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Background: Persons living after a cancer diagnosis represent 4% of the whole population in high-income countries. The
aim of the study was to provide estimates of indicators of long-term survival and cure for 26 cancer types, presently lacking.
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patients who were not at risk of dying as a result of cancer (cure prevalence) were calculated, using validated mixture cure
models, by cancer type, sex, and age group. We also estimated complete prevalence, conditional relative survival (CRS), time
to reach 5- and 10-year CRS >95%, and proportion of patients living longer than those thresholds.
Results: The cure fractions ranged from >90% for patients aged <45 years with thyroid and testis cancers to <10% for liver
and pancreatic cancers of all ages. Five- or 10-year CRS >95% were both reached in <10 years by patients with cancers of
the stomach, colon–rectum, pancreas, corpus and cervix uteri, brain, and Hodgkin lymphoma. For breast cancer patients, 5-
and 10-year CRSs reached >95% after 19 and 25 years, respectively, and in 15 and 18 years for prostate cancer patients.
Five-year CRS remained <95% for >25 years after cancer diagnosis in patients with liver and larynx cancers, non-Hodgkin
lymphoma, myeloma, and leukaemia. Overall, the cure prevalence was 67% for men and 77% for women. Therefore, 21% of
male and 31% of female patients had already reached 5-year CRS >95%, whereas 18% and 25% had reached 10-year CRS
>95%.
Conclusions: A quarter of Italian cancer patients can be considered cured. This observation has a high potential impact on
health planning, clinical practice, and patients’ perspective.
Key words: survival, prevalence, cancer cure, Italy

introduction
In the first decade of the 2000s, persons living after a cancer
diagnosis represented 4% of the whole population in high-
income countries [1–3], and >60% of cancer patients survived
longer than 5 years after diagnosis [1, 2].
Standard survival indicators, namely 5- or 10-year relative sur-

vival (RS) [4, 5], do not differentiate patients who, in the long-
term, will die because of cancer from those who will be cured
and will die of other causes [6]. In cancer patients, the risk of
death for specific neoplasm is highest in the initial years after
diagnosis, and decreases thereafter until a time period when it
becomes negligible, and all the surviving patients reach the same
life expectancy of the sex- and age-matched general population
[7, 8].
The general aim of the present study was to expand the spec-

trum of indicators of long-term survival and cure among cancer
patients, in order to provide helpful information for epidemiolo-
gists and health-care planners, as well as for oncologists [9] and
patients [7]. Specific aims of this study were to compute: (i) the
proportion of cancer cases expected to have the same death rates
of the general population (cure fraction); (ii) the number of
years after cancer diagnosis necessary to eliminate excess mor-
tality due to cancer (time to cure); (iii) the overall proportion of
cancer patients not at risk of dying as a result of cancer (cure
prevalence); and (iv) the proportion of prevalent cancer patients
who survived longer than ‘time to cure’ and who already
reached the same death rates of the general population.

materials andmethods
Data collected from 818 902 cancer patients diagnosed at age 15–74 years in
1985–2005 by Italian cancer registries included 454 527 cancer cases diag-
nosed in men (85 053 lung, 63 047 prostate, and 56 635 colorectal cancers,
supplementary Table S1, available at Annals of Oncology online).
Corresponding numbers in women were 364 375, including 128 004 breast,
41 864 colorectal, and 20 398 endometrial cancers (supplementary Table S1,
available at Annals of Oncology online).

Detailed description of statistical methods is provided in supplementary
data, available at Annals of Oncology online: extended description of statistical
methods. Briefly, the observed RS was calculated for cases diagnosed in 1985–
2002 and followed up until 2007, by cancer type, sex, age at diagnosis, and

period of diagnosis. RS were also modelled by means of mixture cure models,
including continuous age and period of diagnosis effects [1, 10, 11]. Sex-
specific model-based survival estimates were also calculated for the overall
population (15–74 years), at the average age at diagnosis for each cancer type.

