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Abstract The purpose of this study was to accurately detect
lymph-node micrometastases, i.e., metastatic cancer foci that
have a size between 2.0 and 0.2 mm, in nodes excised from
colorectal cancer (CRC) patients, and to determine how
frequently micrometastases might be missed when standard
histological examination procedures are used. A total of 311
lymph nodes were removed and examined from 90 patients
with Stage I to IV CRC. The number of slices of histology
sections ranged from 6 to 75 per node (average=25.5; SD=
11.1), which provided a total of 7,943 slices. Lymph nodes
were examined in their entire volume at every 50-μm and
100-μm intervals for nodes smaller and larger than 5 mm
respectively. The total number of thin sections examined in
each node and the number of thin sections where metastatic
foci were present were counted. The number of thin sections
M. Hata (*)
c/o Junji Machi,
405 N. Kuakini Street, Suite 601,
Honolulu, HI 96817, USA
e-mail: masakihata4999@yahoo.co.jp
M. Hata : J. Machi : E. Saegusa-Beecroft
Department of Surgery,
University of Hawaii and Kuakini Medical Center,
Honolulu, HI, USA
J. Machi
e-mail: junji@hawaii.edu
E. Saegusa-Beecroft
e-mail: emilysaegusa@hotmail.com

with metastatic foci and the total number of slices was
determined for each node. In addition, the presence or
absence of metastatic foci in the “central” slice was
determined. Micrometastases were found in 12/311 (3.9%)
of all lymph nodes. In the 12 lymph nodes with micrometastases, the rate of metastatic slices over all slices was
39.4% (range=6.3 to 81.3%; SD=25.8%) In the central slice
of each node, micrometastases were present only in 6 of 12
lymph nodes (50%); accordingly, they were not present in
the central slice for half the micrometastatic nodes. These 6
nodes represented 1.9% of the 311 nodes and 11.1% of the
54 metastatic nodes. This study suggests that a significant
fraction of micrometastases can be missed by traditional
singleslice sectioning; half of the micrometastases would
have been overlooked in our data set of 311 nodes.
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Introduction
Detection of metastases in lymph nodes is important for
appropriate management and prognosis for cancer
patients. Currently, lymph nodes dissected from a cancer
patient are evaluated by histological examination of a
few sections of each node using hematoxylin and eosin
(H&E) staining. The recommended treatment for patients
who are classified as node-positive typically is adjuvant
therapy in conjunction with surgery.
However, the current histological procedure does not
adequately detect all metastases in lymph nodes, particularly micrometastases smaller than 2 mm. Typically,
dissected nodes undergo a standard histological evaluation
that involves sectioning into blocks (that are 2 to 3 mm
thick), or more commonly, by bisecting the node into two
approximately equal portions. The initial sections then
undergo fixation, embedding in paraffin, thin sectioning of
the surfaces of the thick sections, placement of thin sections
(that are 3 to 4 μm thick) on microscope slides, histochemical staining using H&E, and microscopic examination of
stained thin sections. This method reliably detects nodal
metastases that are present in the examined thin sections, but
only a limited number of thin sections are obtained from the
surfaces of thick sections. Because histological examination
is limited to the surfaces of the thick sections and because
those thick sections can be thicker than 2 mm, micrometastatic foci residing between the exposed surfaces may
escape detection. Only a few thin sections are examined
from each node, and generally more than 10 to15 nodes are
examined for each cancer patient. The entire lymph node
volume cannot be evaluated in a practical manner by the
current standard histological methods, and nodes are
histologically “sampled” at 2-mm or larger intervals;
therefore, overlooking micrometastases, which are smaller
than 2 mm, is possible. The research described in this article
seeks to assess the risk of overlooking micrometastases.
The American Joint Committee on Cancer (AJCC)
guidelines define micrometastases and distinguish them
from isolated tumor cells (ITCs) [1]. According to the
guidelines, metastases smaller than 2 mm, but larger than
0.2 mm, are considered micrometastases. In comparison,
ITCs consist of individual tumor cells or small clusters of
cells that are smaller than 0.2 mm and are most-reliably
identified by immunohistochemistry (IHC) or molecular
methods, although they also can be detected by H&E.
The incidence of overlooked micrometastases in
lymph nodes of colorectal cancer (CRC) has not been
well documented. In order to assure reliable detection of
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micrometastases, the present study was examined thin
sections made at 50-μm steps for nodes that were 5 mm
or smaller or at 100 μm steps for larger nodes; thin
sections were made in this manner over the full volume of
each examined node. This approach enabled accurately
detecting micrometastases in dissected lymph nodes and
determining how frequently micrometastases might be
missed when traditional methods are used.

