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ABSTRACT

Objective This study aimed at investigating the
relationship between occupational exposure to external
ionising radiation and central nervous system (CNS)
tumours mortality in healthcare workers working in France.
Design and setting The Occupational Radiation-Induced
Cancer in Medical staff (ORICAMSs) nested case—control
study was conducted based on the dosimetric records of
the national register of occupational dosimetry (Systeme
d’information de la surveillance de I'exposition aux
rayonnements ionisants).

Participants and methods 33 CNS tumour deaths
occurred between 2002 and 2012 among the ORICAMs
cohort composed of 164 015 healthcare workers. Each
case was matched to five controls alive at the time of the
corresponding case’s death, based on sex, year of birth,
date of enrolment in the cohort and duration of follow-

up. All participants were badge monitored for external
radiation exposure, expressed in Hp(1 0). Conditional
logistic regression was used to analyse the dose-response
relationship between radiation dose and CNS mortality.
Results Cases were exposed to a mean cumulative
career radiation dose of 5.8+13.7 (max: 54.3) millisievert
(mSv) compared with 4.1+15.2 (142.2) mSv for controls.
No statistically significant association was found between
CNS tumour mortality and cumulative whole-body career
dose (OR=1.00, 95% Cl 0.98 to 1.03), duration of exposure
(OR=1.03; 95% Cl 0.95 to 1.12) or age at first exposure
(OR=0.98; 95% Cl 0.91 to 1.06).

Conclusion We found no evidence of an association
between external radiation exposure and CNS tumour risk
in healthcare workers. Limitations of the study include low
statistical power and short duration of follow-up.

INTRODUCTION

Ionising radiation plays a central role in
medical diagnostic and therapeutic practices
of modern societies. Technological advances
such as diagnostic imaging, radiotherapy or
fluoroscopy-guided interventional proce-
dures have led to an exponential increase

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study relies on a national design and on the
use of national registries to ensure thorough data
collection.

= Efforts were made to establish a nested case—con-
trol survey, where controls recruited into the cohort
shared a certain number of characteristics with the
cases, thereby reducing the impact of potential con-
founding factors linked to the choice of controls.

= Study limitations include low statistical power and
short duration of follow-up.

= This study will integrate the international Brain can-
CEr risk in pooled Case—cOntrol study of MEdical
workers project, which will address the same ob-
jectives with assessment of the dose to the brain,
but using joint analyses of data from France, South
Korea and the USA, which will provide sufficient

power to identify low risks.

in the use of radiation for medical purposes.
Thus, healthcare professionals currently
represent the largest group of workers
exposed to radiation, and their number
increases rapidly worldwide to reach around
7.4million." While occupational exposure in
the medical field figures in the low-dose range
(0-100 mGy), it varies from practitioner to
practitioner, according to medical specialty.
Although health risks associated with expo-
sure to high doses of ionising radiation are
widely recognised,' whether protracted low-
dose exposure to radiation increases the risk
of cancer or non-cancer diseases remains
uncertain. The Publication 147 from the
International Commission on Radiological
Protection (ICRP) defines low doses as radia-
tion with low linear energy transfer <100 mGy
to organs and tissues, and low-dose rates as
radiation <5 mGy/ hour.?
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However, increased risk of cancer and non-cancer
mortality associated with low-dose exposure among
nuclear workers has been reported.” Recent studies have
also shown adverse effects following cumulative low-dose
ionising radiation exposure among healthcare workers,
such as cataract' and lung cancer.” Some case reports
have suggested a potential link between the incidence
of brain cancer in healthcare workers and occupational
radiation exposure,’” and increased mortality from brain
tumours has been reported among technologists who had
performed fluoroscopically guided procedures.® These
results have not been observed in studies on interven-
tional radiologists.’

However, these studies present some limitations such
as a lack of dosimetry assessment,” a former exposure
that poorly reflects the current one’ ' or a low statistical
power related to small cohort size."'

