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Abstract

Purpose There is an urgent need to recruit and retain young professionals in radiation oncology and radiation research as
the healthcare system faces major challenges. Our study investigated the experiences and needs of young professionals in
this field, focusing on the impact of unpaid care work and gender-related issues.

Methods A web-based survey was created and distributed over a six-week period, featuring one general questionnaire
along with three occupation-specific versions tailored for physicians, biologists, and medical physicists involved in radiation
oncology and research.

Results Most participants with care responsibilities have temporary contracts, especially female physicians and biologists,
while female medical physicists are more likely to hold permanent positions. Research is often conducted outside regular
hours, with limited cover arrangements and part-time options varying by field. Key career risks include economic pressure,
work-life balance, and uncertain contracts, with employees with care duties feeling less supported overall. In addition, men
seem to be more involved in care work and thus face unique challenges, such as insufficient career support and fears of
poor future perspective. The study emphasizes the need for strategies to address relevant issues, such as flexible working
arrangements, better mentoring support, and clear substitution policies that can ensure that young professionals can balance
caring responsibilities with work and career demands.

Conclusion Addressing these challenges is critical for sustaining a diverse and qualified workforce in radiation oncology
and radiation research, ensuring excellence in patient care and scientific progress.

Keywords Parity - Gender - Radiation oncology - Young workforce - Survey

Introduction an increasing awareness of the potential shortage of pro-

fessionals ensuring patient care despite the expected rise in

The present healthcare system is rapidly evolving, present-
ing multi-faceted challenges beyond clinical practice and
socioeconomic dimensions. In recent years, we have seen
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patient numbers, as well as the need to secure state-of-the-
art research in radiation oncology and radiation research
[1]. As reported by various studies within the last years
[2-5], there is thus an urgent need to assess the wishes and
needs of the young workforce to secure sufficient numbers
of qualified professionals in radiation oncology and radia-
tion research. While the majority of studies have focused
on the medical workforce, our previous publication exam-
ined the needs and wishes of young professionals from all
subspecialties involved in radiation oncology and radiation
research [2]. While some subspecialty-specific needs were
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identified, we also found that many challenges are perceived
across disciplines [2].

One factor that has not been sufficiently considered, is
whether care work can have a significant impact on the
identified challenges of the younger workforce. Terms such
as gender equity, gender pay gap, and the compatibility of
family and career are often perceived as major issues in
the general population [6—10]. In the survey performed by
Weissmann et al. [2], economic pressure, work-life balance,
and uncertain contract terms were the most named issues
that arise in long-term career planning in radiation oncol-
ogy.

The evolving healthcare landscape, particularly within
the field of radiation oncology, presents a multifaceted chal-
lenge that extends beyond the fields of clinical practice and
into the broader socio-economic and cultural dimensions
[11, 12].

The increasing number of female medical students in
Germany constituted for 64.3% of all medical students in
2022 [13]. There seem to be no gender-specific differences
in the interest to pursue a training in radiation oncology in
Germany [14]. After starting their career as radiation oncol-
ogists, women tend to drop out disproportionately with each
career step, a phenomenon known as the “leaky pipeline”
[15]. This phenomenon might be exacerbated by the signif-
icant yet often underappreciated role of “unpaid care work”
(UCW) [16]. The double burden of both UCW and profes-
sional obligations could disproportionately affect women
[17], raising concerns about gender equity and the barriers
to combining a functioning family life with professional
duties [18]. It is likely that this is also true for the other
professional fields within radiation oncology. Women also
did carry the biggest burden in UCW during the COVID-
19 pandemic, as mothers were more likely to care for chil-
dren and the household. Nevertheless, while still staying
below the percentage of UCW of women, a survey did in-
dicate a slight increase in UCW also in men during the
pandemic in some countries [19]. However, despite this
increase in participation, in general, men still spend sig-
nificantly less time in UCW than women, and more time
in paid work [20, 21]. Accordingly, women also felt sig-
nificantly more burdened during the pandemic, according
to a survey carried out within the German radiation on-
cology workforce [22]. However, today the gender gap in
care work has returned to pre-pandemic levels, with Ger-
many still having one of the highest gender differences in
international comparison, according to a publication by the
German Institute for Economic Research (Deutsches Insti-
tut fiir Wirtschaftsforschung) [23]. Engaging men in UCW
not only supports gender equality but also has positive ef-
fects on family dynamics and children’s development. In-
creased male involvement can thus lead to better outcomes
for children and contribute to more balanced partnerships
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[19]. This can ultimately lead to increased satisfaction of
the younger workforce, also in Germany. Unfortunately, in
Germany, income limits for parental allowance recently has
decreased for couples from € 300,000 to €200,000, and for
single parents, from €250,000 to € 150,000. Subsequently,
for births from April 1, 2025, this threshold will be further
reduced to € 175,000 for both, couples and single parents.
In addition, there were also changes regarding the partner
months: While it previously did not matter whether these
months were taken simultaneously or consecutively, now,
one of the partner months must be taken simultaneously
within the first twelve months of a child’s life. These ad-
justments aimed to allocate resources more effectively and
promote a balanced distribution of parental responsibilities.
By tightening eligibility criteria, the government seeks to
encourage both parents to participate more equally in child-
care, moving away from traditional models where moth-
ers are primary caregivers and fathers are primary earn-
ers. However, these changes impact higher-earning fami-
lies (such as parents in the medical workforce) who previ-
ously qualified for parental allowance, potentially influenc-
ing their decisions regarding parental leave and workforce
participation. Especially for women, it may be more attrac-
tive to work and earn less to receive parental allowance
during the time with UCW and thus without relevant in-
come.

