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ABSTRACT

Background: Survival in patients with metastatic colorectal cancer (mCRC) has markedly improved in
patients included in clinical trials. In population-based materials, improvements were seen until about
a decade ago, but it is unclear if survival has continued to improve. It is also unclear if regional or
gender differences exist.

Material and methods: All patients with mCRC (N=19,566) in Sweden between 2007 and 2016 were
identified from the national quality register, SCRCR, with almost complete coverage. Overall survival
(0S) from diagnosis of metastatic disease was calculated in two calendar periods, 2007-2011 and
2012-2016. Differences between groups were compared using Cox regression.

Results: Median age was 72years, 55% were males, synchronous presentation was seen in 13,630
patients and metachronous in 5936. In synchronous disease, the primary tumour was removed more
often during the first than the second period (51% vs 41%, p <0.001). Median OS (mQOS) was
14.0 months. It was longer in those with metachronous than synchronous disease (17.6 vs 13.1 months,
p <0.001) and in males (15.0 vs 12.8 months, p < 0.001), and markedly influenced by age and primary
location. It was longer in patients diagnosed during the second period than during the first (14.9 vs
13.1 months, HR 0.89 (95% Cl 0.86-0.92), p < 0.001). This difference was seen in all subgroups accord-
ing to sex, age, presentation, and sidedness. mOS was about one month shorter in 1/6 healthcare
regions, most pronounced during the first period. Differences in median of up to 5 months were seen
between the region with the shortest and longest mOS.

Conclusions: Overall survival in Swedish patients with mCRC has improved during the past decade
but is still substantially worse than reported from clinical trials/hospital-based series, reflecting the
selection of patients to trials. Regional differences were seen, but they decreased with time. Women
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did not have a poorer prognosis in multivariable analyses.

Background

Globally, colorectal cancer (CRC) is the fourth most common
cancer and the second most common cancer killer [1]. At
diagnosis, 20-25% of the patients have distant metastases
and another 20-25% will recur after curative surgery [2-4].
During the past decades, medical treatment for metastatic
CRC (mCRC) has developed substantially [5-7]. Presently 16
drugs are approved for use in mCRC [7]. These have mark-
edly prolonged survival; in recent clinical trials, median over-
all survival (mQOS) has been about 30 months [6,8,9]. Surgery
for metastatic disease, frequently possible today thanks to
tumour regression after medical treatment, has also contrib-
uted [10]. International collaborative groups’ or consensus
documents state, e.g., that ‘median survival of 24-30 months
can be expected for patients diagnosed with mCRC, as

opposed to about 6 months some decades ago’ [6] or that
‘median OS is now in the 30-month range’ [11].

In contrast, poorer results have been reported from popu-
lation-based materials. Generally, although improvements
have been documented, mOS of around 12 months has been
reported [12-21]. In a Dutch study, no improvement was
seen between 2008 and 2016, except possibly in patients
with limited tumour burden receiving upfront metastasec-
tomy [22]. Hospital and gender variability, potentially reflect-
ing inequalities, have been reported [23-26].

Patients included in trials are selected and the representa-
tivity for the population questioned [15-18,20,22,27]. They
are younger, have better performance status, less comorbid-
ities, certain metastatic sites are underrepresented, and, in
recent trials, their tumours are molecularly selected. All these
factors contribute to the survival differences between
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populations and trial/hospital series but the relative import-
ance of them and other potentially important factors is
not known.

The aim is to describe if survival has improved in the gen-
eral Swedish population during recent years and if differen-
ces exist between gender and different regions in a country
with a general healthcare system having the aim to provide
equal health to all individuals.

Material and methods
Patients

All patients living in Sweden (population 9.1 million in 2007,
9.9 million in 2017) with a primary colorectal adenocarcin-
oma diagnosed after January 1, 2007, have been registered
in the nationwide Swedish Colorectal Cancer Registry
(SCRCR) [28,29]. The coverage and reporting of staging and
primary surgical treatments are close to 100% [30]. The
accuracy of the reporting of synchronous metastases is high
(underreporting <1%, overreporting 3%) [31]. Completeness
of the reporting of recurrences is also high (about 1-2%
missed after 5years), but 3% are inaccurate [31]. Curatively
operated patients are followed clinically after one and three
years with reporting to SCRCR whenever a recurrence
occurred. Reporting of non-surgical treatments started in
2011 but has varied between hospitals, although it has
improved and is presently about 80% [32].