Proportions of patients with the same death rates of the general popula-
tion (cure fractions, supplementary Figure S1A, available at Annals of
Oncology online) were calculated. In addition, we estimated complete preva-
lence adjusting the observed prevalence in each registry with the complete-
ness index method [1, 11, 12], conditional relative survival (CRS), time to
reach 5- and 10-year CRS >95% [13] (supplementary Figure S1B, available at
Annals of Oncology online), and proportion of patients living longer than
those thresholds (supplementary Figure S1C, available at Annals of Oncology
online). Finally, we calculated the proportion of prevalent patients who were
not at risk of dying as a result of cancer (cure prevalence, supplementary
Figure S1C, available at Annals of Oncology online) [14].

results
Among Italian cancer patients diagnosed at aged 15–74 between
1985 and 2005, the cure fraction was highest in patients <45
years of age for thyroid (99% in women and 95% in men), testis
(94%), and corpus uteri (91%). Conversely, cure fractions <10%
emerged, for all ages and sexes, for liver and pancreatic cancer
patients and, for patients aged 55 years or older, diagnosed with
cancers of the lung, gallbladder, brain, and leukaemias
(Table 1). Cure fractions were largely higher (by 10% or more)
in women than in men for all age groups in patients with cancer
of the oral cavity, skin melanoma, kidney, bladder, and thyroid
cancers. A less clear advantage (0%–10%) for women emerged
for patients with stomach and colorectal cancer, whereas for all
other cancer types no difference in cure fraction emerged across
age groups (Table 1).
The cure prevalence proportions were particularly high for

patients with cancer of testis (98%), thyroid (91% in men and
97% in women), cervix uteri (95%), corpus uteri (93%), and
Hodgkin lymphoma (92%, both sexes) (Figure 1). The cure
prevalence proportions were 72% for breast cancer patients,
64% for prostate, 83% in men, and 87% in women diagnosed
with colorectal cancer, whereas it was less than one-third for
patients with liver cancer, myeloma, and leukaemia (Figure 1).
The overall cure prevalence proportion for all examined cancer
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types encompassed 73% (i.e. 67% of men and 77% women) of
persons living after cancer diagnosis.
In both sexes, time to cure was reached in <10 years, consist-

ently so for different definitions used, by patients with cancers
of the stomach and colon–rectum (both 5–9 years), pancreas
(5–6 years), cervix and corpus uteri (5–9 years), and brain (7–8
years). In particular, time to cure was reached in <5 years by
women with thyroid cancer and by men with testicular cancer
(Table 2). For patients with liver and larynx cancers, non-
Hodgkin lymphoma, myeloma, and leukaemia, time to cure was
not reached or it was >15 years for all definitions used. For these
cancers, CRS remained <90%, in comparison with the general
population, and for 15 years or more after cancer diagnosis
(Table 2).
For other cancer types, the time to reach the different thresh-

olds was heterogeneous according to the definition used. In
women with breast cancer, a 5-year CRS >90% was reached
before 10 years from diagnosis (14 years for patients aged
15–44), but 5-year CRS >95% in nearly 20 years and 10-year
CRS >95% in 25 years or more. For patients with prostate
cancer, these times to cure were reached in 10, 15, and 18
years, respectively. Thus, time to reach these thresholds were
variable for patients with kidney and bladder cancers. As a

consequence (Table 3), proportions of all patients living after a
cancer diagnosis who reached time to cure were relatively high
in both sexes, and according to different thresholds, for cervix
(>70% among 167/100 000 women) and corpus uteri (>50%
among 258/100 000 women), testis (>90% among 150/100 000
men), brain (>50% among 56/100 000 men and women),
thyroid cancer (>75% among 255/100 000 women), and
Hodgkin lymphoma (>50% among 95/100 000 men and 78/
100 000 women). Less than 10% of patients with liver, laryn-
geal, prostate cancers, non-Hodgkin lymphoma, myeloma, and
leukaemia had already reached the same or similar death rates
of the general population. Among all Italian women, 1709/
100 000 were alive after a breast cancer diagnosis; 41% had
already reached 5-year CRS >90%, but only 6% reached 10-
year CRS >95%. Similarly, heterogeneity of proportions of
cured patients according to the time-to-cure definition
emerged for kidney and, most notably, for bladder cancer
patients (5-year CRS >90% reached by 29%, whereas 10-year
CRS >95% by only 1% among 438/100 000 men). The propor-
tion of patients who reached 5- or 10-year CRS >95% was
intermediate for colorectal cancer (30% and 27% among 422/
100 000 men; 40% and 36% among 352/100 000 women),
stomach cancer (38% and 37% among 109/100 000 men; 58%

