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ABSTRACT

Introduction: Novel drugs have been shown to prolong life in men with metastatic prostate cancer
(PCa) and castration resistant Pca (CRPC). The aim of Patient-overview Prostate cancer (PPC) is to regis-
ter and report these treatments and their effect.

Material and methods: In PPC, a new part of the National Prostate Cancer Register of Sweden data
on start and stop of treatments, imaging, prostate specific antigen, clinical assessment of progression
and patient reported outcome measures (PROM) are registered from initiation of hormonal treatment.
Data are displayed in a graph to inform clinical decisions for individual patients. For research, data in
PPC are linked to PCBaSe with information from NPCR and a number of health care registers.

Results: In December 2019, 7 882 men had been registered in PPC out of whom 3 912 had reached
the CRPC state. Median time to start of androgen receptor targeted drugs (ART) from start of ADT was
4 years (interquartile range IQR 6) for men with primary ADT, and 9years (IQR 6) and for men with sec-
ondary ADT. Out of all men in PCBaSe with a prescription for ART in 2016-2017, PPC captured 1 480/4
055 (36%). There were small differences between men registered/not registered in PPC for cancer char-
acteristics, primary treatment, comorbidity, and time on ADT before start of ART.

Conclusion: In PPC, use and effects of novel therapies for advanced Pca are assessed in a real-life set-
ting. PPC data are used as a decision aid, for quality assurance, and in research.
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Introduction The aim of this study was to delineate the set-up and to
report preliminary results of The Patient-overview Prostate
Cancer (PPC), a new part of the National Prostate Cancer
Register (NPCR) of Sweden that was created in order to lon-
gitudinally register data from routine health care of men

with advanced Pca.

Several drugs have recently been shown to prolong life and
increase quality of life in men with metastatic prostate cancer
(Pca) and castration resistant prostate cancer (CRPC) in
randomized clinical trials (RCT) [1]. These treatments include
taxane-based chemotherapy, androgen receptor targeting
(ART) drugs; abiraterone and enzalutamide, an alpha-emitting
radionucleid; radium -223 and further drugs will be intro-
duced in the near future [2]. Since the study populations in
RCTs differ from afflicted men in the general population, there
is a need for data from clinical practice, i.e. in a real-life set-

Materials and methods

Primary registration in National Prostate Cancer
Register of Sweden

ting, to assess if results obtained in RCTs are applicable to
men with metastatic Pca and CRPC in the general population
[3]. There is also a need to assess if treatments are used
according to guidelines in order to avoid over and underuse
of new, expensive drugs and there is a need for a user-
friendly display of data for each patient with advanced Pca.

The National Prostate Cancer Register (NPCR) of Sweden
records a comprehensive set of data on cancer characteris-
tics, diagnostic work-up, primary treatment, and primary
treatments. In addition, secondary radical procedures i.e.
prostatectomy and radiotherapy delivered after an initial
period of active surveillance or radiotherapy after primary
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Figure 1. (a) Cumulated number of men registered in the Patient-overview Prostate Cancer (PPC). (b) Inclusion at each site Patient-overview Prostate Cancer
(PPC). (c) Temporal assessment of drug use for castration resistant prostate cancer (CRPC) at all including PPC centres in Sweden.
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Figure 1. Continued.

prostatectomy are also registered [4-6]. Since 1998, NPCR
captures 98% of all incident cases of Pca compared to the
National Cancer Registry to which reporting is mandated by
law. However, except registration of second line radical
radiotherapy and prostatectomy, no further registration after
the initial work up and primary treatment is made in NPCR.
Since 2014, data in NPCR are uploaded in a dash board
panel available to each care provider at a secured server,
and as of recently also to the general public in an interactive
reporting system [7,8].