Surgery, radiotherapy, and chemotherapy have been
given according to the national Swedish care programmes
from 2008 and 2016. The principles adhere to the ESMO
guidelines [2,6,33].

An extraction of patients with mCRC from the SCRCR was
made in March 2018. Patients with a registration of meta-
static disease (M1) at initial diagnosis (liver, lung), after sur-
gery if done (liver, lung, other specified) and patients
registered as MO at diagnosis with a recurrence (loco-
regional or systemic [liver, lung, other specified]) during fol-
low-up were eligible (N=19,708). In addition, patients who
had information about treatment for metastatic disease were
included even if not registered as having M1 disease or
recurrence (N=708).

In Sweden, synchronous disease is present at diagnosis or
at surgery, thus, no time limit for when metachronous dis-
ease appears [34] is applied. Only patients with metachro-
nous metastases were included in time to recurrence
analyses. The time was measured from diagnosis of the pri-
mary tumour to time of diagnosis of metastatic disease or
local recurrence, in all but a few patients with missing dates,
where date of multidisciplinary team assessment or treat-
ment initiation was used instead.

According to the TNM classifications during the period,
rectal cancer patients with positive lateral or inguinal nodes
were classified as M1. Since they can be treated with loco-
regional therapy (surgery £ chemoradiotherapy) and have a
better prognosis than those with systemic disease, analyses
without them were also performed.

Patients with a diagnosis of metastasis or a locally
advanced cancer not removed after attempts to resection
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were referred to the synchronous group (M1) and patients
with MO at diagnosis with registered recurrence after
resection surgery constitute the metachronous group
(Supplementary Figure 1).

Statistics

Categorical data were presented as proportions with percen-
tages and compared using Chi-square. Survival times were
calculated from the date of diagnosis, being the date of ini-
tial diagnosis if synchronous or the date when the first loco-
regional or systemic failure was detected, to the date of
death or end of follow-up in April 2018. In 822 patients with
non-synchronous disease in the original data file, the date of
recurrence was not registered. In these patients, the starting
date of chemotherapy, radiotherapy or surgery for metastatic
disease or the date of a multidisciplinary team conference
stating a palliative approach was used. Crude OS stratified by
age groups and diagnostic calendar period of the primary
tumour (2007-2011 and 2012-2016) was calculated using
the Kaplan-Meier method. In addition, point estimates of
mOS and 5-year OS with 95% confidence intervals (Cls)
were calculated.

Cox proportional hazards models were fitted to compare
mortality risk rates between the two periods and different
characteristics. The results are presented as hazard ratios
(HRs) with 95% Cls. Proportional hazard assumption testing
was done by visually assessing Schoenfeld residuals. Visually
no clear violations of the proportional hazard assumption
could be observed. We chose to interpret the results as a
weighted average of the time-varying hazard ratios [35]. P-
values <0.05 were considered statistically significant and all
tests were two-sided. The analyses were performed using
SPSS versions 25 and 27.

Ethics

The study is conducted in accordance with the Declaration
of Helsinki and approved by the ethical review board in
Uppsala. Every patient has the right not to be registered in a
quality registry, although this rarely happens.

Results
Characteristics of the cohort

Between January 2007 and December 2016, 19,708 patients
were registered with mCRC in the SCRCR, 13,071 with syn-
chronous disease (M1), 5930 with recurrence (initially MO)
and 708 patients (all MO) with information on a ‘generalised
form’ about generalised disease (actively treated or not).
After scrutinisation of available information for these
patients, 19,566 patients remained of which 13,630 belonged
to a synchronous group and 5936 to a metachronous group
(Supplementary Figure 1).