Materials and Methods
Patients
Lymph nodes were dissected from 90 patients with
histologically proven stage I to IV primary CRC between
July 2007 and May 2009 at the Kuakini Medical Center in
Honolulu, HI. The following distribution of stages was
observed among the 90 patients: 20 stage I, 41 stage IIA, 0
stage IIB, 7 stage IIIA, 14 stage IIIB, 7 stage IIIC, and 1
stage IV. (61 patients were in metastasis-free stages I and II;
29 patients were in metastasis-containing stages III and IV.)
The patients included 50 males and 40 females, with ages
ranging from 41 to 95 years (average=71.1; SD=12.0).
Surgical and Histological Procedures
Formal, surgical, lymph-node dissection was performed
according to the current standard of care for CRC. A
minimum of 12 nodes was dissected from each patient and
nodes in the surgical specimen were isolated. From the
isolated nodes, 1 to 7 (average=3.5; SD=1.3) lymph nodes
were randomly selected for histological examination over
the entire node volume. No node-selection criteria of any
kind were applied, nor were any distinctions made among
Stages I to IV primary CRC in patient selection. The
number of examined thin sections examined per selected
node ranged from 6 to 75 (average=25.5; SD=11.1); a total
of 7,943 slices were evaluated.
For sizing purposes, each lymph node was approximated
by an ellipsoid; sizing the lymph node consisted of
measuring the three main axes (length, width, and height)
of the approximating ellipsoid.
After sizing, each lymph node was fixed in 10% neutralbuffered formalin for 24 h. Fixed nodes were cut
longitudinally, approximately in half. The two half-nodes
were embedded in paraffin with the flat cut surface down
prior to sectioning. From the fixed two half-nodes, 3-μm
thin sections were obtained using a microtome at every 50
μm for nodes smaller than 5mm or 100 μm for nodes larger
than 5mm. Each section spanned the two embedded half
nodes. At each step, 5 slices of 3-μm sections were
obtained. For light-microscopic examination, each 3-μm
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Fig. 1 Serial histological slices of a node with<50% metastasis; H&E
staining, ×1. Metastatic foci are demarcated in each slice. Metastatic
foci are present in slices No.1 to No. 20, but absent in slices No.21 to

No.38. The central slice of this lymph node is No.19 where metastatic
foci are present

thin section was placed on a microscopic slide and stained
with H&E. The sections from both node halves were placed
on each microscopic slide. The pair of half-node sections
having the best histological quality were was used for
microscopic examination. All examined microscopic slides
were photographed using a digital camera (FujiFilm
FinePix S9100, Fuji Photo Film, Tokyo Japan) equipped
with Hoya +2 and +4 close-up lenses (Hoya Corp., Tokyo,
Japan). All thin sections were histologically evaluated by
two experienced, board-certified pathologists. The border
of each detected metastatic lesion was demarcated in the
examined thin sections. This approach proved to be
effective for detecting micrometastases>0.2mm.

5. ITC: lymph nodes with foci consisting only of isolated
tumor cells or cell clusters having a maximum cluster
dimension≤0.2mm.

Classification of Lymph Nodes
Based on histologic evaluations, lymph nodes were
classified into the following five categories:
1. No-metastasis: lymph nodes that are entirely without
any metastatic foci.
2. ≥ 50%-metastases: lymph nodes containing at least one
metastatic focus with a metastatic volume in excess of
50% of the node volume.
3. < 50%-metastases: lymph nodes with metastatic foci
having a maximum dimension>2mm, but not containing any metastatic focus with a volume in excess of
50% of the node volume. (See Fig. 1).
4. Micrometastases: lymph nodes with metastatic foci
having a maximum dimension≤ 2mm but> 0.2mm.
(See Fig. 2).

