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ARTICLE INFO ABSTRACT

Background: In 2015, Norway implemented cancer patient pathways to reduce waiting times for treatment. The
aims of this paper were to describe patterns in waiting time and their association with patient characteristics for
colorectal, lung, breast and prostate cancers.
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Sufig.eri Methods: National, population-based data from 2007 to 2016 were used. A multivariable quantile regression
Ezléfetcz;apy examined the association between treatment period, age, stage, sex, place of residence, and median waiting
Breast times. o . N . .

Lung Results: Reduction in median waiting times for radiotherapy among colorectal, lung and prostate cancer
Prostate patients ranged from 14 to 50 days. Median waiting time for surgery remained approximately 21 days for both

colorectal and breast cancers, while it decreased by 7 and 36 days for lung and prostate cancers, respectively.
The proportion of lung and prostate cancer patients with metastatic disease at the time of diagnosis decreased,
while the proportion of colorectal patients with localised disease and patients with stage I breast cancer in-
creased (p < 0.001). After adjusting for case-mix, a patient’s place of residence was significantly associated with
waiting time for treatment (p < 0.001), however, differences in waiting time to treatment decreased over the

study period.

Conclusions: Between 2007 and 2016, Norway experienced improved stage distributions and consistently
decreasing waiting times for treatment. While these improvements occurred gradually, no significant change was
observed from the time of cancer patient pathway implementation.

1. Introduction

The diagnostic examination period for all cancer patients should be
as efficient as possible. By avoiding unnecessary time delays, a patient’s
level of psychological stress, quality of life and prognosis could be
improved. However, the time to diagnosis may be influenced by pa-
tient-, doctor- and system-related delays, where the longest delays may
be attributable to the patient and the system [1,2]. Increasing knowl-
edge and awareness about cancer, including treatment possibilities and
prognosis, may reduce a person’s reluctance to seek a doctor, and affect
patient-related delay. To reduce system-related delays, a number of
initiatives have been implemented across Europe. In the early 2000s,
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urgent referral pathways in the UK and Cancer Fast-track Programme in
Catalonia, Spain, were implemented, targeting an upper limit of two
weeks from seeing a general practitioner (GP) to being referred to a
specialist at a hospital [3,4]. Denmark and Sweden implemented cancer
patient pathways in 2007-2008 and 2015-2018, respectively, with an
aim to reduce waiting times and related regional differences [5-7]. In
Denmark, an additional aim was to improve cancer prognosis.

In 2010, the Norwegian Board of Health Supervision evaluated
cancer care in Norway and found that unnecessary non-medical delay
in the diagnostic period and a lack of continuity in treatment were two
of the largest challenges that cancer patients were facing [8]. In 2012,
Norway implemented a national cancer plan for 2013-2017 “Together
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against cancer” [9]. The aim of this plan was “to become a leading
country with good cancer patient pathways” by focusing on better co-
ordination and reduction of waiting times throughout the diagnostic
period. Cancer patient pathways (CPP) in Norway can be described as a
set of maximum days that patients should experience from when the
hospital receives the referral to the first specialist visit, to a clinical
decision and finally to the start of treatment. Initially, the overall goal
was “that minimum 80% of all cancer patients should start their
treatment within 20 working days after the hospital received the re-
ferral”. However, prior to implementation, this goal was adjusted to be
more clinically relevant to each type of cancer. Patients who are in-
cluded in a CPP are assigned a coordinator that will function as a guide
through the medical system. During the first four months of 2018, the
proportion of cancer patients that were included in a CPP ranged from
82.1% (prostate) to 91.3% (breast) [10]. Norway implemented the first
pathways in January 2015 for colorectal, lung, breast and prostate
cancers. These four cancer sites represented approximately 50% of all
new cases, as well as, half of all cancer-related mortality in 2016 [11].

The aims of this paper were to describe patterns in time from di-
agnosis to start of treatment between 2007 and 2016, and to study the
importance of age, sex, stage and place of residence on time to treat-
ment for colorectal, lung, breast and prostate cancers. In addition, the
initial effect of the implementation of cancer patient pathways on stage
distribution, as well as, the national and regional waiting times from
diagnosis to treatment were explored.

