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ABSTRACT

Background. Although nodal invasion represents one of
the most powerful prognostic indicators in colorectal can-
cer, marked heterogeneity exists within stage III patients.
Recently, the lymph node ratio (LNR), defined as the ratio
of the number of positive nodes over the total number of
examined nodes, was proposed to stratify outcome in stage
III patients.

Methods. A systematic search was performed for studies
examining the prognostic significance of the LNR in colon
or rectal cancer. Individual studies were assessed for
methodological quality and summary data extracted. Haz-
ard ratios from multivariate analyses were entered in a
fixed-effects meta-analysis model.

Results. In total, 16 studies were identified including
33,984 patients with stage III colon or rectal cancer. In all
identified studies, the LNR was identified as an indepen-
dent prognostic factor in patients with stage III cancer of
the colon or rectum. The prognostic separation obtained by
the LNR was superior to that of the number of positive
nodes (N stage). The pooled hazard ratios for overall and
disease-free survival were 2.36 (95% confidence interval,
2.14-2.61) and 3.71 (95% confidence interval, 2.56-5.38),
respectively.

Conclusions. The LNR allows superior prognostic strati-
fication in stage III colorectal cancer and should be
validated in prospective studies.

Colorectal cancer (CRC) kills more than half a million
people worldwide per year, mainly in the developed
world." Among the known prognostic factors, the number
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of invaded locoregional lymph nodes has been established
as the single most important prognosticator in both colon
and rectal cancer, and this variable forms the basis of the
current tumor, node, metastasis system (TNM) staging
system of node positive disease.”® Marked prognostic
heterogeneity may exist, however, within the stage III
population. One way to address this apparent heterogeneity
has been to include the tumor (pT) stage as well as the
number of positive nodes, resulting in the stage IIIA, IIIB,
and IIIC subsets of the TNM staging system.”

Although the exact underlying mechanisms are unclear,
it has become apparent over the last decade that the number
of normal lymph nodes retrieved from the resection spec-
imen conveys important prognostic information in both
stage II and stage IIT CRC.”~’ Possible explanations include
stage migration, statistical effects, and, although less likely,
a therapeutic benefit of removing more regional lymph
nodes.

Intuitively, therefore, a prognosticator encompassing the
information contained in the number of positive nodes and
in the number of examined (or negative) nodes would
allow better stratification of stage III CRC patients,
allowing to tailor adjuvant therapy or the intensity of fol-
low up. The lymph node ratio (LNR), i.e., the ratio of
positive divided by the total number of examined nodes,
combines both parameters and has been shown to represent
a powerful independent prognosticator in several solid
cancer types.®'? The aim of this work was to systemati-
cally review the available evidence on the additional
prognostic value, if any, of the LNR as opposed to the
number of positive nodes in stage III CRC.

METHODS

A systematic review of the literature was performed for
the following electronic databases: Cochrane Central
Register of Controlled Trials, ISI Web of Knowledge
version 4.6 (Science Citation Index, Current Contents)
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from 1975 until June 2009, Embase, and Medline (Pub-
Med). Electronic database searches were performed with
the Boolean combination [(LNR or fraction or proportion
or percentage or ratio) and nod* and (colo* or rectal)].
Additional information was retrieved from published
reviews, reference lists from relevant papers, and ISI Sci-
entific Web Plus. Search criteria were as follows: human
studies including node positive (stage III) colon and/or
rectal cancer; peer-reviewed full papers; and inclusion of
the ratio of positive over total number of lymph nodes as a
prognosticator of cancer outcome. No language restrictions
were applied. The following data were extracted from the
selected papers: author, publication year, total number of
patients, number of patients with node-positive disease,
median or mean number of nodes examined, type of study,
definition of the LNR strata, type of survival analysis, and
results from multivariate regression analysis. Whenever
available, hazard ratios and associated 95% confidence
intervals (95% ClIs) from Cox proportional hazard regres-
sion were extracted and used to calculate the log rank
observed minus expected events (O — E) and the log rank
variance (V). A fixed-effects meta-analysis of individual
trial data was performed by Peto’s method (RevMan 5.0
software, Cochrane Collaboration). Heterogeneity across
studies was assessed by the Q test.

