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Abstract

People alive many years after breast (BC) or colorectal cancer (CRC) diagnoses are

increasing. This paper aimed to estimate the indicators of cancer cure and complete

prevalence for Italian patients with BC and CRC by stage and age. A total of 31 Italian

Cancer Registries (47% of the population) data until 2017 were included. Mixture

cure models allowed estimation of net survival (NS); cure fraction (CF); time to cure

(TTC, 5-year conditional NS >95%); cure prevalence (who will not die of cancer); and
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already cured (prevalent patients living longer than TTC). 2.6% of all Italian women

(806,410) were alive in 2018 after BC and 88% will not die of BC. For those

diagnosed in 2010, CF was 73%, 99% when diagnosed at stage I, 81% at stage II, and

36% at stages III–IV. For all stages combined, TTC was >10 years under 45 and over

65 years and for women with advanced stages, but ≤1 year for all BC patients at

stage I. The proportion of already cured prevalent BC women was 75% (94% at

stage I). Prevalent CRC cases were 422,407 (0.7% of the Italian population), 90% will

not die of CRC. For CRC patients, CF was 56%, 92% at stage I, 71% at stage II, and

35% at stages III–IV. TTC was ≤10 years for all age groups and stages. Already cured

were 59% of all prevalent CRC patients (93% at stage I). Cancer cure indicators by

stage may contribute to appropriate follow-up in the years after diagnosis, thus

avoiding patients' discrimination.

K E YWORD S

breast cancer, cancer prevalence, colorectal cancer, cure fraction, stage at diagnosis, time
to cure

What's New?

Organized population screening and improvements in therapies for patients with breast and

colorectal cancers mean people are living longer after diagnosis and treatment. Here, the

authors evaluated indicators of cure by stage at diagnosis. These indicators included time to

cure, cure prevalence, and residual risk of death. Availability of these indicators can help to more

accurately identify patients who have already been cured. For patients, being classified as

“cured” will improve quality of life, reduce stigma and discrimination, and support a return to

work, social life, and reproductive choices.

1 | INTRODUCTION

Breast cancer (BC) and colorectal cancer (CRC) are the first and

second most frequent types of cancer in Italy. BC accounts for 55,100

new diagnoses and 12,600 deaths each year, while CRC for 48,600

new diagnoses and 21,800 deaths.1 In recent decades, improved

survival has been demonstrated for patients with these tumors.2,3

The large difference between the number of diagnoses and

deaths (incidence/mortality ratio >4 for BC and >2 for CRC)

suggests that many people diagnosed with these two cancers

may be cured and die several years after diagnosis from causes

unrelated to primary cancer. Accordingly, in 2010 in Italy, it was

estimated that 600,000 women diagnosed with BC and 357,000

people with CRC were alive (i.e., prevalent cases), with an

expected 40% increase for the following decade.4 For BC and

CRC, the observed trends in the incidence (slightly increasing),

mortality (decreasing) and prevalence (increasing) are the result

of the combined effect of preventive measures, increased partici-

pation in organized population screening aimed at detecting can-

cer at an early stage when they can be treated and cured, and

advances in treatments.5

The stage at diagnosis is the most important prognostic factor for

patients with BC and CRC, and several studies have reported

estimates of incidence and 5-year (i.e., short-term) net survival

(NS) after BC6,7 and CRC8,9 by stage at diagnosis in high-income coun-

tries. However, information on survival beyond 5 years after diagnosis

or “cure” of these cancer patients according to the stage at diagnosis

is limited6 and still lacking in Italy.

This paper aimed to describe long-term survival, the complete

cancer prevalence, and four indicators of cancer cure (besides the

residual risk of death) for Italian patients with BC and CRC according

to the stage and age at diagnosis. A number of different indicators

have been estimated to represent distinct aspects of survivorship.

2 | MATERIALS AND METHODS

2.1 | Study population

The study population included three cohorts. Cohort 1 was used to

calculate the complete prevalence of BC and CRC overall (i.e., all

stages). It included 31 cancer registries with at least 9 years of

registration until 2017 and patient vital status ascertainment at

least 1 year after the last incidence date (i.e., December 31, 2017).

