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ABSTRACT

Background: Several new systemic treatments for primary metastatic prostate cancer patients (mPCa)
were introduced in the last decade for both hormone-sensitive (mMHSPC) and castration-resistant pros-
tate cancer (mCRPC). However, little is known about the introduction of these treatments in clinical
practice. In this national cohort study, we described users and non-users of systemic treatment beyond
androgen deprivation therapy (ADT). We also explored whether there was a shift in treatment patterns
after the introduction of Docetaxel for mHSPC patients.

Materials and Methods: All patients registered in the Cancer Registry of Norway with mPCa diag-
nosed in 2010-18 were included. Data on systemic therapy (Docetaxel, Abiraterone, Enzalutamide,
Cabazitaxel, and Radium-223) were provided from the Norwegian Prescription Database, the
Norwegian Patient Registry, and the Norwegian Control and Payment of Health Reimbursement
Database. Descriptive results about patient and disease characteristics were presented using frequen-
cies and proportions, means and standard deviations, or medians and interquartile ranges.

Results: Of the 2770 patients included in this study, 48% received systemic treatment beyond ADT.
The proportion of patients receiving systemic treatment increased during the study period. Systemic
treatment users were younger, in better general condition, and had more aggressive tumors than
non-users. A treatment shift was observed after 2015, with 48% of patients receiving systemic treat-
ment (mainly Docetaxel) in the mHSPC phase compared to 4% of those diagnosed 2010-14. No signifi-
cant treatment differences were observed across health regions.

Conclusions: An increasing proportion of patients received systemic treatment during the period
2010-18. However, less than 50% of patients in our study received systemic treatment. In accordance
with updated guidelines, Docetaxel was introduced after 2015 with an increasing proportion of
patients receiving systemic treatment as mHSPC. Further studies should address the disease course
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and treatment given to patients who do not receive systemic treatment.

Background

Prostate cancer (PCa) is the second most common cancer
among men [1]. About 10% of patients diagnosed with PCa
have distant metastases at diagnosis (mPCa) and androgen
deprivation therapy (ADT) has long been standard treatment
for these patients [2,3]. Docetaxel was introduced almost
20years ago for patients with metastatic castration resistant
PCa (mCRPC) [4,5]. Several new treatments have been intro-
duced in the past 10years for mCRPC, and Abiraterone,
Enzalutamide, Radium-223 and Cabazitaxel
quently made available in the Norwegian public health care
system. All systemic treatment except ADT was initially
restricted to mCRPC patients. However, in 2015, a survival
gain was demonstrated in clinical studies for patients with
hormone sensitive metastatic prostate cancer (mHSPC) who

were subse-

received Docetaxel upfront, which changed treatment guide-
lines for patients with primary mPCa [6,7].

Several population-based studies have documented the
use of systemic treatment for mCRPC patients and Docetaxel
in mHSPC patients in clinical practice. However, real-world
studies of mMCRPC patients often include both primary and
secondary metastatic patients. Moreover, few mCPRC and
mHSPC studies have focused on patients who did not
receive systemic treatment beyond ADT [8-14].

This population-based cohort study describes the patient
characteristics and treatment patterns for patients diagnosed
with mPCa in Norway during 2010-2018. Specifically, we
described all patients — both those who received only ADT
and those who received further systemic treatment — with
respect to clinical, geographic, and socioeconomic features.
We also presented the use of systemic treatment, time from
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Figure 1. Timeline for introduction of systemic treatment (beyond Docetaxel for mCRPC patients).

diagnosis to start of first systemic treatment, and assessed
whether there was a treatment shift for mHSPC after publica-
tions recommended Docetaxel for patients with this disease.

Materials and methods
Study population

Our study population comprised all men registered in the
Cancer Registry of Norway (CRN) with histologically verified
adenocarcinoma and distant metastases diagnosed in
Norway between 2010 and 2018 (ICD-10 C61). We excluded
records with missing information about metastasis and
patients diagnosed with mPCa at autopsy.

