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PROTON THERAPY SPECIAL FEATURE: FULL PAPER

Photons or protons for reirradiation in (non-)small cell
lung cancer: Results of the multicentric ROCOCO in
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Objective: Locally recurrent disease is of increasing
concern in (non-)small cell lung cancer [(N)SCLC]
patients. Local reirradiation with photons or particles
may be of benefit to these patients. In this multicentre
in silico trial performed within the Radiation Oncology
Collaborative Comparison (ROCOCO) consortium, the
doses to the target volumes and organs at risk (OARS)
were compared when using several photon and proton
techniques in patients with recurrent localised lung
cancer scheduled to undergo reirradiation.

Methods: 24 consecutive patients with a second
primary (N)SCLC or recurrent disease after curative-
intent, standard fractionated radio(chemo)therapy
were included in this study. The target volumes and
OARs were centrally contoured and distributed to
the participating ROCOCO sites. Remaining doses to
the OARs were calculated on an individual patient’s
basis. Treatment planning was performed by the
participating site using the clinical treatment planning
system and associated beam characteristics.

Results: Treatment plans for all modalities (five photon
and two proton plans per patient) were available for
22 patients (N = 154 plans). 3D-conformal photon

therapy and double-scattered proton therapy deliv-
ered significantly lower doses to the target volumes.
The highly conformal techniques, /.e., intensity modu-
lated radiation therapy (IMRT), volumetric modulated
arc therapy (VMAT), CyberKnife, TomoTherapy and
intensity-modulated proton therapy (IMPT), reached
the highest doses in the target volumes. Of these,
IMPT was able to statistically significantly decrease
the radiation doses to the OARs.

Conclusion: Highly conformal photon and proton
beam techniques enable high-dose reirradiation of the
target volume. They, however, significantly differ in the
dose deposited in the OARs. The therapeutic options,
i.e., reirradiation or systemic therapy, need to be care-
fully weighed and discussed with the patients.
Advances in knowledge: Highly conformal photon and
proton beam techniques enable high-dose reirradia-
tion of the target volume. In light of the abilities of the
various highly conformal techniques to spare specific
OARs, the therapeutic options need to be carefully
weighed and patients included in the decision-making
process.
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INTRODUCTION

Patients with lung cancer may develop a second primary lung
tumour or recurrent disease after primary radiotherapy. In fact,
approximately one-quarter of all patients treated for lung cancer
will subsequently suffer from a second primary lung cancer and
30-50% of patients with locally advanced (non-)small cell lung
cancer (NSCLC) patients treated with definitive radiation therapy
and chemotherapy will have a locoregional failure.! In cases of
isolated localised recurrences or new primary lung cancers, re-ir-
radiation can be considered and may represent the only chance of
cure in these patient populations.>?

Due to the physical advantages of ions, particle therapy (proton and
carbon-ion therapy) has the potential to inflict maximum damage
on tumours with limited collateral damage to neighbouring healthy
tissues. Previous publications on the use of particle beam therapy
for lung cancer patients have shown encouraging results. With
more advanced techniques such as particle therapy, mitigating or
compensating for intrafractional movement of the target volume
and for any interfractional anatomical changes are critical for (N)
SCLC patients.”® In order to avoid detrimental acute and chronic
toxicity, doses to critical organs such as the lungs, heart, large blood
vessels, proximal bronchi, oesophagus and spinal cord have to be
considered thoroughly in the setting of a reirradiation. The normal
tissue dose constraints for reirradiation should be calculated on
an individual patient’s basis accounting for the doses previously
received by organs at risk (OARs) from the initial irradiation
course.’ Patients with recurrent disease may benefit from particle
therapy. Conversely, conventional photon-based radiotherapy
has also improved over the recent years. With modern intensity
modulated radiation therapy (IMRT) and volumetric modulated
arc therapy (VMAT), high-dose, curative-intent reirradiation of
the recurrent tumour is feasible while also resulting in relatively
low doses to the surrounding OARs. Modern photon and particle
therapy, therefore, allow for a decreased risk of radiation-induced
complications and an increased likelihood of local control and ulti-
mately cure.