2. Material and methods
2.1. Cancer registry of Norway

Since 1953, the Cancer Registry of Norway (CRN) has been col-
lecting cancer notifications for the Norwegian population. It is esti-
mated that the quality, comparability, completeness, validity, and
timeliness of the CRN data are high, with 98.8% estimated complete-
ness for all sites together [12]. The CRN annually obtains information
regarding radiotherapy directly from the radiotherapy units. The per-
sonal identification number, assigned to all Norwegian citizens since
1964, enables linkage of information across institutions and databases.
The CRN receives death certificates from the Cause of Death Registry,
which are matched monthly against the National Population Register to
ensure that vital status (death or emigration) is updated. Complete vital
status information for the study was available until 31 December 2017.

2.2. Classification of variables

Stage of disease was grouped according to the condensed seventh
version of the tumour, node, metastasis status as localised, regional,
metastatic, or unknown [13]. For breast cancer, stage was classified as
stage I-IV. For prostate cancer, a patient was categorised according to
risk groups following the 2012 European Association of Urology (EAU)
guidelines as low-risk, intermediate-risk and high-risk cancer [14]. Risk
group information is dependent on the reporting of cT and PSA level by
the clinicians, and in 2017 this was known for 63% of the patients [15].
Norway has 19 health trusts that are responsible for specialised health
care in each of their catchment areas. The study variable denoting
health trust was based on a patient’s place of residence at the time of
diagnosis, independent of where the patient was actually treated [16].
Information regarding a patient’s stage and risk group was found within
the diagnosis period (i.e., month of diagnosis plus an additional four
months).

Date of diagnosis was defined as the date of the first histologically
verified diagnosis registered at the CRN, which most often is based on a
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biopsy. Surgery refers to the radical removal of a tumor. Date of surgery
refers to the date of the first notification indicating surgery registered at
the CRN. For radiotherapy, only the first series of treatment where the
intention was to cure the patient from the disease, i.e. curative, was
included. Since information regarding chemotherapy was not available,
“no treatment” refers to patients who neither underwent surgery nor
received curative radiotherapy.

In the present analyses, the focus was on waiting times from the
date of diagnosis to the date of surgery or curative radiotherapy,
whichever occurred first. Therefore, only patients who started their
treatments were included. The waiting time was calculated as the
number of days from initial treatment and back to the date of diagnosis.
This ensured that data on the most recently treated patients could be
used. Since colon and rectum cancer patients share the same cancer
patient pathway, they were grouped together.

2.3. Statistical analysis

Trends in waiting time were analysed using median waiting time
with the respective standard error. To compare the level of regional
variation in waiting times for treatment, the relative standard error,
defined as standard error/median, was calculated. In order to account
for changes in median over time the relative measure was preferred to
the crude standard error. A multivariable quantile (median) regression
of waiting time for treatment was used for each cancer site individually
adjusted for treatment period, age and stage at diagnosis, sex and place
of residence. In order to identify when the slope of the (linear) trend in
waiting times changed significantly, joinpoint regression analyses were
performed. A Pearson chi-squared test was used to assess changes in
stage distribution over time, and a Wald test was performed to check for
regional variation. Multiple imputation, a statistical method that uses
available data to model the likely distribution of missing data under the
missing at random assumption, was used to handle incomplete data on
stage [17]. Stage was imputed using a multinomial logistic regression
model where year of diagnosis and the Nelson-Aalen estimate of the
cumulative hazard were included as continuous variables, while sex,
age group, the outcome indicator (dead/censored) and cancer site were
included as categorical variables. Based on the recommendations by
White et al. saying that the number of imputations should be approxi-
mately the same as the largest fraction of missing information, 15 da-
tasets with imputed values of stage and risk group were created [17].
The number of imputations were then assessed checking the rule of
thumb that all the degrees of freedom should be larger than 100.