Data sources

This study used data from the population-based CRN includ-
ing the Prostate Cancer Registry (NoPCR), a clinical quality
registry. From these registries, we used information about
age, diagnosis date, prostate-specific antigen (PSA) at diag-
nosis (ng/ml), Gleason score at biopsy, clinical TNM, as well
as treatment data about surgery and radiation therapy [15].
WHO performance status as a measure of functional status at
diagnosis was also obtained [16]. From the Norwegian
Prescription Database (NorPD), we used information about
prescription systemic treatments dispensed in Norway includ-
ing dispensing date. From the Norwegian Patient Registry
(NPR), we wused information about chemotherapy use
(Docetaxel, Cabazitaxel, and unspecified chemotherapy). The
Norwegian Control and Payment of Health Reimbursement
Database (KUHR) provided information about all Radium-223
infusions given. Statistics Norway (SSB) provided data about
household income and highest obtained education.

The following variables were categorized: PSA at diagnosis
(€100 mg/ml or >100mg/ml), tumour localization at diagno-
sis (localized: cT0-cT2 or locally advanced: cT3-cT4), Gleason
score (6-7 or 8-10), clinical lymph node status (negative or
positive), WHO status at diagnosis (0, 1-2, or 3-4), highest
obtained education (none, elementary, high, or vocational
school; or college or university), and household income in
tertiles (1, 2, or 3). The Appendix contains additional details
on how income tertiles were calculated.

Drug use

After approval by the Norwegian Medicines Agency, almost
all cancer therapy in Norway is provided by the public health
care system [16]. Abiraterone [17] and Enzalutamide [18]
were initially approved for second line treatment after
Docetaxel for mCRPC (Figure 1). In 2015, both drugs were
approved for first line treatment and Docetaxel was intro-
duced for mHSPC [19,20]. Radium-223 has also been avail-
able for clinical practice in Norway outside clinical trials since
2015 [21]. Cabazitaxel was approved for mCRPC in 2017 [22].

In this study, 98% of “users” received ADT and we there-
fore defined additional mPCa treatment with Abiraterone,
Enzalutamide, Cabazitaxel, Radium-223, or Docetaxel as sys-
temic treatment. Furthermore, because clinical recommenda-
tions changed in 2015 when Docetaxel was introduced for
mHSPC, we described treatment before and after 2015
separately.

Users were in this study defined as patients who received
systemic treatment, which was defined as meeting at least
one of the following criteria:

e collected a prescription of Abiraterone or Enzalutamide
e received at least one infusion of Docetaxel, Cabazitaxel,
or Radium-223

All other patients were defined as non-users.

Because we did not have information on PSA after diag-
nosis, we used time since diagnosis to distinguish between
treatment given in the hormone sensitive and castration
resistant phases. We assumed that patients who received sys-
temic treatment <6months after diagnosis were mHSPC
patients and that patients who received systemic treatment
>12months after diagnosis were mCRPC patients. Patients
who received systemic treatment >6 to 12months after
diagnosis were categorized as “in between”.

Statistics
Descriptive results about patient and disease characteristics
for the PCa patients were presented using frequencies and
proportions, means and standard deviations, or medians and
interquartile ranges.

To avoid bias from non-random missing information in
multivariable analyses, we performed multiple imputation
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with chained equations [23]. Results using imputed data
were based on 10 imputed datasets and patients who had
still missing data after imputation were excluded (n=5).
Details about the imputation models are provided in the
Appendix. Patient and disease characteristics based on the
imputed data (Supplementary Table S1) were generally simi-
lar to those obtained from the observed data.