In this context, a case—control study nested within the
Occupational Radiation-Induced CAncer in Medical staff
(ORICAMs) cohort was set up to assess the association
between protracted exposure to ionising radiation and
the risk of central nervous system (CNS) tumour and
to estimate the dose-response relationship in health-
care workers with current ionising radiation exposure in
France.

METHODS

Study population

This case—control study nested within the ORICAMs
cohort has been described in detail elsewhere.'® Briefly,
ORICAMs is a nationwide French cohort of 164015
healthcare workers who have at least one dosimetric
record in the national register of occupational dosimetry
(Systeme d’information de la surveillance de I’exposition
aux rayonnements ionisants (SISERI)) between 2002 and
2012 in France. Set up in 2011 by the French Institute
for Radiation Protection and Nuclear Safety (IRSN) in
France, the ORICAMs study aims to investigate the risk of
radiation-induced cancer or non-cancer mortality among
occupationally exposed medical workers. Follow-up is
still ongoing, but the present study focuses on an initial
assessment of causes of death, for which vital status and
medical causes of death, if any, were obtained via national
data repositories for deaths occurring up to 31 December
2013. Vital statuses and medical causes of death were
respectively obtained from the French National Register
of Identification of Physical Persons (RNIPP) and from
the French National Institute of Health and Medical
Research (CépiDc).

Selection of cases and controls
Every death occurring in the cohort between 2002 and
2013 with a CNS tumour cause—International Classifica-
tion of Diseases, 10th revision (ICD-10, 2014) codes C70-
C72, D32-D33, D42-D43—was selected as a case.

Five controls alive at the time of the case’s death were
assigned to each case, matched on sex, year of birth (+1

year), date of entry into the ORICAMs cohort (ie, date of
first exposure ranked in a 5-year class from 1967 to 2011)
and duration of follow-up (ie, the time between the date
of first exposure and the date of the case’s death).

Exposure and confounders

Monthly or quarterly dose monitoring (depending
on workers' exposure levels) is carried out by external
dosimetry using thermoluminescence, radiophotolumi-
nescence or optically stimulated luminescence dosim-
eters worn at chest level, under the lead apron where
applicable. Dosimetric information or exposure measure-
ments are regularly sent to the SISERI system by persons
appointed within companies using a secured internet
access, with a strictly defined protocol and transmission
formats."” Individual dose equivalents of external radia-
tion in soft tissue at a depth of 10 mm (Hp(lO), expressed
in millisievert (mSv)), were estimated from badges with
a recording threshold of 0.05mSv, and considered here-
after as the whole-body exposure.

Information on occupation, medical service of occupa-
tional activity, age and sex were collected via the SISERI
database. Furthermore, medical records from occupa-
tional medicine departments were analysed not only
to confirm information provided by SISERI but also to
provide additional information on the body mass index
(BMI), smoking status, alcohol intake and history of
other malignancies when available.

Statistical analysis
Descriptive analyses of the study population were carried
out using standard statistics: mean, SD, Student’s t-test
for continuous variables or frequency, percentage, ¥’
and Fisher tests for categorical variables. Then, ORs were
calculated to investigate associations between exposure
to ionising radiation and the risk of death from a CNS
tumour, using conditional logistic regression models.
Exposure to ionising radiation was considered in two
different ways: duration of exposure (in years) and
cumulative career dose (in mSv). First, univariate anal-
yses were performed to test the effect of each poten-
tial risk or confounding factor (ie, radiation exposure,
age at first exposure in years, profession or physicians’
medical specialty) on CNS tumour mortality. Then,
several multivariate models were tested to assess the asso-
ciation between ionising radiation exposure (duration
of exposure or cumulative dose over career) and CNS
tumour mortality, adjusted for several combinations of
the profession variable (model 1: physicians vs all others;
radiologic technologists vs all others; nurses vs all others)
or physicians’ medical specialty (model 2: conventional
radiologists vs all others; interventional cardiologist and
radiologist vs all others; nuclear physicist vs all others) as
potential confounders.

