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Introduction

Abstract

Background: Patients with pulmonary metastases from colorectal cancer can
benefit from surgical removal. However, the biological determinants of postsurgical
outcome are not completely elucidated. We evaluated the role of host systemic
inflammation status in this setting.

Methods: The modified Glasgow prognostic score (based on serum C-reactive
protein and albumin levels) and the neutrophil-to-lymphocyte (NTL) ratio were
obtained from 44 patients who received curative-intent metastasectomy, and were
used as indicators of systemic inflammation status. We tested the impact of both of
these parameters on overall survival (OS) and progression-free survival (PFS), as
well as their correlation with other well-known prognosticators.

Results: Five-year PES and OS rates were 18% and 49%, respectively. At univariate
analysis, multiple metastases, disease-free interval <36 months, and a Glasgow score
of 2 (P=0.031) were significantly associated to a worse PFS rate. ANTL ratio >3 pre-
dicted disease progression in the short-term (P=0.036), but the effect on late events
was weaker (P =0.079). Factors associated with worse OS were multiple metastasis
(P=0.002), elevated carcinoembryonic antigen (P=0.009), a Glasgow score of 2 (P=
0.029), and a faster metastasis growth (P=0.008). At Cox regression analysis, neither
a Glasgow score of 2, nor elevated NTL ratio showed an independent effect on sur-
vival rates.

Conclusions: Systemic inflammation scores did not perform well as independent
survival prognosticators in patients undergoing curative-intent pulmonary
metastasectomy. Further investigation is warranted to evaluate whether these mea-
surements could still be useful when restricting the analysis to specific patient sub-
categories or to diverse postoperative phases.

studies have been addressing the question as to what factors
might be associated with a better postoperative outcome in

Colorectal cancer is one of the most frequent malignant dis-
eases, responsible for more than 100 000 annual deaths in
European countries. It is estimated that about 5% of patients
with resectable colorectal cancer will develop pulmonary
metastases at some point in their clinical history.' Despite the
lack of level-A recommendations coming from randomized
controlled trials, surgical metastasectomy has gained accep-
tance as a reliable treatment option in this setting, as it is
expected to offer a long term control of the disease in up to
50% of patients.” In the 1990s, an International Registry of
Pulmonary Metastasis study showed that patients with single
lesions and those with delayed onset of metastases have the
best chance to benefit from surgery.’ Since then, many other
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this setting.*"? These studies focused mostly on clinical fea-
tures of the metastatic disease itself, whereas the effect of
host-related factors have been less systematically investigated.

In recent years, an increasing interest is being devoted to
the prognostic role of systemic inflammation scores in surgi-
cal oncology. In particular, an increased C-reactive protein
level and a deranged leukocyte count have been shown to be
associated with a poor prognosis in patients with colorectal
cancer at diverse stages of disease. In this study, we sought to
evaluate whether these kinds of clinical parameters might
help predict surgical outcomes in the specific subgroup of
patients with metastases to the lung, who are offered curative-
intent surgery.
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Materials and methods

Study design

This study is a retrospective analysis of a prospective database
of pulmonary metastasectomy, compiled at our institution
since September 2003. Only patients who had undergone
curative-intent metastasectomy were included in the study.
Major exclusion criteria were the presence of acute condi-
tions remarkably affecting the systemic inflammation status,
and a follow-up shorter than 12 months. The decision to
perform surgical metastasectomy was made in the context of
amultidisciplinary meeting, and all patients were required to
sign an informed consent form after a thorough discussion of
the expected benefits and limitations of the planned treat-
ment. The Institutional Review Board of the Policlinico Tor
Vergata University approved the study, and waived patient
consent for the use of anonymous data for research purposes.

