Original article

BJS Open

Open Access,

Influence of primary tumour and patient factors on survival in
patients undergoing curative resection and treatment for liver
metastases from colorectal cancer

P. Scherman!’®, I. Syk®’®, E. Holmberg?®, P. Naredi'-

and M. Rizelll**

Departments of ! Surgery and ?Oncology, Institute of Clinical Sciences, University of Gothenburg, and Departments of *Surgery and *Transplantation,

Sahlgrenska University Hospital, Gothenburg, ° Department of Surgery, Helsingborg Hospital, Helsingborg, and ®Department of Surgery, Clinical

Sciences in Malmo, Lund University, and 7 Department of Surgery, Skine University Hospital, Malmé, Sweden

Correspondence to: Mr P. Scherman, Department of Surgery, Helsingborg Hospital, Charlotte Yhlens gata 10, 251 87 Helsingborg, Sweden

(e-mail: peter.scherman@gu.se)

Background: Resection of the primary tumour is a prerequisite for cure in patients with colorectal
cancer, but hepatic metastasectomy has been used increasingly with curative intent. This national registry
study examined prognostic factors for radically treated primary tumours, including the subgroup of
patients undergoing liver metastasectomy.

Methods: Patients who had radical resection of primary colorectal cancer in 2009-2013 were identified
in a population-based Swedish colorectal registry and cross-checked in a registry of liver tumours. Data
on primary tumour and patient characteristics were extracted and prognostic impact was analysed.
Results: Radical resection was registered in 20 853 patients; in 38-7 per cent of those registered with liver
metastases, surgery or ablation was performed. The age-standardized relative 5-year survival rate after
radical resection of colorectal cancer was 80-9 (95 per cent c.i. 80-2 to 81-6) per cent, and the rate after
surgery for colorectal liver metastases was 49-6 (46-0 to 53-2) per cent. Multivariable analysis identified
lymph node status, multiple sites of metastasis, high ASA grade and postoperative complications after
resection of the primary tumour as strong risk factors after primary resection and following subsequent
liver resection or ablation. Age, sex and primary tumour location had no prognostic impact on mortality
after liver resection.

Conclusion: Lymph node status and complications have a negative impact on outcome after both primary
resection and liver surgery. Older age and female sex were underrepresented in the liver surgical cohort,
but these factors did not influence prognosis significantly.
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Introduction

Colorectal cancer is the third most common cancer glob-
ally and is estimated to cause around 9 per cent of all can-
cer deaths in the world (860000 worldwide in 2018)'. A
S-year survival rate of 50—69 per cent is expected in many
high-income countries?, and improvements in prognosis
have been attributed to earlier detection, surgical technique
and resection rate of primary, increasing use of systemic
treatments and improvements in the treatment of stage
IV disease, especially in older individuals®~>. A decline in
the mortality rate of patients with stage IV disease, with
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an absolute 5-year survival rate above 10 per cent during
the past decade, has been associated with increased use of
attempted curative treatment in some western European
countries® 8.

Liver metastases develop in 20-30 per cent of all patients
with colorectal cancer”!?. The indication for liver surgery
has widened regarding number and size of metastases!!, but
is limited by the need for an adequate remnant liver volume
and extrahepatic disease. The importance of liver surgery
specialist participation in multidisciplinary boards has been
emphasized, to increase the use of curative strategies!?~!*.
Five-year overall survival (OS) rates of 40—60 per cent
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Table 1 Primary tumour and patient characteristics
RO R1 No surgery Liver-treated cohort
(n =20853) (n =3139) (n = 4773) (n = 1325) Pt
Age (years)* 72 (14-101) 73 (19-106) 74 (26-100) 66 (25-87) <0-001
Sex <0-001
M 10939 (52-5) 1601 (51-0) 2632 (55-1) 812 (61-3)
F 9914 (47-5) 1538 (49:0) 2141 (44-9) 513 (387)
BMI (kg/m?) 0-015
<185 461 (2-2) 124 (4-0) 0(0) 16 (1-2)
18-5-25 8482 (40-7) 1215 (38-7) 13(0-3) 541 (40-8)
>25 9908 (47-5) 1060 (33-8) 16 (0-3) 682 (51-5)
Missing 2002 (9-6) 740 (23-6) 4744 (99-4) 86 (6-5)
ASA grade <0-001
(] 14403 (69-1) 1716 (54-7) 23 (0-5) 1021 (77-1)
n-v 5680 (27-2) 993 (31-6) 10 (0-2) 272 (20-5)
Missing 770 (3-7) 430 (13-7) 4740 (99-3) 32 (2-4)
Location of primary tumour < 0-001
Right colon 6544 (31-4) 930 (29:6) 924 (19-4) 268 (20-2)
Transverse colon 1163 (5:6) 194 (6-2) 198 (4-1) 44 (3-3)
Left colon 6158 (29-5) 915 (29-1) 1581 (33-1) 507 (38-3)
Rectum 6419 (30-8) 1021 (32-5) 1964 (41-1) 467 (35-2)
Multiple 566 (2-7) 71 (2-3) 82 (1-7) 39 (2-9)
Missing 3(0-01) 8(0-3) 24 (0-5) 0(0)
pT status < 0-001
pTO 238 (1-1) 30 (1-0) n.a. 5(1-1)
pT1-2 5031 (24-1) 201 (6-4) 146( -0)
pT3 12273 (58-9) 800 (255) 915 (69-1)
pT4 3241 (15.5) 1211 (38:6) 247 (18:6)
pTX 70 (0-3) 897 (28-6) 2(0-2)
pN status < 0-001
pNO 11934 (57-2) 683 (21-8) n.a. 465 (35-1)
pN1 5188 (24-9) 548 (17-5) 469 (35-4)
pN2-3 3454 (16-6) 791 (25-2) 387 (29-2)
pNX 277 (1-3) 1117 (35-6) 4(0-3)
M status <0-001
MO 18513 (88-8) 1768 (56-3) 2078 (43-5) 581 (43-8)
M1 (synchronous) 2340 (11-2) 1371 (43-7) 2695 (56-5) 744 (56-2)
Liver metastases only (synchronous) 1229 (5-9) 453 (14-4) 1256 (26-3) 611 (46-1)
Lung metastases only (synchronous) 286 (1-4) 87 (2-8) 186 (3-9) 8 (0-6)
Other metastases only (synchronous) 380 (1-8) 341 (10-9) 142 (3-0) 5(0-4)
Multiple metastases (synchronous) 445 (2-1) 90 (15-6) 1111 (23-3) 120 (9-1)
Liver metastases only (metachronous) 880 (4-2) 436 (32-9)
Lung metastases only (metachronous) 725 (3-5) - - 92 (6-9)
Other metastases only (metachronous) 546 (2-6) - - 28 (2-1)
Multiple metastases (metachronous) 1012 (4-8) - - 188 (14-2)

