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Purpose: Most adult patients diagnosed with acute lymphoblastic leukemia (ALL) are below retirement age. The overall survival of
patients with ALL has improved with implementation of high intensity pediatric-inspired treatment protocols. However, this treatment
comes with a risk of long-term complications, which could affect the ability to work. The aim of this study was to investigate the risk
of disability pension (DP) and return to work (RTW) for patients with ALL.

Patients and Methods: Patients aged 18—60 years diagnosed with ALL between 2005 and 2019 were identified in the Danish
National Acute Leukemia Registry. Each patient was matched with five comparators from the general population on birth year, sex,
and Charlson Comorbidity Index. The Aalen-Johansen estimator was used to calculate the cumulative risk of DP for patients and
comparators from index date (defined as 1 year after diagnosis) with competing events (transplantation or relapse, death, retirement
pension, or early retirement pension). Differences in cumulative incidences were calculated using Gray’s test. RTW was calculated as
proportions one, three, and five years after the index date for patients holding a job before diagnosis.

Results: A total of 154 patients with ALL and 770 matched comparators were included. The 5-year cumulative risk of DP was
increased fivefold for patients with ALL compared with the general population. RTW was 41.7%, 65.7%, and 60.7% one, three, and
five years after the index date, respectively.

Conclusion: The risk of DP in patients with ALL increased significantly compared with the general population. Five years after the
index date, RTW was 60.7% for patients with ALL.

Keywords: acute lymphoblastic leukemia, disability pension, return to work

Introduction

Acute lymphoblastic leukemia (ALL) is an aggressive hematologic malignancy.' The overall survival of younger adult
patients with ALL has increased within the last 15 years, which is linked to the introduction of high intensity pediatric-
inspired treatment protocols for adults, and risk-adapted treatment algorithms.>> In Denmark, the median age at
diagnosis is 56 years for adult patients with ALL.® Hence, a substantial number of patients with ALL are below the

Danish retirement age of currently 67 years.
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The Danish welfare system provides economic compensation for Danish citizens who are sick or unable to work. In
case of temporary health-related problems, sickness benefit will be granted until it is possible to return to work. People of
working age who are permanently unable to work due to health-related issues can be granted a disability pension (DP).

The risk of long-term sick leave and early retirement is higher in cancer patients than in the general population.”® Studies
furthermore suggest that the risk of DP is higher, and return to work (RTW) is lower in patients with acute leukemia compared
with patients with a majority of other hematological malignancies. These studies, however, assessed patients with ALL and acute
myeloid leukemia (AML) in combination and did not perform separate sub-group analyses for ALL and AML, respectively.”'”

The ability to work for patients with ALL may be affected by long-term complications due to new, intensified
chemotherapy regimens for ALL patients of working age leading to increased risk of DP. Consequently, work disability
may reduce patient income and thereby impact the societal economy. To our knowledge, no study has solely examined
the risk of DP and RTW for patients with ALL.

We aimed at examining the risk of DP in patients with ALL compared to the general population. Furthermore, we
aimed to assess RTW for patients with ALL who were employed before diagnosis.

Materials and Methods

Study Population

Patients with ALL were identified in the Danish National Acute Leukemia Registry. In brief, the registry covers
clinicopathological information about patients diagnosed with acute leukemia (AML or ALL) in Denmark (ie, AML
since 2000 and ALL since 2005). It was validated in 2013 using variables for AML, and coverage was 99.6%.'" The
registry has been described in detail elsewhere.'?

Patients aged 18—60 years diagnosed with ALL between January 1, 2005, and May 31, 2019, were included. The
cutoff at 60 years was chosen to ensure appropriate time with connection to the labor market after ALL diagnosis and
treatment. The index date was defined as 1 year after diagnosis, and patients had to be in complete remission and alive at
the index date. Patients were excluded if they received DP, retirement pension, or early retirement pension before the
index date. Finally, only patients living in Denmark at time of diagnosis and the index date were included.