Table 1. Estimated cure fraction by cancer type, sex, and age at diagnosis. aItaly 1985–2005

Cancer type, ICD10 Cure fraction (%)

Men, age (years) Women, age (years)

15–44 45–54 55–64 65–74 15–44 45–54 55–64 65–74

Oral cavity, C01–14 42 27 19 13 60 45 37 29
Oesophagus, C15 16 9 6 4 10 9 8 8
Stomach, C16 44 31 25 19 42 35 31 28
Colon and rectum, C18–21 54 50 48 45 57 53 51 49
Liver, C22 7 3 2 1 12 6 4 2
Gallbladder, C23–24 26 15 11 7 18 12 9 7
Pancreas, C25 6 4 3 2 17 7 4 2
Larynx, C32 49 39 34 29 49 39 34 29
Lung, C33–34 17 11 8 6 30 16 11 7
Skin melanoma, C43 77 67 61 54 85 78 73 68
Connective tissue, C47, C49 67 54 47 39 60 52 47 43

Breast, C50 40 60 54 56
Vagina and vulva, C51–52 75 60 51 41
Cervix uteri, C53 77 64 56 46
Corpus uteri, C54 91 83 76 66
Ovary, C56 62 40 28 17
Prostate, C61 47 49 50 50
Testis, C62 94 90 86 83
Kidney, C64–66, C68 65 51 43 35 75 62 55 46
Bladder, C67, D09.0, D30.3, D41.4 81 63 50 35 89 75 63 48
Brain, C70–72 35 12 5 2 41 15 7 2
Thyroid, C73 95 75 60 43 99 94 84 65
Hodgkin lymphoma, C81 80 63 38 35 79 74 50 33
Non-Hodgkin lymphoma, C82–85, C96 45 35 30 26 56 40 31 22
Multiple myeloma, C88–90 20 11 12 11 35 23 9 12
Leukaemia, C91–95 18 12 9 7 18 12 9 7

aAge 15–74 years.
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Figure 1. Overall prevalence and cure prevalence (proportion of cancer patients who will not die of their disease), overall and by year since diagnosis, sex, and
cancer type. Italy 1985–2005. At 1 January 2006, in patients aged 15–74 years living after a cancer diagnosis, calculated as a sum of age-specific estimates.
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and 49% among 73/100 000 women), and skin melanoma
(49% and 41% among 184/100 000 women) (Table 3).
Overall, 27% of all cancer patients (21% in men and 31% in

women), or 0.9% of the Italian population, had reached 5-year
CRS >95% and 22% (18% in men and 25% in women) 10-year
RS >95%.

discussion
This study showed that a quarter (27%) of persons living in Italy
in the first decade of the 2000s after a cancer diagnosis had
reached a death rate similar to that of the general population. In
addition, nearly three quarters (73%) of them will not die as a
result of their cancer. All the indicators of long-term survival

showed a huge heterogeneity by cancer type, age group and, less
markedly, by sex.
Present findings for breast cancer patients were in substantial

agreement with many previous studies, reporting that a small
(i.e. <10%) but significant excess mortality remains at least up to
15 years after diagnosis [13, 15, 16]. However, approximately
half of the breast cancer patients will not die as a result of their
cancer [6, 17], reaching a negligible excess risk of death after
∼20 years since diagnosis. A similar pattern emerged for men
living after a prostate cancer diagnosis [6, 7, 15], while a more
favourable long-term survival emerged for colorectal [7, 14, 15,
18] and invasive cervical cancers [7, 13, 19] with cure fractions
>50% reached in 8 years. A cure fraction <10% emerged for
lung and pancreas cancer patients, and no excess risk of death
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Table 2. Estimates of time to cure according to different thresholds for 5- and 10-year conditional relative survival (CRS)a by cancer type, sex, and age.
Italy 1985–2005

