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Abstract

Background Post-Therapy-Pneumonitis (PTP) is a critical side effect of both, thoracic radio(chemo)therapy (R(C)T)
and immune checkpoint inhibition (ICl). However, disease characteristics and patient-specific risk factors of PTP after
combined R(C)T+ICl are less understood. Given that RT-triggered PTP is strongly dependent on the volume and dose
of RT [1], driven by inflammatory mechanisms, we hypothesize that combination therapy of R(C)T with ICl influences
the dose-volume-effect correlation for PTP. This study focuses on the development of a method for evaluation of
alterations of dosimetric parameters for PTP after R(C)T with and without ICI.

Methods and materials PTP volumes were delineated on the follow-up diagnostic Computed Tomography (CT)
and deformably matched to the planning CT for patients with PTP after thoracic R(C)T +ICl or R(C)T. Dose data was
converted to 2-Gy equivalent doses (EQD2) and dosimetrically analyzed. Dosimetric and volumetric parameters of the
segmented PTP volumes were analyzed. The method was exemplarily tested on an internal patient cohort including
90 patients having received thoracic R(C)T+1Cl (39) and R(C)T (51). Thirtytwo patients with PTP were identified for
further analysis. Additional data on previous chemotherapy, RT, smoking status and pulmonary co-morbidity were
conducted. A matched pair analysis with regard to planning target volumes (PTV) was conducted for curative
intended (definitive) and palliative patient cohorts individually.

Results The presented method was able to quantify and compare the dosimetric parameters of PTP for the different
therapies. For our study group, no significant differences between R(C)T+ICl and R(C)T only was observed. However,
the dosimetric analysis revealed large volumetric fractions (55%) of the PTP volumes to be located outside of high
dose (EQD2 <40 Gy) regions for R(C)T +ICl. There was a non-significant trend towards increased area under the curve
of the dose volume histogram (AUC) values for R(C)T +ICl compared to R(C)T only (3743.6 Gy-% vs. 2848.8 Gy-%;
p-value=0.171). In contrast to the data for the palliative intended treatment group, for definitive R(C)T +1Cl, data
tended towards increased volumes with higher doses.

*Correspondence:
Kim Melanie Kraus
kimmelanie kraus@mritum.de

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13014-024-02561-z&domain=pdf&date_stamp=2024-11-21

Kraus et al. Radiation Oncology (2024) 19:169

Page 2 of 10

Conclusions The proposed method was capable to quantify dosimetric differences in the dose-volume-effect
relationship of PTP for patients with R(C)T+ICl and patients with R(C)T only. In this exploratory analysis, no significant
dosimetric differences within PTP volumes for the different groups could be observed. However, our observations
suggest, that for safe application of thoracic R(C)T +ICI, further careful investigation of dosimetric prescription and
analysis concepts with larger and conformer study groups is recommendable.
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Background

Immune checkpoint inhibitors (ICIs) such as pro-
grammed cell death-ligand 1 (PD-L1) and programmed
cell death-1 (PD-1) have altered the clinical treat-
ment landscape for lung cancer due to unprecedented
improved clinical outcome. Due to convincing results
with improved survival after radio(chemo)therapy (R(C)
T) [2], the PD-L1 inhibitor durvalumab is routinely
applied for unresectable, stage III non-small cell lung
cancer (NSCLC) after RCT as maintenance therapy.
Further application, e.g. for metastatic disease is grow-
ing, leading to an increase in the use of ICI therapy with
radiotherapy (RT) [3].

Post-therapy pneumonitis (PTP) as a relevant and
potentially fatal side effect of both, RT and ICI, limits
the applicable dose and challenges the therapeutic effi-
cacy [4]. Usually, radiation induced pneumonitis occurs
4 to 12 weeks after RT and is restricted to the radiation
field. The incidence largely varies between 13 and 36%
depending on the dose regime and the method of follow-
up applied in the presenting studies [5]. RT can enhance
the immunogenic effect by up-regulation of PD-L1 and
PD-1 resulting in an increased anti-tumoral response [6,
7], which may result in an increased therapeutic effect,
but also in an altered normal tissue response. Whereas
the majority of existing data does not show an increase
of severe pulmonary toxicity for combined radioimmu-
notherapy, the incidence of pneumonitis over all grades
seems to be increased [8-14].

