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It's been proposed that hidden lymph node involvement accounts for a substantial
proportion of recurrence and death in apparent stage I and II colon cancer.
This VA pilot study explores the usefulness of the sentinel lymph node technique
of targeted pathologic analysis in a veteran population.

olorectal cancer is the third

most common cancer in

both men and women in the

United States, with an esti-
mated 145,290 new cases expected
to occur this year.! It’s also the sec-
ond leading cause of cancer-related
deaths.! Although about 80% of pa-
tients with colorectal cancers are di-
agnosed at a stage at which all gross
disease can be surgically removed,?
nearly 30% of these patients succumb
to recurrent disease.’

A likely explanation for this high
rate of recurrence is the presence
of microscopic, residual cancer in
draining lymph nodes. Such micro-
metastases often remain undetected
in pathologic specimens stained by
the standard hematoxylin and eosin
(HE) method—but may be picked up
by more advanced techniques, such
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as immunohistochemical staining
(IHC) or polymerase chain reaction
(PCR) testing. Because these tests are
expensive and time consuming, how-
ever, it is not feasible to apply them
to the entire harvest of lymph nodes
recovered with surgical resection.

The sentinel lymph node (SLN)
concept, which uses injection of a
contrast dye to identify representa-
tive lymph nodes, has been well es-
tablished for pathologic staging of
several cancers,*® and investigations
of its use in colorectal cancer staging
have been undertaken recently.>’-1°
In this article, we build on previous
findings by presenting the results of
a pilot study of SLN techniques in a
population of VA patients with colon
cancer. In addition to testing the va-
lidity of the SLN concept for staging
colon cancer in veterans, this study
also aimed to compare the power of
several pathologic tests to detect mi-
crometastases in these representative
lymph nodes.

IMPORTANCE OF LYMPH NODE
INVOLVEMENT

Several studies conducted over the
past decade have presented com-
pelling evidence that adjuvant che-
motherapy, using a 5-fluorouracil
(5-FU)-based regimen, reduces dis-

ease recurrence and improves sur-
vival in patients with American Joint
Committee on Cancer (AJCC) stage
III colon cancer. In 1989, the North
Central Cancer Treatment Group
studied 401 patients with stage II and
I1I colon cancer.!! This study docu-
mented significant overall reductions
in cancer recurrence (P =.003) with a
combination of levamisole and 5-FU,
but there was a survival advantage
only in the stage III subset. These
findings stimulated the large Inter-
group trial of 1,296 patients with re-
sected stage 11 and III colon cancer.?
The results indicated that, in patients
with stage 1II disease, levamisole plus
5-FU reduced the risk of cancer re-
currence by 41% (P < .0001) and
the death rate by 33% (P = .006).>
A consensus panel convened by the
National Institutes of Health in April
1990 recognized these striking find-
ings,'? and a recent study indicates
that survival may be even higher
when irinotecan is added to the chemo-
therapy regimen.!

Since adjuvant therapy is of docu-
mented survival benefit in stage III
but not stage 11 disease, the critical
factor seems to be accurate identi-
fication of lymph node metastases.
Conventional methods of demarcat-
ing this watershed depend on clinical

Continued on page 19
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findings and histologic examination
of HE-stained tissue. Recent studies,
however, indicate that these meth-
ods are inherently imprecise, prone
to sampling error, and nonsensitive.'*
These limitations probably account
for significant understaging of colon
cancer,'” which leads to substantial
recurrence in patients with apparent
stage 11 disease.!*1©

There is a growing realization that
micrometastases in lymph nodes, de-
tectable only by sensitive tests, may
hold the key in determining the clini-
cal outcome (Figure 1). Some authors
conceive of micrometastases as depos-
its measuring less than 2 mm,!” while
others consider this term to be based
on molecular as opposed to morpho-
logic techniques of detection.'® Our
concept of micrometastases was the
presence of cancer deposits not de-
tectable by routine histologic tests.