To date, it is not clear to what extent patients with a second primary
lung tumour or recurrent disease benefit from particle therapy
compared to modern photon therapy. Therefore, it is necessary to
define the possible advantages that may exist in particle therapy
and whether they can outweigh the considerably higher (upfront)
cost. Since comparison of treatment modalities cannot be achieved
for an individual patient, we conducted a series of in silico trials for
different disease entities and therapeutic settings.*'! In this study,
we present the data of a multicentre in silico trial performed within
the radiation oncology collaborative comparison (ROCOCO)
consortium, comparing the dose to the target volume and the
surrounding OARs using several photon and proton techniques in
patients with recurrent localised lung cancer scheduled to undergo
reirradiation.

PATIENTS AND METHODS

Patients

24 consecutive patients with a second primary (N)SCLC or
recurrent disease after curative-intent, standard fractionated
radio(chemo)therapy, treatedat MAASTRO clinic (Department
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of Radiotherapy, Maastricht University Medical Centre+, The
Netherlands) between 2006 and 2014, were included in this in
silico planning study. The study was approved by the Institu-
tional Review Board of MAASTRO clinic.

Delineation of target volumes and organs at risk
The tumour volumes and OARs were centrally (re)contoured
in the mid-ventilation phase of a four-dimensional '*F-fluo-
rodeoxyglucose PET-CT (4D-FDG-PET-CT) scan (CT in soft
tissue and lung window-width/window-level-setting) with
patients positioned supine with their arms above the head
using an arm-rest and leg support. The CT data consisted
of non-overlapping 2-3mm slices with a maximum image
resolution of 512 x 512mm. The CT encompassed the entire
thorax in order to obtain accurate dose-volume histogram data
of the intrathoracic OARs. The image datasets and delineated
contours were made available to all participating sites guaran-
teeing uniformity.

The gross tumour volume (GTV) included all detectable gross
disease, the clinical target volume (CTV) comprised the GTV with
a 5 mm margin encompassing microscopic tumour extension,
subsequently corrected for anatomical boundaries. The planning
target volume (PTV) was constructed using an isotropic 10 mm
margin around the CTV. For evaluation purposes, the PTV
was clipped 3mm below the outer body contour to compensate
for the photon build-up effect. In this setting of re-irradiation,
a wide range of OARs was contoured to enable calculation of
doses to these OARs and the remaining body. We contoured the
ipsilateral and contralateral lung separately as well as together,
subtracting the GTV for dose evaluation. The heart, spinal cord,
oesophagus, trachea, main bronchi, bilateral brachial plexus,
ribs and chest wall were also contoured. A “mediastinal enve-
lope” structure was also contoured that compromised the heart/
pericardium, large vessels, trachea, main bronchi and oesoph-
agus, and was expanded to a planning risk volume (PRV) using
a margin of 5mm to correct for setup inaccuracies (PRV medi-
astinal envelope).!

Treatment planning

For each patient, five photon plans (3D-conformal radiotherapy
[3D-CRT]; IMRT; VMAT; TomoTherapy; and CyberKnife) and
two proton plans (double scattered proton therapy [DSPT]; and
intensity modulated proton therapy [IMPT]) were calculated
at MAASTRO clinic (VMAT), University Hospital Carl Gustav
Carus Dresden (3D-CRT and DSPT), Radboud University
Medical Center (IMRT), the Centre Hospitalier Universitaire
de Liége (CyberKnife), Radiotherapiegroup Deventer (Tomo-
Therapy), and the Hospital of the University of Pennsylvania
(IMPT), respectively.

