-T) was subsequently boosted with
10Gy. Bladder, duodenum, pancreas, stomach, bowel bag,
kidneys and spinal cord were considered organs at risk (OAR)
and they were delineated according to RTOG guidelines
[16,17] or anatomy (spinal cord). Body outline comprise the
entire CT scan volume.

The study was approved by the Aarhus University
Hospital institutional review board. According to national
legislation, informed consent was not required.

Photon therapy dose planning, IMRT and VMAT

Photon plans were either IMRT (Eclipse, Varian Medical
Systems, v16.1) or VMAT (Pinnacle, Philips Healthcare, v16.2)
based on local treatment centre standards.

IMRT plans used either 3 field AP-PA (gantry angles: 15,
180, 345) with 6MV and 15MV or 4 fields AP-PA (gantry
angles: 0, 180) with 6MV and 18MV. VMAT plans used 1 or 2

arcs with 6MV. Boost plans used 3 fields not at fixed gantry
angles with 15MV or 1 arc with 6MV.

An expansion of CTV-E and CTV-T with 5mm in the hori-
zontal plane and 6–9mm in cranial-caudal direction formed
the (planning target volume) PTV-E and PTV-T.

Proton therapy dose planning, IMPT

Proton IMPT plans used 5 fields for the elective target � 3
posterior fields (gantry angles: 150, 180, 210) covering the
entire CTV-E supplemented by 2 anterior fields (gantry angle
5, 30, or 330, 355) at the level of the iliac vessels (Eclipse,
Varian Medical Systems v13.7). A 5 cm polycarbonate (Lexan)
range shifter was used for the 2 anterior fields as the water
equivalent thickness (WET) from the outer contour of the
body outline to CTV-E was less than 4 cm.

The robust target volumes (RTVs) were based on the CTVs
with a 5mm setup error, a calibration curve error of 3.5%
and a 1mm proximal and distal margin, respectively.

IMPT with multi-field optimization (MFO) robust optimiza-
tion and evaluation was done for 14 scenarios: 2 scenarios
with 0mm setup error and ±3.5% calibration curve error
and 12 scenarios with 5mm setup error and ±3.5% calibra-
tion curve error. A constant relative biological effectiveness
(RBE) factor of 1.1 was used. All IMPT plans were normal-
ized to the target mean. Air cavities (bowel gas) near the
target area were contoured and overwritten to water for
optimization, but not for final dose calculation. The dose
coverage criterion for the worst-case scenario was CTV
V95% �98%.

A total of 30 plans were used � 10 clinical plans and in
addition 10 VMAT/IMRT plans and 10 IMPT plans for the
comparison. The clinical plans were not consulted until after
the generation of the extra IMRT/VMAT and IMPT plans.
Patient and treatment characteristics are summarized in
Table 1.

Analysis

The clinical photon (IMRT or VMAT) treatment plans were
used for comparison. The mean organ dose for the following
OARs were compared for IMRT vs IMPT and VMAT vs IMPT:
body outline, bowel bag, spinal cord, duodenum, left kidney,
right kidney, pancreas, stomach, bladder. The comparison
was done for the summed doses – primary (CTV-E) plus
boost (CTV-T).

Table 1. Patient and treatment characteristics.

Patient Age (at treatment) GTV volume (cm3) Boost position Dose (Gy) (primaryþ boost) Clinical Photon Technique

1 46 2.2 Pre-Caval 24þ 10 3 field IMRT
2 39 8.9 Paraaortic L 24þ 10 3 field IMRT
3 45 12.7 Paraaortic L 20þ 10 4 field IMRT
4 33 2.2 Pre-Caval 20þ 10 4 field IMRT
5 37 2.6 Ilaca Int R 25þ 10 2 arc VMAT
6 28 2.9 Paraaortic L 25þ 10 2 arc VMAT
7 30 5.7 Pre-Caval 25þ 10 2 arc VMAT
8 54 8.4 Paraortic L 20þ 10 2 arc VMAT
9 62 8.1 Paraaortic L 25þ 10 2 arc VMAT
10 58 5.5 Paraortic L 25þ 10 2 arc VMAT

