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Clinical Relevance of Nonvisualized Sentinel Lymph Nodesin
Unselected Breast Cancer Patientsduring Lymphoscintigraphy
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Sentinel lymph node (SLN) biopsy in breast cancer is an effective technique
with a high degree of accuracy and low false-negative rate to replace axillary
lymph node dissection (ALND). This study analyzed the major clinicopatho-
logical factors associated with nonvisualized sentinel nodes during preopera-
tive lymphoscintigraphy.

Breast cancer patients who underwent preoperative lymphoscintigraphy and
sentinel node biopsy between 2000 and 2003 were retrospectively reviewed.
Sentinel node biopsy was performed with a two-day protocol. On day one, a
filtered (45 « m Millipore) technetium-99m sulfur colloid isotope with a
mean radioactive dose of 37 MBq (1 mCi) in a diluted volume of 1 ml was
injected subdermally just above the primary breast tumor site. Serial dynam-
ic images were taken with a high-resolution collimator and a static image
was acquired after the SLN was identified. No hot spot identified two hours
after injection was classified as nonvisualization unless lymphatic drainage
channels were viewed by the lymphoscintigraphy and a prolonged two hour
scan was obtained. Sentinel nodes were harvested on day two. The cases
with nonvisualized sentinel nodes were analyzed according to clinical
histopathol ogic parameters to determine the clinical significance.

A total of two hundred thirty-two breast cancer patients were enrolled in this
study. Twenty-four of these cases presented with advanced breast cancer
prior to neoadjuvant chemotherapy. The sentinel node was nonvisualized in
twenty-seven of two hundred thrity-two cases (11.6%). Tumor size (p =
0.025) and lymph node metastasis (p = 0.001) were two factors associated
with nonvisualized sentinel node in univariate analysis. Multivariate logistic
regression analysis showed that more than three nodes (p = 0.001) and more
than ten nodes (p = 0.001) metastasis were independent factors associated
with nonvisualized sentinel node.

Patients with more than three axillary nodes metastasis is an independent
factor associated with nonvisualized sentinel node during lymphoscintigra:
phy.

(Chang Gung Med J 2005; 28: 378-86)
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rgical treatment of breast cancer comprises

esection of primary tumors and axillary lymph
node dissections. Breast surgery has recently become
increasingly conservative moving away from modi-
fied radical mastectomy toward more conservative
treatments. However, there is to date no non-invasive
procedure to replace axillary dissection in the predic-
tion of breast cancer prognosis, and axillary dissec-
tion has remained the standard treatment of breast
cancer. A limited axillary dissection, such as axillary
sampling, may engender a high-risk of axillary
understaging.“? The increased use of mammograms
in breast cancer screening has resulted in a decrease
in the detected size of breast cancers. More than 50%
to 70% of breast cancer patients are now tumor free
in the axillary node. The routine use of axillary node
dissection produces unnecessary morbidity in node-
negative breast cancer patients and holds no direct
benefit for the patients. Since the first report of a sen-
tinel node biopsy in breast cancer by Krag et al. who
used technetium-labeled sulfur colloid, SLN biopsy
has proved to be effective and highly accurate with a
low false-negative rate.® Only SLN biopsy without a
backup ALND in SLN negative breast cancer
patients is being increasingly used by numerous sur-
geons. Naik et al, who studied four thousand and
eight randomized procedures with a median follow-
up of thirty-one months, demonstrated that the risk
of axillary relapse was comparable in SLN biopsy
groups and axillary dissection groups.®” The SLN
biopsy is predicted to replace ALND as the preferred
technique for accessing the regional nodes in all
operable, clinically node-negative breast cancer
patients. A preoperative SLN identification is the
first step in a SLN biopsy and the principal factor of
a successful SLN biopsy. Patients with a nonvisual-
ized SLN should undergo total ALND even in node-
negative cases. The mgjority of surgeons who per-
form SLN biopsy encounter the problem of nonvisu-
alization of SLN in the lymphoscintigraphy. The
clinicopathologic factors in unselected breast cancer
patients related to nonvisualized lymphoscintigraphy
were retrospectively analyzed in this study.