Treatment planning was performed according to protocol,
keeping within the tolerance doses of the OARs. Based on the
delivered dose during the individual patient’s first treatment
course and the interval between the first and second course of
irradiation, individual OAR dose constraints were determined
for each patient (Supplementary Table 1) using the dose and
dose-volume constraints reported in Table 1. The remaining
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Table 1. Organ at risk dose constraints used for calculating the possible remaining dose depending on the interval between first
and second course of irradiation

Maximal dose (D,

Volume allowed more

Maximal summed Gy) allowed for second than the maximum
Time between two dose (D, Gy) in radiation in 2 Gy dose in the second
Organ at risk irradiation series 2 Gy fractions fractions radiation plan

Spinal cord 0.75-5 years 65 45 0.03 cc
>5 years 75 45 0.03 cc
Oesophagus 9 months or more 100 65 0.03 cc
Mediastinal envelope 9 months or more 110 70 0.03 cc
Trachea 9 months or more 110 70 0.03 cc
Brachial plexus® 9 months or more 85 60 0.03 cc

Organ at risk

Time between two irradiation

Mean summed dose (D pean

Mean dose second irradiation

series in Gy) (Gy)
Lungs 9 months or more 22 18
Vi0Gy<50%
Contralateral lung Visgy <60%
Heart 9 months or more 70 46

PRV, planning risk volume; GTV, gross tumour volume; D,y maximum dose; Dyean, Mean dose; Vg, volume of organ at risk (in %) receiving a

dose of xx Gy.

20nly take constraint into account for patients where the brachial plexus is contoured (this automatically means that the plexus is close to the

PTV). For the other patients, the plexus should be avoided as much as possible.

equivalent dose in 2 Gy fractions (EQD?2) to the PTV was calcu-
lated for every patient, being at least 54 Gy in 1.8 Gy fractions.
The following priorities were set for the objectives (numbered
in order of decreasing importance): 1 = spinalcord, 2 = PRV
mediastinal envelope, 3 = heart, 4 = brachial plexus, 5 = lungs,
6 = ribsand chest wall.

Each centre used their own, clinically commissioned treatment
planning system assuring state-of-the-art dose calculations.
The dose was prescribed to the given PTV. Planning objectives
were in accordance with several multi-institutional trials (e.g.,
RTOG 0618 and RTOG 0236), where at least 99% of the PTV
should receive at least 95% of the prescribed dose, and the
maximum dose (D,,,) should not exceed 140%. According to
the study protocol, the dose to the CTV was also evaluated.

Photons

The VMAT plans were created using Eclipse v. 11.0 (Varian
Medical Systems, Palo Alto, CA). The plans generally consisted of
two 180°arcs with energies of 10 MV. The 3D-CRT treatment plans
were generated using 6 MV and 15MV photons and the treat-
ment planning system Oncentra OTP v. 4.3 (Elekta, Stockholm,
Sweden). The step-and-shoot IMRT plans were calculated using
Pinnacle v. 9.6 (Philips Radiation Oncology Systems, Fitchburg,
WI). Five to seven (mainly equally spaced) 10MV photon beams
were employed, avoiding beam entrance through the contralat-
eral lung. CyberKnife plans were created using Multiplan v. 5.2.1
(Accuray Inc., Sunnyvale, CA). The non-coplanar beam arrange-
ment was chosen from a large set of predefined nodes (full-path). A
maximum of three collimators were used and the collimator diam-
eter was case-dependent (usually ranging from 60 to 80% of the
largest PTV diameter). TomoTherapy treatment plans were created

using the Accuray Hi-Art Planning Station (v5.1.0.4, Accuray).
The 6 MV helical TomoTherapy plans were calculated using a pitch
of 0.287 and a 2.5cm slit width modulated by 64 binary multileaf
collimators.

Protons

The DSPT plans were calculated using Oncentra XiO” v. 5.00.01
(Elekta) taking into account an relative biological effectiveness
(RBE) of 1.1 and 2-3 beams of 100-226.7 MeV such that the
contralateral lung and critical OARs were avoided as much as
possible. For calculation of the IMPT plans, Eclipse v. 11.0 (Varian
Medical Systems) was used. The field size was limited to 12cm.
Beam arrangements were chosen based on the path of least varia-
tion. Portals were designed to avoid OARs distal to the target. Plans
with 2-3 fields were created as a trade-off between treatment time
and target conformity. The energy-dependent spot size used in
clinical practice was applied. For all proton plans, since the plans
were calculated for the PTV as opposed to the CT'V, no additional
margins for robustness, range and positioning uncertainty were
taken into account.

