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Background: Results from randomized trials indicate a 5.4% survival advantage associated with
axillary dissection. To gain insight on survival outcomes when less than an axillary dissection is
performed, we performed a retrospective analysis to determine survival outcome for node-negative
and node-positive breast cancer patients when a variable number of nodes were excised.

Methods: The data analyzed in this paper are from the Surveillance, Epidemiology, and End
Results (SEER) database, from which 72,102 patients were selected whose breast cancer had been
diagnosed in 1988 or later and who were aged 40–79 years at diagnosis, had a single primary lesion,
and had 0 to 3 positive lymph nodes. Cases were separated into age groups (40 to 49 and 50 to 79
years), and node-negative cases were separated from those with one to three positive nodes.

Results: This analysis indicates that even when all regional lymph nodes are pathologically
negative, the number of nodes removed is associated with survival. In the group of breast cancer
patients who had one to three pathologically positive nodes, as with the node-negative group, the
higher the number of nodes removed, the greater the survival. The hazard rate for death in the
node-negative group was roughly 5% less for each additional five nodes removed. For the
node-positive group, the hazard rate for death was between 8% and 9% less for each additional five
nodes removed.

Conclusions: This retrospective study supports the notion that removal of regional nodes, even
when such nodes are interpreted as pathologically negative, is important for the long-term survival
of breast cancer patients.
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There is a common conception that axillary surgery
has no impact on survival of breast cancer patients. In
North America this notion is based primarily on the
results of the National Surgical Adjuvant Breast and
Bowel Project (NSABP) B-04 clinical trial, in which
clinically node-negative patients were randomized to un-
dergo axillary dissection (AD) or no axillary resection.1

In the B-04 trial, among patients who underwent an
axillary resection, the observed survival rate was higher
(by 4%) than among patients who did not undergo an
AD. The accrued number of patients was not sufficient to
detect a survival difference of this magnitude, so even
though there was an observed improvement of 4%, this
observation did not reach statistical significance. It ap-
pears that given the number of patients enrolled and the
number of events, the study would not have been able to
show an absolute survival difference below 5% to
10%.2,3

Five other clinical trials in which patients were ran-
domized to undergo axillary resection or observation
also revealed a higher observed survival number in the
axillary resection group. The reported increase in sur-
vival of the AD group ranged from 4% to 16%.1,4–8

Taken together, the overall survival benefit associated
with AD in all six trials was 5.4%.9
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It would seem to be a simple idea that if we could
identify those patients who had cancer in their regional
nodes and who would have decreased survival rates, we
could limit regional node surgery to that group of pa-
tients. However, randomized trials comparing observa-
tion to regional node resection have not provided that
information. The status of the sentinel node (SN) may
provide that information, because the presence or ab-
sence of regional node metastases can be noted without
performing a complete AD. On the basis of numerous
studies in which AD followed SN surgery, it appears that
SN status is an excellent predictor of the overall node
status, as determined by pathological evaluation. How-
ever, we do not yet have long-term randomized survival
data comparing SN resection only to regional node
resection.

Until the existing randomized SN trials are complete,
we will not have definitive information regarding sur-
vival outcomes following this new procedure. Resecting
no lymph nodes is associated with a negative impact on
survival and long-term regional control. No randomized
clinical trials comparing axillary dissection to partial
axillary dissection have had sufficient patient accrual for
accurate determination of relatively small potential sur-
vival differences. Therefore, the impact on survival of a
partial or incomplete AD is not known. The SN status is
not always accurately determined, and existing analytical
methods used by pathologists can be considered an un-
controlled experiment in sampling (and therefore
incomplete).

We asked, what would the survival outcome be when
only a limited number of lymph nodes were excised? We
analyzed a large database and reviewed available litera-
ture. The study reported here was designed to analyze
survival outcome in relation to the total number of nodes
excised when (1) all nodes are negative on pathological
examination and (2) a limited number of nodes (1 to 3)
are positive on pathological examination. The data from
this analysis would potentially help frame questions re-
garding SN surgery in which a pathologically negative
SN might be considered equivalent to an all-nodes-neg-
ative status. The all-nodes-negative analysis relates to the
current NSABP B-32 trial, in which survival will be
compared between node-negative patients who under-
went SN resection only (few nodes excised and all neg-
ative) and patients who underwent SN resection plus AD
(many nodes excised and all negative). This analysis also
provides insight into the possible survival outcome
among a large number of women who have a limited set
of nodes positive but have variable numbers of negative
nodes excised. This latter analysis is similar to the major
endpoints of the American College of Surgeons Oncol-

ogy Group (ACOSOG) trial Z0011, in which patients
with pathologically positive SNs are randomized to un-
dergo SN resection only or AD.