OR and 95% CI for CNS tumour mortality in relation
with exposure variables were provided after adjustment.

A'lag of 5 years was used for radiation exposure in the
analyses: this latency period is based on the principle of
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a minimum delay between the initiation of the tumour
process linked to exposure to a given factor and the onset
of cancer."*

Analyses were performed in R (R Foundation for Statis-
tical Computing, Vienna, Austria). A two-tailed test of
significance with an o level of 0.05 was used to determine
statistical significance of the OR.

Patient and public involvement

This study was based solely on national registers. No
involvement of participants was required. A general
written information note concerning the implementation
of the study has been disseminated via the occupational
health departments of each healthcare workers (the
participants) included in the study. Following this infor-
mation note, workers could express their opposition to
the research if they so wished. As this retrospective study
was based on data already collected for other purposes,
workers’ consent was not required. All data in this study
were fully anonymised before we had access to them. This
article will be distributed to the persons concerned in
compliance with the distribution rules.

RESULTS

A total of 33 cases were identified within the 164015
workers of the ORICAMs cohort as having died from CNS
tumour between 2002 and 2013. For each case, 5 controls
were selected for a total of 166, 2 of which were selected
twice.

Characteristics of the cases and the controls are
presented in table 1. Cases were predominantly men
(63%) with a mean age of 54 years at the time of death.
In average, they were first exposed at 37 years old and
had been employed for 13 years. Controls were similar
in terms of age, sex, age at first exposure (matching vari-
ables), but their mean cumulative dose was slightly lower
than that of the cases, although not significantly: 4.1 and
5.8 mSv (p=0.54) for controls and cases, respectively.

The most frequent profession for cases and controls
was physician (46% and 32%, respectively), with the most
frequent medical specialty being conventional radiology
for controls (36%) and cardiology/interventional
radiology (20%), surgery (20%), conventional radiology
(20%) and other medical specialties (20%) for cases.
Information on potential confounding factors (BMI,
smoking status, alcohol status and medical history) could
only be collected from occupational medical records for
21% of cases and 15% of controls, making it impossible
to include this information in the analyses. 88% of deaths

Table 1 Characteristic of cases and controls
Characteristic Cases, n=33 Controls, n=160 P value*
Age (years) 54+12 (24-72) 54+12 (23-73) 0.81
Sex 1.00
Men 20 (63%) 95 (63%)
Women 13 (37%) 65 (37 %)
Profession 0.07
Physicians 15 (46%) 52 (32%)
Anaesthesiologist 2 (13%) 7 (13%)
Interventional cardiologist and radiologist 3 (20%) 6 (12%)
Nuclear physician 1 (7%) 2 (4%)
Surgeon 3 (20%) 14 (27%)
Conventional radiologist 3 (20%) 19 (36%)
Other medical specialtiest 3 (20%) 4 (8%)
Radiologic technologists 7 (21%) 17 (11%)
Nurses 4 (12%) 48 (30%)
Otherst 7 (21%) 43 (27%)
Age at first exposure (years) 37+12 (22-64) 37+12 (19-67) 0.93
Exposure duration (years) 13+10 (0-31) 12+9 (0-37) 0.73
Education duration (years) 8+4.0 (3-11) 7+4 (3-11) 0.23
Cumulative career dose (mSv) 5.8+13.7 (0.0-54.3) 4.1£15.2 (0.0-142.2) 0.54

Results are presented as mean+SD (range) or n (%).

*Student’s t-test evaluating the difference in mean values between case and control groups or x2 test of independence for categorical

variables at alpha 5% risk.

