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Abstract
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tients is limited. This population-based study aims to investigate the use of pulmonary
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Aim: Evidence on patterns of use of pulmonary metastasectomy in colorectal cancer pametastasectomy in the colorectal cancer population across the English National Health
Service (NHS) and quantify the extent of any variations in practice and outcome.
Methods: All adults who underwent a major resection for colorectal cancer in an NHS hospital between 2005 and 2013 were identified in the COloRECTal cancer data Repository
(CORECT-R). All inpatient episodes corresponding to pulmonary metastasectomy, occurring within 3 years of the initial colorectal resection, were identified. Multi-level logistic regression was used to determine patient and organizational factors associated with
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resection in 2005 to 2.3% in 2013. Significant variation was observed across hospital pro-

models were used to assess survival following pulmonary metastasectomy.
Results: In all, 173 354 individuals had a major colorectal resection over the study period,
with 3434 (2.0%) undergoing pulmonary resection within 3 years. The frequency of pulmonary metastasectomy increased from 1.2% of patients undergoing major colorectal
viders in the risk-adjusted rates of pulmonary metastasectomy (0.0%–6.8% of patients).
Overall 5-year survival following pulmonary resection was 50.8%, with 30-day and 90day mortality of 0.6% and 1.2% respectively.
Conclusions: This study shows significant variation in the rates of pulmonary metastasectomy for colorectal cancer across the English NHS.
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I NTRO D U C TI O N

patients will have metastases at diagnosis and they will subsequently
become apparent in up to 50% of people [2]. Around 5%–15% of

Colorectal cancer is the fourth most common cancer in the UK, with

patients with cancer of the colon will develop metastases in the

around 42 000 new cases per year, and the second leading cause

lungs during the disease course, and such spread is proportionally

of cancer-related death [1]. Approximately 20% of colorectal cancer

more common in rectal cancer patients, because of the difference
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in venous drainage between colon and rectum, with reported figures of between 11% and 19% [2,3]. Lung only or, probably more
correctly, lung-first metastases are uncommon in colorectal cancer,
however, with around 80%–85% of patients also having metastases
in other sites, most frequently the liver [2].
There are several important recent influences on surgical practice within the National Health Service (NHS) with respect to colorectal lung metastases. First, the Association of
Coloproctology of Great Britain and Northern Ireland (ACPGBI),

What does this paper add to the literature?
There is limited population-based evidence available on
patterns of pulmonary metastasectomy for colorectal
cancer lung metastases. This is one of the first studies to
use large population-level, linked datasets to investigate
practice and outcomes following such surgery across the
English National Health Service.

in its Improving Management of Patients with Advanced
Colorectal Tumours (IMPACT) initiative in 2017, has promoted
an active policy of monitoring, detecting and team discussions to
offer further treatment [4]. A Delphi project run by the ACPGBI

metastases at diagnosis. As such, pulmonary metastasectomy is

ranked management of lung metastases high in its research pri-

clearly used in a highly selectively manner.

orities [5]. Second, the National Institute for Health and Clinical

This population-based study therefore aimed to investigate the

Excellence (NICE), which provides guidance for the NHS, pub-

use of pulmonary metastasectomy in the colorectal cancer popula-

lished guidance on the management of metastatic disease in col-

tion across the English NHS and to quantify the extent of any varia-

orectal cancer in January 2020. They found no randomized trials

tions in practice and outcome.

and based their guidance on a ‘very low quality’ follow-up analysis [6] but still recommended that lung metastasectomy should
be ‘considered’ [7]. Finally, the Society of Thoracic Surgeons

M E TH O D S

Consensus Document on Pulmonary Metastasectomy in 2019 [8]
again, despite acknowledging the lack of randomized evidence,

All adults diagnosed with a first primary colorectal cancer (ICD-

gave as their first recommendation that pulmonary metastasec-

10 codes C18–C20), and who had undergone a major resection

tomy should be ‘considered’ and ‘carefully individualized’ [8].

for their disease in an NHS hospital with a multidisciplinary team

‘Pulmonary metastasectomy in colorectal cancer’, published in

(MDT) between 1 January 2005 and 31 December 2013 (to allow

2020 [9,10], was the first randomized trial on this topic. Patients were

3 years of follow-up until censoring at December 2016), were

randomized to lung metastasectomy (N = 46) or control (N = 47) and

identified in the COloRECTal cancer data Repository (CORECT-R).

87% were followed for more than 5 years or until death. There was

This resource contains numerous linked population-level datasets

no significant difference comparing metastasectomy to controls;

relevant to colorectal cancer and, for this study, information was

the hazard ratio (HR) for death was 0.93 (95% CI 0.56, 1.56). This

derived from a linked National Cancer Registration and Analysis

puts into question the recommendations for practice from ACPGBI,

Service (NCRAS) and Hospital Episode Statistics (HES) dataset.

Society of Thoracic Surgeons and NICE.

Information on date of diagnosis, age, sex, site and stage of tu-

It had been estimated that 15%–25% of those with pulmo-

mour and deprivation (measured via the income domain of the

nary metastases were being considered for local treatments [11].

