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Abstract
The effect of primary tumor resection on systemic inflammation and survival in metastatic colorectal cancer
was evaluated. Reversal of an elevated neutrophil/lymphocyte ratio was associated with significantly improved
overall survival and was more frequent in patients with greater primary tumor bulk. With additional validation,
systemic inflammation and primary tumor bulk can help to refine patient selection for elective primary
resection.
Background: The true survival benefit of noncurative primary tumor resection in patients with de novo metastatic
colorectal cancer (mCRC) remains uncertain. The present study examined the effect of primary tumor resection on
systemic inflammation and survival in patients with mCRC. Materials and Methods: Consecutive patients with de
novo mCRC who had undergone primary tumor resection were identified from a prospective database. Patients were
excluded if they had undergone resection of metastases, had undergone delayed primary resection, or if blood
samples were unavailable. The neutrophil/lymphocyte ratio (NLR) was used as a biomarker of systemic inflammation.
Overall survival (OS) was compared between patient groups according to the pre- and postprimary resection NLR. The
associations between the reversal of an elevated NLR and primary tumor bulk or performance status were explored.
Results: A total of 145 eligible patients were identified from the database, with a median age of 70 years. The baseline
NLR was elevated (> 5) in 65 patients, 36 (55%) of whom had a low NLR after surgery. The reversal of an elevated NLR
was associated with significantly improved OS (hazard ratio, 0.53; P ¼ .017). A similar benefit was seen after excluding
patients undergoing emergency primary resection. NLR reversal was more frequent in patients with larger primary
tumors or good performance status. Conclusion: The present study is the first to demonstrate a relationship between
the reversal of a systemic inflammatory response and the improved survival after primary resection in those with
mCRC. A greater effect was seen in patients with large primary tumors. If validated, these observations could guide
clinical decision-making in patients with mCRC at presentation.
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Introduction
Colorectal cancer (CRC) is one of the most common malig-

nancies worldwide, accounting for around 1,350,000 new cases and
nearly 700,000 deaths annually.1 Advances in the medical and
surgical management of metastatic CRC (mCRC) cancer have led to
significant improvements in survival. However, with the exception
of a proportion of patients with surgically resectable isolated
metastases, the treatment intent has remained palliative.2-5 For
patients with incurable de novo metastatic disease, the optimal
management of the primary tumor remains an unanswered clinical
question, in particular, in patients with a minimally symptomatic or
asymptomatic primary lesion.

Several retrospective studies and meta-analyses have demon-
strated an association between primary tumor resection and
improved survival outcomes in patients with metastatic disease at
presentation, with a w30% relative reduction in risk of death and
a 3- to 6-month improvement in overall survival (OS).6-11 How-
ever, the data have not been entirely consistent across the published
studies.12,13 In the absence of a persuasive biologic mechanism, a
confounding effect of selecting patients for primary resection who
already have superior survival has yet to be excluded as the expla-
nation for the observed survival benefits. Countering the argument
for routine primary tumor resection is the associated risk of surgical
morbidity and mortality, the potential detrimental effects on sur-
vival of the consequent delay in the delivery of systemic therapy,
and the results from multiple series suggesting that the large
majority of intact primary tumors will ultimately never require
intervention.11,14-17

Inflammation within the primary tumor, reflecting a robust
local anticancer immune response, has been shown to positively
affect the outcomes, such as recurrence and survival, in multiple
tumor types.18 In contrast, the presence of tumor-associated
systemic inflammation in patients with both localized and meta-
static cancer negatively affects survival.18-20 The reversal of this
systemic inflammatory response after effective systemic chemo-
therapy has been shown to be associated with improved OS in
patients with mCRC.21-24 One well-established biomarker of
systemic inflammation is the peripheral blood neutrophil/
lymphocyte ratio (NLR), which is calculated by dividing the
absolute neutrophil count by the absolute lymphocyte count. The
NLR has demonstrated prognostic utility in early stage25,26 and
advanced colorectal cancer.27-30 Moreover, it is easily calculated
from the blood tests performed routinely in the pre- and post-
operative setting.

In a previous study from our group, we demonstrated a signifi-
cant survival advantage from primary tumor resection in a cohort of
patients with mCRC compared with no resection.27 Moreover,
exploratory analyses have suggested that a small subgroup of patients
with reversal of an elevated NLR after primary tumor resection had
outcomes similar to those with a low NLR at baseline.27

The present study aimed to further evaluate the prognostic
effect of reversal of systemic inflammation, as measured by the
NLR, after primary tumor resection in a larger patient cohort. In
addition, we planned to evaluate the primary tumor and patient
characteristics that might predict for increased likelihood of a
reversed NLR.

Materials and Methods
Patient Cohort

Patients presenting with de novo mCRC from January 1, 2000 to
July 1, 2010, who had undergone primary tumor resection, were
identified from the multisite CRC Australian Comprehensive
Cancer Outcomes and Research Database (ACCORD), which
prospectively records the point-of-care comprehensive clinicopath-
ologic and follow-up data for consecutive patients with CRC treated
at the participating centers. The patients were excluded from the
present analyses if a delay had occurred of �7 weeks between
diagnosis and primary tumor resection, if the primary tumor
resection had occurred after any systemic therapy, or if they had, at
any time, undergone resection of metastatic disease with curative
intent. The other exclusion criteria were a lack of available pre- and/
or postoperative blood samples. Preoperative (baseline) samples were
required within 14 days of surgery, and postoperative samples were
required to be � 30 days after surgery and before any systemic
therapy. The relevant ethics committees approved the present study.

Measurement of Systemic Inflammation
The NLR was calculated from the pre- and postoperative blood

samples, with a prospectively defined threshold of 5 used to classify
patients with systemic inflammation.31 The reversal of NLR was
defined as a change in NLR from > 5 (high) to � 5 (low).

Tumor Burden
The association between the primary tumor bulk and likelihood

of NLR reversal was evaluated using the maximum tumor length in
millimeters as a surrogate marker for the primary tumor bulk. These
measurements were extracted from the pathology report of the
primary tumor resection.

Statistical Analysis
Because this was a retrospective cohort study, all eligible patients

identified in the ACCORD were included, with no formal statistical
power calculations for sample size. The Kaplan-Meier method and
the Mantel-Cox log-rank test were used for the survival analyses. The
proportions were compared using the c2 method or Fisher’s exact
test. The association between the primary tumor burden and the
reversal of NLR was evaluated using the Mann-Whitney U test. For
all analyses, 2-sided P values of < .05 were considered significant.

Results
From the ACCORD, 145 patients with de novo metastatic CRC

who met the eligibility criteria were identified. The patient and
tumor characteristics are listed in Table 1. No significant associa-
tions were found between the baseline NLR and gender, Eastern
Cooperative Oncology Group (ECOG) performance status,
chemotherapy use after surgery, or primary tumor site. However,
significantly more patients with a high baseline NLR required
emergency surgery (surgery within 24 hours of presentation) than
those with a low baseline NLR (Table 1).

Changes in NLR
In a comparison of NLR values between the baseline and post-

operative blood samples, a change in the NLR classification was seen
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