MATERIALS AND METHODS

Data Source
The data analyzed in this article are from the Surveil-

lance, Epidemiology, and End Results (SEER) pro-
gram’s public-use CDROM issued in April 2001. The
SEER program of the National Cancer Institute collects
data on the survival experience of cancer patients with
tumor registries in four metropolitan areas and five
states. These registries collect data that include tumor
location, size, and grade, as well as lymph node status
and age of the patient. Treatment data are limited to
therapy received in the first 4 months after diagnosis.
Since 1988, data have been collected on the number of
lymph nodes examined and the number found to be
positive.

For this article the term excised or removed is used in
place of the term examined, as used in the SEER data-
base, to refer to the number of nodes described in the
pathology report. Surgeons typically refer to the number
of nodes reported by the pathologist as the number
removed rather than the number examined. Our goal is to
be consistent with common use, in light of the fact that in
any situation the number of nodes reported might not
perfectly tally the number of nodes excised.

Case Selection
For this study we selected patients whose breast can-

cer had been diagnosed in 1988 or later and who were
aged 40–79 years at diagnosis, had a single primary
lesion that was microscopically confirmed, and had 0 to
3 positive lymph nodes. In addition, cases involving the
following factors were excluded from the study: in situ
carcinomas or stage IV disease; tumor size of �5.0 cm;
diagnosis only from an autopsy or death certificate; or
survival time not noted. The number of cases meeting the
inclusion criteria was 72,102.

Analysis
Cases were separated into two age groups (40 to 49

years and 50 to 79 years) according to the patients’ age
at diagnosis. Node-negative cases were separated from
those with one to three positive nodes. Combining these
two classifications led to four different groups. Analyses
were conducted separately for each of these four groups.

The relationship between the number of nodes re-
moved and the survival experience of the study cases
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was first examined graphically with the Kaplan-Meier
method. The number of nodes removed was categorized
as 1 to 5, 6 to 10, 11 to 15, or 16 or more. The log-rank
test was used to determine statistical significance.

In light of the extremely large sample size, signifi-
cance testing was not the primary goal of the analyses;
rather, it was to characterize the relationship between the
number of nodes removed and the survival experience in
this cohort. Care should be taken if one compares P
values from one analysis group to another, because the
different groups may have substantially different sample
sizes, and small differences that are not medically im-
portant may be statistically significant because of the
large sample size.

The effect of the number of nodes removed was in-
vestigated with Cox models controlling for age, diagno-
sis year, and tumor size. The number of nodes removed
was considered a continuous variable in the Cox models.
Tumor size was controlled by stratification because the
proportional hazards assumption was not met for this
variable.

RESULTS

Table 1 provides descriptive statistics for the cases
that met the selection criteria described above. For each
age category considered, the distributions of the number
of nodes removed in the node-negative and node-positive
groups are not substantially different. However, the av-
erage tumor size in the node-positive group is larger than
that in the node-negative group in each age category.

Figure 1 shows the Kaplan-Meier curves for the four
analysis groups. Larger numbers of nodes removed cor-
respond to a higher survival rate. The worst overall
survival experience is seen for those with one to five
nodes removed. Overall, a higher percentage of patients
survived longer if a greater number of nodes were re-
moved. This pattern is most pronounced in the older
node-positive group, but it is evident for each of the
groups. Results of the log-rank test comparing the four
survival curves were significant (P � .0001) for each of
the analysis groups except the node-negative group aged
40–49 years.

