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Abstract
Background Evidence and consensus is lacking in international guidelines regarding axillary treatment recommendations for patients in whom a sentinel lymph node
(SLN) cannot be visualized (non-vSLN) during the sentinel
node procedure. In this study we aimed to determine the
prevalence of non-vSLNs in a Dutch population of breast
cancer patients and to examine predictors and survival rate
for non-vSLN.
Methods A nationwide, retrospective, population-based
study was performed including 116,920 patients with
invasive breast cancer who underwent a SLN procedure in
the Netherlands between January 2005 and December
2013.
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Results Of the 76,472 clinically negative patients who
underwent a SLN procedure, 1924 patients (2.5%) had a
non-vSLN, of whom 1552 (80.7%) underwent an ALND.
Multivariate analysis showed predictive factors for nonvSLN: older age (p \ 0.001), diagnosis in the period
2005–2009 (p \ 0.001), larger tumor size (p = 0.003), and
extensive nodal involvement (p \ 0.001). Multivariate
survival analysis showed a significantly worse survival
(HR 1.18, 95% CI 1.03–1.34, p = 0.015) for non-vSLNs
patients. However, in the non-vSLN group, an ALND was
not statistically significantly associated with a better survival (HR 0.96, 95% CI 0.53–1.75, p = 0.891).
Conclusion Patients with non-vSLNs had less favorable
disease characteristics and a worse survival compared to
patients with a visualized SLN. Performing an ALND was
not associated with a significantly better survival in
patients with non-vSLNs. However, further research on the
necessity of axillary treatment in this specific patient group
is required.
Keywords Non-visualized sentinel nodes  Survival 
Axillary dissection

Introduction
Historically, axillary lymph node dissection (ALND) has
been the gold standard to determine the axillary lymph
node status in patients with invasive breast cancer. However, an ALND can cause significant morbidity, such as
lymphedema, dysesthesia, impairment of mobility, and
pain [1–4]. Since the introduction of the sentinel lymph
node (SLN) biopsy around 20 years ago, the indication to
perform an ALND has constantly been under revision. It
has already been established that, due to a low percentage
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of positive non-sentinel axillary lymph nodes, an ALND
can be omitted in patients with a negative SLN and in SLN
positive patients with micrometastases or isolated tumor
cells [3, 5–7]. Moreover, the Z0011 trial, the AMAROS
trial and the NSBAP-32 trial have shown that an ALND
may be redundant in certain SLN positive patients with
macrometastases and could be omitted completely or substituted by axillary radiotherapy [8–10].
However, none of the studies examining the necessity of
the ALND included patients in whom the SLN procedure
was unsuccessful, meaning that the SLN could not be
visualized or retrieved (non-vSLN). The Dutch guideline
recommends to perform an immediate ALND in case of a
non-vSLN. However, review of the international guidelines
reveals discrepancies in treatment recommendations in
case of a non-vSLN. This illustrates the lack of consensus
regarding the need to perform an ALND [11–16]. With the
present study we aim to determine the prevalence of nonvSLNs in a Dutch population of breast cancer patients and
to examine differences in clinicopathological characteristics, predictors, and overall survival between those in
whom the SLN procedure was not successful (non-vSLN
patients) versus patients in whom one or more SLN’s were
successfully harvested (vSLN patients). We also examined
whether performing an ALND is associated with a better
survival in patients with a non-vSLN.