UNCOVERING OCCULT
METASTASES

Various methods for identifying mi-
crometastases have been described.
These include THC using antibody to
cytokeratin,'>!*2% reverse transcrip-
tase PCR (RT-PCR),!%15:18:21.22 an(d
mutant-allele-specific amplification
(MASA) 2324

RT-PCR techniques have been
based on the detection of messenger
RNA (mRNA) for carcinoembryonic
antigen (CEA), guanylyl cyclase C,
or cytokeratin.!*151821.22 Using the
CEA RT-PCR method, Liefers and
colleagues detected occult metasta-
ses in 54% of patients with stage 11
disease.”! Waldman and colleagues
were able to upstage 33% of patients
with colon cancer that had been clas-
sified under the old Dukes staging
system as stage B (which corresponds
roughly to the AJCC stage II) using
RT-PCR to detect guanylyl cyclase
C.'* A group led by Mori reported an
increase in detection of nodal metas-
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Figure 1. Colon cancer that has spread, in microscopic deposits, to the lymph nodes
adjacent to the draining blood vessels—a condition that is often undetectable by conven-

tional histologic analysis.

tases from 26% to 66% with CEA RT-
PCR.%

In most instances, these findings
correlated with prognosis. Liefers’
group found a significantly lower ad-
justed five-year survival in patients
with micrometastases detected by
PCR assay (P = .02).”! Using the IHC
technique, Greenson and colleagues
noted a poorer prognosis for patients
with Dukes stage B colorectal cancer
whose lymph nodes tested positive
for cytokeratin.?® Using the MASA
technique, Hayashi and colleagues

reported tumor recurrence in 27 of
37 patients with genetically posi-
tive lymph nodes within five years
of surgery, while none of the 34 pa-
tients with MASA-negative nodes
had a recurrence.?* These research-
ers concluded that genetic diagnosis
of lymph node metastasis may be a
useful prognostic factor in colorectal
cancer.”*

THE SLN CONCEPT
The concept of SLN is based on the
premises that lymphatic spread oc-
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curs in orderly progression through
echelons and that a tracer could iden-
tify the few nodes to which the spread
is most direct. These nodes would be
expected to predict the presence or
absence of metastases in the rest of
the lymphatic tree. First envisaged in
penile carcinoma,? the SLN model
has been quite well established in
the staging of breast cancer*> and ma-
lignant melanoma.® While, in those
situations, SLN status helps select cases
for extensive dissection, within the
context of colorectal cancer, this in-
formation is expected to determine
the need for adjuvant therapy.

STUDY DESIGN

In undertaking this pilot study, we
had three main goals: (1) to assess
the technical feasibility of intraopera-
tive identification of SLNs for colon
cancer; (2) to compare the relative ef-
ficacy of IHC, PCR, and standard HE
staining in identifying micrometasta-
ses; and (3) to determine the ability
of SLN techniques to predict the sta-
tus of the entire set of draining lymph
nodes.

We enrolled 26 consecutive adult
patients undergoing resection for
colon cancer at the Sioux Falls VA
Medical Center, Sioux Falls, SD—
following approval from the Univer-
sity of South Dakota Institutional
Review Board and the VA research
department. We excluded patients
with rectal cancers (defined for our
purpose as those located 15 cm
from the anal verge or below) be-
cause these patients usually receive
adjuvant therapy even if their can-
cer is classified as stage II. As such,
detection of micrometastases would
not alter the therapeutic approach
significantly.

In addition to the standard his-
tory and physical examination, we
collected detailed information on
previous allergic reactions to contrast

Figure 2. Intraoperative dye injection to identify sentinel lymph nodes, a technique in
which three 1-mL injections of a 1% buffered sterile aqueous solution of isosulfan blue
are made subserosally at the tumor site, in a circumferential manner, using a tuberculin
syringe.

agents and dyes, in order to minimize
the risk of reaction to intraoperative
injection of isosulfan blue, the dye
used for SLN identification. Isosulfan
blue is FDA approved for delineating
lymphatic vessels. Its only known ad-
verse effect is a weak allergic reaction,
which occurs in 1.5% of patients.?
All patients underwent conven-
tional preoperative workup and
bowel preparation, including: mea-
surement of complete blood count
and levels of serum urea nitrogen,
creatinine, electrolytes, and CEA;
chest X-ray; electrocardiographys;
medical consultation for surgical risk;
computed tomography scan of the
abdomen and pelvis; colonic lavage
with oral polyethylene glycol solu-
tion; and gut sterilization with oral
erythromycin and neomycin.