Index of Multiple Deprivation [IMD] 2010), were extracted from

Traditionally surgery has been the main local treatment, but more

the cancer registry dataset. Where patients had multiple tumours

recently image guided thermal ablation (IGTA), including radiofre-

recorded simultaneously, the tumour with the highest stage was

quency, microwave or cryoablation, and stereotactic radiotherapy

selected. Any remaining duplicate patient records were cleaned to

(variously abbreviated as SABR or SBRT) have been increasingly

select the most relevant tumour for the type of major resection

used as alternatives. Each has been tested in a randomized con-

carried out. Information on the type and date of the first major

trolled trial [12,13] but, unfortunately, both had major imbalances

resection surgery following diagnosis was extracted from the HES

across trial arms so, again, it is not clear what constitutes gold stan-

component of CORECT-R. Major primary resection for colorec-

dard care.

tal cancer and lung resection were identified by the appropriate

Further studies with an emphasis on understanding the ex-

OPCS 4.8 codes (Appendix Table S1). The lung resection codes

tent and characteristics of patients with metastases are required.

were presumed to correspond to pulmonary metastasectomy. It

Arguably more information is required about the disease in its to-

is possible that some of these procedures may have been carried

tality rather than outcomes amongst patients carefully selected for

out for primary lung cancer or other diagnoses, due to the ab-

local treatments. Most existing studies on pulmonary metastasec-

sence of additional information. Primary tumours of the caecum,

tomy are single-centre surgical case series [8] with very few pop-

appendix, ascending colon, hepatic flexure and transverse colon

ulation-based cohorts or registry studies [14–17]. When the larger

(ICD-10 codes C18.0–C18.4) were assigned as right-sided colon

series within these studies are considered, the incidence of pulmo-

tumours, whilst tumours in the splenic flexure, descending colon,

nary metastasectomy is estimated to be only around 2.5% [14,16]

sigmoid colon and rectosigmoid (ICD-10 C18.5–C19) were as-

of all colorectal cancer patients and 3.5%–5% [14,17] of those with

signed as left-sided colon tumours. Rectal tumours were assigned
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using ICD-10 C20. Where more than one OPCS procedure code
appeared on the same day for the lung resection, the most extensive operation was selected.

3

R E S U LT S
Surgical management of metastases

The Charlson Comorbidity Index (CCI) [18] was derived for each
patient, taking into account diagnoses (excluding cancer) from any

During the period 1 January 2005 to 31 December 2013, 173 354

hospital admissions in the year preceding diagnosis of colorectal

patients were identified as undergoing major resection for a colo-

cancer. The cancer component of the CCI was derived from the can-

rectal tumour, the characteristics of whom are outlined in Table 1.

cer registry information in CORECT-R and added to that obtained

Of these 3434 (2.0%) underwent one or more resections for lung

from HES data. The CCI was categorized as 0, 1, 2 and ≥3 with higher

metastases within 3 years of their primary colorectal resection.

scores indicating greater degree of comorbidity.

There were 2941 patients (85.6%) having one surgical episode,

Data from the Organizational Survey 2016, carried out by the

431 (12.6%) having two episodes and 62 (1.8%) having three or

National Bowel Cancer Audit [19] were used to identify whether the

more within 3 years, giving a total of 3998 pulmonary metasta-

initial colorectal resection was carried out within an MDT with an

sectomy episodes. Looking at the extent of the first pulmonary

on-site specialist thoracic team. Twenty-five specialist thoracic sur-

procedure, 25 (0.7%) were pneumonectomies, 23 (0.7%) were

gery centres were identified in the data out of 146 Trusts.

bilobectomies, 895 (26.1%) were lobectomies and 2491 (72.5%)

Multi-level logistic regression was used to determine factors

were sublobar resections. There were 574 patients (16.7%) who

associated with the use of resection for lung metastases. Models

had previously had a liver resection at the time of their pulmonary

were constructed with patients clustered within hospitals, which

resection, 85 (2.5%) who had a subsequent liver resection and

were then further clustered within Cancer Alliances. Explanatory

seven patients (0.2%) had liver and pulmonary metastasectomy on

variables in the risk-adjusted model were age at resection, sex, IMD

the same day.

quintile, tumour site, year of primary major colorectal resection, CCI,

The percentage of patients receiving pulmonary metastasec-

stage at diagnosis, and whether the trust was a thoracic surgery cen-

tomy increased from around 1.2% of all patients in 2005, who un-

tre. Funnel plots were constructed to show the variation in resection

derwent a major resection for colorectal cancer, to 2.3% in 2013

of metastases across MDTs using the Spiegelhalter approach [20]

(Figure 1). The rate of pulmonary metastasectomy was higher for

and those MDTs outside the 99.8% control limits were considered

patients presenting with tumours in the rectum (3.17%) than for tu-

‘outliers’ in terms of their practice.

mours of the colon (1.49%) which is a reflection of the well docu-

Survival was calculated from the date of lung metastasectomy
until death, or censored on 31 December 2016. Overall survival

mented difference in incidence due to the anatomical difference in
venous drainage between the colon and rectum [2,28,29].

following pulmonary metastasectomy was analysed using Kaplan–

Multi-level logistic regression was performed using data from

Meier actuarial methods by sex, age at diagnosis, IMD quintile, site

2010 to 2013, during which period staging of the primary tumour

and stage of primary tumour at diagnosis and CCI. Log rank tests

was more complete (Table 2). The likelihood of receiving surgery

were used to test for any statistically significant difference between

reduced with age (OR 0.23 for age >80 compared to the average

these groups. Cox proportional hazards regression analysis was used

age group 61–70; 95% CI 0.18–0.29). There was no significant dif-

to determine factors associated with a higher risk of death following

ference in the rate of surgery between men and women or across

pulmonary metastasectomy surgery. Analyses were conducted using

deprivation quintiles. The odds of resection decreased with in-

STATA 15 (StataCorp).

