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Summary
Objective To analyze data obtained in a representative
number of patients with primary rectal cancer with
respect to lymph node diagnostics and related tumor
stages.
Methods In pT2-, pT3-, and pT4 rectal cancer le-
sions, the impact of investigated lymph nodes on
the frequency of pN+ status, the cumulative risk of
metachronous distant metastases, and overall survival
was studied by means of a prospective multicenter
observational study over a defined period of time.
Results From 2000 to 2011, the proportion of surgical
specimens with ≥12 investigated lymph nodes in-
creased significantly, from 73.6% to 93.2% (p< 0.001;
the number of investigated lymph nodes from 16.2 to
20.8; p< 0.001). Despite this, the percentage of pN+
rectal cancer lesions varied only non-significantly
(39.9% to 45.9%; p= 0.130; median, 44.1%). For pT2-,
pT3-, and pT4 rectal cancer lesions, there was an
increasing proportion of pN+ findings correlating
significantly with the number of investigated lymph
nodes up to n=12 investigated lymph nodes. Only in
pT3 rectal cancer was there a significant increase in
pN+ findings in case of >12 lymph nodes (p= 0.001),
but not in pT2 (p= 0.655) and pT4 cancer lesions
(p= 0.256). For pT3pN0cM0 rectal cancer, the risk of
metachronous distant metastases and overall survival
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did not depend on the number of investigated lymph
nodes.
Conclusion In rectal cancer, at least n= 12 lymph
nodes are to be minimally investigated. The inves-
tigation of fewer lymph nodes is associated with
a higher risk of false-negative pN0 findings. In par-
ticular, in pT3 rectal cancer, the investigation of more
than 12 lymph nodes lowers the risk of false-negative
pN0 findings. An upstaging effect by the investigation
of a possibly maximal number of lymph nodes could
not be detected.

Keywords N stage assessment in cancer · M stage ·
Prospective multicenter observational study ·
Prognosis · Long-term oncological outcome

Introduction

For years, retrieval staging has been a paradigm in col-
orectal cancer surgery. However, recently published
analyses have demonstrated that a maximum num-
ber of regional lymph nodes is required for accurate
tumor but the proportion of node-positive colorec-
tal cancers has not increased over the years, despite
steadily increasing numbers of lymph nodes exam-
ined in colorectal cancer specimens [1–4]. These anal-
yses generated some doubt regarding the hypothesis
that “upstaging” of colorectal cancers occurs as the
number of examined lymph nodes increases, and sug-
gest that examination of more than 12 lymph nodes
(or as many lymph nodes as possible) might not be
beneficial with respect to staging accuracy.

Interestingly, Parsons et al. and Erning et al. found
that a higher number of removed lymph nodes is
indeed associated with improved long-term survival,
even though the proportion of lymph node-positive
cancers identified is not increased. This seems to
be true for both node-negative and node-positive
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disease. Other authors have reported similar observa-
tions [5, 6].

Based on a multicenter database of surgically
treated rectal cancer patients, the analysis presented
here aimed at examining the role of lymph node
harvest as a component of adequate histopathologi-
cal tumor staging as well as the association between
the total number of lymph nodes examined and the
number of tumor-positive lymph nodes. Moreover,
longitudinal changes in lymph node diagnostics dur-
ing the study period were evaluated.

Methods

Database

The analysis is based on data collected within the
prospective multicenter observational study on rectal
cancer surgery conducted by the Institute for Quality
Assurance in Operative Medicine at Otto-von-Guer-
icke University, Magdeburg, Germany (as previously
reported [7–16]). Within this database, patient-, tu-
mor-, and treatment-related parameters obtained in
patients with newly diagnosed rectal cancer (defined
as cancer located within 16cm of the anal verge) were
recorded. Tumor staging was achieved using CT scan
(98%), EUS (80%), and MRI (36%) according to the re-
gional clinical care as established at the time of anal-
ysis. In all cases with tumor lesion at the middle and
lower third of the rectum, TME was performed (pa-
tients with rectal cancer at the upper third underwent
PME or TME).

Paraaortic lymphadenectomy (and D3 lymphaden-
ectomy) was not defined as a standard part of on-
cological resection. However, if this extensive lym-
phadenectomy was performed, it is was not precisely
documented.

According to the guideline-based recommenda-
tions, as standard, D2 lymphadenectomy was per-
formed.