In the synchronous group, 86 rectal cancer patients with
lateral nodes only, 20 patients with inguinal nodes only (M1
according to TNM 5-7) and 269 patients with a non-
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resectable primary tumour but without registered distant
metastases were identified. In the metachronous group, 721
patients had a registered local recurrence only, 63 after an
endoscopic procedure. Fifty of these had distant metastases,
leaving 598 patients with a local recurrence only after a
major resection. The remaining 5338 patients in the meta-
chronous group had distant metastases. Eighty-three patients
had no registered date of recurrence diagnosis and were
excluded from the survival analyses (Supplementary
Figure 1).

In the 19,566 patients, 10,711 (55%) were men and
median age was 72 years. The primary tumour site was colon
in 12,856 (66%) patients (of which 230 started in appendix,
6706 [34%] were right-sided, and 5920 [30%)] were left-
sided), and rectum in 6597 (34%). In 113 patients, the local-
isation was unknown, or multiple sites were present. Overall,
13,051 (67%) had liver metastases and 7593 (39%) lung
metastases, proportions similar to an earlier Swedish study
[36]. Liver metastases were particularly common in patients
with synchronous disease (74%) (Supplementary Table 1).
They were also more common during the first calendar
period (71% vs 64%, p < 0.001, Table 1).

Resection of the primary tumour

In patients with synchronous disease, the primary tumour
was removed in 6241 (46%) patients. Thus, 7389 patients
had their primary tumour left in situ, however, attempts to
remove the tumour (open-and-close) were done in 1439
(11%) patients. Resections were performed more often in
colon than in rectal cancer (52% vs. 33%, p <0.001), and in
patients <70years compared with patients >70years at
diagnosis (50% vs 43%, p < 0.001).

Among all patients, primary tumour resections and
attempts to resect were more common during the first than
during the second period (73% vs 66%, p < 0.001, Table 1).
Of the 5175 (81% of all synchronous) patients with known
metastases at diagnosis before surgery was planned/done,
2948 (57%) were operated on between 2007-2011 and 2893
(47%, p<0.001) of the 6176 (85% of all synchronous)
between 2012 and 2016. In both periods, most patients with
MO disease at initial work-up were operated (98% vs 93%,
p<0.001), and most of them (93% vs 90%,
p < 0.001) resected.

Time to recurrence

In patients with metachronous metastases, 506 (9%) devel-
oped within 6 months, 4383 (75%) between 6 months and
3years, 841 (14%) between 3 and 5years and 123 (2%) later.
Median time to recurrence was 16 months (range 0.5-107). In
patients with follow-up exceeding 5 years (primary diagnosis
2007-March 2013), these proportions were 8%, 73%, 16%
and 3%. Restricting the period to those with minimum fol-
low-up over 7years (2007-March 2011) did not change the
results (the proportion diagnosed after 5years increased
from 2.6% to 3.2%). Recurrences >5years after primary diag-
nosis tended to be more common in rectal cancer than in

left or right-sided colon cancer (3% vs 1% vs 2%) and slightly
more common in stage Il than stage Il (3% vs 2%). In stage
I, 5% of the few recurrences came after 5years. Of the recur-
rences seen after 5years, most had stage Il and 15% were
stage | (Supplementary Figure 2).

Tumour characteristics

All patients but 494 (2.5%) had a morphologically verified
adenocarcinoma. This proportion did not differ between the
periods (2.5% vs 2.5%, p = 0.926). The SCRCR only registers
adenocarcinomas but allows registration on clinical grounds
only. Patients without morphological diagnosis were older
(median 73years vs 71years), had mostly synchronous dis-
ease (93%) and were seldom resected (N=60 [12%], open-
and-close was common [N=54, 47% of those having sur-
geryl). One hundred and seventy-seven of these patients
received oncologic treatment; since tumours according to
the national guidelines must be morphologically verified
prior to this therapy, a morphological diagnosis probably
occurred later but was not reported.

The degree of differentiation was only recorded if the pri-
mary tumour was resected; thus, it was missing in many
patients with synchronous disease. Of those registered, about
70% had high or moderate differentiation, with no difference
between the periods (Table 1, Supplementary Table 1).