GTV: Gross Tumour Volume; CTV: Clinical Target Volume; E: Elective; T: Metastatic lymph node(s) boost; L: Left; R: Right; INT: Internal.
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The risk of secondary cancer was calculated by the model
described in Schneider et al. [18] We used the differential DVHs
as input to the model by Schneider et al. As pancreas and duode-
num is not present in the model by Schneider et al. we used
same data as for small intestine as described by Efstathiou et al.
[2]: ‘Organ-specific parameters for kidneys and pancreas were not
present in Schneider’s publication. Thus, these organs were assigned
the same parameters as small bowel because Preston et al. pre-
sented similar second cancer induction coefficients in pancreas, kid-
ney and small bowel… ’. Likewise, for spinal cord we used the
data for brain þ CNS as argued in Timlin et al. [19] For the bowel
bag we used both the data for small intestine and colon to dis-
play the difference. The selected OARs were chosen based on
secondary cancer risk according to Kier et al. [10] The excess
absolute risk (EAR, per 10.000 persons per year) was calculated
for body outline and the following OARs: stomach, pancreas,
duodenum, bowel bag, bladder and spinal cord. For each patient
the individual total dose and age at treatment was used in the
model along with a fractionation size of 2Gy [20]. The relative
EAR was calculated for body outline, stomach, pancreas, duode-
num, bowel bag, bladder and spinal cord for IMPT vs. IMRT and
IMPT vs. IMPT according to Timlin et al. [19]

Wilcoxon’s signed rank test with Holm–Bonferroni cor-
rected p-values was used for comparison (MATLAB ver.
R2022a). A p-value<.05 was considered statistically
significant.

Results

Comparative treatment planning was performed in 10
patients previously treated with photons.

Dose to organs at risk

Median GTV volume was 5.6 cm3 (range: 2.2–12.7 cm3).
Localisation of pathological lymph nodes were para-aortic
left (n¼ 6), pre-caval (n¼ 3) and internal iliac (n¼ 1). CTV-E
volumes differed with a median (range) of 614 cm3 (418–
877 cm3) and 65 cm3 (25–104 cm3) for the CTV-T.

For the IMRT and VMAT plans the median PTV-E coverage
for the elective volume and the median PTV-T coverage for
the boost all fulfilled D98% > 95%. Likewise, for the IMPT
plans the median worst-case scenario CTV-E coverage and
CTV-T coverage fulfilled D98% > 95%, respectively.

Mean doses (Dmean) to all OARs were significantly lower
with IMPT compared to IMRT (p< .05) except for comparable
kidney doses. For IMPT compared to VMAT, Dmean to all
OARs were significantly lower with IMPT (p< .05) except for
comparable spinal cord doses (Figure 1).

The posterior field orientation of IMPT resulted in similar
spinal cord doses. An example of dose distribution (50% iso-
dose) can be seen in Figure 2 for IMRT, VMAT, IMPT.

Table 2 summarizes mean OAR doses including p-values.
Full DVH’s for all analysed OAR’s are presented in the supple-
mentary (Figure S1) displaying the increased low-dose bath
with VMAT for several of the OARs. Individual mean dose
comparisons and identity lines (IMPT vs IMRT and IMPT vs
VMAT) are shown in the supplementary (Figure S2). Pancreas
median Dmean was reduced from 16.2 Gy (IMRT) and 14.7 Gy
(VMAT) to 10.6 Gy for IMPT. Duodenum Dmean went from
20.6 Gy (IMRT) to an increased 22.2 Gy (VMAT) and to a
decreased 17.0 Gy (IMPT). For the stomach, the reduction
was from 8.7 Gy (IMRT) and 6.0 Gy (VMAT) to 1.2 Gy (IMPT).
Kidneys were evaluated separately (lift and right). The kidney

Figure 1. Box plots for mean doses for body outline, bowel bag, bladder, spinal cord, duodenum, kidney left, kidney right, pancreas and stomach. IMPT (red), IMRT
(blue), VMAT (green). Box plots define the interquartile range (IQR) with the 25th and 75th percentile as top and bottom. The whisker length is defined as 1.5 times
the IQR and outliers beyond are marked (Black).
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median Dmean was reduced from 4.3Gy (IMRT) and 7.0 Gy
(VMAT) to 3.5 Gy (IMPT) for the left side and from 4.5Gy
(IMRT) and 7.0 Gy (VMAT) to 3.5 Gy (IMPT) for the right side,
respectively. For the spinal cord, Dmean were 23.6 Gy (IMRT),
13.3 Gy (VMAT), and 15.1 Gy (IMPT), respectively.