Informed consent from all patients is required prior
to data entry into the database. Surgical departments
of all levels of care throughout Germany are encour-
aged to enter their data; however, participation in
the study is voluntary (the precise number of actively
practicing surgeons at the time of data documentation
was not registered).

Study population

For the present analysis, all patients entered into the
database from January 1, 2000, to December 31, 2011,
were investigated if they fulfilled the following criteria:

i Primary radical surgery for rectal cancer without
neoadjuvant treatment;

ii Availability of complete histopathological tumor
classification.

Patients who had undergone chemoradiation as in-
dicated were not included in the study. In addition,
patients who had undergone non-radical rectal can-
cer surgery (e.g., local tumor excision) were also not
registered.

Assessment of lymph node numbers and lymph
node tumor positivity

Changes in the following parameters over the study
period were determined:

� Mean total number of lymph nodes examined per
specimen;

� Proportion of specimens containing at least
12 lymph nodes;

� Proportion of specimens with lymph node-positive
cancers.

Moreover, the impact of tumor growth through the
rectal wall (“pT stage”) on lymph node metastases was
described. The association between the number of
lymph nodes examined per specimen and the rate of
detected lymph node-positive cancers was also exam-
ined separately for each of the pT stages 2, 3, and 4.

To account for possible bias inflicted by improve-
ments in lymph node diagnostics implemented dur-
ing the study period, additional analysis was under-
taken using exclusively data from institutions having
contributed to the registry throughout the entire pe-
riod studied (2000–2011). For each institution, the av-
erage number of lymph nodes examined per specimen
in the years 2000 and 2001 were compared to the cor-
responding numbers from years 2010 and 2011. Based
on these comparisons, the institutions were subdi-
vided into those in which the number of lymph nodes
examined had

i increased significantly from2000/2001 to 2010/2011,
and

ii remained unchanged.

Within both groups, the rate of node-positive can-
cers was compared between the years 2000/2001 and
2010/2011.

Additionally, the association between lymph node
metastasis and synchronous distant metastasis as
well as metachronous distant metastasis diagnosed
after potentially curative rectal resection was stud-
ied. For the latter, oncological long-term outcome
data for patients recorded between 2005 and 2007
were collected and used to analyze the influence of
UICC tumor stage, pN stage, and number of lymph
nodes examined (in categories of less than 12 lymph
nodes: LN class 1; 12 through 17 lymph nodes: LN
class 2; 18–23 lymph nodes: LN class 3; or more than
23 lymph nodes: LN class 4) on the emergence of
metachronous distant metastases.
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Fig. 1 Frequency of lymph
node metastases and clini-
cally apparent distant metas-
tases depending on depth
of tumor invasion (pT)

Statistics

SPSS version 22.0 (IBM® SPSS Statistics, Ehningen,
Germany) was used for statistical data analysis. Com-
parison of continuous parameters was performed us-
ing student’s t-test (in case of two groups) or univari-
ate analysis of variance (one-way ANOVA, in case of
more than two groups). Results are presented as mean
values and 95% confidence intervals (CI). Chi2-test
was used to compare categorical parameters. A two-
sided p-value of <0.05 was considered significantly
different.

Univariate analysis of oncological long-term out-
comes was performed using the Kaplan-Meier method
and results were compared between groups using the
log-rank test. Again, a two-sided p-value of <0.05 was
considered significantly different.

Results

Within the 12-year study period (01/01/2000 through
12/31/2011), data from n= 23,773 patients under-
going primary radical resection for rectal cancer
without neoadjuvant treatment for whom complete
histopathological tumor classification was available
were entered into the observational study database.
As the proportion of patients who received neoad-
juvant treatment and had to be excluded from the
analysis increased, a steady decline of patients avail-
able for study entry over the 12-year period was ob-
served. Moreover, a significant increase in mean age,
proportion of patients in UICC tumor stage IV, and
proportion of patients whose tumors were located
>12cm from the anal verge was recorded.

In Table 1, patient characteristics over the study
period from 2000–2011 are shown.

The rate of rectal cancer specimens from which
at least 12 lymph nodes were retrieved and exam-
ined increased from 73.6% to 93.2% (p<0.001) during
the study period. Correspondingly, the mean num-

ber of lymph nodes harvested from each specimen
increased from 16.2 to 20.8 (p< 0.001; Table 2). In spite
of these numerical improvements in lymph node di-
agnostics, only a minor non-significant variation in
the rate of patients diagnosed with lymph node-posi-
tive cancer was observed (p=0.130). The mean num-
ber of tumor-bearing lymph nodes per specimen did
not change significantly during the study period re-
gardless of whether all patients or only pN+ patients
were analyzed (lymph nodes per specimen 2.2–2.6,
p= 0.331, and 5.2–5.8, p= 0.479, respectively; Table 2).