Overall survival

Overall

Median OS in all patients was 14.0 (95%Cl 13.7-14.4) months.
It was longer in patients with metachronous disease
(17.6 months) than in those with synchronous disease
(13.1 months). In patients with a local recurrence only, it was
13.0months (Table 2, Figure 1). In patients with recurrence
within the first 6 months, it was as short as in those with syn-
chronous disease and it was longest in those with a recur-
rence between 3 and 5years (median almost 24 months,
Supplementary Figure 3). Men had longer mOS than women
(15.0 vs 12.8 months, Figure 2(A,B)). OS was markedly influ-
enced by age (Table 2, Supplementary Figure 4(A-D)).
Patients with metastases from a rectal primary or a left-sided
colon cancer had better OS than those with a right-sided pri-
mary (mOS 17.9months, 16.5months, and 9.4 months,
respectively (Table 2, Figure 2(C,D))). It was also better in
those with lateral or inguinal nodes only (Supplementary
Figure 5). Patients with lung metastases only had longer
mOS than those with liver metastases, one other metastatic
site only or multiple sites (mOS 29.0 vs 144 vs 11.5 vs
12.3months  respectively  (Table 2,  Supplementary
Figure 6(A,B)).

Patients with well/moderately differentiated tumours had
better OS than patients with poor/undifferentiated tumours
(Table 2, Supplementary Figure 7(A)). Patients without mor-
phological diagnosis had shorter mOS than the remaining
cases (6.6 vs 14.3 months, Supplementary Figure 7(B)).
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Figure 1. Overall survival between patients diagnosed 2007-2011 and 2012-2016 for all patients (A), synchronous presentation (B), metachronous (excluding local

recurrence only) (C), and local recurrence only (D).

Difference between periods

An improvement in OS was seen between the periods
2007-2011 and 2012-2016. This was seen in all patients, in
patients with synchronous and metachronous disease, and in
patients with one metastatic site, whether lung, liver or
other, and local recurrence only, where the most marked
increase was seen (Table 2, Figure 1, Supplementary Figure
6(A-B)). It was also seen for both sexes (Table 2, Figure
2(A,B)), all age groups (although only a minimal but statistic-
ally significant increase was seen in those over 80years
(Table 2, Supplementary Figure 4(A-D))), for all sites (Table 2,
Figure 2(C,D)) and when those with lateral or inguinal nodes
or locally advanced disease only were excluded
(Supplementary Table 2).

Difference between regions

A presentation of the organisation of the Swedish healthcare
is presented in Supplementary description 1. OS differed
slightly between the 6 healthcare regions (populations in
2017 899,000-2 456,000) (Table 2, Figure 2(E,F)). mOS was
about 1 month shorter in one healthcare region. This differ-
ence was numerically more pronounced in the first than in
the second period. Looking at individual regions (populations
131,000- 2 396,000), more marked differences were seen,
with a median difference of 5months (excluding the smallest

region) between the regions with the best and the worst sur-
vival (Supplementary Table 3). The differences between
regions were similar during the first and the second period.
The differences were seen also if synchronous and metachro-
nous disease were analysed separately and if rectal cancers
with lateral/inguinal nodes and appendix cancers were
excluded (data not shown).

Multivariable analyses

Age, primary tumour location, presentation of metastases,
metastatic sites, some healthcare regions and time periods
were all associated with OS, whereas sex was not (Table 3).
Degree of differentiation was also prognostic, but since the
many missing cases were virtually only seen in synchronous
disease when the primary tumour was not removed (Table 1,
Supplementary Table 1), the degree of differentiation was
only included in a separate analysis (Supplementary Table 4).