Lab measurements

The degree of systemic inflammation status was expressed by
means of the neutrophil-to-lymphocyte (NTL) ratio and the
modified Glasgow prognostic score, which is based on preop-
erative serum levels of C-reactive protein and albumin.
Patients with increased C-reactive protein (>10 mg/L) and
low albumin status (<35 g/L) were given a score of 2. Patients
with increased C-reactive protein and normal albumin status
were given a score of 1. Patients with a normal C-reactive
protein level were scored as 0, regardless of albumin status.
For all patients, venous blood samples (5-10 mL) were taken
at 7:00 am, one to five days prior to surgery, in the context of a
routine preoperative workup. Full blood count was assessed
by means of a fluorocytometric method (workstation: XE
2100, Sysmex, Japan), whereas serum C-reactive protein
and albumin levels were obtained by colorimetric method
(workstation: Vista Dimension 1500, Siemens Healthcare,
Germany) after centrifugation at 3500-5000 rounds
per minute. All of the lab procedures, devices, and staff
members fulfilled the requirements for the ISO 2001 quality
certification.

Imaging

Imaging workup included multidetector computed tomogra-
phy (CT) scans (collimation: 2.5 mm), and whole-body
positron-emission tomography when appropriate. As per
protocol, a second-look CT scan was planned whenever the
last imaging assessment had been obtained more than 30 days
before hospital admission. When available, the Specific
Growth Ratio (SGR) for the metastatic lesions was calculated
according to the following formula:

Specific Growth Rate = In(V 2/V 1) [interval time (days)
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where V2 and V1 represent the approximate spheroid tumor
volume of the most rapidly growing lesion on two interval CT
scans. SGR is a reverse log function of the Tumor Doubling
Time, but it has been shown to be more reliable than the latter
for analytic purposes.”

Follow-up

Clinical examination was performed at 15 days and at three
months after discharge. Subsequently, patients were seen at
six-monthly intervals in a multidisciplinary fashion. The sur-
veillance plan included serial blood checks, imaging assess-
ment, and colonoscopy as appropriate.

Outcome measures and statistical methods

Asafirststep, we focused on eventual correlations between sys-
temic inflammation scores and other known prognosticators
of lung metastasectomy for colorectal cancer. These included
age, gender, features of the metastatic lesions (i.e. number,
central vs. peripheral location, size and unilateral vs. bilateral
distribution), disease-free interval from primary tumor resec-
tion, features of the primary tumor (i.e. T-status and nodal
involvement), active cigarette smoke exposure, and carcino-
embryonic antigen (CEA) level. For analytic purposes, con-
tinuous variables were categorized according to usual refer-
ence thresholds, or taking the median as the cut-off (Table 1).
A two-tailed Spearman test was used for the analysis.

We then evaluated the univariate effect of diverse factors
on both overall survival (OS) and progression-free survival
(PFS) rates, by means of a comparative analysis of Kaplan-
Meier estimates. To this purpose, we used both the Breslow
and Cox-Mantel tests, to highlight differences in early and

Table 1 Cut-off and criteria for variable categorization

Variable Cut-off or criterion

Age >65 years

Number of metastases Single versus multiple (>1)
Elevated CEA level >5 ng/dL

Specific Growth Rate >0.0054/day*

Elevated C-reactive protein level >10 mg/L

Low albumin level <35g/L

Active smoking until six months
before metastatic onset
Proximity to a segmental or lobar

Active cigarette smoke exposure

Centrally located metastases

bronchus/vessel
Large size >3 c¢m (longer axis)
Disease-free interval from primary <36 months
tumor resection
Nodal involvement of primary tumor ~ Ni_3 (vs. No)

This value corresponds to a tumor doubling time of 128 days, according
to the formula: tumor doubling time = In(2)/specific growth rate. CEA,
carcino-embryonic antigen.
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late events, respectively. Factors showing a difference at P <
0.05 with either test, or at P < 0.1 with both of the tests were
then included in a backward stepwise Cox-regression analysis
in order to check for any independent effect on the outcome
measures.