TOther specialties: stomatologist (n=1), rheumatologist (n=1), nephrologist (n=1), gastroenterologist (n=1), missing data (n=5).
$Others: hospital assistant (n=20), technician (n=10), dentist (n=1), missing data (n=19).
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Table 2 Causes of death of cases according to ICD-10

Codes Causes of death N (%)
C71 Malignant neoplasm of brain 29 (83)
C71.0 Cerebrum, except lobes and ventricles 7 (21)
C71.1  Frontal lobe 3(9
C71.2 Temporal lobe 39
C71.8 Overlapping lesion of brain 2 (6)

C71.9 Brain, unspecified 13 (40)
D43 Neoplasm of uncertain or unknown 4 (12)
behaviour of brain and CNS
D43.0 Brain, supratentorial 1)
D43.2 Brain, unspecified 2 (6)
D43.4  Neoplasm of uncertain or unknown 1)

behaviour of spinal cord

CNS, central nervous system; ICD-10, International Classification
of Diseases 10th revision.

were due to malignant neoplasms of the brain (ICD-10:
C70), while the remaining 12% were due to neoplasms
of uncertain or unknown behaviour of the brain and
CNS (ICD-10: D43) (table 2). The most frequent cause of
death was malignant brain tumour, unspecified (C71.9).

Among cases, physicians had the highest average cumu-
lative dose over the course of their career (9.6+17.4mSy,
n=15), particularly in nuclear medicine departments
(54.3*tNAmSv, n=1) (table 3). Among controls, the
highest average cumulative dose was seen in nurses
(5.1+23.1mSv, n=48) and radiologic technologists
(5.1£12.6 mSv, n=17). Cumulative career doses by sex are
shown in online supplemental table S1.

The ORs for CNS tumour death were non-significantly
higher in physicians (OR=2.29; 95% CI 0.83 to 6.33) and
in radiologic technologists (OR=2.59; 95% CI 0.90 to
7.48) when compared with all other professions (table 4).

3

Among physicians, this upward trend seemed partly due
to the not statistically significant increased OR among
interventional cardiologists and radiologists (OR=2.35;
95% CI 0.59 to 9.45). No statistically significant associa-
tion was found between the CNS tumour mortality and
cumulative career dose (OR=1.00, 95% CI 0.98 to 1.03),
exposure duration (OR=1.03; 95% CI 0.95 to 1.12) or age
at first exposure (OR=0.98; 95% CI 0.91 to 1.06) (table 4).
Furthermore, the ORs by medical department revealed
no significant differences.

Multivariate analyses showed similar results with ORs
for CNS tumours death remaining non-significant for
exposure variables (cumulative career dose or exposure
duration) after inclusion of the different versions of the
profession variable (table 5).

DISCUSSION
The analyses of this case—control study nested in the
ORICAMs cohort did not show increased risk of CNS
tumour death in relation to cumulative career whole-
body dose in healthcare workers employed in France
between 2002 and 2012 and potentially exposed to
ionising radiation. Other covariates, such as profession,
medical specialty or medical department, were also tested
as factors of interest, without showing significant results.
Several studies have discussed a potential link between
the incidence of brain cancer in interventional cardi-
ologists and occupational exposure to ionising radia-
tion.” > ' However, the suspected increased risk was
based on a few case reports and small retrospective cohort
studies, without comparison with unexposed control
subjects. Recent reviews and meta-analyses’ 7 ** did not
conclude to an excess risk of death by CNS tumours in
medical workers, but studies lack of specific analyses
on interventional cardiologists. Overall, our results are
consistent with other recent international medical worker

Table 3 Cumulative average career doses (in mSv) for cases and controls, according to the profession

Cases (n=33)

Controls (n=160)

N Mean=SD (range) N Mean=SD (range) P value

Physicians 15 9.6+17.4 (0.0-54.3) 52 4.3+10.4 (0.0-48.8) 0.53

Anaesthesiologists 2 0.23+0.32 (0.0-0.45) 7 2.6+6.9 (0.0-18.5)

Interventional cardiologist and radiologist 3 17.2+14.9 (8.5-34.3) 6 1.3+2.9 (0.0-7.1)

Nuclear physicians 1 54.3+NA (54.3-54.3) 2 17.4+24.2 (0.3-34.5)

Surgeons 3 12.3+21.4 (0.0-37.0) 14 0.5+1.2 (0.0-4.0)

