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Abstract

Background and purpose To predict treatment-related cardiovascular disease (CVD) and second cancer 30-year absolute
mortality risks (AMR,) for patients with mediastinal Hodgkin lymphoma in a large multicentre radiation oncology network
in Ireland.

Material and methods This study includes consecutive patients treated for mediastinal lymphoma using chemotherapy
and involved site radiotherapy (RT) 2016-2019. Radiation doses to heart, left ventricle, cardiac valves, lungs, oesophagus,
carotid arteries and female breasts were calculated. Individual CVD and second cancer AMR,, were predicted using Irish
background population rates and dose—response relationships.

Results Forty-four patients with Hodgkin lymphoma were identified, 23 females, median age 28 years. Ninety-eight percent
received anthracycline, 80% received 4—6 cycles ABVD. Volumetric modulated arc therapy (VMAT) = deep inspiration breath
hold (DIBH) was delivered, median total prescribed dose 30 Gy. Average mean heart dose 9.8 Gy (range 0.2-23.8 Gy).
Excess treatment-related mean AMR;, from CVD was 2.18% (0.79, 0.90, 0.01, 0.13 and 0.35% for coronary disease, heart
failure, valvular disease, stroke and other cardiac diseases), 1.07% due to chemotherapy and a further 1.11% from RT. Excess
mean AMR;, for second cancers following RT were: lung cancer 2.20%, breast cancer in females 0.34%, and oesophageal
cancer 0.28%.

Conclusion For patients with mediastinal lymphoma excess mortality risks from CVD and second cancers remain clini-
cally significant despite contemporary chemotherapy and photon-RT. Efforts to reduce the toxicity of combined modality
treatment, for example, using DIBH, reduced margins and advanced RT, e.g. proton beam therapy, should be continued to
further reduce potentially fatal treatment effects.
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Introduction

The majority of patients treated for lymphoma do not die
from the disease [1] and are at risk of long-term treatment-
related morbidity and mortality [2]. For early stage Hodg-
kin lymphoma (HL), 5 year overall survival rates are in
excess of 90% with the use of combined modality therapy
[1]. Research has focused on identifying the minimum
therapeutic intervention that will maintain outcomes and
minimise survivor exposure to late toxicity of treatment
[1, 3].

Sequential clinical trials replaced historic extended
radiation fields with smaller fields and reduced target vol-
umes including involved field [3], involved site [4] and
involved node [1] treatment approaches. Randomised data
supported prescribed dose reductions in early favourable
stage disease found to be adequately treated with 20 Gy
instead of 30 Gy [5]. Optimal photon radiotherapy (RT)
planning techniques may further improve the therapeu-
tic index for patients requiring treatment. Deep inspira-
tion breath hold (DIBH) has been shown to reduce heart
and lung doses [6, 7]. Volumetric modulated arc therapy
(VMAT) planning techniques used in combination with
DIBH are associated with reduced heart, lung and breast
doses [8—10]. Proton beam therapy (PBT) may provide
additional dosimetric advantages in the treatment of
patients with mediastinal lymphoma and may reduce the
risk of late effects [11].

However, patients requiring RT to the mediastinum
remain at an increased risk of late adverse effects. These
include cardiovascular disease (CVD) [12] and second
malignancies such as breast, lung and oesophageal cancer
[2], all of which cause morbidity and potentially excess
mortality.

This study aims first to present the radiation doses
received by individual patients who have undergone pho-
ton RT for mediastinal HL in a large multicentre radia-
tion oncology network in Ireland, and second, to predict
30-year absolute mortality risks (AMR;,) for CVD and
second primary cancers. These data are intended to inform
the need for ongoing treatment optimisation, to aid the
consent process for future patients and to guide subsequent
surveillance for lymphoma survivors.