The statistical program Stata 15.1 was used for all analyses [18]

3. Results

There were 235,971 patients identified with a diagnosis of color-
ectal (n = 66,062), lung (n = 45,112), breast (n = 53,559) or prostate
(n = 71,238) cancer in the period 2000-2016 in Norway. The number
of patients diagnosed per year increased markedly for all cancer sites
(Fig. 1). The proportion of patients who initially underwent surgery
tripled for prostate cancer (10% in 2000 to 34% in 2015), remained
around 90% for breast cancer, increased marginally for lung cancer
(18% in 2000 to 20% in 2015) and decreased slightly for colorectal
cancer (80% in 2000 to 75% in 2015). The proportion of patients who
received radiotherapy as initial treatment more than doubled for col-
orectal cancer (4% in 2000 to 8% in 2015) and lung cancer (8% in 2000
to 17% in 2015), while a 50% increase was observed among patients
with prostate cancer (12% in 2000 to 19% in 2015).

During the period 2007-2016, an overall tendency towards a lower
proportion of patients diagnosed with metastatic cancer, was observed
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Fig. 1. The number of patients diagnosed and the proportion of patients treated with surgery and radiotherapy within one year of diagnosis in Norway between 2000

and 2015.
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Stage distribution for patients diagnosed with colorectal, lung, breast and prostate cancers in Norway between 2007 and 2016.
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(Fig. 2). For colorectal cancer, the proportion of patients diagnosed
with regional or metastatic cancer declined, while the proportion of
patients diagnosed with localised disease increased from 18.8% to
25.3% between 2007 and 2016. For lung and prostate cancers, the
proportion of patients with metastatic cancer decreased from 51.7% to
44.7% and 13.7% to 9.2%, respectively between 2007 and 2016. The
proportion diagnosed with stage I breast cancer slightly increased,
while a slight decrease was observed among stage II patients over the
same period. Comparing the last two periods (2013-2014 versus
2015-2016), statistically significant differences in stage distributions
were observed across all four cancer sites (p < 0.001 for all sites).

Table 1

Cancer Epidemiology 61 (2019) 59-69

For the remainder of the paper, the study population contains all
colorectal, lung, breast and prostate cancer patients who either received
curative radiotherapy or surgery in 2007-2016 (n = 98,662). Patients
registered with a date of treatment prior to, or on the same date as
diagnosis were excluded due to the possibility of representing regis-
tration errors or emergency patients who do not follow the standardised
cancer pathway (n = 8974). Finally, breast cancer patients who re-
ceived radiotherapy as initial treatment or those diagnosed with stage
IV were excluded due to low numbers (n = 536). Therefore, 89,152
patients were eligible for analysis. Patient characteristics are shown in
Table 1.

Patient characteristics for colorectal, lung, breast and prostate cancer patients treated with surgery or curative radiotherapy in 2007-2016 in Norway (n = 89,152).

Colorectal Lung

Breast Prostate

N surgery (%) N radiotherapy (%)

N surgery (%)

N radiotherapy (%) N surgery (%) N surgery (%) N radiotherapy (%)

Year of treatment

2007 2069 (8.7%) 295 (8.1%) 388 (7.9%)
2008 2161 (9.1%) 308 (8.4%) 438 (8.9%)
2009 2241 (9.4%) 375 (10.3%) 424 (8.6%)
2010 2231 (9.4%) 395 (10.8%) 429 (8.7%)
2011 2231 (9.4%) 422 (11.6%) 511 (10.4%)
2012 2367 (9.9%) 378 (10.4%) 498 (10.1%)
2013 2470 (10.4%) 427 (11.7%) 511 (10.4%)
2014 2582 (10.8%) 396 (10.9%) 544 (11.1%)
2015 2701 (11.3%) 325 (8.9%) 565 (11.5%)
2016 2802 (11.7%) 328 (9.0%) 612 (12.4%)
Age group

0-49 1106 (4.6%) 345 (9.5%) 225 (4.6%)
50-59 2502 (10.5%) 773 (21.2%) 741 (15.1%)
60-69 6040 (25.3%) 1240 (34.0%) 2013 (40.9%)
70-84 11,462 (48.0%) 1199 (32.9%) 1923 (39.1%)
85+ 2745 (11.5%) 92 (2.5%) 18 (0.4%)
Sex

Female 11,889 (49.8%) 1441 (39.5%) 2356 (47.9%)
Male 11,966 (50.2%) 2208 (60.5%) 2564 (52.1%)
Stage'

1 5031 (21.1%) 226 (6.2%) 2491 (50.6%)
2 14,898 (62.5%) 2477 (67.9%) 2110 (42.9%)
3 3747 (15.7%) 597 (16.4%) 191 (3.9%)