Conventional radiologist 3 0.0+0.0 (0.0-0.0) 19 8.5+14.3 (0.0-48.8)

Other specialties* & 0.4+0.4 (0.0-0.8) 4 0.2+0.2 (0.0-0.3)
Radiologic technologists 7 6.5+£13.9 (0.0-37.9) 17 5.1£12.6 (0.0-50.1) 0.71
Nurses 4 0.0+0.0 (0.0-0.0) 48 5.1+23.1 (0.0-142.2) 0.14
Otherst 7 0.2+0.3 (0.0-0.7) 43 2.4+8.5 (0.0-53.1) 0.15

*Other specialties: stomatologist, rheumatologist, nephrologist, gastroenterologist, missing data.

TOthers: hospital assistant, technician, dentist, missing data.
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Table 4 Univariate logistic regression analyses for central nervous system tumours death in relation with exposure variables,
professions, physicians’ medical specialties or medical departments

Case Controls
n=33 n=160 OR 95% ClI P value
Exposure variables Cumulative career dose (mSv) 33 157 1.00 0.98to 1.03 0.69
Exposure duration (years) 33 160 1.03 0.95t0 1.12 0.52
Age at first exposure (years) 33 160 0.98 0.91to 1.06 0.62
Profession All other workers* 18 108 1.00 Ref 0.11
Physician 15 52 229 0.831t06.33
All other workers* 26 143 1.00 Ref 0.08
Radiologic technologist 7 17 2.59 0.90to 7.48
All other workers* 29 114 1.00 Ref 0.05
Nurse 4 46 0.31 0.09 to 1.01
Physician specialty All other workers* 30 141 1.00 Ref 0.59
Conventional radiologist 3 19 0.70 0.19 t0 2.63
All other workers* 30 154 1.00 Ref 0.23
Interventional cardiologist and radiologist 3 6 2.35 0.59 t0 9.45
All other workers* 32 158 1.00 Ref 0.59
Nuclear physicist 1 2 1.94 0.17 to 21.69
Medical department  All departments* 29 128 1.00 Ref 0.29
Diagnostic and conventional radiology 4 32 0.55 0.18 to 1.67
All departments* 29 141 1.00 Ref 0.96
Cardiology and interventional radiology 4 19 1.03 0.31 10 3.38
All departments* 31 153 1.00 Ref 0.74
Nuclear medicine 2 7 1.31 0.27 t0 6.32
*All other types of professions/specialties/departments except the one studied.
studies where radiation was not significantly associated  factors linked to the choice of controls. Cases and

with brain tumours. A recent study carried out in the
USA did not show any significant association between
cumulative absorbed dose to the brain of medical radia-
tion workers (mean=18.9 mGy, max=1.08 Gy) and risk of
death by brain cancers (Excess Relative Risk (ERR) at 100
mGy=0.20, 95% CI -0.30 to 0.71; n=165).% In addition,
similar results between cumulative absorbed dose to the
brain (mean=12mGy, max 290 mGy) and brain cancer
mortality (ERR per 100 mGy=0.1, 95%CI< -0.3 to 1.5;
n=195) were reported in the US radiologic technologist
study.'” However, the latter studies were conducted only
on radiological technologists'’ and assessed risks due to
exposures received between the 50s and the 90s’ '’ that
do not necessarily reflect the drastic increase in the use
of ionising radiation, particularly in interventional cardi-
ology and radiology since the 2000s. Moreover, older dose
estimates may be associated with greater uncertainties
than contemporary estimates, because these estimates
may rely on dose reconstructions which are not neces-
sarily based on dosimetric monitoring.