Surgical procedure and SLN
identification

During the initial surgical explora-
tion (laparotomy), the surgical team

used minimal mobilization in the
mesenteric plane to avoid damage to
lymphatic channels. SLN identifica-
tion was performed through three
1-mL injections of a buffered, ster-
ile, 1% aqueous solution of isosulfan
blue (Figure 2). The injections were
made subserosally at the tumor site,
in a circumferential manner, using a
tuberculin syringe.

After five minutes, the first three
lymph nodes to have turned blue
were tagged with distinctive sutures
and marked SLN 1, SLN 2, and SLN
3. The surgeon then performed a
standard colon resection according
to established oncologic principles.

Pathologic examination

Upon receipt of the specimen in the
histology laboratory, the pathologist
examined the specimen and removed
the three tagged nodes immediately.
These nodes were kept separate and
labeled as described earlier. Each of
these three nodes was cut in half.

Continued on page 23
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One half was sent immediately to
the PCR laboratory on dry ice (see
“Polymerase Chain Reaction Testing
Procedures” at right). The remaining
half was processed according to the
following procedure.

First, the half-node was cut into 3-
to 5-mm sections, which were placed
in separate cassettes and fixed in for-
malin solution. These specimens were
processed overnight and embedded
in paraffin in the usual manner. The
paraffin blocks were then cut on the
microtome into five levels at a thick-
ness of 3 to 5 pm. Levels 1, 3, and 5
were stained with HE. Levels 2 and
4 were placed in a water bath with-
out gelatin on coated slides for im-
munoperoxidase staining, and then
the level 2 section was stained with
pankeratin (AE1/AE3) and the level 4
section was stained with CEA.

The rest of the colonic specimen
was opened, pinned on a board, fixed
overnight in a fat clearing solution,
and dissected in the usual manner.
Other (nonsentinel) lymph nodes
retrieved from the colonic specimen
were stained with HE and then exam-
ined according to standard pathologic
procedures.

Data analysis

In order to compare the ability of
standard HE staining, IHC, and PCR
to identify lymph node micrometasta-
ses, we calculated the negative predic-
tive values (NPV) for each method.
(Because there are, by definition, no
false positive results when testing for
lymph node involvement, the posi-
tive predictive value of all methods
would be 100%.) We also compared
the presence or absence of microme-
tastases in SLNs after PCR or IHC
testing with the status of the other
nodes after HE staining, calculating
the number of cases in which the
SLNs were positive or falsely nega-
tive. These results indicated whether

MICROMETASTASES IN COLON CANCER

Polymerase Chain Reaction
Testing Procedures

EXTRACTION OF RNA AND MESSENGER RNA

Total cellular RNA was extracted from tissues according to the method
of Chomczynski and Sacchi.! Briefly, tissue samples were powdered in
liquid nitrogen; dissolved in a 4-mol/L thiocyanate solution (pH 7) con-
taining 25 mmol/L of sodium citrate, 0.1 mol/L of mercaptoethanol, and
0.5% sarcosyl; and homogenized on ice for five seconds, three times at
full speed using a Polytron rotor-stator homogenizer (Glen Mills, Clifton,
NJ). Next, 2 mol/L of sodium acetate (pH 4) and chloroform/isoamyl
alcohol (ratio, 49:1) were added and mixed on a vortexer after each addi-
tion. The mixture was cooled on ice for 15 minutes and then centrifuged
for 20 minutes at 10,000 times the acceleration of gravity (g). The super-
natant was transferred to a sterile tube, containing an equal volume of ice-
cold isopropanol, and vortexed for 30 seconds. The RNA was allowed to
precipitate at —=80° C for 15 minutes. After centrifugation for 20 minutes
at 10,000 times g and 4 ° C, the RNA pellet was washed by centrifugation
in 75% ethanol, dried in a vacuum concentrator, and dissolved in 200 pL
of Tris-EDTA (pH 5.5). The concentration of the RNA was determined by
optical density measurement. RNA was run on ethidium bromide-stained
agarose to confirm its integrity.