These 31 registries have a duration of registration ranging from

9 to 40 years, with a median of 22 years, and cover more than

DAL MASO ET AL. 271

 10970215, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ijc.34923 by C

ochraneItalia, W
iley O

nline L
ibrary on [16/07/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



28 million people of all ages (47% of the Italian population) with

comparable geographical representativeness in the North Centre

(43%) and South-Islands (55%). This cohort included 443,901 inci-

dent malignant BC cases diagnosed in women until January

1, 2018, and 420,726 CRC cases (Supplementary Table S1). Cohort

2 included 22 registries (covering 35% of the Italian population)

with at least 15 years of registration. It was used to estimate

long-term survival and all cure indicators for BC and CRC cancer

overall (i.e., all stages combined). Cohort 3 included six registries

for BC and five for CRC (covering 6% of the Italian population)

providing stage information for at least two-thirds (67%) of

the patients in each calendar year of registration, and at least

15 consecutive years in the period 1997–2017. This cohort was

used to estimate long-term survival and all cure indicators accord-

ing to the stage at diagnosis, available for 52,111 BC cases and

39,092 CRC cases (Supplementary Table S1).

The ICD-10 was used to identify cancer types (C18–C21 for

CRC, C50 for BC), and the TNM (7th edition) to define the stage at

diagnosis. According to the Italian and international rules, TNM stag-

ing was based on histopathological examination (pTNM) if available,

on the clinical examinations which led to diagnosis otherwise. Stages

III and IV were grouped because of the limited number of metastatic

cases (stage IV) with long-term survival and, consequently, the insta-

bility of cure estimates for these patients. For each individual we con-

sidered only the first primary cancer occurring in that specific

anatomic site.

2.2 | Methods

The following indicators were estimated for BC women and CRC

patients, stratified by age (0–44, 45–54, 55–64, 65–74, 75+ years)

and stage at diagnosis. Indicators were also estimated by sex and sub-

types (i.e., colon, rectum) for CRC. The methodological details on the

study population, definitions, models used and assumptions, and their

validation can be found in a recent paper.10 All models are specific for

each cancer type, stage, and sex, and include period of diagnosis and

age group as covariates.

The crude probability of death measures the mortality/survival

patterns experienced in a cohort of cancer patients on which many

possible causes of death are acting simultaneously. The NS measures

the survival probability after a diagnosis of cancer (i.e., as if the dis-

ease under study was the only possible cause of death) by eliminating

the chance of dying from other causes. This indicator is particularly

suitable from a public health perspective (i.e., the one used in

population-based studies) since allows comparison among populations

or periods preventing (adjusting) major differences from being attrib-

uted to changes in the risk of dying from causes other than cancer.

NS was calculated for BC and CRC cases of all ages diagnosed in the

period 1991–2017 and followed up until December 31, 2018 (Cohort

2), using the cohort method and the Pohar Perme approach, as imple-

mented by SEER*Stat software.11 NS estimation was calculated in the

period 1997–2017 for the subset of registries (Cohort 3) with infor-

mation on the cancer stage. Model-based NS was calculated using

mixture cure models as a combination of two models that estimate

both the cure fraction (CF), that is, the proportion of cured patients

reaching the same death rates as the general population, and the sur-

vival function of the remaining “not-cured” patients (i.e., fatal cases,

1-CF). Five-year conditional net survival (CNS) was calculated as the

probability of surviving five additional years, given that patients

already survived a certain number of years. For any cancer type and

sex, the model that best fits NS and CNS was explored starting from

an age-stratified Weibull model. When this model did not converge,

alternative models were explored, that is, Weibull without age stratifi-

cation, age-stratified exponential, or exponential without age

stratification. Parameters were estimated using the SAS NLIN proce-

dure. The goodness of fit of “model-based” NS to “observed” NS was

evaluated by likelihood ratio tests and by visual comparison, for each

cancer type and stage, period of diagnosis, sex, and age group

(i.e., covariates).10

The complete prevalence represents all previously diagnosed can-

cer survivors, regardless of the time elapsed since diagnosis, and was

calculated as of January 1, 2018 by adjusting the observed prevalence

in each registry (Cohort 1) using the completeness index method. The

absolute number of prevalent cases in Italy for each cancer type and

stage was obtained as the sum of proportions calculated by pooling

cancer registries, multiplied by the corresponding Italian population

on January 1, 2018.