4 179 (0.8%) 349 (9.6%) 128 (2.6%)

Health Trust (HT)

@stfold HT 1529 (6.4%) 208 (5.7%) 321 (6.5%)
Akershus HT 2074 (8.7%) 321 (8.8%) 590 (12.0%)
OUS HT 1723 (7.2%) 272 (7.5%) 403 (8.2%)

Innlandet HT
Vestre Viken HT
Telemark HT
Vestfold HT
Sgrlandet HT

Helse Stavanger HT
Helse Fonna HT
Helse Bergen HT
Helse Fgrde HT
Helse Mgre og Romsdal HT
St. Olavs HT
Nord-Trgndelag HT
Helgeland HT
NLSH HT

UNN HT

Helse Finnmark HT

2053 (8.6%)
2298 (9.6%)
802 (3.4%)
1221 (5.1%)
1228 (5.1%)
1354 (5.7%)
896 (3.8%)
1962 (8.2%)
678 (2.8%)
1512 (6.3%)
1399 (5.9%)
738 (3.1%)
483 (2.0%)
658 (2.8%)
924 (3.9%)
260 (1.1%)

274 (7.5%)
273 (7.5%)
111 (3.0%)
185 (5.1%)
199 (5.5%)
224 (6.1%)
177 (4.9%)
357 (9.8%)
85 (2.3%)

251 (6.9%)
205 (5.6%)
108 (3.0%)
60 (1.6%)

115 (3.2%)
157 (4.3%)
51 (1.4%)

467 (9.5%)
302 (6.1%)
154 (3.1%)
230 (4.7%)
350 (7.1%)
293 (6.0%)
173 (3.5%)
361 (7.3%)
85 (1.7%)

286 (5.8%)
278 (5.7%)
130 (2.6%)
70 (1.4%)

137 (2.8%)
195 (4.0%)
82 (1.7%)

223 (6.6%)
214 (6.4%)
207 (6.1%)
233 (6.9%)
300 (8.9%)
343 (10.2%)
366 (10.9%)
483 (14.3%)
526 (15.6%)
474 (14.1%)

2484 (8.8%)
2499 (8.9%)
2489 (8.8%)
2606 (9.2%)
2787 (9.9%)
2773 (9.8%)
3006 (10.7%)
3154 (11.2%)
3257 (11.5%)
3161 (11.2%)

841 (5.7%)
1233 (8.4%)
1196 (8.1%)
1290 (8.8%)
1495 (10.2%)
1743 (11.8%)
1702 (11.6%)
1639 (11.1%)
1865 (12.7%)
1715 (11.7%)

937 (9.0%)
892 (8.6%)
1014 (9.7%)
943 (9.0%)
1051 (10.1%)
1141 (10.9%)
1090 (10.5%)
1061 (10.2%)
1218 (11.7%)
1077 (10.3%)

97 (2.9%)
498 (14.8%)
1176 (34.9%)
1501 (44.6%)
97 (2.9%)

5918 (21.0%)
7242 (25.7%)
8507 (30.1%)
5423 (19.2%)
1126 (4.0%)

347 (2.4%)
3641 (24.7%)
8927 (60.6%)
1803 (12.2%)
1 (0.0%)

35 (0.3%)
798 (7.7%)
4613 (44.3%)
4971 (47.7%)
7 (0.1%)

1578 (46.8%)
1791 (53.2%)

28,216 (100.0%)

14,719 (100.0%) 10,424 (100.0%)

1018 (30.2%)
1615 (47.9%)
341 (10.1%)
395 (11.7%)

13,022 (46.2%)
10,564 (37.4%)
3056 (10.8%)
1574 (5.6%)

8394 (57.0%)
4429 (30.1%)
51 (0.3%)

1845 (12.5%)

4922 (47.2%)
2766 (26.5%)
115 (1.1%)

2621 (25.1%)

175 (5.2%)
239 (7.1%)
151 (4.5%)
283 (8.4%)
304 (9.0%)
140 (4.2%)
238 (7.1%)
289 (8.6%)
243 (7.2%)
134 (4.0%)
332 (9.9%)
63 (1.9%)

