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Abstract
Aim: The aim of this work was to examine the burden of further treatments in patients 
with colorectal cancer following a decision about lung metastasectomy.
Method: Five teams participating in the Pulmonary Metastasectomy in Colorectal Cancer 
(PulMiCC) study provided details on subsequent local treatments for lung metastases, 
including the use of chemotherapy. For patients in three groups (no metastasectomy, one 
metastasectomy or multiple local interventions), baseline factors and selection criteria 
for additional treatments were examined.
Results: The five teams recruited 220 patients between October 2010 and January 2017. 
No lung metastasectomy was performed in 51 patients, 114 patients had one metasta-
sectomy and 55 patients had multiple local interventions. Selection for initial metasta-
sectomy was associated with nonelevated carcinoembryonic antigen, fewer metastases 
and no prior liver metastasectomy. These patients also had better Eastern Cooperative 
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INTRODUC TION

A 5-year survival rate of 40% following lung metastasectomy was re-
ported in a meta-analysis of 2925 colorectal cancer (CRC) patients in 
25 studies [1]. An editorial in the European Journal of Cardio-thoracic 
Surgery put this at 60% based on selected reports [2]. A consensus 
statement from the US Society of Thoracic Surgeons stated that 
without metastasectomy ‘survival is assumed to be zero’ [3]. The 
increased survival attributable to metastasectomy was thus widely 
believed to be up to 60%.

The Pulmonary Metastasectomy in Colorectal Cancer 
(PulMiCC) study has reported an analysis of the full cohort of 512 
patients. Of these, 263 nonrandomized patients had metastasec-
tomy and 128 did not. Most if not all of the difference in the 5-
year survival rates of 47% and 22%, respectively, appeared to be 
largely related to selection, with differences in the number of me-
tastases, carcinoembryonic antigen (CEA), liver disease, age, lung 
function and performance status [4]. In the randomized controlled 
trial (RCT) nested within it, comparative survival, quality of life and 
health utility were also reported [5–7]. The RCT showed no dif-
ference in survival at any time point, but with 93 patients could 
not exclude the possibility of a small long-term survival benefit [5]. 
Taken together the PulMiCC RCT and the cohort preclude the as-
sumption of zero survival [3] and show that any survival benefit 
from metastasectomy is much smaller than has been claimed. The 
recently published analysis of Surveillance, Epidemiology and End 
Results database also found no difference in survival associated 
with lung metastasectomy [8].

Since the publication of PulMiCC, commentators have shifted 
their emphasis towards local control of metastatic disease, includ-
ing other ablative treatments, repeated interventions and chemo-
therapy [9,10]. This includes the concept that lung metastasectomy 

spares patients the side effects of systemic treatments by providing 
a chemotherapy ‘holiday’ [11].

In this paper we report on second and subsequent local inter-
ventions for lung metastases and the use of systemic chemother-
apy in subsets of patients treated at five of the PulMiCC study sites 
from which data were available for these treatments. This analysis 
suggests how the impression of benefit has arisen in uncontrolled 
analyses of survival. These data may make a useful contribution 
to the research initiative of the Association of Coloproctology of 
Great Britain and Ireland (ACPGBI) [12] and the IMPACT initiative 
(Improving Management of Patients with Advanced Colorectal 
Cancer) of the ACPGBI [13].

METHOD

Details of the methods of the PulMiCC study have been published 
[5,6]. The UK National Research Ethics Service (NRES) granted ethi-
cal approval (10/H0720/5) and recruitment began at each site after 
approval from the local ethics committees. One-year follow-up, 
adverse events and the date and cause of death were collected on 
case report forms covered by Stage 1 enrolment written informed 

Oncology Group scores and lung function at baseline. Four sites provided information 
on chemotherapy in 139 patients: 79 (57%) had one to five courses of chemotherapy, 
to a total of 179 courses. The patterns of survival after one or multiple metastasectomy 
interventions showed evidence of guarantee-time bias contributing to an impression of 
benefit over no metastasectomy. After repeated metastasectomy, a significantly higher 
risk of death was observed, with no apparent reduction in chemotherapy usage.
Conclusion: Repeated metastasectomy is associated with a higher risk of death without 
reducing the use of chemotherapy. Continued monitoring without surgery might reassure 
patients with indolent disease or allow response assessment during systemic treatment. 
Overall, the carefully collected information from the PulMICC study provides no indica-
tion of an important survival benefit from metastasectomy.

