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Abstract
Purpose: The aim of this study was to understand the income and employment status of patients at the start of and during follow-up
after palliative radiation therapy for bone metastasis.
Methods and Materials: From December 2020 to March 2021, a prospective multi-institutional observational study was conducted to
investigate income and employment of patients at the start of administration of radiation therapy for bone metastasis and at 2 and 6
months after treatment. Of 333 patients referred to radiation therapy for bone metastasis, 101 were not registered, mainly because of
their poor general condition, and another 8 were excluded from the follow-up analysis owing to ineligibility.
Results: In 224 patients analyzed, 108 had retired for reasons unrelated to cancer, 43 had retired for reasons related to cancer, 31 were
taking leave, and 2 had lost their jobs at the time of registration. The number of patients who were in the working group was 40 (30
with no change in income and 10 with decreased income) at registration, 35 at 2 months, and 24 at 6 months. Younger patients (P = 0),
patients with better performance status (P = 0), patients who were ambulatory (P = .008), and patients with lower scores on a
numerical rating scale of pain (P = 0) were significantly more likely to be in the working group at registration. There were 9 patients
who experienced improvements in their working status or income at least once in the follow-up after radiation therapy.
Conclusions: The majority of patients with bone metastasis were not working at the start of or after radiation therapy, but the number
of patients who were working was not negligible. Radiation oncologists should be aware of the working status of patients and provide
appropriate support for each patient. The benefit of radiation therapy to support patients continuing their work and returning to work
should be investigated further in prospective studies.
© 2023 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Survival of patients with bone metastasis has been
improved considerably by new anticancer drugs such as
tyrosine kinase inhibitors and immune checkpoint inhibi-
tors.1 With the wide use of new anticancer drugs, the
medical costs for patients at advanced stages of cancer
have risen recently.2 As this population lives longer, and
because radiation therapy may be used for anything from
simple palliation to near curative-intent treatment, under-
standing financial toxicity (FT)3 in patients who receive
radiation for bone metastasis and the effects of radiation
therapy on work will become progressively more relevant.

Japanese medical services are based on a free-access
policy, with a public medical insurance system pursuing
universal health coverage by establishment of employee-
based and community-based social health insurance.4

The national pension system for all residents and
employer pension systems for employees are available for
older persons (62 years or older), and the average annual
gross income per household among older persons was
<3,126,000 in 2019. There is a unique system of a ceiling
amount of high-cost medical expenses.5 For example,
when medical expenses total <1,000,000 (US$8000) per
month, the maximum amount any patient has to pay in
personal reimbursement ranges from approximately
<8000 to <300,000 per month (US$64 to US$2400),
depending on the patient’s age and income. During a
leave of absence, patients can receive two-thirds of their
original income for up to 1.5 years in general. When indi-
viduals retire, unemployment insurance covers 45% to
80% of the original income for 90 to 360 days, depending
on age, income, and years insured. Despite such systems,
more than 60% of patients with cancer in Japan use alter-
native strategies, such as cutting spending on food, cloth-
ing, or leisure to cope with FT in cancer care.5 Financial
toxicity is now recognized as a serious issue for patients
with cancer, even in countries that have national health
insurance systems, such as Japan and Italy.6 FT for
patients with cancer and their families is composed of 3
factors: (1) expenditures such as drug costs, other direct
medical costs, and related treatment costs; (2) loss or
decrease of wealth, including income, savings, and assets;
and (3) anxiety and discomfort.7 Recently, for all oncolo-
gists, active support has been recommended to reduce the
financial as well as the physical toxicity of cancer treat-
ment.7-10 Adding to the medical costs, low income and
unemployment are known to be strongly associated with
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FT.11,12 The Japanese government has started full-scale
efforts to support working people who suffer from cancer.
Several university hospitals and cancer centers have
started to support the balance of work and treatment for
patients with cancer so they have as little loss of income
and employment as possible.13 However, few oncologists
have time, interest, knowledge, or skills to mitigate FT
among their patients through interviews about financial
issues, as is the case in other countries.7,10,14,15

