
LETTER TO THE EDITOR

Multi-center comparison between proton and photon plans for mediastinal
lymphomas

Mads Brinckera, Ingelise Jensena, Laura Ann Rechnerb,c , Deborah Anne Schutb, Tanja Stagaard Johansenb,
Morten Nielsend and Jakob Borup Thomsene

aDepartment of Medical Physics, Oncology, Aalborg University Hospital, Aalborg, Denmark; bDepartment of Oncology, Rigshospitalet, University
of Copenhagen, Copenhagen, Denmark; cDepartment of Oncology, Radiotherapy Research Unit, Herlev and Gentofte Hospital, University of
Copenhagen, Herlev, Denmark; dLaboratory of Radiation Physics, Odense University Hospital, Odense, Denmark; eDanish Centre for Particle
Therapy, Aarhus University Hospital, Aarhus, Denmark

ARTICLE HISTORY Received 14 April 2023; Accepted 9 August 2023

Background

Radiotherapy of Hodgkin lymphoma has undergone a significant
development with shrinkage of irradiated volumes and lowering
of prescribed dose while maintaining a high cure rate [1]. More
advanced techniques such as conformal IMRT planning and deliv-
ery in deep inspiration breath hold have been applied with an
associated reduction of dose to organs at risk [2,3]. Several stud-
ies have shown a dose-response relationship between dose to
the heart, lungs and breast and late effects such as ischemic heart
disease and secondary induced cancer for Hodgkin lymphoma
patients [4–6]. Especially due to a young age profile [7] and favor-
able prognosis [8], it is crucial to keep dose to organs at risk
(OAR) at lowest possible level. A possible next step in the man-
agement of Hodgkin lymphoma is applying particle therapy for
obtaining even lower OAR doses than possible with photon ther-
apy [9]. Studies suggest that proton therapy provides dosimetric
advantages [10–12], but the advantages are dependent on indi-
vidual patient anatomy, target volume and location, and motion
management (i.e., deep inspiration breath hold) [13–15]. In add-
ition, particle therapy is more susceptible to motion and anatom-
ical changes necessitating caution and adaptive strategies to
ensure sufficient target coverage and maintain disease control
[16,17]. The clinical benefit of using particle therapy remains to
be proven in clinical trials.

In Denmark, about 100 Hodgkin lymphoma patients per
year receive radiotherapy. It has been decided by the
national lymphoma group that referral to proton therapy
should be based on an individual proton-photon plan com-
parison performed at the referring radiotherapy center [18].
The specific criteria for proton referral have not yet been
decided but will be a combination of dosimetric advantages
and patient specifics, i.e., age, sex, etc. Regardless of the final
criteria, it is important that the plan quality across the coun-
try is of a high and homogenous standard to ensure accur-
acy and equity of referral to proton therapy. Towards this
aim, three planning workshops were arranged by the Danish
National Center for Particle Therapy. This study evaluates the

outcome of the workshops by comparing dose distributions
and dose to organs at risk (OAR) between proton and pho-
ton plans prepared independently at each center, before the
third and final workshop.

Materials & methods

The four participating centers created at least one photon
and one proton plan for each case, except the proton center
that only created proton plans. There were three cases
labelled A, B and C, with a prescribed dose of 36Gy in 18
fractions for case A and B, and 30Gy in 15 fractions for case
C. Patient A and C were males and patient B female.

For each case, there were 5–6 proton plans, and 4–5 pho-
ton plans in total (more than one participating dose planner
allowed at each center). Patient A was simulated in free
breathing while patient B and C were simulated in deep
inspiration breath hold. One center used Pinnacle (Philips)
treatment planning system for dose plan generation while
the rest used Eclipse (Varian Medical Systems). All centers
used the same delineation for targets and OARs and opti-
mized according to the ALARA principle with ‘ideal’ con-
straints from the International Lymphoma Radiation
Oncology Group (ILROG) proton guidelines shown in Table 1
[9]. Sufficient target coverage was prioritized above the dose
constraints for OARs. Treatment technique (IMRT or VMAT)
and target dose coverage for the photon plans were accord-
ing to local guidelines at each center, while a common CTV-
to-PTV margin of 5mm was used for photon plans. Proton
plans used multi-field optimization with mainly anterior-
oblique fields and in addition a posterior field when the tar-
get extended cranially to the neck, posteriorly of the heart or
in case of female patient where breast tissue is to be spared
as much as possible (case B). All proton plans were robustly
optimized with a range uncertainty of ±4.5% in combination
with an isocenter shift of 0 and 5mm in all directions result-
ing in all together 14 uncertainty scenarios. Combined range
uncertainty and translations are not possible when using
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Pinnacle and therefore 8 scenarios were evaluated in this
case. CTV coverage of D98%>95% for the nominal plan,
D98%>90% for all scenarios, D98%>95% for 12/14 (Eclipse)
or 7/8 scenarios (Pinnacle), and V110%<1 cm3 for the nom-
inal plan, was required. A Mann-Whitney U test was used to
compare dosimetric metrics between photon and proton
plans. Calculations were performed using Microsoft Excel and

Table 1. ‘Ideal’ OAR constraints from the ILROG proton
guidelines [9].