The present study took the advantages of a nested case—
control survey, where controls recruited into the cohort
share a certain number of characteristics with the cases,
thereby reducing the impact of potential confounding

controls were similar regarding the matching criteria
(sex, year of birth, duration of follow-up and date of entry
into the ORICAMs cohort), but may be different on the
variables of interest. In addition, the selection of a limited
number of workers using this case—control design made it
possible to reconstruct their occupational exposure more
precisely and to attempt to retrieve information on other
risk factors for the disease studied from the occupational
health records, a task that would be impossible to carry
out for a large cohort. Nevertheless, despite the rigorous
data collection carried out, occupational medical records
did not allow to retrieve information on potential risk
factors (socioprofessional data, lifestyle information and
compliance with radiation protection measures) for all
the workers—except information about profession and
medical department of employment—to be included in
the multivariate analyses. Furthermore, to date, there
are no firmly established environmental risk factors for
CNS tumours other than ionising radiation.”’ It has been
suggested that a few non-modifiable (male sex, older age,
Caucasian ethnicity, taller height, certain rare syndromes)
and a few other suggested risk factors (immune-related
conditions, history of epilepsy) may be associated with
an increased risk of death from CNS tumour®' This
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Table 5 Multivariate logistic regression analyses for CNS tumours death in relation with exposure variables adjusted for 8
profession or physicians’ medical specialties S
Variables OR 95% ClI P value a

Model 1 Cumulative career dose (mSv) 1.01 0.98 to 1.03 0.67 'g_
Profession &

All other workers* 1.00 Ref 0.14 §

Physician 2.25 0.82 to 6.21 7]

Cumulative career dose (mSv) 1.00 0.98 t0 1.03 0.73 §

Profession Q

All other workers* 1.00 Ref 0.07 §

Radiologic technologist 2.67 0.93t0 7.70 28

Cumulative career dose (mSv) 1.01 0.98 to 1.03 0.48 $

Profession §

All other workers* 1.00 Ref 0.03 3

Nurse 0.27 0.08 to 0.90 %

Model 2 Cumulative career dose (mSv) 1.00 0.98 to 1.03 0.67 §
Physician specialty ,i

All other workers* 1.00 Ref 0.63 <

Conventional radiologist 0.72 0.19to 2.71 3

Cumulative career dose (mSv) 1.00 0.98 to 1.03 0.71 §

Physician specialty g

All other workers* 1.00 Ref 0.23 g

Interventional cardiologist and radiologist 2.34 0.58 t0 9.39 o §—>

Cumulative career dose (mSv) 1.00 0.98 to 1.03 0.73 § §

Physician specialty ¢§ =

All other workers* 1.00 Ref 0.68 - i

Nuclear physicist 1.67 0.15to0 18.84 =

Model 1 Exposure duration (mSv) 1.03 0.95 to 1.11 0.46 §
Profession g'

All other workers* 1.00 Ref 0.11 _‘:D

Physician 2.34 0.84 to 6.45 §

Exposure duration (mSv) 1.02 0.95t0 1.10 0.60 g

Profession %

All other workers* 1.00 Ref 0.08 2.

Radiologic technologist 2.54 0.88 to 7.33 %

Exposure duration (mSv) 1.02 0.94 to 1.09 0.68 _B

Profession §

All other workers* 1.00 Ref 0.04 Yy

Nurse 0.29 0.09 to 0.96 5

Model 2 Exposure duration (mSv) 1.02 0.95to 1.11 0.49 %)
Physician specialty rUn

All other workers* 1.00 Ref 0.57 g

Conventional radiologist 0.67 0.18 to 2.58 g

Exposure duration (mSv) 1.02 0.94t0 1.10 0.61 2

Physician specialty g

All other workers* 1.00 Ref 0.26 )

Interventional cardiologist and radiologist 2.26 0.55 10 9.24 .6'9

Continued g

g
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Table 5 Continued

Variables OR 95% Cl P value
Exposure duration (mSv) 1.08 0.95t0 1.12 0.44
Physician specialty
All other workers* 1.00 Ref 0.49
Nuclear physicist 2.40 0.19t0 29.17

Significant values in bold.
*All other professions/medical specialties except the one studied.

information was not available for our study, but as these
risk factors are not fully established, we may assume that
our analyses are unlikely to suffer from confounding bias.