However, no conclusion with regard to dose and frac-
tionation schemes can be drawn from these results. This
is of major importance for RT dose prescription and
treatment planning. As PTP might originate from both,
RT and ICI therapy, it is reasonable to reconsider existing
dose-volume-effect correlations. Only a small number of
studies focus on this topic [15, 16]. Data on PTP after ste-
reotactic body radiation therapy (SBRT) and ICI therapy
suggests consisting dose constraints to be safe [16].

In this work, we present a method to explore dosi-
metric parameters of PTP after normofractionated R(C)
T+ICI therapy aiming to generate a hypothesis for fur-
ther clinical investigations.

Methods

Dosimetric analysis

Patient CT-scans with a slice thickness of 0.9-3 mm
showing pneumonitis at the time of first occurrence were
analyzed. The treatment planning software Eclipse ver-
sions 15.6 and 16.0 (Varian Medical Systems, Palo Alto,
Santa Clara, CA, USA) was used to accurately delineate
the volume encompassing the radiological extensions of
the pneumonitis. The derived contours were validated
and approved by experienced specialists in radiology
and nuclear medicine. Contours were transformed to
the RT planning CT using deformable image registra-
tion applying a demon’s algorithm [17]. In case of over-
lap with the gross tumor volume (GTV), the GTV was
subtracted from the pneumonitis contours to ensure
solid tumor mass not to contribute to the assessment of
pneumonitis. Three dimensional voxel-wise dose data
was converted to 2 Gy equivalent doses (EQD2) based on
the Linear Quadratic Model (LQM) [18] using a Matlab
(MATLAB R2019b, The MathWorks Inc., Natick, MA,
USA) [19] script. An o/p ratio of 3 for normal lung tis-
sue was assumed [20]. For the pneumonitis volume, rel-
evant dosimetric data was extracted such as the volume
fraction receiving at least 20 Gy (Vyg,) and the volume
receiving 20 Gy in cm® as a measure for rather low dose
volumes, mean dose as an intuitive measure for the
received dose, as well as the volume fraction receiving at
least 40 Gy (V,g,) as a measure for the volumetric frac-
tion receiving higher doses. Dose data was categorized
into 3 dose levels: low dose (LD) comprising doses below
20 Gy, intermediate dose (ID) comprising doses ranging
from 20 Gy to 40 Gy and high dose (HD) with a mini-
mum dose of 40 Gy. DVHs were extracted and the area
under the curve (AUC) of the DVHs was derived. For the
total lung, the original mean lung dose (MLD) and the
Vay were extracted.

Patient data

Our method was tested using patient data as depicted
in Table 1. Ninety patients, who received thoracic R(C)
T with (39) or without ICI (51) in a time interval of 110
days around R(C)T between 2010 and 2022 at our insti-
tute were collected. Data was conducted based on patient
data files and imaging data. Patient follow-up after defini-
tive treatment included clinical examination and chest
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Table 1 Patient characteristics, 'R(C)T abbreviates radio(chemo)therapy, 2ICI stands for immune checkpoint inhibition 3CTx stands for
chemotherapy, “SD abbreviates standard deviation. "MWU stands for Mann-Whitney-U test

Patient characteristics

ROT' +ICI? R(C)T+I1Cl [%] R(O)T R(C)T [%] p-value Test
No. of patients 39 43 51 56
No. females 14 359 11 21.6 0.159 Chi-square
No. males 25 64.1 40 784 0.159 Chi-square
Median Age [a] (min; max) 69 (47;83) 62 (49;85) 0.058 MWU?
Pulmonary Co-morbidity 15 385 14 275 0.268 Chi-square
Active or former smokers 25 64.1 34 66.7 0483 Chi-square
No. of patients with lung metastases 2 5.1 1 2.0 0407 Chi-square
No. of patients with primary lung tumors 36 923 50 98.0 0.191 Chi-square
[ars 35 89.7 37 72.5 0.043 Chi-square
concomitant CTx 16 410 16 314 0.343 Chi-square
Prior thoracic RT 2 5.1 1 20 0.191 Chi-square
Definitive RO)T 25 64.1 36 70.6 0516 Chi-square
Median time between ICI & RT (min; max) [d] 14 (0;76) -
No. of pneumonitis 16 41.0 16 314 0.578 Chi-square
Pneumonitis Grade CTCAE 1 10 62.5 12 66.7
Pneumonitis Grade CTCAE 2 5 313 2 1.1
Pneumonitis Grade CTCAE 3 1 6.3 2 111
Mean onset time after RT (SD* [d] 100.0 (49.73) 74.9 (59.97) 0.102 MWU
Median onset time after RT (min; max) [d] 87 (14;190) 54 (0;198) 0.102 MWU