All papers were assessed for study type, methodological
quality, and the level of evidence. The level of evidence
was scored according to the classification proposed by the
Oxford Centre for Evidence-Based Medicine.'" Data
extraction and methodological evaluation were performed
in duplicate; conflicting results were resolved by con-
sensus.

RESULTS
Identification of Relevant Studies

No formal meta-analyses or systematic reviews were
identified in the Cochrane Central Register of Controlled
Trials on the prognostic value of the LNR in colon and/or
rectal cancer. The primary electronic database search
resulted in 1,317 potential full-text papers. After review of
the title and/or abstract, 19 relevant publications were
identified. Four papers were excluded from further analy-
sis. The 2009 paper from Wang et al. reported additional
results from analysis of the Surveillance, Epidemiology,
and End Results (SEER) registry that was reported in a
previous publication included in the analysis.'” Similarly,
the work of De Ridder et al., published as a letter, was also
based on analysis of the SEER registry, and the information
provided was therefore thought to be redundant to the work
of Wang et al.'®> The report by Trufelli et al., describing a
group of 106 colon cancer patients, was excluded because

58% of patients had stage IV disease and multivariate
analysis of factors influencing survival in stage III patients
was not available.'"* Along the same lines, the paper by
Derwinger and Gustavsson was excluded because their
study population consisted of stage IV patients only.'> One
additional paper was identified through a reference listing.
Therefore, a total of 16 relevant papers were included in
the analysis encompassing a total of 33,984 stage III CRC
patients.

Methodological Quality

No prospective randomized trials were identified eval-
uating the prognostic significance of the LNR in stage III
CRC. Four trials were retrospective nested cohort studies
of patients enrolled in prospective randomized trials of
either chemotherapy or chemoradiation in CRC (Table 1).
Two trials reported on population-based cancer registry
data (SEER and the New Zealand Cancer Registry). The
remaining 10 trials were retrospective case series from one
(n = 9) or several (n = 1) institutions.

Of the 16 identified trials, 8 (50%) included colon
cancer patients only, 4 (25%) included rectal cancer only,
and 4 (25%) included both colon and rectal cancer. Of the
eight papers reporting on rectal cancer patients, only the
work of Stocchi et al. specifically defined rectal cancer in
anatomical terms.'® Seven trials (44%) included only stage
III cancers, while the other nine trials (56%) included both
stage II and stage III disease. All identified trials used the
TNM classification system.

In all but one trial, the prognostic value of the LNR was
assessed in the presence of possible confounding covariates
by Cox multivariate regression. Schumacher et al. reported
univariate survival analysis only by the log rank test."’

Thirteen trials reported the median or mean numbers of
lymph nodes collected; in only three of these was this value
below 12. No summary statistic was calculated because four
papers reported the mean instead of the median, and three
trials reported node yield for stage II and III patients com-
bined (Table 1). Demographic data are listed in Table 2.

Definition of LNR Categories

All 16 papers studied the prognostic value of the LNR as
a categorical variable rather than as a continuous one. The
number of categories varied between 2 and 10 (Table 2). In
five papers (31%), the choice of the LNR categories is not
motivated, while one study refers to published literature
data and one study uses the mean LNR as a cutoff to create
two categories. In eight studies (50%), LNR quartiles were
constructed on the basis of the frequency distribution
found in the individual studies; five of these papers
used reclassification of the obtained categories based on
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TABLE 1 Methodological quality of the identified studies

Study Year of Location N total/N Design Level of Median # of

evidence examined stage III evidence examined
nodes Stage II1

Stocchi'® 2001 Rectal 673/463 Nested multicenter cohort study (chemotherapy trials) IIB -

