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Simple Summary: In the future, numbers of cancer survivors will increase due to early detection and
new therapies, but it is important to consider the long-term consequences of disease and treatment.
The purpose of this study is to assess the impact of cancer and treatment on the employment
status of cancer survivors. Implementing a strict selection of articles to be analyzed, in order to
mitigate the interference of publication and selection bias on the final results, we highlighted how
cancer, treatments, and related disabilities are risk factors for unemployment. We believe that
the negative influence of cancer on people’s lives, including in terms of employment status with
consequential fallout for morbidity and mortality, needs to be addressed by promoting health and
social welfare support programs from diagnosis to follow-up, substantiating patient involvement in
treatment choices.

Abstract: The purpose of our study is to examine whether cancer and treatments are associated with
job loss or changes in employment status. Eight prospective studies were included in the systematic
review and meta-analysis, with a population aged 18–65 years, analyzing treatment regimen and
psychophysical and social status in post-cancer follow-up of at least 2 years. In the meta-analysis, a
comparison was made between recovered unemployed cases and cases from a standard reference
population. Results are summarized graphically using a forest plot. We showed that cancer and
subsequent treatment are risk factors for unemployment with an overall relative risk of 7.24 (lnRR:
1.98, 95% CI: 1.32–2.63) or for change in employment status. Individuals undergoing chemotherapy
and/or radiation treatment and those with brain and colorectal cancers are more likely to develop
disabilities that negatively affect the risk of unemployment. Finally, variables such as low level
education, female sex, older age, and being overweight before starting therapy are associated with
higher risk of unemployment. In the future, it will be necessary for people with cancer to have access
to specific health, social welfare, and employment support programs. In addition, it is desirable that
they become more involved in their choice of therapeutic treatment.

Keywords: unemployment; cancer; cancer therapies; disability

1. Introduction

The International Agency for Research on Cancer (IARC) Biennial Report 2020–2021 [1]
estimates a 60 percent increase in cancer cases over the next 20 years. This increase,
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accompanied by substantial therapeutic improvements, will increase the number of long-
term survivors.

Although, the majority of long-term cancer survivors are beyond retirement age [2], con-
sideration must be given to the rising retirement age in some industrialized countries [3,4],
and also the onset of demographic and epidemiological transitions in developing countries,
comparable to those observed in the baby-boomer generation in developed countries [5,6],
which will result in a large number of cancer survivors of working age.

These conditions result in the growing social importance of the possible loss of work
in people who receive a diagnosis of cancer during working age. From this perspective,
unemployment should be considered not only a socio-economic issue, but also a public
health problem. A systematic review and meta-analysis [7] showed that the lifetime risk of
death from all causes was 63% higher among unemployed people.

Some recent research suggests that people with cancer are more likely than others to
lose their jobs. For example, a systematic review published in 2010 [8] found that only 63.5%
of cancer survivors went back to their jobs. This condition was associated with certain
characteristics such as employer accommodation and flexible working. Another study
showed that cancer survivors were more frequently unemployed than healthy controls [9].
However, large differences were found among different cancers, while in some cases, such
as blood or prostate cancers, these differences were absent. Furthermore, in this case the
type of treatment was not considered.

Other studies have been carried out, looking for possible associations between unem-
ployment and a single type of cancer treated with one or more therapies. For example, a
systematic review and meta-analysis published in 2018 focused on elements that could be
correlated with unemployment after surgical treatment of breast cancer, such as high psy-
chological job demands or lower educational attainment [10]. Other authors [11] performed
a systematic review in which employment rates of Hodgkin lymphoma survivors were
lower than prior to diagnosis, although they were similar to those of the general population.

Several factors may be associated with keeping a job after a cancer diagnosis, such
as professional status and income, socio-demographic characteristics, the type of cancer
and related treatment. All these factors might interact in decreasing employment rates by
25–35% [12].

Evidence of job loss has been also observed in adults who contracted cancer during
childhood. For example, a systematic review [13] showed a higher risk of unemployment
in survivors of central nervous system tumors diagnosed during childhood.

A systematic review and meta-analysis published in 2020 evaluated “long-term work
retention after treatment for cancer” [14], and described the association between cancer
survivorship, employment, and various related risk factors. In their systematic review, the
authors revealed a possible relationship between chemotherapy and work retention.

Despite these advancements, cancer-related unemployment remains a controversial
topic, especially in relation to type of cancer, treatment, and socio-economic conditions of
the person at the time of diagnosis [8,11,15,16]. For this reason, it is important to clarify the
possible effects of cancer and subsequent cancer treatments on job loss. Understanding this
may allow planning and development of public health interventions aimed at preventing
unemployment in this category of people, to improve their quality of life [17] and reduce
healthcare costs and public spending.

Our research aims to quantify the risk of unemployment for cancer survivors and
populations under treatment by identifying relative risk by comparing data from selected
articles with reference populations, through the use of official databases. Furthermore,
only prospective studies were selected, as articles of this type help to reduce the impact of
information bias on the final result. These choices represent a methodological novelty in
the scientific literature compared with previous research.
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Objectives

This study aimed to examine whether cancer and its consequences, such as the use of
antineoplastic therapies, can be associated with job loss or changes in employment status
after a follow-up period of at least two years, which is the theoretical period after diagnosis
when there remains a high chance of active disease and necessity for treatment. Therefore,
the null hypothesis (H0) is that cancer has no effect on occupational status.

2. Materials and Methods

The systematic review and meta-analysis were performed following an a priori de-
signed protocol, and reported in accordance with the 2020 Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines [18].

The research question was framed using PICO (Patients, Intervention, Comparison,
and Outcome). PICO items were defined as per Table A1.

2.1. Study Protocol and Registration

The protocol of our article is registered on Prospero with ID: CRD42022383544.

2.2. Information Sources and Search Strategies

The MEDLINE and Scopus databases were searched electronically, in April 2022, using
combinations of the relevant medical subject headings, key words, and word variants for
cancer, therapy, and employment status. Table A2 shows the search strings and the filters
used for search optimization.

2.3. Selection Process

Two different authors independently screened paper titles and abstracts in each
database: AV and GM for Scopus, FI and MC for PubMed/Medline.

Disagreements were discussed between the authors and resolved by consensus or by
recourse to a third author (EC). Studies were then labeled for inclusion or exclusion.

Each article meeting the eligibility criteria was considered for subsequent qualitative
synthesis; duplicate records and articles that included an exclusion criterion were removed.
Particularly, we removed studies which included only a specific subset of workers, which
focused on unhealthy populations or only on specific population subsets (e.g., blue-collar
or retired workers), or which measured only short-term outcomes. Then, two different
authors (CDS, MC) independently screened the entire content of the articles and studies in
an analogous manner to the selection process for title and abstract. Similarly, disagreements
were discussed between the authors and resolved by consensus or by resorting to a third
author (VF). This selection process is summarized in a flow chart (Figure 1).

2.3.1. Eligibility Criteria

Studies were included or excluded from the review according to the criteria below.

Inclusion criteria:

• Study design

Prospective studies;
Studies presenting one or more measures of association.

• Exposure

Any regimen options;
At least two-year cohort follow-up.

• Outcome

Change in employment status.

• Publication type
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Primary studies published in peer-reviewed journals;
Non-peer reviewed publications (e.g., government reports), if publicly available;
In English language or available in English translation;
Published after the year 2000.
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Esclusion criteria:

• Exposure

Unemployable individuals, e.g., due to disease, disability, or age;
Population limited to a specific occupation.

• Study design

Cross-sectional (prevalence) studies without prospective elements;
Case reports and case series;
Retrospective studies;
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Prospective studies without measures of association and/or without confidence in-
tervals (or data enabling their calculation); Studies measuring short-term effects (less than
two years of follow-up) of therapies on employment status (e.g., time-series analyses).

• Publication type

Abstracts with no full text available;
Studies whose results have been superseded and replaced by later reports of the same

study (including conditions in which the reports presented a mixture of updated and
non-updated results).