Values in parentheses are percentages unless indicated otherwise; *values are median (range). RO, all patients with colorectal adenocarcinoma registered in
the Swedish Colorectal Cancer Register (SCRCR) (2009-2013) as having a radical resection; R1, all patients registered in the SCRCR (2009-2013) as not
having a radical resection; no surgery, all patients registered in the SCRCR (2009-2013) with colorectal cancer not treated surgically; liver-treated cohort,
all patients registered in the SCRCR (2009-2013) as radically resected and registered in the Swedish Registry for Liver Surgery (SweLiv) (2009-2016) as
treated for colorectal liver metastases at some time point. n.a., Not applicable. $R0 versus liver-treated cohort (Pearson’s y* test).

© 2019 The Authors. www.bjsopen.com B7S Open 2020; 4: 118-132
B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd




120

P. Scherman, l. Syk, E. Holmberg, P. Naredi and M. Rizell

Fig. 1 Time to liver surgery and age-standardized relative survival
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a Time to liver surgery from diagnosis of liver metastases (median 5-0 months) and colorectal cancer (median 9-1 months). b Age-standardized relative
survival grouped by quartiles of time between diagnosis of colorectal cancer and liver surgery: quartile (Q) 1, 0-0-46 years (330 patients); Q2, 0-46—0-76 years
(328 patients); Q3, 0-76-1-54 years (335 patients); Q4, 1-54—7-12 years (332 patients). The excess mortality rate ratio for Q3 versus Q4 was 1-44 (95 per

cent c.i. 1-12 to 1-86). b P= 0-044 (Wald test).

after surgical resection or ablation of liver metastases have
been reported’> =17, whereas national cohort studies!®~2!
indicate 5-year survival rates of 25-45 per cent.

Age, high BMI and co-morbidity are known risk factors
for poor survival in patients with colorectal cancer??~%%.
Lymph node status of the primary tumour is a well
recognized prognostic factor?’, although preoperative
chemotherapy might modify its importance’®?’. Lym-
phovascular and perineural invasion have also been
attributed as independent factors for survival?®?%. Tt is
proposed that the location of the primary colorectal
tumour is associated with OS after surgery of colorectal
liver metastases. Patients with right-sided tumours have
longer recurrence-free survival than those with left-sided
tumours, but at recurrence the course of the disease seems
to be more complicated with shorter OS*’. Colorectal
liver metastases (CRLM) from mucinous tumours, which
are more common in the right colon, seem to be associated
with shorter OS?!. The right colon, evolving from the mid
gut, and the left colon, evolving from the hind gut, are
physiologically distinct and may also differ in genetic and
immunopathological characteristics®?33.

To determine whether liver metastases should be sur-
gically resected, clinical risk scores and selection criteria
based on chemotherapy response and technical aspects of
operability have all been advocated**37. To reach an opti-
mal decision, it is important to identify prognostic patient
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and primary tumour factors that are also prognostic for the
decision regarding liver metastasectomy.

The aim of this study was to identify patient and tumour
factors at the time of resection of the primary colorectal
cancer that should be considered when treatment of liver
metastases is being discussed.