Recently, there have been increases in the number of
reports about FT related to radiation therapy with curative
intent.16-19 However, a survey for this article found no
reports on the FT of patients receiving palliative radiation
therapy worldwide, except 1 study that analyzed patients
treated in 1992 to 1993 and reported 22 disability days, on
average, that prevented performance of usual daily duties.20

There can be a large gap between the general belief held by
physicians about FT and actual FT among current patients.
Patients with metastatic bone disease are often treated with
palliative radiation therapy, but little is known about their
incomes or employment at the start of radiation therapy.
The changes in income and employment status after radia-
tion therapy are also worth knowing.

From these considerations, we have conducted a pro-
spective multi-institutional observational study about the
income and employment status of patients with bone
metastasis at the start of and after radiation therapy. The
relationship between employment status, patient charac-
teristics, and radiation therapy methods are also reported.
These basic data from an observational study will be use-
ful to find solutions in further prospective studies.
Methods and Materials
From December 2020 to March 2021, patients with
bone metastasis who were planned to be treated by external
beam radiation therapy were eligible for inclusion after
providing informed consent. Patients whom the attending
physician evaluated as unsuited for study participation and
follow-up for 6 months were not eligible. Patients were reg-
istered with basic information including age, sex, and East-
ern Cooperative Oncology Group (ECOG) performance
status (PS) before radiation therapy. Detailed information
was registered at the end of radiation therapy. Each institu-
tion was asked to use the techniques, target volume, dose,
fractionation, and treatment periods in radiation therapy
and combination and supportive care that were usually
used in the clinic. Because the purpose of this study was to
understand the real-world practice and patient outcomes
in the same time period throughout Japan, the study was
not designed to be powered to a number to achieve any
specific threshold for significance. The maximum number
of patients per institution was limited to 10 to gather data
not only from large cancer centers but also from regular-
sized cancer centers. A detailed study about pain relief,
bone-related events, adverse effects, and quality of life after
external radiation therapy has been published previously.21

Age, sex, ECOG PS, primary cancer site, region treated
with radiation therapy, numerical rating scale (NRS) score
of pain at the region treated with radiation therapy,
ambulatory status (fully ambulatory, ambulatory only
indoors, or not ambulatory), planning and irradiation
technique (2-dimensional, 3-dimensional, stereotactic
body radiation therapy, or intensity modulated radiation
therapy), and fractionation number of the radiation ther-
apy (1, 2-9, 10, 11, or more) were used for the analysis in
the present study. The NRS is an 11-point left−right scale
anchored at 0 and 10: no pain was printed at the left
under 0 and pain which could not be more severe was
printed under 10 at the right. Patients were asked to select
the number closest to the worst pain they had felt. Nar-
cotic doses were converted to oral morphine doses.

For income and employment status, patients were
asked preset items and phrases. At registration, they were
asked to select 1 from the following items regarding their
present situation. The term in parentheses is used to rep-
resent the item in this article.
(1) There was no decrease in income of 10% or more (no

change).
(2) Income decreased by 10% or more, including reloca-
tion and job change (income decreased).

(3) I took leave of absence (taking leave).

(4) I lost my job, including early retirement (lost my job).

(5) At the start of bone treatment, I was no longer working
for reasons related to the cancer (retired—cancer).

(6) At the start of bone treatment, I was not working for
reasons other than the cancer, including unemploy-
ment and illness diagnosed after retirement (retired—
noncancer).

Answers were collected at the end of the first radiation
therapy treatment, and these data were used as the regis-
tration (base values) in this study.
The follow-up examinations were performed at 2 and 6
months after registration, either with face-to-face interviews
or online. Patients were asked to select 1 from the aforemen-
tioned list of items (1 to 6) or 1 of the following 2 items (7
and 8) regarding their present situation at 2 and 6 months:

(7) I was on leave or lost my job, but I was able to return
to work (return to work).