Patients and methods
Study population
In this nationwide, retrospective, population-based study
we selected patients from the Netherlands Cancer Registry,
which is a prospective database of all malignancies diagnosed in the Netherlands, based on notification by the
Dutch nationwide pathology archive (PALGA) since 1989,
containing information directly registered from the
patients’ medical records in all hospitals in the Netherlands. The use of these data was approved by the NCR
Committee of Privacy. We included patients with primary
invasive breast cancer treated between January 2005 and
December 2013, who had undergone a SLN procedure and
did not have clinically palpable lymphadenopathy (cN0) or
clinically apparent metastases (cM0). Patients receiving
neo-adjuvant systemic treatment were excluded.
Sentinel node procedure
The Dutch guideline recommends performing the SLN
procedure using a combination of preoperative lymphoscintigraphy with radioactive colloid and a preoperative
injection of Patent Blue [11]. Lymphoscintigraphy was
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performed to visualize, locate and mark the sentinel nodes.
At the start of the surgical procedure, usually about
0.5–1 ml of vital blue dye (Patent Blue V, 2.5% solution)
was also injected. After incision, the blue lymphatics were
visualized and a handheld gamma-detection probe was
used to harvest the sentinel nodes [17]. The results of the
sentinel node procedure were registered based on surgical
and pathological reports. The procedure was considered
unsuccessful if neither lymphoscintigraphy nor Patent Blue
resulted in retrieval of a sentinel node.
Data analyses
The following information was available for all patients:
age at time of diagnosis, year of diagnosis, side of the
tumor, location of the tumor, clinical TNM-classification,
type of surgery (mastectomy versus breast conserving
operation), use of adjuvant systemic treatment (hormonal
and/or chemotherapy), use of radiotherapy, date of followup/death (complete until January 2014), and vital status.
The available data regarding the tumor included: pathological TNM-classification, tumor size, tumor morphology,
tumor grade using the Nottingham-modification-scale, and
hormone and HER2 receptor status. The location of the
tumor was divided into: lateral (lateral lower and upper
quadrant), medial (medial lower and upper quadrant), and
central, including the nipple. The number of positive
axillary lymph nodes was divided into negative, one or two
positive lymph nodes (i.e., minimal nodal involvement),
and three or more positive lymph node (i.e., extensive
nodal involvement).
In the dataset, results of the SLN were reported in five
histological categories: (1) negative, (2) isolated tumor
cells (\0.2 mm), (3) micrometastases (0.2–2 mm), (4)
macrometastases ([2 mm), and (5) non-visualized SLN.
This variable was next recoded into: ‘‘negative’’ (categories 1 ? 2), ‘‘positive’’ (categories 3 ? 4), and ‘‘nonvisualized’’ (category 5) [11]. For univariate and multivariate analyses the variable was recoded into ‘‘visualized’’
(categories 1 ? 2 ? 3 ? 4 = vSLN group) versus ‘‘nonvisualized’’ (category 5 = non-vSLN group).
In univariate analyses, the Chi square test was used to
compare differences in patient and tumor characteristics
between non-vSLN versus vSLN patients and in non-vSLN
patients who received an ALND versus those who did not.
Variables with a p value of \0.1 in the univariate analyses
were included in multivariate logistic regression analyses
in a stepwise backward fashion to identify predictive factors for a non-vSLN. Survival analyses were conducted
using the Kaplan–Meier method. The log-rank test was
used to compare survival curves. A Cox regression analysis
was performed to calculate the Hazard Ratio (HR),
adjusting for potential confounders, identified by the
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univariate log-rank tests. A p value of \0.05 was considered statistically significant in the univariate and multivariate analyses.

Results
Prevalence and predictors of non-visualized sentinel
nodes
Figure 1 shows a flow chart of the patient selection. During
the years 2005 until 2013, a total of 116,920 patients were
diagnosed with invasive breast cancer in the Netherlands.
After applying the in- and exclusion criteria, a total of
76,472 (65.4%) patients who had undergone a SLN procedure remained available for the study. Their median age
at diagnosis was 60 years, ranging from 19 to 98 years. In
6912 (9%) patients the SLN procedure was performed, but
details on the outcome were missing. Of the remaining
69,560 patients, 16,344 (23.5%) had a positive SLN biopsy
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of whom 15,014 (91.9%) received adjuvant therapy. An
ALND was performed in 11,957 (73.2%) patients of whom
13,354 (81.7%) patients had minimal nodal involvement
and 2984 (18.3%) patients had extensive nodal involvement. A negative SLN was found in 51,292 (73.7%)
patients. The SLN group consisted of a total of 67,636
(97.2%) patients, and was compared with the 1924 (2.5%)
patients in the non-vSLN group (See Fig. 1). Of the 1924
patients with non-vSLNs, 1035 (53.8%) received adjuvant
systemic therapy and 1552 (80.7%) underwent an ALND,
of whom 1213 (63.0%) did not have lymph node metastases, 207 (10.8%) had minimal nodal involvement, and
221 (11.5%) had extensive nodal disease. Table 1 shows
the distribution of patient and tumor characteristics
between non-vSLNs patients versus those with vSLNs and
the results of univariate analyses.
In univariate analyses the following factors were associated with a statistically significantly higher (p \ 0.10)
prevalence of non-vSLNs: older age, a diagnosis in the
period 2005–2009, mastectomy, a larger tumor size,