Number and Location of Metastases in Each Lymph Node
From each series of histology sections, we were able to
determine the location and extent of the metastatic foci in 3
dimensions (3D). The number, size and location of
metastatic foci in each node were recorded along with the
presence or absence of metastatic tissue in the “central
slice.” The central slice was defined as the middle slice of
all slices; e.g., the 15th slice when 30 slices were examined
in a given node. For<50%-metastasis and for micrometastases, the total number of slices examined in each node
and the number of slices where metastatic foci were present
were counted. The proportion (fraction) of the number of
slices with metastatic foci over the total number of slices
was calculated for each node. In addition, the presence or
absence of metastatic tissue in the “central” slice was
determined.

Results
Metastases were found in 54/311 (17.4%) of all selected
lymph nodes; positive nodes were present in 29 of 90
patients (32.2%). Category-1 nodes comprised 257/311
(82.6%) of the selected nodes. Category-2, ≥ 50%-metastasis were found in 39/311 (12.5%) of the nodes; category-
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Fig. 2 Micrometastases in a
lymph node. (a): the entire
node, H&E staining, ×1. (b):
magnification of the area with a
box shown in (a), H&E staining,
×25. (c): magnification of the
area with a box shown in (b),
H&E staining, ×100
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3<50%-metastasis were found in 3/311 (1.0%) of the
nodes; and category-4 micrometastases were found in 12/
311 (3.9%) of the nodes. No category-5 ITCs were found.
These results are summarized in Table 1.
In the 39 lymph nodes with ≥ 50%-metastasis, the
average number of slices examined was 40.4 (range=18
to 75; SD=14.0) depending on the size of the node.
Metastatic tissue was present in more than a half of the
serial histologic slices including all the central slices.
In the 3 lymph nodes with<50%-metastases, the average
number of slices examined was 26.3 (range=18 to 39;
SD=11.6) depending on the size of the lymph node. The
size dimensions of these 3 nodes are noted in Table 2.
The rate of metastatic slices over all slices was 61.2%
(range=51.3 to 77.8%; SD=14.5%). In the central slices,
metastases were present in all of 3 lymph nodes (100%).
These results are summarized in Table 2.
In the 12 lymph nodes with micrometastases, the
average number of slices examined was 23.5 (range=8 to
44; SD=11.1) depending on the size of the lymph node.
The sizes of these 12 nodes are noted in Table 3. The
rate of metastatic slices over all slices was 39.4% (range=
6.3 to 81.3%; SD=25.8%) In the central slices of each
node, metastases were present in 6 of 12 lymph nodes
(50%). These 6 nodes represented 1.9% of 311 nodes
Table 1 Patients, lymph nodes,
and slices based on lymph-node
category

Node Category
No-metastases
Metastases
≥ 50%-metastases
< 50%-metastases
Micrometastases
ITC
Total
Average Per Patient
Standard Deviation

(total number) and 11.1% of 54 metastatic nodes. These
results are summarized in Table 3.
Using H&E staining, we did not detect any ITC unless it
was accompanied by micrometastases or larger metastatic
foci.

Discussion
Currently, approximately 20% to 30% of patients with
node-negative CRC develop locoregional recurrence or
distant metastases and die from CRC within 5 years, likely
due to failure to detect lymph node metastases using
standard histological node-evaluation methods [2–4].
Similarly, in the case of breast cancer, at least 10% of
sentinel and formal node dissections result in missed
micrometastases. Tan et al. showed that 83 of 368 (23%)
apparently node-negative patients actually had metastases
to their nodes; 59 of the 83 (71%) false-negative cases had
metastases in only one node [5]. Moreover, 61 of the 83
(73%) false-negative cases had a maximum dimension of
no more than 0.2mm, and 17 of the 83 (20%) had a
maximum dimension of 0.3 to 2.0mm.
Many studies of different types of cancers have
reported clinically significant micrometastases or occult

Number of Patients

Number of Lymph Nodes

Number of Slices

61 (67.8%)
29 (32.2%)
17 (18.9%)
3 (3.3%)
9 (10.0%)
0 (0.0%)
90

257 (82.6%)
54 (17.4%)
39 (12.5%)
3 (1.0%)
12 (3.9%)
0 (0.0%)
311
3.5
1.3

5,967 (75.1%)
1,976 (24.9%)
1,616 (20.3%)
78 (1.0%)
282 (3.6%)
0 (0.0%)
7943
25.5
11.1
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Table 2 Characteristics of lymph nodes with < 50% metastatic voolume
Node Number