Unadjusted differences in characteristics between users
and non-users were evaluated from the observed data using
the two-sided Chi-square test (binary and nominal variables)
or the two-sided, two sample Wilcoxon rank-sum test
(ordinal variables and age). Adjusted differences were eval-
uated from the imputed data using a logistic regression
model that included all patient and disease characteristics,
diagnostic period (2010-2014 or 2015-2018), and health
region (South-Eastern, Western, Central, or Norther) as covari-
ates. Age was modelled using restricted cubic splines.

Systemic treatment use among mHSPC, “in-between”, and
mCRPC patients was described using frequencies and propor-
tions and stratified by diagnostic period. We estimated the
cumulative incidence of becoming a user up to 5years after
diagnosis, where death was considered a competing risk.
Observations were censored on 31 December 2018. The
observed cumulative incidence was presented graphically

Table 1. Patient and disease characteristics at diagnosis.

and stratified by year of diagnosis: 2010-2014, 2015, 2016,
and 2017; results were not shown for patients diagnosed in
2018 due to the short follow-up time. Time from diagnosis
to treatment start was also presented using the median and
interquartile range.

All analyses were performed using Stata (version 17.0)
except a Sankey diagram created using R (version 4.1.3)
using the dplyr (version 1.1.1) and networkD3 (version 0.4)
packages [24-26]. Cumulative incidences were calculated
using the stcompet package for Stata [27].

Results
Patient characteristics

During 2010-2018, 2770 patients were diagnosed with pri-
mary mPCa in Norway. The median follow-up time in our
study was 24.7 months (IQR 11.6 to 43.7 months, range 0 to
107 months). Of these patients, 48% (n=1327) were defined
as users of systemic treatment and 52% (n=1443) were
defined as non-users (Table 1). Users were younger at diag-
nosis than non-users with a median age of 69years com-
pared to 77years. Users presented with more aggressive
tumor characteristics at diagnosis than non-users: median

Systemic treatment

Yes (users) No (non-users) p-Value p-Value Total
n=1327 n=1443 unadjusted adjusted n=2770
Age at diagnosis 223 x 10 122 % 10
Median [IQR] 69 [64, 75] 77 [70, 81] 73 [66, 79]
Mean (sd) 68.9 (8.0) 749 (7.6) 72.0 (8.4)
PSA, ng/ml
Median [IQR] 100 [34, 402] 69 [22, 300] 85 [27, 350]
Mean (sd) 474 (1065) 372 (997) 423 (1032)
>100 ng/ml 564 (43) 482 (33) 0.0002 497 x10°® 1046 (38)
Missing n (%) 197 (15) 301 (21) 498 (18)
Clinical Tstage n (%)
Localized: cT0-2 222 (17) 332 (23) 3.92 x 10°° 0.0009 554 (20)
Locally advanced: cT3-4 995 (75) 949 (66) 1944 (70)
Missing 110 (8) 162 (11) 272 (10)
Gleason Score (categorized) n (%)
6-7 145 (11) 238 (16) 122x 101 431x10° 383 (14)
8-10 926 (70) 725 (50) 1651 (59)
Missing 256 (19) 480 (33) 736 (27)
Highest education level n (%)
None, elementary, high, or vocational school 963 (73) 1168 (81) 9.56 x 108 0.0044 2131 (77)
College or university 354 (27) 263 (18) 617 (22)
Missing 10 (1) 12 (1) 22 (1)
Household income in year prior to diagnosis, tertiles n (%)
Lowest 500 (38) 792 (55) 1.82 x 1072 0.0048 1292 (47)
Middle 455 (34) 414 (29) 869 (31)
Highest 364 (27) 227 (16) 591 (21)
Missing 8 (1) 10 (1) 18 (1)
WHO status at diagnosis n (%)
0 627 (47) 402 (28) 2,92 x 10°%7 152x 107" 1029 (37)
1-2 519 (39) 655 (45) 1174 (42)
3-4 40 (3) 214 (15) 254 (9)
Missing 141 (11) 172 (12) 313 (11)
Healthregionn (%)
South-Eastern 698 (53) 796 (55) 0.117 0.247 1494 (54)
Western 233 (18) 241 (17) 474 (17)
Central 252 (19) 229 (16) 481 (17)
Northern 144 (11) 174 (12) 318 (11)
Missing 0 (0) 3 (<) 3(<1)
Time of diagnosis n(%)
2010-2014 744 (56) 880 (61) 0.009 0.285 1624 (59)
2015-2018 583 (44) 563 (39) 1146 (41)
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Cumulative incidence