TABLE 1. Descriptive statistics of cases selected

No. of nodes positive Age Variable n Mean SD

0 40–49 Tumor size (cm) 1.7 .9
Diagnosis year 1993 3.11
No. nodes examined 15.4 6.8

1 to 5 565
6 to 10 2212

11 to 15 3804
16� 5316

Total 11897
50–79 Tumor size (cm) 1.65 .91

Diagnosis year 1993 3.13
No. nodes examined 14.7 6.50

1 to 5 2252
6 to 10 9436

11 to 15 14641
16� 17728

Total 44057
1–3 40–49 Tumor size (cm) 2.2 1.0

Diagnosis year 1993 3.10
No. nodes examined 15.7 6.7

1 to 5 170
6 to 10 802

11 to 15 1480
16� 2083

Total 4535
50–79 Tumor size (cm) 2.1 1.0

Diagnosis year 1993 3.21
No. nodes examined 15.0 6.6

1 to 5 545
6 to 10 2409

11 to 15 3849
16� 4810

Total 11613
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Table 2 provides hazard ratios for each additional five
nodes removed. The hazard ratios, which can be thought
of as ratios of hazard rates, are derived from the afore-

mentioned Cox models, controlling for the covariates
age, diagnosis year, and tumor size. The term hazard rate
is used to refer to an incidence rate that varies over time

FIG. 1. Kaplan-Meier curves for the four analysis groups: (a) nodes positive � 0, age � 40–49 years, log-rank P value � .063; (b) nodes posi-
tive � 0, age � 50–79 years, log-rank P value � .0001; (c) nodes positive � 1–3, age � 40–49 years, log-rank P value � .0001; (d) nodes positive
� 1–3, age � 50–80 years, log-rank P value � .0001.
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in survival analysis. The hazard ratio in this setting
represents the instantaneous relative risk of death per
unit of time for one individual versus another with five
fewer nodes removed and with the same values for the
set of covariates, given that both individuals have sur-
vived to the time of comparison.

The values in Table 2 show that the hazard rate, or
instantaneous probability of death per unit of time, is
lower for those with more nodes removed. These results
indicate that for the node-negative group the hazard rate
is roughly 5% less for each additional five nodes re-
moved. For the node-positive group, the hazard rate is
between 8% and 9% less for each additional five nodes
removed.

Table 3 displays the survival percentage at 10 years
for patients who had less than 10 versus at least 10 nodes
removed in the four analysis groups. A larger number of
nodes removed was associated with a better survival
experience for each of the analysis groups. The log-rank
P values for comparison of the two categories of nodes
removed are similar to those for the categorization used
in Figure 1.

DISCUSSION

This analysis of the SEER database indicates that even
when all regional lymph nodes are pathologically nega-
tive, the number of nodes removed is significantly asso-

ciated with survival. The higher the number of patholog-
ically negative nodes removed, the greater the survival
rate. This observation was statistically significant for the
postmenopausal age group. The premenopausal age
group trended toward improved survival with higher
number of pathologically negative lymph nodes re-
moved, but this result did not reach statistical
significance.

In the group of breast cancer patients who had 1 to 3
pathologically positive nodes, the number of nodes was
associated with an even greater survival difference than
with the node-negative group. As with the node-negative
group, the higher the number of nodes removed, the
greater the survival rate. This observation was statisti-
cally significant for all age groups.

The observed survival difference related to the number
of lymph nodes should be put in perspective with the
findings associated with other major breast cancer treat-
ment modalities. For example, for women �50 years of
age, polychemotherapy results in 10-year survival im-
provement of 7% to 11% (for node-negative and node-
positive groups, respectively), and for women �50 years
of age, a survival improvement of 2% to 3% (for node-
negative and node-positive groups, respectively).10 In
contrast, our data analysis showed that among women
who were �50 years of age and had 1 to 3 positive
nodes, removal of �10 nodes compared with �10 nodes
resulted in 10-year survival improvement of 10%. For
women who were �50 years of age and had 1 to 3
positive nodes, removal of �10 nodes compared with
�10 nodes resulted in 10-year survival improvement
of 11%.

Table 3 shows survival outcomes according to age and
a cutoff of 10 nodes excised in node-negative women
and women with 1–3 nodes positive. The comparison of
survivals in relation to polychemotherapy and number of
nodes removed is not meant to be quantitative and is
described only to bring attention to the fact that the
survival differences are in a similar range.