CT scans 6 weeks after therapy and every 3 to 6 months
for 3 years, every 6 months for 2 years followed by once
yearly intervals. Follow-up schedules after palliative
treatment were based on a patient individual basis.

The time interval between R(C)T and ICI therapy var-
ied between 0 and 76 days.

Additional chemotherapy was administered in 35
(89.7%) cases in the R(C)T+ICI group and in 37 cases
(72.5%) in the R(C)T only group. Three patients had a
history of thoracic RT, 1 in the R(C)T only group within
a time interval of more than 3 years and 2 in the R(C)
T+ICI group with minimum of 11 months prior to
radioimmunotherapy.

In total, 59 patients (65%) were former or active smok-
ers, 25 (64.1%) in the R(C)T+ICI group and 34 (66.7%)
in the R(C)T group. Twenty-nine patients suffered from
pulmonary comorbidities, 15 (38.5%) in the R(C)T +ICI
and 14 (27.5%) in the R(C)T only group.

Pneumonitis definition

Pneumonitis was diagnosed based on clinical and/
or radiological findings and was graded according to
the Common Terminology Criteria for Adverse Events
(CTCAE) v5 [21]. All grades were included. Clinical
symptoms covered coughing, dyspnea and thoracic pain.
Radiological findings encompassed a variety of findings
such as cryptogenic organizing pneumonia (COP), with
ground-glass and consolidative opacities. Nonspecific
interstitial pneumonia (NSIP), another form of intersti-
tial lung disease, presents with ground-glass and reticular

opacities, indicating thickening of the interstitial lung tis-
sue [12, 22-24].

Statistical analysis

Exploratory statistical analysis was performed using IBM
SPSS Statistics version 28.0.1.1 (14). Univariate analysis
and analysis of significance was performed using chi-
squared tests for categorial variables. For numeric data,
we applied Mann-Whitney-U (MWU) tests. Statistical
significance level was set at p<0.05.

In a first step, statistical analysis was performed for the
entire data set. In a second step, the data set was divided
into two groups of patients to reduce the impact of bio-
logically different dose schemes. One group contained
patients, who received definitive R(C)TxICI, and the
other group summarized patients who received pallia-
tive R(C)T £ICI. Cases in these subgroups were matched
pairwise according to their planning target volumes
(PTVs) in order to reduce the interfering influence of
non-matching irradiated volumes on the radiation dose-
volume correlation.

Results

Dosimetric data analysis across all cases

We introduced a method applicable for evaluation of
potential differences in dosimetric parameters of PTP
when additional ICI is administered to R(C)T. Applica-
tion of this method to a small test cohort did not reveal
significant differences in the tested parameters between
the two study groups. Our results imply large volumetric
fractions of PTP (55%) to be located outside of the high
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dose RT field for R(C)T+ICI. In contrast to palliative
intended treatment, a trend towards larger PTP volumes
with higher doses could be observed for combined defini-
tive treatment.

We exploratorily investigated 90 patients having
received R(C)T+ICI (39) or R(C)T alone (51) as sum-
marized in Table 1. Eighty-six patients with primary
lung cancer and 3 patients with lung metastases and one
with pleural carcinomatosis were included. RT fraction-
ation schemes varied with total doses from 30 to 66 Gy
and single doses between 1.8 Gy and 3.0 Gy. Sixty-one
patients received definitive (meaning curatively intended)
R(C)T +/- ICI and 29 patients were treated in palliative
intention as listed in Table 1. From the 39 patients, who
received ICI therapy, all were treated with PD-L1 or PD-1
inhibitors. Out of the group receiving ICI therapy, the
majority of 23 patients (59%) received Durvalumab.