Prostate Cancer data Base Sweden

In 2009, Prostate Cancer data Base Sweden (PCBaSe) was cre-
ated by linking NPCR to a number of national health care
registries and demographic databases, among these the
Patient Registry with data on discharge diagnoses as of
1987, The Prescribed Drug Registry with data since July 2005,
and The Cause of Death Registry [5]. Subsequently, PCBaSe
has been enriched by inclusion of additional sources and fur-
ther curated [6]. PCBaSe 4.0, the most recent update per-
formed in 2016, includes more than 180 000 prostate cancer
cases and almost 1 million prostate cancer-free control men
frequency-matched on birth year and county of residency.
Follow-up can be made by use of data in the Patient
Registry on treatments and hospital admissions related to
disease and disease progression and data on filled

prescriptions in Prescribed Drug Registry, e.g. use of andro-
gen deprivation therapy (ADT).

Patient overview Prostate Cancer (PPC)

PPC was created in order to overcome the lack of follow-up
data in NPCR and PCBaSe on PSA progression, drug treat-
ment with chemotherapy and radionucleids provided in-hos-
pital (not available in the Prescribed Drug Registry), imaging
procedures, and data on patient reported outcome measures
(PROM) for men with advanced Pca.

Men who start ADT for Pca are eligible to be registered in
PPC and for men who already had reached the CRPC state at
the time of inclusion in PPC, selected data from the date of
ADT and onwards are retrieved from medical charts and
entered to PPC.

In PPC information is captured from the date of initiation
of ADT to the date of death. Data that are registered include
date for CRPC, dates for start and stop of Pca treatments,
results from imaging investigations, laboratory tests e.g.
serum levels of prostate specific antigen (PSA) and alkaline
phosphatase, symptomatic skeletal-related events, and clin-
ical assessment of clinical cancer status by use of The
Eastern  Cooperative  Oncology  Group/World  Health
Organization Performance Status [9,10]. These data are
entered to PPC by staff and treating physician at each out-
patient visit. Since beginning of 2018, a modified version of
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Figure 2. Graph in PPC with longitudinal overview of treatment effects including c

the European Organisation for Research and Treatment of
Cancer (EORTC) QLQ-C15-PAL questionnaire on Patient
Reported Outcome Measures (PROM) is used before each
visit, with the addition of a question concerning urinary
symptoms [11]. Since October 2018, EQ5D questionnaires,
version EQ-5D-5L, are also collected for analysis of health
economics [12,13]. PPC is held at the Information network on
cancer care (INCA) platform, which also holds data for all
clinical cancer registers in Sweden [7].

Data from PPC reported here were included in update of
PCBaSe, performed in February 2018. By use of these link-
ages, data on cancer characteristics at diagnosis, primary
treatment, filled prescriptions, comorbidity assessed by use
of the Charlson Comorbidity Index (CCl) based on discharge
diagnoses from hospital admissions, level of education, sick
leave, occupation, marital status, and cause of death are
available for men in PPC [6].

Results

In December 2019, 7 882 men had been registered in PPC
out of whom 3 912 had reached the CRPC state (Figure 1(a)).
Data registered in PPC are displayed in a graph for each

bicalutamide

linical assessment and Patient Reported Outcome Measures (PROM).

individual patient showing a time line with treatments and
treatment effects including symptoms and quality of life
(Figure 2). This graph is used to inform decisions on treat-
ment and follow-up by the physician and the patient at each
consultation. A hard copy of the dashboard panel can readily
be printed for the patient. Second, at each participating
department, staff can access the PPC online interactive
reporting system on the INCA platform. For example, data
that can be readily analyzed by use of this reporting system
include inclusion rate over time (Figure 1(a)), number of
included patients per site (Figure 1(b)), use of drugs accord-
ing to line of sequence (Figure 1(c)), other specific number
of treated men over time as well as various specific request
by individual sites.

Data in PPC can thus be used to assess drug use at a hos-
pital, in a county, in a region, or in the entire nation over
time. As an example, Figure 1(c) shows the registration over
time in PPC of use of androgen receptor targeted (ART)
drugs, Ra-223, and chemotherapies in all participating
departments as first to fifth line of treatment. The use of
enzalutamide and abiraterone increased substantially
between 2012 and 2018, whereas the use of Ra-223
decreased and the use of docetaxel decreased somewhat.
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Figure 3. Line of sequence for drugs for CRPC in PPC.