Materials and methods
Patient population

All patients who underwent RT for mediastinal lymphoma
in a multicentre radiation oncology network between

January 2016 and September 2019 inclusive were identi-
fied and their medical records were reviewed. There were
no exclusion criteria regarding treatment of additional sites
to the mediastinum, for example, axilla and neck. Patients
who could tolerate DIBH were planned in both free breath-
ing (FB) and DIBH and the optimal plan with greatest
tumour coverage and lowest dose to organs at risk (OARs)
was selected for treatment. Baseline characteristics were
recorded including age, sex, smoking status, histological
diagnosis, Ann Arbor stage, indication for treatment, RT
dose fractionation schedule, use of DIBH and details of
chemotherapy received. This study was approved by the
St Luke’s Radiation Oncology Network ethics committee.

CT simulation and contouring

During RT CT simulation, patients were positioned with
their arms by their sides and immobilised with the aid of a
thermoplastic mask. The clinical target volume (CTV) for
each patient was delineated based on guidelines for involved
site RT [13]. During contouring, the patient’s pre-chemo-
therapy and interim or post-chemotherapy PET/CT was dis-
played on an adjacent monitor to aid delineation. The OARs
of interest were contoured; whole heart, left ventricle, all
four cardiac valves, lungs, female breasts, oesophagus and
common carotid arteries. The left ventricle, cardiac valves
and common carotid arteries were retrospectively contoured
for the purposes of risk calculation for this study and were
not included in the original planning process. Contour defi-
nitions and guides were derived from published atlases and
information from anatomy and cardiac imaging textbooks
and IMAIOS e-anatomy (Table S1) [14-17]. CTV to plan-
ning target volume (PTV) margins of 5-15 mm were at the
discretion of the treating clinician taking individual disease
distribution into consideration.

Planning and dosimetric data collection

All patients were planned in the Eclipse planning system
(Versions 13.6, 15.1 and 15.6), Varian Medical Systems,
using VMAT. The standard approach for early stage favour-
able HL is to treat with 20 Gy in 10 fractions [5]. Patients
with early stage unfavourable HL were treated with 30 Gy
in 15 fractions. All cases are discussed at a dedicated lym-
phoma MDT and our overall approach is to include radio-
therapy in the treatment plan only when potential late effects
are considered acceptable—for example, radiotherapy for
early stage disease may be omitted in the case of a young
woman for whom breast tissue will be included in the treat-
ment field. Doses higher than 30 Gy were used in the set-
ting of residual PET/CT-positive disease. In these cases a
total dose of 36—40 Gy is recommended [13]. Individualised
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VMAT plans were generated for each patient. A generic
starting point of two full arcs was further developed with
the addition of partial arcs and modification of existing full
arcs to achieve maximal coverage and conformality while
minimising the dose to OARs [18]. In our network, efforts
are made to reduce the dose to all OARs to as low as reason-
ably achievable (ALARA). If possible, mean heart and lung
doses were maintained <5 Gy and 8 Gy respectively. In the
setting of bulky mediastinal disease or residual PET/CT-pos-
itive disease in the mediastinum, higher lung and heart doses
were accepted, with maximum accepted limits of mean lung
dose (MLD) < 20 Gy, the volume of lung receiving >20 Gy
(V20) less than 30% and mean heart dose (MHD) <20 Gy.
Mean breast dose was maintained <4 Gy where possible.
Each plan was optimised to achieve optimal conformity and
PTV coverage of at least 98% of the PTV receiving at least
95% of the prescription dose. The mean doses to all con-
toured OARSs were extracted, as well as PTV volume.