creasing CCI (OR 0.44 for CCI 3 or more compared to a score of

The best estimate of the representative median interval be-

zero; 95% CI 0.27–0.71). Patients with rectal tumours were most

tween primary colorectal cancer resection and pulmonary metasta-

likely to receive surgery (OR 2.61; 95% CI 2.30–2.97) and those

sectomy operations is 29 months, based on data from seven reports

with tumours in the right colon were the least likely to receive

from 2006 to 2013 including a total of 1606 operations [21–27].

treatment for lung metastases. Patients with more advanced dis-

Our 3-year cut-off will have missed some cases so a sensitivity anal-

ease stage at diagnosis were more likely to undergo pulmonary

ysis was also carried out to identify pulmonary metastasectomies

metastasectomy within 3 years of their primary colorectal resec-

within 5 years of primary colorectal resection. To ensure that all pa-

tion (OR for Stage IV vs. Stage III 1.77; 95% CI 1.55–2.03). These

tients had full 5-year follow-up in the data (allowing analysis of tem-

will include patients with synchronous metastases, which were

poral trends), only patients undergoing primary resections between

already evident at the time of initial cancer staging. There was no

2005 and 2011 were selected for sensitivity analysis. Searching for

statistically significant difference in the likelihood of pulmonary

pulmonary metastasectomies within 5 years captured an additional

metastasectomy depending on whether patients received surgery

850 patients over the period (an average of 121 more patients an-

for their colorectal primary in a trust with a specialist thoracic cen-

nually) compared to those within 3 years. This increase in cases was

tre, in either the risk-adjusted or non-adjusted model.

balanced against the loss of 2 years’ worth of data due to requiring

There was a large degree of variation in the proportion of pa-

5 full years of follow-up, so all subsequent data refer to pulmonary

tients having a pulmonary metastasectomy when analysed by the

metastasectomies taking place within 3 years of the colorectal pri-

hospital provider for their primary colorectal resection, with crude

mary resection.

and risk-adjusted rates both between 0.0% and 6.8% (P < 0.001). By
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TA B L E 1 Characteristics of the study population
No procedure (n = 169 920)

Pulmonary metastasectomy (n = 3434)

Total (n = 173 354)

Tumour site
Right colon

60 043 (35.3)

727 (21.2)

60 770 (35.1)

Caecum

27 259 (16.0)

345 (10.0)

27 604 (15.9)

Appendix
Ascending colon
Hepatic flexure
Transverse colon
Left colon

862 (0.5)

6 (0.2)

868 (0.5)

16 609 (9.8)

240 (7.0)

16 849 (9.7)

5452 (3.2)

61 (1.8)

5513 (3.2)

9861 (5.8)
60 540 (35.6)

75 (2.2)
1210 (35.2)

9936 (5.7)
61 750 (35.6)

Splenic flexure

4169 (2.5)

59 (1.7)

4228 (2.4)

Descending colon

5254 (3.1)

83 (2.4)

5337 (3.1)

Sigmoid colon

38 866 (22.9)

775 (22.6)

39 641 (22.9)

Rectosigmoid

12 251 (7.2)

293 (8.5)

12 544 (7.2)

Overlapping/unspecified lesion of colon
Rectum

6270 (3.7)

88 (2.6)

6358 (3.7)

43 067 (25.3)

1409 (41.0)

44 476 (25.7)

Male

95 279 (56.1)

2089 (60.8)

97 368 (56.2)

Female

74 641 (43.9)

1345 (39.2)

75 986 (43.8)

Sex

Age at primary colorectal resection
≤60

33 362 (19.6)

964 (28.1)

34 326 (19.8)

61–70

48 772 (28.7)

1320 (38.4)

50 092 (28.9)

71–80

57 268 (33.7)

1029 (30.0)

58 297 (33.6)

>80

30 518 (18.0)

121 (3.5)

30 639 (17.7)

2005

16 233 (9.6)

203 (5.9)

16 436 (9.5)

2006

17 864 (10.5)

283 (8.2)

18 147 (10.5)

2007

18 335 (10.8)

329 (9.6)

18 664 (10.8)

2008

19 103 (11.2)

390 (11.4)

19 493 (11.2)

2009

19 355 (11.4)

390 (11.4)

19 745 (11.4)

Year of primary colorectal resection

2010

19 975 (11.8)

452 (11.8)

20 427 (11.8)

2011

20 092 (11.8)

461 (13.4)

20 553 (11.9)

2012

20 195 (11.9)

492 (14.3)

20 687 (11.9)

2013

18 768 (11.0)

434 (12.6)

19 202 (11.1)

I

23 353 (13.7)

326 (9.5)

23 679 (13.7)

II

58 088 (34.2)

988 (28.8)

59 076 (34.1)

III

57 394 (33.8)

1266 (36.9)

58 660 (33.8)

IV

13 322 (7.8)

511 (14.9)

13 833 (8.0)

Unknown

17 763 (10.5)

343 (10.0)

18 106 (10.4)

1, least deprived

36 582 (21.5)

739 (21.5)

37 321 (21.5)

2

38 637 (22.7)

832 (24.2)

39 469 (22.8)

3

35 746 (21.0)

687 (20.0)

36 433 (21.0)

Tumour stage at diagnosis

IMD quintile

4

31 661 (18.6)

590 (17.2)

32 251 (18.6)

5, most deprived

27 294 (16.1)

586 (17.1)

27 880 (16.1)

(Continues)
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TABLE 1 (Continued)
No procedure (n = 169 920)

Pulmonary metastasectomy (n = 3434)

Total (n = 173 354)

0

135 383 (79.7)

2881 (83.9)

138 264 (79.8)

1

23 878 (14.1)

434 (12.6)

24 312 (14.0)

2

6705 (3.9)

90 (2.6)

6795 (3.9)

≥3

3954 (2.3)

29 (0.8)

3983 (2.3)

Charlson Comorbidity Index

Note:: Values in parentheses are percentages.
Abbreviation: IMD, index of multiple deprivation.

group compared to the least deprived group (HR 1.18, 95% CI 1.02–

2.5

1.37, P = 0.030). There was an increase in HR with increasing comor-

% of patients

2.0

bidity (HR 1.78, 95% CI 1.13–2.81). Patients with primary tumours in
the left colon had improved survival compared to all other sites (HR

1.5

0.87, 95% CI 0.76–0.99; Figure 3).