Fig. 1 Flow chart of patient
selection showing the results of
the SLN procedure in clinically
node negative Dutch breast
cancer patients without
metastatic disease between 2005
and 2013
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Table 1 Frequency
table showing characteristics of
patients with a visualized
(vSLN) versus non-visualized
sentinel node (non-vSLN)
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Patient characteristics

vSLN (N = 67636)

Non-vSLN (N = 1924)

Male

399 (0.6%)

8 (0.4%)

Female

67,237 (99.4%)

1916 (99.6%)

66 (19–98)

66 (30–93)

\50 years

13,854 (20.5%)

175 (9.1%)

50–69 years

38,278 (56.6%)

1012 (52.6%)

C70 years

15,504 (22.9%)

737 38.3%)

2005–2009

30,561 (45.2%)

1085 (56.4%)

2010–2013

37,075 (54.8%)

839 (43.6%)

Left

34,524 (51.0%)

934 (48.5%)

Right

33,102 (48.9%)

990 (51.5%)

Gender

0.326

\0.001

Age
Median (range)

\0.001

Year of diagnosis

Side of tumor

Unknown
Location of tumor

0.727

10
0.273

Centrally (incl. nipple)

5081 (7.5%)

145 (7.5%)

Medially

14,025 (20.7%)

430 (22.3%)

Laterally

31,387 (46.4%)

874 (45.4%)

Unknown

17,143

475
\0.001

Type of surgery
Breast conserving

43,305 (64.0%)

1119 (58.2%)

Mastectomy

24,331 (36.0%)

805 (41.8%)

15 (0–263)

15 (0–100)

45,672 (67.5%)

1213 (63.0%)

\0.001

Tumor size in mm
Median (range)
\20 mm
20–30 mm

14,883 (22.0%)

459 (23.9%)

[30 mm

5510 (8.1%)

210 (10.9%)

Unknown

1571

42

Ductal carcinoma
Lobular carcinoma

51,484 (76.1%)
7179 (10.6%)

1468 (76.3%)
207 (10.8%)

Other types

8973 (13.3%)

249 (12.9%)

Grade 1

18,144 (26.8%)

493 (25.6%)

Grade 2

29,588 (43.7%)

852 (44.3%)

Grade 3

17,034 (25.2%)

511 (26.6%)

Unknown

2870

68

5704 (8.4%)

181 (9.4%)

Positive

57,248 (84.6%)

1641 (85.3%)

Unknown

4.684

102

11,063 (16.4%)

358 (18.6%)

46,042 (68.1%)

1309 (68.0%)

10,531

257

Morphology of tumor

0.508

Tumor grade

0.116

ER-status
Negative

0.444

PR-status
Negative
Positive
Unknown
HER2-status
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p value

0.827

0.129
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Patient characteristics
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vSLN (N = 67636)

Non-vSLN (N = 1924)

Negative

56,970 (84.2%)

1632 (84.8%)

Positive

7321 (10.8%)

186 (9.7%)

Unknown

3345

106

58,003 (85.8%)

1668 (86.7%)

p value

Multifocality
No

0.346

Yes

9057 (13.4%)

240 (12.5%)

Unknown

576

16

0

50,654 (74.9%)

1161 (60.3%)

1–2

13,847 (20.5%)

189 (9.8%)

3?