Considering the tumor infiltration depth, pT1 and
pT4 cancers showed a slight increase (from 8.2% to
12.5% and from 7.1% to 11.8%, respectively) over the
study period. Conversely, the rate of pT2 and pT3
cancers decreased (Table 2).

Fig. 1 shows the probability of lymph node metas-
tasis (pN+) as well as distant metastasis diagnosed on
preoperative imaging or intraoperatively as a function
of tumor infiltration depth (pT category). Both lymph
node metastasis and distant metastasis were signifi-
cantly more likely to be diagnosed in patients with
a more advanced pT stage (p<0.001). The likelihood
graphs for lymph node and distant metastases are par-
allel.

The probability of synchronous distant metastasis
as a function of lymph node involvement (pN0 vs. pN1
vs. pN2) can be seen in Fig. 2a for pT categories 1
through 4. In each of these pT categories, more ex-
tensive lymph node involvement was significantly as-
sociated with an increase in the probability of dis-
tant metastasis diagnosed synchronously with the pri-
mary tumor. Moreover, the number of tumor-positive
lymph nodes had a significant impact on the proba-
bility of distant metastases (p<0.001, Fig. 2b), whereas
in node-negative patients, no association between the
number of lymph nodes examined and the probabil-
ity of synchronous distant metastasis was found. The
average risk for pN0 patients to be diagnosed with
synchronous distant metastases was 4.5% (Fig. 2c).
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Fig. 2 Frequency of syn-
chronous distant metasta-
sis depending on: a nodal
positivity and pT category
of rectal cancer; b number
of positive lymph nodes;
c number of examined neg-
ative lymph nodes

Impact of lymph node involvement on metachronous
distant metastasis

Follow-up data of 70% of the patients entered into the
database between 2005 and 2007 (n= 2733 of 3930;
best follow-up data quality during this time period)
were available to analyze the association between ini-
tial lymph node involvement and the development of
metachronous metastatic disease. Median follow-up
was 55.0 (95% CI: 53.9–56.1) months. Fig. 3a shows

the cumulative risk for metachronous metastasis after
potentially curative rectal resection as a function of
UICC tumor stage, whereas Fig. 3b shows its associ-
ation with the initially diagnosed pN category. While
patients with lymph node-negative cancer had a 6.7%
cumulative risk of developing distant metastases at
4 years, this was 19.4% for patients with node-positive
cancers (p<0.001). The cumulative risk for patients
with pN1 vs. pN2 nodal status was only marginally
different (18.0% vs. 21.8%, respectively; p= 0.017).

90 T stage-dependent lymph node and distant metastasis and the accuracy of lymph node assessment in rectal. . . K



original article

Fig. 3 Cumulative risk for metachronousmetastasis as a function of aUICC tumor stage, b pN stage. cum cumulative, fu follow-
up

Impact of the total number of lymph nodes examined
on detection of tumor-involved lymph nodes

The association between the total number of lymph
nodes examined per specimen and the pN category
assigned (pN0 vs. pN1 vs. pN2) is shown in Fig. 4a–c
for pT categories 2, 3, and 4. A significant impact of
the total number of lymph nodes on the detection
of tumor-involved lymph nodes was found for each
of these pT categories (pT2: p= 0.002, pT3: p< 0.001,
pT4: p=0.002). 11.6% of pT2 cancers were diagnosed
as being lymph node positive (pN1 +pN2) if less than
six lymph nodes were examined whereas this was
25.5% in patients who had more than 20 lymph nodes
examined (Fig. 4a). Among patients with pT3 and
pT4 cancers, the rates of lymph node positivity were
33.7% and 40.5% if less than six lymph nodes were
examined as opposed to 61.1% and 76.9% if more
than 20 lymph nodes were investigated. Thus, ap-
proximately twice as many patients in all three pT
categories were diagnosed as having node-positive
cancer if they had more than 20 as opposed to less
than six lymph nodes examined. Within the groups
of patients with pT2 and pT4 cancers, the detection
rate of tumor-involved lymph nodes did not increase
any further beyond 12 examined lymph nodes (19.1%
vs. 25.5%, p= 0.655; and 76.6% vs. 77.0%, p= 0.256,
respectively; Fig. 4a, c). In contrast, in patients with
pT3 cancers, examination of more than 20 nodes did
result in a significant increase in detection of positive
lymph nodes as compared to examination of only
12 lymph nodes (49.2% vs. 66.1%, p= 0.001; Fig. 4b).