1.0

Patients who had a prior liver resection had a 5-year survival of
37.8% post-pulmonary metastasectomy, whilst those who had not

0.5

undergone a liver resection had a 5-year survival of 53.7% following
pulmonary metastasectomy (P < 0.001). The Kaplan–Meier survival

13
20

12
20

11
20

10
20

09

08

20

07

20

06

20

20

20

05

0.0
Year of primary colorectal resection

curve in Figure 4 suggests improved survival for those undergoing sublobar excision compared to lobectomy until around 5 years,
when there is no observed difference between the two procedures.

F I G U R E 1 Percentage of patients receiving a pulmonary
resection within 3 years of their primary colorectal resection as a
percentage of all patients undergoing major colorectal resection

It is not possible to know how much this association was influenced
by the severity of the disease or the treatment. There are few pneumonectomies and bilobectomies and survival was much worse for
these patients compared to those undergoing lobectomy; again the

Cancer Alliance/Vanguard the crude rate varied between 1.5% and

disease and the treatment was more severe.

3.1% (P = 0.003) and the risk-adjusted rate varied between 1.5% for

Potential volume effects on survival outcomes were considered;

Lancashire and Cumbria and 3.0% for South East London; however,

however, there was no statistically significant difference in 5-year

there was no statistically significant difference between Cancer

survival following pulmonary metastasectomy between high, mid

Alliances following risk adjustment (Figure 2).

and low volume providers. There was no correlation between the
crude or adjusted pulmonary resection rate and 5-year survival by

Survival
Overall median survival following pulmonary metastasectomy was

Cancer Alliance or MDT.

DISCUSSION

44 months, with 1, 3 and 5 years at 91.6%, 67.9% and 50.8% respectively. Thirty-day and 90-day postoperative mortality were 0.6% and

This large population-based study demonstrates that there has been

1.2% respectively. Women had higher overall survival than men (5-

an increase in the rate of pulmonary metastasectomy between 2005

year survival of 53.6% vs. 49.0%, P = 0.045); however, once adjusted

and 2013, with the rate remaining constant at around 2.3% for the

for patient and tumour characteristics, this difference was not sig-

later years of 2010–2013. Increases in the frequency of pulmo-

nificant. Older patients had reduced survival following lung metasta-

nary metastasectomy were also observed in the American National

sectomy (5-year survival of 53.0% for those ≤60 compared to 43.5%

Inpatient Sample between 2000 and 2011 [30]. Previous studies

for those >80, adjusted HR 1.68, 95% CI 1.30–2.16) (Table 3). There

have estimated the incidence of pulmonary metastasectomy to be

was no statistically significant difference in overall survival across

within 1%–2.5% for all colorectal cancer patients [14,16]. The English

deprivation quintile (5-year survival of 53.8% for least deprived vs.

NHS national figure of 2.3% is at the higher end of this range. When

47.8% for most deprived); however, when adjusted for patient and

considering the number of patients receiving pulmonary metasta-

tumour characteristics there was a statistically significant reduction

sectomy, within 3 years of diagnosis, as a proportion of all colorectal

in survival after pulmonary metastasectomy for the most deprived

cancer patients diagnosed with their first tumours between 2005

1.07

Primary resection carried out in
hospital with thoracic centre

1.00
0.73
0.19

61–70

71–80

>80

Female

0.94

0.98
0.93
1.09

3

4

0.76
1.00
1.65
0.83

II

III

IV

Unknown

1.63
2.73
1.53

Left colon

Rectum

Colon unknown

0.56
0.30

1

2

≥3

0.19

0.42

0.80

1.12

2.42

1.43

0.69

1.44

0.68

0.48

0.49

0.74

1.03

2.10

3.09

1.85

1.01

1.89

0.85

0.67

1.27

1.08

1.14

1.23

0.93

0.24

0.82

1.22

1.20

1.06

95% confidence
interval

0.182

0.236

0.541

<0.001

<0.001

0.129

0.008

<0.001

<0.001

0.061

<0.001

<0.001

<0.001

0.266

0.315

0.829

0.304

0.001

<0.001

<0.001

P

<0.001

<0.001

<0.001

0.209

0.001

<0.001

0.236

0.541

P across
groups

0.44

0.72

1.03

1.00

1.50

2.61

1.52

1.00

0.72

1.77

1.00

0.87

0.50

1.04

0.92

0.99

1.08

1.00

0.97

1.00

0.24

0.81

1.00

1.02

1.05

1.01

Adjusted
odds ratio

0.27

0.54

0.90

1.09

2.30

1.34

0.59

1.55

0.78

0.42

0.89

0.79

0.85

0.94

0.89

0.19

0.71

0.91

0.90

0.96

95% confidence
interval

0.71

0.96

1.18

2.06

2.96

1.73

0.87

2.03

0.98

0.59

1.22

1.07

1.14

1.24

1.07

0.30

0.92

1.15

1.23

1.05

95% confidence
interval

0.001

0.024

0.644

0.013

<0.001

<0.001

0.001

<0.001

0.024

<0.001

0.613

0.281

0.872

0.293

0.598

<0.001

0.001

0.741

0.519

0.812

P

<0.001

<0.001

<0.001

0.299

0.598

<0.001

0.519

0.812

P across
groups

|

Abbreviation: IMD, index of multiple deprivation.

