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ABSTRACT
Background: The Prostate Cancer Cohort Consortium (PC3) Working Group proposed a definition for
aggressive prostate cancer (PC) for aetiologic epidemiologic research. We aimed to validate this defin-
ition as well as a second approach utilising only information on stage at diagnosis.
Methods: First primary PCs diagnosed 2004� 2009 in the population-based Janus Serum Bank (JSB)
cohort were identified by linkage to the population-based Cancer Registry of Norway (CRN) (n¼ 3568).
The CRN and Norwegian Prostate Cancer Registry provided clinicopathological data for these cases.
Approach 1 classified PC as aggressive if it was clinically T4, or N1, or M1, or had a Gleason score �8
at diagnosis (as proposed). Approach 2 classified PC as aggressive if CRN stage at diagnosis was
‘regional spread’ or ‘distant metastases’. Both approaches were validated by calculating the sensitivity
and positive predictive value (PPV) against PC-death within 10 years of diagnosis.
Results: Overall, 555 died from PC within 10 years. Approach 1 classified 24.7% of cases as aggressive
and 13.6% were unclassified due to missing information. Approach 2 classified 19.6% as aggressive
and 29% were unclassified. Sensitivity was highest for Approach 1 (0.76, 95% CI: 0.72� 0.80 vs 0.69,
95% CI: 0.64� 0.73), while PPVs were similar for both approaches (0.43, 95% CI: 0.40� 0.46 and 0.40,
95% CI: 0.36� 0.44). We observed similarly high sensitivity and higher PPVs than those reported by
the PC3 Working Group.
Conclusions: The proposed definition of aggressive PC was applicable and valid in the JSB cohort.
Stage at diagnosis can be useful if data on cTNM or Gleason score is unavailable.

Abbreviations: PC: Prostate cancer; PSA: Prostate-specific antigen; PC3: Prostate cancer cohort consor-
tium; TNM: Tumour-node-metastasis; cTNM: Clinical tumour-node-metastasis; JSB: Janus serum bank;
NPCR: Norwegian prostate cancer registry; CRN: Cancer registry of norway; CI: Confidence interval; PPV:
Positive predictive value; SEER: Surveillance, epidemiology, and end results-18; TP: True positive; FN:
False negative; FP: False positive
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Background

Prostate cancer (PC) is the second most common cancer in
men worldwide [1]. After prostate-specific antigen (PSA) test-
ing became common in the 1990s, most countries experi-
enced an increase in PC incidence and a decrease in PC-
specific mortality [2–4]. This is because PSA testing can dis-
cover slow-growing asymptomatic disease that previously
went undetected and which is thought to represent clinical
overdiagnosis (indolent cancer) [5,6]; before the PSA-testing
era, most PC cases were clinically detected (i.e., palpable,
symptomatic) [7,8]. Additionally, molecular tumour character-
isation and improved treatment have contributed to the
decline in PC-specific mortality [9].

Risk factors for aggressive PC, as defined by advanced
stage and poorer prognosis, often differ from those for early-
stage PC in epidemiological studies and this may indicate
that indolent and aggressive PC have distinct aetiologies
[10–12]. To increase knowledge about PC aetiology and
improve targeted prevention, it has been recommended to
study aggressive PC as a distinct outcome. To this end, the
Prostate Cancer Cohort Consortium (PC3) Working Group
recently proposed a set of classification rules to define
aggressive PC [13]. Based on the sensitivity and positive pre-
dictive values (PPV) of different definitions for aggressive PC
using the National Cancer Institute’s Surveillance,
Epidemiology, and End Results-18 (SEER-18) database, they
proposed defining aggressive PC using the American Joint
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Committee on Cancer’s Tumour-Node-Metastasis (TNM)
standard for cancer staging as PC with large tumour spread
(T4), lymph node involvement (N1), distant metastasis (M1),
or a Gleason score �8 [13,14]. To facilitate the comparison of
results between studies, the PC3 Working Group recom-
mended epidemiologic studies report results for the pro-
posed definition of aggressive PC and for fatal PC.