Berger19 2005 Colon 3,557/2,763 Nested multicenter cohort study (INT-0089 trial) 1IB 13

Edler®’ 2007 Colon + rectum 1025/527 Nested multicenter cohort study (chemotherapy trials) IIB 5

Schumacher'” 2007 Colon 232/74 Retrospective single-center study v 17*

Lee* 2007 Colon 201 Retrospective single-center study v 17

Derwinger®® 2008 Colon 265 Retrospective single-center study v 11

Peng** 2008 Rectum 318 Retrospective single-center study v 12°

Peschaud®” 2008 Rectum 352/127 Retrospective single-center study v 23b

Rosenberg18 2008 Colon + rectum 3,026/1,328 Retrospective single-center study v 16%

Wang45 2008 Colon 24,477 Population registry (SEER) 1B -

Kim* 2009 Rectum 232 Nested single-center cohort study (CRT trials) IIC 17

Moug*’ 2009 Colon + rectum 295/115 Retrospective multicenter study v -

Priolli*® 2009 Colon + rectum 113/50 Retrospective single-center study v 230

Park*’ 2009 Colon 318 Retrospective single-center study v 24>

Vather* 2009 Colon 4,309/2,364 Population registry (New Zealand Cancer Registry) 1B 11

Vaccaro™® 2009 Colon 362 Retrospective single-center study v 20

Total stage III 33,984

CRT chemoradiotherapy, SEER surveillance, epidemiology, and end results cancer registry

 In the total group of patients (stage II and stage IIT)
® Mean value

maximal separation of the survival curves by univariate log
rank analysis. Only the work by Rosenberg et al. mentions
the use of an adapted statistical methodology (classification
and regression trees) to define the cutoff points that result
in optimal categorization of the LNR."®

The reported cutoff values defining the LNR category
with the best outcome vary widely between 5 and 25%
(mean 13.2%; median 11.5%).

Prognostic Value of the LNR Versus the Number
of Positive Nodes

All identified studies showed the LNR to represent an
independent predictor of overall survival (OS), disease-free
survival (DFS), or cancer-specific survival by multivariate
analysis (15 studies) or univariate analysis (1 study).
Importantly, in seven papers (44%), the total number of
positive nodes (N stage) no longer represented an inde-
pendent prognosticator when the LNR was included in the
regression model. In four studies (25%), the prognostic
significance of the number of positive nodes was not
available. Four papers (25%) reported that the number of
positive nodes was found to be a statistically significant
predictor of outcome but with a lower statistical significance
compared to the LNR. Stocchi et al. found both LNR and
number of positive nodes to predict OS in rectal cancer;
no P values or other detailed measures of statistical

significance are available in this report.'® Of note, Berger
et al. found that when less than 10 nodes were examined, the
total number of positive nodes but not the LNR was statis-
tically significantly associated with OS, i.e., the opposite of
what was found when 10 or more nodes were examined. '
Taken together, the 16 identified papers provide consistent
and convincing evidence of the independent prognostic
value of the LNR in colon and rectal cancer (Table 3).

Meta-Analysis

The hazard ratio and associated confidence interval
associated with either DFS or OS was available in only a
few studies. The hazard ratios for DFS (1.016) and OS
(1.019) reported in the study by Peschaud et al. were con-
sidered not to be clinically important and were excluded
from the meta-analysis.”® The pooled hazard ratio for OS
was 2.36 (95% CI, 2.14-2.61); heterogeneity was statisti-
cally significant (I* 79%, Fig. 1a). The pooled hazard ratio
for DFS was 3.71 (95% CI, 2.56-5.38); no heterogeneity
was associated with this outcome parameter (Fig. 1b).