1.00
0.91

0

Charlson Comorbidity Index

1.00

Right colon

Tumour site

0.57

I

Stage of primary tumour at diagnosis

5, most deprived

0.80

1.07
0.85

1.00

2

0.94

0.77

0.15

0.66

0.96

0.96

0.97

95% confidence
interval

1, least deprived

IMD quintile

1.00
0.85

Male

Sex

1.08

≤60

Age at resection of colorectal primary

1.01

Year of resection of colorectal primary

Unadjusted
odds ratio

TA B L E 2 Odds of having a pulmonary metastasectomy within 3 years of primary colorectal tumour resection
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7.0

3.0

6.0

2.5

% of patients

(C) 3.5

% of patients

(A) 8.0

5.0
4.0
3.0
2.0

2.0
1.5
1.0
0.5

1.0
0.0

0.0

MDT

(B) 6.0

MDT

4.0

2.0

0.0

Cancer Alliance

(D) 3.5
Risk-adjusted pulmonary
metastasectomy rate (%)

Risk-adjusted pulmonary
metastasectomy rate (%)

7

Cancer Alliance

3.0
2.5
2.0
1.5
1.0

200
400
600
800
1000
1200
Number of major colorectal resections 2010-2013

2000
4000
6000
8000
10000
Number of major colorectal resections 2010-2013

F I G U R E 2 Organization funnel plots showing the variation in (A) unadjusted pulmonary metastasectomy rate by trust, (B) risk-adjusted
pulmonary metastasectomy rate by trust, (C) unadjusted pulmonary metastasectomy rate by Cancer Alliance and (D) risk-adjusted
pulmonary metastasectomy rate by Cancer Alliance

and 2013, then a figure of 1.36% for the English NHS over the whole

There was significant variation in the percentage of patients re-

series and 1.5% for the later years 2010–2013 is obtained. There

ceiving a pulmonary resection between trusts, with two trusts hav-

appear to be no large population-based studies to enable direct

ing higher than average pulmonary metastasectomy rates, that is,

comparison. The rate of pulmonary metastasectomy in patients with

outside of the 99.8% confidence limits so outside of the ‘random’

rectal cancer was twice that for patients with tumours in the colon.

variation that would be expected, and one trust having a lower

This reflects the higher rate of metastasis to the lungs in rectal can-

than average pulmonary metastasectomy rate of only 0.14% of pa-

cer, related to the anatomical differences in venous drainage already

tients. Whilst there were significant differences in the crude rate

noted [2,28,29].

of pulmonary metastasectomy by the Cancer Alliance within which

Postoperative 30- and 90-day mortality of 0.6% and 1.2% re-

the patient received their colorectal resection, this was no longer

spectively shows lung metastasectomy to be relatively safe. Overall

observed following risk adjustment for patient and tumour char-

5-year survival following pulmonary metastasectomy was 50.8%.

acteristics. Therefore it seems that referral practice is similar at a

This national figure falls within the range reported by a number of

regional level, with more variation occurring on a hospital site level.

single-centre studies which report rates varying between 27% and

This variation may also be affected by trusts referring patients for

66% [8,31,32].

ablation or SBRT rather than resection. Data on ablation were not

Receiving surgery for the primary colorectal tumour, in a trust

fully captured during this work due to a large amount of variation in

with a specialist thoracic surgical centre on-site, did not increase

coding practice. Exploring this will form the basis for future work.

the chances of a patient receiving pulmonary resection in either the

Current NICE draft guidance [7] suggests that there is insufficient

risk-adjusted or unadjusted model. This contrasts with liver metas-

evidence to recommend one type of local treatment over another

tasectomy whereby patients with colorectal cancer liver metastases

so either surgical resection, ablation or SBRT should be considered

are more likely to receive surgical resection when their primary col-

for people with colorectal lung metastases. It will be interesting to

orectal tumour is resected in a hospital with an on-site hepatobiliary

note whether trusts with lower resection rates refer larger numbers

team [33]. This also contrasts with studies carried out on primary

of patients for ablation or SBRT and whether patients have similar

non-small-cell lung cancer, which suggest that being seen first in a

access to all treatments across trusts.

specialist thoracic surgical centre increases the likelihood of receiving lung surgery [34].

The rate of pulmonary metastasectomy in the over 80s group
was almost one-fifth of that for patients aged 71–80; however, there
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TA B L E 3 Cox proportional hazards model results for survival following pulmonary metastasectomy and survival following primary
colorectal resection
Pulmonary metastasectomy
Unadjusted
HR