REVERSE TRANSCRIPTASE POLYMERASE CHAIN REACTION
(RT-PCR) TESTING

First strand complementary DNA (cDNA) synthesis was performed by
reverse transcription of RNA from the lymph node. Total RNA was re-
verse transcribed for one hour at 42°C in 20 pL of a mixture of 20 pmol
of oligo (dT) primers, 1XPCR buffer, 3 mmol/L of MgCl,, 0.5 mmol/L of
deoxyribonucleoside triphosphates (ANTPs), 20 U of ribonuclease inhib-
itor, and 200 U of Moloney murine leukemia virus reverse transcriptase,
followed by incubation at 94 ° C for five minutes. The resulting cDNA
was amplified using a specific set (sense and antisense) of oligoprimers
for either carcinoembryonic antigen (CEA) or cytokeratin.

The first strand also was also amplified by PCR of the housekeeping
gene fB-actin under the following conditions: 35 cycles of 94°C for 45
seconds, 60° C for 45 seconds, and 72 ° C for two minutes, followed by a
10-minute final extension at 72 ° C. Products were analyzed on a 2% aga-
rose gel (containing ethidium bromide) and visualized under ultraviolet
light. The PCR-amplified products were confirmed by DNA sequencing
analysis.
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Table 1. Comparison of patients’ lymph node status by method of pathologic analysis*

Analysis of sentinel lymph nodes Analysis of all ymph nodes
PCR? | IHC* PCR + HES
Lymph node status alone | alone IHC alone Any method All methods
Positive 8 5 10 5 11
Negative 18 21 16 21 15

and eosin staining.

*Total number of patients = 26. TPCR = polymerase chain reaction testing. ¥lHC = immunohistochemical staining. SHE = hematoxylin

the SLN status is reliable as an indica-
tor of the metastatic status of the rest
of the lymphatic basin.

SUCCESS WITH SLN

In all 26 cases, the surgeon was able
to visualize and tag the first three
nodes that turned blue. The feasibil-
ity of intraoperative identification of
SLNs for colon cancer, therefore, was
100%.

A total of 11 patients had at least
one lymph node (sentinel or nonsen-
tinel) that tested positive for cancer
cells by any method of pathologic
analysis. In the remaining 15 patients,
all lymph nodes tested negative by all
methods.

When comparing the various
methods of SLN analysis, we found
that the combination of PCR and IHC
yielded the most accurate results,
detecting 10 of the 11 patients with
positive lymph nodes (Table 1). PCR
alone identified eight positive pa-
tients, while IHC and HE each found
only five. The NPVs ranged from a
high of 93.7% for PCR plus IHC to
a low of 71.4% for either IHC or HE
alone (Table 2).

Of the 11 patients with positive
lymph nodes by any method, one
had negative SLNs—meaning that
the false-negative rate for SLN evalu-
ation was 3.8% (Table 3). For the rest
of the sample (96.2%), the SLN status

appeared to reflect the status of the
nodal basin.

In five patients, SLN evaluation
yielded positive results while non-
SLN evaluation revealed no metas-
tases. Therefore, these five patients
(19.2% of the total sample) would
have been understaged without the
use of SLN testing (Table 4). Despite
this noticeable trend toward an ad-
vantage for SLN study over conven-
tional analysis, the difference fell just
short of statistical significance (P =
.063 by Fischers exact test). This was
most likely due to the small sample
size.

PUTTING THE RESULTS IN
CONTEXT

In a landmark 2000 publication, Saha
and colleagues first described the
technical details of SLN biopsy for
colorectal cancer.’> They established
that the procedure was technically
feasible and described an accuracy
of more than 95% in their series of
86 patients. In our veteran sample,
we also found SLN identification to
be highly feasible and to provide a
useful representative sample for the
entire nodal basin in the vast majority
of cases (over 96%).