There was only a small fraction of men who received cabazi-
taxel or other chemotherapies. The sequence of drugs, i.e. in
which order the drugs were used is illustrated in Figure 3.
The most common first line therapy in men with CRPC in
PPC was enzalutamide, followed by docetaxel and abirater-
one, and the most common second line treatment was abira-
terone. Out of the 1 738 men who received a first line
treatment, 795 (46%) received a second line treatment, 373
(21%) received a third line treatment 157 (9%) received a
fourth line treatment and 52 (3%) received a fifth
line treatment.

Table 1 shows data on men in PPC who were also
included in PCBaSe 4.0. Data in PPC enriched by data in
PCBaSe 4.0 enabled us to assess baseline characteristics at
date of diagnosis and at date of start of androgen receptor
targeted (ART) drugs. Overall, 1 586/3 417 (46%) of these
men had regionally or distant metastatic Pca at date of diag-
nosis. Men who received primary ADT, indicating an
advanced disease stage already at the date of diagnosis,
were older at date of diagnosis than men who received
other primary treatments, median age 71 years (interquartile
range IQR 11) years vs 66years (IQR 10). Primary ADT was
used for a shorter period of time before start of ART than in
men with secondary ADT, 4years (IQR 5) years vs 9years
(IQR 6) . Men with primary ADT had higher median PSA at
start of ART than men with secondary ADT, 84ng/ml (IQR
185) vs 55ng/ml (IQR 150).

The capture rate of men on ART in PPC could be assessed
since filled prescriptions for these drugs are recorded in the
Prescribed Drug Registry for all men in Sweden and hence
for all men in NPCR. Out of all men in NPCR who filled a pre-
scription for an ART in 2016-2017, PPC captured 1 480/4 055
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(36%) of these men (Table 2). There were small differences
between men registered in PPC and men registered in NPCR
but not registered in PPC regarding cancer characteristics at
diagnosis, primary treatment, comorbidity, and time on ADT
before start of ART. For example, median age at date of diag-
nosis was the same, 68years (IQR 11), distribution of risk cat-
egories and socioeconomic status at date of diagnosis was
similar, median time from start of ADT to start of ART was
the same, 4years (IQR 5), and CCl was 0 at start of ART for
58% of men in PPC and 60% for men not in PPC.

To compare outcome in PPC with outcome in a RCT, we
compared the decrease in serum levels of alkaline phosphat-
ase (ALP) as a response to Ra -223 in PPC with the decrease
in the ALSYMPCA trial [14]. In that trial, 59% of men treated
with Ra-223 lowered their serum ALP with more than 30% at
12 weeks of follow-up, whereas in PPC, 54% of men treated
with Ra- 223 had a decrease in ALP of more than 30% at a
median of nine weeks of follow-up (Supplemental Figure 1).

Discussion

Data in the Patient-overview Prostate Cancer (PPC) a new
part of the National Prostate Cancer Register (NPCR) of
Sweden, on use and effects of cancer treatments can be
used for multiple purposes. Data are displayed in a graph
that is used to inform decisions for individual patients at
each consultation and data are also used for surveillance of
drug use and effects and quality assurance at each depart-
ment, for benchmarking between departments, and
in research.

Limitations of PPC include that follow-up is still quite
short and that PPC currently only captures a fraction of all
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Table 1. Characteristics of men in Patient -overview Prostate Cancer (PPC) at
date of prostate cancer diagnosis, date of start of secondary androgen depriv-
ation therapy by use of data in Prostate Cancer data Base (PCBaSe) v 4.1 and
at date of start of androgen receptor targeted drug by use of data in PPC
according to primary treatment.