Length
(mm)

Width
(mm)

Height
(mm)

Slice
Separation (μm)

Number
of Slices

Number of
Metastatic Slices

Central-slice
Metastases

1

9.4

6

5.9

100

22

12 (54.5%)

Yes

2

6

5.5

4.9

100

18

14 (77.8%)

Yes

3

9.6

9

6.3

50

38

20 (52.6%)

Yes

78

46 (61.2%)

Total
Average Per Node

8.3

6.8

5.7

26

15.3

Standard Deviation

2

1.9

0.7

10.6

4.2

tumor cells in lymph nodes. A few studies of gastric
cancer have demonstrated that micrometastases are an
important prognostic factor in initially staged N0 gastric
cancer [6–8]; a study of sentinel lymph nodes of breast
cancer patients showed that sentinel-node micrometastases
were associated with additional positive nodes and with
distant recurrence [9], and a study of esophageal cancer
suggested that micrometastases were useful for determining prognosis [10]. In the cases of CRC, the value of
micrometastases for prognosis has been controversial.
Many studies of micrometastases of lymph nodes in
CRC reported that micrometastases in lymph nodes have
no prognostic significance for patients with histologically
node-negative CRC [11–17]. In contrast, recent studies are
increasingly demonstrating that nodal micrometastases are
a significant factor in prognosis [18–23]. Bilchik et al.
showed Targeted nodal methods in CRC provide an
elegant way of performing focused analysis on a limited
number of LNs and thereby improving staging accuracy.
However, the method will continue to be investigational

until the biologic and prognostic role of micrometastases
in CRC is better defined [24].
One reason for the controversy regarding the significance of micrometastases in lymph nodes is the dependence
of their detectability on the histological methods used to
evaluate the nodes. In the majority of studies on CRC
lymph nodes, only a single thin section of each node was
examined for the purpose of finding micrometastases [11–
13, 18, 19]. If a lymph node is examined with only a single
slice, then very severe under sampling occurs, and a
micrometastasis is very likely to be missed. Conversely, if
a lymph node is examined with multiple slices, sampling
improves, and the likelihood of detecting micrometastases
increases as the number of cut sections examined increases.
Noura evaluated the detection rate of micrometastases as
a function of the number of sections used, and showed
that the frequency of micrometastases detected in lymph
nodes increased from 3.8% (33/878) using one slice to
6.3% (55/878) using two slices and to 11.8% (104/878)
using five slices [14]. Sasaki et al. examined occult

Table 3 Characteristics of Micrometastatic Nodes
Node Number

1
2
3
4
5
6
7
8
9
10
11
12
Total
Average per node
Standard Deviation

Length
(mm)

Wide
(mm)

Height
(mm)

Slice
Separation (μm)

Number
of Slices

Number of
Metastatic Slices

Central-slice
Metastases

4.2
5.9
3.4
6.2
8.5
9.6
7.7
14.1
5
3.2
4.6
2

2.7
4.4
4.2
4.9
7.6
7.8
5.4
8.8
4.4
2.7
3.3
2

1.9
3.3
3
4.6
5.3
6.2
4.8
7.3
3.7
2.2
2.1
1.4

50
50
50
50
50
50
50
100
50
50
50
50

4.8
2.2

3.8
1.8

4 (50.0%)
14 (70.0%)
12 (75.0%)
7 (21.9%)
6 (15.8%)
24 (54.5%)
6 (25.0%)
2 (6.3%)
6 (30.0%)
2 (14.3%)
4 (28.6%)
13 (81.3%)
100 (39.4%)
8.3
6.4