Out of all the selected studies, only those whose reported data allowed the required
calculations to be performed were also included in the meta-analysis.

2.3.2. Data Collection Process

For data extraction, we used two different pairs of authors (CDS and MS, EV and GL),
who collected data independently. Studies with missing or unclear data were excluded from
the meta-analysis but included in the synthesis. Disagreements were discussed between
the authors and resolved by consensus or by resorting to a fifth author (GM).

For every study included in the meta-analysis, following data were retrieved:

• Number of participants;
• Observation interval (in years);
• Treatment type;
• Country;
• Type of cancer;
• Number employed;
• Number unemployed.

2.3.3. Study Risk of Bias Assessment

In order to assess the risk of bias and confounding, the RTI item bank (RTI) of the
Agency for Healthcare Research and Quality was employed. This tool has been specifically
designed for evaluating observational studies of interventions or exposures [19]. It con-
sists of several questions with dichotomous Yes\No answers, which guide the reviewer’s
evaluation of the study. The evaluation was performed by two different authors in a
double-blind manner, as for the previous selections (EV, VR). Any disagreements were
resolved by consensus or entrusted to a third author (LG).

2.3.4. Effect Measures

The effect size used for quantitative syntheses was the pooled risk ratio (RR). Informa-
tion not used in the meta-analysis was considered for narrative synthesis.

2.3.5. Synthesis Methods

We selected for narrative synthesis all studies that met the inclusion criteria and were
therefore included in the meta-analysis.

To quantify the relative risk (RR) of experiencing unemployment after a cancer diag-
nosis, we compared the retrieved unemployed cases with incident cases from a standard
reference population, calculated as follows:

Mean unemployment incidence rate in countries and period of time pertaining to
the included studies were estimated through data retrieved from Eurostat (for EU coun-
tries) [20] or the World Bank (for non-EU countries) [21]. Using this data, after adjustment
for gender, the expected numbers of employed and unemployed people could be estimated
for the period. Such numbers represented theoretical control populations with the same
size and composition of those included in the studies. Adjustment for age was not possible;
however, all study data referred to the workforce-aged population only. Meta-analysis was
then performed by comparing observed and expected unemployment incident cases for
each conducted study.
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Results are reported narratively, graphically, and summarized by means of tables
where appropriate.

Given the obvious heterogeneity in the designs of the retrieved studies, as well as
the fact that each study observed different populations, we chose to perform the meta-
analysis using a pooled REML (random-effects restricted maximum likelihood) model
of the risk ratios, without performing any formal heterogeneity-estimation test. This
model was chosen because it was considered the most suitable due to the heterogeneity
of the data, with the aim of reducing its weight in the final result. However, to estimate
the proportion of variance due to true effects rather than sampling error, statistics were
nonetheless calculated. Additionally, to investigate possible causes of heterogeneity in the
study results, reported secondary outcomes and objectives were also considered. Finally,
leave-one-out analysis was performed to investigate the possible presence of overstated
effect sizes, which can distort the overall results.

Statistical analysis and graph drawing were performed using Microsoft Excel™ Profes-
sional Plus 2016 (Italian anguage) and Stata® SE v.17.0 software. Results were synthesized
and are tabulated in a summary of findings.

2.3.6. Reporting Bias Assessment

To assess the potential role of publication bias related to outcomes with data available
from ten or more studies, the funnel plot method was applied. Because this meta-analysis
was designed to explore binary primary outcomes, funnel plot asymmetry was assessed by
means of Egger’s linear regression test [22].

2.3.7. Certainty Assessment

The GRADE approach was employed to assess the certainty of evidence [23,24]. Risk
of bias was assessed using the Agency for Healthcare Research and Quality (RTI) tool [19].
Inconsistency was assessed by calculating the statistic, as described by Higgins and Thomp-
son [25]. Indirectness was excluded from the protocol, selecting only studies with well-
defined outcomes. Precision was assessed by pooling the estimates using two different
models: an FE model weighting the data by within-study variance, and an RE model
weighting the data by between-study variance. The p values and confidence intervals (CIs)
were calculated for each model in order to highlight any accuracy issues.

3. Results
3.1. Study Selection

The search and selection process is illustrated in the flowchart (Figure 1). A total of
8847 studies were retrieved from the databases. Following the screening sessions, 74 studies
were selected for full-text evaluation, of which 66 studies were excluded.

3.2. Study Characteristics

According to the GRADE recommendations, characteristics of the included studies
and summaries of their findings are presented in Table 1.

3.3. Risk of Bias in Studies

RTI was used for the evaluation of the risk of bias and confounding. The method
consists of 16 Yes/No questions, designed to help reviewers in evaluating a study’s potential
risk of bias. Analysis of the eight included studies is reported in Table 2 and graphically
summarized in Figure 2.

3.4. Results of Individual Studies
3.4.1. Primary Result

A previous research group [12] conducted a study in France, interviewing patients
diagnosed with cancer in 2010 after a 5-year follow-up. After 5 years, 82% of the intervie-
wees were still employed; however, only 55% kept the previous working hours, and 26%
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reduced their hours compared with their job situation at diagnosis. Among the 18.4% no
longer employed, 0.9% were retired, 5.9% unemployed, 2.0% were homemakers, and 8.7%
on invalidity benefit. In addition, out of all cancer survivors, 30% were affected by chronic
neuropathic pain; consequently, some of them reduced their working hours, while others
lost their jobs.

Table 1. Characteristics of selected studies.

Author and Year Data Source Country/Region Sample Size Years of
Observation

Unemployment
Measure Used

Population
Characteristics

Primary
Outcome

Yang SW. 2021 [26]

• National Health
Insurance Research
Database.
(NHIRD)

• Labor Insurance
Database. (LID)

• Taiwan Cancer
Registry. (TCR)

Taiwan 2451 5 Database
Employed: 1123
Unemployed:
1328

Return to work

Oh TK. 2022 [27]
• National Health

Insurance Service
(NHIS)

• Statistics Korea

South Korea 4852 2 Database
Employed: 1415
Unemployed:
3437

Deterioration in
quality of life,
measures of

unemployment

Senft C. 2020 [28] • Hospital Germany 58 >3 Clinical data Employed: 41
Unemployed: 17 Return to work

Alleaume C.
2018 [12]

• French national
survey VIe après le
CANcer

France 969 5 Telephone
interviews

Employed: 791
Unemployed: 178

Employment
retention

Kiserud CE.
2016 [29] • Hospital Norway 281 2 Questionnaire Employed: 179

Unemployed: 102 Unemployment

Mannaerts GH.
2002 [30] • Hospital Netherlands 76 5 Questionnaire

Employed: 21
Unemployed: 14
No job
preoperatively: 39
Not answered: 2

Quality of life,
return to work

Gregorowitsch ML.
2019 [31]

• Netherlands
Comprehesive
Cancer
Organization
(IKNL)

Netherlands
Baseline: 939

30 nonths
Follow-up: 319

2.5 Questionnaire

Baseline:
Employed: 641
Unemployed: 298
30 Months
Follow-up:
Employed: 203
Unemployed: 116

Work ability,
survival

Di Meglio A.
2020 [32]

• Patients enrolled at
26 French cancer
centers

France 1869 2 Questionnaire Employed: 1471
Unemployed: 398

Return to work,
unemployment

Table 2. RTI quality assessment of included studies. Y: Yes (affirmative answer). N: No (negative answer).

Author and Year Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Overall Judgement

Yang SW. 2021 [26] no no no no no yes No no no No yes no yes no no No High Quality

Oh TK. 2022 [27] no no no no no no No no no No yes no yes no no No High Quality

Senft C. 2020 [28] no no no no no no No no no No no no yes yes no No High Quality

Alleaume C. 2018 [12] no no no no no no No no no No no no yes no no No High Quality

Kiserud CE. 2016 [29] no no no no no no No no yes No no yes yes no no No High Quality

Mannaerts GH. 2002 [30] no no no no no no No no no No no no yes yes no No High Quality

Gregorowitsch ML. 2019 [31] no no no no no no No no no No no no yes no no No High Quality

Di Meglio A. 2020 [32] no no no no no no No no no No no no yes no no No High Quality

Another study analyzed breast cancer survivors [32]. It examined cancer survivors’
return to work after treatment using one of the largest cohorts of breast cancer survivors
available at that time, the CANcer TOxicity cohort. Two years after breast cancer diagnosis,
398 patients (21.3%) had not yet returned to work.