Methods

Patients diagnosed with colorectal cancer in Sweden
between 2009 and 2013 were identified in the Swedish
Colorectal Cancer Register (SCRCR). Patient and tumour
characteristics related to the primary surgical treatment
included age, sex and location of tumour, TNM stage, and
all known metastatic disease. If more than one colorectal
cancer diagnosis was registered, the first date of diagnosis
was used for data collection. Retrieved data were linked to
the Swedish Registry for Liver Surgery (SweLiv), in which
population-based data on CRLM resections in Sweden
have been collected since 2008. Information on patient
and metastatic tumour characteristics and treatment was
collected from the SweLiv register. When there was more
than one event involving liver surgery, only the first event
was considered. Data were collected from the clinical
cancer registers in February 2018, and registry data were
linked to the Swedish population register for survival
analysis. For the liver-treated cohort, follow-up data were

www.bjsopen.com B7S Open 2020; 4: 118-132
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Fig. 2 Relative survival in RO and liver-treated cohorts according to sex, age and ASA grade
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metastases at diagnosis of the primary tumour

Fig. 3 Age-standardized relative survival in RO and liver-treated cohorts according to tumour location, pT and pN categories, and
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Fig. 3 Continued
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updated in March 2019. The cohort of patients with
surgically treated (resection or ablation) liver metastases
constituted a subgroup of the patients who had undergone
an RO resection. Survival was calculated from the date of
diagnosis when comparing the cohorts, and from date of
liver surgery when analysing the liver-treated cohort. Syn-
chronous metastases were defined as metastases reported
within 30 days of surgery for the primary tumour.

The coverage of SCRCR, compared with that of the
Swedish cancer registry, where registration is compulsory,
has been shown previously*®3? to be accurate for 97-99-9
per cent for the different years of the study. Good con-
formity with the source data has been reported for both
registries.

Lymph node positivity of the primary tumour in
histopathology reports was initially analysed by means
of the N category, the ratio of the number of positive
lymph nodes to the total number of lymph nodes removed
(Iymph node ratio (LNR)) and the log odds of positive
lymph nodes (LODDS). Univariable analysis indicated
that LNR showed the strongest correlation with survival
and was used in the multivariable analyses.

A composite variable for severe postoperative 30-day
complications was generated by including postoperative
care in the ICU, sepsis and reoperation (equivalent to
Clavien—Dindo grade IIIB or above).

The study was approved by the ethical regional board in
Gothenburg (189-15). Patients were informed of the use of
data for study purposes by the registries.

© 2019 The Authors.
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Statistical analysis

Differences in distributions of variables between RO and
liver-treated cohorts were tested by Pearson’s > test. OS
was determined by means of the Kaplan—Meier method,
and relative survival using the Ederer II method*. Age
standardization of relative survival was performed using
the standard weight distributions for cancers (Interna-
tional Cancer Survival Standards)*'. Mortality rates by sex,
1-year age group and 1-year calendar period for the gen-
eral population in Sweden were used to estimate expected
survival rates for the study populations. Relative risk (RR)
for up to 5 years of follow-up between different groups for
OS was analysed using the Cox regression method, and
presented as hazard ratio (HR) with 95 per cent confi-
dence intervals. The proportional hazards assumption was
assessed with Schoenfeld’s test. It was violated (P < 0-050)
for some of the co-variables, and thus their HR must be
interpreted as an average over the time interval studied.
The RR between different groups for relative survival was
analysed by Poisson regression and presented as the excess
mortality rate ratio (EMRR) with 95 per cent confidence
intervals*; after the Poisson regression, the Wald test was
used to determine statistical significance. Both univariable
and multivariable regressions were used. Variables in the
univariable analyses included age, sex, BMI, location of
tumour, TNM stage, metastatic pattern, tumour grade,
mucinous tumour, vascular and neural invasion, acute or
elective surgery, and perioperative/postoperative compli-
cations. Variables significant at P < 0-100 in the univariable

www.bjsopen.com B7S Open 2020; 4: 118-132
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analysis were tested through a backward stepwise selection
process for their independent effect on OS. When there
were overlapping prognostic factors, only one param-
eter was analysed further in the multivariable analyses.
P <0-050 was considered statistically significant. All sta-
tistical analyses were carried out with Stata® version 15.1

(StataCorp, College Station, Texas, USA).

Results

Between 2009 and 2013, 28 765 patients with colorectal
cancer were registered in the SCRCR, of whom 6406 (22-3
per cent) had synchronous metastatic disease. The median
duration of follow-up was 6-4years in the colorectal can-
cer cohort for those alive at the end of the follow-up
period. For those undergoing treatment for liver metas-
tases, median follow-up was 6-1years for those alive at
the end of follow-up. Demographic data are presented in
Table 1.

Liver metastases were detected in 3427 (16-4 per cent)
of the 20853 patients in the RO cohort (in either reg-
ister), of whom 1325 (38:7 per cent) were registered in
SweLiv as treated for liver metastases by resection or abla-
tion therapy; these patients constitute the liver-treated
cohort. Significantly more men (1998 of 10939, 18-3 per
cent) than women (1429 of 9914, 14-4 per cent) with liver
metastases were registered. There was a higher propor-
tion of men in the liver-treated cohort (61-3 per cent)
than in the RO cohort (525 per cent) (P <0-001). In the
liver-treated cohort, 1224 patients underwent resection
and 101 patients were treated with ablation only. Alto-
gether, 731 patients were treated for synchronous metas-
tases and 594 for metachronous metastases. There were
significant differences in selection from the RO cohort
regarding age, sex, BMI, ASA grade, location of primary
tumour, pT status, lymph node metastases and metastases
(Table 1).

Survival

The 5-year OS rate was 53-8 (95 per cent c.i. 53-2 to 54-3)
per cent for all patients with colorectal cancer, 25-2 (23-7
to 26-8) per cent for the non-radically resected group, and
152 (14-2 to 16-2) per cent for the non-operated group.
The 5-year OS rate was 66-8 (66-2 to 67-5) per cent in
the RO cohort and 48-6 (45-8 to 51-3) per cent in the
liver-treated cohort. The age-standardized 5-year relative
survival rate was 65-9 (65-2 to 66-6) per cent for all patients
with colorectal cancer, 80-9 (80-2 to 81-6) per cent in the RO
cohort and 49-6 (46-0 to 53-2) per cent in the liver-treated
cohort.