In total, 32 patients were diagnosed with any grade
pneumonitis and are depicted in Tables 2, 16 (41%) in the
R(C)T+ICI group and 16 (31.4%) in the R(C)T group.
Mean EQD2 PTP doses were numerically increased for
R(C)T+ICI (35.9 vs. 28.8, p=0.239) and a pronounced
pneumonitis volume fraction of 45% could be observed
in the HD region (45% vs. 33.8%; p=0.341) and a small
pneumonitis volume fraction of 26% in the LD region
(26% vs. 39.7%, p=0,451), however, without statistical sig-
nificance. The same applies for the DVH analysis, which
did not reveal statistically significant difference of the
AUC values for R(C)T +ICI (3743.6 Gy-% vs. 2848.8 Gy-%,
p=0.171). However, as depicted in Fig. 1, numerically,
AUC values differ, even though MLD and V20, jyng
were comparable between both groups (MLD 11.5 Gy vs.
12 Gy; p=0.926, RCT+ICI vs. RCT; V20 17.4% vs.
18.6; p=0.956, RCT+ICI vs. RCT).

The mean onset time of PTP after treatment was
increased after R(C)T+ICI (100.0 days vs. 74.9 days;
p=0.102).

total lung

Matched pair analysis

Groups were separated into patients, who were treated
in definitive or palliative intention. Definite total doses
ranged from 54 Gy to 66 Gy delivered in single dose frac-
tions from 1.8 to 2 Gy. Palliative patients received vari-
able dose schemes including single doses between 1.8 Gy
up to 3 Gy and total doses up to 50.4 Gy. All results are
summarized in Table 3.

Definitive treatment

Six patients with pneumonitis, who received definitive
R(C)T+ICI were matched according to their PTVs to 6
patients in the R(C)T group (see Table 3). Due to very
small sample sizes, no significance tests were performed.
Similar numerical trends as for the overall patient cohort
were observed. PTP volumes were large (218.2 cm?® vs.
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141.9 cm?) with large fractions in the HD regions (55.1%
vs. 66.9%) and increased AUC values (3988.4 Gy-% vs.
2989.6 Gy-%). PTP volumes for definitive and palliative
R(C)T with and without ICI are depicted in Fig. 2. An
exemplary CT scan from a patient’s lung after definitive
R(C)T+ICI in Fig. 3 shows the extension of the pneumo-
nitis beyond the HD region of the radiation field. Figure 4
shows the DVHs for definitive and palliative R(C)T with
and without ICI. For definitive treatment, a shift towards
higher doses with increased volumes resulting in higher
AUC values can be observed.

Palliative treatment

In this group, 4 patients with pneumonitis in the R(C)
T +ICI group were matched according to their PTVs to 4
patients with pneumonitis in the R(C)T group. Numeri-
cal trends within this group do not match the findings for
the definitive and overall treatment group. PTP volumes
(95.5 cm® vs. 229.6 cm®) and V20 of the PTP (38.7 cm? vs.
88.6 cm®) were smaller.

Discussion

We introduced a method to evaluate and compare dosi-
metric differences of PTP volumes between thoracic
R(C)T with and without additional immunotherapy. The
results from our statistical analysis suggest there are no
differences in the dosimetric parameters when additional
ICI therapy is added to R(C)T. However, exploratory
application of the proposed method suggests that there
might be quantitative numerical difference of PTP vol-
umes for combined radioimmunotherapy compared to
R(C)T only without statistical significance, however.

The proposed PTP evaluation method is based on well-
established DVH data analysis and thus can be easily
reproduced with conventional treatment planning sys-
tems. We provided and compared dosimetric analysis of
PTP and total lung parameters to reveal potential influ-
ences of the lung dose distribution to PTP extension. We
defined reasonable dose levels assisting first glance evalu-
ation of the PTP extension with respect to the radiation
field. The method applies diagnostic thoracic CT scans,
that are acquired in the course of follow up visits anyway,
ensuring no additional radiation is administered to the
patient and no additional examination is required. One
limitation of the applied method is the dependence of
user defined segmentation of the PTP contours. In this
study, we tried to minimize this impact by independent
radiological expert approval of the delineated contours.
For future improvement of the method, automatic seg-
mentation by atlas-based algorithms or by application of
artificial intelligence could be implemented, also helping
to improve the performance of the process.