In 2021, a study conducted in Taiwan used data collected [26] from the National Health
Insurance Research Database (NHIRD), the Labor Insurance Database (LID), and the Taiwan
Cancer Registry (TCR). Data included information about 2451 workers diagnosed with
liver cancer between 2004 and 2010. The primary outcome was the return-to-work rate
1–5 years after liver cancer diagnosis. In the 2nd year, 1504 workers had returned to work,
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550 had died, and 397 were unemployed; in the 5th year, 1123 workers had returned to
work, 940 had died, and 388 were unemployed.

Cancers 2023, 15, x FOR PEER REVIEW 8 of 20 
 

 

 

Figure 2. RTI quality and risk of bias in studies included in the meta-analysis. 

  

Figure 2. RTI quality and risk of bias in studies included in the meta-analysis.



Cancers 2023, 15, 1513 9 of 19

A prospective cohort study was conducted in Germany [28], analyzing the neuro-
oncological and functional outcomes of 58 patients with newly diagnosed grade II and III
gliomas (WHO classification). The patients underwent surgery between August 2012 and
June 2018. The impact of the disease on work and socioeconomic status was retrospectively
assessed through questionnaires, andthe median follow-up was 43.8 months (>3 years).
After treatment, 41 patients (70.7%) resumed a working life, while 17 patients (29.3%)
did not.

Another prospective cohort study was performed [30] in the Netherlands. In this case,
76 patients who underwent treatment for rectal cancer were analyzed through question-
naires, which assessed functional outcomes (physical symptoms, functional autonomy,
sexual activity) and their current employment status after therapy (surgical, radiotherapy,
or multimodal treatment). Overall, 14 patients lost their jobs during the follow-up period,
11 retained theirs, and 10 resumed employment in lighter work.

In the Netherlands, researcher [31] performed a prospective cohort study from 2014 to
2017 analyzing outcomes after breast cancer. A population of 939 patients was analyzed
through four questionnaires before and after undergoing treatment for breast cancer (only
patients who responded to at least two questionnaires were considered for study purposes).
Analyzed therapies included systemic neoadjuvant therapy (chemotherapy or chemother-
apy + immunotherapy), radiation therapy, surgical treatment, adjuvant chemotherapy
treatment, and adjuvant endocrine treatment. The questionnaire was the Work Ability
Index (WAI), which analyzes type of work, work activity, hours of work, intensity of work
activity, days away from work, and mental and physical work capability in relation to
the disease, including possible consequent work limitations. At the end of the follow-up
period, out of 319 responders, there were 116 unemployed individuals, while 203 people
had retained their jobs.

A cross-sectional study with prospective elements [29] carried out in Norway from
2012 to 2013 analyzed 18-year-old lymphoma survivors who were still alive in 2011, and
who had undergone high-dose chemotherapy with autologous stem cell transplantation. At
follow-up, 47% of the interviewees were employed and male, while the unemployed group
consisted mainly of older adults and women. Employed people tended to presented with
a better quality of life, and, furthermore, the unemployed experienced greater problems
related to depression and comorbidities.

In 2022, researchers [27] longitudinally analyzed 4852 ≥ 18-year-old patients who
underwent craniotomy for excision of malignant brain tumors diagnosed between 2011
and 2017. Among them, 12.3% (595) lost their jobs within one year after surgery.

3.4.2. Secondary Results

Several included studies also analyzed various secondary outcomes. These results can
be ascribed to two macro areas of health determinants: unmodifiable (e.g., age, gender)
and modifiable factors (e.g., education, bodyweight, therapy received).

Therapy: Table 3 describes the main disabilities and adverse effects related to cancer
treatments. A cohort study conducted in Taiwan in 2021 [26] showed that 98% of those
who returned to work and 94.9% of those who did not had received surgical treatment
(p < 0.05). The Taiwanese study demonstrated that surgical treatment had a positive effect
and increased the rate of return to work within 5 years. In contrast, a 2022 South Korean
cohort study [27] of patients with malignant brain tumors showed that surgical treatment
had a negative impact on employment status, and chemotherapy was associated with a
lower rate of 2-year return to work. Based on the Barcelona Clinic Liver Cancer (BCLC)
staging system, surgical treatment is usually performed in patients with early-stage disease,
while chemotherapy is usually used in advanced cancer. The side effects of chemotherapy
that make it difficult to return to work should also be considered. In another study, patients
were found to be more likely to return to work after extensive resections (removal of
90% or more of the preoperative tumor volume) compared to partial resections (76% vs.
44%; p = 0.106) [28]. A French study [32] analyzed the risk of non-return to work: the
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odds ratio of patients undergoing mastectomy vs. partial surgery was 1.46 (95% CI: 1.07,
1.99), while the OR of those undergoing adjuvant anti-HER2 therapy vs. no therapy was
1.71 (95% CI: 1.21, 2.42). Another study reported that therapy might influence ability to
work. Moderate or poor work ability was reported by 24% of patients 30 months after
diagnosis. In particular, axillary lymph-node dissection, (neo)adjuvant chemotherapy, and
locoregional radiotherapy were associated with reduced work ability. After 30 months,
18% of employed individuals reported having reduced their working hours, having made
substantial changes to their work patterns, or being unable to work. Only 17% of survivors
did not report encountering any limitations at work [31].

Table 3. Summary table of cancers, therapies and induced disabilities.

Author and Year Cancer Sites Therapies Induced Disabilities

Yang SW. 2021 [26]
• Liver cancer

(primary; I-II-III-IV stage)

• Surgical treatment
• Radiotherapy
• Chemotherapy

• Injuries related to chemotherapy:
neutropenia, neuropathy, edema,
nausea, cardiotoxicity, vomiting,
fatigue

Oh TK. 2022 [27] • Brain tumor (Malignant) • Surgical treatment

• Physical disability, 3.4%
• Brain disability, 17.8%
• Visual disability, 1.9%
• Hearing loss, 0.9%
• Speech disability, 0.4%
• Intellectual disorder, 0.6%
• Mental disorder, 0.2%
• Renal disability, 0.2%

Senft C. 2020 [28]
• Brain tumor

(grade II and III gliomas)

• Surgical treatment, 20.7%
• Adjuvant therapy (chemotherapy

or radiotherapy, 5.2%, both, 74.1%)

• Fatigue, 60.8%
• Memory disturbances and

difficulties concentrating, 43.1%,
or finding words, 35.3%

Alleaume C. 2018 [12]

• Breast cancer, 57.5%
• Lung aero-digestive tracts cancers, 7.1%
• Rectum/colon cancers, 6.2%
• Bladder/kidney/prostate cancers, 4.9%
• Thyroid cancer, 10.3%
• Hematological cancers
• (Non-Hodgkin Lymphoma), 3.4%
• Melanoma cancer, 6.8%
• Uterus and cervix cancers, 3.8%

• Chemotherapy, 55.4%
• Radiotherapy, 65.9%

• Chronic neuropathic pain, 30.1%
• Fatigue

Kiserud CE. 2016 [29]
• Hematological cancers (Lymphoma:

Hodgkin 25%, aggressive NHL 64%,
indolent NHL 11%)

• High-dose chemotherapy with
• autologous stem cell

transplantation (HDT-ASCT)

• Fatigue, 5.6% (physical fatigue
4.2%, mental fatigue 1.9%)

• Cognitive problems, 23%
• Anxiety, 4%
• Depression, 3.3%
• Negative affectivity, 39%
• Social inhibition, 38%
• Type D personality, 27%