Increased detection of early-stage PC has triggered a need
for biomarkers that can predict the development of aggressive
malignancies and support tailored treatment. This requires large
prospective cohorts with high-quality cancer data and biospeci-
mens [15]. The Norwegian population-based Janus Serum Bank
(JSB) cohort includes pre-diagnostic serum samples, health
measures, and data on modifiable lifestyle factors for more
than 17,000 incident PC cases diagnosed during 1973–2019
[16,17]. The JSB has been widely used in cancer biomarker
studies since the early 1990s and the serum sample volumes
are a limited resource. An optimised operation of the JSB
includes restricted use of sample volumes and the use of a rec-
ommended definition of aggressive prostate cancer is essential
in this setting.

In this study, we aimed to validate the definition of aggres-
sive PC proposed by the PC3 Working Group (using the infor-
mation on TNM and Gleason score [13]), and to validate a
second approach (using less detailed clinicopathological infor-
mation) in primary invasive PC cases in the JSB cohort using
high-quality data from the Cancer Registry of Norway (CRN).

Methods

Data sources

All cancer diagnoses in Norway have been registered at the
CRN since 1953 using the 7th edition of the International
Classification of Diseases (ICD-7) and ICD of oncology (ver-
sion 2 and 3; ICD-O-2 and ICD-O-3), converted to the 10th

ICD version. Based on clinical and pathological information
on metastasis, the CRN classifies the stage at diagnosis as a
local disease (no metastasis); regional metastasis (regional
lymph nodes, satellites, and in-transit metastasis); distant
metastasis (non-regional lymph node and organ metastasis);
or unspecified (cases lacking verified information on metasta-
sis) [4]. Extensive registration of clinicopathological variables,
including clinical TNM (cTNM) staging and Gleason score, has
taken place since 2004 when the Norwegian Prostate Cancer
Registry (NPCR) was established under the CRN [18].
Reporting from several independent clinical sources ensures
complete and high-quality data at the CRN. Since 2000, 97%
of PC diagnoses in CRN have been morphologically verified
[19]. Information about vital status and cause of death is pro-
vided to the CRN by the Norwegian Cause of Death Registry.

Study population

Individuals were enrolled in the JSB cohort when participat-
ing in population-based, cardiovascular disease health sur-
veys in Norway between 1972 and 2004. The mean age at
enrollment was 41 years [16]. In four of the five regional

health surveys, the participation rate was �60%. To identify
PC cases, men in the JSB cohort were linked to the CRN and
NPCR using the unique personal national identity number
assigned all Norwegian residents. The study population
included men who were diagnosed with a first primary PC
between 1 January 2004, and 31 December 2009 (Figure 1).
We excluded men who had a PC diagnosis reported to the
CRN based on a death certificate only or were diagnosed
with PC and another malignancy within the same month.

From the CRN, we obtained information on PC diagnoses
(ICD-10 code C61) and vital status (alive, emigrated, or dead).
From the NPCR, we obtained information about cTNM and
Gleason scores. The Norwegian Cause of Death Registry pro-
vided the date and cause of death from men’s entry into the
cohort until 31 December 2019.

This study was approved by the Regional Committee for
Medical Research Ethics, South-East Norway (no. 2014/204).

Classifying aggressive prostate cancer

PC cases were classified as aggressive if they had a clinical
category of T4 or N1 or M1, or a Gleason score of �8 at
diagnosis (Approach 1), as proposed by the PC3 Working
Group [13]. Cases were classified as non-aggressive if they
did not meet these criteria for aggressiveness and had com-
plete information on cTNM and Gleason scores. Following
the methodology of the PC3 Working Group, we assumed
cNX and cMX represented non-aggressive disease [13]. All
remaining cases were classified as unspecified.

Information about cTNM and Gleason score was not rou-
tinely collected at the CRN for PC diagnosed before 2004.
Because this historical incompleteness could present a chal-
lenge for future retrospective studies, we evaluated a second
approach for classifying aggressive PC (Figure 2). In
Approach 2, aggressiveness was classified using CRN infor-
mation about stage at diagnosis: cases were classified as
aggressive if the stage was recorded as ‘regional spread’ or
‘distant metastases’, and as non-aggressive if the PC was
diagnosed as ‘local disease’. All other cases were classified as
unspecified.

Figure 1. Flowchart illustrating inclusions, exclusions, and the final study
population.
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Statistical analyses

We described the study population using means, standard
deviations (SD), and ranges for continuous variables and fre-
quencies and proportions (%) for categorical variables, strati-
fied by diagnostic period (2004� 2005, 2006� 2007, 2008-
2009) and overall (2004� 2009) (Table 1). We also described
the number and proportion of aggressive PC for both
approaches.