Impact of the total number of lymph nodes examined
on metachronous distant metastasis and overall
survival

The number of lymph nodes examined in patients
with node-negative cancers (pN0) was not signifi-
cantly associated with the probability of developing
metachronous distant metastasis in any of the pT
categories pT2, pT3, and pT4. Fig. 5 shows the cu-
mulative risk for distant metastasis in lymph node
(LN) classes 1 through 4 (see Patients and methods)
for patients initially diagnosed with pT3 pN0 cM0
cancers. The cumulative risk for the development of
distant metastasis was 6.2%, 8.6%, 9.0%, and 15.2% in
LN classes 1 through 4, respectively (log-rank test).

Stage migration

The impact of the number of examined lymph nodes
on the detection of tumor-positive lymph nodes was
compared between participating institutions that did
(group 1) and did not (group 2) report an increase in
the total number of lymph nodes examined per spec-
imen between the years 2000/2001 and 2010/2011.
Only pT3 cancers were investigated for this analysis.
Results are shown in Table 3. Hospitals of group 1 re-
ported an increase in the mean number of examined
lymph nodes from 16.7 to 26.9 (p<0.001), whereas
in hospitals of group 2, the lymph node harvest re-
mained stable (17.6 vs. 18.0, p=0.472). Despite the
significant increase in the total lymph node number
per specimen in group 1, the mean number of tumor-
involved lymph nodes as well as the rate of node-
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Fig. 4 Association be-
tween investigated lymph
node count and pN cate-
gory in rectal cancer with
no neoadjuvant chemora-
diation: a pT2 category
(n= 6364; p< 0.001); b pT3
category (n= 12,568;
p< 0.001); c pT4 category
(n= 2027; p<0.001)

positive (pN+) cancers remained unchanged (57.5%
vs. 55.6%, p= 0.673). In hospitals of group 2, there
was also no change in the mean number of tumor-
involved lymph nodes (p=0.129). A tendency towards
a decrease in the rate of lymph node-positive cancers

was observed in this group (60.9% vs. 53.4%); how-
ever, this was not statistically significant (p=0.097).
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Fig. 5 Risk of metachronous distant metastases depending
on lymph node count after curative radical resection of pT3
pN0 cM0 rectal cancer. cum cumulative, fu follow-up

Discussion

Results from analyses encompassing long time peri-
ods may be influenced by a variety of factors that
may not remain constant during the study period,
which, thus, may bias their interpretation. For ex-
ample, a lack of upstaging in spite of an increased
lymph node harvest may also be due to an increase in
patients being diagnosed at an earlier disease stage as
a result of the growing use of screening colonoscopy
in the population analyzed.

The principal results of the analysis of data from
an observational study presented here include a sig-
nificant increase in the number of lymph nodes ex-
amined per rectal cancer specimen (Fig. 6) during
the study period, which leads to a rising proportion
of specimens with a minimum of 12 lymph nodes
retrieved. Within pT categories 2 through 4, exami-
nation of more lymph nodes leads to identification
of more lymph node-positive cancers. Moreover, it
has been confirmed that lymph node involvement
in rectal cancer is an important indicator for estab-
lished metastatic disease as well as a predictor for
metachronous development of distant metastasis.
However, the continuously rising number of lymph
nodes examined per specimen during the study pe-
riod was not associated with a similar increase in
the rate of lymph node-positive cancers identified.
Thus, it could not be demonstrated that more accu-
rate tumor staging by examination of more lymph
nodes leads to consecutive upstaging in rectal can-
cer. Correspondingly, the cumulative risk of distant
metastases following potentially curative resection of

pT3 pN0 cM0 rectal cancer was not dependent on the
number of lymph nodes examined.