Discussion

A median survival of about 14 months in the Swedish popu-
lation during a recent 10-year period markedly contrasts with
the generally held view that half of the patients with mCRC
today can expect to live above 2years. It is known that
patients in trials or at dedicated hospitals are selected, and


https://doi.org/10.1080/0284186X.2022.2126327
https://doi.org/10.1080/0284186X.2022.2126327
https://doi.org/10.1080/0284186X.2022.2126327
https://doi.org/10.1080/0284186X.2022.2126327
https://doi.org/10.1080/0284186X.2022.2126327
https://doi.org/10.1080/0284186X.2022.2126327
https://doi.org/10.1080/0284186X.2022.2126327

1284 (&) E. OSTERLUND AND B. GLIMELIUS

A 100

90

Median (months)

13.9(95% CI13.3-14.5)
11.9(95% C111.2-12.6)

Hazard ratio

— Male
— Female

Reference
1.06 (95% C11.01-1.11)

80
70
60
50
40

Overall survival %

30

20

0 12 24 36 48 60 72

Number at risk (censored) Time from mCRC diagnosis (months)

Male 4725(2) 2568(2) 1596(2) 1081(3) 794(3)  634(7)  524(430)
Female 4030(0) 2008(1) 1189(1) 802(1)  649(1)  546(1)  477(392)
C 100 Median (months) Hazard ratio
%0 ~— Rightcolon 8.8 (95% Cl 8.1-9.4) Reference
— Leftcolon 154 (95%Cl 14.5-16.3)  0.71(95% Cl 0.67-0.75)
— Rectum 16.0 (95% C115.1-17.0)  0.71(95% C10.68-0.75)
80 —— Appendix  21.7(95% Cl 15.2-283)  0.48 (95% Cl 0.38-0.61)
70
=
S 60
2
2 50
T
g 40
o
30
20
10
0
0 12 24 36 48 60 72

Number at risk (censored) Time from mCRC diagnosis (months)

Median (months)

16.2 (95% C1 15.5-16.9)
13.3(95% Cl 12.7-14.0)

Hazard ratio

— Male
— Female

Reference

90 1.11(95% C11.07-1.16)

80
70
60

50

Overall survival %

40

30

20

0 12 24 36 48 60 72

Number at risk (censored) Time from mCRC diagnosis (months)

Male 5947 (59) 3433 (459) 1927 (848) 1003 (1111)541 (1315) 259 (1513) 40 (1553)
Female 4781(55) 2497 (323) 1335(576) 743(775) 409(941) 193(1080) 34(1114)
D 100 Median (months) Hazard ratio
~ Right colon  9.8(95% Cl9.2-10.4) Reference
90 — Leftcolon  17.6(95%Cl 16.5-18.7)  0.69 (95% Cl 0.65-0.73)
— Rectum 19.2(95% C118.1-20.3)  0.64 (95% C1 0.61-0.68)
80 —— Appendix  33.7 (95% Cl 22.7-44.7) 0.4 (95% C| 0.35-0.55)
70
8
S 60
2
2 50
T
g 40
(o]
30
20
10
0
0 12 24 36 48 60 72

Number at risk (censored) Time from mCRC diagnosis (months)

Right colon 2955 (0) 1222 (0) 661 (0) 435(1) 330(1) 276 (1) 234(201)
Left colon 2705(1)  1550(2)  992(2) 685 (2) 523 (2) 445 (5) 374 (299)
Rectum 2940 (1) 1727 (1) 1083 (1) 725(1) 559 (1) 430(2) 365 (299)
Appendix 97 (0) 64 (0) 45 (0) 37(0) 31(0) 29(0) 28(23)
E 100 Median (months) Hazard ratio
% 1 13.4(95% Cl 12.3-14.5)  Reference
-2 12.9(95% C111.9-13.8)  1.02 (95% C10.95-1.09)
3 132(95%Cl11.6-147)  1.03(95%Cl0.94-1.11)
80 ——4  114(95%C1104-124)  1.10(95% Cl1.02-1.18)
—5 14.1(95% C113.1-15.1)  0.98 (95% C10.91-1.05)
o 70 — 6 13.2(95%Cl11.6-14.8)  1.04 (95% C1 0.95-1.13)
e
S 60
4
2 50
T
2 40
)
30
20
10
0
0 12 24 36 48 60 72

Number at risk (censored) Time from mCRC diagnosis (months)