It is therefore necessary to identify and implement strate-
gies that promote gender equity, recognize and appreciate
care work, and create a supportive working environment in
the field of radiation oncology and radiation research. This
includes rethinking funding priorities and a flexible work-
ing environment, improving the appreciation of care work,
and fostering a more inclusive and supportive professional
culture. To achieve this, a fundamental understanding of
the needs and wishes of professionals of all gender work-
ing in radiation oncology and radiation research needs to be
identified. Furthermore, a better understanding of how and
whether care work changes these requirements also needs
to be identified.

Materials and Methods
Survey

Within the framework of the young DEGRO (Deutsche
Gesellschaft fiir Radioonkologie, German Society for Ra-
diation Oncology) Trial Group, young DeGBS (Deutsche
Gesellschaft fiir Biologische Strahlenforschung, German
Society for Biological Radiation Research) and young
Medical Physics (Deutsche Gesellschaft fiir Medizinphysik
(DGMP), German Society for Medical Physics), a web-
based questionnaire with one general as well as three occu-
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pational-specific questionnaires for physicians, biologists
and medical physicists working in radiation oncology and
radiation research was developed. The survey contained
80 questions in total, each occupational group had to an-
swer 13 general questions independent of their profession
(part A) and 25, 22 or 20 occupation-related questions
(part B), respectively. Only participants that have fully
completed the questionnaire were included in the analysis.
Further information on the survey are provided in Weiss-
mann et al. [2]. Due to the very low number of participants
involved in care work that chose “diverse” or “I’d rather not
say” in the survey, we decided to exclude these participants
to ensure answers cannot be traced back to the participants.

Statistics

Statistical analysis was carried out using GraphPad Prism©
(GraphPad Software, LLC, Version 9.5.1, Boston, Mas-
sachusetts USA). Descriptive Statistics were used to vi-
sualize answers given by the participants.

Ethics

The survey was conducted in accordance with the ethical
standards of the Helsinki Declaration of 1964 and its subse-
quent amendments, and/or comparable standards. The ques-
tionnaire was provided on the basis of and in accordance
with the regulations of DEGRO’s data protection conditions
with Enuvo Inc., Switzerland. In accordance with the ethics
Committee in Erlangen as well as in line with the recom-
mendations of the joint ethics committee of the Bavarian
universities (GEHBa), no additional approval was neces-
sary for the conducted survey. Further steps regarding the
methodology have been previously described [2].

Results
Participant characteristics

A total of 218 people took part in the survey, 89 radiation
oncologists, 59 radiation biologists and 70 medical physi-
cists [2] and Supplementary Fig. 1. 30% (n=27) of radia-
tion oncologists, 37.3% (n=22) of radiation biologists, and
30% (n=21) of medical physicists indicated to either have
children or relatives to care for, Fig. 1.

While the general age distribution in all participants
ranged from below 20 to above 40 years of age, age dis-
tribution of participants with care work ranged from 26 to
>40 years, (Supplementary Fig. 1).

Workload, overtime hours and employment
contracts

Of all participants with care responsibilities, 37 stated to
have a permanent employment contract. Overall, 17% of all
participants and 43.5% of participants with care responsibil-
ities indicated to have permanent positions. For distribution
among the three disciplines regarding temporary or per-
manent employment contracts, see Fig. 2. For participants
involved in care work, more female physicians (69.2% tem-
porary vs. 30.8% permanent) and female biologists (56.2%
temporary vs. 43.8% permanent) have temporary work-
ing contracts, while more female medical physicists are
employed permanently (25% temporary vs. 75% perma-
nent). Male physicians and medical physicists involved in
care work more often have a permanent working contract
in contrast to the total number of participating physicians
and medical physicists while male biologists involved in
care work are equally temporary or permanently employed
(Fig. 2).