Median Estimate after

months (IQR) 6 months
2010-2014 18 (10-30) 4%
2015 4(2-12) 32%
2016 3 (2-9) 43%
2017 2 (1-4) 48%

Time in months from diagnosis to start of systemic treatment
among users, median (interquartile range), and estimated
proportions of patients.

Year of diagnosis
2010-2014

== 2015

2016

Years from diagnosis to first systemic treatment

——= 2017

Figure 2. Cumulative proportion of systemic treatment use (ever-use) since diagnosis among men diagnosed with metastatic prostate cancer during 2010-2017.

Table 2. Start of first systemic treatment by time after diagnosis, stratified by diagnostic period. Numbers of patients and percentages are

reported n (%).

Docetaxel 6
Abiraterone
Enzalutamide

Total 72 (100)
20152018

Docetaxel 412 (96)

Abiraterone 8 (2)

Enzalutamide 9(2)

Total 427 (100)

125 (74) 210 (42) 399 (54)
33 (20) 135 (27) 175 (24)
10 (6) 154 (31) 165 (22)

168 (100) 504 (100) 744 (100)
26 (17) 15 (17) 453 (78)

3 (12) 11 (12) 22 (4)
35 (69) 62 (69) 106 (18)
66 (100) 90 (100) 583 (100)

PSA was 100 vs 69 (ng/ml), 75% vs 66% of patients pre-
sented with a T3-4 tumor, and 70% vs 50% had a Gleason
score >8. Additionally, 27% of users had education above
vocational school level compared to 18% among non-users.
A greater proportion of users had a high income (27% of
users compared to 16% of non-users), and a higher propor-
tion of users had a WHO status of 0-2 compared to non-
users (86% vs 73%). The aforementioned differences between
users and non-users were all significant with p < 0.001.
Investigating patient characteristics between users and non-
users stratified by diagnostic period revealed similar results
(Supplementary Table S2).

The proportion of users and non-users were approxi-
mately the same across health regions; 53% of users and
55% of the non-users were from the Southeast region
(Table 1).

Treatment regimens

Figure 2 illustrates the proportion of users over time (cumu-
lative incidence), stratified by year of diagnosis. Overall, a
higher proportion of mPC patients received systemic treat-
ment in each subsequent diagnosis period. Moreover,
patients diagnosed in 2015-17 received systematic treatment
sooner after diagnosis than patients diagnosed in 2010-14.
While few (4%) mHSCP patients diagnosed between 2010-14

received systemic treatment within 6 months after their diag-
noses, 32%/43%/48% of mHSCP patients received systemic
treatment within 6 months when diagnosed in 2015/16/17,
respectively. The earlier introduction of systemic treatment in
later diagnostic years was also reflected by a decreasing time
until first systemic treatment use (median time to first use:
18 months in 2010-14 versus 2-4months in 2015-2017).
Patients diagnosed late in 2018 would not have had suffi-
cient time to start treatment with Docetaxel and were there-
fore excluded from this analysis and Figure 2.

Table 2 describes the number and percentage of mPCa
patients receiving specific systemic treatments before and
after the treatment shift in 2015, taking into consideration
time since diagnosis. Docetaxel was the most frequently
used first line drug for mHSPC (89%) and mCRPC patients
(42%) diagnosed between 2010-14. In line with treatment
guidelines, Docetaxel was the primary treatment for 96%
of mHSPC patients diagnosed after 2015, and newer
systemic treatments were increasingly used for mCRPC
patients diagnosed in this period (Enzalutamide 69% and
Abiraterone 12%).