Each patient with ALL was matched on sex, birth year, and level of Charlson Comorbidity Index with five
comparators from the general population.'>”'®> The comparators were randomly sampled without replacement from the
Danish Civil Registration System.'®'” Each patient’s index date and date of diagnosis were assigned to their matched
comparators. Charlson Comorbidity Index was calculated 180 days before the date of diagnosis for patients and the
corresponding date for comparators. Included comparators had no history of ALL, DP, retirement pension, or early
retirement pension before the index date. Only comparators living in Denmark in the corresponding index date were
included.

Data Collection
Several registries were used to access information about patients and comparators. Linkage between registries was
possible using the unique civil registration number assigned to all Danish citizens.

The National Register on Social Transfer Payments (DREAM) contains weekly information from 1991 and pro-
spectively about every person who has received welfare benefits.'® The date of DP, retirement pension, and early
retirement pension was defined as the first day of the first week a person received the relevant welfare benefit in
DREAM. A person was defined as employed during the weeks they were self-supporting (corresponding to weeks
without welfare benefit codes in DREAM) or self-supporting with public support (including state education grant, leave
of absence, and parental leave). Employment status could be affected by symptoms of ALL before diagnosis was made.
Therefore, employment status was calculated between week 6 and week 14 prior to the date of diagnosis and defined as
the status that applied in at least five of the nine weeks. To ensure the selected time slot was relevant, a sensitivity
analysis was performed calculating the employment status between week 27 and 35 before diagnosis. This time span
corresponded to the time of the calculation of the Charlson Comorbidity Index where patients and matched comparators
were comparable regarding severe comorbidities.
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Cohabitation status was collected from the Danish Civil Registration System the year before index date. Education
level was extracted from the Danish Education Registries the year before index date and split into four groups according
to the ISCEDI1 levels (ISCED 0-2, 3, 5-6, 7—8).19’20 ISCED level 4 does not exist in Denmark and was omitted. Data on
income was extracted from the Income Statistics Register.”’ Equalized income was calculated using the total disposable
income of a household and adjusted using the OECD-modified equivalence scale.”” Level of income was then divided
into four groups with regard to age and specific year at the time of income. The method for defining equalized income is
described in further detail in Maksten et al.*®

Treatment was divided into three groups: 1) high-intensity treatment, 2) standard intensity treatment/other, and 3)
allogeneic stem cell transplantation. Patients treated with NOPHO ALL-2008 protocol were defined as high-intensity
treatment (mainly patients under the age of 45 received this treatment).** All other curative intended regimens were
defined as standard intensity. Information on allogeneic stem cell transplantation was retracted from the Danish
National Patient Registry.”>*® Patients having allogeneic stem cell transplantation were assigned the group allo-
geneic stem cell transplantation regardless of other treatment regimens given. The Danish National Pathology
Registry?’ was used to supplement the Danish National Acute Leukemia Registry concerning information about
relapse.

Data on comorbidities from the Danish National Patient Registry was used to calculate Charlson Comorbidity Index.
This was supplemented with information about dementia from the Danish National Psychiatric Central Research Register
and information about prescription of diabetes medicine from the Danish National Prescription Registry.”®>°

Patients or comparators diagnosed with ALL before 2005 were identified in the Danish Cancer Registry and excluded
from this study.>'

Statistical Analysis

Median follow-up time was calculated using reverse Kaplan-Meier.** Patients and comparators were followed from the
index date until DP, a competing event, or censoring occurred. Competing events were defined as relapse or transplanta-
tion, death, retirement pension, or early retirement pension for both patients and comparators. Patients and comparators
were censored if they emigrated, or on the last day of follow-up, December 31, 2021.

The cumulative risk of receiving DP was calculated for patients and comparators using the Aalen-Johansen
estimator.®® Gray's test was used to test the difference between cumulative risk differences.”* A sub-analysis was
performed to test the difference between cumulative risk for transplanted patients with ALL and their matched
comparators.

Risk differences in percentage points (%p) were calculated at 5 years and confidence intervals (95% CI) were
calculated by pooling standard errors and assuming normality.