Regarding career levels, for medical professionals, most
of participating males and females were holding assistant
physician positions (m: 62%, f: 59.5%). Participating physi-
cians involved in care work were mostly at medical special-
ist level for males (38.5%) and assistant physician level for
females (53.39%). For medical physicists, most male and
female participants were holding a medical physicist expert
(MPE) title (m: 35.1%, f: 43.3%). When only looking at
medical physicists involved in care work, that was still the
case, while overall a larger percentage of those involved in
care work were holding their MPE, in comparison to over-
all participants (m: 53.8%, f: 85.7%). However, when look-
ing into career levels, most participating medical physicists
were at PhD level (m: 27%, f: 30%) whereas most medi-
cal physicists involved in care work were at PostDoc level
(m: 30.8%, f: 28.6%). The largest group of participating
biologists was at PhD level (m: 43.8%, f: 48.8%). How-
ever, for biologists involved in care work, most male par-
ticipants were equally distributed onto Junior group Leader
and Group Leader level (33.3% each). In contrast, females
involved in care work were mainly at PostDoc level (37.5%)
with only 18.8% holding a Junior Group Leader Position
and 25% a Group Leader Position.

We also looked into age distribution subject to contrac-
tual situations, as depicted in Fig. 3. Within the physician
group, male physicians aged 26-30 held the most temporary
contracts (48.5%), while those aged 31-35 were the largest
group with permanent positions (53.8%). For female physi-
cians, temporary contracts were most common in the 31-35
age range (37%), whereas permanent contracts were evenly
distributed between 31-35 and 40+ (both 37.5%). Among
physicians with care work, male participants in the 31-35
range dominated both temporary (50%) and permanent po-
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Medical Professionals Physicists Biologists
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Not
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Fig. 1 Overview of gender distribution and the answers given to the question: “Do you have children or relatives to care for?” The gender
distribution of all participants was according to their subspeciality, and the distribution of participants involved in care work was divided according
to gender. Numbers are given in %, with total numbers added to the bottom of each graph
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Fig.2 Temporary and permanent working contracts as well as career level of participants within the subspecialties. Overview of the contract
situation and career level in all participants and those involved in care work distributed by gender. Numbers are given in %. For medical physicists,
multiple selections were possible, e.g., a participant could be a group leader while also holding a medical physicist expert (MPE) title

sitions (57.1%), while for females, the most temporary con-
tracts were in the 31-35 age range (55.6%), with permanent
contracts most common above 40 (50%). Overall, 26% of
male and 21.6% of female physicians held permanent po-
sitions.

Among male medical physicists, temporary contracts
were most common in younger age groups (21-25 and
26-30; both: 36.4%), while permanent contracts peaked at
36-40 (50%). Care work shifted these numbers slightly,
with most temporary contracts at 31-35 (40%) and perma-

nent contracts concentrated at 3640 (100%, n=1). Female
medical physicists with temporary contracts were mostly
aged 21-30 (both 35.7%), while permanent contracts in-
creased with age, especially at 3640 (66.7%). Medical
physicists are the only subspeciality with more female than
male permanent position holders. (53.3% vs. 37.8%).
Biologists had the latest entry into permanent contracts,
with 6 out of 16 male (37.5%) and 9 out of 43 female biolo-
gists (20.9%) holding a permanent position. Male biologists
transitioned to permanent contracts only at 36—40 (33.3%)

@ Springer
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Fig.3 Contractual situation divided according to age, gender and involvement of care work. Overview of the contract situation in all participants
and those involved in care work distributed by gender and age. Numbers are given in %

and beyond (66.7%), while temporary contracts were most
common in this age range of 36 to 40 (50%). Female biolo-
gists holding temporary contracts were predominantly aged
26-30 (50%), while the largest age group of those holding
a permanent position was above 40 years of age (77.8%).
Care work shifted these patterns slightly, with older par-
ticipants more likely to hold permanent positions (males:
36—40 (66.7%); females: 40 and older (85.7%), Fig. 3).

Regarding the workload, we compared total participants
with participants with care responsibilities. An in depth
analysis of workload in research and clinic of all partic-
ipants, was recently published by Weissmann et al. [2].
Work hours of employers with care work did not alter too
much from work hours of all employees, Supplementary
Fig. 2.