Primary ADT? Other Tx° All
N=1955 N=1462 N=3417
Characteristics at diagnosis
Age % % %
Median (IQR) 71 (11) 66 (10) 69 (12)
0-60 190 (10) 340 (23) 530 (16)
60-70 732 (37) 698 (48) 1430 (42)
70-80 772 (39) 391 (27) 1163 (34)
80+ 261 (13) 33 (2) 294 (9)
Gleason Score
GS <=6 137 (7) 464 (32) 601 (18)
GS 7 611 (31) 562 (38) 1173 (34)
GS 8-10 1110 (57) 353 (24) 1463 (43)
Missing 97 (5) 83 (6) 180 (5)
PSA (ng/ml)
Median (IQR) 60 (196) 12 (15) 26 (82)
0-10 175 (9) 637 (44) 812 (24)
10-20 255 (13) 428 (29) 683 (20)
20-50 451 (23) 256 (18) 707 (21)
50-100 321 (16) 74 (5) 395 (12)
100+ 735 (38) 58 (4) 793 (23)
Missing 18 (1) 9 (1) 27 (1)
Risk category®
Low 13 (1) 226 (15) 239 (7)
Intermediate 114 (6) 498 (34) 612 (18)
High 451 (23) 507 (35) 958 (28)
Reg. Metastases 283 (14) 125 (9) 408 (12)
Dist. Metastases (M1) 1091 (56) 87 (6) 1178 (34)
Missing 3 (0) 19 (1) 22 (1)
Civil status
Widower 143 (7) 65 (4) 208 (6)
Married 1315 (67) 1057 (72) 2372 (69)
Unmarried 214 (11) 144 (10) 358 (10)
Divorced 283 (14) 196 (13) 479 (14)
Education level
Low 751 (38) 479 (33) 1230 (36)
Interm. 757 (39) 567 (39) 1324 (39)
High 426 (22) 412 (28) 838 (25)
Missing 21 (1) 4 (0) 25 (1)
cce
0 1428 (73) 1230 (84) 2658 (78)
1 286 (15) 142 (10) 428 (13)
2+ 241 (12) 90 (6) 331 (10)
Characteristics at start of ADT
Years from diagnosis to ADT
Median (IQR) 3 (5) 0(3)
0-1 0 336 (23) 2236 (65)
1-2 na 173 (12) 186 (5)
2-5 na 455 (31) 479 (14)
5-10 na 388 (27) 403 (12)
10+ na 110 (8) 113 (3)
Type of first ADT
AA 506 (26) 948 (65) 1454 (43)
GnRH 1360 (70) 497 (34) 1857 (54)
ORCH 89 (5) 17 (1) 106 (3)
PSA (ng/ml)
Median (IQR) 215 (350) 130 (279) 183 (317)
0-10 5(0) 32 (2) 37 (1)
10-20 42 (2) 46 (3) 88 (3)
20-50 138 (7) 91 (6) 229 (7)
50-100 261 (13) 198 (14) 459 (13)
100+ 1317 (67) 567 (39) 1884 (55)
Missing 192 (10) 528 (36) 720 (21)
ca
0 1396 (71) 1089 (74) 2485 (73)
1 300 (15) 219 (15) 519 (15)
2+ 259 (13) 154 (11) 413 (12)
Characteristics at start of ART®
ART 879 (45) 601 (41) 1480 (43)
No ART 1076 (55) 861 (59) 1937 (57)

(continued)

Table 1. Continued.

Primary ADT*  Other Tx" All
N=1955 N=1462 N=3417
% % %
Years from ADT
Median (IQR) 4 (6) 9 (6) 6 (7)
0-1 53 (6) 6 (1) 59 (4)
1-2 174 (20) 20 (3) 194 (13)
2-5 307 (35) 85 (14) 392 (26)
5-10 224 (25) 225 (37) 449 (30)
10+ 121 (14) 265 (44) 386 (26)
PSA (ng/ml)
Median (IQR) 84 (185) 55 (150) 70 (177)
0-10 67 (8) 84 (14) 151 (10)
10-20 72 (8) 51 (8) 123 (8)
20-50 131 (15) 106 (18) 237 (16)
50-100 153 (17) 91 (15) 244 (16)
100+ 299 (34) 179 (30) 478 (32)
Missing 157 (18) 90 (15) 247 (17)
ca
0 518 (59) 367 (61) 885 (60)
1 164 (19) 109 (18) 273 (18)
2+ 197 (22) 125 (21) 322 (22)

?ADT: Androgen deprivation therapy includes men treated with AA: antiandro-
gen monotherapy (bicalutamide); GnRH: Gonadotropin Releasing Hormone
agonists , or bilateral orchidectomy.