DISCUSSION

The presence of metastatic spread to locoregional lymph
nodes has since long been established as an important
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TABLE 2 Demographic and methodological details of studies of colorectal cancer

Study Patient age Inclusion Follow-up Outcome Treatment
period time parameters

Stocchi'® - 1979-1992  Median 6.7 years LR, OS Surgery, postoperative RT (NCCTG trials
79-47-51, 86-47-51, 90-47-51/INT 0114)

Berger19 Median 63.7 years 1988-1992 Median 6.6 years OS, CSS, DFS  Surgery, postop CT (INT 0089 trial)

Edler*! 313 < 60 years 1991-1997 Median 5 years (ON] Randomized trials of surgery alone vs.
surgery and 5-FU based

712 > 60 years 5-FU based chemotherapy

Schumacher'”  Median 71 years 1998-2004 - OS, DFS Surgery; adjuvant therapy according to stage
and physician preference

Lee*? Median 59 years 19952001 Median 5.3 years DFS Surgery with adjuvant 5-FU based CT

Derwinger*’ Mean 72 years 19992003 - DFS Surgery with (60%) or without adjuvant CT

Peng** Mean 55.4 years 19902004 Mean 3.4 years LR, DFS, OS  Surgery with (62%) or without adjuvant therapy

Peschaud?® Mean 64.5 1998-2004 Mean 3.2 years OS, DFS Preoperative RT or CRT (43%), surgery,
adjuvant CT (33%)

Rosenberg'® Median 65 years 1982-2006 Median 6.6 years CSS Preoperative CRT (11%), surgery,
adjuvant therapy (not specified)

Wang® Mean 69.2 years 1988-2003 - (ON] Surgery, adjuvant therapy (not specified)

Kim* Median 54 years 19962006 — OS, DFS Trials of postoperative CT and RT sequence (58%)
and pre- vs. postoperative CRT (42%)

Moug*’ Mean 70 years 2001-2004 Median 4 years (0N Surgery and (neo)adjuvant therapy (28.5%)

Priolli*® Mean 58 years - - (0N} Surgery; no preoperative therapy; adjuvant
therapy not specified

Park*® Median 61.3 years 1996-2006 Median 3 years DFS Surgery; no data on adjuvant therapy

Vather* Mean 70 years 1995-2003 - oS Surgery; no data on adjuvant therapy

Vaccaro™ Mean 67.4 years 1980-2005 Median 3.5 years OS, DFS, CSS  Surgery; >90% adjuvant CT

OS overall survival, DFS disease-free survival, CSS cancer-specific survival, LR local recurrence, CT chemotherapy, 5-FU 5-fluorouracil, RT

radiotherapy, CRT chemoradiation

prognosticator in most solid cancers. Uncertainty persists,
however, regarding the biological significance of lymph node
metastasis in the course of the disease. The classical Halste-
dian paradigm views the lymphatic barrier as the first line of
defense against stepwise systemic spread. Assuming this
model reflects the reality, timely and adequate lymphade-
nectomy would prevent systemic spread and improve
outcome. The early systemic spread paradigm, on the con-
trary, contends that systemic spread starts early in the course of
the tumor-host relationship, is independent from lymph node
metastasis, and therefore the natural history of the disease will
hardly be influenced by extensive locoregional surgery.”'

A similar debate surrounds the role of lymphadenec-
tomy in CRC. This debate has been fueled by the following
paradox: on the one hand, clinical trials examining exten-
sive (extramesenteric) lymphadenectomy in CRC failed to
identify any survival benefit.”>** On the other hand, data
from large retrospective studies have consistently shown a
positive association between survival and the number of
lymph nodes examined in the surgical specimen.’® It is
commonly assumed that this observation is not explained
by a therapeutic effect of removing more lymph nodes, but