SGR measurement was not available for all patients, as a
repeat CT scan protocol was adopted mainly in patients with
an uncertain diagnosis or treatment plan. In order to explore
the possible association between this measurement and the
other tested variables, we generated five virtual datasets by
means of a multiple-imputation method. Throughout the
text, both the results obtained from the original dataset with
missing values, and those obtained by the virtual datasets, are
reported whenever SGR is taken in the analysis. All of the sta-
tistics were compiled using the SPSS package, version 20.0
(IBM, Chicago, Illinois, USA). A P-value of less than 0.05 was
set as the significance threshold. All values are reported
as median plus interquartile range (IQR), unless indicated
otherwise.

Results

Baseline findings and surgical results

Between September 2003 and January 2011, pulmonary
resections for metastatic colorectal cancer were performed in
47 patients. Two patients were ineligible for the study because
of immunosuppresive therapy for renal transplantation
and non-radical surgery, respectively. Another patient was
started on imatinib soon after multiple videothoracoscopic
metastasectomy because of chronic myelocytic leukemia,
therefore, he was excluded from the study because of the
possible anti-metastatic effect of this drug. Baseline charac-
teristics of the 44 patients included in the study are displayed
in Table 2. The surgeries performed included 25 video-
thoracoscopic and 19 open resections. The decision on a sur-
gical approach was basically made on the basis of anatomic
features of the metastasis, therefore, a muscle-sparing thora-
cotomy was preferred in case of larger and more deeply
located lesions. Overall, there were 37 non-anatomical resec-
tions, five lobectomies, and two anatomical segmentecto-
mies. Among patients with bilateral lesions (n = 12), eight
were treated in the same surgical session by means of a hand-
assisted, transxiphoid videothoracoscopic approach,' while
the remaining patients received a staged operation with a
median interval of 1.5 (IQR: 1-2) months. Lobar specific
mediastinal lymph-node dissection was performed in cases of
centrally located lesions, multiple metastases, and/or when-
ever anodal enlargement was found intraoperatively. In total,
this was performed in 12 patients, with a node-positive rate of
25% (n = 3). All operations were performed by, or under the
supervision of the same surgeon. The thirty-day mortality
and morbidity rates were 0% and 20.4% (9 patients, 2 of
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Table 2 Baseline patient features

Factor Result (median or rate)
Age (years) 64 [IQR: 58-72]

Age >65 years 28/45 (61%)

Gender (M/F) 30/14

C-reactive protein (mg/dL) 5[IQR: 2-8]

Albumin (g/dL) 3.5[IQR: 3.1-3.9]
CEA level (ng/dL) 4 [2-6]
Neutrophil-to-lymphocyte ratio 2.2[IQR: 1.4-3-1]
Neutrophil-to-lymphocyte ratio (>3) 9/44 (20.4%)
Modified Glasgow Prognostic Score (0-1-2) 32/7/5

Primary tumor T status (1-2 vs. 3-4) 8/36

Primary tumor N status (0 vs. 1-2) 16/28

Active smoking habit 14/44 (31%)
Adjuvant chemotherapy* 40/44 (90%)
Central vs. peripheral metastasis 14/30
Metastasis size >3 cm 12/44 (27 %)
Single versus multiple metastasis 22/22

Number of metastasis 1.5[IQR: 1-2]
Disease-free interval (months) 26 [IQR: 14-38]

CEA, carcino-embryonic antigen; IQR, interquartile range.

whom experienced more than an event), respectively.
Perioperative complications included hemothorax requiring
surgical revision (n = 1), acute lung injury/acute respiratory
distress syndrome (1 = 2), acute kidney injury (n = 3), atrial
fibrillation (n = 2), and prolonged air-leak (>5 days, n = 4).
Nine patients received iterative resections for local recur-
rences, with a median interval from first metastasectomy of
nine (IQR: 7-11) months. Liver metastases occurred at any
point in the clinical history in 17 patients (38.6%). These were
treated by radiofrequency ablation (n = 5), surgical resection
(n=7), or a combination of these (1 =4). Median follow-up
was 36 (IQR: 18-62) months. Recurrence patterns are
detailed in Table 3. During follow up, no patient developed
second primary cancers, and none died from non-cancer
related causes.