157 (4.7%)
182 (5.4%)

1689 (6.0%)
2678 (9.5%)
2876 (10.2%)
2318 (8.2%)
2891 (10.2%)
1042 (3.7%)
1374 (4.9%)
1600 (5.7%)
1703 (6.0%)
889 (3.2%)
2170 (7.7%)
515 (1.8%)
1439 (5.1%)
1581 (5.6%)

1033 (7.0%)
1301 (8.8%)
926 (6.3%)
1351 (9.2%)
1545 (10.5%)
697 (4.7%)
776 (5.3%)
855 (5.8%)
1079 (7.3%)
418 (2.8%)
856 (5.8%)
295 (2.0%)
1036 (7.0%)
753 (5.1%)

788 (7.6%)
973 (9.3%)
794 (7.6%)
740 (7.1%)
897 (8.6%)
205 (2.0%)
321 (3.1%)
598 (5.7%)
568 (5.4%)
584 (5.6%)
958 (9.2%)
332 (3.2%)
817 (7.8%)
571 (5.5%)

95 (2.8%) 820 (2.9%) 383 (2.6%) 288 (2.8%)
51 (1.5%) 426 (1.5%) 210 (1.4%) 193 (1.9%)
76 (2.3%) 756 (2.7%) 451 (3.1%) 240 (2.3%)
128 (3.8%) 984 (3.5%) 555 (3.8%) 407 (3.9%)
80 (2.4%) 360 (1.3%) 160 (1.1%) 112 (1.1%)

The percentages are calculated within each variable (vertically summing to 100).

T Stage is categorised as localised (1), regional (2), metastatic (3) and unknown (4) for colorectal, lung and prostate cancer. For breast cancer stage is categorised

as stage I (1), II (2), III (3) and unknown (4).
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Fig. 3. Median waiting time (marked with crosses) from date of diagnosis to date of treatment (surgery or curative radiotherapy) for colorectal, lung, breast and
prostate cancer patients after adjusting for case-mix (age, sex, stage and place of residence). Year represents the year of treatment (surgery or curative radiotherapy).
The linear trend lines come from a joinpoint regression analysis, where the (potential) joinpoint indicates where there is a significant change in waiting time.

The median waiting time from diagnosis to surgery was approxi-
mately three weeks for both colorectal and breast cancer patients
(Fig. 3). The waiting time for radiotherapy among colorectal cancer
patients, and waiting time for surgery among breast cancer patients,
began decreasing from 2011 and 2014, respectively. For lung cancer
patients, marked changes in waiting times for both surgery and radio-
therapy were observed from 2010 to 2011 onwards, with a decrease of
more than 1 and 2 weeks, respectively. Similar patterns were observed
for prostate cancer, where the waiting times for surgery and radio-
therapy were reduced by 6 and 8 weeks starting from 2011 and 2013,
respectively. For low-risk prostate cancer patients, waiting time for
surgery increased by over 2 months over the study period.

For lung cancer patients, the waiting time for surgery increased with
age (p < 0.001). Male patients with colorectal cancer experienced a
1.2-day (95% confidence interval (CI) 0.8-1.5) increase in waiting time
for surgery compared to females after controlling for case-mix
(Table 2). No such difference was observed between male and female
lung cancer patients. Compared to patients with stage I breast cancer,
patients with stage III experienced an 9.0-day (95%CI: 7.3-10.7) in-
crease in waiting time for surgery. Independent of a patient’s age, sex,
stage and place of residence, a significant reduction in waiting times for
radiotherapy was observed for all cancer sites (p < 0.001) (Table 3).

Statistically significant differences in waiting times existed between
the 19 health trusts for all cancer sites (p < 0.001). Fig. 4 shows that
lung cancer patients experienced the largest reduction in variation
based on where they live, in terms of waiting time for treatment. Breast

63

cancer patients had the smallest variation, which remained consistently
low throughout the period.

4. Discussion

Over the period 2007-2016, there was a slight shift towards a lower
proportion of patients being diagnosed with metastatic cancer for col-
orectal, lung and prostate cancers. For breast cancer there was an in-
creased proportion of patients diagnosed with stage I cancer, which was
offset by a decrease in the proportion of patients diagnosed with stage II
cancer. The waiting times for radiotherapy among colorectal and lung
cancer patients decreased by more than two weeks, and for prostate
cancer patients by more than six weeks. Colorectal and breast cancer
patients did not experience any change in waiting times for surgery
during this period.