RTW was calculated as proportions and assessed only for patients and their matched comparators employed before
diagnosis (or corresponding date of diagnosis). Employment status one, three and five years after the index date was
calculated over 9 weeks, from 4 weeks before and 4 weeks after the anniversary week of diagnosis. Patients were
excluded if they did not have at least one employed matched comparator. RTW was further assessed using Work
Participation Score (WPS) with the number of weeks as self-supporting divided by the total number of weeks of follow-
up.®>> WPS was calculated during 52 weeks from the first to the second year after index. To enable this calculation,
patients diagnosed after February 28, 2019, were excluded. Patients and comparators who received any kind of retirement
pension or had a flexible job were also excluded. Finally, censored, emigrated, relapsed, or dead patients and comparators
were excluded from both sub-analyses (RTW proportions and WPS).

SAS version 9.4 (SAS Institute Inc, Gary, North Carolina, USA) and R version 4.0.3 (R Foundation for Statistical
Computing, Vienna, Austria) were used for data handling and statistical analysis. Data handling and statistical analysis
were performed on a secured remote server at Statistics Denmark.*® Danish legislation on register-based research only
requires approval from the register owners and registration in the regional research registry. The relevant approvals were
obtained, and the study was registered in the research registry of the North Denmark Region (F2022-100).
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Figure | Flowchart. Inclusion of patients witl

Abbreviation: DNLR, The Danish National Acute Leukemia Registry.

Results

Patients who
received
pension of any
type before
the index date
N=32

h ALL.

Patients aged 18-60
years registered in
DNLR between Jan,
2005, and May, 2019
N =343

N =193

N =161

Patients included
N =154

Patients and Baseline Characteristics
In total, 154 patients from the Danish National Acute Leukemia Registry (Figure 1) and 770 matched comparators from

Patients not in
complete
remission or
dead before
the index date
N =150

Patients
excluded due to
missing data
N=7

the general population were included. The median age was 33 years, and 64.9% were males. Employment status among

ALL patients six to fourteen weeks prior to diagnosis showed that 85.7% were employed, whereas 5.2% were on sick

leave. In comparison, 87.4% of comparators were employed, and 1.9% were on sick leave (Table 1). A sensitivity

analysis estimating the employment status 27-35 weeks before diagnosis showed comparable results (for ALL 87.7%

were employed, and 4.5% were on sick leave versus 86.8% and 2.1% for comparators). Patients with ALL were also

more prone to have a minimum of four consecutive weeks of sick leave in the year before diagnosis (15.6%) compared to

comparators (4.4%). The median follow-up time was 7.0 years for patients with ALL and 7.4 years for comparators.

Table | Baseline and Clinical Characteristics of Patients with ALL and Matched

Comparators
ALL (n=154) Comparators (n=770)
Age group, n (%)
18-30 67 (43.5) 335 (43.5)
31-40 26 (16.9) 130 (16.9)
41-50 32 (20.8) 160 (20.8)
51-60 29 (18.8) 145 (18.8)
Sex, n (%)
Male 100 (64.9) 500 (64.9)
Female 54 (35.1) 270 (35.1)
(Continued)
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Table | (Continued).

ALL (n=154) Comparators (n=770)

Cohabiting status, n (%)

Living alone 53 (34.4) 257 (33.4)

Living with partner 101 (65.6) 502 (65.2)

Unknown 0 (0.0) I (1.4)
Education level (ISCED), n (%)

ISCED 0-2 44 (28.6) 218 (28.3)

ISCED 3 74 (48.1) 321 (41.7)

ISCED 5-6 24 (15.6) 142 (18.4)

ISCED 7-8 12 (7.8) 67 (8.7)

Unknown 0 (0.0) 22 (2.9)
Equalized income, quartiles, n (%)

Lowest 37 (24.0) 190 (24.7)

Second lowest 40 (26.0) 169 (21.9)

Second highest 39 (25.3) 200 (26.0)

Highest 38 (24.7) 196 (25.5)

Unknown 0 (0.0) 15 (1.9)
Employment status, n (%)

Working* 132 (85.7) 673 (87.4)

Unemployed/Flexible job 14 (9.1) 70 (9.1)

Sick leave 8 (5.2) 15 (1.9)

Unknown 0 (0.0 12 (1.6)
Long-term sickness, n (%)**

No 130 (84.4) 736 (95.6)

Yes 24 (15.6) 34 (44)
CCI prior to diagnosis, n (%)

0 122 (79.2) 610 (79.2)

21 32 (20.8) 160 (20.8)
ECOG Performance status, n (%)

0 84 (54.5) -

2l 70 (45.5) -
ALL immunophenotype, n (%)

T-ALL 40 (26.0) -

B-ALL 114 (74.0) -

(Continued)
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Table | (Continued).

