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BSTRACT

 

Background

 

Pilot studies indicate that probe-guid-
ed resection of radioactive sentinel nodes (the first
nodes that receive drainage from tumors) can iden-
tify regional metastases in patients with breast can-
cer. To confirm this finding, we conducted a multi-
center study of the method as used by 11 surgeons
in a variety of practice settings.

 

Methods

 

We enrolled 443 patients with breast
cancer. The technique involved the injection of 4 ml
of technetium-99m sulfur colloid (1 mCi [37 MBq])
into the breast around the tumor or biopsy cavity.
“Hot spots” representing underlying sentinel nodes
were identified with a gamma probe. Sentinel nodes
subjacent to hot spots were removed. All patients
underwent a complete axillary lymphadenectomy.

 

Results

 

The overall rate of identification of hot
spots was 93 percent (in 413 of 443 patients). The
pathological status of the sentinel nodes was com-
pared with that of the remaining axillary nodes. The
accuracy of the sentinel nodes with respect to the
positive or negative status of the axillary nodes was
97 percent (392 of 405); the specificity of the method
was 100 percent, the positive predictive value was
100 percent, the negative predictive value was 96
percent (291 of 304), and the sensitivity was 89 per-
cent (101 of 114). The sentinel nodes were outside
the axilla in 8 percent of cases and outside of level 1
nodes in 11 percent of cases. Three percent of posi-
tive sentinel nodes were in nonaxillary locations.

 

Conclusions

 

Biopsy of sentinel nodes can predict
the presence or absence of axillary-node metasta-
ses in patients with breast cancer. However, the pro-
cedure can be technically challenging, and the suc-
cess rate varies according to the surgeon and the
characteristics of the patient. (N Engl J Med 1998;
339:941-6.)
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HE histologic status of axillary lymph nodes,
one of the most important prognostic in-
dicators in patients with breast cancer, di-
rectly affects clinical management.

 

1

 

 How-
ever, over 80 percent of women who undergo axillary
dissection have at least one postoperative complica-
tion in the arm, and psychological distress is com-
mon.

 

2-5

 

 A potential alternative to axillary lymphade-
nectomy is sentinel-node resection.

The first stop along the route of lymphatic drain-
age from a primary tumor is a limited set of regional
lymph nodes.

 

6

 

 Dyes, radiographic contrast agents,
and radioactive tracers have been used to identify
such lymph nodes.

 

7-13

 

 More than 20 years ago, Ca-
banas proposed that the lymph nodes that first re-
ceive drainage from a tumor, termed sentinel nodes,
could be removed by limited surgery and examined
to determine whether more extensive lymphadenec-
tomy should be performed.

 

14

 

 In 1992 Morton et al.
used a blue dye to identify the lymphatic duct that
drained into the sentinel nodes in patients with mel-
anoma.

 

15

 

 Alex and Krag described direct localization
of sentinel nodes with radioactive tracers and a hand-
held gamma probe, demonstrating in an animal mod-
el that the radioactive-tracer and blue-dye methods
were equally effective in locating lymph nodes.

 

16

 

 Be-

T
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cause the preliminary results with radioactive tracers
were encouraging in patients with melanoma

 

17,18

 

 and
patients with breast cancer,

 

19,20

 

 we conducted a study
in 11 centers to evaluate this method of identifying
sentinel nodes in patients with breast cancer.

 

METHODS

 

Patients

 

Patients were enrolled between May 1995 and September 1997
and gave informed consent. The protocol was approved by an in-
stitutional review committee at the University of Vermont and at
each participating institution. Participating surgeons were trained
in the procedure in their own institutions by one of us. Each sur-
geon performed five training procedures, the results of which are
not part of the analysis. The target for each surgeon was 50 cases.

The inclusion criteria were the presence of invasive breast can-
cer, clinically negative results from examination of the ipsilateral
axilla, and a treatment plan that included axillary lymphadenecto-
my. The exclusion criteria were the presence of clinically suspi-
cious or overtly abnormal axillary nodes, pregnancy, previous ax-
illary lymphadenectomy, or multiple primary breast tumors.