© 2019 The Authors.
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Survival, stratified in quartiles based on time from diag-
nosis of the colorectal primary to surgery for liver metas-
tases, was significantly worse only for patients in the
third quartile (operated on after 0-76—1-54years): age-
standardized 5-year relative survival rate 44-0 (95 per cent
c.i. 37-9 to 50-0) per cent versus 59-9 (50-8 to 67-9) per
cent for patients in the fourth quartile (operated on after
1-54 years or more) (Fig. ).

Age-standardized relative survival curves for basic patient
characteristics (sex, age, ASA grade) and tumour charac-
teristics (site, TINM categories) are shown in Figs 2 and 3.
Synchronous metastases in the RO cohort were associated
with a 5-year age-standardized relative survival rate of 39-6
(95 per cent c.i. 36:7 to 42-4) per cent for isolated liver
metastases and 545 (45-9 to 62-2) per cent for isolated lung
metastases (Fig. 3g).

Univariable and multivariable analyses

In the primary RO cohort, pT category and lymph node
positivity were the strongest risk factors for excess mortal-
ity in both univariable and multivariable analysis besides
distant metastases. In multivariable analysis, EMRR val-
ues were 3-07 for pT4 tumours, 4-18 for LNR above
0-25, and 4-55 for metastases at multiple sites. For the
liver-treated cohort, LNR above 0-25 remained the
strongest tumour-associated risk factor (EMRR 2-03 in
multivariable analysis). Tumour location in the right colon,
tumour grade, vascular invasion and perineural invasion
were also significant risk factors in the primary RO cohort,
but for the liver-treated cohort primary tumour location
was not a significant risk factor (Zables 2 and 3).

Among patient factors at the time of resection of the
primary tumour, several factors influenced survival in the
RO cohort. Older age, low BMI, ASA grade III-1V, acute
(versus elective) surgery, cardiovascular events, serious
postoperative complications and bleeding were significant
risk factors in multivariable analysis (Zable 2). For the
liver-treated cohort, age was not a significant risk factor,
but ASA grade ITII-1V] acute surgery, cardiovascular events
and postoperative complications remained significant in
the multivariable analysis (7zble 3). OS rates and HR values
are presented in Tables S1 and S2 (supporting information).

When prognostic variables were evaluated over time
comparing years 0-2 with years 2—5, HR values were
higher in the RO cohort for tumour site, tumour grade,
acute versus elective surgery and severe complications in
the first 2 years after surgery. For female patients, the
HR value was more favourable 2-5years after surgery.
For the liver-treated cohort, there were non-proportional
HR values for tumour location and tumour grade, with

www.bjsopen.com B7S Open 2020; 4: 118-132
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Table 2 Relative survival and excess mortality rate ratio in the RO cohort