Tsioulias and colleagues performed
lymphatic mapping in 65 patients
with gastrointestinal neoplasms and
analyzed SLNs by HE staining, multi-

ple sectioning, and cytokeratin-based
IHC.” They found that the tumor sta-
tus of the SLNs accurately predicted
the tumor status of the locoregional
lymph nodes in 95% of cases. In 89%
of the cases, negative SLNs accurately
predicted the absence of tumor me-
tastases in all other regional lymph
nodes. The false-negative rate, ex-
cluding rectal tumors, was 4%. Of
their 50 large bowel cancer cases,
they found that 20% could be up-
staged by this technique. Our pilot
study yielded similar rates of false-
negative results (3.8%) and upstaging
opportunities (19.2%).

Table 2. Relative efficacy

of pathologic methods in
identifying micrometastases

Negative

predictive
Method value (%)
PCR* alone 83.3
IHCT alone 71.4
PCR + IHC 93.7
HE* alone 71.4
PCR + HE 93.7
*PCR = polymerase chain reaction
testing. 11HC = immunohistochemical
staining. *HE = hematoxylin and eosin
staining.

24 - FEDERAL PRACTITIONER - DECEMBER 2005



Wiese and colleagues reported a
series of 83 patients with colorec-
tal carcinoma for whom the SLN
identification rate was 99%.% In this
study, designated SLNs were sec-
tioned at 10 levels through the block,
and cytokeratin immunostaining
(AE1) was performed. The authors
concluded that focused pathologic
evaluation of SLNs improved patho-
logic staging.

Other researchers, however, have
had less favorable results. Although
Cserni and colleagues reported suc-
cessful lymphatic mapping in 96%
of their colorectal cancer cases, they
encountered a relatively high false-
negative rate (38%) and were un-
able to find any staging advantage
with this technique.’ In a series of 50
patients, Joosten and colleagues
were able to identify SLNs in only
70%, with a false-negative rate of
60%—even using IHC.!° Chin and
colleagues sounded a word of cau-
tion in their case report of a patient
with appendiceal carcinoid whose
SLN status was falsely negative for
malignancy.®’

In comparing techniques for de-
tecting micrometastases in the rep-
resentative lymph nodes identified
through the SLN procedure, we
found that the addition of PCR im-
proves the accuracy of detection of
nodal metastases over conventional
staining techniques. IHC alone was
comparable to traditional HE stain-
ing, whereas PCR combined with ei-
ther THC or HE improved the NPV
substantially.

STUDY LIMITATIONS

This study had several limitations, the
most notable of which was its small
sample size, which probably accounts
for the lack of statistical significance
of the findings. In addition, PCR de-
tection of appropriate antigenic moi-
ety may not be specific for neoplastic

MICROMETASTASES IN COLON CANCER

Table 3. Ability of sentinel lymph node (SLN) status to

predict the status of the entire set of draining nodes

Total no. of patients 26
No. of patients in whom SLNs were positive by

any method 10
No. of patients in whom SLNs were positive by

any method but non-SLNs were negative 5
No. of patients in whom SLNs were negative by

all methods but non-SLNs were positive 1
False-negative rate 3.8%

Table 4. Ability of detailed study of sentinel lymph nodes

(SLNs) to upstage nodal status for cancer spread

Total no. of patients 26
No. of patients in whom SLNs were positive by

any method 10
No. of patients in whom SLNs were positive by

any method but non-SLNs were negative 5
% of patients upstaged due to focused

examination of SLNs 19.2

disease. Furthermore, since half of
each node underwent PCR testing
and the other half underwent THC
staining, there is a possibility that one
half actually might have been free of
metastases while the other had ma-
lignant deposits. Such an occurrence,
though expected to be rare, would
introduce an error in assessment of
relative efficacies of the two meth-
ods. Niemann and colleagues have
studied the issue of analysis of half
versus whole nodes in detail.”® They
found that, in a sample of 149 pa-
tients, submitting the entire lymph
node identified metastases in seven
additional patients—at an estimated
cost of $5,936.