 

Radioactive Tracer

 

Thirty minutes to eight hours before surgery, 1 mCi (37 MBq)
of technetium-99m sulfur colloid (CIS-US, Bedford, Mass.) in a
volume of 4 ml was injected in divided aliquots at the 3-, 6-, 9-,
and 12-o’clock positions into the breast tissue surrounding the
primary tumor or biopsy cavity. Technetium-99m sulfur colloid
was prepared according to instructions on the package insert. A
hand-held gamma counter (C-Trak, Care Wise Medical Products,
Morgan Hill, Calif.) was then used to locate radioactive sentinel
nodes. The surgeon first defined the perimeter of the radioactive-
tracer diffusion zone around the injection site, then examined the
breast and surrounding tissue for discrete regions of radioactivity.
A “hot spot” was defined as an area of localized radioactivity sep-
arate from the injection site with counts of at least 25 per 10 sec-
onds; the measurement was performed before the incision was
made. Inability to identify a hot spot was considered a technical
failure, even if underlying radioactive sentinel nodes were subse-
quently identified.

After all hot spots had been found, an appropriate incision was
made for an axillary lymphadenectomy. Separate incisions were
made for sentinel nodes outside the axilla. Sentinel nodes were
identified by placing the gamma probe in the wound directly un-
der the previously identified hot spot. The surgeon followed the
“line of sight” established by aiming the gamma probe toward the
site of maximal radioactivity emitted from the sentinel nodes and
dissecting directly toward the sentinel nodes. The radioactivity of
each excised node was measured with a gamma counter. The ra-
dioactive nodes were removed until the background radiation in
the bed of the sentinel-node resection site was less than 10 per-
cent of that of the most radioactive resected sentinel node.

A conventional lymphadenectomy including level I and II
nodes was then performed: level III nodes were removed if the
surgeon considered them suspicious. Once removed, the lym-
phadenectomy specimen was examined for radioactive nodes.
Such nodes were not considered sentinel nodes. For pathological
examination, each sentinel node was processed separately, and the
slides were stained with hematoxylin and eosin. Deep sections
and immunohistochemical stains were not routinely employed.

 

Statistical Analysis

 

The rates of technical success for each surgeon and for all pa-
tients are reported with exact 95 percent binomial confidence in-
tervals. Fisher’s exact test for nominal variables and the Wilcoxon
rank-sum test for ordinal variables were used to compare the rates
of success according to the surgeon, the patient’s age and race,
tumor size, location of the primary tumor, type of tumor, method

used to guide the injection, time from injection to surgery, and
type of previous biopsy. A forward variable-selection method was
used to examine these same variables in combination with 10 in-
dicator variables representing the 11 surgeons to develop multi-
variate logistic-regression models to predict technical failure. Po-
tential predictors of technical failure were added to the model if
the likelihood-ratio chi-square statistic indicated a significant im-
provement (P<0.10) in predicting the observed data. The Hos-
mer–Lemeshow goodness-of-fit criterion was used to determine
the adequacy of the final model.

For the comparison of the rates of false negative sentinel nodes
and true positive sentinel nodes, we used Fisher’s exact test and
the Wilcoxon rank-sum test, as well as two-sample t-tests for tu-
mor size and total number of involved nodes. A Spearman rank-
correlation coefficient was used to examine the relation between
the numbers of pathologically positive sentinel and nonsentinel
nodes. Fisher’s exact test was used to assess the distribution of
hot-spot locations, given the total number of hot spots observed
for each patient. We used SAS statistical software

 

21

 

 for data man-
agement and statistical analysis, StatXact 3

 

22

 

 to obtain 95 percent
confidence intervals for technical success rates, and BMDP
software

 

23

 

 to develop multivariate logistic-regression models. All
reported P values are two-tailed.

 

RESULTS

 

Between May 1995 and September 1997, we en-
rolled 443 women in the study. The mean (±SD)
age of these patients was 56±12 years, and 78 per-
cent of them were white. The mean tumor size was
1.9±1.3 cm. The tumors were classified in terms of
subtype as ductal (83.7 percent), lobular (8.6 per-
cent), mixed (2.3 percent), or other (5.4 percent).
The surgery performed was mastectomy (in 31.4 per-
cent of the women) or partial mastectomy (in 68.6
percent).

The mean interval between the injection of the ra-
dioactive tracer and surgery was 2.9±1.9 hours. On
average, 18.9±6.9 lymph nodes were removed from
each patient, and the mean number of sentinel nodes
was 2.6±2.2. The overall rate of identification of hot
spots was 93.2 percent, but this value varied signifi-
cantly according to the surgeon (P=0.001) (Table
1). There was no significant univariate relation be-
tween the successful identification of a hot spot and
the patient’s age or race; the size, location, or histo-
logic type of the tumor; the method of injecting the
tracer; the interval between injection and surgery; or
whether the patient had had a prior biopsy.