1 1656 (0)  874(1) 547 (1) 380(2) 289 (2) 240 (4) 192 (163)
2 1909 (0)  983(0) 630 (0) 424 (0) 312(0) 247 (0) 208 (180)
3 990 (0) 516 (0) 311 (0) 207 (0) 163 (0) 135(0) 120 (94)
4 1656 (2)  814(2) 444 (2) 304(2) 239(2) 207 (3) 182 (149)
5 1756 (0) 969 (0) 596 (0) 399 (0) 315(0) 256 (1) 217 (168)
6 787 (0) 419 (0) 257 (0) 169 (0) 125 (0) 95 (0) 82 (68)

Right colon 3708(33) 1649 (203) 787(356) 416(452) 251(546) 131(647) 17(664)
Left colon 3194 (30) 1890 (242) 1094 (449) 594 (628) 302(741) 148(851) 24(875)
Rectum 3640 (51) 2273(321) 1316(585) 698(768) 374(926) 159 (1040) 32(1072)
Appendix 131(0) 98 (14) 62 (32) 36 (36) 23(41) 14(53) 1(54)
F 100 Median (months) Hazard ratio
1 143 (95%C113.2-15.5)  Reference
90 —— 2 148(95%Cl138-157)  1.07 (95% Cl 1.00-1.15)
3 15.1(95% C113.7-16.5)  1.01 (95% CI 0.93-1.09)
80 — 4 14.6 (95% C113.4-15.8)  1.07 (95% C1 0.99-1.15)
—5 15.8(95% Cl 14.4-17.1)  0.97 (95% CI 0.90-1.04)
o 70 6 14.8(95%C113.1-16.4)  1.05(95% C1 0.95-1.14)
£
< 60
2
2 50
E
g 40
[¢)
30
20
10 16%
16%
0 14%
0 12 24 36 48 60 72
Number at risk (censored) Time from mCRC diagnosis (months)
1 2012(22) 1101(153) 621(286) 350(380) 191 (464) 85(531) 14 (545)
2 2594 (49) 1426(213) 744 (349) 387(442) 210(520) 97 (595) 10 (605)
3 1187 (16) 662 (81) 373(157) 204(227) 105(269) 44 (300) 5(305)
4 1976 (8) 1073 (118) 590(241) 303(319) 165(387) 82 (446) 16 (462)
5 2040 (12) 1170(151) 674 (272) 367(364) 206(433) 106(510) 21(531)
6 903 (7) 498 (66) 260(119) 135(154) 73(183) 38(211) 8(219)

Figure 2. Overall survival by sex (A and B), primary location (C and D), and healthcare region (E and F) in the two time periods (2007-2011 [left panes] vs

2012-2016 [right panes]).

not representative of the population [15,18,22,37]. This know-
ledge is, however, forgotten in guidelines and reviews,
describing treatment recommendations and outcomes in
young and fit patients [6-8, 11, 38].

Overall, a slight improvement in OS was seen between
the first and the second period. Since this was seen in all
subgroups according to age, gender, presentation, primary
tumour location, metastatic site and was most pronounced
in the healthcare region having the worst survival during the

first period, we believe it is true. We could not detect any
methodological aspects that could explain it.

Literature is consistent in that population-based survival
improvements from 5 to 8 months during the 1980-1990s to
10-12 months during the first decade of this century have
been recorded, ie, wup to about 10years ago
[12-14,17-21,39,40]. In a French study, improvements were
seen up to 1997-2004 but with no further improvement
between 2005 and 2009 [18]. In an analysis of SEER data
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Table 3. Univariable and multivariable analyses for effects on overall survival, global p-values for the variables are shown after the reference category (HR = 1).