Our results suggest that additional ICI therapy does
not influence the dose-volume-effect for pneumonitis
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Table 2 Dosimetric parameters for all radio(chemo)therapy 'R(C)T +immune checkpoint inhibition (%ICl) patient cohorts. 3SD stands
for standard deviation; “Min and Max abbreviates minimum and maximum values; >AUC stands for area under the curve of the dose
volume histogram (DVH) for the pneumonitis volume; °PTV abbreviates planning target volume

RIOT'+ICI12 RIO)T p-value Test
Number of patients 16 16
Voneomonits [€M”] Mean 2164 2499 0.838 MWU
so? 305.6 3000
Median 94.5 135.0
Min* 100 8.9
Max* 1147.0 11267
V20, moniis EQD2 [em”] Mean 90.7 1386 0752 MWU
SD 95.7 186.2
Median 55.0 70.7
Min 9.8 20
Max 350.2 708.6
Mean EQD2,, ¢ monitis [GY] Mean 359 28.8 0.239 MwU
SD 124 144
Median 369 286
Min 10.1 6.6
Max 58.2 49.8
High dose volume fraction [%)] Mean 450 338 0.341 MWU
SD 304 256
Median 43.1 32.7
Min 49 0.1
Max 99.2 76.2
Intermediate dose volume fraction [%] Mean 356 36.1 0.699 MwuU
SD 284 20.3
Median 283 30.7
Min 04 4.6
Max 98.2 86.4
Low dose volume fraction [%] Mean 26.0 39.7 0415 MWU
SD 26.2 310
Median 14.7 326
Min 04 0.1
Max 85.5 954
AUC [Gy*%)] Mean 37436 2848.8 0171 MwU
SD 13956 15299
Median 3848.1 3002.0
Min 1006.6 2684
Max 61263 4976.9
MLDgta11ung EQD2 [GY] Mean 115 12.0 0.926 MwuU
SD 39 35
Median 12.8 12.6
Min 38 54
Max 18.3 17.9
V20,4151 1ung EQD2 [%] Mean 17.4 186 0956 MWU
SD 6.5 74
Median 174 18.7
Min 55 86
Max 280 354
PTVC [cm?] Mean 4950 4432 0.669 MWU
SD 2734 269.2
Median 4195 407.5
Min 92.7 1176

Max 11256 1068.7
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Fig. 1 Boxplot of pneumonitis AUC values for all patients with and without additional immune checkpoint inhibition (ICl)

after RT. However, the data can show numerical trends
towards large PTP volumes and increased AUC values
after combined radioimmunotherapy without statistical
significance. Our data sample was too small and inho-
mogeneous to result in significant results and should
be validated with a larger data set. Numerically larger
AUC values without statistical significance (p-value
of 0.171) after combined R(C)T+ICI (3743.6 Gy-% vs.
2848.8 Gy-%) for the overall cohort were found. Even after
matched pair analysis and differentiation between defini-
tive and palliative treatment, no clear numerical trends
for the groups were found. Whereas mean PTP volumes
seemed numerically increased for R(C)T+ICI in defini-
tive treatment intention (218.2 cm® vs. 141.9 cm?®) with
increased mean EQD2 and V20, monitis t0 the PTP, after
palliative R(C)T+ICI, opposingly, PTP volumes were
smaller (95.5 cm® vs. 229.6 cm®) and mean PTP doses and
V20, neumonitis Were smaller. These results could indicate
differences comparing palliative and definitive treatment,
however, these differences between the groups might be
due to small groups and statistical fluctuation. Another
explanation for smaller PTP volumes in the palliative
group might be that the majority of definitive treatments
were due to primary lung cancers, where the additional
ICI therapy lead to activation of immunogenic systemic
response causing an extension of the pneumonitis vol-
umes, whereas in the palliatively treated group, medias-
tinal treatment was more common and total prescription
doses were smaller resulting in less actual dose to the
lung tissue. One case in the palliative treatment group,
who received ICI therapy showed a large overlap between
the initial GTV and the pneumonitis volume result-
ing in a methodologically reduced pneumonitis volume
influencing the analysis towards smaller pneumonitis

volumes. Thus, results for palliative treatment have to be
evaluated cautiously.