Mannaerts GH. 2002 [30]
• Rectal cancer (locally advanced

primary, 49%, locally recurrent, 51%)

• Surgical treatment
• Radiotherapy
• Multimodal treatment

(preoperative radiotherapy,
surgical treatment and
intraoperative radiotherapy)

• Fatigue, 44%
• Perineal pain, 42%
• Radiating leg pain, 21%
• Difficulty walking, 36%
• Urinary dysfunction, 42%

Gregorowitsch ML. 2019 [31] • Breast cancer

• Systemic neoadjuvant therapy
(chemotherapy or chemotherapy +
immunotherapy)

• Radiotherapy
• Surgical treatment
• Adjuvant chemotherapy
• Adjuvant endocrine

• Physical impairment
• Mental impairment

Di Meglio A. 2020 [32] • Breast cancer (stage I-II-III)

• Surgical treatment (partial, 69.9%,
mastectomy, 30.1%)

• Axillary surgery (sentinel lymph
node. 53.9%, axillary dissection,
46.1%)

• Adjuvant radiotherapy, 91.5%
• Neo adjuvant chemotherapy,

65.6%
• Adjuvant endocrine therapy,

82.4%
• Adjuvant anti-HER2 therapy,

15.1%

• Anxiety, 38.2%
• Depression, 6.9%
• Weight changes (≥5%, 44.3%)

Education: Two French studies analyzed the educational levels of individuals with
cancer. In both cases, an association emerged between low educational qualifications and
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unemployment. One study reported that the employment rate was higher in people with
higher educational qualifications working in the tertiary sector, or who had managerial
jobs in public or private sectors. Overall, 88.6% of those with at least a high school diploma
maintained post-cancer employment, compared with 73.2% of people with a lower middle
school diploma and 54.8% of people without any degree [12]. The second study calculated
that the ORs of non-return-to-work were significantly higher in patients with a lower
education level (primary school vs. college or postgraduate) (OR = 2.96; 95% CI: 1.56,
5.60) [32].

Bodyweight: A single French study [32] analyzed whether bodyweight influenced
return to work in cancer survivors. Presented data indicate that excess bodyweight at the
time of breast cancer diagnosis can be a significant obstacle to returning to work, and that
overweight and obese patients represent a group at higher risk of unemployment. The rate
of non-return to work was 17.7% among underweight or normal-weight patients, compared
to 27.4% among overweight or obese patients (p < 0.0001). The frequencies of women who
did not return to work were 121/434 (27.9%) for women with a BMI of 25.0–29.9 kg/m2,
49/169 (29.0%) for those with a BMI of 30.0–34.9 kg/m2, and 19/86 (22.1%) in patients with
BMI ≥ 35.0 kg/m2.

Quality of life: A Korean nationwide population-based cohort study showed that
nearly half of patients (46.9%) who underwent a craniotomy for excision of brain tumors
experienced a deterioration in their quality of life (QOL) in the first year after surgery: 1329
(27.4%) earned less and 844 (17.4%) developed new disabilities. Being male (OR: 1.17, 95%
CI: 1.04–1.31; p = 0.009), reoperation within 1 year (OR: 1.36, 95% CI: 1.02–1.79; p = 0.033),
and longer stay (OR: 1.02, 95% CI: 1.02–1.03; p <0.001) were significantly associated with
increased QOL deterioration [27]. Another study reported that the unemployed had more
problems related to depression (OR: 2.62, 95% CI: 1.32–5.21; p < 0.01) and type D personality
(OR: 2.42, 95% CI: 1.37–4.29; p < 0.05) than the employed, confirmed by univariate and
multivariate analyses [29].

Gender: Several studies reported how gender might affect employment after a cancer
diagnosis. The results are inconsistent. According to a Netherlands study on rectal can-
cer [30], 31% of affected women lost their jobs, compared to 11% of men (p < 0.01) Another
study reported that the employed group included significantly more males (68% vs. 32%
p value < 0.001), while among the unemployed the ratio was reversed with most females
(55% vs. 45% p value < 0.001) [29]. In a 2021 Taiwainese study, the male gender was posi-
tively associated with return to work (p < 0.05) [26]. On the other hand, a German study [28]
found that gender was not significantly statistically associated with patients’ ability to
return to work. Similarly, a French survey conducted in 2018 [12] showed no significant
difference between men and women in terms of the rate of employment preservation (78.8%
vs. 82.2%; p = 0.299).

Age: A study performed in Taiwan showed that the mean age of the return-to-work
group was 50.5 ± 8.8 years, and the mean age of the non-return-to-work group was
52.7 ± 9.5 years (p < 0.05). In the same study, univariate and multivariate correlations sug-
gested that a young age was positively related to return to work (p < 0.05) [26]. The analysis
performed on a German group in 2020 [28] showed that patients’ age was significantly
associated with the ability to return to work (94.1% among patients <40 years vs. 37.5%
among patients ≥40 years old). Undergoing surgery while being younger than 40 was
associated with a higher probability of return to work (p < 0.01). Another study reported
that the level of employment preservation was significantly higher among survivors aged
18–39 at cancer diagnosis and among those aged 40–49 than among those aged 50–54
(81.5%, 85.4%, and 72.9%, respectively; p < 0.001) [12]. According to a 2016 Norwegian
study [29], employed subjects were significantly younger than the unemployed (mean age
at follow-up: 50.4 (11.1 SD) and 55.6 (12.5 SD) years, respectively (p-value < 0.001).
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3.5. Meta-Analysis

All eight included studies were selected for the meta-analysis. Their characteristics
are reported in Table 3.

An overall total of 11,495 people was included in the analysis, with studies conducted
in six different countries/regions: Taiwan (1), South Korea (1), Germany (1), The Nether-
lands (2), France (2), and Norway (1).

All studies were continued for several years, with a follow-up period ranging from
2 [27,29,32] to 5 years [12,26,30]. As shown in Figure 2, all these studies were of high quality.
Seven studies were observational cohort studies, while one was cross-sectional (but was
treated as an observational study for the work-status analysis, with two disclosures, the
first at the time of diagnosis and the second at the time of interview) [29].

Cancer types observed in the studies included liver cancer, brain tumors, lymphomas,
colorectal cancer, and breast cancer. In seven studies, the surgical approach was associated
with chemotherapy and/or radiotherapy; in one case (lymphoma) the treatment was
chemotherapy and autologous stem cell transplantation [29].

Data sources were national databases [26,27], clinical data [28], telephone inter-
views [12], or questionnaires administered to patients [29–32].

Meta-analysis results from the eight included studies were summarized in a forest
plot (Figure 3). RE model results show that undergoing cancer treatment is a risk factor for
a change in employment status or unemployment, with an overall relative risk of 7.24 (ln
RR = 1.98; 95% CI: 1.32, 2.63).
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3.5.1. Reporting Biases

Possible publication bias could not be adequately assessed, neither using the funnel
plot nor Egger’s regression test, due to the small number of selected studies.

3.5.2. Certainty of Evidence

The authors believe that, for this type of study, instead of focusing on finding a “true”
value (as is the case in FE models and unweighted analyses), the use of a random-effects
model is most appropriate, because the outcome is conceptually the most likely value from
a distribution of results. This choice should be considered optimal because the individual
studies included were from heterogeneous populations and did not follow exactly the same
protocol, although they were sufficiently similar to be included in the statistical analysis.

Heterogeneity among the studies was calculated using the I2 test. Very high hetero-
geneity (>97%) was found across the included studies.

Leave-one-out analysis did not show any study influential in determining the overall
risk ratio or 95%CI. (Figure 4).
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4. Discussion

Our meta-analysis showed that cancer and subsequent therapeutic treatment places
an individual at a risk of unemployment within 5 years after diagnosis, with an overall
relative risk of 7.24 (ln RR: 1.98, 95% CI: 1.32–2.63).

This finding indicates that the livelihood of experiencing a change in employment
status after becoming ill with cancer are significantly higher than in the general population,
regardless of the cancer’s type or site, the degree of malignancy of the disease, the evolution
of the clinical picture, and the treatment administered.