Late effects risk prediction

The treatment-related AMR;,, for CVD and second primary
cancers were predicted for all patients in this study. The risk
prediction methods are described in detail in two previous
studies [11, 19]. In brief, for each patient, the background
cumulative AMR 5, in the absence of any lymphoma-related
or treatment-related risks, was estimated for each disease of
interest using mortality rates in the general Irish population
and by taking into account the competing risk of death from
other causes. These mortality rates were the most recent five
year age- and sex-specific death rates from coronary heart
disease (CHD), congestive heart failure (CHF), valvular
heart disease (VHD), stroke and “other cardiac diseases” and
from cancers of the lung, breast (females only) and oesopha-
gus available from the World Health Organization (WHO)
mortality database [20]. The radiation-related increase in
the mortality rates was calculated using individual radia-
tion doses combined with published dose-response rela-
tionships. The dose responses allow the relative risk from
modern radiation techniques to be estimated even though
they are based on historical cohorts who received on aver-
age, higher radiation doses to normal tissues when treated.
Mean heart dose was used to estimate risk of CHD [21],
mean left ventricular dose (MLVD) for risk of CHF [22],
a weighted average of the mean doses to the aortic valve
(AVMean), the mitral valve (MVMean) and the tricuspid
valve (TVMean) for risk of VHD [23] and mean carotid
artery doses (MCA) for risk of stroke [20, 24]. For CHF,
separate calculations were carried out including the effect
of anthracycline chemotherapy without RT as well as for the
effect of combined modality treatment [22]. The sum of the
mortality rates from CHD, CHF, VHD, stroke and “other
cardiac diseases”’, comprised the total CVD risk. Mean lung

@ Springer

dose, mean breast dose (MBD) and mean oesophagus dose
(MOD) were used to estimate risk from lung, breast and
oesophageal cancers, respectively [24-29]. Smoking status
could not be taken into account due to unknown smoking
status for approximately half of patients and lack of separate
population rates for smokers and never smokers in Ireland.

Results

In total, 44 patients with mediastinal HL fulfilled the inclu-
sion criteria for our study (21 male, 23 female). (Table 1).
The median age at treatment was 28 years (range 17-72).
The majority of patients (n=27, 61%) were treated for
early stage unfavourable disease. Two patients were treated
for early stage favourable disease—both of these patients
received 30 Gy in 15 fractions. In both cases they had a
complete response documented on post-chemotherapy PET/
CT but had persistent disease on interim PET/CT after 2
cycles of ABVD. All received chemotherapy, 98% (n=43)
received anthracycline regimens, 80% (n=235) received 4-6
cycles ABVD. Median prescribed RT dose was 30 Gy (range
30-46 Gy). Forty-one percent (n=18) were treated in DIBH.

Average PTV volume was 1007.7 cc. Mean heart dose
was 9.8 Gy (range 0.2-23.8 Gy). The aortic and pulmonary
valves received higher doses of radiation than the mitral
and tricuspid valves due to their more proximal location to
the PTV. PTV volumes and mean doses delivered to OARs
grouped by prescribed RT dose and sex are outlined in
Table 2.

The predicted background AMR;, from CVD was 2.88%
and the excess AMR;, was 1.07% with chemotherapy and a
further 1.11% with RT to a total of 5.06% (Table 3, Fig. 1).
The chemotherapy-related excess AMR s, of CVD was 0.86%
and 0.21% for CHF and other cardiac diseases, respectively.
The radiation-related excess AMR,, of CVD was 0.79% for
CHD, 0.04% for CHF, 0.01% for VHD, 0.13% for stroke,
and 0.14% for other cardiac diseases. While the OARs of
male patients did not receive greater radiation doses com-
pared to the doses received by female patients, the predicted
AMR;, for all CVD was greater in males due to their higher
background risk, 3.74% versus 2.09% for females. (Table 2,
Fig. 1).

The predicted background AMR;, from second cancers
was: lung cancer 1.07%, breast cancer in females 1.00%
and oesophageal cancer 0.20%. The excess mean AMR;,
following RT was: lung cancer 2.20%, breast cancer in
females 0.34%, and oesophageal cancer 0.28%, leading to
a total AMR;, of 3.27, 1.34 and 0.48% from lung, breast
and oesophageal cancer respectively. Among both male and
female patients, the greatest additional risk was for lung can-
cer (1.89% for males, 2.48% for females; Table 3, Fig. 2).
Since the background AMR,, from lung cancer was similar
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Table 1 Patient, tumour and treatment characteristics

Baseline characteristic Hodgkin lymphoma
(a) Patient

Age at treatment (years) Median (range)