Surely, our results suffer from multiple limitations.
With regard to the method itself, deformable image regis-
tration is applied which introduces inaccuracy depending
on the algorithm and potential differences in image qual-
ity. In this work, the same algorithm was used for all data
and CT scans for RT dose calculation were performed
at the same CT scanner reducing part of the introduced
error. Surely, quality of the follow up CTs might dif-
fer and thus might influence registration performance.
Besides the retrospective design of the study, firstly, the
very small size of the study cohort of 32 patients with
pneumonitis limits the statistical meaningfulness. Our
results are majorly statistically negative, which might be
due to this small sample size. Secondly, the group charac-
teristics are rather inhomogeneous with respect to dose
regimes, target volume sizes and treatment techniques.
Trying to smooth these inhomogeneities with a matched
pair analysis, resulted in a too small sample size for statis-
tical analysis, unfortunately.

Data on dosimetric parameters of PTP volumes for
combined radioimmunotherapy using ICIs is sparse.
Watanabe et al. investigated dose relationships for pneu-
monitis after definitive RCT followed by durvalumab
maintenance therapy and found lower pneumonitis vol-
ume fractions receiving minimum doses of 5 Gy (Vsg,)
to 50 Gy (Vjogy,) for grade 2 pneumonitis compared
to grade 1 pneumonitis. Based on their findings, the
authors suggest the 15-Gy isodose line as a definition
of the radiation field responsible for pneumonitis [15].
Voong et al. studied the relationship between thoracic
RT and development of PTP in NSCLC patients, who
received ICI therapy. They found overall increased PTP
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Table 3 Dosimetric parameters for statistical analysis matched on the planning target volume ('PTV) patient cohorts for definitive and
palliative radio(chemo)therapy 2R(C)T +immune checkpoint inhibition CICI) patient cohorts. “SD stands for standard deviation; *Min
and Max abbreviates minimum and maximum values; °AUC stands for area under the curve of the dose volume histogram (DVH) of
the pneumonitis volume

Matched Pair Analysis

Definitive R(C)T? Palliative R(C)T
Matched Parameter PTV'[cm?3]
ROT+ICP R(OT ROT+ICI R(OT
Number of Patients 6 6 4 4
Voneumontis (€M) Mean 2182 1419 95.5 2296
Sp* 2522 189.6 1176 1184
Median 160.0 53.1 554 239.3
Min® 27.0 187 100 869
Max® 703.2 505.6 261.2 3529
V20, eumonitis EQD2 [cm?] Mean 1234 858 387 88.6
SD 1232 97.5 226 265
Median 793 414 40.2 82.0
Min 24.4 20 9.8 64.7
Max 350.2 2226 64.8 1258
Mean EQD2,emonitis [GY] Mean 399 286 296 230
SD 11.2 16.2 15.6 9.9
Median 39.1 30.5 309 235
Min 239 6.6 10.1 11.9
Max 582 47.0 464 33.0
High dose [%] Mean 55.1 66.9 243 274
SD 256 37.1 380 20.2
Median 49.2 79.1 54 27.0
Min 256 46 49 7.0
Max 99.2 99.9 814 485
Intermediate dose [%] Mean 356 394 496 386
SD 239 27.0 40.3 18.6
Median 352 36.7 444 382
Min 04 46 11.6 204
Max 728 864 98.2 57.8
Low dose [%)] Mean 16.5 33.1 324 514
SD 18.1 37.1 379 269
Median 89 209 211 509
Min 04 0.1 1.8 255
Max 50.2 954 85.5 783
AUC® [Gy*%] Mean 39884 2989.6 2958.0 1994.5
SD 1124.7 14954 1558.2 1508.1
Median 3913.0 3046.9 3091.5 22026
Min 2386.6 660.1 1006.6 2684
Max 58243 4687.8 4642.3 3304.3
MLD gta11ung EQD2 [Gy] Mean 12.0 128 6.7 9.2
SD 18 24 2.8 35
Median 12.8 129 6.2 9.5
Min 9.5 10.2 38 54
Max 13.6 16.9 10.5 12.6
V20,0101 1ung EQD2 [9%] Mean 204 194 95 135
SD 44 46 52 49
Median 212 19.7 7.8 12.8
Min 15.0 126 55 8.6
Max 27.1 264 16.9 19.7