Figure 3 illustrates the first four systemic treatment lines
for patients diagnosed with primary mPCa during 2010-14.
Of the 744 patients who received 1% line systemic treatment,
61% received 2™ line therapy, 31% received 3 line therapy,
and 13% received 4™ line therapy. Among patients who
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Figure 3. Sankey diagram showing treatment pathways starting from first use of systemic treatment for men diagnosed with metastatic prostate cancer in Norway
during 2010-2014. The width of treatment pathways is proportional to the number of patients who received a given treatment; pathways are only shown for

groups of 5 or more.

received two lines of systemic treatment, those who received
Docetaxel as first line treatment were likely to receive
Abiraterone/Enzalutamide as second line treatment (85% of
first line Docetaxel users). The opposite was also observed
where those who received Abiraterone/Enzalutamide as first
line treatment were likely to receive Docetaxel as second line
treatment (89% of first line Abiraterone/Enzalutamide users).
Systemic treatment lines were not illustrated for patients
diagnosed after 2015 since many of these patients did not
receive more than first line systemic treatment during the
study period.

Discussion

We observed that less than 50% of mPCa patients in this
study received systemic treatment, but that there was a
trend towards increased use of systemic treatment during
the study period (2010-18). A shift in treatment pattern
started in 2015, after which more patients received systemic
treatment (Docetaxel in particular) in mHSPC phase.
Compared to non-users, users of systemic treatment were
younger, had a better general condition, and had more
aggressive tumour characteristics at diagnosis.

The use of systemic treatment beyond ADT increased dur-
ing 2010-18. Overall, mPCa patients have a fairly good prog-
nosis and many of those diagnosed in 2010-14 were still
alive to receive new systemic treatments after these drugs
were approved. For patients diagnosed in 2015 and later,
Docetaxel was indicated upfront, and a larger proportion of
patients started systemic treatment in the mHSPC phase.
However, we could have expected the proportion of users in
our study to be even higher than observed from 2015
onwards as these patients most likely are in better condition

in the mHSPC phase than in the mCRPC phase and should
therefore be eligible for systemic treatment. Nevertheless,
clinicians might have been more restrictive in prescribing
Docetaxel because the indication was new. Patients diag-
nosed in more recent years who did not receive treatment in
the mHSPC phase may not have reached the mCRPC phase
and the proportion of users in this group is likely to increase
with longer follow-up. The varying ratios between
Abiraterone and Enzalutamide is a result of changes in reim-
bursement in the Norwegian public health system.

The proportion of users of systemic treatment among
mCRPC patients in our study (48%) is in line with previously
published studies. A Swedish study of mCRPC patients pub-
lished in 2013 (when only Docetaxel was available) found
that 61% of patients under 70years old and 30% of patients
between 70-79 received chemotherapy [28]. In a more
recent Swedish study including primary and secondary
mCRPC patients, 36% of mCRPC patients received systemic
treatment, increasing to 50% in 2013-2015 [29]. In a Dutch
study including patients diagnosed during 2010-13, a higher
proportion of trial patients (ever) received Docetaxel com-
pared to non-trial patients (85% vs 40%) [30]. Prospective
studies such as the Treatment Registry for Outcomes in CRPC
Patients (TRUMPET) will give us a better understanding of
the treatment for mCRPC patients in clinical practice [31].

During 2010-18, the introduction of several new systemic
therapies for mCRPC and Docetaxel for mHSPC changed the
treatment of patients with mPCa. We observed a change in
Norwegian treatment practice after 2015, which was soon
after Docetaxel was shown to give a survival benefit for
mHSPC [7,32]. For patients diagnosed during 2010-2014,
only 10% of those who received systemic treatment did so
during the mHSPC phase compared to 73% of patients



diagnosed in 2015-18. This indicates that international guide-
lines were successfully implemented in Norway. Median time
from diagnosis to systemic treatment decreased from
18 months for patients diagnosed in 2010-14 to 2 months for
patients diagnosed in 2017.