K E Y W O R D S
burden of care, chemotherapy, colorectal cancer, pulmonary metastasectomy

What does this paper add to the literature?

Lung metastasectomy has generally been reported in iso-
lation with survival explicitly attributed to surgery and 
without reference to other treatments. Further metasta-
sectomies and ablations are frequent, and chemotherapy 
is very often given with and without metastasectomy. This 
study adds an overview of the total management in a pro-
spective cohort study.
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consent. In February 2019 the NRES gave ethical approval for an 
audit of clinical care.

Five trial sites, including the four largest recruiting centres, 
provided records of additional treatments. The selection of these 
sites and the collection of their data were carried out without prior 
knowledge of the treatments or outcomes, but solely on the avail-
ability of data (Table 1).

For comparative analyses the patients were divided into three 
groups: (1) no lung metastasectomy; (2) one lung metastasectomy; 
(3) second and subsequent lung metastasectomy and other local 
interventions.

The PulMiCC protocol allowed for other local interventions, in-
cluding radiotherapy, stereotactic radiotherapy and image-guided 
thermal ablation.

Selection analyses

To examine the factors used in selection, this analysis excluded ran-
domized patients. Univariate and multivariate analyses based on lo-
gistic regression were used to assess which baseline factors were 
associated with elective surgery. Similarly, logistic regression was 
used to examine what baseline factors predict a second metastasec-
tomy, or other intervention, if a patient has had one metastasectomy.

Intervention modelling

To model the pattern of interventions over time for all patients in 
the PulMICC elective groups, a multistate model in continuous time 
was fitted. The model included five states: (1) entry; (2) metasta-
sectomy only; (3) second intervention undertaken; (4) three or more 
interventions undertaken; (5) death. Patients were assumed to move 
progressively through the first four states with a possibility of death 
while in any of states 1 to 4. The model is represented in Figure 1.

Separate (transition) rates, using a time scale in years, were es-
timated for moving through the first four states and for death rates 
from these states. For all rates a Markov assumption was made of 
constant rates over the follow-up period, except for the transition 
to the metastasectomy state that was allowed to change after 1 year 
(estimated to be a lower rate). The model was used to estimate the 
probability of being in each state at various follow-up times, both 
from the entry state and from the metastasectomy state. Maximum 
likelihood estimation of the model was implemented using the R 
package ‘msm’ [14,15]

Survival analysis

For illustrative and descriptive purposes, Kaplan–Meier estimates of 
survival were prepared for the three groups. For a more detailed 
inspection of patients having just one metastasectomy operation 
and for those who had a second metastasectomy or other local 

treatments with various times of origin, a Cox relative regression 
model [16] was also fitted to compare the rate of death for patients 
with one metastasectomy with that of patients having had a second.

Exploration of guarantee-time bias

When classifying patient groups by events which occur some time 
after enrolment to the study—such as having one metastasectomy 
or having two or more interventions for metastases—the problem 
of guarantee-time bias (GTB) arises [17]. In comparing patients who 
had no metastasectomy with those who had one or more opera-
tions, the classifying events occur at various times after enrolment. 
In order to study the effect graphically, the life line displays as sug-
gested by Maringe and colleagues have been adopted and adapted 
[18]. The three groups defined above were used to classify patients. 
The time components are colour coded in horizontal bars and the 
bars are stacked according to the length of the lines which end in 
either death or censoring.