Another strength of our study is that it takes into
account the recent exposure of workers (inclusion period
2002-2012),"* which allows us to consider the impact of
the considerable increase of interventional cardiology
procedures observed in the last thirty decades and
nuclear medicine procedures since the 2000s, that are
associated with relative high doses of radiation. However,
as the age at the end of follow-up is still young, 54 years on
average, the ability of our study to detect an association
between radiation exposure and CNS tumour mortality
is limited. In France, the median ages at diagnosis and
death due to brain cancer in 2018 were 63 and 66 for
men and 67 and 68 for women, respectively.”> However,
the cohort study from which this case—control study was
built included all healthcare professionals in France
(over 200 000 individuals) with sufficient dosimetric
and administrative information to carry out the study.
No exclusions were made. An extended follow-up of the
cohort will improve the statistical power of the analyses,
as the number of deaths will increase. An extension of the
follow-up to 2021 is underway, which has identified over
2300 additional deaths in the cohort for which causes of
death are currently being collected. It is estimated that 50
new cases of brain tumour deaths will be included in this
case—control analysis.

A latency period of 5 years was considered, meaning
that exposures in the 5 years preceding the death of
the case were not taken into account in the calculation
of cumulative dose, for both cases and controls. Among
other things, this excludes biases potentially linked to
changes in the attitude of cases following diagnosis of
their cancer, which is estimated in the 5 years prior to
death for this type of cancer.”’

At last, our study relies on a national design and
on the use of national registries to ensure thorough
data collection. The definition of cases was based on
a national mortality registry provided by the CépiDc,
which produces the database of medical causes of deaths
in France. Causes are coded following the CIM-10 clas-
sification, ensuring high reliability. However, due to
the absence of a national cancer registry in France, we
were unable to study the incidence of brain tumours,
but only mortality. However, the incidence of this cancer

is close to its mortality, due to its poor prognosis, then
we would expect the incidence results to be similar to
those we got for mortality. Analyses by tumour subtype
were not possible, as we did not get any histological
data concerning the cases of CNS tumours. While we
performed the main analysis including both CNS malig-
nant tumours and uncertain or unknown behaviour
neoplasms, the sensitivity analysis restricted to malignant
CNS tumours alone showed similar results.

It is noteworthy that our analyses relied on individual
cumulative Hp(lO) doses, as the result of dosimetric recon-
struction from personal whole-body dosimeter records
worn on the chest under the apron. Nevertheless, esti-
mates may be subject to uncertainties, as some healthcare
professionals do not systematically wear their personal
dosimeters, despite the fact that it is mandatory.** *
Furthermore, the workers wear their badge under the
apron. That could reflect only partially the dose received
by the unprotected head. Consequently, future studies
would benefit from reconstructing the doses received by
the brain, taking into account the uncertainties associ-
ated with precisely wearing the dosimeter.

To overcome several previously mentioned limitations,
the ORICAMs cohortwill integrate the international Brain
cancEr risk in joint COhort of MEdical workers study. This
project aims to carry out a joint case—control study nested
in three national cohorts of healthcare professionals
exposed to ionising radiation in France, South Korea and
the USA. The project is being carried out in partnership
with the IRSN, the Barcelona Institute for Global Health,
Seoul University and the National Cancer Institute. A
dosimetric reconstruction will be performed to estimate
cumulative brain doses, considering uncertainties related
to collection methods and badge types in each cohort.
This study will also improve the statistical power of our
analyses by greatly increasing the number of cases.

In conclusion, the ORICAMs case—control study did not
show any significant increased risk of CNS tumour death
linked to protracted occupational exposure to ionising
radiation. This study benefits from a national level design
including all medical workers specialties and available
individual dosimetry data. An extension of the follow-up
and an estimate of the dose absorbed to the brain, as well
as a joint analysis with other cohorts of the same type, will
enable to better characterise the risks for medical profes-
sionals exposed to ionising radiation.
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