Data storage and analysis

The multicentric in silico trials In Radiotherapy (MISTIR) frame-
work was used for data storage and exchange. The participating
ROCOCO partners downloaded the datasets from the MISTIR
database to perform treatment planning. After completion of the
treatment plans, the dose matrices were reuploaded to the database
in Digital Imaging and Communication in Medicine (DICOM)
format. The dose-volume metrics were extracted and compared
to the VMAT plans, which were considered as the “gold standard”
Of the following parameters, the ones relevant for the CTV, PTV
and OAR were compared among the treatment plans: mean dose
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(Dppean); minimum dose to the “hottest” 0.03 cc (Dgg3c, Dear
maximum dose), highest dose to 2% of the volume (D,y, near
maximum dose); lowest dose to 99% of the volume (Dggy, near
minimum dose); volume of a structure receiving a radiation dose
of xx Gy (Vygy) given in cc.

The evaluation of the results was based on 1) the original treatment
plans, in which no target dose rescaling was performed, since both
the remaining dose to the OARs for the individual patients and
the doses achieved in the target volumes varied, and 2) rescaling
to the maximally tolerable dose achievable until the first OAR dose
constraint was reached. Differences in dose-volume parameters
were tested for statistical significance between VMAT and the other
irradiation techniques using the paired Wilcoxon signed-rank test
(R Statistics 3.3.2, R Foundation for Statistical Computing, Vienna).
The p-values were corrected for multiple testing by the Bonferroni
method, accounting for the six comparisons per dose-volume
parameter. Two-sided tests were performed and p-values < 0.05
were considered as statistically significant.

Troost et a/

RESULTS

In total, 24 complete patient data sets including all treatment modal-
ities were available for statistical analysis. For one of the 24 patients,
an electron instead of a photon treatment plan was calculated for
the 3D-CRT technique. For another patient, two identical IMPT
plans were calculated but named differently. Therefore, across all
techniques, only 22 treatment plans were available for analysis of
the dose to the target volumes and OARs.

For all comparisons, VMAT plans served as reference. For the orig-
inal plans without rescaling, compared to VMAT, the overall Dy o3
in the PTV was statistically significantly lower for 3D-CRT, IMRT,
TomoTherapy and DSPT, similar for IMPT and significantly higher
for CyberKnife (Table 2). The Dggq, was similarly high for VMAT,
IMRT, CyberKnife, TomoTherapy and IMPT, and significantly
lower for the 3D-CRT and DSPT treatment plans. For the CT'V, the
Dineans Dogg, and Dy g3 were significantly lower for the 3D-CRT
and DSPT treatment plans.

Table 2. Median dose to target volumes and organs at risk delivered with the respective treatment modalities

VMAT 3D-CRT IMRT CYBER TOMO DSPT IMPT
CTV Do.osec 59.7 57.6%* 58.8* 73.4%* 55.8%* 56.0%* 60.3
Dyean 55.4 53.3%* 55.1 63.2* 53.8%* 53.3% 57.0*
Dygo, 52.9 44.8** 52.8 55.8 52.7 42.3%* 53.5
PTV Do.osec 60.7 58.1%* 59.2% 73.4%* 57.1%* 56.2%* 60.5
Dyean 55.6 50.3%* 54.9* 61.8 54.0* 53.3% 56.3
Dygo, 51.3 39.4%* 51.4 51.5 51.9 39.3%* 51.4
Spinal cord Do.osec 238 20.4* 242 14.3 21.1 18.9** 17.5%*
Oesophagus Do.osec 47.8 31.6% 44.8 43.0 47.7 34.0%* 51.7
Dinean 10.8 7.1* 12.2 11.7* 10.7 3.2%% 8.1*
Mediastinal envelope Dy o3ce 58.5 47.2%% 57.8 66.9% 54.8 46.9%% 57.5
Trachea Dinean 10.7 6.3% 9.5 11.2%% 10.0 2.5%¢ 49
Do.osec 45.7 31.0* 41.0 424 44.0 35.5¢ 44
Left bronchus Dyean 16.9 15.7* 19.2 17.1 16.3 9.1%+ 10.4**
Dy, 359 33.3% 36.5 43.2% 40.7 24.7%* 47.7
Right bronchus Dnean 16.0 13.6% 12.6 12.1% 15.0 3.5% 11.4
Dy, 354 28.7* 24.1 23.2% 21.0 17.6* 33.7
Lungs Dinean 6.2 6.0 6.4* 7.6* 7.0 3.7 3.8%*
Vaogy 8.7 9.6 1.1 8.4 10.0 7.4 7.4%
Vsay 33.8 25.3% 33.8 44.2* 38.7 13.5%* 13.5%*
Heart Dinean 1.6 2.3 3.0* 3.6 3.4* 0.3** 0.37**
Vaoay 0.1 0.6 2.1 0.0 2.0 0.0 0.3
Vsay 8.0 10.5 13.5 26.7 11.8* 1.7* 1.9%
Integral body Dyean 44 4.0 4.9 5.3 5.1%¢ 2.9%¢ 2.3%*