RESULTS

Baseline data

The data collected during the PulMiCC trial for the five trial sites 
were used for this analysis of further treatments from 220 patients 
(see Table S1 in the Supporting Information). There was a high level of 
completion of baseline data with 1249/1329 (95%) present for the six 
items potentially available for each of 220 patients. Demographics, 
patient performance data and oncological characteristics are pre-
sented in Table 1 in the three specified groups. Numbers of alterna-
tive local interventions used to treat lung metastases are set out in 
Table 2.

Selection analyses

The distributions and frequency of patient performance and onco-
logical factors are in Table S2 and these baseline data were used in 
selection analyses. These results are provided in Tables S3 and S4.

Oncological factors that made metastasectomy significantly less 
likely were history of a prior liver resection, elevated CEA and more 
than two lung metastases. Patient factors making metastasectomy 
significantly less likely were impaired Eastern Cooperative Oncology 
Group (ECOG) performance status (PS) and poorer lung function. In 
multivariate analyses, if ECOG PS is not included then log(CEA), the 
number of metastases and a history of liver metastases remain in-
fluential but numbers for the analyses are reduced. If ECOG PS is 
included, the same variables remain significant but only the highest 
category for the number of metastases is significant.

There was a smaller influence of baseline factors on selection 
for a second metastasectomy for those patients who had an initial 
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TA B L E  1  Baseline characteristics in the three groups of 51, 114 and 55 patients who had no metastasectomy, one metastasectomy or 
multiple local interventions and distributions of characteristic in quartiles

No. of metastasectomies

0 1 ≥2

(a) Baseline characteristics
Sex

Totala  51 114 55

Men 36 71 34

Women 15 43 21

% Men 71% 62% 62%

Prior liver metastasectomy
Total 46 105 54

Yes 23 32 18

No 23 73 36

% Yes 50% 30% 33%

Solitary metastasis (%)
Total 46 104 53

Solitary 13 72 17

Multiple 33 34 36

% Solitary 28% 68% 32%

ECOG PS
Total 48 104 52

Zero 27 62 42

One 18 42 10

Two 3 0 0

% Zero 56% 60% 81%

(b) Distributions of characteristic in quartiles
Age (years)

na  51 114 55

Min. 45.4 35.3 30.8

0.25 61.9 60.1 56.4

Med. 66.9 65.4 64.7

0.75 74.3 72.7 69.3

Max. 85.6 85.6 81.7

CEA (ng/ml)
na  32 70 36

Min. 1 0.3 1

0.25 2 1.6 2

Med. 4.3 2.7 2.6

0.75 11.2 4.2 4.5

Max. 57 151 23

Months since CRC resection
na  43 106 51

Min. 1.6 1.4 5.6

0.25 13.7 15.3 16

Med. 25.3 26.1 25.3

0.75 43.1 38.9 34.6

Max. 82.6 89.4 91

(Continues)



    | 5TREASURE et al.

metastasectomy. Note that, in general, the influence of baseline fac-
tors, summarized in Table 2, on decision-making would have been 
reduced by the subsequent course of events and the current clini-
cal and oncological status of the patient. A higher ECOG PS score 
(worse) is associated with a smaller likelihood of a second metasta-
sectomy but there is a reversal of the effect of baseline metastasis 
counts on decision-making. Patients with more lung metastases at 
baseline were more likely to have second metastasectomy, which is 
contrary to the influence of metastasis count on the decision about a 