Similar results of a literature search were presented
by Hogan et al. [3], demonstrating relatively little vari-
ation in the rate of lymph node-positive rectal cancers,
which fluctuated at around 40% out of a total sample
of 240,081 rectal cancers over the past two decades.
These authors proposed the concept of a “nodal pos-
itivity constant.” Similarly, Parsons et al. [1] analyzed
86,394 colon cancer patients included in the SEER
database between 1998 and 2008. Despite a signifi-
cant increase in the number of lymph nodes exam-
ined, again, a relatively constant rate of node-posi-
tive cancers of approximately 40% was found. These
results are comparable to the 44% rate of node-posi-
tive cancers found in the observational study database
presented here and have been confirmed by other
authors [2, 4], putting the concept of tumor upstag-
ing through more meticulous lymph node examina-
tion into question. Interestingly, though, an associa-
tion between the increase in the number of examined
lymph nodes and improved survival, both for lymph
node-negative and for lymph node-positive cancers,
has been reported [1, 2, 6, 7]; however, this has not
been confirmed by all authors [19]. In the current
analysis, no association between the number of lymph
nodes examined and the rate of metachronous distant
metastatic disease was found.

Baxter et al. [20], in an analysis of the SEER data,
identified a threshold of 13 examined lymph nodes
for identification of lymph node involvement in pT3
colon cancer specimens, exceeding of which does not
lead to detection of more lymph node-positive can-
cers. Correspondingly, the present analysis demon-
strates that examination of more than 12 lymph nodes
in pT2 and pT4 rectal cancer specimens not treated
with neoadjuvant radiotherapy does not increase the
detection rate of pN+ cancers. Only in pT3 spec-
imens did we identify a further 11.9% increase in
the detection of lymph node positivity if more than
12 lymph nodes were investigated. Very likely, these
observations are the result of the process of lymphatic
metastatic spread over time and the distribution of
locoregional lymph nodes as well as their pattern of
tumor involvement. In a study by Langman et al.
[21], 83% of tumor-involved lymph nodes were lo-
cated either adjacent to the tumor itself or in the
mesorectum proximal to the tumor lesion, whereas
only 3% of involved lymph nodes were found distally
to the tumor mass towards the anal verge. Apart
from the mesorectum, 16% of involved lymph nodes
were located alongside the superior rectal artery or
the inferior mesenteric artery. Only 0.3% were lo-
cated elsewhere in the mesentery of the sigmoid
colon. The proportion of lymph nodes located in
the mesorectum among all identified lymph nodes
in the specimen (mesorectum, vascular pedicle, and
sigmoid colon mesentery) was only 40%. The median
number of lymph nodes identified in the mesorec-
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Fig. 6 Untreated (p)T3
rectal cancer (no neoadju-
vant radio[chemo]therapy)
of one selected patient
with tumor imaging, macro-
scopic specimen, and his-
tological imaging (HE):
a Preoperative MRI. b TME
specimen (perspective from
ventral: left; from dorsal:
right). c T3a stage (accord-
ing to invasion depth); satel-
lite panel: histopathological
image (HE). d Represen-
tative imaging for N-stage
(lymph nodes increased but
not tumor infiltrated); satel-
lite panel: histopathological
image (HE)

tum was 16. This underscores that examination of
12 mesorectal lymph nodes yields a very high prob-
ability of accurate detection or exclusion of lymph
node metastases in rectal cancer. In comparison,
the chance of detecting tumor-involved lymph nodes
outside the mesorectum when all mesorectal lymph
nodes are free of tumor appears to be small. This
is further highlighted by reports demonstrating that
pN0 tumor status in colorectal cancer can be cor-
rectly identified in 99.2% or 98.2% by the examination
of all lymph nodes within 3cm or 5cm proximally
and distally to the tumor, respectively [22, 23], even
though the rate of false-negative results was higher
in rectal cancer compared to colon cancer. Langman
et al. [21] also identified lymph node “skip” metas-
tases along the vascular pedicle in 2% of all pN+ rectal
cancer specimens: 9% of the specimens had tumor-
involved lymph nodes at more than 5cm from the
tumor even if all lymph nodes located within 5cm
of the tumor were free of metastases. This translates
into a theoretical 11% false-negative rate if lymph
node examination is limited to the peritumoral tis-
sue within 5cm of the tumor, mostly in pT3 cancers.
Among all specimens analyzed, the false-negative pN
assessment rate would have been 3.3%.

Even though no upstaging effect was found, an in-
crease in the number of lymph nodes examined was
associated with improved survival in colon cancer pa-
tients in the analysis by Parsons et al. [1] and con-
firmed by other authors [18, 27]. Some authors [3]
have suggested that these counterintuitive observa-
tions may be the result of heterogeneity in individual

immune responses. A more pronounced immune re-
sponse may facilitate detection of both non-involved
and involved lymph nodes, which may result in more
lymph nodes identified by the pathologist in speci-
mens from these individuals. This may lead to bias,
as an enhanced immune response may also be asso-
ciated with better prognosis and improved long-term
survival, as demonstrated by Pages et al. [25, 26, 28].
In our analysis, patients with more examined lymph
nodes did not demonstrate better long-term survival
nor a decreased risk of metachronous metastatic dis-
ease, which may be the result of the relatively low
proportion of specimens with fewer than 12 lymph
nodes found during the study period.