Male 27 (17-68)
Female 32 (21-72)

Sex n (%)
Male 21 (48)
Female 23 52)

Smoking status
Current smoker 4 @)
Ex-smoker 8 (16)
Non-smoker 13 25)
Unknown 19 (52)

(b) Tumour

Stage
Early stage favourable 2 )
Early stage unfavourable 27 61)
Refractory disease 8 (18)
Relapsed disease 6 (14)
Consolidation to site of initial bulk 1 2)

(c) Treatment

Radiotherapy technique
DIBH VMAT 18 41
FB VMAT 26 59)

Radiotherapy dose (Gy)

30 34 ()
36 2 5)
40 7 (16)
46 1 2)

Chemotherapy
Yes 44 (100)
No 0 0)

Number of cycles ABVD

0 3 @)

2 ©)

4 19 (43)

5 1 2)

6 15 (34)
Unknown 2 )

Number of lines of chemotherapy
1 29 (66)
2 9 (20)
3 6 14

Total number of patients 44 (100)

ABVD Adriamycin, Bleomycin, Vinblastine, Dacarbazine, CTV clini-
cal target volume, DIBH deep inspiration breath hold, FB free breath-
ing, VMAT volumetric modulated arc therapy

for male and female patients, the higher excess lung cancer
risk in women was due to the higher lung doses.

Discussion

This study provides a patient-specific prediction of treat-
ment-related absolute mortality risk from mediastinal
photon RT and chemotherapy in a cohort of HL survivors
treated in a national oncology network in Ireland. Our find-
ings show that risks are low but remain clinically significant.
Efforts to reduce incidental radiation doses by introducing
more advanced RT techniques and reducing target volumes
by increasing use of DIBH should be continued. We also
provide individualised risk estimates which can be used
to inform future patients and increase their involvement
in decision making regarding balancing risks and benefits
from their treatment. Lastly, we demonstrate that expanding
long-term surveillance may provide a more holistic treat-
ment approach to patients. For example, guidelines are in
place for breast cancer screening but our data suggest the
role of lung cancer screening may need to be considered.

For survivors treated with 30 Gy to the mediastinum, the
radiation doses in our cohort are similar to those reported for
modern photon RT in a recent review [30]. Mean lung, heart
and oesophagus doses were 10.6 Gy, 10.0 Gy and 15.8 Gy,
respectively. Mean breast dose in female patients was 5.6 Gy
(Table 2).

Excess mean AMR;, of CVD following chemotherapy
and RT was 2.18%, with 1.07% attributed to chemotherapy
and 1.11% to RT. Our AMR;, were similar to those pre-
dicted in a recent study in a different population of early
stage HL patients [19]. RT was also associated with excess
AMR;, for second cancers (lung cancer 2.20%, breast can-
cer in females 0.34%, and oesophageal cancer 0.28%). The
total risk of lung cancer mortality more than tripled for
women (from 1.02 to 3.50%) and more than doubled for
men (from 1.11% to 3.00%). This is due to the higher mean
lung doses recorded for women in this study as both men and
women had on average similar background AMR;, in our
study. The predicted risk of breast and oesophageal cancer
mortality was generally low and the RT-related increase of
breast AMR;, in women was also low (0.34%). For oesopha-
geal cancer it was tripled in women after RT (from 0.12 to
0.32%), with a smaller relative, but larger absolute, increase
seen for men (from 0.30 to 0.66%). While the overall abso-
lute mortality risks are low for patients with HL, these fatal
effects remain clinically significant. These RT-related risks
vary widely among patients as shown in Table 3, with a
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Table 3 Estimated 30-year
cumulative absolute mortality
risks (AMR;;) from CVD
and second cancers following

chemotherapy and radiotherapy

for patients with mediastinal
Hodgkin lymphoma treated in
Ireland 2016-2019

Mean AMR;;, (%) (range)

Sex Background risk

Chemotherapy-related

excess AMR;