New drugs for mPCa are typically expensive and there has
been a focus on whether all patients have equal access to
therapy. The Norwegian Approval Forum was established in
2013 to ensure equal access to expensive treatments in
Norway. In our study, the proportion of users was fairly simi-
lar across the four health regions (about 50% users in each
region) which suggests there is equal access to these drugs
across Norway, and also suggests that similar treatment strat-
egies are being used throughout the country in a broad
sense (our sample was too small to stratify results by hos-
pital). However, the proportion of patients with high level of
education and/or high income is greater among users than
non-users, which suggests that there is some inequality in
the use of systemic treatment. Inequal use of systemic treat-
ment might not be directly related to education or income
but instead related to other, non-recorded variables associ-
ated with education level and income.

As we did not have information about PSA/testosterone
levels after diagnosis, we were not able to identify when
patients reached castration resistant status. We assumed that
all patients had hormone sensitive disease the first six
months after diagnosis even though a small portion of these
patients would have been primary mCRPC because the
impact of this misclassification bias was assumed to be min-
imal. Additionally, because patients who received systemic
therapy 6-12 months after diagnosis could be “late” HSCP or
“early” CRPC, we classified them in a separate “in between”
group to avoid additional misclassification in the mHSPC and
mCRPC groups (Table 2). Patients receiving systemic treat-
ment >12months after diagnosis are most likely mCRPC so
the risk of misclassification was least in this group. We could
have used the time of systemic treatment start as a surro-
gate for mCRPC for patients diagnosed when systemic treat-
ment was only indicated for mCRPC (2010-14). However, the
observed median of 1.5years from diagnosis to start of sys-
temic treatment/mCRPC in our study was longer than previ-
ously reported. Patients in our study may have therefore
reached a castration resistant phase prior to approval of
these drugs and were only able to receive them after their
approval. Using this approach would have biased (pro-
longed) the observed time from diagnosis to start of sys-
temic treatment treatment/castration resistant phase and
would therefore also cause misclassification.

Strengths and limitations

This population-based registry study includes all patients
diagnosed with mPCa in Norway during 2010-18 and used
individual data on systemic treatment. The patient group
represents a real-world setting and all patients had primary
mPCa. Moreover, our study also describes mPCa patients
who did not receive systemic treatment, something few pre-
vious studies have done.

ACTA ONCOLOGICA 1721

As with other registry-based studies, our study was limited
by the variables collected at the CRN. In particular, we did
not have detailed information about when patients became
castration resistant and did not have any additional informa-
tion about why certain patients remained non-users. In our
study 98% of users received ADT. ADT is indicated for all
mPCa patients and few exceptions could be expected among
users of systemic treatment. However, information on ADT
given at hospitals was not available for this study, there
might be some cases where guidelines are not followed, and
we cannot exclude some misclassification in the CRN.

We had limited follow-up data to describe second line
treatment and survival for patients diagnosed in 2015-18,
including patients treated with Docetaxel as mHSPC. Since
2018, several new drugs have been introduced for mHSPC
and mCRPC. Our data will be updated in the near future, giv-
ing us the opportunity to present further changes in treat-
ment and survival for patients with mPCa.

Conclusion

Nearly 50% of primary mPCa patients received systemic
treatment, with an increase in the proportion of users after
introduction of new androgen receptor target and Docetaxel
for mHSPC. The proportion of users will probably increase
with longer follow-up. At diagnosis, users were younger, in
better general condition and had more aggressive tumors
compared to non-users. Docetaxel was introduced after 2015
for mHSPC according to international guidelines. No signifi-
cant differences in the proportion of users were observed
between health regions.

The data that support the findings of this study are avail-
able from the corresponding author (AHS), upon reasonable
request.
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