PTV [cm?] Mean 5393 5319 3330 3202
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Table 3 (continued)
Matched Pair Analysis
Definitive R(C)T? Palliative R(C)T
Matched Parameter PTV'[cm?3]
RO)T+ICP R(OT R(O)T+ICI ROT
SD 3004 2844 214.1 1834
Median 4464 463.3 324.9 304.4
Min 2935 250.6 92.7 1176
Max 11256 1068.7 5894 5543
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Fig. 2 Scatter plots for pneumonitis volumes for the definitive (a) and palliative (b) radio(chemo)therapy R(C)T patient cohort with and without immune
checkpoint inhibition (ICl). Opposing trends between palliative and definitive treatments can be observed

Fig. 3 Axial Computed Tomography (CT) scan with EQD2 isodose lines
and the pneumonitis contours matched in color-washed magenta. The
majority of the pneumonitis volume is located outside the high dose
region

rates of 19%. Patients, who were treated in curative intent
with median total doses up to 60.5 Gy were more likely
to develop pneumonitis compared to palliatively treated
patients with doses up to 30 Gy (17/19, 89% vs. 2/19,
11%; p=0.051). The spreading of radiological pneumoni-
tis appearances were mostly found outside intermediate
(20 Gy<D <40 Gy) and high dose (D>45 Gy) RT regions
[25]. Compared to our findings, we rather found PTP
within the HD and ID level. Including all data and for the

palliative R(C)T+ICI group, we observed intermediate
doses to contribute the most to the radiological findings.
Whereas Voong et al. included patients with any previous
RT and differentiated between more or less than 1-year
interval between RT and ICI treatment, in our study, we
focused on combined treatment with a time interval of
up to 110 days. One reason for this choice of time inter-
val was to consider rather acute and subacute immuno-
logic effects. The other reason was to avoid interfering
effects that inevitably arise with time due to potential
additional sequential treatments.

Part of the effect leading to large pneumonitis vol-
umes might be due to immune-related effects linked
to an altered tumor microenvironment caused by RT.
Across all groups, we observed a mild trend towards
a delayed onset of pneumonitis after radioimmuno-
therapy (100 days vs. 75 days, p=0.102). The incidence
after ICI therapy has been studied and median onset
time to ICI caused pneumonitis was found to be 82 days
after initiation of ICI therapy [26], which is in the range
observed here. In two case studies, also a delayed PTP
onset of 5 months and 167 days after radioimmuno-
therapy were observed [27, 28]. However, the difference
in timing between the investigated groups in this study,
suggest that PTP occurrence after combined radioim-
munotherapy is influenced by altered effects compared
to radiation induced PTP. While therapy using ICIs has
revolutionized cancer treatment with unprecedented
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Fig. 4 DVHs for each pneumonitis volume for definitive (a) and palliative (b) R(C)T with ICl (magenta) and without ICI (blue). For definitive treatment, a

shift to the right can be noticed for R(C)T+ICI

survival, immune enhancement through ICI therapy
administered directly after RT might increase the risk for
immune-related side effects such as pneumonitis and can
be the reason for delayed onset of PTP.

This study was focused on the establishment of a valid
and reproducible method to analyze dosimetric differ-
ences for PTP after R(C)T with and without ICI and our
results demonstrated its feasibility. While the dosimetric
findings contribute to the rare results on dose-volume
relationship for PTP after combined radioimmunother-
apy, the application of the proposed method to our data-
set is limited by the retrospective design, the small and
inhomogeneous patient cohort combined with the rather
rare event of PTD, that failed to approach the pre-defined
significance level, restricting the conclusions.

Conclusions

We introduced a valid and easily reproducible method for
analysis of dosimetric parameters of PTP after thoracic
radio(immuno)therapy. This method can help to explore
or rule out potential dosimetric changes after thoracic
R(C)T, that might be triggered by additional ICI therapy.
Testing our method on a small patient cohort, the results
suggest no impact of additional ICI therapy on the dose-
volume-effect for the development of PTP. To validate
these results and to rule out potential associations, that
might have been obscured by the limited sample size, the
proposed method should be applied to a larger and more
homogeneous dataset.
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