5-year age-

No. of patients standardized

Univariable Poisson regression Multivariable Poisson regression

(n = 20853) relative survival (%)* 5-year EMRR* P 5-year EMRR* P
Age (years)
<50 1042 (5-0) 79-5 (76-8, 81-9) 1-11 (0-96, 1-28) 0-168 1-07 (0-89, 1-29) 0-456
50-74 11113 (53-3) 81-3 (80-4, 82-2) 1-00 (reference) 1-00 (reference)
>75 8698 (41.7) 791 (77-5, 80-6) 1.26 (1-15, 1-38) <0-001 1.837 (123, 1-53) <0-001
Sex
M 10939 (52-5) 80-1(79:1, 81-2) 1-00 (reference)
F 9914 (47-5) 81-6 (80-5, 82:5) 0-98 (0-90, 1-07) 0-134
BMI (kg/m?)
<18:5 462 (2-2) 65-6 (599, 70-8) 2-18 (1-78, 2-66) <0-001 1-47 (1-14,1-90) 0-003
18.5-25 8484 (40-7) 81-5 (80-4, 82:6) 1-00 (reference) 1-00 (reference) 0-128
>25 9907 (47-5) 83-9 (82-8, 84-9) 0-80 (0-72, 0-88) <0-001 0-93 (0-84, 1-02)
Missing 2000 (9-6)
ASA grade
-1l 144083 (69-1) 86-7 (859, 87-5) 1-00 (reference) 1-00 (reference)
n-v 5679 (27-2) 67-8 (65-6, 70-0) 2.96 (2-71, 3-24) <0-001 2-05 (1-86, 2:27) <0-001
Missing 771 (3-7)
Location of primary tumour
Right colon 6544 (31-4) 78-3 (76-8, 79-8) 113 (1-02, 1-25) 0-016 1-32 (118, 1-49) <0-001
Left colon 6158 (29-5) 79-2 (77-9, 80-5) 1-00 (reference) 0-001 1-00 (reference)
Transverse colon 1163 (5-6) 74.3 (70-7, 77-6) 1.32 (1-12, 1.56) <0-001 1-18 (0-96, 1-45) 0-109
Rectum 6419 (30-8) 85-1 (83.8, 86-3) 0-62 (0-55, 0-70) 0-430 1.22 (1-06, 1-40) 0-006
Multiple 566 (2-7) 78-2 (72-7, 82-6) 0-89 (0-68, 1-18) 1-26 (0-94, 1-67) 0-120
Missing 3 (0-01)
pT status
pTO 238 (1-1) 93-2 (77-4, 98-1) 2-02 (0-41,9-9) 0-389 0-02 (0-00, ) 0-861
pT1 1426 (6-8) 98-2 (94-6, 99-4) 1-00 (reference) 1-00 (reference)
pT2 3605 (17-3) 94.9 (933, 96-2) 2-32 (0-72, 7-46) 0-157 1.05 (0-61, 1-:79) 0-869
pT3 12273 (58-9) 81-6 (80-6, 82-5) 10-0 (3-27, 30-6) <0-001 1-81 (1-10, 2.97) 0-019
pT4 3241 (15-5) 54.2 (52-2, 56-2) 33-2(10-8, 101-5) <0-001 3-07 (1-86, 5-07) <0-001
Missing 70 (0-3)
pN status
pNO 11934 (57-2) 92-7 (91-9, 93-4) 1-00 (reference)
pN1 5188 (24-9) 76-2 (74-7,77-6) 3.97 (3:43, 4-61) <0-001
pN2 3454 (16-6) 49.4 (47-6, 51-3) 10-1(8-82, 11.7) <0-001
pNX 277 (1-3)
M status
Mo 18513 (88-8) 86-1 (85-3, 86:9) 1-00 (reference)
M1 (synchronous) 2340 (11-2) 34-4 (32-2, 36-5) 7-39 (6-01, 8-01) <0-001
Synchronous metastases
None 18513 (88-8) 87-2 (86-4, 87-8) 1-00 (reference) 1-00 (reference)
Liver metastases only 1229 (5-9) 39-6 (36-7, 42-4) 6-70 (6-08, 7-39) <0-001 3-55 (3:13, 4-03) <0-001
Lung metastases only 286 (1-4) 54.5 (45.9, 62-2) 4.24 (3-44, 5.23) <0-001 2-88 (2-23, 3-72) <0-001
Other metastases only 380 (1-8) 30-2 (251, 35-4) 8-46 (7-34, 9-76) <0-001 2-91 (2-41, 3-51) <0-001
Multiple metastases 445 (2-1) 17-8 (14.3, 21-6) 12.0 (106, 13-5) <0-001 4.55 (3-88, 5-34) <0-001
LNR
0 12278 (58-9) 92.5(91-6, 93-2) 1-00 (reference) 1-00 (reference)
>0to <0-1 2906 (13-9) 80-2 (78-3, 82:0) 2-89 (2-45, 3-40) <0-001 1.55 (1-32, 1-82) <0-001
0-1to <025 2524 (12-1) 68-4 (66-2, 70-5) 5-10 (4-40, 5-92) <0-001 2-45 (2-11, 2-84) <0-001
>0-25 2847 (13-7) 45.3 (43-2, 47-3) 111 (9-69, 12.7) <0-001 4-18 (3-65, 4-80) <0-001
Missing 298 (1-4)
© 2019 The Authors. www.bjsopen.com B7S Open 2020; 4: 118-132
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Table 2 Continued

LODDS
<-1.36
>—1-36 to —0-53
>-0-53
Missing
Tumour grade
High/mean
Low
Missing
Vascular invasion
No
Yes
Missing
Perineural invasion
No
Yes
Missing
Mucinous tumour
No
Yes
Missing
Acute or elective surgery
Elective
Acute
Missing
Resection of other organ
No
Yes
Complication
No
Yes
Missing
Infection
No
Yes
Missing
Cardiovascular event
No
Yes
Missing
Primary intestinal perforation
No
Yes
Missing
Perioperative bleeding (ml)
0-400
> 400
Missing

No
Yes
Missing

Sepsis, ICU admission, reoperation

No. of patients
(n =20853)

16712 (80-1)
1932 (9-3)
1898 (9-1)
311 (1:5)

16009 (76-8)
3914 (18-8)
930 (4-5)

14357 (68-8)
4933 (23-7)
1563 (7-5)

14958 (71.7)
2714 (13.0)
3181 (15-3)

15755 (75-6)
3399 (16-3)
1699 (8-1)

18205 (87-3)
2641 (12.7)
7 (0:03)

1059 of 1325 (79-9)

266 of 1325 (20-1)

14643 (70-2)
6200 (29-7)
10 (0-05)

19575 (93-9)
1268 (6-1)
10 (0-05)

19956 (95.7)
887 (4-3)
10 (0-05)

20274 (97-2)
577 (2-8)
2 (0-01)

15025 (72-1)
4808 (23-1)
1020 (4-9)

18612 (89-2)
2231 (10-7)
10 (0-05)

5-year age-
standardized

relative survival (%)*

88.0 (87-3, 88.9)
59.9 (57-2, 62-4)
42.0 (39-5, 44-6)

83.9 (830, 84-6)
68-5 (66-6, 70-3)

88-1(87-3, 88.9)
61-4 (59-8, 63-0)

86.2 (854, 87-0)
55.3 (53-2, 57-4)

81-8 (810, 82:6)
77.9 (760, 79-7)

84-6 (83-8, 85.3)
54.7 (52-4, 57-0)

83.0 (82:2, 83-8)
69-3 (673, 71-3)
84.0 (83-1, 84-8)

73-8 (724, 75-2)