The CF is the proportion of newly diagnosed cases who will not

die from cancer (i.e., cured patients), calculated by the mixture-cure

model as the NS value corresponding to the attained age of 100, the

maximum reasonable age a person in the population can reach.

The time to cure (TTC) is defined as the time to reach a 5-year

CNS of more than 95%, thus assuming the excess mortality due to

cancer becomes negligible. CF and TTC were centered on 2010 as the

year of diagnosis (approximately the median year of diagnosis of BC

and CRC Italian patients prevalent in 2018). CF and TTC were not pre-

sented for CRC <45 years by stage due to the small number of cases

(Supplementary Table S1).

The cure prevalence (CurePrev) is the proportion of all prevalent

patients who will not die of cancer. CurePrev was also calculated for

prevalent patients who have already survived 5, 10, and 15 years after

a cancer diagnosis. The complement of this quantity (i.e., 1-CurePrev)

can be read as the residual excess risk of death for cancer patients,

that is, those who are expected to die because of cancer.

The already cured are the number and proportion of all prevalent

patients who live longer than the TTC, as described above. Already

cured patients in 2018 were estimated as the sum, by age and stage

at diagnosis, of patients living longer than TTC.

3 | RESULTS

3.1 | Breast cancer women

Figure 1 presents the 10-year NS of cancer patients in Italy in 3-year

periods of diagnosis from 1997 to 2008. For BC women, 10-year NS

for all stages combined showed a consistent increase from

272 DAL MASO ET AL.
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F IGURE 1 Ten-year net survival (NS; NS estimates for all stages included also those with unknown stages) (Estimates are based on the 10-year
NS function for each cancer site and age parameterized using mixture cure models.) for breast (A)–(D) and colorectal (E)–(H) cancer patients diagnosed
in 1997–2008 and followed up until 2018, by age and stage at diagnosis. (A) Breast cancer women, age <45 years. (B) Age 45–54 years. (C) Age 55–
64 years. (D) Age 65–74 years. (E) Colorectal cancer patients, age <45 years. (F) Age 45–54 years. (G) Age 55–64 years. (H) Age 65–74 years.
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1997–1999 to 2006–2008, by about 6 percentage points in all age

groups <75 years. Stage I women aged <45 years showed a 10-year

NS of 97% in 2006–2008 (Figure 1A) and ≥99% in cases when aged

45 years or more (Figure 1B–D). From 1997–1999 to 2006–2008, a

10 percentage point increase of 10-years NS was observed for

women with advanced disease (stage III-IV), showing in 2006–2008 a

10-years NS of about 60% at age <55 years, 52% at age 55–64 years,

and 45% at age 65–74 years.

As of January 1, 2018, 806,410 women were alive after BC,

representing 2.6% (i.e., 2620 per 100,000) of all Italian women, 2.1%

at the age 45–54 and >6% at age ≥65 years (Table 1). About half

(364,715, 1.2% of Italian women) had stage I BC, and 67,833 (0.2%)

advanced BC. Thirty percent of women living after a BC had been

diagnosed from <5 years and 48% from ≥10 years (31% for

≥15 years), with similar percentages for all stages at diagnosis and, in

particular, 38% of stage III–IV women had been diagnosed from

≥10 years, data not shown in Tables.

Table 2 illustrates the CF of newly diagnosed BC women and

CRC cancer patients by stage and age at diagnosis. The CF was 73%

for women diagnosed with BC in 2010 and 77% for all those under

75 years (data not shown); ranging from 82% for those aged 45–

54 years to 72% for those aged 65–74 years. For BC women diag-

nosed at stage I, CF was 99% for all ages combined, and 97% when

diagnosed before the age of 45. CF was 81% at stage II and 36% at

TABLE 1 Complete cancer prevalencea (cases and proportion per 100,000) for breast and colorectal cancer patients by stage at diagnosis and
age at prevalence. Italy, January 1, 2018.