Meta-analyses conducted in 2020 [19] and 2011 [8] confirm the above, reporting
that, regardless of geographic area, site of origin, and type of cancer, patients who have
contracted cancer and undergone treatment have a higher risk of becoming unemployed
than the general population (72% chance of keeping a job between 2 and 2.9 years in the first
study [19], between 26% and 53% of cancer survivors lost their jobs within 72 months of
diagnosis in the second [33]). In addition, the decision to adopt a strict selection of studies,
excluding retrospective studies, ensured limited interference by possible information bias
in the study results.

4.1. Results in Context

Patients with tumors at specific sites, such as brain tumors [27,28] or rectal/colon
tumors [30], have a higher propensity for permanent disability and thus a lower propensity
for re-employment than other treated neoplastic forms; this finding reinforces the observa-
tion that the main culprit for occupational change is disability acquired during the course
of the disease or as a result of therapy. As confirmed by numerous studies [34–36], most
patients with brain tumors experience neurocognitive impairments during the course of the
disease or secondary to therapeutic treatment. These impairments can persist even years or
decades after diagnosis and undermine patients’ work and daily living skills. With regard
to colon/rectal cancer, there is a clear association with unemployment, and 40% of the
sample analyzed left the workplace permanently within thirty months after diagnosis [33].

In agreement with the literature, it is worth highlighting how some therapies corre-
late with higher rates of unemployment and work disability. As evidenced by six out of
eight of our selected studies [12,26,28–30,32], patients who have undergone chemotherapy
treatments exhibit adverse health effects such as mental and physical fatigue, cognitive im-
pairments of memory and attention, and mood alterations such as anxiety, social inhibition,
and depression, resulting in reduced work performance and higher risk of unemploy-
ment [10,37–39].

Radiation therapy also appears to be related to the onset of disabilities that may lead
to changes in employment status: the onset of chronic neuropathic pain (CNP) appears to
be more related to certain therapies such as chemotherapy (36.3%) and radiation therapy
(32.8%), with locoregional radiation therapy in particular appearing to be more implicated
than local radiation therapy [40]. In addition, radiotherapy negatively affects patients’
cognitive function, in both the short and long term [41].
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Regarding surgical treatments, contrasting positions are revealed: in breast cancers,
conservative treatments have shown higher rates of return to work, probably related to
less invasiveness and reduced chance of complications for patients [10,32]; in contrast, for
some brain cancers, radical surgery treatments are associated with higher rates of return to
work [28,42].

Despite the fact that some studies analyzed in the review [12,32] show that people
with cancer who have lower levels of education have higher rates of unemployment, thus
underscoring how social components may impact employment status, in line with the
literature [14] we must consider that these individuals have more physically demanding
occupations on average and consequently experience greater work limitations related to
physical fatigue or disability post-disease.

One of the studies revewed [32] hypothesized that high BMI may be a risk factor for
unemployability in cancer survivors, which might be explained from both a psychophys-
ical and social perspective. Indeed, the literature [43] argues that overweight and obese
individuals may be more susceptible to adverse effects of antineoplastic treatments and on
average develop worse physical and psychological disabilities.

In addition, more than one study [44,45] has stated that obese people have greater
difficulty in obtaining employment and regaining it after losing it, possibly due to possible
discrimination from employers encountered because of their appearance, experiencing
longer periods of unemployment on average. Aa additional factor capable of having an
effect on employment status is the sex of the patient.As shown by some studies [26,29,30],
female patients are more likely to experience reduction in work intensity, job loss, or
unemployment. In contrast, other researchers [12,28] reported no statistically significant
correlation between sex and employment status in the samples they analyzed.

In view of the contradictory findings, our studies in agreement with the literature
suggest that the causes of gender differences in job re-entry are social in nature. In fact,
multiple studies [46–48] have pointed out that certain factors predominantly burden female
subjects: a hostile work environment, in terms of support from colleagues and employers,
inflexible working hours, irreconcilable with the demands of care and convalescence, and
discriminatory perceptions of one’s illness.

However, we cannot completely rule out the consequences of adverse effects pro-
duced by cancer and antineoplastic therapies on biologically different genders. The final
factor for analysis is age, especially considering the multiple influences it has on people’s
occupational status.

Younger patients with cancer are more likely to return to work, compared with older
individuals [12,26,28,29]. Despite the fact that this finding is cited several times in the
literature [14,49], it is not possible to determine whether this observation is a consequence
of increased sensitivity of older patients to the adverse effects of treatment, or relates to the
influence of the labor markets of the countries considered in the articles.

4.2. Limitations of Included Studies

Precisely because of the rigidity of the criteria used, this study has some limitations:
first of all, the small number of research studies selected probably relates to the higher cost
of prospective studies compared with other types of research, limiting their implementation
and thus their retrieval.

Limitations associated with the prospective nature of the included studies include the
marginality with which some topics were treated: in some studies, unemployment was not
the primary outcome, and in others, unemployed cohorts were not adequately compared
with regard to certain determinants of health that have a bearing on employment status,
such as gender, educational attainment, age, social status, etc.

An additional obstacle was the high heterogeneity of the selected studies, differing in
their reporting of cancer types, sites, staging, and therapies. Despite the fact that antineo-
plastic treatments are universally standardized for the above criteria, with a comparable
psychophysical and social effecton the occupational status of patients, it is not possible
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to show a precise correlation reflecting how individual therapy affects occupational sta-
tus. The individual studies analyzed failed to quantitatively demonstrate how individual
therapy can impact employment status. It will be important to conduct further studies in
this regard.

The cultural impact of each country’s attitudes to illness and unemployment should
also be considered in relation to the huge differences between Western and Asian countries.

4.3. Limitations of the Review Methods

The studies included in the systematic review and meta-analysis showed a high degree
of heterogeneity, due to the different types of cancer studied and the different study designs,
which were generally observational in nature and of long duration.

A standardized healthy population, estimated from rates available from authoritative
and certified sources, was assumed in order to perform the relative risk calculation for com-
parison with the study population. This choice was made to ensure repeatable comparison
with the study populations included in meta-analyses.

In addition, the population was stratified by sex, in accordance with selections in
specific studies [31,32], however, it was not possible to stratify by age group in relation
to the types of cancer studied, because the World Bank database [21] does not provide
unemployment stratification by age.

Another limitation is the inability to stratify the extracted data for possible confound-
ing factors, caused by the fact that the studies reviewed did not analyze or only partially
analyzed possible confounding factors. In addition, the studies available in the scientific
literature identified neither the type of employment relationship, other characteristics of
the employment relationship, nor any benefits of maintaining employment.

However, we believe that these limitations, while present, do not invalidate the
results of the current study, as the estimate obtained is concordant with other similar
types of employment, and no single study taken individually was decisive for the final
meta-analysis result.

5. Conclusions

This study revealed a significant correlation between cancer, cancer-related therapies,
and job loss (RR: 7.24), therefore, despite the incontrovertible efficacy and usefulness of
antineoplastic therapies in the care and treatment of the cancer patients, especially in the
early stages of the disease, it is important to take note of the possibility of long-term func-
tional impairment and subsequent psychophysical disabilities following treatment, which
could translate to work-related consequences for the patient. Socioeconomic variables and
work culture in each state can have strong influences on such effects.

According to IMF (International Monetary Fund) standards, all the countries consid-
ered in this paper have high GDP per capita PPP [50], and on their average citizens have
good economic and working conditions. As further evidence of this, all of the selected
states in the LEGATUM prosperity index (a scale that takes into account several factors
including health, economic growth, education, wellbeing, and quality of life) occupy high
positions in both the overall rankings and with regard to economic wellbeing [51].

On the basis of the analysis, with the understanding that the socioeconomic component
cannot be excluded, it can be hypothesized that the main agent responsible for the change
in the employment status of the studied population was the harm produced by the cancer
itself, the therapies, and related adverse effects.