The waiting time for curative radiotherapy for colorectal, lung and
prostate cancer patients decreased significantly from 2011 to 2016. The
number of radiotherapy units and machines in Norway increased from
20 in 2000 to 39 in 2010 [19]. Since the guidelines for post-operative
radiotherapy for breast cancer changed in 2013-2014, recommending
that patients undergo 15 instead of 25 fractions, the treatment period
was reduced from five to three weeks [20]. Consequently, an increased
capacity at the radiotherapy machines may have been beneficial for all
cancer types. Rectal cancer patients account for approximately one-
third of colorectal cancers in this study and preoperative radiotherapy
(pRT) is used selectively only in rectal cancer patients. The proportion
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Table 2 (continued)

Prostate

Breast

Lung

Colorectal

Multivariate Univariate Multivariate Univariate Multivariate Univariate Multivariate

Univariate

95%CI

Coeff'

95%CI

Coeff'

95%CI

95%CI Coeff' 95%CI Coeff' 95%CI Coeff' 95%CI Coeff' 95%CI Coeff'

Coeff'

(3.5,13.5)
(7.3,21.7)

8.5
14.5

(9.7,20.3)
(7.9,36.1)

15.0

(-5.6,-3.7)

-4.7
1.0

(-5.6,-2.4)
(1.0,1.0)

-4.0

(-4.2,7.3)
(-6.4,9.3)

1.6
1.4

(-2.3,10.3)
(-1.4,9.4)
(-2.0,8.0)

4.0
4.0
3.0

(-3.0,-0.5)

-1.8
—4.8
-1.2

6.2

(-3.1,-0.9)
(-6.7,-1.3)

-2.0
-4.0

Nord-Trgndelag HT
Helgeland HT
NLSH HT

UNN HT

22.0

(0.1,1.9)

(-6.5,-3.2)

(-23.1,-13.9)

(-5.6,7.6)
(7.5,38.0)

—18.5
1.0

(-22.4,-13.6)
(-3.3,7.3)

—18.0
2.0

(-2.2,0.2)
(3.3,5.4)

-1.0

4.3

(-1.2,1.2)
(4.4,5.6)
(3.3,6.7)

0.0
5.0

(-4.0,3.5)
5.0

-0.3
-7.3

—6.1

(-2.2,-0.1)

(-1.6,-0.4)
(6.0,8.0)

-1.0

(-11.2,-3.5)

-6.0 (-9.9,-2.1)

(4.9,7.4)

(0.8,6.5) 22.0 (8.8,35.2) 22.8

3.7

(-11.6,-0.5)

(-1.0,4.6) —-4.0 (-9.9,1.9)
36.0

1.8

(-0.6,6.6)

3.0

Helse Finnmark HT

cons

(86.2,93.8)

0.0

(20.6,21.4)

21.0

(32.5,39.5)

(20.7,21.3)

21.0

< 0.001

8

< 0.001

< 0.001
21.0

< 0.001 < 0.001 < 0.001 < 0.001
3

0.4

< 0.001

p-value

(79.6,95.4)

7.5

(28.9,37.5) (21.0,21.0)

3.2

(19.0,21.8)

Site constant

Abbreviations and footnotes:CI- confidence interval.

T Coeff - represents the additional days between date of diagnosis and surgery for each category compared to the reference category.

ks

Stage is categorised as localised (1), regional (2), metastatic (3) and unknown (4) for colorectal, lung and prostate cancer. For breast cancerstage is categorised as stage I (1), II (2), III (3) and unknown (4).
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receiving pRT has increased dramatically during the period, from under
10% in 2000-2002 to 41% in 2009-2011, levelling off to between 30%
and 40% after 2011 [21,22]. This increase is also the most possible
explanation for the slight reduction observed in the proportion of col-
orectal cancers receiving surgery, since patients with pRT and surgery
were grouped as radiotherapy. For lung cancer there was a rapid in-
crease in the proportion of patients receiving curative treatment (sur-
gery, stereotactic radiotherapy and curatively fractionated radio-
therapy) after 2010 [23]. Despite this increase in the proportion of
curatively treated patients, the waiting time for radiotherapy was re-
duced by over two weeks. As “waiting time” includes diagnostic work-
up, examinations and preparatory activities, the time from diagnosis to
treatment cannot and should not be zero.