@ Springer

Most of the participating physicians and medical physi-
cists indicated to be also working in research next to the
clinic (data not shown): Only 4% of all male participating
physicians indicated to not be carrying out any research
(2 out of 50), while all male physicians involved in care
work (n=13) indicated to also carrying out research. For fe-
male physicians, amongst all participants 27% said they do
not carry out research (10 out of 37) while for female physi-
cians in care work numbers increased slightly to 38.5%
(5 out of 13). Within the medical physicist cohort, 13.5%
of participating males said they are not involved in research
(5 out of 37) and 33.3% of female medical physicists (10 out
of 30) also indicated to not be involved in research. For
medical physicists involved in care work, numbers of those
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not carrying out research increased for both sexes: males
15.4% (2 out of 13) and 42.9% (3 out of 7) females.

We further asked, if potential research work would be
performed within the regular working hours (Supplemen-
tary Fig. 3). Most physicians performing research did this
outside their normal working contract time (m: 74.5%,
f: 59.3%) or mostly out of their regular working time
(m: 17%, f: 18.5%). Only a small group carried out
research during their normal working hours (m: 4.3%,
f: 7.4%). Medical physicists performing research with-
out care work did this, most of the time, within working
hours. For medical physicists involved in care work, while
numbers of male medical physicists involved in care work
said they do not carry out research during normal work-
ing hours decreased (9.1% instead of 13.3%), numbers in
female medical physicists involved in care work that said
they do not carry out research during normal working hours
increased (50% of those involved in care work vs. 15.8%
all female medical physicists).

In contrast, most of the biologists performing research
without care work or with care work did this within their
normal working hours. No biologists involved in care work
carry out research outside of regular working hours, how-
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ever, 6.3% of females have indicated to have other arrange-
ments.

Cover arrangements

Of all participants with care responsibilities, a total of 37%
stated that there were no cover arrangements for urgent
tasks in the event of an unscheduled (e.g., carer’s) leave.
They also stated that 48% would make up for their work
and the hours they had missed during the day in the evening.
That affected physicians in 46.2% (m) and 38.5% (f) of the
cases, biologists in 50% (m) and 56.3% (f) of the cases and
medical physicists in 53.3% (m) and 50% (f) of the cases
(Fig. 4). In case of unexpected sickness, females tend to
stay home more often than males in the biologist and med-
ical physicist workgroup, but not in the physician group,
while most employees only stayed at home “sometimes”.
In many cases, participants report that part-time employ-
ment is possible, whereas the highest numbers are found
in the physicist group (physicians: 46.2% (m), 69.2% (f);
biologists: 33.3% (m), 66.7% (f); physicists: 73.3% (m),
87.5% (f)). Among the three groups, part-time employment
is least possible in the male biologist group, followed by
female biologists (“No, there is no possibility for part-time
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Fig.4 Arrangements for employees being involved in care work. Overview of the arrangements for employees involved in care work, separately

shown for each subspeciality and gender. Numbers are given in %
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employment”’; physicians: 23.1% (m), 15.4% (f); biologists:
50% (m), 26.7% (f); physicists: 13.3% (m), 12.5% (f)).

Biggest risk factors for career termination

Key risk factors preventing long-term careers in radiation
oncology and research differ by subspecialty, gender, and
care responsibilities.

For physicians, in the total workforce, the major con-
cern for male and female employees is economic pressure
(m: 60%, f: 48.6%). The risk factors where male and fe-
males differ most are a lack of equality (m: 6%, f: 32.4%),
the economic pressure, a lack of future educational possibil-
ities (m: 8%, f: 18.9%), as well as the lack of compatibility
of career and family (m: 30%, f: 40.5%). In physicians with
care work, economic pressure remains the major risk factor
(m: 53.8%, f: 53.8%), however, gender differences emerge
in future perspectives: Here, the biggest differences are
found in a lack of future perspectives (m: 53.8%, f: 23.1%),
lack of equality (m: 15.4%, f: 38.5%), the lack of future
educational possibilities (m: 0%, f: 23.1%) and work/life
balance (m: 46.2%, f: 38.5%).

In the medical physicist group, the biggest concerns in
male and female participants differ: here, males identify
economic pressure as their biggest concern (m: 35.1%,
f: 20%), and females chose work/life balance (m: 27%,
f: 36.7%). The biggest differences in genders were found
in the lack of equality (m: 5.4%, f: 30%), lack of com-
patibility of family and career (m: 16.2%, f: 33.3%), and
lack of future perspectives (m: 32.4%, f: 16.7%). Major
concerns also shifted in those involved in care work: Here,
the biggest concern for males was equally distributed to-
wards “other” (e.g.: “lack of support from seniors”, “diffi-
culty combining research and clinical work™, “lack of fu-
ture perspectives”; m: 30.8%, f: 28.6%), economic pres-
sure (m: 30.8%, f: 14.3%), and lack of future perspectives
(m: 30.8%, f: 14.3%). For females the biggest factor is
the lack of compatibility of family and career (m: 23.1%,
f: 42.9%). The biggest differences between male and female
participants involved in care work are the compatibility of
family and career, lack of future perspective and economic
pressure, as well as the lack of future education possibilities
(m: 15.4%, f: 0%).