Correlations

There was no association between the categorized NTL ratio
and the modified Glasgow prognostic score (R: 0.136, P =

Table 3 Progression patterns in the study group

Progression pattern (34 patients; 37 events) Number (Rate)
Multisite pulmonary dissemination with 8(21%)
“snow-storm” appearance

Bulky mediastinal masses 5(13.5%)
Brain metastases 3(8.1%)
Colorectal recurrence 5(13.5%)
Malignant pleural effusion 4(10.8%)
Multiorgan metastatization 12 (32.4%)

Limited pulmonary relapses amenable for redo metastasectomy are not
included. Some patients presented more than one feature.
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0.37). NTL ratio (R: 0.345, P = 0.022), not the modified
Glasgow prognostic score, was positively associated with cat-
egorized CEA level. A borderline, positive correlation was
found between active cigarette smoke exposure and elevated
C-reactive protein level alone (R: 0.229, P =0.051). No asso-
ciation was found between systemic inflammation scores and
categorized SGR, nor with any other usual prognosticator
included in the analysis. Interesting correlations, not linked to
the main objective of the study, were found between nodal
involvement of the primary tumor and metastatization to
liver (R: 0.353, P=0.014), as well as between active cigarette
smoke and centrally-located metastases (R: 0.365, P=0.016).
Male gender had a shorter disease-free interval from primary
tumor (R: 0.460, P = 0.002). Patients aged >65 years were
more likely to have single lesions (R: —388, P=0.008), but this
finding could mirror a selection bias because of more restric-
tive indication criteria to metastasectomy in older subjects.

Progression-free survival

The five-year PFS rate was 18% (mean survival: 36.4 months;
95% confidence interval [CI]: 26.8-45.1). At univariate
analysis, multiple metastasis (>1), disease-free interval <36
months, and a modified Glasgow prognostic score of 2 were
significantly associated with a worse outcome in both the
Breslow and Cox-Mantel tests (P = 0.011/P = 0.008; P =
0.021/P=0.037;and P=0.029/P=0.031, respectively). ANTL
ratio >3 was associated with disease progression in the short-
term (Breslow test: P = 0.036, Fig. 1), but the effect on late
events was weaker (Cox-Mantel test: P = 0.079). Nodal
involvement of the primary tumor appeared to be weakly
associated with worse outcomes, regardless of the timing (P =
0.058 at both tests). The effect of CEA level on both short and
long-term progression events was also of borderline signifi-
cance (P = 0.067 and P = 0.097, respectively). Surprisingly,
patients with centrally located metastases displayed a better
long-term outcome (P = 0.013). At Cox-regression analysis
(Table 4), disease-free interval <36 months, multiple metas-
tasis, and centrally-located metastases, but not the Glasgow
score nor the categorized NTL ratio displayed an indepen-
dent prognostic effect on PFS.

Overall survival

The five-year OS rate was 49% (mean: 62 months; standard
error of the mean: 8.7). Factors associated with worse
outcome in the Breslow and Cox-Mantel tests were multiple
metastasis (P = 0.006/P = 0.002), elevated CEA level (P =
0.018/P=0.009),and a modified Glasgow prognostic score >0
(P=0.031/P=0.029, Fig. 2). The NTL ratio was weakly asso-
ciated with early (P = 0.055), but not with late (P = 0.12)
deaths. Cox regression analysis showed an independent nega-
tive prognostic effect for multiple metastasis (P = 0.008,
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Figure 1 Kaplan-Meier plots of progression-free survival according to
categorized neutrophil-to-lymphocyte ratio (NTL). Life-tables from year
one to five are as follows: NTL = < 3 (continuous line): 94%, 85%, 68%,
43%, 18%; number at risk: 35; 32.5, 19, 12, 4; censored: 2, 5, 1, 0, 0.
NTL > 3 (dashed line): 67%, 44%, 44%, 22%, 22%; number at risk: 9, 6,
4,2,1; censored: 0,0, 2,0, 0.

hazard ratio [HR]: 4.9, 95% CI: 1.5-16.0), whereas the modi-
fied Glasgow prognostic score was excluded from the model
at the second step.