By separately analyzing data from hospitals that did
and did not report an increase in the number of exam-
ined lymph nodes during the course of the study pe-
riod, we attempted to determinewhether the expected
upstaging effect through improved lymph node di-
agnostics was altered by a tendency towards earlier
detection of rectal cancers over the years. Although
a more pronounced stage migration towards UICC
stage II was found in hospitals in which the number
of examined lymph nodes had remained unchanged
during the study period (7.5% vs. 1.9%), this differ-
ence was not statistically significant. A similar com-
parative analysis of institutions (A, B, and C) demon-
strating different developments in lymph node diag-
nostics over a defined time period was reported by
Storli et al. [4]. In hospitals A and C, an increase in
the number of lymph nodes examined per specimen
was achieved through optimized surgery (A) or lymph
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Table 3 Prognosis-relevant parameters in lymph node diagnostics comparing surgical departments with increased (group 1)
and similar numbers of investigated lymph nodes (group 2) in pT3 rectal cancer during study period

Time period
2000–2001

Time period
2010–2011

p-value

Group 1 (hospitals, n= 20)

Patients (n) 465 247 –

No. of investigated LN; mean (95% CI) 16.7
(16.1–17.4)

26.9
(25.0–28.8)

<0.001

No. of Tu-infiltrated LN; mean (95% CI) 2.9
(2.5–3.4)

3.3
(2.5–4.1)

0.443

Portion of pN-negative cancer lesions (%) 42.5 44.4

Portion of pN-positive cancer lesions (%) 57.5 55.6

0.673

Group 2 (hospitals, n= 20)

Patients (n) 284 193 –

No. of investigated LN; mean (95% CI) 17.6
(16.8–18.4)

18.0
(17.1–19.0)

0.472

No. of Tu-infiltrated LN; mean (95% CI) 3.3
(2.8–3.9)

2.8
(2.2–3.4)

0.219

Portion of pN-negative cancer lesions (%) 39.1 46.6

Portion of pN-positive cancer lesions (%) 60.9 53.4

0.097

LN lymph node(s), No. number, Tu tumor

node preparation (C), whereas in hospital B, the num-
ber of examined lymph nodes per specimen as well as
the proportion of specimens with at least 12 lymph
nodes examined remained unchanged. Still, a de-
crease in the number of tumor-involved lymph nodes
as well as a non-significant trend from UICC stage III
towards UICC stage II was found in hospital B. This
was also observed in hospital A (optimized surgery)
but not in hospital C (intensified lymph node diag-
nostics). Our results do not permit conclusion that
the expected upstaging effect through more meticu-
lous lymph node diagnostics has been offset by a ten-
dency towards earlier detection of colorectal cancer.

However, as a possible limitation, it needs to be
taken into consideration that pathology units use dif-
ferent methods to search for nodes, resulting in diffi-
cult comparison of the literature data. In addition,
it must also be taken into account that radiother-
apy lowers the number of nodes detected and this
has good prognostic value. In addition, lymph node
harvest is an indirect indicator of appropriate surgery
and, thus, of better oncological outcome.

In conclusion, the presented analysis underscores
the demand for a minimum number of 12 examined
lymph nodes in rectal cancer specimens. Examination
of fewer lymph nodes is associated with a higher rate
of false-negative pN staging.

Our data do not demonstrate that maximizing the
number of examined lymph nodes per specimen re-
sults in tumor upstaging. Despite an increase in in-
vestigated lymph nodes, there was no detectable shift
of tumor stages.

Conclusion

� There is a demand for a minimum of 12 examined
LN in untreated (no neoadjuvant treatment) rectal
cancer specimens.

� Examination of fewer LN is associated with a higher
rate of false-negative pN staging.

� Further increasing the number of examined LN be-
yond 12 may decrease the false-negative rate, espe-
cially in pT3 cancers.

� The data do not demonstrate that maximizing the
number of examined LN per specimen results in tu-
mor upstaging.

� Despite an increase in investigated lymph nodes,
there was no detectable shift of tumor stages.
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