METHODS

Pathologically proven breast cancer patients
who have undergone radical surgery, being either
conservative surgery or modified radical mastecto-
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my, and undergone preoperative lymphoscintigraphy
were retrospectively reviewed. Patient data from
Chang Gung Memorial Hospital covered the period
from Sept. 2000 to Dec. 2003. The patients enrolled
in this study had detailed clinopathologic data,
including age, tumor size, biopsy method, tumor
location, histologic findings, estrogen receptor (ER),
progesterone receptor (PR), Her-2 and accurate
pathological staging. Patients with advanced breast
cancer or distant metastasis and with complete or
partial response after neoadjuvant chemotherapy, and
could undergo radical surgery were also included.
The clinical staging and tumor sizes were recorded
according to tumor status when performing the lym-
phoscintigraphy on neoadjuvant patients. All patients
underwent total or standard axillary dissection after
SLN removal. Only intraductal carcinoma patients
underwent a limited axillary dissection or SLN biop-
sy only.

The SLN biopsy was performed with a two-day
protocol. Lymphoscintigraphy was performed on day
one and SLNs were harvested on day two. In the
afternoon of day one, filtered (45 xm Millipore)
technetium-99m sulfur colloid in a mean radioactive
dose of 37 MBq (1 mCi) in adiluted volume of 1 ml
was injected subdermally just above the primary
breast tumor site. In non-palpable breast cancers, the
injection sites were located in the same quadrant as
close to the tumor as possible. In patients who had
their tumors excised, the injections were adminis-
tered at four points surrounding all four sides of the
scar and at 0.5 cm distances from it. Serial dynamic
images (fifteen minutes between frames for two
hours) were taken with a high-resolution collimator,
a static image was acquired in afifteen degrees right
or left anterior-oblique view after a SLN was identi-
fied. The first hot spots, viewed by lymphoscintigra-
phy, to arise from the primary tumor, after the radio-
tracer injection, was regarded as a SLN. Different
hot spots arising from the primary tumor via differ-
ent lymphatic pathways were recorded as different
SLNs. No hot spot detection at two hours after the
injection was classified as a nonvisualized SLN,
except that when a lymphatic drainage channel was
detected at two hours, a delayed image could be
obtained at four hours after the injection. No lym-
phatic drainage channel at two hours and no hot spot
at four hours after the injection were classified as
nonvisualized SLNs.



In the morning of day two, patients underwent
either modified radical mastectomy or partial mas-
tectomy, the SLNs were harvested with the aid of a
handhold gamma probe (Navigator GPS®, Norwalk
Conn, USA) followed with a backup ALND. Extra-
axillary SLNs detected by lymphoscintigraphy were
also excised. The SLN identification rate was
defined as the proportion of patients in whom a SLN
was identified by lymphoscitigraphy and excised by
surgeons. Sentinel node locations and numbers were
first determined by nuclear medicine physicians and
marked on the skin according to Mortan's defini-
tion.® Dynamic lymphoscintigraphy was reviewed if
more than one SLN was identified or if patients had
any intraoperative anatomic problems.

The SLNs were formalin-fixed, bisected, paraf-
fin-embedded, and cut in ten serial sections: five sec-
tions were stained with hematoxylin-eosin (H& E)
and five with immunohistochemical staining (IHC)
for cytokeratin. An SLN was considered positive if
cancer cellswereidentified by H& E or IHC staining.

Univariate analyses were performed to deter-
mine the correlation between variable factors of SLN
identification. A multiple forward stepwise logistic
regression model was then employed to analyze all
variablesin univariate analysis.

The Pearson chi-square and the Fisher exact test
were used to compare the differences in numbers of
SLN identified, identification rate, and accuracy
rates according to patient characteristics including
age, biopsy method, tumor location, tumor size, and
tumor pathology. The identification rate of SLN was
defined as a successful SLN identification via lym-
phoscintigraphy and the following SLN harvest. The
accuracy rate of SLN was defined as the percentage
of the total number of procedures without false-nega-
tive SLN biopsy divided by the total procedures per-
formed. The false-negative rate was defined as the
percentage of the number of procedures with a nega-
tive SLN divided by the procedures with positive
axillary nodes.