(8) My income decreased by more than 10%, but it has
now returned to my previous income (income
returned).



Table 1 Patient characteristics (n = 224)

Characteristic Value

Age, y

Mean (standard deviation) 68 (11)

Median (range) 70 (28-89)

Sex, no. (%)

Female 85 (38)

Male 139 (62)

ECOG PS, no. (%)

0 52 (23)

1 86 (38)
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At 2 and 6 months after registration, if a patient was
unable to be interviewed, the last follow-up status was
investigated through the referring physician as far as pos-
sible.

The follow-up period was 6 months after the registra-
tion of the last patient. Analysis was started 12 months
after the last follow-up of the last patient. No data was
recorded regarding the actual amount of income and
retirement income.

The basic statistical analysis was performed using Excel
functions (Microsoft). The Mann-Whitney U test with
independent samples was used for comparisons between
groups. The Pearson x2 test was used for testing the inde-
pendence between 2 qualitative variables.
2 50 (22)

3 28 (13)
Results

4 8 (4)

Primary site, no. (%)

Lung 80 (36)

Breast 33 (15)

Hepatobiliary 20 (9)

Kidney and ureter 19 (8)

Prostate 15 (7)

Rectum 15 (7)

Unknown 8 (4)

Head and neck, excluding thyroid 6 (3)

Uterus 3 (1)

Sarcoma 2 (1)

Thyroid 1 (0)

Walking status at registration, no. (%)
There were 333 patients with bone metastasis referred
to radiation therapy in 26 institutions during the study
period (Fig. 1, Table E1). Of those, 101 patients were not
registered; registration was rejected by 11 patients, and
the attending physician determined that the performance
status was not good enough for 6 months’ follow-up in 68
patients, that the performance status was good but not fit
for follow-up in 13 patients, and that the treatment
needed to start before explanation about this study in 9
patients. A total of 232 patients were registered; after
excluding 5 ineligible patients, 1 patient who withdrew
consent, and 2 patients who did not receive protocol treat-
ment, 224 patients were analyzed. The mean age § stan-
dard deviation (SD) was 68 § 11 years; 38% of patients
were female, 61% had a PS of 1 to 2, and 63% were ambu-
latory; and the mean NRS pain score was 5.3 § 3.0
Figure 1 Flow diagram of the study.

Ambulatory 141 (63)

Ambulatory indoors 57 (25)

Not ambulatory 26 (12)

NRS score for pain

Mean (standard deviation) 5.3 (3.0)

Median (range) 5 (0-10)

Abbreviations: ECOG = Eastern Cooperative Oncology Group;
NRS = numerical rating scale; PS = performance status.
(Table 1). The primary site of disease was the lungs in
36% of patients, breasts in 15%, prostate in 7%, and other
sites in 42% (Table 1). The summery of irradiated sites,
biological equivalent dose assuming a/b = 10, and treat-
ment periods are listed in Table E2. The income and
employment status at registration, 2 months, and 6
months are shown in Fig. 2.

At registration, there were 30 patients with no change
in income and 10 with decreased income, corresponding



Figure 2 Income and employment status at registration (start of radiation therapy) and at 2 and 6 months after radiation
therapy. The number of patients who selected each item at registration (blue), 2 months (orange), and 6 months (gray) is
listed from left to right, respectively.
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to 13% and 5% of the 224 patients analyzed and 9% and
3% of the 333 patients referred to radiation therapy,
respectively. Thirty-one patients were taking leave, 2 had
lost their jobs, 43 had retired for reasons related to cancer,
and 108 had retired for reasons unrelated to cancer
(Fig. 2).