Finally, while most authors have
demonstrated a positive correlation
between micrometastases and clini-
cal outcome, the prognostic value

of micrometastases is not firmly es-
tablished. Jeffers and colleagues, for
example, found no difference in 10-
year survival rates between patients
with micrometastases and those with-
out.” When Cutait and colleagues
analyzed 603 lymph nodes from 46
lesions stained by the peroxidase-
antiperoxidase technique, they found
no impact of micrometastases on five-
year survival.>® And Adell’s group
from Sweden used cytokeratin-based
IHC and were unable to find any dif-
ference in outcome between the two
groups.'’

A STEP FORWARD

The results of this pilot study sug-
gest the validity and feasibility of the
SLN principle for staging colon can-
cer in a veteran population. In our
sample, it was possible to apply ad-
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vanced tests to a few selected lymph
nodes for more accurate detection
of metastases, a process that can be
termed “ultrastaging.” In spite of
these encouraging findings, however,
statistical significance could not be
achieved—most likely due to the
small sample size.

Since colon cancer disproportion-
ately affects geriatric patients, the po-
tential positive impact of improved
colon cancer staging on survival and
health care costs is significant for the
predominantly older population of
veterans treated in the VA health care
system. Because it was conducted in
a veteran sample, our study findings
begin to shed some light on the appli-
cability of the SLN concepts to the VA
patient population with colon cancer
and suggest a detailed protocol that
may be feasible in a community vet-
erans hospital. Assuming that larger
studies validate our findings, this pro-
tocol has the potential to enhance de-
tection of node-positive disease that
otherwise might go undiscovered and
to facilitate appropriate management
of these cases. [ ]

The opinions expressed herein are those
of the authors and do not necessarily
reflect those of Federal Practitioner,
Quadrant HealthCom Inc., the U.S.
government, or any of its agencies.
This article may discuss unlabeled or
investigational use of certain drugs.
Please review complete prescribing in-
formation for specific drugs or drug
combinations—including indications,
contraindications, warnings, and ad-
verse effects—Dbefore administering
pharmacologic therapy to patients.

REFERENCES

1. Jemal A, Murray T, Ward E, et al. Cancer statistics,
2005 [published correction appears in CA Cancer J
Clin. 2005;55:259]. CA Cancer ] Clin. 2005;55:10—
30.

2. Moertel CG, Fleming TR, Macdonald JS, et al.
Levamisole and fluorouracil for adjuvant ther-
apy of resected colon carcinoma. N Engl J Med.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

1990;322:352-358.

Saha S, Wiese D, Badin J, et al. Technical details
of sentinel lymph node mapping in colorectal
cancer and its impact on staging. Ann Surg Oncol.
2000;7:120-124.

Giuliano AE, Kirgan DM, Guenther JM, Morton
DL. Lymphatic mapping and sentinel lymphade-
nectomy for breast cancer. Ann Surg. 1994;220:391—
3098; discussion 398-401.

Krag DN. The sentinel node for staging breast can-
cer: Current review. Breast Cancer. 1999;6:233-236.
Morton DL, Wen DR, Wong JH, et al. Technical de-
tails of intraoperative lymphatic mapping for early
stage melanoma. Arch Surg. 1992;127:392-399.
Tsioulias GJ, Wood TE Morton DL, Bilchik AJ.
Lymphatic mapping and focused analysis of sen-
tinel lymph nodes upstage gastrointestinal neo-
plasms. Arch Surg. 2000;135:926-932.

Wiese DA, Saha S, Badin J, et al. Pathologic evalu-
ation of sentinel lymph nodes in colorectal carci-
noma. Arch Pathol Lab Med. 2000;124:1759-1763.
Cserni G, Vajda K, Tarjan M, Bori R, Svebis M,
Baltas B. Nodal staging of colorectal carcinomas
from quantitative and qualitative aspects. Can lym-
phatic mapping help staging? Pathol Oncol Res.
1999;5:291-296.

Joosten JJ, Strobbe LJ, Wauters CA, Pruszczynski
M, Wobbes T, Ruers T]J. Intraoperative lymphatic
mapping and the sentinel node concept in colorec-
tal carcinoma. Br J Surg. 1999;86:482-486.

Laurie JA, Moertel CG, Fleming TR, et al. Surgi-
cal adjuvant therapy of large-bowel carcinoma: An
evaluation of levamisole and the combination of
levamisole and fluorouracil. The North Central
Cancer Treatment Group and the Mayo Clinic. |
Clin Oncol. 1989;7:1447-1456.