81-8 (81.0, 825)
676 (64-1, 70-8)

82.0 (81-2, 82.7)
56-2 (49-4, 62-3)

81.3 (80-6, 82:0)
68-1(63-1, 72-5)

82.8 (81.9, 83-6)
759 (74-3, 77-4)

82.3 (81-5, 83.0)
69-3 (66-8, 71-6)

Univariable Poisson regression Multivariable Poisson regression

5-year EMRR*

1-00 (reference)
4.03 (3-62, 4-49)
7-54 (6-86, 8-28)

1-00 (reference)
2-35(2-15, 2-56)

1-00 (reference)
4-07 (3-71, 4-46)

1-00 (reference)
4.06 (3-71, 4-45)

1-00 (reference)
1.34 (1-21, 1-49)

1-00 (reference)
4-49 (4-13, 4-89)

1-00 (reference)
1-90 (173, 2-08)
1-00 (reference)

2.18 (200, 2-38)

1-00 (reference)
259 (2-30, 2-91)

1-00 (reference)
4-62 (412, 5-17)

1-00 (reference)
1-99 (1-66, 2-37)

1-00 (reference)
1.45(1-32, 1-59)

1-00 (reference)
2-36 (2-14, 2-61)

P

<0-001
<0-001

<0-001

<0-001

<0-001

<0-001

<0-001

<0-001

<0-001

<0-001

<0-001

<0-001

<0-001

<0-001

5-year EMRR*

1-00 (reference)
1-36 (1-23, 1-50)

1-00 (reference)
1.24 (1-11,1.38)

1-00 (reference)
1.36 (1-22, 1.52)

1-00 (reference)
1-90 (1-69, 2-13)

1-00 (reference)
1.28 (1-09, 1-51)

1-00 (reference)
2.54 (2-14, 3.01)

1-00 (reference)
1.19 (1-07, 1-33)

1-00 (reference)
1-44 (1-26, 1-65)

P

<0-001

<0-001

<0-001

<0-001

0-003

<0-001

0.002

<0-001

Values in parentheses are percentages unless indicated otherwise; *values in parentheses are 95 per cent confidence intervals. EMRR, excess mortality rate

ratio; LNR, lymph node ratio; LODDS, log odds of positive lymph nodes.
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Table 3 Relative survival and excess mortality rate ratio in the liver-treated cohort

No. of patients

5-year age-
standardized

Univariable Poisson regression Multivariable Poisson regression

(n =1325) relative survival (%)* EMRR* P EMRR* P
Age (years)
<50 121 (9-1) 56-1 (46-6, 64-6) 1-00 (0-75, 1-34) 0-821
50-74 970 (73-2) 53-3 (49-8, 56-7) 1-00 (reference)
>75 234 (17-7) 50-2 (41-9, 58-6) 1-15(0-90, 1-48) 0-252
Sex
M 812 (61-3) 52.1 (47-5, 56-5) 1-00 (reference)
F 513 (38-7) 49-6 (43-8, 55-0) 1-08 (0-90, 1-29) 0-403
BMI (kg/m?)
<185 16 (1-2) 50-2 (22-6, 74-0) 1-06 (0-48, 2-34) 0-876
18:5-25 541 (40-8) 50-5 (45-5, 55-6) 1-00 (reference)
>25 682 (51-5) 53-1 (47-8, 58-2) 0-94 (0-78, 1-13) 0-506
Missing 86 (6-5)
ASA grade
1=l 1021 (77-1) 54.3 (498, 58-6) 1-00 (reference) 1-00 (reference)
n-v 288 (21-7) 43.5 (36-4, 50-3) 1.54 (1-26, 1-88) <0-001 1-59 (1-28, 1-99) <0-001
Missing 16 (1-2)
Location of primary tumour
Right colon 268 (20-2) 46-2 (39-0, 53-1) 1-18 (0-93, 1-48) 0-175
Left colon 507 (38-3) 49.2 (43-8, 54-3) 1-00 (reference)
Transverse colon 44 (3-3) 58-2 (396, 72-8) 0-91 (0-53, 1-56) 0-734
Rectum 467 (35-2) 55.7 (48-2, 62-6) 0-90 (0-74, 1-11) 0-339
Multiple 39 (2-9) 37-6 (22-2, 52-9) 1-43 (0-89, 2-30) 0-139
pT status
pT0-2 161 (12:2) 69-3 (56-2, 79-2) 1-00 (reference)
pT3 915 (69-1) 52.3 (480, 56-4) 1-40 (1-02, 1-93) 0-040
pT4 247 (18-6) 36-2 (29-3, 43-1) 2.37 (1-67, 3-36) <0-001
Missing 2(0-2)
pN status
pNO 465 (35-1) 61-0 (548, 66-5) 1-00 (reference)
pN1 469 (35-4) 54.1 (48-1, 59-7) 147 (1-17,1-86) 0-001
pN2 387 (29-2) 351 (295, 40-8) 2.38 (1-91, 2.98) <0-001
pNX 4 (0-3)
M status
MO 581 (43-8) 56-6 (51-3, 61-5) 1-00 (reference)
M1 (synchronous) 744 (56-2) 48.0 (43-3, 52-5) 1.24 (1-04, 1-49) 0-018
Synchronous metastases
None 581 (43-8) 56-6 (51-2, 61-6) 1-00 (reference) 1-00 (reference)
Liver metastases only 611 (46-1) 52.5 (47-2, 57-6) 1-10 (0-90, 1-33) 0-352 1-09 (0-88, 1-35) 0-422
Lung metastases only 8 (0-6) 10-8 (0-1, 50-8) 1-96 (0-81, 4-76) 0-138 2-31 (0-95, 5-62) 0-065
Other metastases only 5(0-4) 65-3 (13-7, 95-9) 0-69 (0-13, 3-74) 0-668 0-86 (0-12, 6-30) 0-882
Multiple metastases 120 (9-1) 28-2 (186, 38-4) 2-19 (1-68, 2-85) <0-001 1-80 (1-34, 2-42) <0-001
LNR
0 497 (37-5) 60-7 (549, 66-0) 1-00 (reference) 1-00 (reference)
>0to <01 259 (19-5) 55.4 (47-3, 62-8) 1.27 (0-97, 1-66) 0-083 1-14 (0-84, 1-55) 0-401
0-1to <0-25 271 (20-5) 49.9 (40-8, 58-3) 1-80 (1-40, 2-30) <0-001 1-48 (1-11, 1.98) 0-007
>0-25 289 (21-8) 33-8 (276, 40-1) 2-40 (1-91, 3-02) <0-001 2-03 (1-55, 2-65) <0-001
Missing 9 (0-7)
© 2019 The Authors. www.bjsopen.com B7S Open 2020; 4: 118-132
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Table 3 Continued