CTV, clinical target volume;D,y, highest dose to 2% of the volume; Dggy, lowest dose to 99% ofthe volume; DO.03cc, minimum dose to the ‘hottest’
0.03; Dmean, mean dose to structure; PTV, planning target volume;V,,g,, volume of a given structure receiving a radiation dose of xx Gy.
Outcomes are reported in Gy (dose) or percentage (volume). * represents p<0.05, ** p<0.001, when compared to VMAT, respectively.

4 of 7 birpublications.org/bjr

Br J Radiol;93:20190879


http://birpublications.org/bjr

Multicentric ROCOCO in silico study for (N)SCLC re-irradiation

For the overall radiation dose values to the OARs, clinically rele-
vant differences were also observed (Table 2). In the 3D-CRT plans,
which achieved lower doses to the CTV and PTV (see above), the
reported doses to the spinal cord, oesophagus, mediastinal enve-
lope, trachea, bronchi and lungs (Vsg,) were significantly lower
compared to VMAT. In the IMRT plans, the Dpeq, and Vygy to
the lungs and the Dy, to the heart were statistically significantly
higher compared to the respective values for VMAT. CyberKnife,
reaching the highest doses in the target volumes, deposited signifi-
cantly higher doses in the oesophagus, mediastinal envelope,
trachea, left bronchus (Dsy,) and lungs (Diyean and Vsgy), whereas
it achieved lower doses in the right bronchus. The TomoTherapy
treatment plans largely resembled those of VMAT, although D, ¢,
and Vsgy to the heart were statistically significantly higher than
with VMAT. For DSPT, the target doses were not reached in most
cases, although multiple double-scattered proton beams were
used. Consequently, and also due to the physical characteristics of
protons, the doses to the OARs were in general lower compared to
VMAT. This was true for all OARs evaluated, albeit to a varying

extent. Using IMPT, lower doses to OARs were also achieved,
although sufficient target coverage was reached. Doses to the spinal
cord, oesophagus, left bronchus (Dpean), lungs (Dpeqn and Vsgy)
and heart (Dpeon and Vsgy) were statistically significantly lower
compared to VMAT. Overall, the mean dose to the integral body
was significantly lower for both proton beam techniques, and
higher using any of the conformal rotational photon techniques,
again when compared to VMAT.

In order to compensate for different treatment planning techniques,
the plans were rescaled to maximally tolerable dose until the first
OAR dose constraint was reached (Table 3). By doing so, the dose
to both the CTV and PTV was revealed to not differ significantly
from that of VMAT for any of the techniques. Nonetheless, it can be
appreciated that both 3D-CRT and PSPT strictly kept to the OAR
dose constraints and remained almost unchanged, whereas resca-
ling indeed lead to down-scaling in CyberKnife and TomoTherapy
plans. For all except for PSPT, the integral body dose statistically
significantly differed from that delivered by VMAT. Most radiation