Cancer site, stage

Proportion per 100,000

Age at prevalence (years)

Prevalent cases All ages 0–44 45–54 55–64 65–74 75+

Breast, all stages 806,410 2620 185 2122 3781 6062 7355

Breast, stage I 364,715 1185 67 958 1759 3047 3085

Breast, stage II 249,173 809 58 689 1216 1823 2225

Breast, stage III–IV 67,833 220 24 199 366 481 542

Breast, stage missing 124,690 405 36 276 441 711 1503

Colorectal, all stages 422,407 705 19 191 647 1673 3397

Colorectal, stage I 98,387 164 2 34 143 427 790

Colorectal, stage II 135,237 226 3 44 171 500 1204

Colorectal, stage III–IV 111,686 186 6 67 189 468 825

Colorectal, stage missing 77,097 129 7 47 144 279 579

aThe absolute number of prevalent cases in Italy was obtained as the sum of proportions of prevalence estimates (age-, sex-, and cancer-specific, obtained

pooling cancer registries in the north-central area and the South-Islands included in this study) multiplied by the corresponding Italian population

(restricted to women for breast cancer) in the same areas at the index date.

TABLE 2 Cure fraction (%)a for
breast and colorectal cancer patients by
stage and age at diagnosis. Italy.Cancer site, stage

Age at diagnosis (years)

All agesb 0–44c 45–54 55–64 65–74 75+

Breast, all stages 73% 77% 82% 77% 72% 60%

Breast, stage I 99% 97% 98% 99% 99% 100%

Breast, stage II 81% 85% 89% 86% 78% 70%

Breast, stage III–IV 36% 59% 50% 40% 27% 23%

Breast, stage missing 37% 69% 61% 47% 42% 25%

Colorectal, all stages 56% 65% 65% 65% 59% 49%

Colorectal, stage I 92% 89% 95% 90% 95%

Colorectal, stage II 71% 78% 78% 70% 69%

Colorectal, stage III–IV 35% 47% 44% 36% 27%

Colorectal, stage missing 34% 57% 56% 43% 19%

aCure fraction was estimated as NS until the age of 100 years for patients diagnosed in 201010.
bEstimates for all ages were calculated as the average of age-specific cure fractions, weighted by the

proportion of incident cases in the corresponding age group.
cEstimates for CRC by stage cannot be calculated for the age group 0–44 years.
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COLORECTAL CANCER PATIENTS
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F IGURE 2 Cure prevalence (Each bar of the Figure represents the proportions of prevalent cases per 100,000 persons by time since diagnosis in
5-year periods, at all ages at January 1, 2018. For each time interval, the green part of the bars refers to those who have the same life expectancy as
their peers in the general population. The cure prevalence is the proportion of these patients, expected not to die as a result of cancer, out of the total
prevalent cases (i.e., 99.4% for breast cancer, stage I, all ages). Focusing on patients alive ≥5, ≥10, or ≥15 years after diagnosis (included in the red,
orange, and blue boxes, respectively), the cure prevalence is the probability of being cured, conditioned to survive at least 5, 10, or 15 years after
diagnosis. The complement of these probabilities (i.e., 1 � CurePrev) can be read as a residual excess risk of death for cancer patients.) (CurePrev,
proportion per 100,000) for breast (A)–(D) and colorectal (E)–(H) cancer patients by stage and years since diagnosis. Italy, January 1, 2018. (A) Breast
cancer women, all stages. (B) Stage I. (C) Stage II. (D) Stage III–IV. (E) Colorectal cancer patients, all stages. (F) Stage I. (G) Stage II. (H) Stage III–IV.
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stages III-IV, with a wider variation according to age for advanced

stages (i.e., ≥50% under 55 years, 40% at age 55–64 years, and 27%

at age 65–74 years).

The proportion of prevalent patients that will be cured by stage

for all patients and by years since diagnosis is shown in Figure 2,

while the corresponding numbers and proportions for BC women

and CRC patients are in Supplementary Table S2. Out of 806,410

prevalent BC women, 87.5% or 705,481 women will be cured

(i.e., will not die) from BC (Figure 2A). The proportion becomes

91.7% for women diagnosed since ≥5 years and 94.7% ≥10 years (i.

e., the residual proportion of deaths due to BC was 8.3% for those

alive for ≥5 years and 5.3% for those ≥10 years). Specifically, the

CurePrev was 99.4% for prevalent women with BC at stage I

(i.e., 0.6% will die from BC, Figure 2B), 91.7% at stage II (Figure 2C),

and 66.1% at stages III–IV (Figure 2D), who experienced a residual

risk of death of 13.1% after 10 years and 5.4% after 15 years since

diagnosis.