Cancer type, ICD10 Age at diagnosisb

(years)
Men Women

Years to 5-year
CRS

Years to 10-year CRS Years to 5-year
CRS

Years to 10-year CRS

>90% >95% >95% >90% >95% >95%

Oral cavity, C01–14 15–44 7 9 10 6 9 10
45–54 9 11 11 8 11 12
55–64 9 11 12 9 12 13
65–74 10 12 12 10 12 13
15–74 9 11 12 9 11 12

Oesophagus, C15 15–74 8 9 9 7 8 8

Stomach, C16 15–44 5 7 7 5 7 7
45–54 6 8 8 5 7 7
55–64 6 8 9 5 7 8
65–74 7 9 9 6 8 8
15–74 6 8 9 6 7 8

Colon and rectum, C18–21 15–44 5 7 8 5 7 7
45–54 5 8 8 5 7 7
55–64 6 8 8 5 7 8
65–74 6 8 9 5 7 8
15–74 6 8 9 5 7 8

Liver, C22 15–74 15 18 20 14 18 19

Gallbladder, C23–24 15–74 8 9 10 7 9 9

Pancreas, C25 15–74 5 6 6 5 6 6

Larynx, C32 15–44 9 22 >25
45–54 14 >25 >25
55–64 16 >25 >25
65–74 19 >25 >25
15–74 17 >25 >25 17 >25 >25

Lung, C33–34 15–44 7 9 9 6 8 8
45–54 7 9 9 7 8 9
55–64 8 9 10 7 9 9
65–74 8 10 10 8 9 10

15–74 8 9 10 7 9 9

Skin melanoma, C43 15–44 3 6 6 1 5 7
45–54 5 7 8 3 7 9
55–64 6 8 9 4 9 10
65–74 6 9 9 6 10 11
15–74 5 8 8 3 7 9

Connective tissue, C47, C49 15–74 6 9 10 6 10 11

Breast, C50 15–44 14 >25 >25
45–54 6 17 24
55–64 9 19 25
65–74 9 17 21

15–74 9 19 25

Vagina and vulva, C51–52 15–74 8 12 15

Cervix uteri, C53 15–44 3 5 6
45–54 5 7 7
55–64 6 8 8
65–74 6 8 9
15–74 5 7 8

Corpus uteri, C54 15–44 1 1 2
45–54 2 4 5

Continued
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Table 2. Continued

Cancer type, ICD10 Age at diagnosisb

(years)
Men Women

Years to 5-year
CRS

Years to 10-year CRS Years to 5-year
CRS

Years to 10-year CRS

>90% >95% >95% >90% >95% >95%

55–64 3 6 7
65–74 5 7 8
15–74 4 6 7

Ovary, C56 15–44 5 7 8
45–54 7 9 9
55–64 8 10 10
65–74 9 11 11
15–74 8 10 10

Prostate, C61 45–54 10 15 18
55–64 10 15 18
65–74 10 15 18
15–74 10 15 18

Testis, C62 15–44 1 1 1
45–54 1 1 2
15–74 1 1 1

Kidney, C64–66, C68 15–44 3 8 15 2 5 8
45–54 5 13 22 4 8 11
55–64 7 16 >25 5 10 13
65–74 10 20 >25 7 12 15
15–74 8 17 >25 5 10 14

Bladder, C67, D09.0, 15–44 1 1 8 1 1 2
D30.3, D41.4 45–54 2 13 >25 1 5 12

55–64 7 22 >25 3 11 19
65–74 15 >25 >25 8 18 >25
15–74 10 >25 >25 5 14 23

Brain, C70–72 15–54 7 8 8 7 8 8

Thyroid, C73 15–44 1 1 1
45–54 1 1 1
55–64 1 4 4
65–74 3 5 5
15–74 1 9 14 1 1 1

Hodgkin lymphoma, C81 15–74 1 7 9 1 6 11

Non-Hodgkin lymphoma, C82–85, C96 15–44 8 15 22 4 14 25
45–54 10 18 25 10 23 >25
55–64 12 20 >25 14 >25 >25
65–74 13 22 >25 18 >25 >25
15–74 11 20 >25 >25 >25 >25