On the basis of statistical modeling, which reflect-
ed a good fit to the data (Hosmer–Lemeshow chi-
square=7.5, 8 df; P=0.48), it appears that a prior
excisional biopsy, an age of 50 years or more, and a
primary tumor in a medial location were associated
with the failure to identify a hot spot (Table 2).
These three factors were independent of variables re-
lated to the techniques used by individual surgeons
(Table 2).

Among the 413 patients in whom one or more
hot spots were identified, the hot spots were limited
to one location in 92.7 percent, were in two loca-
tions in 6.8 percent, and were in three locations in
0.5 percent of cases (Table 3). The distribution of
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hot spots differed, depending on the number of hot
spots identified (P=0.001). Overall, the 445 hot
spots were found in level I (low axillary) nodes (in
89.0 percent of cases), internal mammary lymph
nodes (4.3 percent), level II (midaxillary) nodes (4.0
percent), or other locations. Patients with two or
more hot spots tended to have more internal mam-
mary hot spots and fewer level I hot spots than pa-
tients with only one hot spot. A sentinel node was
not identified underneath the hot spot in 1.9 percent
of patients (8 of 413).

Table 4 shows the pathological results for the 405
patients in whom a sentinel node was resected. The
observed sensitivity of the finding of a histologically

positive sentinel node was 88.6 percent (101 of 114);
by definition, the specificity was 100 percent. The
observed accuracy of sentinel nodes for the detection
of metastatic disease was 96.8 percent (392 of 405);
the positive predictive value was 100 percent (101 of
101), and the negative predictive value (i.e., the cor-
relation of negative sentinel nodes with negative axil-
lary nodes) was 95.7 percent (291 of 304).

The false negative rate did not vary significantly
among the surgeons (Table 5). There were too few
false negative results (13) for extensive comparison
with true positive results (101) in terms of variables
that may have affected the likelihood of a false neg-
ative result. Univariate analysis indicated that all 13

 

*P=0.001 by Fisher’s exact test for the comparison of
technical-success rates among surgeons.

†Hot spots were identified in 413 of the 443 patients.
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1 51 98.0 89.6–100.0

2 51 98.0 89.6–100.0

3 51 98.0 89.6–100.0

4 50 98.0 89.4–100.0

5 49 95.9 86.0–99.5

6 47 95.7 85.5–99.5

7 43 79.1 64.0–90.0

8 33 93.9 79.8–99.3

9 30 83.3 65.3–94.4

10 22 81.8 59.7–94.8

11 16 87.5 61.7–98.5

Total 443 93.2† 90.5–95.4

*Hosmer–Lemeshow goodness of fit for the model, chi-
square=7.54, 8 df (P=0.48).

†Indicator variables for the 11 surgeons were included in
the model but are not shown.
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Age 
<50 yr
»50 yr

1.00 
3.41 (1.14–10.2)

Previous biopsy 
Fine-needle aspiration, 

core biopsy, or none
Excisional

1.00

7.10 (2.17–23.3)
Primary location

Medial
Central
Lateral

1.00
0.37 (0.10–1.35)
0.34 (0.13–0.88)

*Because of rounding, percentages do not always total 100.
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PATIENT TOTAL

 

1 2 3

 

no. (%) of hot spots

 

Level I (low axillary) 365 (95.3) 28 (50.0) 3 (50.0) 396 (89.0)

Level II (midaxillary) 13 (3.4) 5 (8.9) 0 18 (4.0)

Level III (apical axillary) 0 2 (3.6) 1 (16.7) 3 (0.7)

Internal mammary 1 (0.3) 16 (28.6) 2 (33.3) 19 (4.3)

Interpectoral 2 (0.5) 1 (1.8) 0 3 (0.7)

Lower chest wall 1 (0.3) 1 (1.8) 0 2 (0.4)

Tail of Spence 1 (0.3) 0 0 1 (0.2)

Supraclavicular 0 1 (1.8) 0 1 (0.2)

Lateral breast 0 1 (1.8) 0 1 (0.2)

Thyroid 0 1 (1.8) 0 1 (0.2)

Total hot spots 383 (100) 56 (100) 6 (100) 445 (100)

Total patients with 
hot spots

383 (92.7) 28 (6.8) 2 (0.5) 413 (100)
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SENTINEL NODES AXILLARY NODES

POSITIVE NEGATIVE TOTAL

no. of patients

Positive 101 0 101

Negative 13 291 304

Total 114 291 405
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false negative results occurred when the primary tu-
mor was in the lateral half of the breast (P=0.004).
None of the other variables tested were statistically
associated with a false negative result.