No. of metastasectomies

0 1 ≥2

No. of metastases
na  46 106 53

Min. 1 1 1

0.25 1 1 1

Med. 2 1 2

0.75 4 2 3

Max. 9 9 8

FEV1 (litres)
na  42 109 50

Min. 1.2 0.7 1.4

0.25 1.9 2.2 2.2

Med. 2.8 2.7 2.7

0.75 3.3 3.4 3.4

Max. 4.4 5.1 5.3

%FEV1 predictedb 
na  42 108 49

Min. 45 26 53

0.25 73 86 78

Med. 87 101 92

0.75 103 111 111

Max. 136 145 148

Abbreviations: CEA, carcinoembryonic antigen; CRC, colorectal cancer; ECOG PS, Eastern Cooperative Oncology Group performance status; FEV, 
forced expiratory volume; Max., maximum; Med., median; Min., minimum.
aThe number for whom data were available. Some measurements such as CEA, ECOG and lung function tests were not always deemed necessary by 
clinical teams. Information for patients referred from other sites, for example the date of the primary colorectal cancer operation, was sometimes 
incomplete. Selection analyses were made on available data without interpolation.
bForced expiratory volume in the first second and its percentage of the predicted value for sex, age and height.

TA B L E  1  (Continued)

F I G U R E  1  Diagrammatic representation of the multistate model 
(Metast’y, metastasectomy)

Entry

Metast’y

Intervention 2

Death

Intervention 3+

Surgery Radiotherapy SABR RFA Totals

No metastasectomy 51

First lung metastasectomy 114 0 0 0 114

Two local interventions 36 4 2 2 44

Three local interventions 5 0 1 3 9

Four local interventions 0 0 0 2 2

Total 155 4 3 7 220

Abbreviations: RFA, radio frequency ablation; SABR, stereotactic radiotherapy.

TA B L E  2  Alternatives to surgical lung 
metastasectomy used in the 220-patient 
subset
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first metastasectomy, perhaps because it is quite a different process 
that is being examined.

Multistate model

The observed data on state changes for the 220 patients which 
were used to fit the multistate model are in Table S5. The multistate 
model was used to provide the estimates of being in the various 
model states, including death, 1 to 10 years after cohort entry (Table 
S6, Figure 2). Similar estimates are provided in Table 3 for follow-up 
after an initial metastasectomy. The model represents patients who 
did not have a metastasectomy as remaining in the entry state or as 
having moved to the death state from the entry state. Tables S6 and 
Figure 2, as well as Table 3, show the expected increasing probability 
of having multiple interventions and of death as follow-up increases. 
For example, after 5 years, 38.6% of metastasectomy patients are 
expected to be alive and not to have had a second surgical interven-
tion while 40.6% are expected to have died. Seventeen per cent are 
estimated to be alive and to have had only a second operation, while 
only 3.5% are estimated to have had more than two metastasecto-
mies and still be alive.

Kaplan–Meier analyses

Estimated survival curves for the three groups, presented in Figure 3, 
show the similarity in the pattern of survival of patients in the two 
groups who had metastasectomy and the difference from those who 
did not. These curves serve to illustrate the data but they cannot be 
formally compared because the definition of the groups is based on 
events after the time of origin, which introduces GTB.

Estimated survival for patients who had just one metastasec-
tomy and those who had two and more interventions are again de-
picted in Figure 4(A) and (B). The first is a comparison of patients 
who had one and those who had two or more metastasectomies, 

with both groups having a time of origin of the date of their first op-
eration. In the second, the time of origin is the date of their defining 
metastasectomy, that is their first metastasectomy for those only 
having one and their second for the rest.

Again, these curves serve to illustrate the data but they cannot 
be formally compared because the definition of the groups is based 
on events after the time of origin. However, a formal, and appropri-
ate, comparison of the risk of death after a second metastasectomy 
compared with that for patients at a comparable time after their first 
metastasectomy, but not having had a second, can be undertaken 
using a time-dependent indicator for the second metastasectomy in 
a Cox relative risk regression model. This leads to an estimated haz-
ard ratio (HR) of 1.63 (95% CI 1.03–2.58; p = 0.04). Patients who had 
a second operation are at greater risk of death. In this observational 
comparison, all that can be said is that the second metastasectomy 
does not alter the risk of death to be equivalent to that of patients 
not selected to have the second intervention.