TTC and patients that had reached TTC (i.e., already cured) for

Italian cancer patients by stage and age are shown in Table 3. TTC

for all BC stages combined was less than 10 years after diagnosis for

women diagnosed with BC at ages 45–54 and 55–64 years, 11 years

at age <45, and 12 years at age 65–74. In particular, the TTC was

≤1 year after diagnosis of stage I or stage II in BC women aged

<65 years, whereas TTC was longer than 10 years for women with

advanced BC. Almost all (94%) of stage I BC women and 84% of those

diagnosed with stage II have already reached TTC. This percentage

dramatically drops to 7% among women diagnosed at an advanced

stage. Adding up women in all stages, 75% of BC women can be con-

sidered already cured.

3.2 | Colorectal cancer patients

Between 1997–1999 and 2006–2008, a 6–8 percentage points

increase in 10-year NS was estimated for CRC patients below age

75 years, with proportions >60% and a particularly marked increase

(about 10 percentage points) for advanced stages (Figure 1E–H).

People living after CRC were 422,407 in 2018, 0.7% (705 per

100,000) of the Italian population with a noticeable increase with age

compared to BC (Table 1). These numbers were increasing by age,

reaching 1.7% (110,711) at age 65–74, and 3.4% (235,981) of those

aged 75 years or older. For prevalent CRC patients, 34% were diag-

nosed within 5 years and 42% after 10 years or more, with similar

proportions for all stages at diagnosis (data not shown in tables).

CF for all CRC patients was 56%, 62% for all those <75 years of

age (data not shown), and 65% for ages <65 years. CF was 92% for

CRC patients diagnosed at stage I; 71% at stage II; 35% at stages

III–IV; and 34% at stage missing (Table 2). A four percentage points

advantage was observed across all age groups for women (CF = 64%

vs. 60% in men), and a similar difference was observed for colon

vs. rectal cancer patients (63% and 59%, respectively, data not shown

in tables).

In CRC patients, the TTC was between 6 and 8 years in age

groups. For patients with CRC at stage I, a TTC ≤1 year was observed,

whereas, for patients diagnosed at stages II–IV, the TTC was reached

in ≤10 years in all age groups (Table 3). The proportion of already

cured CRC patients was 59%, 93% for those diagnosed at stage I,

48% at stage II, and 46% at advanced stages.

For all the 422,407 Italian CRC prevalent patients, the cure preva-

lence was 90.3% (i.e., 381,496 will not die from CRC), it became

TABLE 3 Time to cure (TTC)a and
already curedb for breast and colorectal
cancer patients by stage and age at
diagnosis. Italy.

Cancer site, stage

Age at diagnosis (years) All ages

0–44c 45–54 55–64 65–74 75+ Already cured

TTC (years) % Cases

Breast, all stages 11 5 8 12 >15 75 606,235

Breast, stage I 1 1 1 1 1 94 348,081

Breast, stage II 1 1 1 12 1 84 212,537

Breast, stage III–IV 12 >15 >15 >15 >15 7 5022

Breast, stage missing 11 15 >15 >15 >15 32 40,595

Colorectal, all stages 6 7 7 8 6 59 248,414

Colorectal, stage I 1 1 1 1 93 92,501

Colorectal, stage II 7 7 10 7 48 65,700

Colorectal, stage III–IV 7 8 9 9 46 52,446

Colorectal, stage missing 10 8 9 9 48 37,767

aTime to cure (TTC) is calculated for patients diagnosed in 2010 as the time to reach a 5-year conditional

net survival of more than 95%, for each cancer site and age. When the estimated TTC is <1 year, the TTC

is set as 1 year.
bCalculated as the number and proportion of prevalent patients who already reached the site- and age at

diagnosis- specific TTC at January 1, 2018. Already cured for all stages combined were obtained as the

sum of already cured by stage. If TTC >15 years, prevalent cases were never considered already cured.
cEstimates of TTC for CRC patients by stage cannot be calculated for the age group 0–44 years.
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97.3% for those alive at least 5 years after diagnosis and 99.0% for

those alive 10 years or more after diagnosis (Figure 2E). Among preva-

lent CRC patients diagnosed at stage I (Figure 2F), those who will not

die of CRC were 96.0%, 88.6% at stage II (Figure 2G), and 81.4% at

stages III–IV (Figure 2H). Interestingly, for CRC patients at all stages,

the residual risk of death for patients living at least 5 years after diag-

nosis was 3.9% at stage I, 6.5% at stage II, and 3.4% at stages III–IV

(Supplementary Table S2).