NIH consensus conference. Adjuvant therapy
for patients with colon and rectal cancer. JAMA.
1990;264:1444-1450.

Saltz LB, Cox JV, Blanke C, et al. Irinotecan plus
fluorouracil and leucovorin for metastatic colorec-
tal cancer. Irinotecan Study Group. New Eng | Med
2000;343:905-914.

Waldman SA, Cagir B, Rakinic J, et al. Use of gua-
nylyl cyclase C for detecting micrometastases in
lymph nodes of patients with colon cancer. Dis
Colon Rectum. 1998;41:310-315.

Ota DM. Is intraoperative lymph node mapping
and sentinel lymph node biopsy for colorectal car-
cinoma necessary? Ann Surg Oncol. 2000;7:82-84.
Rubio CA, Emas S, Nylander G. A critical reap-
praisal of Dukes’ classification. Surg Gynecol Obstet.
1977;145:682-684.

Kell MR, Winter DC, O’Sullivan GC, Shanahan
E Redmond HP. Biological behaviour and clini-
cal implications of micrometastases. Br ] Surg.
2000;87:1629-1639.

Calaluce R, Miedema BW, Yesus YW. Micrometasta-
sis in colorectal carcinoma: A review. J Surg Oncol.
1998;67:194-202.

Adell G, Boeryd B, Franlund B, Sjodahl R, Hakans-
son L. Occurrence and prognostic importance of
micrometastases in regional lymph nodes in Dukes’
B colorectal carcinoma: An immunohistochemical
study. Eur ] Surg. 1996;162:637—642.

Greenson JK, Isenhart CE, Rice R, Mojzisik C,
Houchens D, Martin EW Jr. Identification of occult
micrometastases in pericolic lymph nodes of Duke’s
B colorectal cancer patients using monoclonal anti-
bodies against cytokeratin and CC49. Correlation
with long-term survival. Cancer. 1994;73:563-569.
Liefers GJ, Cleton-Jansen AM, van de Velde CJ, et
al. Micrometastases and survival in stage 1I colorec-
tal cancer. N Engl ] Med. 1998;339:223-228.

Mori M, Mimori K, Inoue H, et al. Detection of

23.

24.

25.

26.

27.

28.

29.

30.

cancer micrometastases in lymph nodes by reverse
transcriptase-polymerase chain reaction. Cancer
Res. 1995;55:3417-3420.

Nakamori S, Kameyama M, Furukawa H, et al.
Genetic detection of colorectal cancer cells in
circulation and lymph nodes. Dis Colon Rectum.
1997;40(suppl 10):529-S36.

Hayashi N, Ito I, Yanagisawa A, et al. Genetic diag-
nosis of lymph-node metastasis in colorectal cancer.
Lancet. 1995;345:1257-1259.

Cabanas RM. An approach for the treatment of
penile carcinoma. Cancer. 1977;39:456-466.
Lymphazurin [package insert]. Norwalk, CT:
United States Surgical; 2005.

Chin PL, Medeiros ], Schwarz RE. Use of the senti-
nel lymph node to determine metastases of gastro-
intestinal malignancies: A word of caution. ] Surg
Oncol. 1999;71:239-242.

Niemann TH, Yilmaz AG, Marsh WL Jr, Lucas ]JG.
A half a node or a whole node: A comparison of
methods for submitting lymph nodes. Am J Clin
Pathol. 1998;109:571-576.

Jeffers MD, O'Dowd GM, Mulcahy H, Stagg M,
O’Donoghue DP, Toner M. The prognostic signifi-
cance of immunohistochemically detected lymph
node micrometastases in colorectal carcinoma. |
Pathol. 1994;172:183-187.

Cutait R, Alves VA, Lopes LC, et al. Restaging of
colorectal cancer based on the identification of
lymph node micrometastases through immunoper-
oxidase staining of CEA and cytokeratins. Dis Colon
Rectum. 1991;34:917-920.

26 - FEDERAL PRACTITIONER - DECEMBER 2005