Previously reported prospective trials and retrospec-
tive studies of the role of axillary node surgery on
survival can be divided into those that compared AD to
no AD (all or none) and those that compared variable
numbers of nodes excised. As mentioned in the intro-
duction, six randomized trials comparing AD to no AD
all showed a survival rate that was higher in the group of
patients who underwent AD than in the group who did
not. Results of three of the trials (including the B-04
trial) did not reach statistical significance, and each of
the reports of these trials appropriately concluded that
there was no significant difference. However, when the
data are considered collectively, there is an approxi-

TABLE 2. Hazard ratios per five nodes removed

No. of nodes
positive Age

Hazard
ratio

95% Confidence
interval

0 40–49 .955 (.901, 1.012)
50–79 .951 (.929, .974)

1–3 40–49 .920 (.672, .979)
50–79 .906 (.763, .938)

TABLE 3. Survival according to age and a cutoff of 10
nodes excised in node-negative and 1–3 node-positive women

with breast cancer

No. of nodes
positive

Age
group

No. of nodes
removed

10-y
survival

Log-rank
P valuea

0 40–49 �10 86% .054
0 40–49 �10 89%
0 50–79 �10 75% �.0001
0 50–79 �10 78%
1–3 40–49 �10 66% �.0001
1–3 40–49 �10 76%
1–3 50–79 �10 54% �.0001
1–3 50–79 �10 65%

a The log-rank P value reports the significance of the comparison of
survival for the �10 and �10 nodes removed groups in each analysis
group.
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mately 5.4% survival benefit associated with axillary
node resection that is statistically significant.9

Bland et al.11 recently reported the results of a large
retrospective study of the National Cancer Data Base
information for 547,847 women with breast cancer
treated in hospitals in the United States. They recognized
that omission of axillary node dissection was increasing
over time and that this was particularly true for women
with lower incomes, in certain regions of the United
States, and at hospitals with lower breast cancer case
loads. Of particular importance was the observation of
significantly better 10-year survival for patients who
underwent an axillary dissection than for those patients
who did not. For example, 10-year survival among stage
I patients treated with partial mastectomy and AD was
85%, versus 66% among comparable women for whom
AD was omitted. These differences are not trivial, and
the authors concluded that “lymphadenectomy is thera-
peutic and diagnostic.” They also noted, however, that
“sentinel node biopsy may represent an acceptable com-
promise, but it is still being validated and should be
performed only in the context of carefully designed clin-
ical trials.”

One of the earliest retrospective studies to evaluate
whether survival rates are “influenced by the number of
lymph nodes recovered and examined” was reported by
Fisher et al. in 1970.12 All patients underwent Halsted
type radical mastectomy, and 852 patients with patho-
logically negative nodes were followed for 5 years. Table
4 shows the survival of patients according to the number
of nodes identified and the survival at 5 years. These data
indicate that in a group of women undergoing the same
surgical therapy, a trend toward increasing survival is
observed when greater numbers of nodes are removed.
This was true for both the node-negative group and the
group with one to three nodes positive. The numbers of
patients in these two categories were insufficient for the
observed differences to be statistically significant.

A number of more current retrospective studies have
examined the possible effect of the number of excised
nodes on survival outcomes. In 2002 van der Wal et al.,13

concerned about the increasing popularity of SN proce-
dures and the absence of data on long-term outcomes
with this procedure, examined the relationship between
the number of nodes removed and survival among 453
consecutive stage I and II breast cancer patients. For
patients who were node-negative, the 10-year survival
rate was 10% less when the number of nodes removed
was �14 than that for those patients who had �14 nodes
removed. For patients who had pathologically positive
lymph nodes, the total number of lymph nodes removed
was also a factor significantly associated with survival.

In 2002 Weir et al.14 reported on the association be-
tween the number of lymph nodes removed during axil-
lary resection and survival for patients with pathologi-
cally negative nodes. In a group of 1468 women they
found a significantly higher regional recurrence in those
who had fewer nodes excised and a trend toward de-
creased survival. However, the negative impact of exci-
sion of fewer nodes appeared to be offset in another
group of women, who received systemic adjuvant
therapy.

Another analysis was reported by Sosa et al.,15 who
examined the effect of the extent of axillary resection on
survival in a group of 464 patients with T1N0 breast
cancer. There was a statistically significant difference in
survival when groups were analyzed according to a cut-
off of �10 and �10 nodes excised or a cutoff of �15
and �15 nodes excised. Patients who had �10 nodes
excised had a 10.5% lower survival rate than patients
who had 10 or more nodes excised. This finding is
similar to that of another investigative group,16 which
noted decreased survival in a group of 452 node-negative
women when the number of nodes excised was �10.

A somewhat older but larger retrospective review
showed differences in survival related to the number of
nodes removed when all nodes were pathologically neg-
ative. The Danish Breast Cancer Cooperative Group
evaluated 13,851 patients registered in its database.17

The investigators observed that there was significantly
improved disease-free and overall survival in node-neg-
ative breast cancer patients who had 10 or more nodes
removed.