4 | DISCUSSION

This study estimates, for the first time in Italy, population-based indi-

cators of cure by stage at diagnosis, for patients with the two most

frequent neoplasms: female breast and colorectal cancers. In particu-

lar, this study presents complete prevalence, CF, TTC, cure preva-

lence, the residual risk of death, and the number of patients already

cured, which allows for the identification of patients who have negligi-

ble excess mortality (5-year CNS > 95%) compared with their peers in

the general population.12–14 Such cases represent 75% of women

with BC and 59% of patients with CRC.

According to our results, women living after a diagnosis of stage I

BC (half of all patients) have a risk of death from BC of less than 1%

and can be considered “cured” immediately after diagnosis and treat-

ment. In addition, when all stages combined are considered, almost

90% of women with BC and patients with CRC will not die for the

malignancies.

Some authors have reported comparable CF and TTC estimates

for BC and CRC over the past decades, but only a few studies have

presented such estimates by stage at diagnosis at the population level

for some European countries and in the US.15–17 CF for all BC women

diagnosed in 2010 in this study was almost 80% in all age groups, as

in France,18,19 more than 10 percentage points higher than those esti-

mated for Italian women diagnosed with BC in 2000.20 A population

study in the United States indicated that CF, estimated for women

diagnosed in 2018, was 73% in the case of localized BC, 37% in the

case of regional disease, and 3% when distant metastasis was present

at diagnosis.21

Current results on TTC for women with BC at all stages vary with

age, from 5 years (at age 45–54 years) to >10 years (under 45 and

over 65 years), in agreement with other studies in Europe18,20,22,23

and elsewhere.24,25 However, TTC is achieved immediately after

treatment when the diagnosis was stage I (or localized)21,26 with an

improvement in CNS at 5 years of about 5 percentage points, com-

pared to estimates for women diagnosed in the period 1998–2008 in

the Netherlands.27

For CRC patients aged <65 years, CF in the present study was

above 60% (5–7 percentage points higher than in 2000),20 slightly

lower at older ages and in men, but �10% higher than in France.18

TTC for Italian CRC patients is consistent with previous

studies,18,20,22,23 which do not show excess risk at 8–10 years after

diagnosis. Our results on TTC by stage are also in line with comparable

studies,17,28 which show that TTC is achieved in less than 10 years even

if CRC is diagnosed at advanced stages.21 The Dutch study also showed

that long-term survival and CF increased substantially over the years, with

a greater increase in the more advanced stages of the disease.16

Regarding the survival gains observed over time in Italy, the

results of the present study are likely attributable to improved treat-

ment options,29 particularly for women diagnosed with BC after

2000, including those with metastatic disease.30 The increased preva-

lence of mammography screening with its down-staging effect is a

concurrent explanation for the pattern of survival trend and cure

observed for women with BC.31,32 In Italy, organized BC screening

during the study period of observation was largely limited to the age

group 50–69 years. Consequently, the result that the 10-year NS of

women younger than 45 years is only 2% lower than that of older

women indicates that spontaneous use of mammography and access

to effective treatment BC balanced the disadvantage of unscreened

younger women. In particular, BC women aged <45 years showed

higher CF than patients aged 45–64 only for stage III–IV BC, and this

should be entirely attributed to effective systemic treatment.

Also for CRC patients, the progressive spread of screening pro-

grammes in the Italian regions since the early 2000s.33 has led to ear-

lier diagnosis, downstaging (including intra-stage downstaging),34 and

lower treatment-related mortality and morbidity. Furthermore, a pro-

portion of BC and CRC (probably to a much lower extent) cancers

detected in screening programmes are overdiagnosed35–37 and are

cured by definition.38

4.1 | Strengths and limitations

The completeness, accuracy, and representativeness of the cancer

registries' data on incidence and survival in Italy represent an impor-

tant strength of the study.2,3,10,14 The size of the study population

and the duration of follow-up (≥15 years for all CRs used in the

modeling) both contributed to the reliability of the estimation of

long-term survival, prevalence, and cure indicators. Another

strength of the study is the comprehensive presentation, for BC

and CRC, of the indicators of long-term survival, prevalence, and

cure. Discussion of the links between the different indicators helps

to map distinct aspects of survivorship and can answer questions

from patients and clinicians in subsequent phases of illness and

life. Lastly, the methodology for calculating the cure indicators pre-

sented (in particular CF and TTC) is reproducible and feasible39

and can be applied in other countries.