ALL (n=154) Comparators (n=770)

Treatment™®**, n (%)

High-intensity 55 (35.7) -

Standard intensity/Other 44 (28.6) -

Transplantation 55 (35.7) -
Year of diagnosis, n (%)

2005-2009 38 (24.7) -

2010-2014 53 (34.4) -

2015-2019 63 (40.9) -

Notes: *Working group including receipt of state education grant, leave of absence, and parental leave. *¥4 or
more consecutive weeks of sick leave within the last year before diagnosis (patients) or corresponding date
(comparators). ***High-intensity: NOPHO ALL-2008 protocol, no transplantation. Standard intensity: All other
curative intended regimens, no transplantation. Transplantation: All transplanted patients regardless of other

treatment regimens.

Abbreviations: ISCED, International Standard Classification of Education; CCI, Charlson Comorbidity Index;

ECOG, Eastern Cooperative Oncology Group.

Risk of Disability Pension

The risk of DP for patients with ALL was significantly higher (p<0.001) than in the general population (Figure 2). The

5-year cumulative risk of DP for patients with ALL was fivefold higher than for comparators. The 5-year cumulative risk
for patients was 13.6% (95% CI: 7.9;19.4), and the 10-year cumulative risk was 15.0% (95% CI: 8.7;21.3). The
comparators’ 5-year cumulative risk was 2.7% (95% CI: 1.5;3.9), and the 10-year cumulative risk was 6.9% (95% CI:
4.3;9.4). The 5-year risk difference of DP was significantly higher (10.9%p (95% CI: 5.0;16.8%p)) for all patients with
ALL compared to comparators. An increase in risk difference was seen with increasing age (Figure 3). The cumulative

risk of DP in the sub-analysis of transplanted patients with ALL was also higher than for their matched comparators

(Figure 4). The cumulative risk of disability pension was increased in both males and females (Supplementary Figure 1).

71 — ALL
—— Comparator

25 %

P<0.001

Risk of disability pension
125 % 18.75 %
|

6.25 %
1

0%

Years since index date

Figure 2 Cumulative risk of disability pension for patients with ALL and their matched comparators.
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Patients 5-year RD (95% CI)

All patients with ALL 154 10.9 (5.0;16.8) 1 ———
Age group

18-30 years 67 2.5(-2.0;7.1) 1 ——0—

31-40 years 26 8.6 (-4.7;21.9) : *

41-50 years 32 16.6 (0.9:32.3) .

51-60 years 29 25.5 (6.2;44.8) °
Sex

Male 100 9(2.0;16.0) e

Female 54 14.3 (3.6:25.1) : .
Performance status ;

ECOG PS 0 84 34(2593) | ——e——

ECOG PS 21 70 19.5 (9.0;29.9) : *
Immunophenotype

T-ALL 40 11.8 (-0.8;24.3) - -

B-ALL 114 10.4 (3.8;17.0) —
Year of diagnosis* :

2005-2009 38 14.9 (1.7;28.0) °

2010-2014 53 14.2 (4.1;24.4) .

2015-2019 63 3.2(-5.2;11.6) *

5 5 5 10 15 20 25 30 35 40 45

5-year RD of cumulative risk of disability pension

Figure 3 The 5-year risk difference (RD) in percentage points of disability pension in subgroups of patients with ALL compared with comparators from the general
population. *The Danish legislation on disability pension was changed in 2013 resulting in a decrease in number of disability pensions granted.
Abbreviations: RD, Risk difference; ECOG, Eastern Cooperative Oncology Group; PS, Performance score; T-ALL, T-cell ALL; B-ALL, B-cell ALL.