rather reflects stage migration. Moreover, the association
between node counts and survival is confounded by vari-
ables related to the tumor (location, microsatellite
instability), the individual patient (age, obesity, immune
response), and the health care setting (surgeon experience,
hospital volume).>*® Several professional organizations
have proposed a minimum node yield of 12 to allow
accurate staging of stage II CRC.?”*® The number 12 does
not hold any particular biological significance; rather, it
likely results from a statistical probability distribution
indicating that once more than 12 nodes have been asses-
sed, the likelihood of missing a remaining positive
mesenteric node becomes very small (Fig. 2).° Others
have argued that no minimal node yield should be speci-
fied, but that as many nodes as possible should be
examined.’® Recently, analysis of pathological staging of
131,953 patients from the SEER database by a beta-bino-
mial model suggested that the minimum number of nodes
required for adequate N staging depends on the T stage: to
achieve a probability of correct staging of 90%, a single
node needs to be examined for T1, four nodes for T2, 13
nodes for T3, and 21 nodes for T4 disease.>!
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FIG. 1 a Fixed-effects meta-analysis of a

overall survival. b Fixed-effects meta- Stud EHaf?(l)‘dElgt{?] EHaf?(")dEl}‘;t‘i;’]
. . ) . udy or xp[(O- R xp[(O- s
analysis of disease-free survival Subgroup Weight Fixed, 95% CI Fixed, 95% CI
Moug 2009 1.4% 11.64 [5.00, 27.12] —_—
Peng 2008 1.7% 3.11[1.47, 6.58] —_—
Vaccaro 2009 3.0% 2.30[1.29, 4.08] —_
Wang 2008 93.9% 2.30 [2.08, 2.55] B
Total (95% CI) 100.0 % 2.36 [2.14, 2.61] ‘
Total events 0.01 01 1 10 100
Heterogeneity: Chi” = 14.46, df = 3 (P = 0.002); I> = 79%
Test for overall effect: Z = 17.06 (P < 0.00001)
b . .
Hazard Ratio Hazard Ratio
Study or Exp[(O-E)/ V], Exp[(O-E)/ V],
Subgroup Weight Fixed, 95% CI Fixed, 95% CI
Derwinger 2008 10.4% 10.64 [3.37, 33.56]
Park 2009 18.5% 4,74 [2.00, 11.21] —_—
Peng 2008 30.4% 3.59[1.83,7.04] ——
Waccaro 2009 403.7% 2.60[1.45, 4.65] —
Total (95% CI) 100.0 % 3.71 [2.56, 5.38]
Total events 0.61 0‘.1 1 fo 160

Heterogeneity: Chi® = 4.98, df =3 (P=0.17); I> =40%
Test for overall effect: Z = 6.93 (P < 0.00001)

P (Positive Node)
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FIG. 2 Probabilistic explanation of the threshold of 12 to 15
examined nodes to minimize stage migration in colorectal cancer.
The probability of finding a positive node in the resection specimen
becomes very small once more than 12 negative nodes have been
retrieved. Data were plotted by a Poisson probability function as
described by Turner and Vollmer 2

Although stage migration is undoubtedly the most
important factor on a population-level scale, recent data
indicate that in a subset of CRC patients, a survival benefit
is reaped from surgically removing more lymph nodes.
First, analysis of the INT-0089 adjuvant chemotherapy trial
confirmed the prognostic significance of the number of
nodes analyzed in stage II and III disease. However,
because all patients received adjuvant chemotherapy and

survival was similar in all treatment arms, stage migration
did not play an important role.*> Second, the prognostic
significance of complete removal of the intact node bearing
mesentery has been demonstrated in both colon and rectal
cancer.>*** Whatever the underlying mechanisms, the total
number of examined nodes is an established prognosticator
in both stage II and III CRC. The 6th and upcoming 7th
edition of the TNM classification, however, classify stage
IIT patients on the basis of the number of positive nodes
(Table 4). Intuitively, it seems evident that the prognostic
significance of 4 positive nodes on a total of 4 examined is
completely different when a total of 35 nodes were
retrieved. Therefore, the ratio of positive to total number of
examined nodes is expected to improve prognostication
and therapy guidance in stage III CRC. The results of this
systematic review confirm the superior prognostic signifi-
cance of the LNR because in all papers that presented a
multivariate proportionate hazard model, the number of
positive nodes either lost its significance or was associated
with a less significant statistical parameter (Table 3).