POther Tx; other treatments include all other primary treatment strategy
including radical prostatectomy, radiotherapy, active surveillance , and watch-
ful waiting.

“Risk categories according to a modified version of the National
Comprehensive Cancer Network classification: low-risk; clinical local stage T1-
2, PSA <10ng/mL and Gleason Score (GS) 6, intermediate-risk; T1-2, GS 7
and/or PSA 10 to <20ng/ml, high-risk T3 and/or GS8 or higher and/or PSA
20 to 50 ng/ml, regionally metastatic; T4 and/or N1 and/or PSA 50 to 100 ng/
ml and MO, and distant metastases bone metastases, M1.

dCharlson Comorbidity Index (CCl) based on ICD codes for discharge diagnoses
in National Patient Registry up to ten years before the designated date.

€ART: Androgen Receptor Targeted drug; abiraterone or enzalutamide.

fna: not applicable. All men who received ADT as primary treatment did so in
close connection with date of diagnosis.

Prostate Cancer data Base (PCBaSe) v 4.1 includes men who were diagnosed
with prostate cancer up to 31 December 2016 with an update of follow-up in
in February 2018. In PCBaSe, data from the National Prostate Cancer Register
(NPCR) of Sweden was used for clinical cancer characteristics at date of diag-
nosis and primary treatment, data on socioeconomic factors were from the
LISA data base and CCl was based on discharge diagnoses in The
Patient Registry.

men with advanced Pca in Sweden, currently estimated to
be around one third of men with treated with an androgen
receptor targeted (ART) drug, i.e. abiraterone or
enzalutamide.

Strengths of PPC include that the denominator, i.e. all
men with Pca in Sweden, is known by use of data in the pri-
mary registration in NPCR, since NPCR captures 98% of all
men with prostate cancer in the Swedish Cancer Registry, to
which reporting is mandated by law. In PCBaSe, NPCR includ-
ing PPC has been linked to a number of other population-
based nationwide health care registers and demographic
databases so by comparing characteristics of men in PPC
with all men in PCBaSe, the representativity of PPC can be
assessed for a number of aspects including cancer character-
istics at date of diagnosis, comorbidity, and socioeco-
nomic status.

We assessed the proportion of men in NPCR with a filled
a prescription for abiraterone or enzalutamide in the
Prescribed Drug Registry who had also been registered in
PPC and found that one third out of all these men in NPCR



Table 2. Characteristics of men in Prostate Cancer database Sweden (PCBaSe)
4.1 treated with Androgen Receptor Targeted drugs in 2016-2017 according
to filled prescriptions in the Prescribed Drug Registry and stratified according
to registration or not in Patient-overview Prostate Cancer (PPC).