Univariable Multivariable

N HR 95% Cl p Value HR 95% Cl p Value

Time periods 2007-2011 8696 1 <0.001 1 <0.001
2012-2016 10657 0.89 0.86-0.92 <0.001 0.88 0.85-0.91 <0.001

Age (years) 18-60 3205 1 <0.001 1 <0.001
61-70 5218 .1 1.05-1.17 <0.001 1.1 1.05-1.17 <0.001

71-80 6373 1.49 1.42-1.56 <0.001 1.48 1.41-1.56 <0.001

81-102 4557 246 2.33-2.58 <0.001 239 2.27-2.52 <0.001

Sex Male 10605 1 <0.001 1 0.111
Female 8748 1.09 1.05-1.12 <0.001 1.03 0.99-1.06 0.111

Primary location® Right colon 6659 1 <0.001 1 <0.001
Left colon 5894 0.70 0.68-0.73 <0.001 0.76 0.73-0.79 <0.001

Rectum 6572 0.68 0.65-0.70 <0.001 0.73 0.70-0.76 <0.001

Appendix 228 0.46 0.39-0.54 <0.001 0.55 0.46-0.64 <0.001

Presentation of Synchronous 13508 1 <0.001 1 <0.001
metastases Metachronous 5257 0.80 0.77-0.83 <0.001 0.80 0.78-0.83 <0.001
Local recurrence 588 0.86 0.79-0.95 0.003 0.78 0.70-0.85 <0.001

Healthcare region® 1 3656 1 0.002 1 <0.001
2 4480 1.04 0.99-1.10 0.085 0.99 0.94-1.04 0.684

3 2173 1.02 0.96-1.08 0.562 0.98 0.92-1.04 0.513

4 3594 1.08 1.02-1.13 0.004 1.06 1.01-1.11 0.033

5 3776 0.97 0.93-1.02 0.293 0.92 0.87-0.96 0.001

6 1674 1.04 0.97-1.11 0.255 1.02 0.96-1.09 0.577

2113 with unknown/multiple primary tumours excluded; 217 with missing information excluded. Cl: confidence interval; HR: hazard ratio.

including 10,325 resected patients with synchronous disease,
OS was better between 2013 and 2015 than between 2010
and 2012 (HR 0.94 [95%CI 0.89-1.00]) [41]. In another analysis
of SEER data an improvement in mOS from 12 months in
1986-1996 to 21 months (95% Cl 21-22) in 2007-2015 was
seen, p<0.001 [42]. In a Dutch study including 21,407
patients between 2008 and 2016, no improvement in mOS
was seen, being approximately 12months throughout the
period [22]. An improvement from 25 to 29 months was only
seen in the group of patients having the longest survival.
Our results revealing improvements in all subgroups includ-
ing the oldest patients, thus, contrast to the Dutch study.

The studies reporting improvements until about 10years
ago have claimed that the development in medical oncology
with several new effective drugs is chiefly responsible.
Medical treatment of mCRC developed markedly some
15-30years ago but, besides the recent addition of BRAF-
and immune checkpoint inhibitors [43,44] of no relevance for
the present study, no new effective drugs have been added
to the armamentarium since about 2007 when EGFR-inhibit-
ing antibodies were registered. One additional cytotoxic
drug, trifluridine-tipiracil and a tyrosine kinase inhibitor,
regorafenib, have been approved, but they are only used in
later lines and have minimal influence on OS, a few months
in the trials. Better OS in the most recent trials compared to
those reported 10-15years ago [6,8,38] can probably be
explained by either more optimal use of the drugs or better
patient selection with exclusion of patient groups/tumour
types with the worst survival. RAS- and particularly BRAF-
mutant tumours carry a worse prognosis than wild-type
tumours, and the trials reporting the longest survival have
only included wild-type tumours since an EGFR-inhibitor was
tested [6].

Development in medical oncology in mCRC has favoured
patients with tumours arising in left-sided cancers. Similar to
other studies, OS was shorter in right-sided colon cancers.

This was true during both periods, but the relative improve-
ment did not differ according to sidedness (HR about 0.90
for both). Since right-sided cancers much more often than
left-sided are BRAF-V60OE-mutated or have a deficient mis-
match repair system [45], the two major groups presently
with the worst survival, the difference according to sidedness
is easy to understand. It could possibly diminish due to the
recent approval of more effective therapies for these uncom-
mon subgroups [43, 44].

The distinction between synchronous and metachronous
disease is controversial and handled differently between
countries [34,46]. Our results show that from a prognostic
view, recurrences within the first 6 months after primary sur-
gery have the same prognosis as ‘truly’ synchronous disease.