LODDS
<-1.36
>—1-36 to —0-53
>-0-53
Missing
Tumour grade
High/mean
Low
Missing
Vascular invasion
No
Yes
Missing
Perineural invasion
No
Yes
Missing
Mucinous tumour
No
Yes
Missing
Acute or elective surgery
Elective
Acute
Resection of other organ
No
Yes
Complication
No
Yes
Missing
Infection
No
Yes
Missing
Cardiovascular event
No
Yes
Missing

No
Yes
Missing

0-400
> 400
Missing

No
Yes
Missing

Primary intestinal perforation

Perioperative bleeding (ml)

Sepsis, ICU admission, reoperation

No. of patients
(n =1325)

927 (70-0)

213 (16-1)

176 (13-3)
9(0-7)

1085 (81-9)
185 (14-0)
55 (4-1)

710 (53.6)
541 (40-8)
74 (5-6)

834 (62-9)
311 (235)
180 (13-6)

1093 (82-5)
140 (10-6)
92 (6-9)

1181 (89-1)
144 (10-9)

1059 (79-9)
266 (20-1)

945 (71-3)
378 (285)
2(0-2)

1265 (95-5)
58 (4-4)
2(02)

1292 (97-5)
31(2.3)
2(0-2)

1272 (96-0)
42 (3-2)
11 (0-8)

834 (62-9)
441 (33-3)
50 (3-8)

1201 (90-6)
122 (9-2)
2(0-2)

5-year age-
standardized

relative survival (%)*

57-4 (53.0, 61-5)
41.7 (321, 51-1)
31-1(23-6, 38.9)

52.6 (48-6, 56-5)
39-6 (31-4, 47-6)

60-0 (54-6, 65-0)
40-4 (353, 45.5)

57.1 (52:2, 61.7)
34-8 (29-0, 40-7)

49.7 (459, 53.5)
53.6 (42-4, 63-6)

53.2 (49-4, 56.9)

32.0 (247, 39-5)

53.3 (49-4, 57-0)
42.9 (34-2, 51.3)

52.6 (48-4, 56.7)

46.9 (403, 53-2)

51.7 (480, 55-2)
35.7 (23-8, 47-7)

51.7 (48.0, 55.3)
29.4 (152, 45.1)

51.8 (48-1, 553)
41.8 (288, 54-3)

52.4 (47-8, 56.7)
49.2 (432, 54.9)

52.7 (489, 56-3)
33.9 (23.7, 44-4)

Univariable Poisson regression Multivariable Poisson regression

EMRR*

1-00 (reference)
1.70 (1-36, 2:12)
219 (1.75, 2.73)

1-00 (reference)
1.66 (1-32, 2-07)

1-00 (reference)
1.85 (1-54, 2.21)

1-00 (reference)
1-86 (1-54, 2-26)

1-00 (reference)
0-99 (0-74, 1-32)

1-00 (reference)

1.88 (1-48, 2.38)

1-00 (reference)
1-34 (1-09, 1-64)

1-00 (reference)

1.24 (1-03, 1-49)

1-00 (reference)
1-58 (1-10, 2-28)

1-00 (reference)
2.04 (1-25, 3-30)

1-00 (reference)
1-59 (1-02, 2-46)

1-00 (reference)
1-03 (0-85, 1-24)

1-00 (reference)
1.74 (1.35, 2-24)

P

<0-001
<0-001

<0-001

<0-001

<0-001

0-943

<0-001

0-004

0-025

0-014

0-004

0-039

0-757

<0-001

EMRR*

1-00 (reference)
1.39 (1-08, 1.77)

1-00 (reference)
1.27 (1-03, 1-58)

1-00 (reference)
1.25(1-03, 1-58)

1-00 (reference)

1.97 (150, 2.58)

1-00 (reference)
2.07 (1-15, 3-70)

1-00 (reference)
1.58 (1-18, 2-10)

P

0-009

0-029

0-046

<0-001

0-015

0-002

Values in parentheses are percentages unless indicated otherwise; *values in parentheses are 95 per cent confidence intervals. EMRR, excess mortality rate
ratio; LNR, lymph node ratio; LODDS, log odds of positive lymph nodes.
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higher HRs in the first 2 years and for severe complications
2-5years after liver surgery. All non-proportional HRs are
presented in Tables S3 and S4 (supporting information).