25%

7 — ALL
—— Comparator

P=0.014

18.75 %

Risk of disability pension
12.5%
|

6.25 %
|

0%

Years since index date

Figure 4 Cumulative risk of disability pension for transplanted patients with ALL and their matched comparators.
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Return to Work
In total, 132 (85.7%) patients with ALL were employed before diagnosis. One year after the index date, 41.7% of the 132
patients had returned to work, while 47% had a flexible job, were on sick leave or disability pension. Three years after the
index date, 65.9% had returned to work and 5 years after the index date, 60.7% had returned to work (Figure 5A and
Supplementary Table 1). In comparison, 92.5%, 89.7%, and 88.0% of the matched comparators who held a job before the

corresponding date of diagnosis were employed one, three, and five years after the index date, respectively (Figure 5B

and Supplementary Table 1).

In total, 95 patients and 404 comparators were included in the WPS analysis. Between the first and the second year

after index, patients supported themselves for an average of 29 weeks and comparators supported themselves for an

average of 48 weeks corresponding to a WPS of 55.1% and 91.9%, respectively.

100% 4

75%

50%

25%

0%

Work status

A) Patients with ALL

Unemployed/Early retirement pension/Retirement pension

At risk:
115

At risk:
91

At risk:
61

3
Years since index

Sick leave/Flexible job/Disability pension - Working

B) Comparators

100% -

75% -

50% -

25%

0%

At risk: At risk: At risk:
571 487 376

1 3 5
Years since index

Figure 5 Employment status one, three, and five years after index date for (A) Patients and (B) Comparators who worked before diagnosis.
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Discussion

This study investigated the risk of DP and RTW in patients with ALL between 2005 and 2021. We found a fivefold
higher 5-year risk of DP among ALL survivors compared with the comparators from the general population. To our
knowledge, this is the first study to investigate the risk of DP and RTW for patients with ALL in a nationwide study.

Horsboel et al investigated the risk of DP in subgroups of hematological malignancies diagnosed between 2000 and 2007
and compared it with a reference cohort. They found a fourfold increased cumulative risk of DP for patients with AML or ALL
6 years after diagnosis.'® Meanwhile, our study found a fivefold increased 5-year cumulative risk of DP for patients with ALL
after the index date (ie, 6 years after diagnosis). This difference may be explained by an improvement in overall survival.
Nowadays, more patients survive ALL, but possibly with complications that prevent them from working. Moreover, Horsboel
et al included patients aged 19—55 years, while we included adult patients aged up to 60 years. As increasing age heightens the
risk of DP, this could also explain the difference.’” Carlsen et al found the overall risk of DP was threefold higher for patients
with leukemia regardless of subtype.*® However, they included patients diagnosed between 1981 and 2000, and the overall
survival has since improved. Finally, both Horsboel et al and Carlsen et al investigated the risk of DP in a mixed group of
patients with both ALL and AML, and it is not known how a diagnosis with AML affects the risk of DP.

In our study, the risk of DP for transplanted patients with ALL was also higher than for their matched comparators
(Figure 4). To our knowledge, there are no other data on risk of DP in transplanted patients with ALL specifically. However,
Tichelli et al found that 37% of long-term survivors with various hematological malignancies who received allogeneic stem
cell transplantation had received DP at follow-up 12 years after transplantation.* Meanwhile, only 3.17% of the working
general population received DP.

In 2013, a reform regarding DP was introduced by Danish law to keep more people in the workforce and reduce the
number of granted DP, especially for people under the age of 40. Pedersen et al investigated the change in risk of DP in cancer
patients and comparators before and after the reform. They concluded that the reform had reduced the cumulative incidence
proportion of DP in cancer patients.** However, the risk of DP for cancer patients was still higher than for the general public.
In our study, the relative 5-year risk difference of receiving DP was significantly higher for patients diagnosed before 2014
compared to their matched comparators, whereas we did not find a significant difference for those diagnosed from 2015 to
2019. However, this is probably caused by short follow-up for these patients as only patients diagnosed before 2016 would
have attained 5 years of follow-up. Furthermore, we found that the relative 5-year risk of DP was significantly higher for
patients above the age of 40 at diagnosis compared to comparators. Age is a known risk factor,*' but the difference may also be
explained by changes in treatment modalities, as the use of NOPHO-2008 protocol®* increased, especially for the youngest
patients, during the study period. This could have affected both survival and treatment toxicity, which again could have
affected the risk of DP.