We evaluated the agreement between Approaches 1 and
2 using percent agreement, Cohen’s Kappa with a 95% confi-
dence interval (CI), and the asymptotic McNemar test for
symmetry [20]. The qualitative guideline proposed by Landis
and Koch was used to interpret the Kappa statistic [21].

In keeping with the analyses by the PC3 Working group, a
PC diagnosis was defined as fatal if PC was listed as the
underlying cause on a man’s death certificate within 10 years
of diagnosis [13]. We validated both approaches against this
standard of fatal PC (hereafter referred to as 10-year fatal PC)
by calculating sensitivity and positive predictive values
(PPVs) which were prioritised as outcomes by the PC3
Working Group [13]. Sensitivity captures whether the pro-
posed definition of aggressive PC identifies a high proportion
of life-threatening cases and PPV captures whether the crite-
ria of aggressiveness indeed represent a life-threatening dis-
ease. Sensitivity was defined as the number of cases defined
as aggressive and 10-year fatal (i.e., true positives, TP) div-
ided by the total number of 10-year fatal cases (i.e.,
TPþ false negatives, FN). The PPV was defined as the num-
ber of cases defined as aggressive and 10-year fatal (TP) div-
ided by the total number of aggressive cancers (i.e.,
TPþ false positives, FP). For both outcomes, 95% CI were cal-
culated using the Wilson Score interval [22]. Sensitivity and
PPV were calculated on an annual basis and overall. Results
pertaining to men diagnosed in 2007 were used for direct

comparison with results from the PC3 Working Group [13].
Lastly, we calculated the annual sensitivity and PPV of
Approach 1 for men diagnosed with PC, using a reference
standard of fatal PC within 5 and 7 years of diagnosis.

All analyses were performed using Stata (version 17.0).
The 95% CI for Cohen’s Kappa was calculated using the kap-
paetc package.

Results

Of the 152 567 men in the JSB cohort, the final study popu-
lation included 3568 men with a verified first incident pri-
mary PC diagnosis during 2004–2009 (Figure 1). The
proportion of 10-year fatal PC slightly decreased from 19.5%
to 12.5% over the study period (Table 1). Data completeness
for cN and cM was roughly 90%, and somewhat higher for
cT (Table 1, Supplementary Figure S1). The completeness for
the Gleason score was also high (>90%). Data completeness
for the CRN stage categories improved over time – the pro-
portion of unspecified PC decreased from 30.6% to 26.0%
–and the proportion of cases with regional metastasis
increased from 7.8% to 19.2% (Table 1, Supplementary
Figure S2).

Proportion of aggressive cases

Using Approach 1, 24.7% of all cases were classified as
aggressive, while 13.6% could not be classified due to miss-
ing information (Table 1). The proportions of aggressive and
unspecified cases both increased slightly during 2004� 2009.

Using Approach 2, 19.6% of all cases were classified as
aggressive and 29.0% could not be classified. Between 2004
and 2009, the proportion of aggressive cases increased from
16.1% to 25.1% and the proportion of unspecified cases
decreased from 30.6% to 26.0%.

Figure 2. Approaches used to classify aggressive prostate cancer (PC).
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Agreement between approaches

Overall, 2254 cases could be classified as aggressive or non-
aggressive using both Approaches (Supplementary Table S1).
Overall agreement was 79.7% (n¼ 1797 cases) and Cohen’s
Kappa was 0.51 (95% CI: 0.47–0.55), suggesting moderate
agreement between the two approaches. Discordant cases
were no more likely to be classified as aggressive or non-
aggressive by either approach (p¼ 0.48).

Sensitivity and positive predictive value

For PC cases in the JSB cohort, Approach 1 had a higher sen-
sitivity (0.76, 95% CI: 0.72� 0.80) than Approach 2 (0.69, 95%
CI: 0.64� 0.73) (Table 2). The PPV was similar for both
approaches: 0.43 (95% CI: 0.40� 0.46) and 0.40 (95% CI:
0.36� 0.44), respectively. Results from annual analyses dem-
onstrated similar sensitivities and PPVs for both approaches

(Figure 3): there was some annual variation for sensitivity,
while the PPVs decreased slightly between 2005 and 2007.