Discussion

This population-based study highlights the importance
of patient characteristics and primary tumour factors on
survival after radical surgery for colorectal cancer and after
surgery for liver metastases.

Liver surgery was performed in 4-6 per cent of all patients
with colorectal cancer and in 6-4 per cent of those in the RO
cohort. In the RO cohort, 38-7 per cent of patients with liver
metastases underwent liver surgery. Despite high resection
rates, survival was high with a 5-year relative survival rate
of 80-9 per cent in the colorectal RO cohort and 49-6 per
cent in the liver-treated cohort. In Sweden, liver surgery
is centralized to six university hospitals, and most patients
with liver metastases are discussed in multidisciplinary
tumour boards.

In the RO cohort a greater than 40 per cent increase
in excess mortality was observed in patients with ASA
grades III-IV compared with grades I-II for pT3 and
p T4 tumours, and for LNR above 0-1, acute resections and
serious complications. In the liver-treated cohort, EMRR
values were generally lower than in the RO cohort, but
a greater than 40 per cent increase in EMRR remained
for ASA grades III-IV, LNR above 0-1, acute primary
tumour resections and serious complications at the time of
primary tumour resection. By analysing the difference in
EMRR over time, acute resection and serious postoperative
complications continued to impact adversely on survival. A
postoperative cardiovascular event after colorectal surgery
more than doubled the risk of death after liver surgery,
probably reflecting primary co-morbidity indicating that a
history of a risk factor is important in considering future
liver surgery.

The impact of tumour factors did diminish over time, so
these features should not influence treatment recommen-
dations regarding late metachronous metastases.

Primary tumour location as a prognostic factor has
attracted attention since reports¥* were made of
increased KRAS and BRAF mutations in tumours of
the right colon. Right-sided tumours are also known to
be more advanced when detected’®3?*. In the present
study, excess mortality was observed for right-sided colonic
tumours, but this was not transmitted to the liver-treated
cohort.

LNR was the single most important local tumour fac-
tor for survival in the present study. In both cohorts, the
increased risk observed for patients with cancer spread to

© 2019 The Authors.
B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

vascular or neural spaces was minor in comparison with
that for LNR, but registration might be underreported if
pathologists were not aware of, or focused on, the impor-
tance of these factors?®?’.

Women underwent proportionally less liver surgery,
although their survival was not inferior. Socioeconomic
factors may be relevant here, but a prospective study in a
primary RO cohort would be needed to see whether there
is a sex difference related to more aggressive spread'’.

Age was inevitably a risk factor for death, but relative age
did not significantly influence survival after liver surgery,
even though only 2-7 per cent (234 of 8698) of those aged
75years or above in the RO cohort underwent resection
compared with 9-0 per cent of younger patients. For the
RO cohort, patients aged 75years and above did show
an increased EMRR, indicating that those offered liver
resection underwent further selection. A cohort study®
involving 186 patients aged 75 years or more treated by
liver resection found a 5-year OS rate of 28 per cent and a
5-year cancer-specific survival rate of 35 per cent. For the
234 patients aged 75 years or more who had liver surgery
in the present study, the 5-year OS rate was 38-6 per cent
and the 5-year relative survival rate was 50-2 per cent,
confirming the value of this approach. Undertreatment of
elderly patients has been cited as a significant contributor
to poor results in population-based studies of colorectal
cancer survival*.

There was a difference in outcome in patients treated
for synchronous or metachronous liver metastases.
Patients with metastases that were treated surgically
0-76—1-54 years after diagnosis of the primary tumour
had the worst outcome. This might reflect selection of
synchronous metastases that needed to be downsized
by systemic therapy to become resectable. Patients with
metachronous tumours treated 1-54—7-12 years after diag-
nosis had a better prognosis, in accordance with other
reports*’. This difference was relatively small in the
present study, and the study design could not distinguish
between a selection effect or potentially better biology of
metachronous tumours.

This study has limitations. The main weakness is that
it was retrospective, although the data should have been
entered contemporaneously. Registration of the primary
tumours and of surgically treated liver metastases was
high, but there is a risk that some metachronous metas-
tases were missed. As the study focused on risk factors
in a liver-treated cohort, it is believed that the number
of missing patients is likely to be small and unlikely to
influence the results. The strengths of this study include
a large study population, with a resected RO cohort and
liver-resected group from a nationwide perspective. The

www.bjsopen.com B7S Open 2020; 4: 118-132
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Swedish colorectal cancer register had a coverage of
96100 per cent during the study period*® and, although
coverage for SweLiv was somewhat lower than that for
the Swedish hospital register®”, the real rate of liver inter-
ventions could be only a few percentage points higher
at most.

Co-morbidity, acute surgery for the primary tumour and
complications after primary tumour surgery are risk factors
for excess mortality after radical colorectal surgery that are
transmitted to the liver intervention. LNR and concomi-
tant or earlier metastases are also risk factors that should
be considered when treatment for liver metastases is under
consideration. Age and timing of metastases are of less
importance.
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