Corroborating this hypothesis, the study conducted in South Korea [27] reported that
patients who undergo new operations and those with longer average hospital stays experi-
ence greater deterioration in quality of life; probably in agreement with the literature [52],
these individuals experience greater long-term disabilities secondary to post-operative
complications and thus long periods of hospitalization. Likewise, cancer survivors ex-
perience psychological problems such as depression, anxiety, and cognitive disabilities
more frequently than the general population, which translates into greater difficulties
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in the reintegration of work and restoration of daily life rhythms enjoyed prior to the
disease [29,53].

For the future, it would be desirable for cancer patients to be the protagonists of
specific labor policies that take into account the possible impact of cancer pathology and
related disabilities, including subsequent treatment, in order to guarantee their stable
employment status, and encourage flexibility in terms of hours, tasks, and work intensity.
Considering that in the absence of adequate support programs, employment rates decline
substantially and the known impact of unemployment on health and mortality is even more
burdensome, it will be important for future studies to assess the impact of unemployment
itself on cancer.

Although all cancers and antineoplastic therapies have been found to be correlated
with an increased risk of unemployment, it is clear that certain types of cancers (such as
brain and colorectal cancers) and certain therapies (chemotherapy and radiation therapy)
are more significantly correlated with disability in the short and long term, and thus with
increased chances of job loss. Therefore, it is essential that more attention be paid to these
types of patients, as well as female, obese, older and less educated individuals.

In addition, it would be preferable for patients to be supported with health and social
welfare support programs, from diagnosis to follow-up, given the negative influence of
cancer on every area of individuals’ lives. Therefore, it will be essential to consider the
impact of individual treatment choices, thus seeking to increase patients’ involvement in
decision-making.

Author Contributions: Conceptualization, A.V. and F.I.; methodology, A.V.; software, A.V.; vali-
dation, G.M. and C.M.; formal analysis, C.D.S. and E.C.; investigation, V.R. and E.V.; resources,
M.S. and L.G.; data curation, A.V. and F.I.; writing—original draft preparation, V.F., G.L. and M.C.;
writing—review and editing, C.M. and G.M.; visualization, L.P. and F.T.; supervision, L.E.G., G.M.
and C.M.; project administration, F.I.; funding acquisition, L.P. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: We thank LILT (Italian League for the Fight against Cancer) for the support and
contribution received.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

Table A1. PICO query items.

PICO

Population Employed adults aged between 18 and 65 years, in a
post-cancer follow-up of at least 2 years.

Exposure Any regimen option among:
- no treatment/palliative care
- surgery/radiotherapy
- chemotherapy/immunotherapy

Comparison Different therapy regimens

Outcome

Change in employment status:
- same employment
- job reallocation
- unemployed
- anticipated retirement and/or sick leave
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Table A2. Search strategies.

Database Search String(s)

Medline

(cancer[MeSH Terms] OR neoplasm[Title/Abstract] OR
carcinoma[Title/Abstract] OR tumor[Title/Abstract] OR
oncology[Title/Abstract]) AND (radiotherapy[Title/Abstract] OR
chemotherapy[Title/Abstract] OR immunotherapy[Title/Abstract] OR
surgery[Title/Abstract]) AND (employment[Title/Abstract] OR
unemployment[Title/Abstract] OR retirement[Title/Abstract] OR sick
leave[Title/Abstract] OR sickness absence[Title/Abstract] OR
absenteeism[Title/Abstract] OR presenteeism[Title/Abstract] OR
work[Title/Abstract] OR occupation[Title/Abstract] OR work
ability[Title/Abstract] OR work disability[Title/Abstract] OR disability
management[Title/Abstract] OR rehabilitation[Title/Abstract] OR
vocational[Title/Abstract]) AND (survivor[Title/Abstract] OR
survival[Title/Abstract] OR long-term[Title/Abstract] OR
mortality[Title/Abstract] OR dead[Title/Abstract])

Scopus (cancer OR carcinoma) AND (treatment OR therapy) AND (employment OR
unemployment)

References
1. International Agency for Research on Cancer (IARC). Biennal Report 2020–2021. 2021. Available online: https://publications.iarc.

fr/607 (accessed on 6 July 2022).
2. Bluethmann, S.M.; Mariotto, A.B.; Rowland, J.H. Anticipating the “Silver Tsunami”: Prevalence Trajectories and Comorbidity

Burden among Older Cancer Survivors in the United States. Cancer Epidemiol. Biomark. Prev. 2016, 25, 1029–1036. [CrossRef]
3. Kato, D.; Kawachi, I.; Kondo, N. Complex Multimorbidity and Working beyond Retirement Age in Japan: A Prospective

Propensity-Matched Analysis. Int. J. Environ. Res. Public Health 2022, 19, 6553. [CrossRef] [PubMed]
4. Retirement Ages. Available online: https://www.etk.fi/en/work-and-pensions-abroad/international-comparisons/retirement-

ages/ (accessed on 21 February 2023).
5. Verma, M.; Kalra, S. Epidemiological transition in South -East Asia and its Public Health Implications. J. Pak. Med. Assoc. 2020,

70, 1661–1663. [PubMed]
6. Yadav, S.; Arokiasamy, P. Understanding epidemiological transition in India. Glob. Health Action 2014, 7, 23248. [CrossRef]
7. Roelfs, D.J.; Shor, E.; Davidson, K.W.; Schwartz, J.E. Losing life and livelihood: A systematic review and meta-analysis of

unemployment and all-cause mortality. Soc. Sci. Med. 2011, 72, 840–854. [CrossRef] [PubMed]
8. Mehnert, A. Employment and work-related issues in cancer survivors. Crit. Rev. Oncol. Hematol. 2011, 77, 109–130. [CrossRef]
9. De Boer, A.G.; Taskila, T.; Ojajärvi, A.; van Dijk, F.J.; Verbeek, J.H. Cancer survivors and unemployment: A meta-analysis and

meta-regression. JAMA 2009, 301, 753–762. [CrossRef]
10. Wang, L.; Hong, B.Y.; Kennedy, S.A.; Chang, Y.; Hong, C.J.; Craigie, S.; Kwon, H.Y.; Romerosa, B.; Couban, R.J.; Reid, S.; et al.

Predictors of Unemployment After Breast Cancer Surgery: A Systematic Review and Meta-Analysis of Observational Studies.
J. Clin. Oncol. 2018, 36, 1868–1879. [CrossRef] [PubMed]

11. Pálmarsdóttir, R.; Kiesbye Øvlisen, A.; Severinsen, M.T.; Glimelius, I.; Smedby, K.E.; El-Galaly, T. Socioeconomic impact of
Hodgkin lymphoma in adult patients: A systematic literature review. Leuk. Lymphoma 2019, 60, 3116–3131. [CrossRef]

12. Alleaume, C.; Bendiane, M.K.; Bouhnik, A.D.; Rey, D.; Cortaredona, S.; Seror, V.; Peretti-Watel, P. Chronic neuropathic pain
negatively associated with employment retention of cancer survivors: Evidence from a national French survey. J. Cancer Surviv.
2018, 12, 115–126. [CrossRef]

13. Frederiksen, L.E.; Mader, L.; Feychting, M.; Mogensen, H.; Madanat-Harjuoja, L.; Malila, N.; Tolkkinen, A.; Hasle, H.; Winther,
J.F.; Erdmann, F. Surviving childhood cancer: A systematic review of studies on risk and determinants of adverse socioeconomic
outcomes. Int. J. Cancer 2019, 144, 1796–1823. [CrossRef]

14. De Boer, A.G.; Torp, S.; Popa, A.; Horsboel, T.; Zadnik, V.; Rottenberg, Y.; Bardi, E.; Bultmann, U.; Sharp, L. Long-term work
retention after treatment for cancer: A systematic review and meta-analysis. J. Cancer Surviv. 2020, 14, 135–150. [CrossRef]