In patients with rectal cancer, neoadjuvant long-course
radiotherapy or chemoradiation is known to negatively affect
lymph node retrieval.”>~° Contrary to the colon cancer, a
reduced node count is not associated with a worse outcome
in rectal cancer patients treated with neoadjuvant chemo-
radiation.’”*® In patients treated with neoadjuvant chemo-
radiation, proximal (along major vessels) location of
metastatic nodes was shown to predict metastatic disease.’
Therefore, the LNR concept may not be valid in rectal cancer
treated preoperatively with long-course (chemo)radiation. In
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TABLE 4 TNM classification of colorectal cancer

TNM 6th edition

TNM 7th edition

N Stage

NX

NO

N1 1-3 positive nodes

N2 4 or more positive nodes

Stage grouping

1A T1,T2 N1 MO
111B T3,T4 N1 MO
1mc Any T N2 MO

NX

NO

Nla 1 positive node

N1b 2-3 positive nodes

N2a 4-6 positive nodes

N2b 7 or more positive nodes

1A T1,T2 N1 MO
T1 N2a MO

1B T2 N2a,b MO
T3 Nla,b MO
T4a Nla,b MO
T4a N2a MO
T1 N2b MO
T3 N2a MO

Ic T3 N2b MO
T4a N2b MO
T4b Nla,b MO
T4b N2a,b MO

TNM tumor, node, metastasis system

the present review, only the study of Peschaud et al. included
rectal cancer patients treated with neoadjuvant long-course
(chemo)radiation.”” This study found that approximately
half of the 59 patients with a node count of <12 had received
long-course (chemo)radiation. Interestingly, however, the
LNR remained an independent prognosticator in the patient
group with fewer than 12 nodes examined. Only 30 of these
patients received long-course (chemo)radiation, however,
and this precludes our drawing any firm conclusions.

Is a minimal node yield required that allows the LNR to
represent a reliable prognosticator? Given the demon-
strated prognostic significance of the denominator, i.e., the
total number of nodes examined, one would expect that a
sufficiently high number of nodes needs to be examined.
The findings in the present review are somewhat contra-
dictory. Although Berger et al. and Park et al. found that
the LNR did not predict outcome when less than 10 or 12
nodes are examined, the study by Rosenberg et al. showed
that the LNR remained an independent predictor of out-
come in multivariate analysis even when less than 12 nodes
are examined.'®'%*? Because the relationship between the
total number of nodes examined and the probability of
finding a positive node has been repeatedly demonstrated,
examination of a minimal number of nodes seems required
not only to correctly identify node-negative disease, but
also to reliably calculate the LNR in stage III disease.

Several limitations apply to the interpretation of this
review. First, because all data were extracted from obser-
vational or retrospective studies, the strength of the
association between the LNR and outcome remains
uncertain because many potential confounders, such as
adjuvant chemotherapy, are unaccounted for. Second, not
only is there marked heterogeneity in the choice of dif-
ferent LNR categories, but these are also arbitrarily chosen.
Only the study of Rosenberg et al. used statistical calcu-
lation to define an optimal LNR cutoff defining a subgroup
of patients with a better prognosis.'® The median LNR of
approximately 10% identified across the 16 included
studies could be used as a basis for prospective studies.

In summary, the results of this review demonstrate that
in patients with stage III colon and rectal cancer treated
without neoadjuvant long-course radiotherapy, the LNR
provides superior prognostic stratification compared to the
number of positive nodes. Future prospective studies are
needed to define the LNR cutoff that allows optimal
separation of subgroups of stage III patients, and to verify
whether the LNR could be used to direct adjuvant
therapy.
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