As biologists are not involved in clinical routine the same
way physicians and physicists are, different questions were
asked in this subspecialty. Among all participants, uncertain
contract conditions are the leading concern for both genders
(m: 33.3%, f: 63.2%), which was also the risk factor with
the biggest difference between male and female perception.
This was followed by a career termination due to a lack of
funding (m: 22.2%, f: 0%) and the lack of future perspec-
tives (m: 22.2%, f: 5.3%). In biologists involved in care
work, perception shifts, and while females still identify un-

@ Springer

certain contract situations as their major point of concern
(m: 33.3%, f: 66.8%), males now choose the lack of future
perspective as their major risk factors for potentially ter-
minating a career in radiation research (m: 66.7%, f: 0%).
Biggest differences between male and female biologists in-
volved in care work are the lack of future perspective, un-
certain contract situations, and the lack of compatibility of
family and career, especially for females (m: 0%, f: 33.3%),
Fig. 5.

Support by employers and future perspective

In the medical field, regarding all participants, male physi-
cians feel better supported than female physicians (m: 54%,
f: 48.6%). Regarding physicians with care responsibilities,
the feeling of support reverses in female and male partici-
pants, and male physicians feel less supported than female
physicians (m: 38.5%, f: 53.8%).

Regarding biologists with or without care responsibil-
ities, male participants feel better supported than female
participants (m: 62.5%, f: 41.9%), and 12.5% of male and
34.9% of female biologists have not discussed career goals
with their employer. In biologists with care work, there
were no participants who haven’t discussed career goals,
and 66.7% of males and 43.8% of females feel sufficiently
supported by their employer.

Female physicists, in general, feel more supported than
male physicists (m: 43.2%, f: 53.3%); physicists with care
work show a similar trend, with 57.1% of females and
38.5% of males feeling sufficiently supported by their em-
ployer. When looking at the proportion of participants with
care work versus all participants, 43.1% of participants with
care work feel not supported (physicians: 46.2%, biolo-
gists 40.9%, physicists 42.9%), while only 31.4% of all
participants feel not supported (physicians: 31.5%, biolo-
gists 48.3%, physicists: 24.3%).

Answers regarding support in career goals by all partic-
ipants and participants with care work are demonstrated in
Fig. 6.

Discussion

This study aimed to examine the current situation of young
professionals with care responsibilities across the subspe-
cialties within radiation oncology and radiation research
(physicians, biologists, medical physicists) in Germany,
while also providing an insight into gender-specific differ-
ences and needs.

Several studies have highlighted concerns about work-
force shortages in radiation oncology across Europe: Datta
et al. (2014) projected disparities in radiotherapy staffing
and infrastructure up to 2020, while Lievens et al. (2020)
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Fig.5 Major risk factors jeopar-
dizing long-term career planning
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emphasized regional variations and insufficient staffing lev-
els that could impact optimal radiotherapy delivery [24, 25].
The increasing demographic changes as well as the antici-
pated retirement of a high proportion of qualified personnel
underlines the urgent need for strategies to attract and retain
young professionals in radiation oncology [26, 27].

Within our study, the proportions of participants involved
in care work were around 1/3 for all groups with biologists
showing a marginally higher rate (see Fig. 1), which could
be potentially due to the higher rates in female partici-
pants in biology (Supplementary Fig. 1). In general, more
women than men are involved in UCW, which was espe-
cially shown during the COVID-19 pandemic [22, 28, 29],
as evidenced by the International Labor Organization. The
study revealed that 708 million women and 40 million men
worldwide are not economically active due to their unpaid
care responsibilities, a figure consistent with the situation
in Germany [23, 30]. The gap in UCW during the COVID-
19 pandemic in Germany was further highlighted in a sur-
vey carried out within the German oncology workforce by
Trommer et al. in 2023 [22]. In this study, women also
felt significantly more burdened during the pandemic. In
academia, caring for children or others is also often con-
sidered to be a reason why women struggle to reach higher
academic positions [31, 32]. Our study also showed that
women in medical physics and biology are involved in care
work at a younger age than men ((26-30 years in women vs.
31-35 years in men), Supplementary Fig. 1). This finding is
in accordance with the general population in Germany, i.e.
in Germany, women have their first child at an age of 31.7
and men at an age of 34.7 years, according to data from
the Federal Statistical Office in 2023 [33]. In contrast, the
age for first-time-mothers in academic women in Germany
was 32 years in 2020, while 50% of women in academia
were childless at an age of 35 years [34]. Of course, UCW
or caring responsibilities are not the only potential driver
of gender inequalities. A recent survey conducted by the
ESMO Women for Oncology Committee highlights chal-
lenges women in the oncology workforce might face and
emphasizes that gender inequalities in oncology careers can
extend beyond family responsibilities [35]. While there has
been a recent analysis of parity amongst physicians in the
German radiation oncology field [36], this study was also
limited to the medical workforce, while this survey included
all major academic workgroups included in radiation re-
search and radiation oncology. While the authors of this
study would like to acknowledge that there are potential
structural barriers for female career advancement, this ex-
ceeds the scope of the present work and was not content of
the present survey.