Effect of specific growth rate

In the original dataset with missing values, the univariate
impact of categorized SGR on OS was significant at P=0.008
(median survival: 86 and 60 months in low and high-rate
groups, respectively). At multivariate analysis, this variable
showed a borderline independent effect (P = 0.057, HR: 4.9,
CIL: 0.94-25.5, correction method: pairwise deletion). A
similar result was reproduced in only one out of the five
virtual datasets (best prediction model: P=0.047, HR: 2.7, CI
1.1-7.5).

Discussion

In recent years, surgical resection has gained acceptance as a
treatment option in selected patients with colorectal cancer

Table 4 Progression-free survival: results of multivariate analysis

Factor P-value Hazard ratio 95% Cl

DFI <36 months 0.001 5.4 1.9-14.8
Multiple metastasis 0.001 4.5 1.8-10.9
Centrally-located metastasis 0.012 0.2* 0.08-0.74

Cl, confidence interval; DFI, disease-free interval. *Protective effect.
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1
0 20 40 60 80 100
Months

Figure 2 Kaplan-Meier analysis of overall survival according to modified
Glasgow prognostic score m(GPS). Life-tables from year one to five are as
follows: mGPS = 0 (continuous line): 97%, 97%, 85%, 80%, 69%;
number at risk: 32, 28, 24, 18, 14; censored: 0, 6, 2, 3, 4. mGPS =1
(dashed line): 100%, 83%, 63%, 63%, 31%; number atrisk: 7, 6, 4, 2.5,
2; censored: 0, 2, 0, 1, 0. mGPS = 2 (dash-dot line): 84%, 80%, 27%,
27%, 0%; number atrisk: 5, 3.5, 3, 1, 1; censored: 0, 1, 0, 0, 0.

metastatic to the lung. Nonetheless, there is no robust evi-
dence to support this practice," and it is still unclear whether
the reported benefits of metastasectomy should be truly
attributable to a treatment effect or to a less aggressive disease
behavior in the subgroup of surgical candidates. However,
given that metastases, by definition, represent a systemic
disease, the basic idea is that surgical extirpation might serve
as an adjuvant means to reduce the tumor burden. Host-
related factors, including circulating cytokines, would then
tip the balance in favor of tumor dormancy or progression, by
interacting with both the immune-surveillance system and
cancer growth mechanisms.'® A thorough understanding of
these factors and their inclusion in clinical studies would be,
therefore, of paramount importance in order to optimize
indications and postoperative patient management in this
setting.

In this regard, we aimed to evaluate whether a deranged
systemic inflammation status could be associated with a more
aggressive evolution of metastatic disease after complete
resection, thereby working as an outcome predictor. To this
purpose, we focused on two inexpensive and commonly used
parameters, namely the NTL ratio and the modified Glasgow
prognostic score. Our results showed that, despite the fact
that these parameters are associated with a favorable long-
term outcome at univariate analysis, they did not perform
well as independent prognosticators when included in a mul-
tivariate model.
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The efficacy of C-reactive protein based scores as inde-
pendent survival predictors in colorectal cancer and other
malignant and non-malignant diseases has been widely
reported in previous studies.”” The largest and most rel-
evant study in this field is that of Proctor et al.'"® They first
reported the prognostic value of the modified Glasgow
prognostic score on more than 27 000 patients with diverse
primary cancers at a P-level <0.001. Thereafter, other groups
applied the same parameter to specific types of cancers and
diverse clinical scenarios. In particular, the C-reactive
protein and the Glasgow prognostic score were shown to
have prognostic value in metastatic colorectal cancer
patients who were managed either surgically? or within a
multimodality strategy.’®*** However, in patients with a
limited extent of disease, these parameters may be some-
what less reliable. In this regard, Sugimoto et al. found that
the prognostic value of a modified Glasgow prognostic score
in patients with resectable colorectal cancer is stage specific
and substantially invalidated by the presence of nodal
involvement.”® Fujii ef al. have recently shown that, although
the C-reactive protein level was associated with tumor depth
in patients with resectable colorectal cancer, it did not have
any impact on disease-free survival.”> Similar considerations
apply as far as the neutrophil-to-lymphocyte ratio is con-
cerned. Indeed, although numerous studies have focused
on the efficacy of this clinical measure in predicting
the outcome of colorectal cancer patients in general,”
some discordant findings do exist. In particular, Jankova
et al’* failed to find an independent association between
an elevated NTL ratio and cancer-related survival rates.
These results suggest that, although systemic inflammation
parameters remain important prognosticators in cancer
patients, their relevance could be somewhat limited
when applied to more restricted subgroups, especially
those with good performance status and limited tumor
burden.*