Treatment after diagnosis of metastatic disease was not
registered in the SCRCR until 2011 and was initially sparsely
registered. It has improved but is still incomplete [32].
Although information about initial treatment is available in
many patients (8% of those diagnosed 2007-2011, 46%
2012-2016), it is not possible to make proper analyses since
the information is not representative of the population. Thus,
the probably most important reason for the improvement
seen during the second period and for the differences
between healthcare regions/regions, i.e., the use of different
drugs, is not possible to evaluate. In a Dutch study exploring
patients treated between 2008 and 2015, marked differences
in the use of bevacizumab were seen according to type of
hospital [24]. The study patients treated with bevacizumab
had better OS than patients not treated after adjustment for
known co-variables, similar to other reports [47-49].

Thanks to the introduction of combination chemotherapy
around 2000 and the addition of biologic agents some years
later, surgery of metastases has been increasingly used contri-
buting to further survival improvements [50-56]. An important
quality aspect of relevance for survival, at least long-term sur-
vival is, thus, the number of patients evaluated for metastatic



1286 e E. OSTERLUND AND B. GLIMELIUS

surgery and then operated. Studies in Sweden have noted
that inequalities between hospitals exist in the proportions
referred to liver metastatic surgery and operated upon, but no
knowledge is present if this has changed during the investi-
gated time [52,54]. It is possible that this may have contrib-
uted to the improvement with time in long-term survival
reported here (5-year OS rates 14% vs 16%) [50-53,55].

One aspect of potential importance and possible to
explore here is the decrease in resection rates of the primary
tumour in patients with synchronous metastases. Whether
resection of the primary tumour prolongs survival is debated
[57]. Multiple retrospective analyses have not reached firm
conclusions and conclusive randomised studies are not pre-
sent. One Swedish attempt failed [58]. In the Dutch CAIRO-4
trial (NCT01606098), initial results show that death within
60days is higher in patients randomised to primary surgery
[59]. If the lower resection rate during the second period,
permitting earlier initiation of systemic therapy, is important
for the improvement seen here is not known but possible in
the light of the Dutch short-term data.

Strengths and limitations

The SCRCR has in a national and international perspective
high validity and can provide internationally competitive
information about the quality of the care in the entire
nation. Its coverage is almost 100% and many key variables
including registration of synchronous metastases is well cov-
ered [30]. Of interest here is that the registration of clinical
and pathological M-stage is accurate in 96%. In a detailed
evaluation of accuracy and completeness of registration of
synchronous metastases and recurrences, resulting in meta-
chronous metastases, in one (synchronous metastases) and
two (recurrences) regions, errors were found in between 1
and 3% [31]. The evaluation of the registered information in
the datafile obtained for this study resulted in that several
potential errors were found and corrected prior to analyses.
Thus, it is our belief that the quality of the data is at a very
high level. All population registries, including this one, con-
tain errors but the extent of these is in all probability small,
not challenging either the overall results, the improvements
seen between the two periods and the lack of major differ-
ences during the second period between healthcare regions.
The lack of detailed information about oncological treat-
ments is disadvantageous, making it difficult to interpret the
reasons behind the improved OS with time, both overall and
between subgroups.

Conclusions

This study substantiates the major differences in OS between
the mCRC population and what is seen in clinical trials and
written in guidelines. These are to a great extent reflecting
what can be achieved in the (minority) of patients fit enough
to take advantage of the most recent development in ther-
apy. Despite this, an improvement was seen from the first to
the second period. This is not caused by availability of new

treatments, rather, existing treatments may be used more
appropriately. The national care programmes and the yearly
reports from the quality registration probably contribute to
this improvement. At the same time, despite the distributed
responsibility in the care of cancer patients in Sweden, these
have most probably also contributed to that survival does
not differ considerably between different Swedish regions.
The yearly reports [32] tell that treatments differ, e.g., in the
choice of first-line regimen, but this does apparently not
have any major impact on survival. The reports repeatedly
discuss whether differences potentially reflecting imbalances
in the care exist.
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