Radiotherapy-related

excess AMR5,

Total AMRs,

Cardiovascular disease
Total CVD

1.07 (0.12-6.01)
1.26 (0.19-4.94)
0.90 (0.12-6.01)

0.86 (0.09-4.43)
1.03 (0.14-3.96)
0.71 (0.09-4.44)

1.11 (0.12-3.46)
1.57 (0.12-3.47)
0.69 (0.13-1.35)

0.79 (0.07-3.19)
1.23 (0.07-3.19)
0.40 (0.07-0.91)

0.04 (0.00-0.13)
0.03 (0.00-0.12)
0.03 (0.00-0.13)

0.01 (0.00-0.05)
0.01 (0.00-0.05)
0.01 (0.00-0.05)

0.13 (0.00-0.85)
0.13 (0.00-0.58)
0.12 (0.00-0.86)

5.06 (0.42-22.26)
6.57 (0.65-22.26)
3.68 (0.42-21.62)

2.57 (0.16-11.02)
3.74 (0.31-11.02)
1.51 (0.16-7.14)

1.23 (0.13-6.13)
1.45 (0.19-5.49)
1.01 (0.13-6.12)

0.11 (0.00-0.72)
0.13 (0.01-0.58)
0.10 (0.00-0.72)

0.54 (0.02-4.20)
0.58 (0.02-2.91)
0.50 (0.04-4.20)

All 2.88 (0.15-14.65)

M 3.74 (0.34-14.65)

F 2.09 (0.15-14.62)
Coronary heart disease

All 1.78 (0.06-9.14)

M 2.51(0.21-9.14)

F 1.11 (0.07-7.02)
Congestive heart failure

All 0.33 (0.09-1.68)

M 0.39 (0.05-1.50)

F 0.27 (0.04-1.68)
Valvular heart disease

All 0.10 (0.00-0.72)

M 0.12 (0.01-0.53)

F 0.09 (0.00-0.72)
Stroke

All 0.41 (0.01-3.35)

M 0.45 (0.01-2.34)

F 0.38 (0.02-3.35)
Other cardiac

All 0.26 (0.03-1.84)

M 0.27 (0.06-1.14)

F 0.25(0.02-1.84)
Second cancer
Breast

F 1.00 (0.31-2.31)
Lung

All 1.07 (0.04-4.16)

M 1.11 (0.04-4.16)

F 1.02 (0.09-3.45)
Oesophagus

All 0.20 (0.01-0.99)

M 0.30 (0.02-0.99)

F 0.12 (0.01-0.47)

0.21 (0.03-1.56)
0.23 (0.05-0.99)
0.19 (0.03-1.56)

0.14 (0.02-0.61)
0.17 (0.03-0.53)
0.13 (0.02-0.62)

0.61 (0.07-4.02)
0.67 (0.14-2.67)
0.57 (0.07-4.02)

- 0.34 (0.02-0.74) 1.34 (0.47-2.44)
- 2.20 (0.60-8.79)
- 1.89 (0.06-8.79)
- 2.48 (0.27-6.86)

3.27 (0.10-12.96)
3.00 (0.10-12.95)
3.50 (0.35-9.40)

- 0.28 (0.01-1.37)
- 0.36 (0.01-1.37)
- 0.20 (0.01-0.75)

0.48 (0.02-2.37)
0.66 (0.03-2.37)
0.32 (0.02-1.21)

F female, M male

range of 0.12 to 3.46% for excess AMR,, of CVD and 0.60
to 8.79% for excess AMR;, of lung cancer mortality and
0.01 to 1.37% for oesophageal cancer mortality.
Approaches to reduce the risk of late cardiovascular and
second cancer risks for patients with HL include the adop-
tion of advanced radiotherapy techniques such as DIBH.
While DIBH has the potential to reduce radiation dose to
OARs in mediastinal lymphoma for some patients, it is not
always superior to FB techniques and is not always tolerable
by patients [18]. In our network, despite dual planning for all