Multiple myeloma, C88–90 55–64 18 22 24 24 >25 >25
65–74 17 20 21 17 21 22
15–74 17 20 21 17 21 22

Leukaemia, C91–95 15–44 25 >25 >25 25 >25 >25
45–54 >25 >25 >25 >25 >25 >25
55–64 >25 >25 >25 >25 >25 >25
65–74 >25 >25 >25 >25 >25 >25
15–74 >25 >25 >25 >25 >25 >25

Italic values stand for all (15–74) ages.
aEstimates are based on the relative survival function for each type and sex parameterized using mixture cure models. ‘One’ year is reported when time
to reach thresholds is <1 year; ‘>25’ when threshold is not reached within 25 years.
bEstimates are shown by age groups when overall annual incidence rates >10/100 000.
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remained after 9 and 6 years since diagnosis, including 15%–
20% of prevalent patients [6, 15, 20]. As elsewhere, the cure
prevalence for patients with non-Hodgkin lymphoma, myeloma,
and leukaemia was <50%, and for these patients excess mortality
never became negligible [7, 13, 15].
A substantial advantage in all indicators of long-term cancer

survival emerged in women for some cancer types (e.g. colo-
rectal, skin melanoma, bladder, kidney, thyroid, and non-
Hodgkin lymphoma) [15, 21], variously attributed to lower
prevalence of co-morbidity, earlier stage at diagnosis, and
better resistance to disease than men [22]. Moreover, a poorer
long-term survival with increasing age was reported for almost
all cancer types, possibly due to late recurrences or adverse
treatment effects, secondary tumours, or increased co-morbid-
ities [7, 13].

strengths and limitations
To the best of our knowledge, this is the first study reporting a
wide spectrum of validated indicators of long-term survival and

cure of cancer, including cure fraction and cure prevalence of par-
ticular interests to orient public health policies. In addition, for 26
cancer types (representing 95% and 97% of all cancer incidence
in men and women, respectively), we estimated the time to reach
the same death rates of the general population, which is of over-
whelming importance for cancer patients and oncologists.
Potential limitations of cure models are known and should be

considered (supplementary data, available at Annals of Oncology
online: extended description of statistical methods) [23]. In
general, cure models may not be appropriate for data with too
short a follow-up to identify a plateau in the tail [24]. In this
scenario, difficulties in identifying model parameters arose
(cancer-specific excess mortality did not become negligible) and
estimates of time to cure were either longer than the observation
time (i.e. leukaemia) or rather sensible to the choice of the CRS
threshold (i.e. prostate or breast cancers). However, in the
present study, all the used models converged and fittings were
graphically assessed (supplementary Figure S2 and Table S2,
available at Annals of Oncology online).

Table 3. Complete prevalence (CP)a and proportion (%) of patients who reached different levels of conditional relative survival (CRS)b by cancer type
and sex. Italy 1985–2005

Cancer type, ICD10 Men Women

CP Five-year CRS Five-year CRS Ten-year CRS CP Five-year CRS Five-year CRS Ten-year CRS

×100 000 >90% >95% >95% ×100 000 >90% >95% >95%

Oral cavity, C01–14 99 30% 23% 22% 49 43% 35% 32%
Oesophagus, C15 13 18% 15% 15% 4 29% 26% 26%
Stomach, C16 109 47% 38% 37% 73 58% 49% 47%
Colon and rectum, C18–21 422 41% 30% 27% 352 52% 40% 36%
Liver, C22 46 1% 1% 1% 16 9% 8% 7%
Gallbladder, C23–24 10 20% 14% 13% 12 26% 20% 20%
Pancreas, C25 17 18% 16% 16% 13 22% 19% 19%
Larynx, C32 141 15% 0% 0% 14 14% 0% 0%
Lung, C33–34 174 23% 18% 17% 60 21% 17% 15%
Skin melanoma, C43 140 54% 38% 36% 184 76% 49% 41%
Connective tissue, C47, C49 42 67% 58% 55% 35 70% 59% 55%
Breast, C50 1709 41% 12% 6%