This study has some limitations. Notably, complete stage informa-

tion for ≥15 consecutive years was available for a subset of registries,

which covered only 6% of the Italian population. This limited coverage

does not invalidate the generalization of estimates of cure indicators

by stage at diagnosis, since stage-specific survival showed no appre-

ciable geographical difference throughout Italy.40 Stages III and IV

were grouped due to the relatively small number of patients, which

led to unstable estimates in some patient groups, particularly those

under 45 years of age (too sparse data to calculate CF for younger

CRC patients). Patients with unknown stages had slightly higher CF
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than stages III–IV, suggesting unstaged patients as a combination of

patients with different severity of the disease with a non-negligible

proportion of missing stages due to incomplete registration.

International comparisons are also questionable because of the

different TNM staging systems.21,26,41,42 The study, like most

population-based studies, also suffers from a lack of individual data on

important prognostic factors such as molecular profile, treatment,

adherence of patients to screening programmes, and mode of diagno-

sis (screen-detected).

The cure models we used may have potential limitations as well.

The lack of standardized and widely accepted methods for estimating

cancer cure indicators21,43,44 suggests the need for caution in the

international comparisons and interpretation of results for cancer cure

indicators.10 In particular, our mixture cure model includes only two

patient groups, while non-oncological mortality in cancer patients may

be higher than the overall mortality in the general population3,43 due

to a combination of factors, such as long-term adverse effects of

treatments and genetic, environmental or lifestyle influences. To dis-

entangle the excess risk of death due to cancer and other associated

reasons (lifestyle, treatments), more complex mixture models were

proposed44 showing asymptotic CF for colon cancer patients in

France from 0% to 5% higher than the conventional model. These

models should be extended and replicated elsewhere. In addition, TTC

is inevitably arbitrary and susceptible to the choice of the CNS thresh-

old to fix a low risk of recurrence, death, or the margin of clinical rele-

vance, and the methodological approach used, in particular for cancer

types such as BC, which have a non-negligible long-term excess mor-

tality rate. Nevertheless, the threshold used (i.e., the 5-year CNS

>95%) is clinically relevant and widely reproducible, as well as the CF

estimated using “standard” mixture cure models, allowing comparabil-

ity between countries.10,21–23,39 It should be emphasized that, as NS

estimates, CF and TTC are considerably less reliable for older patients

(e.g., ≥75 years).45 Finally, no confidence intervals have been pre-

sented for cancer cure indicators to avoid misleading interpretations

of precision measures related to our results, this issue has been widely

discussed elsewhere.46

4.2 | Relevance for patients and oncologists

The estimates of indicators of cancer cure by stage may be important

for patients and the same applies to oncologists who have an addi-

tional element that brings population estimates closer to clinical prac-

tice. Our estimates of the CF and TTC for BC and CRC patients can

contribute to outlining an appropriate follow-up schedule that

changes in the years following diagnosis, reducing unnecessary

medicalisation and focusing on the management of late effects.

The continuing increase in the population living after BC or CRC

represents an enormous burden on the health care system.47 Our data

on the distribution of total prevalence by tumor stage and the residual

risk of death are of considerable practical interest for planning follow-

up services. This is especially the case for BC women because there is

no consensus on the duration of surveillance.48

Estimates of the time to cure, cure prevalence, and the residual

risk of death, decreasing with time since diagnosis, may help to recog-

nize several patients as (already) cured ones. These findings

may improve the patient's quality of life, avoiding stigma

(e.g., discrimination and exclusion from access to life insurance and life

insurance-related loans or credit services)49 and supporting their repro-

ductive life, full rehabilitation, and social life, including the return to work.

4.3 | Conclusions

The findings of this study can be generalized to other countries with

comparable healthcare systems.17,43 This study provides new insights

into various aspects of cancer care of patients with BC and CRC,

including detailed and highly relevant information on survival and cure,

for patients themselves, healthcare policymakers, and stakeholders.50
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