95% CI

P

Adjusted
HR

95% CI

Year of resection of colorectal primary

0.96

0.94

0.98

<0.001

0.95

0.93

0.97

<0.001

Primary colorectal resection carried
out in hospital with thoracic centre

1.07

0.96

1.20

<0.203

1.05

0.94

1.17

0.413

1.15

0.727

P

Age at resection of colorectal primary
≤60

1.00

61–70

1.00

0.88

1.12

0.944

1.00
1.02

0.90

71–80

1.30

1.15

1.47

<0.001

1.38

1.22

1.56

<0.001

>80

1.48

1.16

1.89

0.002

1.68

1.30

2.16

<0.001

0.78

0.95

0.003

Sex
Male

1.00

Female

0.86

1.00
0.78

0.94

0.002

0.86

IMD quintile
1, least deprived

1.00

2

1.05

0.92

1.21

0.469

1.00
1.05

0.91

1.20

0.533

3

1.06

0.92

1.23

0.435

1.05

0.90

1.21

0.541

4

1.14

0.98

1.32

0.100

1.15

0.99

1.34

0.074

5, most deprived

1.17

1.01

1.36

0.036

1.18

1.02

1.37

0.030

1.39

0.183

Stage of primary tumour at diagnosis
I

1.00

II

1.15

0.95

1.40

0.143

1.00
1.14

0.94

III

1.54

1.28

1.85

<0.001

1.60

1.33

1.93

<0.001

IV

1.58

1.29

1.94

<0.001

1.74

1.41

2.14

<0.001

Unknown

1.55

1.25

1.93

<0.001

1.53

1.23

1.91

<0.001

Tumour site
Right colon

1.00

Left colon

0.85

0.74

0.96

0.010

0.86

1.00
0.76

0.98

0.022

Rectum

0.98

0.89

1.11

0.740

1.01

0.89

1.14

0.910

Colon unknown

1.18

0.87

1.57

0.258

1.18

0.88

1.57

0.266

Charlson Comorbidity Index
0

1.00

1.00

1

1.13

0.98

1.30

0.093

1.14

0.99

1.31

0.068

2

1.37

1.04

1.81

0.026

1.36

1.03

1.80

0.031

≥3

1.80

1.14

2.82

0.011

1.78

1.13

2.81

0.013

Abbreviations: HR, hazard ratio; IMD, index of multiple deprivation.

was no statistically significant difference in 5-year survival between

ablative treatments or radiotherapy in order to assess whether they

the two age groups. Five-year survival following surgery for lung

receive alternative treatment.

metastases for the over 80s group was 43.5%. The postoperative

There was no statistically significant difference in the likelihood

mortality and 5-year survival outcomes in the group receiving me-

of receiving a pulmonary metastasectomy across different depri-

tastasectomy, along with the small numbers of over 80s undergoing

vation quintiles, in contrast to the trend observed for resection for

lung surgery, suggests that the threshold for lung metastasectomy

colorectal cancer liver metastases [35] or resection for primary lung

is extremely high within this population and only the fittest pa-

cancer where more deprived patients are less likely to receive pul-

tients receive surgery. However, older patients may be more likely

monary resection [36,37].

to undergo less invasive ablative treatments rather than resection.

One limitation of this study is that there is not sufficient infor-

Unfortunately, we do not have information on the frequency of

mation to ascertain the reason for the lung resection. It has been
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Male
Female
0

1

2

3

4

5

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

p = 0.005

Right colon
Left colon
Colon, unspecified
Rectum
0

p < 0.001

<=60
61-70
71-80
>80
0

1

2

3

4

Years following pulmonary metastasectomy

1

2

3

4

5

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

5

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

I
II
III
IV
Unknown
0

0

4

1

2

3

4

5

Years following pulmonary metastasectomy

p = 0.2438

1 - least deprived
2
3
4
5 - most deprived
1
2
3
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p < 0.001

Years following pulmonary metastasectomy

Survival probability

Survival probability

Years following pulmonary metastasectomy
1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Survival probability

p = 0.045

Survival probability

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Survival probability

Survival probability
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5

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Years following pulmonary metastasectomy

p = 0.007

0

0
1
2
3+
1

2

3

4

5

Years following pulmonary metastasectomy

F I G U R E 3 Kaplan–Meier survival curves grouped by sex, tumour site, tumour stage, age and diagnosis, IMD quintile and Charlson
Comorbidity Index score

1
0.9
Survival Probability

0.8
0.7
0.6
0.5
0.4
0.3
0.2
Pneumonectomy

0.1
0

Lobectomy
1

0

Bilobectomy
Sublobar resection
2

3

4

5

Years following pulmonary metastasectomy

F I G U R E 4 Kaplan–Meier survival
curves grouped by extent of pulmonary
metastasectomy surgery

Number at risk
Pneumonectomy
25
Bilobectomy
23
Lobectomy
895
Sublobar resection 2491

16
17
798
2314

14
12
676
1988

13
12
543
1544

10
10
415
1119

6
7
329
781

presumed that these surgical procedures are taking place due to pul-

does not provide a full picture of the number of patients undergoing

monary metastases, given the proximity to diagnosis of colorectal

local treatment for pulmonary metastasis, as it does not account for

cancer; however, it is also possible that patients received surgery for

those who may be undergoing IGTA or SABR as an alternative treat-

other diagnoses such as primary lung cancer or emphysema.

ment to surgery. Previous studies have shown that the likelihood of
receiving liver resection surgery for metastatic colorectal cancer is

CO N C LU S I O N

affected by the presence of an on-site specialist hepatobiliary centre
in the hospital where the patient first receives their colorectal resection. In this study, there was no statistically significant difference in

This study comprises the first large population-based analysis of the

the likelihood of pulmonary metastasectomy depending on whether

use of pulmonary metastasectomy for colorectal cancer lung metas-

the patient underwent their colorectal surgery in a hospital with a

tases. The rate of pulmonary metastasectomy in the population un-

specialist thoracic centre on-site or not. There was variation in the

dergoing major colorectal resection within the NHS is around 2.3% in

rate of pulmonary metastasectomy across hospitals, however, which

the later part of the study; however, it must be noted that this figure

remained after accounting for patient and tumour characteristics.
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Further randomized studies are urgently required to establish if
there is a survival benefit from local treatment of lung metastases

6.

and, if so, for which patients. Such studies should allow optimization
of the management of pulmonary metastases from colorectal cancer
in the English NHS.