Table 3. Median dose to target volumes and OARs after deploying rescaling to the maximum tolerated dose to the first dose-

limiting OAR
VMAT 3D-CRT IMRT CYBER TOMO DSPT IMPT
CTV Do.osec 16.6 55.9 444 453 2.7+ 55.2 472
Dyean 433 4838 414 39.7 416 50.5 44.0
Dygy, 41.6 35.6 39.7 35.1% 40.5 41.4 41.9*
PTV Do.osec 476 55.9 44.9% 454 435+ 55.5 473
Dyean 433 48.0 41.1 387 419 494 434
Dygy, 40.2 33.9% 36.7 31.5%* 40.2 38.8 39.5
Spinal cord Do.osec 15.2 14.0 153 8.8* 15.0 13.0 8.5%
Oesophagus Dy.03cc 27.7 24.3 24.4 21.6* 22.7 14.5 25.3
Dean 55 44 63 6.1 48 3.1% 48
Mediastinal envelope Dy o3cc 39.6 42.2 36.3 35.0 38.0 44.8 42.4
Trachea Dinean 5.3 4.9 5.4 6.6 5.5 2.5 4.0
Do.osec 19.8 19.2 239 16.5 18.9 13.5 16.4
Left bronchus Dinean 9.2 9.6 14.0 9.8 8.5 7.9 8.7
Dy, 16.6 20.9 22.1 12.3 16.2 16.2 25.0
Right bronchus Dinean 8.9 8.7 9.4 7.5 9.7 3.5 8.2
Dy, 12.6 11.1 13.3 12.2 14.1 9.5 13.4
Lungs Diean 4.1 5.1 4.5 4.0 4.1* 3.4* 3.1*
Vaogy 5.0 8.6* 6.5 37+ 5.6 6.2 5.7
Vsay 20.2 25.1 26.2 25.8 25.2* 13.5* 11.6**
Heart Dinean 1.9 23 22 1.9 2.4 0.2%* 0.3%*
Vaogy 0 0.1 0 0 0.9* 0 0
Vsay 6.9 10.5 10.9 10.6 8.6* 0.7 1.8%
Integral body Dyean 23 2.6% 2.5% 2.4% 254 2.3 1.5%

CTV, clinical target volume;D,y, highest dose to 2% of the volume; Dggy, lowest dose to 99% ofthe volume; Dg gzcc, Minimum dose to the ‘hottest’
0;Dean, mean dose to structure; PTV, planning target volume;V,,q,, volume of a given structure receiving a radiation dose of xx Gy.
Outcomes arereported in Gy (dose) or percentage (volume). * represents p<0.05, ** p<0.001, when compared to VMAT, respectively.
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doses to the assessed OARs were non-significantly different for
the techniques used. Of note, the radiation dose to the heart and
lungs was significantly reduced when using TomoTherapy, PSPT or
IMPT, whereby this was most pronounced in the Dy, and Vi,
respectively.

DISCUSSION

In the setting of a reirradiation and in line with previous publica-
tions in the context of ROCOCO, the highly precise and conformal
proton beam technique, IMPT, results in an equally good target
coverage as VMAT, whilst reducing the dose to the OARs.*!! This
is, to our knowledge, the first in silico planning study addressing
this particular topic of reirradiation for (N)SCLC.

After having undergone high-dose radio(chemo)therapy with high
doses to the OARs, therapeutic options in case of isolated local or
(loco)regional disease are few. High-dose reirradiation is hazardous
and may lead to irreversible, potentially life-threatening complica-
tions. The review by De Ruysscher et al® presented the studies or
retrospective analyses performed and the potential detrimental
effects. With more conformal radiation techniques, the occurrence
of these side effects may be reduced, however, not eliminated.'?