Analyses restricted to cases diagnosed in 2007 (n¼ 648,
mean age at diagnosis 66.7 (SD 7.8) years) produced similar
sensitivities for Approaches 1 and 2: 0.71 (95% CI 0.60� 0.79)
and 0.66 (95% CI 0.54� 0.77), respectively (Table 2). These
estimates were similar to that reported by the PC3 Working
Group for SEER-18 cases diagnosed in the same year in the
USA (0.66, 95% CI 0.64� 0.67). The PPV was slightly lower for
Approach 1 (0.39, 95% CI 0.31� 0.47) than for Approach 2
(0.44, 95% CI 0.34� 0.54), but both were notably higher than
the PPV reported for the SEER-18 cohort (0.23, 95% CI
0.22� 0.24).

Sensitivity and PPV analyses using a reference standard of
fatal PC within 5 and 7 years of diagnosis showed similar
temporal trends to those observed in the main analysis of
10 years follow-up (Supplementary Figure S3). The sensitivity
increased slightly with a shorter follow-up window to define

Table 1. Characteristics of the study population of men with a primary invasive prostate cancer (PC) within the Janus Serum Bank cohort, diagnosed
2004� 2009, stratified by year of diagnosis.

Year of diagnosis

2004� 2005 2006� 2007 2008� 2009 Total
n¼ 3568n¼ 956 (26.8%) n¼ 1207 (33.8%) n¼ 1405 (39.4%)

Mean age at diagnosis (SD) [range] 67.3 (8.5) [50, 93] 66.8 (8.0) [49, 84] 67.2 (7.9) [53, 87] 67.1 (8.1) [49, 93]
Age at diagnosis, n (%)

0-59 years 250 (26.2%) 241 (20.0%) 149 (10.6%) 640 (17.9%)
60-69 years 287 (30.0%) 527 (43.7%) 817 (58.1%) 1631 (45.7%)
>70 years 419 (43.8%) 439 (36.4%) 439 (31.2%) 1297 (36.4%)

Vital status 10 yrs.a n (%)
Alive 576 (60.3%) 781 (64.7%) 973 (69.3%) 2330 (65.3%)
Deaths, PC 186 (19.5%) 193 (16.0%) 176 (12.5%) 555 (15.6%)
Deaths, other causes 194 (20.3%) 233 (19.3%) 256 (18.2%) 683 (19.1%)

Clinical (c) TNMb

cT, n (%)
cT0–cT3 844 (88.3%) 1128 (93.5%) 1301 (92.6%) 3273 (91.7%)
cT4 36 (3.8%) 46 (3.8%) 39 (2.8%) 121 (3.4%)
cTX 16 (1.7%) 17 (1.4%) 16 (1.1%) 49 (1.4%)
Missing 60 (6.3%) 16 (1.3%) 49 (3.5%) 125 (3.5%)

cN, n (%)
cN0 230 (24.1%) 330 (27.3%) 295 (21.0%) 855 (24.0%)
cN1 34 (3.6%) 37 (3.1%) 49 (3.5%) 120 (3.4%)
cNX 598 (62.6%) 756 (62.6%) 884 (62.9%) 2238 (62.7%)
Missing 94 (9.8%) 84 (7.0%) 177 (12.6%) 355 (9.9%)

cM, n (%)
cM0 469 (49.1%) 634 (52.5%) 631 (44.9%) 1734 (48.6%)
cM1 76 (7.9%) 92 (7.6%) 85 (6.0%) 253 (7.1%)
cMX 319 (33.4%) 406 (33.6%) 563 (40.1%) 1288 (36.1%)
Missing 92 (9.6%) 75 (6.2%) 126 (9.0%) 293 (8.2%)

Gleason score, n (%)
3–7 723 (75.6%) 857 (71.0%) 1012 (72.0%) 2592 (72.6%)
8–10 169 (17.7%) 248 (20.5%) 285 (20.3%) 702 (19.7%)
Missing 64 (6.7%) 102 (8.5%) 108 (7.7%) 274 (7.7%)

Stage at diagnosis, n (%)
Localised 509 (53.2%) 636 (52.7%) 688 (49.0%) 1833 (51.4%)
Regional 75 (7.8%) 114 (9.4%) 270 (19.2%) 459 (12.9%)
Distant 79 (8.3%) 79 (6.5%) 82 (5.8%) 240 (6.7%)
Unspecified 293 (30.6%) 378 (31.3%) 365 (26.0%) 1036 (29.0%)