patients who could tolerate DIBH, these plans were superior
to FB plans for only 41% of the overall cohort. In our net-
work, however, the same PTV margins are applied for both
DIBH and FB plans. Enhanced image guidance techniques
can facilitate the use of tighter PTV margins with DIBH,
which likely would reduce the dose to OARs further and
provide added benefit [7, 10]. Tighter margins combined
with state of the art radiotherapy techniques such as but-
terfly VMAT [9, 10] or full-arc butterfly VMAT [31] could
provide further OAR dose and risk reductions.
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Fig.1 Estimated 30-year absolute mortality risks (AMR;) for car-
diovascular disease for patients with Hodgkin Lymphoma in Ireland
2016-2019. A Average cumulative AMR;, for cardiovascular dis-
ease for females and B males including background mortality risks
(grey lines), excess risks after chemotherapy (CT) (yellow lines),
and excess risks after RT (red lines). C Average cumulative AMRj,
for different types of cardiovascular disease for females and D males

Alternatively, PBT may also offer an advantage compared
to photon RT, however, it is not widely available yet for
patients with HL due to higher cost and limited numbers of
PBT centres, with no centre currently available in Ireland.
Identifying patients who will derive greatest benefit from
PBT would be beneficial but it remains a challenge in clini-
cal practice. The International Lymphoma Radiation Oncol-
ogy Group guidelines state that patients who could “greatly
benefit” from PBT include those with mediastinal disease
that extends below the origin of the left main coronary artery
(LMCA), those for whom breast dose is a concern and heav-
ily pre-treated patients at higher risk of radiation-induced
toxicity [32]. Another recent study showed that when CTV
overlapped longitudinally with the heart by >40%, PBT
reduced mean heart dose by 3.2 Gy (19% relative decrease),
left ventricular dose by 5.6 Gy (50% relative decrease) and
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treated with chemotherapy and radiotherapy. For each patient, back-
ground AMR;, was estimated based on his/her age and sex at treat-
ment. The chemotherapy-related AMR;, was estimated using the
excess rate ratio from Van Nimwegen et al. [22] The radiotherapy-
related AMR;, was estimated using the excess rate ratios or excess
relative risks from various radiation dose—response relationships [21-
24] combined with patient-specific radiation doses

valvular doses by 5.1 Gy (24% relative decrease). These
measures resulted in a reduction in total CVD AMR;, in the
study among patients in Western Europe by 0.3% from 3.8%
to 3.5% [11]. For patients with axillary involvement, PBT
reduced mean lung dose by 2.8 Gy (29% relative decrease)
and lung cancer AMR;, among patients in Western Europe
by 0.5% from 2.7 to 2.2% [11]. Based on the above findings,
we calculated the percentage of patients in our cohort fall-
ing within these subgroups (Table S2). Forty-one percent
(18/44) of patients had a CTV which overlapped longitudi-
nally with the heart by >40% [11], 70% (31/44) had medias-
tinal disease which extended below the origin of the LMCA
[32] and 52% (23/44) patients had disease which extended
below the 7th thoracic vertebra [33]. These patients could
have potentially had reduced risk of radiation-related AMR 5,
from CVD if treated with PBT. In addition, the 16 patients
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Fig.2 Estimated 30 year absolute mortality risks (AMR;;) for sec-
ond cancers for patients with Hodgkin Lymphoma in Ireland 2016—
2019. A Average cumulative AMR;, for second cancers for females
and B males including background mortality risks (dotted lines) for
each cancer type and excess risks after radiotherapy (solid lines). For

(36%) who had axillary disease treated could have poten-
tially had reduced risk of radiation-related AMR;, from
second lung and breast cancer (females) [11, 32]. However,
only dual planning with both photon RT and PBT within our
cohort could provide a more individualised estimate as the
range of absolute AMR;, benefit is wide amongst patients
based on previously published results [22].