At 2 months, 26 patients had died, 12 were lost to fol-
low-up, and the remaining 186 completed the follow-up
(Fig. 1). At 2 months after registration, 23 patients
reported no change in income, 8 were working with
decreased income, and 4 who had been taking leave or
had lost their job at the time of registration were able to
return to work. Twenty-eight patients were taking leave at
2 months, and 1 had lost their job. The number of
patients who had retired for reasons related to cancer had
decreased to 25 and for reasons unrelated to cancer, to 97
(Fig. 2).

At 6 months, an additional 35 patients had died and 20
were lost to follow-up; the remaining 131 patients com-
pleted follow-up (Fig. 1). At 6 months after registration,
18 patients reported no change in income, 6 were working
with decreased income, 4 had returned to work, and 2
who had been working with a decreased income had been
able to return to earning their original income. Eight
patients were taking leave and 7 had lost their jobs. The
number of patients who had retired for reasons related to
cancer had decreased to 19 and for reasons unrelated to
cancer, to 64 (Fig. 2).

When patients selected answers 1, 2, 7, or 8, we classi-
fied them into the working group. The others were classi-
fied into the nonworking group. Because patients can
earn only two-thirds of their original income when they
take a leave of absence, the patients selecting answer 3
were classified into the nonworking group in this study.
The number of patients in the working group at registra-
tion was 40; at 2 months, 35; and at 6 months, 24, corre-
sponding to 18%, 16%, and 11%, respectively, of the 224
patients analyzed and 12%, 11%, and 7%, respectively, of
the 333 patients referred to radiation therapy.

At registration, the age distribution was significantly
younger for the 40 patients in the working group
(mean § SD, 62.8 § 9.8 years) than in the 184 patients in
the nonworking group (69.0 § 10.4 years) (Z = 15.15;
P = 0). The ECOG PS was significantly better in working
group (0.73 § 0.72) than in the nonworking group (1.5 §
1.1) (Z = 17.13; P = 0). The distribution of sex and pri-
mary disease sites in each group are shown in Table 2.
There was no difference in sex and primary cancer sites
between the 2 groups (Table 2).

At registration, 55 patients in the working group were
fully ambulatory, 12 were ambulatory only indoors, and 4
were not ambulatory; in the nonworking group, 86 were
fully ambulatory, 45 were ambulatory only indoors, and
22 were not ambulatory (Fig. 3). A statistically significant
relationship was found between ambulatory status and
the ratio of the number of patients in the working group
to that in the nonworking group; patients who were
ambulatory were more likely to be in the working group
at registration (x2, 9.659; P = .008).

The mean NRS pain scores were 4.0 § 3.0 (median,
3.5; range, 0-10) for the working group and 5.5 § 3.0
(median, 5; range, 0-10) for the nonworking group at reg-
istration (Fig. 4). The NRS pain score was significantly
smaller in working group compared with that in the



Figure 3 Number of patients who were fully ambulatory,
ambulatory only indoors, or not ambulatory at registra-
tion in the working group (blue, left) and nonworking
group (orange, right), respectively.

Table 2 Sex and primary site of cancer according to
working status at registration

Patients, no.
Working status

Total
Working Not working

Sex

Female 11 74 85

Male 29 110 139

Primary disease site

Lung 14 66 80

Breast 7 26 33

Prostate 2 13 15

Kidney 2 12 14

Other 12 63 75

Unknown 3 4 7

Total 40 184 224
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nonworking group at registration (Z = 24.92; P = 0). No
significant statistical relationship was found between
either treatment planning and irradiation techniques or
fractionation number and the ratio of the number of
patients in the 2 groups.

Nine patients experienced improvements in their
working status or income at least once in the follow-up
(Table 3). Five were taking a leave of absence and 3 were
not working at the time of registration. Seven of the 9
patients had been ambulatory throughout, and 2 other
Figure 4 Number of patients with each numerical rating scale
group (blue, left) and nonworking group (orange, right), respect
patients had been ambulatory only indoors at registration.
All patients were fully ambulatory when they returned to
work or experienced improvement in income.
Discussion
Because palliative radiation therapy for bone metasta-
sis commonly uses single- or hypofractionation schedules
without meticulous treatment planning, the risk of FT
owing to radiation therapy−related costs should not be
substantial. However, if the patients are not working, the
risk of FT can be high. The present study showed that as
(NRS) score of pain (0-10) at registration in the working
ively.