The risk of secondary cancer

The relative EAR for IMPT vs IMRT and IMPT vs VMAT is sum-
marized in Table 2 and Figure 3. For the body outline the
relative EAR was 0.59 (IMPT/IMRT) and 0.33 (IMPT/VMAT). For
the individual OARs, the difference in the relative EAR for the
stomach was 0.23 (IMPT/IMRT) and 0.18 (IMPT/VMAT). For
the bowel bag, on the basis of data for the small intestine,
the difference in relative EAR was 0.37 (IMPT/IMRT) and 0.72
(IMPT/VMAT); based on the data for colon, the difference
was 0.4 (IMPT/IMRT) and 0.36 (IMPT/VMAT). For bladder, the
relative EAR was 0.36 (IMPT/IMRT) and 0.30 (IMPT/VMAT). All
in favor of IMPT and statistically significant (p< .05). For duo-
denum the difference was 1.08 (IMPT/IMRT) and 1.50
(IMPT/VMAT) – only statistically significant for IMPT/VMAT
and for spinal cord the difference was 0.71 (IMPT/IMRT) and
1.03 (IMPT/VMAT) – only statistically significant for

IMPT/IMRT. For pancreas 0.78 (IMPT/IMRT) and 1.17
(IMPT/VMAT) – not statistically significant.

The data for absolute EAR of secondary cancer for body
outline and the individual OARs are presented in Figure 3
and supplementary material Table S1. In the supplementary
(Figure S3) a scatter plot for EAR vs mean dose is presented.

Discussion

In this study, we report the results of comparative IMRT,
VMAT, and IMPT dose planning for testicular seminoma. This
is the first comparative dose planning study for seminoma
where modern proton pencil beam scanning, IMPT with five
fields has been compared to standard of care IMRT and
VMAT. In the comparison we used the clinical photon plans
and we found that IMPT significantly reduced the dose to all
delineated OARs except kidneys and spinal cord compared
to photon treatment (IMRT and VMAT respectively), which
could result in reduced acute and late toxicity, as also
described in a small study comparing photon and proton
treated patients (Pasalic [6]).

The lower radiation dose with IMPT resulted in modelling
a lower risk of secondary cancer overall and for most OARs,

Figure 2. Dose distribution for CTV-E shown for IMRT, VMAT and IMPT. Top row: Transversal view; Middle row: Sagittal view; Bottom row: Coronal view. Shown is
the 50% dose colour wash.
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but not for the pancreas, duodenum, and spinal cord across
the different treatment modalities. For VMAT the relative EAR
was significantly higher for duodenum, favouring VMAT over
IMPT, while non-significant for the pancreas and spinal cord.
For IMRT the relative EAR was not significantly lower for the
pancreas and duodenum but significantly lower for the spi-
nal cord, favouring IMPT over IMRT. For most OARs the abso-
lute modelled risk of secondary cancer was in general low.

In 2012 Efstathiou et al. [2], published a study comparing
protons to photons for the treatment of early-stage semi-
noma. They compared passive scattering to IMRT and found
a reduced dose to OARs with proton therapy and likewise
concluded it could reduce the risk of secondary cancers. The
two small studies by Simone et al. [11] and Hoppe et al. [13]
found similar results.

The recent study by Maxwell et al. [14] in 2023 compared
both PS/US and PBS to AP-PA 3D photon and IMRT/VMAT
plans. They also found a reduced dose to surrounding OAR
and a modelled reduced EAR with protons compared to pho-
tons including stomach, colon, liver, and bladder. Comparing
EAR for the stomach and bladder they found a higher abso-
lute EAR for the stomach for both IMRT/VMAT and protons
and a lover absolute EAR for the bladder for both techni-
ques. For both stomach and bladder, we found a lover rela-
tive EAR comparing IMPT to IMRT/VMAT. However, they used
two limiting cases of the model where we used the full
mechanistic model. Furthermore, in Maxwell et al. 79% of
the plans where PBS and they only used one posterior or
two oblique posterior fields (87.5%) or one posterior plus
one ipsilateral posterior oblique field (12.5%) resulting in dif-
ferent OAR dose and subsequent EAR modelling compared
to our study.