The analysis of a prospectively collected database gave us
the opportunity to explore some hypotheses other than the
main objective of the study. We found a relationship between
active cigarette smoking and the likelihood of having
centrally-located metastases. Although the association
between cigarette smoking and pulmonary metastatization is
a known topic of surgical oncology, we are not aware whether
such a finding has been previously reported. A possible expla-
nation could be that, in active smokers, persistent central
airway inflammation could create a favorable microenviron-
ment to metastatic seeding. If confirmed by further studies,
this finding could suggest the need for a tailored postsurgical
follow-up protocol for these patients.

In our study, patients who received anatomical lung resec-
tion showed a better PFS. This finding could reflect a bias.
Indeed, it is reasonable that a decision for more aggressive
surgery, as dictated by anatomical reasons, was made only for
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patients falling into an ideal low-recurrence risk subgroup.
In this regard, there is no evidence to support the routine
employ of anatomical resections in pulmonary metas-
tasectomy, therefore, we continue to consider parenchyma-
sparing procedures to be the standard of treatment whenever
they are technically feasible.” Measurements of tumor
growth have often been indicated as one of the most impor-
tant tools in clinical studies on colorectal cancer metastasis.
Recently, Poullis et al.*® have presented an elegant algorithm
by which the evolution of metastatic disease and the chance of
definitive cure could be estimated by taking into the account
the tumor doubling time and disease-free interval. Such a
model could be employed as a useful tool in assessing and
understanding the benefits of pulmonary metastases in both
retrospective and prospective studies. Therefore, we have
been prompted to include the SGR in our study. The SGR
had an independent effect on OS rate that was not found
on PFS. It was also interesting that the SGR was not signifi-
cantly associated with any of the usual predictors of
lung metastasectomy, nor with any systemic inflammation
parameter.

Limitations of the study have been partly discussed. They
include the relatively small sample size, which did not allow
stratification of the results for diverse risk factors, and the
non-systematic nature of imaging-based tumor growth mea-
surement. Furthermore, the assumption of proportional HR
was not tested, thus possibly resulting in a somewhat mislead-
ing data interpretation. In particular, this was the case for
NTL ratio, which displayed a much stronger association with
survival rates when restricting the analysis to early events. A
larger and stratified analysis is, therefore, welcome to confirm
or reinforce our results, taking into consideration different
patients’ subcategories, as well as different postoperative time
intervals.

Conclusion

In conclusion, we have reported that simple and inexpensive
indicators of systemic inflammation are associated with
worse survival rates in the setting of pulmonary metas-
tasectomy for colorectal cancer. Although our data were
insufficient in locating an independent effect, we think that
these factors should be included in future studies. In particu-
lar, the interactions between systemic inflammation, antican-
cer immunosurveillance, and tumor dormancy/progression
cycles should be thoroughly investigated, under the light of
concurrent advances in multimodality treatment protocols
and strategies.
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