Two smaller studies yielded different observations.
Moorman et al.18 compared 255 node-negative breast
cancer patients who had �20 lymph nodes excised to
656 breast cancer patients who had �20 lymph nodes
excised. No significant difference in survival was ob-
served. Camp19 examined a smaller group of women and
observed that 67 women with �20 nodes excised had

TABLE 4. Retrospective study by Fisher showing 5-y
survival for patients with negative nodes and patients with

1–3 positive nodes stratified by the number of
nodes removed12

Total no. of nodes
5-y survival for patients
with all nodes negative

5-y survival for patients
with 1–3 nodes positive

nodes

1–5 74% 44%
6–10 76% 58%

11–15 77% 68%
16–20 79% 55%
21–25 81% 68%
26–30 76% 67%
�30 81% 76%

1157BREAST CANCER SURVIVAL

Ann Surg Oncol, Vol. 10, No. 10, 2003



worse survival values than 223 women with �20 nodes
excised.

The observation that the number of pathologically
negative nodes in the specimen is related to survival is
not limited to breast cancer. A recent retrospective study
of patients with rectal cancer showed a significant rela-
tion between survival and the number of negative nodes
identified in the resected specimen. When the nodes
identified in the specimen increased, the observed sur-
vival increased. For the first through fourth quartile,
5-year survival rates were .68, .73, .72, and .82.20 Also,
Chan et al. observed that the extent of lymph node
dissection for melanoma, when analyzed by quartiles, is
an independent factor in overall survival. Survival was
greater among the patients in the higher-quartile node-
resection groups.21

There are a number of possible explanations for the
observation that patients who have more lymph nodes
removed have greater survival than those who have
fewer nodes excised. One explanation is that patients
with more lymph nodes removed are more likely to have
a pathologically positive node identified. In this case,
patients with fewer nodes are simply being understaged
and misclassified. This is unlikely to fully explain the
observed differences, because six randomized studies of
AD versus observation revealed an overall survival ad-
vantage that could not have been masked by
misclassification.

However, there are a number of limitations to our data
and that from other retrospective studies. Subjective
judgments by the surgeons may have impacted the extent
of surgery and introduced bias, leading to variable num-
bers of nodes removed. For example, if the surgeon
believed the patient to be at particularly low risk, the
extent of regional node resection could be limited. Other
types of therapy that could impact the overall results—
for example, systemic adjuvant therapy—were not con-
trolled in the population that we studied. The number of
nodes reported (provided by the SEER database) may not
reflect the number of nodes removed. SEER data on
resected regional nodes are based on the pathologist’s
interpretation of the specimen submitted by the surgeon.
Although methods vary, usually the pathologist makes a
diligent effort to identify and characterize all nodes re-
moved by the surgeon. Thus, at least in reference to
existing standard practice, the number of nodes reported
by the pathologist generally reflects the number of nodes
removed by the surgeon. To some extent, these limita-
tions are mitigated by the very large size of the database.

It is important to realize that pathological negativity
does not necessarily mean that a node is entirely free of
cancer cells. It means only that to the extent the node was

examined, the pathologist did not observe cancer cells.
More aggressive techniques to identify cancer cells—for
example, serial sections,22 immunohistochemistry,23 re-
verse-transcription polymerase chain reaction,24 and tis-
sue culture25—can result in detection of additional can-
cer cells in nodes that previously were considered free of
cancer. The threshold number of cancer cells necessary
to initiate clonogenic growth in a lymph node is simply
unknown. It is of course possible that clonogenic tumor
cells, albeit sparse, can lead to macrometastatic growth
in a node that initially would have been considered
negative by pathological examination. Such small num-
bers of cells may take a considerable period of time to
become clinically evident. In support of this notion is the
observation that 50% of locoregional relapses occur after
5 years.26

The notion that removal of regional nodes from pa-
tients with breast cancer improves survival is strongly
supported by both prospective randomized trials and
multiple retrospective studies of large groups of women.
The magnitude of survival improvement associated with
AD is in the range of benefit observed with systemic
adjuvant therapy. That this survival benefit occurs even
when all lymph nodes are reported to be negative should
be considered a serious issue unless it is disproved by
appropriate trials.
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