Aggressive PC, n (%)
Approach 1
Not aggressive 616 (64.4%) 750 (62.1%) 833 (59.3%) 2199 (61.6%)
Aggressive 228 (23.8%) 301 (24.9%) 354 (25.2%) 883 (24.7%)
Unspecified 112 (11.7%) 156 (12.9%) 218 (15.5%) 486 (13.6%)
Approach 2
Not aggressive 509 (53.2%) 636 (52.7%) 688 (49.0%) 1833 (51.4%)
Aggressive 154 (16.1%) 193 (16.0%) 352 (25.1%) 699 (19.6%)
Unspecified 293 (30.6%) 378 (31.3%) 365 (26.0%) 1036 (29.0%)

aVital status 10 years after PC diagnosis.
bAmerican Joint Committee on Cancer’s Tumour-Node-Metastasis standard for cancer staging.
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fatal cases, while the PPV decreased when using a shorter
follow-up window.

Discussion

In this study, we utilised population-based cancer data from
the CRN and NPCR to identify aggressive PC according to
the criteria proposed for epidemiologic studies by the PC3
Working Group, and an alternative approach using stage at
diagnosis. In our study population of 3568 PC cases in the
JSB cohort, 555 men died of PC within 10 years from diagno-
sis. Compared to the results reported from the SEER-18
cohort in USA, we found similarly high sensitivity, and even
higher PPV for PC death within 10 years. We found similar
results when using CRN data on stage at diagnosis to iden-
tify aggressive PC cases.

The number of PC cases in our closed cohort study
increased during 2004� 2009, while the proportion of 10-
year fatal PC decreased. Men in the JSB cohort were
recruited when they were 35-40 years old, and ageing of the
cohort causes an increase in PC incidence over time (Table
1). Additionally, the use of PSA-testing increased in Norway

during the study period which resulted in an increase in PC
diagnoses and a simultaneous decrease in the proportion of
10-year fatal cases [23]. Intensified or improved treatment for
aggressive tumours may also partly explain the decrease in
fatal cancers over time [24].

During the study period, in particular the years
2008� 2009, we observed an increase in the proportion of
cases diagnosed with regional metastasis and a slight
decrease in cases diagnosed with distant metastasis. This
may result from improved diagnostic tools and procedures,
but the proportion of cases with unspecified cTNM and stage
makes interpretation of this finding challenging. Data from
the SEER-18 cohort indicate a decrease in local stage and
increase in metastatic PC for men aged �75 during 2004–
2010 and stable rates of localised and metastatic PC among
younger men during the same period [25].

Overall, Approach 1 classified 24.7% of all PC cases as
aggressive and 13.6% were unspecified. A lower proportion
(19.6%) were classified as aggressive using Approach 2, but
29.0% were unspecified. This highlights the benefit of using
detailed information on cTNM and Gleason score to define
aggressive PC (Approach 1). We observed moderate

Table 2. Number (n) of cases, and sensitivity and positive predictive values (PPVs), with 95% confidence intervals (CIs), for
Approaches 1 and 2 to classify aggressive prostate cancer among cases in the Janus Serum Bank cohort diagnosed 2004–2009 and in
2007.

Previously published valuesa Approach 1 Approach 2

Diagnosed 2004–2009 (n) – 3082 2532
Fatal cancers (n) 496 408
Aggressive cancers (n) 883 699
Sensitivity (95% CI) – 0.76 (0.72� 0.80) 0.69 (0.64� 0.73)
PPV (95% CI) – 0.43 (0.40� 0.46) 0.40 (0.36� 0.44)

Diagnosed in 2007 (n) 55 900 570 401
Fatal cancers (n) 3073 85 62
Aggressive cancers (n) 2013 155 93
Sensitivity (95% CI) 0.66 (0.64� 0.67) 0.71 (0.60� 0.79) 0.66 (0.54� 0.77)
PPV (95% CI) 0.23 (0.22� 0.24) 0.39 (0.31� 0.47) 0.44 (0.34� 0.54)

aResults published by the PC3 Working Group [16].