15. Rottenberg, Y.; Ratzon, N.Z.; Jacobs, J.M.; Cohen, M.; Peretz, T.; de Boer, A.G. Unemployment risk and income change after
testicular cancer diagnosis: A population-based study. Urol. Oncol. 2016, 34, e27–e33. [CrossRef]

16. Ratzon, N.Z.; Uziely, B.; de Boer, A.G.; Rottenberg, Y. Unemployment Risk and Decreased Income Two and Four Years After
Thyroid Cancer Diagnosis: A Population-Based Study. Thyroid 2016, 26, 1251–1258. [CrossRef] [PubMed]

17. Norström, F.; Waenerlund, A.K.; Lindholm, L.; Nygren, R.; Sahlén, K.G.; Brydsten, A. Does unemployment contribute to poorer
health-related quality of life among Swedish adults? BMC Public Health 2019, 19, 457. [CrossRef] [PubMed]

18. The PRISMA 2020 Statement: An Updated Guideline for Reporting Systematic Reviews|The BMJ. Available online: https:
//www.bmj.com/content/372/bmj.n71 (accessed on 10 September 2022).

https://publications.iarc.fr/607
https://publications.iarc.fr/607
http://doi.org/10.1158/1055-9965.EPI-16-0133
http://doi.org/10.3390/ijerph19116553
http://www.ncbi.nlm.nih.gov/pubmed/35682136
https://www.etk.fi/en/work-and-pensions-abroad/international-comparisons/retirement-ages/
https://www.etk.fi/en/work-and-pensions-abroad/international-comparisons/retirement-ages/
http://www.ncbi.nlm.nih.gov/pubmed/33040135
http://doi.org/10.3402/gha.v7.23248
http://doi.org/10.1016/j.socscimed.2011.01.005
http://www.ncbi.nlm.nih.gov/pubmed/21330027
http://doi.org/10.1016/j.critrevonc.2010.01.004
http://doi.org/10.1001/jama.2009.187
http://doi.org/10.1200/JCO.2017.77.3663
http://www.ncbi.nlm.nih.gov/pubmed/29757686
http://doi.org/10.1080/10428194.2019.1613538
http://doi.org/10.1007/s11764-017-0650-z
http://doi.org/10.1002/ijc.31789
http://doi.org/10.1007/s11764-020-00862-2
http://doi.org/10.1016/j.urolonc.2015.08.016
http://doi.org/10.1089/thy.2015.0608
http://www.ncbi.nlm.nih.gov/pubmed/27400754
http://doi.org/10.1186/s12889-019-6825-y
http://www.ncbi.nlm.nih.gov/pubmed/31035994
https://www.bmj.com/content/372/bmj.n71
https://www.bmj.com/content/372/bmj.n71


Cancers 2023, 15, 1513 18 of 19

19. Viswanathan, M.; Berkman, N.D.; Dryden, D.M.; Hartling, L. Assessing Risk of Bias and Confounding in Observational Studies of
Interventions or Exposures: Further Development of the RTI Item Bank [Internet]; Report No.: 13-EHC106-EF; Agency for Healthcare
Research and Quality: Rockville, MD, USA, 2013. [PubMed]

20. Database-Eurostat. Available online: https://ec.europa.eu/eurostat/web/main/data/database (accessed on 10 September 2022).
21. The World Bank Data. Available online: https://data.worldbank.org/ (accessed on 10 September 2022).
22. Egger, M.; Davey Smith, G.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple, graphical test. BMJ 1997,

315, 629–634. [CrossRef] [PubMed]
23. Kirmayr, M.; Quilodrán, C.; Valente, B.; Loezar, C.; Garegnani, L.; Franco, J.V.A. The GRADE approach, Part 1: How to assess the

certainty of the evidence. Medwave 2021, 21, e8109. [CrossRef]
24. Guyatt, G.H.; Oxman, A.D.; Kunz, R.; Woodcock, J.; Brozek, J.; Helfand, M.; Alonso-Coello, P.; Glasziou, P.; Jaeschke, R.; Akl,

E.A.; et al. GRADE guidelines: 7. Rating the quality of evidence–inconsistency. J. Clin. Epidemiol. 2011, 64, 1294–1302. [CrossRef]
25. Higgins, J.P.; Thompson, S.G. Quantifying heterogeneity in a meta-analysis. Stat. Med. 2002, 21, 1539–1558. [CrossRef]
26. Yang, S.W.; Chen, W.L.; Wu, W.T.; Wang, C.C. Investigation on returning to work in liver cancer survivors in Taiwan: A 5-year

follow-up study. BMC Public Health 2021, 21, 1846. [CrossRef]
27. Oh, T.K.; Song, I.A.; Kwon, J.E.; Lee, S.; Choi, H.R.; Jeon, Y.T. Decreased income, unemployment, and disability after craniotomy

for brain tumor removal: A South Korean nationwide cohort study. Support Care Cancer 2022, 30, 1663–1671. [CrossRef] [PubMed]
28. Senft, C.; Behrens, M.; Lortz, I.; Wenger, K.; Filipski, K.; Seifert, V.; Forster, M.T. The ability to return to work: A patient-centered

outcome parameter following glioma surgery. J. Neurooncol. 2020, 149, 403–411. [CrossRef] [PubMed]
29. Kiserud, C.E.; Fagerli, U.M.; Smeland, K.B.; Fluge, Ø.; Bersvendsen, H.; Kvaløy, S.; Holte, H.; Dahl, A.A. Pattern of employment

and associated factors in long-term lymphoma survivors 10 years after high-dose chemotherapy with autologous stem cell
transplantation. Acta Oncol. 2016, 55, 547–553. [CrossRef] [PubMed]

30. Mannaerts, G.H.; Rutten, H.J.; Martijn, H.; Hanssens, P.E.; Wiggers, T. Effects on functional outcome after IORT-containing
multimodality treatment for locally advanced primary and locally recurrent rectal cancer. Int. J. Radiat. Oncol. Biol. Phys. 2002,
54, 1082–1088. [CrossRef] [PubMed]

31. Gregorowitsch, M.L.; van den Bongard, H.J.G.D.; Couwenberg, A.M.; Young-Afat, D.A.; Haaring, C.; Van Dalen, T.; Schoenmaeck-
ers, E.J.P.; Agterof, M.J.; Baas, I.O.; Sier, M.F.; et al. Self-reported work ability in breast cancer survivors; a prospective cohort
study in the Netherlands. Breast 2019, 48, 45–53. [CrossRef]

32. Di Meglio, A.; Menvielle, G.; Dumas, A.; Gbenou, A.; Pinto, S.; Bovagnet, T.; Martin, E.; Ferreira, A.R.; Vanlemmens, L.; Arsene,
O.; et al. Body weight and return to work among survivors of early-stage breast cancer. ESMO Open 2020, 5, e000908. [CrossRef]

33. Hanly, P.; Walsh, P.M.; OCéilleachair, A.; Skally, M.; Staines, A.; Kapur, K.; Fitzpatrick, P.; Sharp, L. Work-related productivity
losses in an era of ageing populations: The case of colorectal cancer. J. Occup. Environ. Med. 2013, 55, 128–134. [CrossRef]

34. Silvaggi, F.; Leonardi, M.; Raggi, A.; Eigenmann, M.; Mariniello, A.; Silvani, A.; Lamperti, E.; Schiavolin, S. Employment and
Work Ability of Persons With Brain Tumors: A Systematic Review. Front. Hum. Neurosci. 2020, 14, 571191. [CrossRef]

35. Petersen, R.C.; Caracciolo, B.; Brayne, C.; Gauthier, S.; Jelic, V.; Fratiglioni, L. Mild cognitive impairment: A concept in evolution.
J. Intern. Med. 2014, 275, 214–228. [CrossRef]

36. Louis, D.N.; Ohgaki, H.; Wiestler, O.D.; Cavenee, W.K.; Burger, P.C.; Jouvet, A.; Scheithauer, B.W.; Kleihues, P. The 2007 WHO
classification of tumours of the central nervous system. Acta Neuropathol. 2007, 114, 97–109. [CrossRef]