We used five proton fields in our study, which is markedly
more than the one or two fields in the previous studies. The
choice of one to two fields is pragmatic and based to clinical

flow and resource arguments. Pencil beam scanning technol-
ogy allow the use of multiple fields and improved conformity
and robustness; we have therefore implemented multiple
fields in our clinical work flow for testicular seminoma.

Absolute risk estimates for secondary cancers on the basis
of the model by Schneider et al. [18] should be interpreted
with care. The model is based on data from atomic bomb
survivors and Hodgkin’s patients and are associated with
large errors. But Timlin et al. [19] showed that relative EAR
data is useful to compare radiotherapy plans in regards to
the risk of secondary cancers and as long as the comparison
is done organ by organ for an individual patient the uncer-
tainties are small. Furthermore, despite the models uncertain-
ties we have looked at the OARs where we know these
patients do get secondary cancers [10,21,22]. To compare
with the data in Kier et al. [10] we have converted the EAR
of 31 for AP-PA IMRT to a cumulative incidence of secondary
cancers of 6.4% after 20 years which is in line with the overall
cumulative increase after 20 years of 6.5% found in Kier et al.
[10] For an EAR of 51 (VMAT) and 17 (IMPT) the cumulative
increase of secondary cancers convert to 3.5% and 10.8%,
respectively. Kier et al. does not include data from modern
techniques like VMAT and IMPT.

A special caution regarding the results for the risk model
for body outline as mentioned in Schneider et al. [18] it
should only be used for Hodgkin’s patients. We have chosen
to use the model by Schneider to calculate the EAR for body
outline as this has been done by others, e.g., Efstathiou et al.
[2,14], for the same group of testicular seminomas patients
as included in our study.

As the pancreas and duodenum are not present in the
model by Schneider et al. [18] we used the risk data for the
small intestine as also argued and done by others [2,23], like-
wise for the spinal cord where we used the risk data for
brain þ CNS [19]. As the bowel bag contains both small and

Table 2. Results - Median (range) Dmean and median (range) relative EAR.

OAR
IMPT

(Mean, Gy)
IMRT

(Mean, Gy)
VMAT

(Mean, Gy)
p (IMPT vs
IMRT)

p (IMPT vs
VMAT)

Rel. EAR
(IMPT vs
IMRT)

Rel. EAR
(IMPT vs
VMAT)

p (IMPT vs
IMRT)

p (IMPT vs
VMAT)

Body Outline 2.9 4.5 5.8 0.002� 0.002� 0.59 0.33 0.002� 0.002�
(1.5–3.3) (3.2–6.5) (3.8–12.5) (0.45–0.69) (0.28–0.36)

Bladder 2.0 4.2 7.4 0.002� 0.002� 0.36 0.30 0.002� 0.002�
(0–5.4) (1.0–8.5) (2.2–14.5) (0.05–0.69) (0.03–0.78)

Duodenum 17.0 20.6 22.2 0.010� 0.002� 1.08 1.50 0.375 0.002�
(11.4–25.4) (13.4–29.0) (16.0–29.6) (0.55–1.57) (1.56–1.81)

Pancreas 10.6 16.2 14.7 0.002� 0.004� 0.78 1.17 0.492 0.160
(3.3–19.7) (6.5–24.5) (7.7–21.3) (0.51–1.40) (0.72–1.94)

Stomach 1.2 8.7 6.0 0.002� 0.002� 0.23 0.18 0.002� 0.002�
(0–3.6) (2.8–14.8) (2.0–11.3) (0.01–0.54) (0.01–0.47)

Bowel Bag
(small
intestine)

4.4 11.6 11.9 0.002� 0.002� 0.37 0.72 0.002� 0.020�
(2.4–6.3) (8.0–13.9) (9.5–15.8) (0.27–0.44) (0.35–1.07)

Bowel Bag
(Colon)