Guarantee-time bias in stacked life line diagrams

Figure 5 represents the lives of the 51, 114 and 55 patients in the 
three respective groups. Their baseline characteristics are in Table 1. 
For all patients the origin is at the time of entering the study and blue 
represents the metastasectomy-free lifetime. The median interval 
before metastasectomy for the 169 patients who had a metasta-
sectomy was 22 days (range 0–607, interquartile range 20–35). For 
14 patients the metastasectomy-free interval from enrolment was 
more than 6 months and for five of them it was more than a year. 
All these intervals add to the overall GTB. Orange represents the 
lifetime after a first metastasectomy and successive colours the time 
before a subsequent intervention, as shown in the legend. Patients 
alive at study close or censored are marked in green and deaths in 
dark blue.

F I G U R E  2  Graphical depiction of the 
output of the multistate model (Metast’y, 
metastasectomy)
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Chemotherapy usage

Of the further subset of 139 patients at four sites for whom data 
were available, 79 (57%) had chemotherapy, with a total of 179 
courses (Table 4). The 139 patients are grouped in the first column 
according to the number of interventions (zero to four) divided hori-
zontally according to the number of courses of chemotherapy. Only 
7/139 patients were recorded as having neither metastasectomy 
nor chemotherapy. These counts may be underestimates because 
unrecorded treatments may have been given elsewhere, but the re-
corded information, giving dates and named drugs, is probably reli-
able and unlikely to be an overestimate of chemotherapy use. The 
identifiable drugs used were bevacizumab, capecitabine, fluoroura-
cil, irinotecan and oxaliplatin in various combinations. The Sankey 
diagram (Figure 6) illustrates the difficulty of unravelling any mean-
ingful link between treatment and effect.

Figure 7 shows the 139 patients in the three groups, but here 
the colour changes indicate successive courses of chemotherapy. 
There are patients who had one or two metastasectomies who did 

not have chemotherapy and had relatively long survival. We cannot 
attribute any causal relationships but it does indicate that these pa-
tients were intensively treated with chemotherapy.

DISCUSSION

The fundamental limitation of this report is that no causal relation-
ship can be deduced between survival time and additional local or 
systemic treatments. But it is clear that a second metastasectomy 

Year
One 
metastasectomy Two interventions

Three or more 
interventions Death

1 0.826 0.081 0.003 0.089

2 0.683 0.132 0.010 0.175

3 0.565 0.159 0.018 0.258

4 0.467 0.172 0.027 0.334

5 0.386 0.174 0.035 0.406

6 0.319 0.168 0.042 0.471

7 0.263 0.159 0.047 0.531

8 0.218 0.147 0.051 0.585

9 0.180 0.134 0.053 0.633

10 0.149 0.120 0.054 0.677

TA B L E  3  Estimated predictive 
probabilities of the state a patient will be 
in after 1 to 10 years of follow-up after an 
initial metastasectomy

F I G U R E  3  Kaplan–Meier analysis of the three patient groups. 
No metastasectomy (M’my) n = 51 (red); one metastasectomy 
n = 114 (green); two or more local interventions to lung metastases 
n = 55 (blue)

0.
8

0.
4

0.
0

55 53 49 42 32 21
114 108 102 86 64 40
51

M’my ≥ 2
M’my once
No m’y 44 31 22 14 7

10 2 3
Time in years

P
ro

ba
bi

lit
y 

(s
ur

vi
va

l)

Survival -220 subset

4 5

F I G U R E  4  (A) Patients who had just one metastasectomy 
(M’my; red) and those who had multiple metastasectomies (green) 
from the same origin, which was registration in the trial. (B) The 
same patient groups analysed from the time of metastasectomy, 
which is the usual way of presenting postoperative survival 
outcomes after operations.