37. Braybrooke, J.P.; Mimoun, S.; Zarca, D.; Elia, D.; Pinder, B.; Lloyd, A.J.; Breheny, K.; Lomazzi, M.; Borisch, B. Patients’ experiences
following breast cancer treatment: An exploratory survey of personal and work experiences of breast cancer patients from three
European countries. Eur. J. Cancer Care 2015, 24, 650–661. [CrossRef] [PubMed]

38. Den Bakker, C.M.; Anema, J.R.; Zaman, A.G.N.M.; de Vet, H.C.W.; Sharp, L.; Angenete, E.; Allaix, M.E.; Otten, R.H.J.; Huirne,
J.A.F.; Bonjer, H.J.; et al. Prognostic factors for return to work and work disability among colorectal cancer survivors; A systematic
review. PLoS ONE 2018, 13, e0200720. [CrossRef] [PubMed]

39. Tan, C.J.; Yip, S.Y.C.; Chan, R.J.; Chew, L.; Chan, A. Investigating how cancer-related symptoms influence work outcomes among
cancer survivors: A systematic review. J. Cancer Surviv. 2022, 16, 1065–1078. [CrossRef] [PubMed]

40. Fantoni, S.Q.; Peugniez, C.; Duhamel, A.; Skrzypczak, J.; Frimat, P.; Leroyer, A. Factors related to return to work by women with
breast cancer in northern France. J. Occup. Rehabil. 2010, 20, 49–58. [CrossRef]

41. Jacob, J.; Durand, T.; Feuvret, L.; Mazeron, J.J.; Delattre, J.Y.; Hoang-Xuan, K.; Psimaras, D.; Douzane, H.; Ribeiro, M.; Capelle,
L.; et al. Cognitive impairment and morphological changes after radiation therapy in brain tumors: A review. Radiother. Oncol.
2018, 128, 221–228. [CrossRef]

42. Sanai, N.; Berger, M.S. Glioma extent of resection and its impact on patient outcome. Neurosurgery 2008, 62, 753–764; discussion 264–246.
[CrossRef]

43. Paxton, R.J.; Phillips, K.L.; Jones, L.A.; Chang, S.; Taylor, W.C.; Courneya, K.S.; Pierce, J.P. Associations among physical activity,
body mass index, and health-related quality of life by race/ethnicity in a diverse sample of breast cancer survivors. Cancer 2012,
118, 4024–4031. [CrossRef]

44. Cavico, J.F. Appearance discrimination in employment. Equal. Divers. Incl. Int. J. 2013, 32, 83–119. [CrossRef]
45. Han, E.; Norton, E.C.; Stearns, S.C. Weight and wages: Fat versus lean paychecks. Health Econ. 2009, 18, 535–548. [CrossRef]
46. Lindbohm, M.L.; Kuosma, E.; Taskila, T.; Hietanen, P.; Carlsen, K.; Gudbergsson, S.; Gunnarsdottir, H. Cancer as the cause of

changes in work situation (a NOCWO study). Psychooncology 2011, 20, 805–812. [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/24006553
https://ec.europa.eu/eurostat/web/main/data/database
https://data.worldbank.org/
http://doi.org/10.1136/bmj.315.7109.629
http://www.ncbi.nlm.nih.gov/pubmed/9310563
http://doi.org/10.5867/medwave.2021.02.8109
http://doi.org/10.1016/j.jclinepi.2011.03.017
http://doi.org/10.1002/sim.1186
http://doi.org/10.1186/s12889-021-11872-9
http://doi.org/10.1007/s00520-021-06575-1
http://www.ncbi.nlm.nih.gov/pubmed/34554281
http://doi.org/10.1007/s11060-020-03609-2
http://www.ncbi.nlm.nih.gov/pubmed/32960402
http://doi.org/10.3109/0284186X.2015.1125015
http://www.ncbi.nlm.nih.gov/pubmed/27123741
http://doi.org/10.1016/S0360-3016(02)03012-2
http://www.ncbi.nlm.nih.gov/pubmed/12419435
http://doi.org/10.1016/j.breast.2019.08.004
http://doi.org/10.1136/esmoopen-2020-000908
http://doi.org/10.1097/JOM.0b013e3182820553
http://doi.org/10.3389/fnhum.2020.571191
http://doi.org/10.1111/joim.12190
http://doi.org/10.1007/s00401-007-0243-4
http://doi.org/10.1111/ecc.12222
http://www.ncbi.nlm.nih.gov/pubmed/25053521
http://doi.org/10.1371/journal.pone.0200720
http://www.ncbi.nlm.nih.gov/pubmed/30110333
http://doi.org/10.1007/s11764-021-01097-5
http://www.ncbi.nlm.nih.gov/pubmed/34424498
http://doi.org/10.1007/s10926-009-9215-y
http://doi.org/10.1016/j.radonc.2018.05.027
http://doi.org/10.1227/01.neu.0000318159.21731.cf
http://doi.org/10.1002/cncr.27389
http://doi.org/10.1108/02610151311305632
http://doi.org/10.1002/hec.1386
http://doi.org/10.1002/pon.1797


Cancers 2023, 15, 1513 19 of 19

47. Torp, S.; Gudbergsson, S.B.; Dahl, A.A.; Fosså, S.D.; Fløtten, T. Social support at work and work changes among cancer survivors
in Norway. Scand. J. Public Health 2011, 39 (Suppl. S6), 33–42. [CrossRef] [PubMed]

48. Paltrinieri, S.; Fugazzaro, S.; Bertozzi, L.; Bassi, M.C.; Pellegrini, M.; Vicentini, M.; Mazzini, E.; Costi, S. Return to work in
European Cancer survivors: A systematic review. Support Care Cancer 2018, 26, 2983–2994. [CrossRef] [PubMed]

49. Mehnert, A.; de Boer, A.; Feuerstein, M. Employment challenges for cancer survivors. Cancer 2013, 119 (Suppl. S11), 2151–2159.
[CrossRef]

50. World Economic Outlook Database, April 2020–2022, su IMF.org, International Monetary Fund, 19 April 2022. Available online:
https://www.imf.org/en/Publications/WEO/weo-database/2022/April (accessed on 20 April 2022).

51. The Legatum Prosperity Index. 2021. Available online: https://www.prosperity.com/rankings (accessed on 9 October 2022).
52. Honeybul, S.; Ho, K.M. Long-term complications of decompressive craniectomy for head injury. J. Neurotrauma 2011, 28, 929–935.

[CrossRef]
53. Duijts, S.F.; van Egmond, M.P.; Spelten, E.; van Muijen, P.; Anema, J.R.; van der Beek, A.J. Physical and psychosocial problems in

cancer survivors beyond return to work: A systematic review. Psychooncology 2014, 23, 481–492. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1177/1403494810395827
http://www.ncbi.nlm.nih.gov/pubmed/21382846
http://doi.org/10.1007/s00520-018-4270-6
http://www.ncbi.nlm.nih.gov/pubmed/29845421
http://doi.org/10.1002/cncr.28067
https://www.imf.org/en/Publications/WEO/weo-database/2022/April
https://www.prosperity.com/rankings
http://doi.org/10.1089/neu.2010.1612
http://doi.org/10.1002/pon.3467
http://www.ncbi.nlm.nih.gov/pubmed/24375630

	Introduction 
	Materials and Methods 
	Study Protocol and Registration 
	Information Sources and Search Strategies 
	Selection Process 
	Eligibility Criteria 
	Data Collection Process 
	Study Risk of Bias Assessment 
	Effect Measures 
	Synthesis Methods 
	Reporting Bias Assessment 
	Certainty Assessment 


	Results 
	Study Selection 
	Study Characteristics 
	Risk of Bias in Studies 
	Results of Individual Studies 
	Primary Result 
	Secondary Results 

	Meta-Analysis 
	Reporting Biases 
	Certainty of Evidence 


	Discussion 
	Results in Context 
	Limitations of Included Studies 
	Limitations of the Review Methods 

	Conclusions 
	Appendix A
	References