7.

C O N FL I C T O F I N T E R E S T S

8.
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This work involves patient-level information collected by the NHS
that has either been provided by, or derived from, patients as part of
their care and support. The data are collated, maintained and quality
assured by the National Cancer Registration and Analysis Service,

10.

which is part of Public Health England (PHE). Access to the data was
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this study are available from the National Cancer Registration and
Analysis Service via the PHE Office for Data Release, subject to relevant approvals. This work was supported by the Cancer Research

11.
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number L394). It was underpinned by the Leeds MRC Medical
Bioinformatics Centre (grant number MR/L01629X/1). This study
was approved by the South West & Central Bristol Research Ethics

13.

Committee (ref 18/ SW/0134).
AU T H O R C O N T R I B U T I O N S
Hayley M Fenton analysed the data and wrote the draft manuscript

14.

with input from all authors. John C Taylor oversaw statistical analysis. Eva J Morris (Principal Investigator) and Tom Treasure conceived
the study and methods.

15.

DATA AVA I L A B I L I T Y S TAT E M E N T
Data are available through CORECT-R and PHE subject to relevant
approvals. Due to the nature of the data used they are not available

16.

directly from the authors.
17.

ORCID
Hayley M. Fenton
John C. Taylor

https://orcid.org/0000-0001-7824-2614
https://orcid.org/0000-0002-2518-5799
18.

REFERENCES
1. Cancer Research UK. Bowel Cancer Statistics. April 2020; Available
at: http://www.cancerresearchuk.org/health-professional/cance
r-statistics/statistics-by-cancer-type/bowel-cancer
2. Riihimaki M, Hemminki A, Sundquist J, Hemminki K. Patterns of
metastasis in colon and rectal cancer. Sci Rep. 2016;6:29765.
3. Pan H-D, Zhao G, An Q, Xiao G. Pulmonary metastasis in rectal
cancer: a retrospective study of clinicopathological characteristics
of 404 patients in Chinese cohort. BMJ Open. 2018;8(2):e019614.
4. Dawson P. ACPGBI IMPACT Initiative: Improving Management of
Patients with Advanced Colorectal Tumours. https://www.acpgbi.
org.uk/content/uploads/2017/02/ACPGBI-Advanced-Malignancy
-Initiative-15-May-2017-v4.pdf, 2017, 5/15/2017.
5. Tiernan J, Cook A, Geh I, George B, Magill L, Northover J, et al.
Use of a modified Delphi approach to develop research priorities

19.

20.
21.

22.

23.

for the Association of Coloproctology of Great Britain and Ireland.
Colorectal Dis. 2014;16(12):965–70.
Kim CH, Huh JW, Kim HJ, Lim SW, Song SY, Kim HR, et al. Factors
influencing oncological outcomes in patients who develop pulmonary metastases after curative resection of colorectal cancer. Dis.
Colon Rectum. 2012;55(4):459–64.
National Institute for Health and Care Excellence. Colorectal Cancer:
NICE guideline NG151, 2020. https://doi.org/10.1111/codi.15386
Handy JR, Bremner RM, Crocenzi TS, Detterbeck FC, Fernando HC,
Fidias PM, et al. Expert consensus document on pulmonary metastasectomy. Ann Thorac Surg. 2019;107(2):631–49.
Brew-Graves C, Farewell V, Monson K, Milošević M, Williams NR,
Morris E, et al. Pulmonary metastasectomy in colorectal cancer:
health utility scores by EQ-5D-3L in a randomised controlled trial
show no benefit from lung metastasectomy. Colorectal Dis. 2020.
https://doi.org/10.1111/codi.15386.
Milosevic M, Edwards J, Tsang D, Dunning J, Shackcloth M,
Batchelor T, et al. Pulmonary metastasectomy in colorectal cancer
(PulMiCC): updated analysis of 93 randomised patients—control
survival is much better than previously assumed. Colorectal Dis.
2020;22(10):1314–24.
Erhunmwunsee L, Tong BC. Preoperative evaluation and indications
for pulmonary metastasectomy. Thorac Surg Clin. 2016;26(1):7–12.
Ruers T, Van Coevorden F, Punt CJ, Pierie JE, Borel-Rinkes I,
Ledermann JA, et al. Local treatment of unresectable colorectal liver metastases: results of a randomized phase II trial. J Natl
Cancer Inst. 2017;109(9):djx015.
Palma DA, Olson R, Harrow S, Gaede S, Louie AV, Haasbeek C,
et al. Stereotactic ablative radiotherapy versus standard of care
palliative treatment in patients with oligometastatic cancers
(SABR-COMET): a randomised, phase 2, open-label trial. Lancet.
2019;393(10185):2051–8.
Embún R, Fiorentino F, Treasure T, Rivas JJ, Molins L. Pulmonary
metastasectomy in colorectal cancer: a prospective study of demography and clinical characteristics of 543 patients in the Spanish
colorectal metastasectomy registry (GECMP-CCR). BMJ Open.
2013;3(5):e002787.
Pastorino U, Buyse M, Friedel G, Ginsberg RJ, Girard P, Goldstraw
P, et al. Long-term results of lung metastasectomy: prognostic analyses based on 5206 cases. J Thorac Cardiovasc Surg.
1997;113(1):37–49.
Watanabe K, , Saito N, Sugito M, Ito M, Kobayashi A, Nishizawa
Y. Incidence and predictive factors for pulmonary metastases after curative resection of colon cancer. Ann Surg Oncol.
2013;20(4):1374–80.
Tampellini M, Ottone A, Bellini E, Alabiso I, Baratelli C, Bitossi R,
et al. The role of lung metastasis resection in improving outcome of
colorectal cancer patients: results from a large retrospective study.
Oncologist. 2012;17(11):1430–8.
Charlson M, Szatrowski TP, Peterson J, Gold J. Validation of a combined comorbidity index. J Clin Epidemiol. 1994;47(11):1245–51.
Audit NBC.Organisational survey results. 2016 [cited 2018 August];
Available from: https://www.nboca.org.uk/report s/organisational-survey-result s/
Spiegelhalter DJ. Funnel plots for comparing institutional performance. Stat Med. 2005;24(8):1185–202.
Yedibela S, Klein P, Feuchter K, Hoffmann M, Meyer T,
Papadopoulos T, et al. Surgical management of pulmonary metastases from colorectal cancer in 153 patients. Ann. Surg Oncol.
2006;13(11):1538–44.
Welter S, Jacobs J, Krbek T, Poettgen C, Stamatis G. Prognostic
impact of lymph node involvement in pulmonary metastases from
colorectal cancer. Eur J Cardiothorac Surg. 2007;31(2):167–72.
Onaitis MW, Petersen RP, Haney JC, Saltz L, Park B, Flores
R, et al. Prognostic factors for recurrence after pulmonary