In the first multicentre Phase II clinical study on reirradiation with
DSPT and IMPT, 6 of 57 patients developed a fatal complication,
possibly (N = 3) or probably (N = 3) associated with high-dose
reirradiation to centrally located critical structures and concurrent
chemotherapy. The median interval between initial irradiation and
reirradiation was 19 months (range 3.5-151 months), the median
reirradiation prescription dose was 66.6 Gy (30-74 Gy), and 68%
of patients received concurrent chemotherapy. In total, 42% of the
patients developed Grade 3 or higher acute and/or late toxicities."?
In-depth analysis revealed that overlap with the central airway
region and doses to the heart and oesophagus were significantly
associated with Grade >3 toxicities. Most patients were treated with
DSPT (60%) and there was no comparison with patients treated
with IMPT. In a published retrospective series on 27 patients with
reirradiated thoracic cancers (excluding breast cancer) using IMPT,
the risk of serious toxicity was notably lower.'* With a median reir-
radiation dose of 66 Gy (range 42.3-84 Gy) and despite 81% of the
tumours being localised centrally (defined as tumour <2cm of any
critical mediastinal structures), only 7% of the patients experi-
enced Grade 3 pulmonary toxicity and no Grade 4 or 5 toxicities
occurred. In a more recent prospective multicentre registry analysis
of 79 patients with lung cancer who underwent proton reirradia-
tion, toxicity overall was lower, with acute and late Grade 3 toxic-
ities occurring in 6 and 1%, respectively, and three patients dying
after re-irradiation from possible radiation-induced toxicity."”

Other therapeutic options are also being explored. These included
targeted agents tailored to the tumours molecular profile.'®™!®
Moreover, immunotherapy is increasingly being used in the palli-
ative setting, but also in the context of locally recurrent disease.
Peters et al'® summarised the use of programmed death 1 (PD-)
blockade in advanced, i.e., recurrent or metastatic, (N)SCLC
patients. In particular pembrolizumab, a monoclonal antibody
directed at PD-1 has demonstrated survival benefits in several

Troost et a/

studies across solid tumours, including in (N)SCLC. Taking it one
step further, immunotherapy combined with palliative as well as
high-dose reirradiation (in adjuvant setting) is a therapeutic option
currently being explored.”® Although these rather novel approaches
are promising and may improve clinical outcomes, also they may
harbour side effects: in the case of immunotherapy, patients may
develop pneumonitis. Therefore, those patients having been treated
with high-dose thoracic radio(chemo)therapy need to be moni-
tored with particular caution.?!

From this plethora of tailored therapeutic options and individual
patients’ tumour biology, it becomes clear that clinical randomised
studies with fixed doses to the target and a set systemic treatment
are not likely to be feasible. Instead, treatment needs to be aligned to
the molecular profile of the tumour and to the remaining tolerance
doses to OARs. With deformable image and dose registration algo-
rithms, the dose from the first radiation course can be deformed to
the re-irradiation planning CT, to guide dose planning and evalu-
ation.'**? Additionally, factors such as the interval between initial
treatment and time to recurrent disease, use of concurrent systemic
therapy, as well as the experience of the treating department need
to be taken into account.

This ROCOCO study holds some limitations. First, the partic-
ipating centres performed the treatment planning according to a
strict, previously consented, protocol. Despite this, experience of
the treatment planner may have differed and thus results in varying
outcomes. Also the different treatment planning systems used
with their varying underlying dose-calculation algorithms may
have differently influenced dose conformity, in particular since the
lung is target volume. Second, although the study was based on
4D-PET-CT data, only the mid-ventilation data were used in this
study and thus no internal target volume deployed. This approach
was chosen since the different radiation techniques require different
strategies to take tumour and anatomical motion into account. This
is caused by their different sensitivity to changes in tissue density in
the beam path and the accompanying variation in beam bath, i.e.,
the interplay effect. Different strategies to overcome this hurdle are
being explored, but these are beyond the scope of this treatment
planning study.>**** Third, although it is not uniformly clinical
practice in proton beam irradiation, treatment plans were calcu-
lated using a given PTV without considering additional uncer-
tainty margins. Results for target coverage were nonetheless given
for both CTV and PTV. This may, along with the absent of robust-
ness analyses for proton and photon treatment plans, have influ-
enced the dose to the OARs and thus some results. Fourth, in the
absence of normal tissue complication models for proton beams,
the ones established for photons were considered in calculating the
remaining tolerance dose to the OARs.” Most importantly, these
data need to be gathered and will indeed be collected within the
model-based approach.”

In conclusion, highly conformal photon and proton beam tech-
niques enable high-dose reirradiation of the target volume. They,
however, significantly differ in the dose deposited in the OARs. The
therapeutic options, i.e., reirradiation or systemic therapy, need to
be carefully weighed and discussed with patients.
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