RESULTS

A total of two hundred thirty-two breast cancer
patients were enrolled in this study from Sep 2000 to
Dec 2003. Thirty patients were diagnosed with
advanced breast cancer. Twenty-two of these thirty
patients had locally advanced breast cancer and had
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undergone neoadjuvant chemotherapy. Two of the
thirty patients presented with neck lymph node
metastasis before neoadjuvant chemotherapy. Six of
these thiryty cases showed small breast tumors with
more than three axillary node metastasis after perma-
nent pathologic report. Table 1 presents patient char-
acteristics and univariate analysis results for visual-
ized versus nonvisualized groups. The SLNs were
nonvisualized in twenty-seven (11.6%) of the two
hundred thirty-two cases and visualized in two hun-
dred five (88.4%) cases. There was no significant
statistical difference between the groups with an age
range of twenty-six to eighty-five years (mean age,
forty-nine years) and the visualized group with an
age range of thirty to eighty-six years (mean age,
fifty-two years). The identification rate for patients
aged fifty and older was low and close to statistically
significant (p = 0.059). Table 1 showed that there
was no statistical difference between visualized and
nonvisualized groups for factors of age, tumor histol-
ogy, tumor grading, ER, PR, Her-2, neoadjuvant
chemotherapy, preoperative biopsy method, or tumor
location. Most diagnostic procedures in this study
were echo-guided core biopsies (two hundred twenty
patients, 94.8%), which could preserve intact tumor
structure, performed about two weeks before lym-
phoscintigraphy. There were no nonvisualized cases
with intraductal carcinomas and subareolar tumor
locations.

Only tumor size (p = 0.025) and lymph node
status (p = 0.001), both statistically significant in
univariate analysis, were associated with reduced
SLN identification rate (Table 1). In the nonvisual-
ized SLN group, 70.4% of tumors sized more than
two cm. In contrast, only 43.1% of tumors sized
more than 2 cm in the visualized group. Patients with
axillary node metastasis revealed a significantly
lower SLN identification rate in the nonvisualized
group than in the visualized group (36.6% vs.
70.4%). If the axillary nodal status was further divid-
ed into four categories for univariate analysis; nega-
tive, one to three nodes metastases, four to nine
nodes metastases, and more than nine nodes metas-
tases, groups with more than three axillary nodes
involvement had a significantly lower identification
rate in the nonvisualized group (p = 0.0001) (Table
2). The subsequent multivariate logistic regression
analysis, enrolled the following parameters; age,
tumor size, lymph node status, showed that only
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Table 1. Patient Characteristics of Visualized and Nonvisualized
Sentinel Lymph Nodes in Breast Cancer

Table 2. Lymph Node Status of Visualized and Nonvisualized Sentinel
Nodesin Breast Cancer

Visualized (%) Nonvisualized (%)

Patient characteristics N=205(884) N=27(1L6) p vaue*
Age

=50yrs 131 (63.9) 12 (44.4)

>50yrs 74(36.1) 15 (55.6) 0.059
Biopsy method

Pre-excision 10 (4.9) 2(7.4)

Core-hiopsy 195 (95.1) 25(92.6) 0.636
Tumor location

Medial 70(34.1) 5(18.5)

Lateral 128 (62.4) 22 (81.5)

Subareola 7(34) 0(0) 0.131
Tumor size

<lcm 40 (19.5) 3(7.4)

>1, =2cm 77(37.6) 6(22.2)

>2cm 88(43.1) 19(70.4) 0.025
Lymph node status

Negative 130 (63.4) 8(29.6)

Positive 75 (36.6) 19 (70.4) 0.001
Mean age 49 +12 52 +13 0.158
Histology

Intraductal carcinoma 25(12.2) 0(0)

Invasive ductal carcinoma 139 (67.8) 23(85.2)

Others 41(20.0) 4(14.8) 0.098
Tumor grade

Crade 1 21(16.2) 3(143)

Grade 2 58 (44.6) 12(57.1)