Vagina and vulva, C51–52 19 40% 25% 18%
Cervix uteri, C53 167 82% 75% 73%
Corpus uteri, C54 258 71% 56% 50%
Ovary, C56 136 51% 43% 42%
Prostate, C61 592 4% 0% 0%
Testis, C62 150 95% 94% 93%
Kidney, C64–66, C68 181 39% 12% 2% 97 57% 36% 26%
Bladder, C67, D09.0, D30.3,
D41.4

438 29% 5% 1% 98 58% 25% 10%

Brain, C70–72 57 58% 54% 53% 56 67% 63% 63%
Thyroid, C73 74 74% 58% 54% 255 87% 78% 78%
Hodgkin lymphoma, C81 95 85% 65% 59% 78 88% 68% 52%
Non-Hodgkin lymphoma,
C82–85, C96

176 31% 14% 4% 159 34% 7% 1%

Multiple myeloma, C88–90 35 2% 1% 0% 29 2% 1% 0%
Leukaemia, C91–95 87 7% 0% 0% 69 13% 0% 0%

aAt 1 January 2006 in patients aged 15–74 years living after a cancer diagnosis, calculated as a sum of age-specific estimates of prevalence.
bEstimates are based on the relative survival function for each type and sex parameterized using mixture cure models.
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The accuracy of the present estimates depended also on the
size of the study population and on the follow-up length, which,
in turn, were the strengths of our study. Indeed, our population-
based survival estimates were based on very large cohorts of
patients followed up for >20 years after diagnosis in order to
maximize the reliability of the survival parameter estimates.
Histological subtype is an important prognostic factor at

diagnosis for many neoplasms, particularly for non-Hodgkin
lymphoma and leukaemia [25]. Unfortunately, we were not able
to calculate survival and prevalence estimates by histological
subtypes [1, 7, 26]. We also lacked information on other import-
ant prognostic factors, in particular, stage and treatment.
Previous reports have shown that stage has a prognostic effect,
mainly during the first years after diagnosis, which lessens and
can disappear for long-term survival [13].
New therapies, in particular biological treatments for solid

tumours and lymphomas, have improved the outcome of cancer
patients over time. There is a possibility that, for some neo-
plasms, adjuvant treatments may prolong survival, but they
do not affect lethality [27]. Unfortunately, population-based
studies with a long-term follow-up period could hardly allow
these stratifications.
RS could be biased when background cancer risk factors (e.g.

smoke, HCV) carry a higher risk of related mortalities. This
effect has been shown to be negligible for lung cancer [28] and
could result in downward RS estimates and in prolonged time to
reach the same mortality of the general population.
The generalization of results here presented is also question-

able even if Italian RS levels were similar to those of most
European countries [5].
Present long-term survival and cancer cure estimates reflected

the average survival time of large groups of people (i.e. a popula-
tion) rather than an individual prognosis. Moreover, they must
be interpreted considering that a quantitative estimation of
lacking excess mortality is not always the equivalent of well-
being. Parallel studies on cancer rehabilitation needs, including
indicators of quality of life, are also necessary [29].
The availability of reliable and accurate estimates of long-

term survival and cure for the increasing number of persons
living many years since cancer diagnosis may be helpful not
only to epidemiologists and health-care planners, but also to
clinicians in developing guidelines to enhance and standardize
the long-term follow-up of cancer survivors [9, 30]. Most of all,
they could be helpful to patients dealing with uncertainty about
the future, making important life decisions, and supporting
their rehabilitation demands.
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Background: Chronic inflammation is known to be one of the main steps in carcinogenesis. Identification of those with
chronic inflammation may help identify subjects at risk of cancer. Previous studies have reported low albumin-to-globulin
ratio (AGR) to be associated with increased cancer mortality in cancer patients, but there has been no study based on
healthy populations.
Patients and methods: Our retrospective cohort study involved 26 974 generally healthy adults aged 30 or older who
visited Seoul National University Hospital Health Promotion Center for self-referred health checkup. National medical
service claims data were used to determine cancer incidence, and Korean death registry data was used to determine
mortality. Median follow-up time for survival was 5.9 years (interquartile range 4.1 years).
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