Horsboel et al investigated RTW for patients with hematological malignancies aged 19-55 years and diagnosed
between 2000 and 2007 in a national registry-based study.” During the study period, RTW was 77% for patients with
acute leukemia (ALL or AML). In comparison, we found that 60.7% of patients with ALL had returned to work 5 years
after the index date. Horsboel et al investigated the cumulative incidence of RTW. Therefore, patients who initially
returned to work but were granted DP or returned to sick leave afterwards were defined as returned to work. Combined
with the 1-year longer follow-up, this may explain why RTW was higher in the study by Horsboel et al. On the contrary,
our study was performed as a cross-sectional analysis. Therefore, patients would be defined exactly as the employment
status they had at the time of assessment, and they could not be defined as returned to work after receiving DP.
Furthermore, RTW is affected by many factors, eg, late toxicities and Quality-of-Life. Information on these factors was
not available either in the present study or in the study by Horsboel et al. Differences in these factors between the two
studies could also affect the outcome.

This study found WPS for patients with ALL to be 55.1% between the first and second years after index. No other study
has investigated WPS in patients with ALL. In a study by Maksten et al, WPS for patients with lymphoma was 81.4%
between the first and second years after diagnosis,”* while Pedersen et al found WPS 3 years after diagnosis to be 81.1% and
77.2% for colon cancer and rectal cancer, respectively.*? Differences in treatment length, method, and intensity across
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diagnoses may explain the difference in WPS. For instance, patients with ALL receive chemotherapy for a longer period,
whereas some patients with colon or rectal cancer may have been cured with a less time-consuming treatment.**

This study has several strengths. It is a nationwide registry-based study with a high degree of completeness thanks to
the Danish National Acute Leukemia Registry. Selection bias is low since registration in the Danish National Acute
Leukemia Registry is mandatory for all hematological departments in Denmark. Other registries utilized have high
coverage and registries such as the Danish Civil Registration System and DREAM are updated frequently,'®'® which
secures improved follow-up. Finally, recall bias is reduced since the collected data is reported by health-care profes-
sionals or registered automatically from the public registries used for, eg, payment of social benefits. Another strength is
the study design with matching as this reduces confounding; however, residual confounding cannot be ruled out.

The study also has limitations. We excluded patients who died or were not in complete remission a year after
diagnosis to make it relevant to investigate work disability and RTW. Therefore, tight exclusion criteria were applied and
only 154 patients with ALL were included in total.

Short-term sick leave may have been underestimated. In Denmark, the employer pays the first part of sick leave,
which increased from lasting 14 to 30 days during the study period. Short sick leaves paid by the employer are only
registered in DREAM if the sick leave extends beyond the period the employer pays. In that case, the whole sick leave
period is registered in DREAM.

In our study, 5.1% of patients with ALL were on sick leave when employment status before diagnosis was calculated,
while only 1.9% comparators were on sick leave. Since the sample size is small, few additional patients on sick leave quickly
create a difference compared to comparators. However, we cannot rule out that patients with ALL were sicker than the
comparators even though they were matched on Charlson Comorbidity Index. This is further made probable by the difference
in long-term sickness (minimum four consecutive weeks) in the year before diagnosis as 15.4% of patients with ALL had
a period of long-term sickness compared to only 4.4% of comparators. This higher proportion of sick leave could reflect
a diagnostic delay and may have been driven the results toward a higher risk of DP for patients with ALL since receipt of
welfare payments is a risk factor for DP. Lastly, DREAM contains information about received welfare benefits, but it does not
register reasons for receiving them. Therefore, sick leave, flexible job, or grant of DP may be unrelated to ALL in some cases.

Conclusion

This study found that the 5-year cumulative risk of receiving disability pension for patients with ALL was fivefold higher
than in the general population and that ALL survivors have a considerably reduced work ability. Furthermore, the study
found that the return to work 5 years after the index date was 60.7% for patients with ALL compared to 88% for
comparators.
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