Yes
Yes
Yes
No
No
Yes
No
No
No
No
Yes
Yes

6.2
3.3

8
20
16
32
38
44
24
32
20
14
14
16
282
23.5
11.1

840

metastases in lymph nodes in 19 Dukes’ stages A and B
patients by cutting 10 slices, and demonstrated occult
metastases in 90 of 268 nodes (33.6%) [20]. Yasuda et al.
examined micrometastases of lymph node in 42 Dukes’
stage B patients by cutting 5 slices, showing micrometastases in 136 of 1,013 nodes (13.4%) [22]. Messerini
et al. examined micrometastases in the lymph nodes of 42
stage IIA patients by cutting 6 slices on average, and
showed micrometastases in lymph node in 44 of 8,266
nodes (0.5%) [17]. Furthermore, Palma et al. examined
lymph-node micrometastases in 38 Dukes’ stage B
patients by cutting 3 slices, and found micrometastases
in 7 of 383 nodes (1.82%) [15]. In our present study,
micrometastases in lymph nodes from Stage I-IV patients
were detected in 12 of 311 (3.9%) nodes, but half of them
would have been overlooked using a single central slice
for evaluation. (See Table 1.)
A variety of methods are available to detect micrometastases or ITC in lymph nodes such as immunohistochemical (IHC) staining, reverse transcriptasepolymerase chain reaction (RT-PCR), and finely spaced
serial sectioning. Most of previous studies on micrometastases or ITC in lymph nodes have used IHC or RT-PCR
[11–23]. IHC and RT-PCR have been shown to be sensitive
techniques for detecting small clusters of tumor cells in
comparison with traditional H&E staining. Iddings et al.
reviewed multiple studies and found that micrometastases
were identified in 179/566 (32%) of node-negative patients
when IHC was used, and in 64/173 (37%) of node-negative
patients when RT-PCR was used [25]. In our present study,
micrometastases were examined only by H&E staining
using closely spaced serial sections of lymph nodes without
IHC or RT-PCR. Therefore, ITCs and possibly some
micrometastases might have been missed. However, ITCs
are currently considered to be clinically insignificant in
determining prognosis, because ITCs typically do not show
evidence of metastatic activity by proliferation, of induction
of a stromal reaction, or of vascular or lymphatic sinus-wall
invasion [26]. Therefore, we did not use IHC or RT-PCR in
this study. Rather, we examined a much larger number of
slices per node than other studies on lymph nodes of CRC
patients. Ishii et al. investigated the occurrence of micrometastases in 1,028 lymph nodes of 35 gastric-cancer
patients using a total of 24,094 slices (average=23.4 slices
per node) with IHC; this study revealed micrometastases in
only 6 /1,028 (0.6%) of the lymph nodes [27]. In our study,
the total number of CRC nodes examined was 311; the
number of slices examined was 7,943; and the average
number of slices examined per node was 25.5. We detected
metastases in 17.4% (54/311) of our examined nodes, and
we observed lymph-node micrometastases in 10% (9/90) of
the patients and in 3.9% (12/311) of the nodes. (See
Table 1.) While other studies suggest that approximately
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30% of sampled nodes contain metastases, our data may
reflect earlier stages of CRC [31].
In our study, lymph nodes were microscopically examined over their entire volume at 50-μm intervals for smaller
nodes and 100-μm intervals for larger nodes. The number
of slices histologically examined in micrometastatic cases
ranged from 8 to 44 depending on the size of the lymph
node. The rate of micrometastatic slices over all slices in
each node varied from 6.3% to 81.3%. Micrometastases
were present in the central slices of each lymph node in 6 of
12 nodes (50%). This indicated that overlooked micrometastases would have occurred in 50% of micrometastatic
nodes if traditional methods using a single central section
had been performed; these micrometastatic foci would have
been overlooked because of the lateral off-center location of
the foci with respect to the orientation of the sectioning
plane.

Conclusions
In conclusion, we detected metastases in 17.4% of all
lymph nodes and micrometastases in 3.9% of all lymph
nodes by entire-volume serial histological examination. The
detectability of micrometastases depends on the location of
micrometastatic foci in a lymph node and the number and/
or direction of histological slice sectioning. This study
suggested that micrometastases would have been missed by
traditional single-slice sectioning in 50% of micrometastatic
lymph nodes, or 1.9% of all nodes. Considering the clinical
significance of micrometastases in the lymph nodes of CRC
patients, the entire-volume serial histological method would
be advantageous over the traditional single-slice method.
However, a multiple-slice method is extremely time
consuming, and in a realistic clinical setting, it would not
be practical for application to all lymph nodes dissected
from all patients with CRC. In order to identify micrometastases as a routine procedure, a method is needed that
can examine the entire volume of a lymph node rapidly,
e.g., within a few minutes per node. We currently are
investigating quantitative high-frequency ultrasound as a
basis for such a method, and preliminary results have
demonstrated very encouraging results in studies of 83
lymph nodes from CRC patients [28–30].
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