Grade 3 51(39.2) 6 (28.6) 0.550
Estrogen receptor

Positive 97 (48.7) 12 (46.2)

Negative 102 (51.3) 14 (53.8) 0.804
Progesterone receptor

Positive 81 (40.7) 12 (46.2)

Negative 118 (59.3) 14 (53.8) 0.596
Her-2

Negative or weak positive 122 (67.4) 15(57.7)

Strong positive 59 (32.6) 11 (42.3) 0.328
Neoadjuvant chemotherapy

Yes 20(9.8) 4(14.8)

No 185 (90.2) 23(85.2) 0.497

* By chi-square or Fisher exact test.

more than three lymph node involvement groups
were independent factors associated with alow iden-
tification rate (Table 3).

DISCUSSION

There are several techniques applied for breast
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Lymph node status Visualized (%) Nonvisudized (%) pvalue*
Negative 130 (63.4) 8(27.6)
1 to 3 nodes positive 54 (26.3) 6(22.2)
410 9 nodes positive 9(4.4) 5(18.5)
More than 9 positive 12 (5.9) 8(29.6) 0.0001

* By chi-square or Fisher exact test.

Table 3. Multiple Forward Stepwise Logistic Regression Analysis of
Visualized and Nonvisualized Sentinel Nodes in Breast Cancer

Odds ratio .

Lymph node status (95% CI*) p vaue
1to 3 positive nodes/ negative node 178 (0.57-5.56)  0.322
4 to 9 positive nodes/ negative node 8.55(2.26-32.26) 0.001

More than 9 positive nodes/ negative node  10.31 (3.17-33.33)  0.001

* Confidence interval
1 Logistic regression anaysis

cancer lymphatic mapping, including blue dye injec-
tion, intra-tumoral or peri-tumoral radioisotope injec-
tion methods, and dermal or subdermal radioisotope
injection methods. The advantage of methods
employing radioactive isotopes is their ability to
identify the lymphatic channels and differentiate
between the first and subsequent drainage lymph
nodes, to differentiate between different pathways or
the same pathway of a lymph node, and to localize.
Of these methods, the blue dye method was first
employed for melanoma and breast cancer, its identi-
fication rate in breast cancer was about 66-99%.©
The limitations of the blue dye method include the
following: poor visibility of internal mammary
lymph nodes; risk of tumor spreading when the pri-
mary tumor is massaged after blue dye injection;
without a dynamic picture the lymphatic drainage
channel is not visible; and risk of allergic reaction
after injections. A multi-institutional study by
McMasters et a demonstrated that lymphatic map-
ping with blue dye alone may correlate with a low
identification rate if it is not combined with a
radioactive method.™ Radioactive mapping methods
were then employed and were well accepted by most
surgeons. The intra-tumoral or peri-tumoral radioiso-
tope injection method was first employed by
Verones et a.®® This technique captures on film a



clear lymphatic drainage channel and a deep injec-
tion into the breast tissue can also facilitate identifi-
cation of Rotter’s nodes and internal mammary
lymph nodes. Combined with the blue dye method,
an identification rate of 91-99% was achieved.®21+19
Subdermal or dermal injection lymphoscintigraphy is
the most effective approach based on its rapid SLN
detection, injection simplicity and a higher identifi-
cation rate than that of the peritumoral injection
method.®+1 Dermal and subdermal injections of
radiotracer are both feasible as both are of the same
embryonic origin with underlying breast tissue; how-
ever, the dermal approach may be more sensitive
than the subdermal.® Numerous studies showed that
dermal, subdermal or subareolar approaches could
improve SLN identification rates and decrease the
false-negative rates. 12 A mgjor limitation of the
subdermal approach is its low internal mammary
SLN detection rate as internal mammary nodes are
deeply located, separated by pectoralis fascia, and
arise from retromammary |ymphatics.®©2)
Radioactive methods have been combined with the
blue dye method to increase SLN identification rates
and to reduce false-negative rates in some studies.
For general SLN mapping, radioactive lym-
phoscintigraphy combined with a dermal or subder-
mal injection method is the preferred choice based
on its simplicity for nuclear medicine physicians,
rapid hot spot identification, and a higher radioactive
count compared with the peritumoral method in
SLNs for surgeons to harvest. This study of nonvisu-
alized SLNs in breast cancer identified by lym-
phoscintigraphy includes all breast cancer patients
and was not limited to early breast cancer.
Consequently, an 88.4% SLN identification rate was
identified in this study.