Regarding fixed contracts, biologists are the subspecial-
ity with the latest onset for permanent positions, as per-
manent positions appear in age groups 36—40 years for the
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first time. A trend that has also been observed elsewhere, as
those that work mainly in research tend to have more tem-
porary contracts than permanent positions in general [37].
In the biology group, it is especially noteworthy that almost
twice as many male than female biologists were holding
a permanent position (Fig. 2), while 72.9% of participating
biologists are female (Supplementary Fig. 1). The gender
discrepancy in research however, is a well-known problem
in academia [38]. In general, among all subspecialities, par-
ticipants involved in care work are holding a higher percent-
age of fixed contracts in contrast to all participants. This, on
the other hand, could also be an age-dependent bias, as older
participants are more involved in care work and older par-
ticipants have a higher percentage of permanent positions
(Fig. 2; Supplementary Fig. 1). Furthermore, within our co-
hort, especially in physician and biologist subgroups, males
involved in care work were holding higher career positions
than females involved in care work (Fig. 3). This trend is
also visible in all participants, as 14% of senior physicians
are male while only 10.8% of senior physicians are female,
as well as for biologists where 18.8% of Group Leaders
and 31.3% of Junior Group Leaders are male, while only
11.8 and 9.3% are female, respectively. Medical physicists
on the other hand show a special characteristic, as more
women involved in care work hold a full MPE than men
involved in care work. When looking at the more classi-
cal career descriptions however, male and female medical
physicists show more equal career outcomes than the other
subspecialities (Fig. 3). However, as participation at this
career level was rather low in the medical physicist group,
no clear statements can be made here. Differences in career
level between males and females are especially pronounced
in biologists, as this is the cohort with the highest partici-
pation of females (72.9%), Supplementary Fig. 1.

The trends observed in our study are also well-known
in other countries. Although the representation of women
in radiation oncology faculty positions has increased over
time, it still remains low compared to the number of men in
this position. In 2019, only 29.1% of radiation oncology
faculty were female [39]. Furthermore, women are also
underrepresented in leadership positions in radiation on-
cology, e.g. as in 2021, only 17.4% of radiation oncology
leadership positions were held by women in the US in 2021
[40]. More precisely, male radiation oncologists constitute
for 86.1% of chairpersons and full professors compared to
only 13.9% of female radiation oncologists [39, 41].

Some of the reasons for this are that women in radiation
oncology, like many other specialties, face further obstacles
such as perceived gendered societal norms resulting in them
focusing more on teaching and clinical activities rather than
research [40, 41]. This is also reflected in the results of our
study, which showed that most participants were actively in-
volved in teaching and supervision (57%). Still, especially
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those with care responsibilities showed a higher percentage
in teaching and supervision (54% of the physicians, 76%
of the biologists, 41% of the medical physicists, data not
shown) compared to all participants [2]. This suggests that
despite their unpaid care work, the young workforce takes
on commitments and engages in their career that goes be-
yond daily routine work. It might also suggest that societal
norms and expectations indeed lead to a higher involve-
ment in this subarea of the whole spectrum of radiation
oncology. Furthermore, a persistent gender pay gap, lack of
funding, and administrative support for women, might lead
to decreased professional confidence and career advance-
ment [40, 41].