Figure 3. Sensitivity (A) and positive predictive values (B) with corresponding 95% confidence intervals for defining aggressive prostate cancer (PC) using
Approaches 1 and 2 for cases diagnosed 2004–2009. The horisontal dashed lines and shaded bands represent point estimates with 95% confidence intervals for
PCs diagnosed in 2007 in the SEER-18 cohort as reported by the PC3 Working Group [16].
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agreement between Approaches 1 and 2 using Landis and
Koch’s qualitative guideline for the Kappa statistic [21].
Although this guideline is commonly used in medical
research, the Kappa statistic is affected by the marginal rates
for both Approaches which can limit the utility of using a
pre-defined scale to qualify the level of observed agreement
[26]. Further research is needed to identifywhether the
aggressive prostate cancers identified by both approaches
have similar aetiologies, but our results for sensitivity and
PPV indicate that cTNM and Gleason score (Approach 1) pre-
dict aggressiveness better than CRN stage at diagnosis only
(Approach 2). However, when such information is lacking, as
is the case in Norway prior to the establishment of NPCR in
2004, Approach 2 may provide a useful alternative to classify
aggressiveness. We observed that the sensitivity of both
approaches improved slightly over time, but this trend was
most pronounced for Approach 2. The PPVs decreased
between 2005 and 2007, likely due to a slight increase in the
number of aggressive cancers and a concomitant decrease in
the number of fatal cancers. It may also partially be due to
the increase in clinical data completeness over time.

Direct comparison of results from JSB cases diagnosed in
2007 and the SEER-18 cohort studied by the PC3 Working
Group showed similarly high sensitivity in both cohorts and
notably higher PPVs in the JSB cohort [13]. The prevalence of
fatal cancers in the JSB cohort was roughly nine percentage
points higher than reported for the SEER-18 cohort. This is
likely the main cause of the difference in PPVs, since an
increased prevalence of fatal cancers will also increase PPV
(all other factors held equal). The higher proportion of PC
deaths observed in the JSB cohort can potentially result from
reporting bias on death certificates which lead to misclassifi-
cation of PC deaths. The manual classification of deaths in
Norway is not likely to explain the high PC mortality, how-
ever, the accuracy of cause of death assignments is reduced
for PC patients over 75 years old as they are more likely to
have PC incorrectly registered as their cause of death [27,28].
Racial or ethnic differences between the study populations
may have also contributed to different results observed from
the JSB and SEER-18 cohorts. JSB has no information about
race or ethnicity, but most men were recruited to the cohort
during the 1970s and ‘80s when immigration to Norway was
minimal and the cohort would therefore consist predomin-
antly of White, ethnically Norwegian men [29]. Other differ-
ences between our study population from the JSB cohort
and the SEER-18 cohort used by the PC3 Working Group are
the sample size (JSB smaller) and age distribution (JSB
younger).

A strength of our study is the use of the large, popula-
tion-based JSB cohort, which allowed for long-term follow-
up for PC diagnoses and death. Individuals choosing to par-
ticipate in a health survey may have been more health-con-
scious than non-participants. However, the cohort includes
participants from 17 of 19 counties and their cancer inci-
dence reflect the incidence in the Norwegian population,
and we thus assume the cohort represents the Norwegian
population in this regard. However, the age distribution of
this closed cohort does not represent that of the Norwegian

population. The availability of individual-level, population-
based cancer information from the CRN and NPCR is another
strength of our study. Mandatory reporting has ensured valid
and high-quality data on all cancer cases in the CRN and
NPCR. A weakness of our study is the use of 10-year fatality
as the reference standard to define deadly PC cases. This is
not a perfect measure: some men would have died prema-
turely from competing causes and others would have died
after 10 years, even though in both cases their PC would
have been aggressive and eventually fatal. Our data showed
that 24% and 17% of those who met the criteria of aggres-
sive PC in Approaches 1 and 2 died from other causes within
10 years of diagnosis.

To conclude, the proposed cTNM and Gleason score crite-
ria to identify aggressive PC was applicable and valid in the
population-based JSB cohort. We also found that the stage
at diagnosis (based on data on metastasis) can be useful in
identifying aggressive PC when data on cTNM and Gleason
score is lacking. Both these approaches will be essential to
identify aggressive PC cases when utilising the JSB cohort for
future aetiologic epidemiologic research since PC cases in
this cohort date as far back as the 1970s.
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