Radioactive particle size can aso influence SLN
visualization rates. Large particles slow down the
movement of radiotracers in lymphatic channels and
small particles will pass through the true SLN and
cause false-negative SLN harvests.® Mariani et a
investigated different particle sizes of radiotracer and
suggested that a 100-200 nm size range would be
ideal.?» However, Paganelli et a examined three dif-
ferent colloid radiotracers with particle sizes ranging
from less than 50 nm to 1000 nm which were inject-
ed subdermally or peri-tumorally. They found that a
large particle size resulted in easier SLN detection.®
This study employed radioactive particles passed
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through a 45 ¢ m Millipore filter and achieved an
acceptable identification rate (94.3%) and false-neg-
ative rate (6.3%) in early breast cancer patients.

There are numerous factors that are potentially
associated with nonvisualized lymphoscintigraphy.
Patients older than fifty tend to have more nonvisual -
ized SLNs with either blue dye, the radioisotope
method or subdermal, peritumor injection methods.
w-2192426 M cMasters et al. reveded that patient age
could affect identification rates in univariate and
multivariate analyses.®® This study identified some
relationships between unsuccessful SLN lymphatic
mapping in ages older than fifty years (p = 0.059).
However, Krausz et al. demonstrated that age did not
have significant impact on nonvisualized SLN detec-
tion.®” The reasons for the age effect remained not
clear and were still under investigation. Krag et al.
explained that lymph nodes may undergo fat degen-
eration decreasing the node’s capacity to retain the
radioactive colloid in aged patients.*? Sandrucci et
al. demonstrated that lymphatic flow was relatively
slower in aged breast parenchyma.®® Uren et al.
described the physiology of lymphatic flow and
noted that lymph nodes are not passive mechanical
filters and that radiocolloids were trapped and
retained in SLNs by an active physiologic process.
They suggested that radioactive colloid should be
firstly recognized as a foreign body and phagocy-
tosed by macrophages or histiocytes within the
lymph node.® The impact of age in patients on the
nodal physiologic function, such as recognization
and phagocytosis, requires further exploration and
investigation.

The data supporting an association between
tumor location and nonvisualized lymphoscintigra-
phy has been inconsistent. Various previous reports
including the data in this study have shown that
tumor location was not associated with failure to
identify SLNs, and that amost all SLNs were located
in axilla irrespective of tumor location.®2:29
However, some reports indicated that medial located
tumors were associated with significantly high non-
visualized SLN.®%2 A possible explanation for the
high nonvisualized SLN in medial located tumors
was the masking effect by the strong isotope signal
on films of lymphoscintigraphy following the radio-
tracer injection in medial located primary tumors,
particularly when lymphatic drainage flows toward
internal mammary nodes. A radioactive peri-tumoral
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injection method requires a higher isotope dose than
the dermal or subdermal method and renders a mask-
ing effect with nonvisualized SLNSs.

Krausz et a. studied seventy-four breast cancer
patients with a peri-tumor injection of filtered sulfur
colloid lymphoscintigraphy and univariate analysis
demonstrated that tumor grade was the only factor
that correlated with twenty-one nonvisualized
SLNs.@ This finding was neither apparent in this
study nor any other. Tumor grade may be correlated
with high degrees of lymphatic metastasis and indi-
rectly correlated with nonvisualization. The impact
of prior excision or excisional biopsy related to SLN
identification is still controversial. Some reports
showed a low identification rate in prior excision
groups.®>® However, other reports, including this
study, did not reveal any differences in groups
between prior excision and core-biopsy
groups.®@273) A |arge excision or destruction areain
dermal or breast parenchyma as a result of prior exci-
sion can disrupt lymphatic drainage and impair the
SLN identification, especially in aged patients, or
using intraparenchymal injection method. Excision
followed with the intraparenchymal method has been
shown to produce more nonvisualized SLNs because
of the risk of intracavity injection or significantly
large hematoma formation following excision.®2