This is not only true in the medical field but also in biol-
ogy and medical physics [13, 42, 43]. Statistical data of the
winter term 2023/2024 in Germany has shown that 66.2%
of biology students were female (57,351 biology students
overall, 37,860 female biology students) [13, 42], while
their numbers in leadership positions decline with increas-
ing academic rank [43]. In prestigious biology laboratories
led by male faculty members such as Nobel laureates, or
investigators for prestigious institutes, a noticeable lack of
female representation is found. For instance, within the labs
of male Nobel laureates, male graduate students outnum-
ber female graduate students by a ratio of 2:1, and male
postdoctoral researchers outnumber female postdoctoral re-
searchers by more than 3:1 [44]. In a study of medical
biochemistry and genetics faculty in North America, more
male faculty held higher academic ranks such as profes-
sor compared to the examined female faculty. Only 23% of
professors were women, and only 11.6% were full profes-
sors [45]. In Germany, a similar trend can be seen as the
percentage of women obtaining a PhD in academia in gen-
eral is decreasing from 46.1 to 36.5% women undergoing
habilitation and 28% women holding a full-time profes-
sorship [43]. This development is also represented in our
data, as more male than female participants were holding
permanent contracts and Group Leader positions. In med-
ical physics, globally, only 28% of medical physicists are
female according to a 2015 report by the International Or-
ganization of Medical Physics (IOMP) [46]. In the United
States, only 23% of medical physicists are women, indi-
cating a significant underrepresentation compared to other
regions like Europe (34%) and Latin America (33%). With
women holding only 12% of clinical leadership roles in
medical physics in the US, 13.6% in Canada, and 18% in
other countries combined [46]. This trend however, was not
found in our study, as female medical physicists had more
permanent positions and held a full MPE more frequently
than their male colleagues.

There seems to be discrimination against employees in-
volved in care work and also against women in their fertile
years, as shown by studies that imply the time women tend

to take off for childbirth and child care could be a poten-
tial reason for discrimination [47, 48]. In our study, we
found no significant differences between the weekly work-
ing hours between employees with or without care work
(Supplementary Fig. 2). Therefore, fear of reduced work-
ing hours in women during their fertile years seems to be
unjustified.

We also found no significant influences of care work on
research (Supplementary Fig. 3). There was a slight shift in
favor of those carrying out care work not being involved in
research anymore overall in the physics and medical sub-
specialities. This observation however, could be biased as
care work is usually carried out in higher age groups that
also tend to hold higher positions, as it can be seen in our
study. Higher positions potentially go along with more re-
sponsibilities and lesser time for research. Another reason
could be, that those that stated they do not carry out re-
search, are not employed at a university, where there is
a higher rate of research activity compared to other facili-
ties. Our data thus suggests, that neither males nor females
involved in care work in the field of radiation oncology or
radiation research carry out less work in comparison to all
participants. The majority of participants involved in care
work further stated to make up for lost hours during the day
in the evening (Fig. 4). While our data might suggest that
there is a shift for research to be carried out more after reg-
ular working hours, a generalized fear of reduced working
times for those involved in care work seems unjustified.

On the other hand, reduced possibilities and support es-
pecially for women leads to far-reaching consequences:
while females represent over 50% of all medical school
matriculants, their numbers decrease in higher positions
[39-41, 49]. This does not only lead to an underrepresen-
tation of women in higher positions, but also to persisting
gender disparities in research productivity and authorships.
Women radiation oncologists have fewer first-author publi-
cations, lower citation rates, and lower h-indices compared
to their male counterparts, even after controlling for factors
like residency program size and advanced degrees. Further-
more, despite a rise in overall female authorship over the
last decade, there remains a discouraging lack of progress in
the representation of women in prominent authorship roles,
such as first and last authors, in leading radiation oncology
journals [41].

We also asked participants involved in care work,
whether substitution rules are in place at their institu-
tion (Fig. 4). While for physicians involved in care work
more male than female participants stated to always stay
at home when their kids fell sick (m: 30.8%, f: 23.1%), in
the biologist subgroup more female than male participants
said the same (m: 0%, f: 50%). For medical physicists,
numbers were equally distributed between male and female
participants (m: 53.3%, f: 50%). While it is often thought
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that women with children show a higher number of absent
days due to sickness of their children [50], a study in Swe-
den found that this is not the case, as women not involved
in child care had even higher numbers of absent days due
to sickness, and women with more than one child had
similar sick days to women with one child [50]. This was
especially true for women in higher skill levels occupations
and managers. Here, sickness absence was increased in
women with decreasing skill-level, especially in the years
before childbirth in a study with 492,504 women [51]. Our
study data therefore also backs up these findings. Most
participants, both male and females, further state that part-
time work is possible at their institution. However, num-
bers are highest in the medical physicist cohort. Likewise,
medical physicists are also the subgroup with the highest
amount of substitution rules, in comparison to physicians
and biologists. As a lack of substitution rules has also been
identified to be the biggest reason for a failure in part-
time work in radiation oncology [52], introduction of clear
substitution rules in all subspecialities might lead to better
rates of successful part-time work.