For breast cancer, the waiting time for surgery and the level of re-
gional variation in waiting time remained constant over the study
period. This was expected as a national mammographic screening
program has been well functioning for the past 20 years and breast
diagnostic centres were implemented in Norway prior to the study
period. These centres had preplanned pathways for the patients prior to
2007, and these can be considered as already implemented national
patient pathways. However, it should be noted that a proportion of
breast cancer patients did not enter a “quality-assured” breast diag-
nostic centre during the study period. A national Danish study also
showed constant waiting time for breast cancer treatment around the
implementation of CPPs. They argued that the lack of reduction in
waiting time was due to the implementation of a national screening
program [7]. Another aspect that may affect the time from diagnosis to
surgery, as observed towards the end of the study period, is the growing
awareness of the increased possibility for breast conservation surgery
and reduced axillary surgery for subgroups using neoadjuvant treat-
ment (and not only for locally advanced cases). The use of neoadjuvant
treatment is expected to increase in the coming years, and may further
affect the observed waiting time to surgery. Future analyses should
consider information on the use systemic therapies prior to local
treatment. The present analyses showed that stage III breast cancer
patients experienced an 9.0-day longer waiting time to surgery than
stage I patients. All stage I patients undergoing surgery were treated
within 3 months of diagnosis. Information about neoadjuvant treatment
was not available in this study and therefore it was not possible to se-
parate the patients who received preoperative systemic treatment from
those who did not. However, examining a histogram over waiting times
to surgery for stage III patients, a clear bi-modal distribution was ob-
served (data not shown). The median waiting time was 21 and 198
days, respectively, for the first and second hump. Therefore, if in-
formation regarding patients who are likely to have been preoperatively
treated (waiting time longer than 3 months) were excluded, the dif-
ference between stage I and stage III breast cancer patients would have
disappeared.

In the period 2009-2016, the proportion of low-risk prostate cancer
patients who underwent active surveillance increased from 20% to 75%
[15]. Therefore, the observed two-month increase in median time from
diagnosis to surgery for low-risk prostate cancer patients from 2007 to
2016, may reflect the increased use of active surveillance. These pa-
tients are likely to become intermediate- or high-risk patients when
they undergo surgery. The waiting time for surgery is similar both in
level and in development over time for patients with intermediate- and
high-risk prostate cancer. These similarities are in accordance with
clinical practice, as expected survival is long and a patient’s risk group
has traditionally not affected waiting time for surgery. It is important to
note that prostate biopsies may cause local inflammation and therefore,
surgeons may consider a time lag of up to 6 weeks before surgery.
Traditionally stage has been available through digital rectal examina-
tion and lymph node dissection, but over the period, MRI has emerged
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Table 3 (continued)

Prostate

Lung

Colorectal

Multivariate Univariate Multivariate Univariate Multivariate

Univariate

95%CI

Coeff'

95%CI Coeff" 95%CI Coeff' 95%CI Coeff" 95%CI Coeff" 95%CI

Coeff"

(-104.4,-86.6)
(-70.9,-38.1)

-95.5
—54.5
-92.0
-77.0
—56.5

(-112.8,-91.2)
(-80.9,-29.1)

—-102.0
—55.0
-97.0
—88.0
-62.0
280.0

Nord-Trgndelag HT -7.0 (-11.4,-2.6) -7.9 (-11.1,-4.7) 6.0 (-12.2,0.2) (-10.6,6.8)
Helgeland HT (-6.1,5.1)

NLSH HT
UNN HT

0.5

-7.0
-7.6
-8.3

(-10.4,-1.6)

(-13.2,-6.4)

(-12.1,-5.9)

9.0
-12.0
-18.0
-14.0

51.0

(-101.7,-82.3)
(-89.6,-64.4)

(-111.5,-82.5)
(-99.5,-76.5)

(-12.6,-3.4) (-10.8,-3.2)