OAR Constraint

Heart Mean < 5 Gy
Breast Mean < 4 Gy
Lung V5< 55%

V20< 30%
Mean < 10 Gy

Figure 1. Dose distribution of selected proton and photon plans for each case. The dose is shown as dose color wash from 50% to 110% as indicated by the scales
shown to the left side. CTVs are shown as red contours and the beam angles are represented by the yellow lines.
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a statistical significance level of p< 0.05 was used. The pro-
ject and the use of data was approved in the Region of
Southern Denmark (project No. 23/28721).

Results

The dose distributions and field angles for selected proton
and photon plans are shown in Figure 1. The proton plans
are for all cases more conformal, which is mostly evident in
the sagittal and coronal planes where the 50% isodoses for
the photon plans extends further in the dorsal direction.
Furthermore, the transversal plane view suggests a higher
level of lung sparing at the 50% isodoses, corresponding to
18Gy for case A and B, and 15Gy for case C.

Boxplots of dose to OARs are shown in Figure 2. In general,
the variability and doses to OARs are lower for the proton
plans. E.g., the median heart mean dose is reduced from
10.5Gy (photon) to 5.9Gy (proton) for case A, from 3.9Gy to
2.2Gy for case B and from 3.7Gy to 2.6Gy for case C.

All metrics shown in Figure 2 are statistically significantly dif-
ferent except lung V20Gy for patient B. Maximum doses to the
heart presented no significant difference (not shown in
Figure 2).

Discussion

This dose planning comparison across four Danish centers
showed that significantly lower OAR doses can be achieved
by proton therapy compared to photon therapy for the three

Figure 2. Boxplots of dose to OARs for all proton and photon plans. The horizontal line represents the median, the boxes the interquartile range, and the whiskers
the min/max values. OAR constraints are shown by the dotted horizontal lines. The breast mean dose (lower left corner) is shown for case B only, while the dose
to the other OARs is shown for all cases (labelled A, B, and C). All metrics are statistically significantly different except lung V20Gy for patient B.
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cases. This suggest that some patients might benefit from
referral to proton therapy.

Furthermore, a lower variability in OAR doses indicates a
high proton plan quality homogeneity which was the goal of
the workshops. The higher variability for photon plans can
be explained by the utilization of different planning techni-
ques, i.e., IMRT vs. VMAT, but also local differences in choice
of field angles and prioritization of target coverage vs. OAR
sparing. For the proton plans, a common procedure limiting
the degrees of freedom together with a consensus obtained
during the workshops could explain the lower variability. A
next step could be to arrange similar workshops for photon
planning, to see if it is possible to increase the plan homo-
geneity to the same level as for the proton plans.

Which patients benefit most from proton therapy is not
obvious because the dosimetric advantage is highly depend-
ent on the individual anatomy as indicated by the three
cases in this study. Furthermore, the clinical benefit depends
on different factors like age and sex. Ideally, these factors are
incorporated into validated normal tissue complication prob-
ability (NTCP) models in order to estimate the reduction in
risk for complications [19].

In the three cases, we observed a mean heart dose reduc-
tion by approximately 1–4Gy. Based on existing models,
irradiation of the heart is linked to a 7% increased risk of
ischemic heart disease per Gy [5]. Whether proton therapy
facilitates a reduction of significant clinical benefit depends
not only on dosimetry, but also on the age and sex of the
patient since this determines the background risk [20]. In
general, the benefit is higher for younger patients because
the accumulated risk of developing heart disease over the
remaining duration of their life is higher. The background
risk for ischemic heart disease is also higher for men than
women therefore favoring men for proton therapy. For
example, for a 30-year-old man the background risk of devel-
oping ischemic heart disease is around 23%, while for a 60-
year-old woman it is about 7% [20]. Assuming case A was a
30-year-old man, the risk would be reduced from 40% to
33% when treating with protons instead of photons. On the
other hand, assuming case A was a 60-year-old woman, the
risk reduction would be more modest from 13% to 11%.
Lung and breast irradiation is associated with an increased
risk of secondary induced cancer of 14–15% per Gy [4, 6].
Assuming case A was a 30-year-old man, the risk of second
lung cancer would be reduced from 15% to 11% when treat-
ing with protons instead of photons (background risk: 6%).
On the other hand, assuming case A was a 60-year-old
woman, the reduction would be from 10% to 7% (back-
ground risk: 4%). Correspondingly, the reduction in breast
dose translates to a reduction in the risk of developing sec-
ondary induced breast cancer. Assuming case B was a 30-
year-old woman this would therefore reduce this risk from
15–16% to 11–12% (background risk: 11%). It is worth noting
that the models used in the above examples have several
uncertainties, such as being based on data from treatments
conducted before the common use of 3D dose planning and
not incorporating data from proton therapy. Nonetheless,
these models suggest that proton therapy has the potential

to reduce late effects, but it will require investigation in clin-
ical trials to determine the actual benefit. In addition, clinical
trials can be used for validating NTCP models as those men-
tioned above. However, the latency of late effects necessi-
tates many years of follow up.

This study is purely theoretical and even though proton
therapy appears to be advantageous, it should be noted that
proton treatments are much more susceptible to anatomical
changes, variations in positioning and intrafractional motion.
Therefore, proton treatment of mediastinal lymphomas
requires not only robust plans, but also internal motion
evaluation and adaptive strategies in order not to comprom-
ise disease control.

In conclusion, we have shown that it is possible to
achieve a high and homogenous proton plan standard across
different radiotherapy centers. This is important for consist-
ent referral when the decision is based on a comparative
proton-photon plan.
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