A common assumption is, that a lack of compatibility
of work and family or a lack of work life balance [53], is
one of the main reasons for the young workforce to leave
their jobs, also in radiation oncology and radiation research.
In our cohort this was not the case (Fig. 5). Here, in the
physician subgroup economic pressure was the biggest risk
factors for terminating a career in radiation oncology, inde-
pendent of gender, this is also true for physicians involved
in care work. For biologists, uncertain contractual situa-
tions are the biggest risk factor for terminating a career
in radiation research, independent of gender and also for
females involved in care work. However, this perception
shifts in males involved in care work. They identify a lack
of future perspectives as biggest risk factor. For medical
physicists, male participants identify economic pressure as
biggest risk factor, female medical physicists are the only
subgroup that does identify a lack of work/life balance
as the biggest risk factor to leave radiation oncology. An
alarming sign among the scientific landscape however, is
the strong increase in fear of lack of future perspective, es-
pecially in male physicians and biologists involved in care
work (physicians 53.8%; biologists 66.7%). Another prob-
lem is found in participants when asked if they feel suf-
ficiently supported by their employer in their career plans
(Fig. 6). In general, participants involved in care work feel
less supported in their career goals than all participants.
While for all participants, men in the medical field felt
more supported than women by their employer regarding
their career goals, this is reversed in participants involved
in care work. Here, male physicians feel less supported than
female physicians. One of the reasons why males involved
in care work feel less supported and show a bigger fear of
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lack of future perspectives might be, that men involved in
care work are less likely to ask for help [54] and thus do not
receive sufficient support. Another potential reason is a lack
of support due to perceived gender norms and expectations.

However, it is important to recognize that male aca-
demics engaged in unpaid care work encounter a distinct set
of challenges, influenced by factors such as societal norms
and gender expectations, which often associate caregiving
responsibilities with women. The role of a caregiver often
appears to conflict with traditional notions of masculinity
for some men. Additionally, men involved in care work
face workplace barriers and, like women, experience ef-
fects on their academic performance and career progression
[55-58]. Indeed, a study on academic productivity in hema-
tology showed that while both men and women face similar
tasks related to caregiving, the effects differ significantly.
Men involved in care work often experience a reduction in
academic productivity due to their caregiving responsibili-
ties, whereas productivity-levels in women remain largely
unaffected. In the same study, participants involved in care
work had fewer numbers of first- or senior-author publica-
tions. While male participants in general had more first- or
senior-author publications and higher numbers of total pub-
lications than women, men with caregiving responsibilities
significantly reduced all scientific outcomes in the exam-
ined cohort [59], suggesting a need for additional support.

In summary, there is an increasing need for recruitment
of the young workforce into the field of radiation oncol-
ogy and radiation research. Prejudices affecting hiring of
women in their fertile years [48], especially in higher po-
sitions, counteracts these efforts not only directly, but also
indirectly. While the representation of women in radiation
oncology faculty positions has increased over time but still
remains low, urgent measures need to be taken to counter-
act this [49]. The underrepresentation of women in higher-
ranking faculty positions and leadership roles perpetuates
a scarcity of female mentors and role models, which can
further hinder the recruitment and retention of women in the
field. This mentorship gap has been identified as a signifi-
cant barrier to women’s career advancement into academic
leadership roles in medicine [40, 41]. Data from our study
indicate that existing caveats about hiring women in a cer-
tain age group are unjustified as no significant decrease
in work hours or research was found. In our study, more
males stated to be involved in care work, which brings along
a unique set of challenges. While female participants in-
volved in care work seemed to receive more support, males
often felt a lack of future perspective and insufficient sup-
port in their career goals. This also potentially leads to
areduction in (scientific) output [59], although these effects
were not visible in our cohort. This stresses the need for
solutions and support for all workers, male and females,
in radiation oncology and radiation research involved in
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care work, especially during the sensitive period with (very)
young children, in order to avoid the loss of young parents
in the field of radiation oncology and radiation research in
the early stages of a career. Possible solutions could be the
implementation of clear substitution rules, as it is shown in
the medical physicist cohort.

Conclusion

In order to retain highly qualified professionals in the field
of radiation oncology and radiation research, we need to
balance caring responsibilities and overcome gender in-
equality and professional barriers. This will ensure future
prospects and sustainable career development, allowing us
to provide the best patient care.

Limitations

The survey was distributed at a conference, social media
and by e-mail to various representatives, thus we cannot be
sure how many young academics were reached. Likewise,
number of participants was limited in analyzed subgroups
and we cannot control the answers given (e.g. in the num-
bers of hours worked per week, which partially seem to be
rather high). Furthermore, we asked participants “Do you
have children or relatives to be cared for”, but we did not ex-
pand this question in terms of percentage or hours the actual
care work comprises and if there is a supportive partner or
family, kindergarten or babysitter/nanny in the background.
Thus, we could not really assess the actual burden of the
paid work and unpaid work of the participants.
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