0.
8

0.
4

0.
0

0
114 101 60 23 6
55 48 28 16 2

114 101 60 23 6
55 35 21 11 1

Single M’my
Multiple M’my

Single M’my
Multiple M’my

Single M’my
Multiple M’my

Single M’my
Multiple M’my

Time in years after metastasectomy

Time in years after defining metastasectomy

2 4 6 8 10

0 2 4 6 8 10

P
ro

ba
bi

lit
y(

su
rv

iv
al

)
P

ro
ba

bi
lit

y(
su

rv
iv

al
)

0.
8

0.
4

0.
0

(A)

(B)



8  |    TREASURE et al.

and/or use of chemotherapy is evidence of progressive disease. 
Among the 220 patients in this analysis 33.3% had a further me-
tastasectomy. In our analysis, a Cox model demonstrated that a 
significantly greater likelihood of death remained after a second 
intervention.

The PulMICC data provide an explanation for an impression of 
benefit. GTB is an umbrella term for forms of bias which include 
immortal-time bias [17]. The effect was seen in the early days of heart 
transplantation when the worst affected patients died waiting for an 
available heart, thus inflating the apparent benefit [19]. This was il-
lustrated in an analysis of liver resection data in the English National 
Health Service. The shape of the survival curve was in marked con-
trast to the cancer survival curves in the same publication [20]. The 

effect can be seen in Figure 3 and is explained in the stacked life 
lines (SLL) diagram in Figure 5. The top group containing patients 
who were selected to not have metastasectomy, and whose survival 
is measured from study entry, shows an initial steeper fall which then 
flattens. This is familiar in cancer registry data. The other curves 
show the effect of GTB because the interventions by which patients 
were classified into the two groups occurred some time after the 
date of registration from which their survival is measured [18]. This 
may result from the ‘test of time’ which is either explicitly or inher-
ently part of the process of selecting patients for metastasectomy 
or ablation [21]. The SLL diagrams and the Kaplan–Meier survival 
plots (Figure 3) clearly illustrate GTB, a common source of bias in 
observational studies of lung metastasectomy.

F I G U R E  5  Stacked life line depiction 
of 220 patients separated into those who 
had no metastasectomy (n = 51, top), 
those who had only one local intervention 
(n = 114, middle) and those who had 
multiple interventions (n = 55, bottom). 
The vertical time lines represent years 
since registration into the study. Blue 
represents the time without or prior to 
metastasectomy. Orange is the time after 
a single metastasectomy and the other 
colours are time after a second, third, 
fourth or fifth local intervention. The end 
of each life line is marked in green if the 
patient was alive and therefore ‘censored’ 
or dark blue if they died. See the text 
for interpretation.

0 1 2

Int 1 Int 2 Int 3 Int 4 Int 5 Alive Dead

3 4 5 6 7 8 9 10
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Lung metastasectomy for CRC has been increasing and there 
are some recently published data on the rate of lung metastasec-
tomy operations for CRC in the English National Health Service 
[22]. Between 2005 and 2013, 173,354 individuals had a colorec-
tal resection, and of these 3434 (2%) had a lung resection within 
3  years. If all lung resections were for CRC lung metastasis that 
would be the upper bound on the rate of lung metastasectomy. It 
remains highly selective in the UK but in an Editorial in the European 

Journal of Cardio-thoracic Surgery it is seen as ‘pillar of modern tho-
racic surgery’ and its effectiveness is ‘assumed’ by the US Society 
of Thoracic Surgeons (with recognition that there had been no trials 
before PulMiCC).

While PulMiCC was recruiting, a detailed systematic review 
was published of CRC survival gains with systemic treatments 
during the period from 1993 to 2015 [23]. The conclusion was 
‘Gains from first-line therapies have been modest but consistent; 