There was a significant correlation between the
number of pathologically positive sentinel nodes and
the number of positive nonsentinel nodes obtained
at axillary lymphadenectomy (Spearman’s rank-cor-
relation coefficient, 0.49; P<0.001) (Table 6). Among
304 patients with no positive sentinel nodes, 4.3
percent had nonsentinel nodes that were pathologi-
cally positive. Among 95 patients with one to three
positive sentinel nodes, 37.9 percent had positive
nonsentinel nodes. Among six patients with four or
more positive sentinel nodes, 83.3 percent had pos-
itive nonsentinel nodes.

DISCUSSION

In this study of a method of identifying sentinel
lymph nodes in women with breast cancer by means
of a locally injected radioactive colloid, we found lo-
calized radioactivity (hot spots), presumably repre-
senting sentinel nodes, in 93.2 percent of cases.
There was, however, considerable variation in the rate
of success in detecting such nodes among the par-
ticipating surgeons, even after each had performed
five training procedures. Before this method can be
broadly applied in clinical practice, technical improve-
ments in identifying sentinel nodes will be necessary.

Injections of the radioactive colloid were more
widely spaced around a prior biopsy cavity than
around a primary tumor. The deposition of insuffi-
cient amounts of colloid between injection sites may
explain why a previous excisional biopsy reduces the
probability of finding a hot spot. Perhaps excisional
biopsy should be avoided if a search for sentinel
nodes is planned.

The patient’s age and the location of the primary
tumor affected the success rate of the method we
used. In older patients the capacity of lymph nodes
to retain the radioactive colloid may be decreased,
because lymph nodes are replaced by fat in elderly
persons. Increasing the volume of the diluent and
the amount of tracer can increase its uptake by sen-
tinel nodes by a factor of 10 and may offset this
problem (unpublished data). The relatively high rate
of failure to identify sentinel nodes in medial tumors
is probably related to overshadowing (masking) of
internal mammary nodes by the injection site.

Among the 405 patients with sentinel nodes, the
accuracy of the sentinel nodes (the number of cases in
which the pathological status of the sentinel nodes
corresponded to the pathological status of the axil-
lary nodes, divided by the number of cases) was 97
percent. Whereas the positive predictive value was

*P=0.84 by Fisher’s exact test for the comparison
of false negative rates among surgeons.

TABLE 5. SENTINEL-NODE FALSE NEGATIVE 
RATE ACCORDING TO SURGEON.

SURGEON

NO.
NO. OF CASES 

PATHOLOGICALLY POSITIVE

FALSE NEGATIVE

RATE (%)*

1 10 10.0

2 15 13.3

3 14 28.6

4 10 10.0

5 16 6.3

6 13 15.4

7 14 7.1

8 7 0.0

9 6 16.7

10 5 0.0

11 4 0.0

Total 114 11.4

*Spearman’s rank-correlation coefficient, 0.49 (P<0.001), for the overall correlation between the
numbers of pathologically positive sentinel and nonsentinel nodes. Because of rounding, percentages
do not always total 100.

TABLE 6. RELATION BETWEEN PATHOLOGICALLY POSITIVE SENTINEL NODES 
AND PATHOLOGICALLY POSITIVE NONSENTINEL NODES.*

PATHOLOGICALLY

POSITIVE

SENTINEL NODES PATHOLOGICALLY POSITIVE NONSENTINEL NODES 

0 1 2 3 »4 TOTAL

no. (%) of patients

0 291 (82.9) 8 (44.4) 3 (25.0) 0 2 (13.3) 304 (75.1)

1 47 (13.4) 5 (27.8) 7 (58.3) 5 (55.6) 6 (40.0) 70 (17.3)

2 10 (2.8) 4 (22.2) 1 (8.3) 3 (33.3) 2 (13.3) 20 (4.9)

3 2 (0.6) 1 (5.6) 0 1 (11.1) 1 (6.7) 5 (1.2)

»4 1 (0.3) 0 1 (8.3) 0 4 (26.7) 6 (1.5)

Total 351 (100) 18 (100) 12 (100) 9 (100) 15 (100) 405 (100)
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