Table 3 Patients who experienced improved working status or income at least once during follow-up

No. Age Sex
ECOG
PS

Primary
site Irradiated site

Opioid,
mg Technique

Daily
dose,
Gy

Total
dose,
Gy

Ambulatory status NRS of pain Working status

Start 2 mo 6 mo Start 2 mo 6 mo Start 2 mo 6 mo

1 47 F 0 Breast Thoracic spine 0 3D CRT 2.5 37.5 Ambulatory Ambulatory Ambulatory 1 0 0 Taking l
eave

Taking
leave

Returned
to work

2 52 F 1 Breast Thoracic and
pelvis

0 3D CRT 3 30 Indoors Ambulatory Ambulatory 5 2 1 Taking
leave

Taking
leave

Returned
to work

3 55 F 0 Breast Thoracic spine 0 3D CRT 4 20 Ambulatory Ambulatory Ambulatory 0 0 0 Taking leave Returned
to work

Returned
to work

4 79 M 1 Kidney Pelvis and rib 0 2D 5 25 Ambulatory Indoors Unknown 5 6 Unknown No job
because
of cancer

Returned
to work

Unknown

5 59 F 2 Lung Femur 0 3D CRT 3 30 Indoors Ambulatory Ambulatory 9 1 0 Taking leave Returned
to work

Returned
to work

6 69 M 1 Lung Cervical spine 15 3D CRT 4 20 Ambulatory Ambulatory Ambulatory 4 3 5 Taking leave Returned
to work

Returned
to work

7 50 M 1 Lung Lumbar spine 45 3D CRT 3 30 Ambulatory Ambulatory Ambulatory 2 0 0 No job
because
of cancer

Taking
leave

Returned
to work

8 71 M 0 Head
and neck

Lumbar spine 0 SBRT 12 24 Ambulatory Ambulatory Ambulatory 3 1 0 No job
because of
other reasons

Lost job Returned
to work

9 68 M 1 Lung Rib 0 3D CRT 5 25 Ambulatory Ambulatory Ambulatory 0 0 0 Decreased Decreased Fully
employed

Abbreviations: 2D = 2-dimensional; 3D = 3-dimensional; CRT = conformal radiation therapy; ECOG = Eastern Cooperative Oncology Group; F = female; M = male; NRS = numerical rating scale;
PS = performance status; SBRT = stereotactic body radiation therapy.
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many as 82% of the patients who registered in this study
were not working at the time of registration. Because this
study analyzed only patients who had been evaluated as
eligible for the 6 months of follow-up and agreed to be
registered, the actual percentage of patients who were not
working must have been higher than this value. If we use
the number of all patients with bone metastasis referred
to radiation therapy during the study period as the
denominator, the percentage of patients who were not
working was 88%.

The percentage of patients who work may be differ-
ent in different countries owing to the differences in
health care systems. However, the distributions of age,
sex, ECOG PS, and primary site of disease in this study
are not particularly different from studies of palliative
radiation therapy for bone metastasis from other coun-
tries.20-24 It is notable that the ambulatory status and
NRS pain score in addition to age and PS were associ-
ated with working status at registration. It is suggested
that patients who were fully ambulatory or ambulatory
only indoors and patients who had low NRS scores had
a higher possibility to be working at registration. Oncol-
ogists should be aware of the findings of this study
when they see patients with bone metastasis. They
should try to help these patients avoid exposure to FT
by starting palliative radiation therapy.

It is well known that single-fraction palliative radiation
therapy is as effective as a hypofractionation schedule for
pain relief and quality of life.24-26 Single-fraction radiation
therapy can be more beneficial than multiple fractions
because of reducing the risk of loss or decrease in income
for patients with bone metastasis, especially for those who
are working. The benefit of single-fraction radiation ther-
apy in terms of reducing the risk of FT should be investi-
gated in a prospective study.