(-14.1,-8.0)

-11.0
-17.2
—-15.4

(-16.3,-7.7)

(-13.2,-2.0)

(-17.1,-4.9)
(-16.0,2.0)

-11.0
-7.0
54.0

(-20.6,-13.8)

(-20.7,-15.3)

(-71.0,-42.0)

(-76.0,-48.0)

(-15.5,-1.0)

(-20.4,-10.5)

(-18.9,-9.1)

Helse Finnmark HT

cons

(271.9,288.1)

(51.0,57.0)

(48.7,53.3)

< 0.001
314.0

< 0.001

< 0.001

53.1

< 0.001

< 0.001

55.7

< 0.001

p-value

(222.9,405.1)

(43.4,62.8)

(51.8,59.5)

Site constant

Abbreviations and footnotes: CI - confidence interval.

T Coeff Coeff - represents the additional days between date of diagnosis and surgery for each category compared to the reference category.
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as the dominant staging tool for prostate cancer patients. MRI tends to
discover more locally advanced cancers which may explain the ob-
served shift from localised to regional disease. Ad hoc screening (PSA
testing) has resulted in more patients being diagnosed in an early stage,
and because the absolute number of patients diagnosed with metastatic
cancer was quite stable, the observed decrease in the proportion of
metastatic cancers was expected. For the other cancer sites, as for
prostate cancer, more advanced and improved staging options have
become available, and hence the possibility that this has led to shifts in
the stage distributions cannot be excluded. In a study from Denmark,
CPP patients tended to be less frequently diagnosed in a localised stage
compared to all patients diagnosed prior to the CPP implementation
[24]. They argued that this could be due to GPs referring more ad-
vanced cases through urgent referrals. Our results indicate that this may
not be the case in Norway.

In June 2011, the Prime Minister of Norway announced a “waiting-
time guarantee” stating that 80% of all cancer patients, independent of
cancer site, should start their treatment within 20 days of diagnosis.
The waiting times for cancer treatment decreased after 2011, making
the observed data for 2015-2016 (post CPP implementation) just a
continuation of an already ongoing trend. This may indicate that the
real effect of CPPs started when the politicians actively started dis-
cussing and setting goals for waiting time, and not at the time of im-
plementation. The attitude may have changed among medical staff
around the implementation of CPPs as the focus on waiting times arose,
leading to reductions in waiting times for surgery and radiotherapy.
These tendencies were also seen in Denmark where the waiting time for
treatment decreased significantly prior to, and continued to decrease
after the implementation of CPPs [6,7,25].

This study has some limitations that are worth mentioning. First, as
many patients will receive other treatments than surgery and curative
radiotherapy, information about alternative treatments such as im-
munotherapy or chemotherapy would have provided a more complete
picture of the treatment patterns in the Norwegian population. Second,
information about socioeconomic status and whether or not a patient
was included in a CPP, were not available in these data. As previous
studies have shown significant socioeconomic differences in the like-
lihood of receiving treatment in Norway, further studies may indicate
whether differences in waiting time based on socioeconomic status exist
after the implementation of cancer patient pathways [26,27]. In addi-
tion, linking data from the CRN with pathway-specific data from the
Norwegian Patient Register may determine whether waiting times vary
based on a patient’s inclusion in a CPP. Third, this paper does not ad-
dress the clinical effectiveness in terms of patients’ prognosis as it is
beyond its scope. However, it should be considered in future research as
more data after CPP implementation become available. Despite these
limitations, this study provides unique and important information re-
garding development in stage distribution and waiting times for treat-
ment for colorectal, lung, breast and prostate cancers using complete
information about surgery and radiotherapy from the period before and
during the implementation of CPPs in Norway. The study’s population-
based design and the use of national, comprehensive and high-quality
data provide results that are widely representative.

In conclusion, this study showed an improved stage distribution, as
well as, a clear reduction in waiting time especially for radiotherapy,
but also for surgery, over the period 2007-2016 in Norway. Even if
cancer patient pathways were implemented in 2015, the observed im-
provements seem to be part of a pattern starting prior to the im-
plementation. More data after the implementation are needed to show
the clinical effect of cancer patient pathways.
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2007 and 2016.
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