In univariate analysis, tumor size, especially
larger than two cm, axillary lymph node metastasis,
and tumor stage were significantly correlated with
nonvisualized SLNs. However, in some reports,
tumor size was not correlated with SLN identifica-
tion.®%2) This study demonstrated that tumor size
did not affect SLN identification in clinical node-
negative early breast cancer (data not shown). It is
well known that large tumors correlate with a high
rate of lymph node metastasis in breast cancer. Large
tumors may have diverse lymphatic drainage path-
ways and increased lymph node metastasis. Distal
obstruction caused by metastatic cells within lymph
nodes or lymphatic channels may change the direc-
tion of lymphatic drainage or even nonvisualization
of lymphoscintigraphy. The frequency of internal
mammary lymph node metastasis correlated with
high rates of axillary node metastasis could explain
the correlation between the nonvisualization rate and
the number of axillary nodal metastasis.®? Borgstein
et al described an increased internal mammary
drainage of SLNs if multiple axillary nodes were
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involved as aresult of normal axillary drainage chan-
nels being obstructed by tumors.©® However,
Bedrosian et a, showed that large tumors (=2 cm,
=5 cm) with 59% lymph node involvement had a
99% identification rate and 2 % false-negative rate.*

In this study, axillary lymph node status is sig-
nificantly correlated with visualized or nonvisualized
SLNs. There were more cases with axillary node
metastasis in the nonvisualized group than in the
visualized group (70.4% vs. 36.8%); univariate
analysis identified a significant difference (p =
0.001). Additionally, axillary lymph node involve-
ment or noninvolvement was also significantly dif-
ferent in the specified groups of the multivariate
analysis (p = 0.033, odds ratio of lymph node posi-
tive/negative = 2.76, 95% confidence interval =
1.084-7.040). It is generally accepted that if the
lymph node or the drainage pathway was obstructed
by tumor cells, lymphatic drainage may follow a
minor pathway.®” To analyze the relationship
between the number of the axillary node metastases
and the SLN visualization rate, axillary nodes were
divided into three categories, one to three, four to
nine, and more than nine nodes involvement accord-
ing to the 2002 American Joint Committee on
Cancer (AJCC) classification. The extent of axillary
lymph node involvement in this study was associated
with increased risk of nonvisualized lymph nodes in
the univariate analysis (p = 0.0001). Multivariate
analysis showed that only four to nine and more than
nine axillary nodes metastasis were significantly cor-
related with the higher risk of nonvisualization SLNs
than those without node metastasis (odds ratio 8.55
and 10.31, respectively, p = 0.001). Brenot-Rossi et
al. studied three hundred thirty-two patients with
thirty nonvisualized SLN cases using intradermal
and intraparenchymal injection lymphoscintigraphy.
Their study showed similar results to this study,
except that they found no significant difference in
patients with axillary positive SLN or negative
SLN.® Tanis et a studied four hundred ninety-five
clinical node-negative breast cancer patients and
showed that increased tumor-positive lymph node
numbers were independently associated with nonvi-
sualized lymph nodes.® Tafra et al reported a multi-
center trial of SLN biopsy including five hundred
twenty-nine patients. Their study showed a statisti-
cally insignificant reduced identification rate and
increased false-negative rate for five or more



metastatic nodes.® However, in studying early
breast cancer, Birdwell et a showed a higher per-
centage of SLN positive for metastasis in the visual-
ized group as compared with the nonvisualized
group (41% vs. 19%).¢» Dauway et a investigated
twenty-five cases with nonvisualized SLN by both
lymphoscintigraphic and blue dye intra-parenchymal
injection methods. Their study identified no axillary
node metastasis after axillary dissection in the twen-
ty-five cases and indicated that not all nonvisualized
SLNs require axillary dissection.®?

In conclusion, this study demonstrates that
breast cancer patients with a nonvisualized SLN dur-
ing lymphoscintigraphy have a high risk of axillary
node metastasis and require axillary lymph node dis-
section.
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