A strength of our study is that we used an individualised
risk prediction approach which takes into account individual
OAR doses from radiotherapy CT-planning scans detailing
anatomy and 3D dose distributions for each patient com-
bined with the best available epidemiological evidence
regarding the magnitude of the long-term risks of radiation
and anthracycline chemotherapy in HL survivors to predict
AMR;, as well as up to date age and sex-specific back-
ground Irish risks as recently published by the WHO. We
recognise that the dose-response relationships used as the
basis for our methodology are currently based on data from
patients treated with historical techniques but these relation-
ships remain the best epidemiological evidence available
that provide dose-response relationships between radiation
dose and risk of cardiovascular disease and second cancers.
The nature of late manifestation of such effects requires a
long patient follow up and the results of such studies will
always be behind the fast evolving RT technologies. These
dose-response relationships provide the relative risks (rec-
ognised from these historical treatments) of late effects ver-
sus radiation doses to the relevant OARs which can be used
to estimate absolute risks for contemporary cohorts. The
majority of cardiovascular risk dose—response relationships
used in our study have been recently externally validated,
giving us more confidence in their use [34]. When newer

Second Cancers - Males

Cumulative mortality %

Number of years since HL treatment

each patient, background AMR;, was estimated based on his/her age
and sex at treatment. The radiotherapy-related AMR;, was estimated
using the excess rate ratios or excess relative risks from various radia-
tion dose—response relationships [24—29] combined with patient-spe-
cific radiation doses

studies are published that adequately define dose-response
relationships within more modern cohorts, updates to the
risk estimation models will be important. We also included
all patients treated with mediastinal RT in a RT network
delivering just over 40% of all RT courses nationally—this
likely is a reasonable national representation of RT dosime-
try for this cohort. Although only 44 patients were identified
this identifies a substantial ‘real world’ cohort who actually
received these treatments rather than a more constrained
planning study.

Our study has several limitations. We have included a
population of varying clinical demographics, disease stages
and RT doses, which, while reflective of daily clinical prac-
tice, makes it difficult to draw conclusions regarding more
selected groups of patients. The retrospective nature of this
study, specifically the retrospective contouring of cardiac
substructures and carotid arteries, limits the interpretation
of some of the risks that were predicted using these doses,
as these doses and thus risks might have been slightly lower
if these substructures were included in the optimiser. While
our cohort received contemporary RT, there was scope to
further optimise treatment e.g. reduce PTV margins for
patients undergoing DIBH, add further OAR dose volume
constraints. Despite these limitations, the doses presented
and thus the estimated risks will likely be of interest to the
wider lymphoma community and are reflective of a ‘real
world’ cohort as many centres worldwide are currently intro-
ducing DIBH and advanced VMAT. This study includes
patients treated 2016-2019 prior to updated recommen-
dations of dose constraints published by the International
Lymphoma Radiation Oncology Group in 2020 [4]. We have
since revised our OAR dose constraints in line with this
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guideline and our results may influence other radiotherapy
centres to also update their OAR dose constraints. Another
limitation is that excess risks from smoking in the Irish pop-
ulation were not included in the risk prediction due to lack
of separate population rates for smokers and never-smokers
in Ireland. Smoking increases the risk of CVD and lung
cancer and therefore we might have underestimated the risks
for some patients. Smoking may increase the background
AMR;, (and thus excess treatment-related risk) from CVD
and lung cancer up to 14-fold compared to never smokers
[11]. Of note, incidence of CVD and second cancers were
not calculated in this study. Incidence of CVD and breast
cancer in particular would be higher than mortality risk, with
additional effects on survivors’ quality of life and impact on
health services research, therefore surveillance is even more
crucial in these patients. Incidence rates in Ireland were not
available for the cardiac endpoints reported.

Conclusions

In conclusion, for patients with mediastinal lymphoma pre-
dicted excess mortality risks from CVD and second can-
cers remain clinically significant despite contemporary
chemotherapy and photon RT. Ongoing efforts to reduce
the toxicity of combined modality treatment and implement
techniques such as DIBH, reduced margins and advanced
radiotherapy techniques including PBT are strongly
encouraged.
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