Not in PPC In PPC All
Characteristics at diagnosis 2575 1480 4055
Age
Median (IQR) 68 (11) 68 (11) 68 (11)
0-60 401 (16) 265 (18) 666 (16)
60-70 1139 (44) 688 (46) 1827 (45)
70-80 869 (34) 461 (31) 1330 (33)
80+ 166 (6) 66 (4) 232 (6)
Primary treatment
RP 285 (11) 224 (15) 509 (13)
RT 363 (14) 178 (12) 541 (13)
AS 197 (8) 139 (9) 336 (8)
ADT 1608 (62) 879 (59) 2487 (61)
Other 49 (2) 27 (2) 76 (2)
Missing 73 (3) 33 (2) 106 (3)
PSA (ng/ml)
Median 35 (115) 33 (124) 35 (118)
0-10 490 (19) 308 (21) 798 (20)
10-20 440 (17) 267 (18) 707 (17)
20-50 565 (22) 282 (19) 847 (21)
50-100 331 (13) 179 (12) 510 (13)
100+ 725 (28) 430 (29) 1155 (28)
Missing 24 (1) 14 (1) 38 (1)
Gleason score
GS <=6 291 (11) 203 (14) 494 (12)
GS7 784 (30) 489 (33) 1273 (31)
GS 8-10 1306 (51) 700 (47) 2006 (49)
Missing 194 (8) 88 (6) 282 (7)
Risk category
Low 119 (5) 90 (6) 209 (5)
Intermediate 299 (12) 230 (16) 529 (13)
High 711 (28) 369 (25) 1080 (27)
Reg. metast. 366 (14) 185 (12 551 (14)
Dist. metast. 1067 (41) 600 (41) 1667 (41)
Unknown 13 (1) 6 (0) 19 (0)
Educational level
Low 896 (35) 518 (35) 1414 (35)
Interm. 1008 (39) 562 (38) 1570 (39)
High 652 (25) 393 (27) 1045 (26)
Missing 19 (1) 7 (0) 26 (1)
Civil status
Married 1756 (68) 1062 (72) 2818 (69)
Not married 819 (32) 418 (28) 1237 (31)
Characteristics at initiation of ADT
No date for ADT 225 0 225
Years from dx to ADT
Median 0(2) 0(2) 0(2)
0-1 1669 (71) 970 (66) 2639 (69)
1-2 117 (5) 86 (6) 203 (5)
2-5 306 (13) 219 (15) 525 (14)
5-10 208 (9) 166 (11) 374 (10)
10+ 50 (2) 39 (3) 89 (2)
ca
0 1758 (75) 1115 (75 2873 (75)
1 340 (14) 202 (14) 542 (14)
2+ 252 (11) 163 (11) 415 (11)
Characteristics at initiation of ART
Years from ADT to ART
Median 4 (5) 4 (5) 4 (5)
0-1 173 (7) 109 (7) 282 (7)
1-2 394 (17) 244 (16) 638 (17)
2-5 875 (37) 513 (35) 1388 (36)
5-10 714 (30) 465 (31) 1179 (31)
10+ 194 (8) 149 (10) 343 (9)
CCl (ART)
0 1488 (58) 885 (60) 2373 (59)
1 463 (18) 273 (18) 736 (18)
2+ 624 (24) 322 (22) 946 (23)

ADT: Androgen deprivation therapy.
ART: Androgen receptor targeted drugs.
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were also registered in PPC. Characteristics at baseline and at
date of start of ART for men in PPC and for men in PCBaSe
but not in PPC were very similar. Therefore, we argue that
men on ART in PPC are representative of all men on ART in
Sweden. Furthermore, we argue that PPC can be used to
assess the representativity of RCTs in a general population.
As an example, we compared the short -term decrease in
serum levels in alkaline phosphatase after Ra-223 treatment
in the ALSYMPCA trial with the results in PPC and found that
the results were similar in PPC compared to results in the
ALSYMPCA trial [14].

Another area in which data in PPC can be used is post
authorisation safety studies (PASS). By use of data in PPC on
drug exposure also including drugs delivered in-hospital that
are not registered in The Prescribed Drug Registry, combined
with outcome data e.g. hospital admissions due to rare
adverse events in the Patient Registry available in PCBaSe, a
cost-efficient PASS can readily be performed.

Compared to a large majority of conventional electronic
medical charts, the graph in PPC provides a superior over-
view of a patients disease trajectory that often spans over a
very long time period. Another asset in PPC is that PROM
data are collected before each visit and these data are col-
lated and displayed in a graph immediately available for the
consultation. Currently, similar patient overviews are con-
structed on a generic platform at INCA for a number of other
cancer sites other than Pca including renal cell carcinoma,
lung cancer, breast cancer, CNS tumors, ovarian cancer, and
myeloma in a project managed by the Federation of
Regional Cancer Centers. In the future, patient overviews will
hopefully be a part of the electronic medical record system,
alternatively that patient overviews are seamlessly integrated
with the medical record allowing users to easily access the
patient overview from within the medical record of an indi-
vidual patient’s record.

Another area in which patient overviews can become a
cost-efficient tool is register -based RCTs [15]. As a first step
PPC can be used to quickly identify men that could be
potentially eligble by applying the relevant inclusion criteria
and PPC may with some adjustments be used as a clinical
report form.

In conclusion, there is a need for a structured registration
of data in cancer care to be used as an aid in patient-cen-
tered clinical work, as metrics for quality assurance, and qual-
ity improvement and for research. To serve these purposes, a
new part of NPCR; the Patient-overview Prostate Cancer
(PPC) was constructed.
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