0.40 0.36 0.002� 0.002�
(0.29–0.53) (0.25–0.40)

Spinal Cord 15.1 23.6 13.3 0.002� 0.084 0.71 1.03 0.002� 0.160
(9.9–18.7) (19.6–26.8) (7.2–16.7) (0.58–0.84) (0.86–1.66)

Kidney L 3.5 4.3 7.0 0.160 0.002�
(1.4–6.8) (2.2–9.4) (3.8–12.5)

Kidney R 3.5 4.5 7.0 0.065 0.002�
(1.0–5.8) (1.1–8.7) (4.8–14.3)

Rel.: Relative.
EAR: excess absolute risk per 10.000 (according to Schenider et al. [17]).�p< .05 after Holm-Bonferroni correction.
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large bowel, we also compared EAR on the basis of data for
the colon. The use of colon data gave a higher EAR for
bowel bag which underlines the uncertainties of modelling
the secondary cancer risk, however, both favoured IMPT to
IMRT and VMAT. The model (Schneider et al. fig 7 [18]) for
the small intestine implies a high risk of secondary cancer
with low organ doses. This explains why even a lower mean
OAR dose does not translate into a reduced risk of secondary
cancer for duodenum and pancreas as we used the differen-
tial DVHs in the model for calculation of the EAR where IMPT
contributes in the low dose area which IMRT and VMAT does
not. This is in line with the model where there is no low-
dose contribution from IMRT and VMAT. Cumulative DVHs
for the delineated OARs is shown in the supplementary
(Figure S1).

We have not included the impact from neutrons in the
estimation of secondary cancers. In 2015 Schneider et al.

showed the out-of-field neutron contribution from proton
pencil beam scanning is less (in the orders of mSv/Gy) than
the contribution from high energy photon IMRT and passive
(non-scanning pencil beam) [24,25]. And even so, for passive
proton therapy the contribution from neutrons is very low
compared to the general dose sparing from protons com-
pared to photons [26].

We primarily used posterior fields to reduce impact from
changing bowel gas and fillings, weight changes etc [27].
The use of posterior fields gives a slightly higher dose to spi-
nal cord with IMPT compared to VMAT. In the optimization
we have a high weighted and robust setting for the max-
imum dose to spinal cord to keep it as low as possible. The
dose to spinal cord with IMPT is still well below its tolerance
according to Quantec [28].

The dose to kidneys is very patient-dependent. For some
patients, the kidneys are not near the elective or boost

Figure 3. Top row: The excess absolute risk (EAR) per 10.000 persons per year of secondary cancer for IMPT (Red), IMRT (blue) and VMAT (green), respectively,
according to Schneider et al. [17]. Bottom row: The relative EAR for IMPT vs IMRT (blue) and IMPT vs VMAT (green). Bladder, duodenum, pancreas, stomach, spinal
cord, bowel bag (small intestine), bowel bag (colon), and body outline. Box plots define the interquartile range (IQR) with the 25th and 75th percentile as top and
bottom. The whisker length is defined as 1.5 times the IQR and outliers beyond are marked (Black).
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volumes for others near the target which results in similar
kidney doses comparing IMRT, VAMT, and IMPT. The high
dose area right next to the target is not reduced with
protons.

Both the pancreas and duodenum overlap with the elect-
ive target volume. The extend of the overlap is dependent
on patient anatomy. This is shown in the overlapping OAR
DVHs in the supplementary (Figure S1). This resulted in the
modeled absolute EAR being lower for the pancreas and
duodenum for VMAT compared to IMPT and lower for the
duodenum for IMRT compared to IMPT.

In conclusion, IMPT for the treatment of testicular semi-
noma resulted in lower radiation doses to OARs. According
to the model by Schneider [18] these dose reductions result
in a reduction of secondary cancer risk. As patients with
seminomas often are younger men with a good prognosis,
reducing the risk of secondary cancer is essential. Based on
the results from this study, proton therapy and the pre-
sented dose planning technique is now chosen as standard
radiotherapy for seminomas in Denmark. Continuous evalu-
ation should be done to monitor if the reduced OAR doses
translate into improvement in toxicity profiles and a reduc-
tion in radiation induced secondary cancers.
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