Although the percentage of patients in the working
group was low, considering the large total number of
patients with bone metastasis, the actual number of work-
ing patients is not negligible. The number of patients who
maintained working-group status was 35 at 2 months
after radiation therapy and 24 at 6 months after radiation
therapy. The number in the working group increased by 4
patients at 2 and 6 months, respectively, owing to the
increase in patients who returned to work after taking a
leave of absence or who were not employed at registra-
tion. In addition, there were 2 patients whose income had
fully returned after radiation therapy. Oncologists should
be aware of the low but definite possibility of returning to
work or regaining full income after radiation therapy
among patients who are taking a leave of absence or are
not employed at the start of therapy.

Having said that, the possibility of a return to work in
the follow-up period was quite low in patients who had
retired before registration. For these patients, it is impor-
tant for physicians to pay attention to FT not by persuad-
ing them to return to work but in other ways. Also,
mental support is highly recommended, because FT is
associated with lower health-related quality of life in older
adults with advanced cancer.27

Shih et al showed that more than half of patients with
cancer were willing to discuss costs with physicians but
that less than one-third actually did so.10 Similar results
were shown in research in Japan.14 Medical oncologists
are recommended to discuss FT with their patients.8,9

Our results in this study and other previous studies sug-
gest that discussion about FT is also recommended for
radiation oncologists who are recommending treatment
with radiation therapy, irrespective of radical or palliative
intent.16-19

Shortcomings of this study are the following. First,
there was a selection bias for patients. There were patients
who were evaluated by the attending physicians as not eli-
gible to enter this study mainly because of their poor gen-
eral condition, and each institution could contribute only
10 patients. As stated before, the percentage of patients in
each category should be interpreted cautiously consider-
ing this selection bias. Second, we did not ask about the
status of actual incomes, full- or part-time employment,
retirement, and assets. These are important data but are
difficult to obtain without detailed explanations to the
patients about the purpose of the study. The patients who
had taken a leave of absence were classified into the non-
working group in this study, even though in general, such
patients may earn two-thirds of their original income
when they take a leave of absence in Japan. Third, we did
not examine treatment-related costs in this study, one of
the important factors of FT. Palliative radiation therapy
does not cost much generally, but patients may have
received expensive anticancer medications simultaneously
or traveled large distances to the facility administering
radiation therapy. These factors may increase the risk of
FT significantly. Fourth, we did not use validated meas-
ures of FT, such as the Comprehensive Score for Financial
Toxicity, which is known to be an internationally compa-
rable scale for FT.11 Honda et al showed that the mean
Comprehensive Score for Financial Toxicity in Japan was
the same as in the United State in patients with various
cancers who were receiving anticancer drugs.5 It is also
important to investigate FT in palliative radiation therapy
using validated measures. Lastly, this study does not
answer the question of whether the radiation patients
received made a difference in their employment. A pro-
spective study is required to answer this question.
Conclusion
In this study, the majority of patients receiving pallia-
tive radiation therapy for bone metastasis were subject to
decreased incomes or not working. However, at the same
time, the number of patients who were working at the
start of radiation therapy was not negligible. Oncologists
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should be aware of the low but definite possibility of a
return to work or of regaining full income after radiation
therapy among patients who are taking a leave of absence
or have lost their job at the start of therapy. For patients
who are no longer working for reasons related or unre-
lated to cancer at the start of radiation therapy, it may be
better not to persuade them to return to work and to pro-
vide other ways to minimize FT. Mental support is highly
recommended for all patients to lessen suffering from FT.
The benefit of radiation therapy to support patients con-
tinuing to work or returning to work should be investi-
gated further in prospective studies.
Supplementary materials
Supplementary material associated with this article can
be found in the online version at doi:10.1016/j.
adro.2023.101205.
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