|

FENTON et al.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

resection of colorectal cancer metastases. Ann. Thorac Surg.
2009;87(6):1684–8.
Watanabe K, Nagai K, Kobayashi A, Sugito M, Saito N. Factors influencing survival after complete resection of pulmonary metastases from colorectal cancer. Br. J Surg. 2009;96(9):1058–65.
Riquet M, Foucault C, Cazes A, Mitry E, Dujon A, Le Pimpec BF,
et al. Pulmonary resection for metastases of colorectal adenocarcinoma. Ann Thorac Surg. 2010;89(2):375–80.
Borasio P, Gisabella M, Billé A, Righi L, Longo M, Tampellini M, et al.
Role of surgical resection in colorectal lung metastases: analysis of
137 patients. Int. J Colorectal Dis. 2011;26(2):183–90.
Embun R, Fiorentino F, Treasure T, Rivas JJ, Molins L. Pulmonary
metastasectomy in colorectal cancer: a prospective study of
demography and clinical characteristics of 543 patients in the
Spanish colorectal metastasectomy registry (GECMP-CCR).
BMJ Open. 2013;3(5):e002787. https://doi.org/10.1136/bmjop
en-2013-002787
Tan KK, Lopes GL Jr, Sim R. How uncommon are isolated lung metastases in colorectal cancer? A review from database of 754 patients over 4 years. J Gastrointest Surg. 2009;13(4):642–8.
Hugen N, van de Velde CJH, de Wilt JHW, Nagtegaal ID. Metastatic
pattern in colorectal cancer is strongly influenced by histological
subtype. Ann Oncol. 2014;25(3):651–7.
Bartlett EK, Simmons KD, Wachtel H, Roses RE, Fraker DL, Kelz RR,
et al. The rise in metastasectomy across cancer types over the past
decade. Cancer. 2015;121(5):747–57.
Nakajima J, Iida T, Okumura S, Horio H, Asamura H, Ozeki Y, et al.
Recent improvement of survival prognosis after pulmonary metastasectomy and advanced chemotherapy for patients with colorectal cancer. Eur J Cardiothorac Surg. 2017;51(5):869–73.
Ampollini L, Gnetti L, Goldoni M, Viani L, Faedda E, Campanini N,
et al. Pulmonary metastasectomy for colorectal cancer: analysis of
prognostic factors affecting survival. J Thorac Dis. 2017;9(Suppl
12):S1282–90.
Vallance AE, van der Meulen J, Kuryba A, Botterill ID, Hill J,
Jayne DG, et al. Impact of hepatobiliary service centralization on

34.

35.

36.

37.

11

treatment and outcomes in patients with colorectal cancer and liver
metastases. Br J Surg. 2017;104(7):918–25.
Rich AL, Tata LJ, Free CM, Stanley RA, Peake MD, Baldwin DR, et al.
Inequalities in outcomes for non-small cell lung cancer: the influence of clinical characteristics and features of the local lung cancer
service. Thorax. 2011;66(12):1078.
Fenton HM, Taylor JC, Lodge JPA, Toogood GJ, Finan PJ, Young AL,
et al. Variation in the use of resection for colorectal cancer liver
metastases. Ann Surg. 2019;270(5):892–8.
Belot A, Fowler H, Njagi EN, Luque-Fernandez M-A, Maringe C,
Magadi W, et al. Association between age, deprivation and specific
comorbid conditions and the receipt of major surgery in patients
with non-small cell lung cancer in England: a population-based
study. Thorax. 2019;74(1):51–9.
Lüchtenborg M, Riaz SP, Coupland VH, Lim E, Jakobsen E,
Krasnik M, et al. High procedure volume is strongly associated
with improved survival after lung cancer surgery. J Clin Oncol.
2013;31(25):3141–6.

S U P P O R T I N G I N FO R M AT I O N
Additional supporting information may be found online in the
Supporting Information section.

How to cite this article: Fenton HM, Finan PJ, Milton R, et al.
National variation in pulmonary metastasectomy for
colorectal cancer. Colorectal Dis. 2021;00:1–11. https://doi.
org/10.1111/codi.15506