TA B L E  4  Treatments in 139 patients from four centres

No. of chemotherapy courses
No. of 
patients 0 1 2 3 4 5 TCC CPP

No metastasectomy 28 7 4 4 1 12 0 63 2.25

Only one metastasectomy 74 34 21 7 6 4 2 79 1.07

Second local intervention 32 17 6 5 0 4 0 32 1.00

Third local intervention 4 1 2 0 1 0 0 5 1.25

Fourth local intervention 1 1 0 0 0 0 0 0 0.00

Total 139 60 33 16 8 20 2 179

Abbreviations: CPP, courses per patient; TCC, total chemotherapy courses.
Note: These are the data behind the Sankey flow chart (Figure 6). This does not include adjuvant therapy at the time of primary resection. These 
are treatments within the PulMiCC study so represent treatments for advanced colorectal cancer. A total of 139 patients had 179 courses. Patients 
who have not had a metastasectomy have about twice the number courses of chemotherapy per patient of those having one or more interventions. 
(p < 0.001, Poisson test). Further metastasectomy operations do not appear to make any further difference to chemotherapy usage (p = 0.74, 
Poisson test).

F I G U R E  6  A Sankey diagram of 
139 patients who had zero to four 
interventions to lung metastases and zero 
to five courses of chemotherapy.

No intervention: 28

139 subset: 139

Chemo x0: 60

Chemo x1: 33

Chemo x2: 16

Chemo x3:  8

Chemo x4: 20

Chemo x5: 2

3 interventions: 4

2 interventions: 32

1 interventions: 74

4 interventions: 1
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however, gains from second-line therapies have been disappoint-
ing’. The authors also addressed the interaction between systemic 
treatments and metastasectomy, writing ‘Finally some may argue 
that while indeed more metastasectomies are being performed, 
they have been made possible by better therapies and that this 
benefit should be ascribed to the therapies’. This implies that any 
association between metastasectomy and longer survival may be 
reverse causation: that longer survival with more effective che-
motherapy provides an opportunity to do more operations. Again, 
it is not possible to draw inferences about effectiveness but the 
cohort study provided an opportunity to examine practice. The 

PulMiCC data suggest that the use of chemotherapy has not been 
adequately protocolized and that the interplay between systemic 
treatments and local therapies is not clear. The use of chemother-
apy has been studied in the Hospital Episode Statistics (HES) data 
and the National Bowel Cancer Audit, and the comparison suggests 
under-recording in the HES [24]. An outstanding example of an in-
tegrated system of assessing these patients has recently been re-
ported from Finland [25]. However, without large and collaborative 
controlled trials we will not produce conclusive answers and we 
will fail to ensure that our patients have proven treatments and are 
spared the harm of treatments that are not beneficial. The IMPACT 

F I G U R E  7  Stacked life line depiction 
of the 139 patients in the Sankey diagram 
in Figure 6. The groups are classified as 
in Figure 5. The numbers in the groups 
are 28, 74 and 37, respectively. The 
colours change with successive courses of 
chemotherapy from one to five. The end 
of each life line is marked in green if the 
patient was alive and therefore ‘censored’ 
or dark blue if they died. See the text 
for interpretation.
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initiative is ideally placed to lead on such research in the treatment 
of metastatic cancer [13]

Lung metastases make little contribution to the lethal effects of 
CRC. Local control in the chest is largely irrelevant to survival or 
palliation. Survival is determined by extrathoracic disease and lung 
metastases are and remain asymptomatic in most patients. Lung me-
tastases are blood borne and are usually a component of systemic 
disease, which is arguably better treated systemically. Once this is 
recognized, lung metastases may be viewed as a means of monitor-
ing disease progression and its response to systemic treatments. The 
presence of easily measurable metastases may in fact allow chemo-
therapy to be delayed in patients with indolent disease. Metastases 
might also be selectively biopsied to inform the use of targeted 
drugs [26]

Taken together, all the evidence from the PulMiCC cohort study 
[4] and the nested RCT [5–7] undermines the belief that pulmonary 
metastasectomy significantly improves survival or symptoms. This 
study does not support the suggestion that, in practice, repeated 
metastasectomy spares patients systemic chemotherapy (Table 4). It 
would instead be entirely appropriate to use lung metastases, as the 
most readily imaged site of disseminated CRC, to monitor disease 
progress. Reassurance for patients with slow-growing disease might 
spare them chemotherapy at that stage and the response to treat-
ment when needed could be more easily monitored.
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