3086 (4.6%)

202 (10.5%)

Unknown

49

372

No

27,992 (41.4%)

889 (46.2%)

Yes
Chemotherapy

39,644 (58.6%)
7060 (17.8%)

1035 (53.8%)
141 (13.6%)

\0.001

Number positive lymph nodes

\0.001

Adjuvant systemic therapy

Hormone therapy

16,386 (41.3%)

560 (54.1%)

Both

16,198 (40.9%)

334 (17.4%)

No

2022 (3.0%)

680 (35.3%)

Yes

45,614 (67.4%)

1244 (64.7%)

Unknown

20,000

0

Adjuvant radiation therapy

0.010

vSLN visualized sentinel node, non-vSLN non-visualized sentinel node, ER-status estrogen receptor status,
PR-status progesterone receptor status

extensive nodal involvement, and the absence of systemic
therapy and radiotherapy. These factors were included in
the multivariate logistic regression analysis, which showed
that being diagnosed between in the period 2005–2009,
being older, having larger tumors, and more often having
extensive nodal involvement were predictors for a nonvSLN (Table 2).
Survival of patients with visualized versus nonvisualized sentinel nodes
The median follow-up time of all patients was 3.3 years,
with a maximum of 9 years. A total of 4802 patients had
died, of whom 244 (5.1%) had non-vSLNs (p \ 0.001).
Survival analyses showed a 5-year survival rate of 91.3%
(95% CI 91.1–91.5) for the vSLN group versus 86.1%
(95% CI 84.2–88.2) for the non-vSLN group (p \ 0.001)
(Fig. 2). In the multivariate Cox regression analysis,
adjusting for age at diagnosis, year of diagnosis, type of
surgery, tumor size, number of positive lymph nodes,
adjuvant systemic therapy, and radiotherapy, a worse survival was observed for patients with non-vSLNs compared
to those with vSLN patients, with a hazard ratio (HR) of
1.18 (95% CI 1.03–1.34, p = 0.015).

Table 2 Multivariate analyses showing various predictive characteristics for a non-visualized sentinel node
Characteristics

Multivariate analysis
Adjusted OR (95% CI)

p value
\0.001

Age
\50 years

1

50–69 years
C70 years

2.19 (1.84–2.60)
3.73 (3.12–4.46)
\0.001

Year of diagnosis
2005–2009

1

2010–2013

0.50 (0.45–0.56)

Tumor size in mm

0.003

\20 mm

1

20–30 mm

1.18 (1.05–1.33)

[30 mm

1.28 (1.08–1.52)
\0.001

Number positive lymph nodes
0

1

1–2

0.62 (0.54–0.73)

3?

2.86 (0.44–3.35)

We also performed a sensitivity analyses, in which we
excluded patients of 70 years or older. Multivariate Cox
regression analyses, adjusting for age, year of diagnosis,
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Discussion

Fig. 2 Kaplan–Meier curves on overall survival in years of patients
with non-visualized sentinel lymph nodes (non-vSLN) versus those
after with a visualized lymph node (vSLN) (p \ 0.001)

type of surgery, tumor size, progesterone status, number of
positive lymph nodes, and adjuvant systemic therapy,
showed that even after excluding these older patients,
patients with a non-vSLN still had a worse overall survival
compared to those with a vSLN (HR 1.42 95% CI
1.15–1.75 ).
ALND in patients with non-vSLN and association
with overall survival
Of the 1924 patients with a non-vSLN 1552 (80.7%)
underwent an ALND. Table 3 shows the distribution of
patient and tumor characteristics in non-vSLN patients with
versus without an ALND and the results of univariate and
multivariate logistic regression analyses comparing both
groups (with and without ALND). The results of the multivariate analyses showed that patients who underwent an
ALND were more often diagnosed in the years 2005–2009
and had larger and more often multifocal tumors.
The 5-year survival rate of patients with an ALND was
85.6% (95% CI 79.2–92.0), compared to 86.0% (95% CI
84.0–88.0) for those without an ALND (p = 0.692)
(Fig. 3). A multivariate Cox regression analysis, adjusting
for age, year of diagnosis, tumor location, tumor size, ER
and PR-status, and adjuvant systemic therapy, did not show
a statistically significant difference in survival between
patients with and without ALND (HR 0.96, 95% CI
0.53–1.75, p = 0.891).
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The present study shows that the SLN could not be visualized in 2.5% of all clinically node negative Dutch breast
cancer patients who underwent a SLN procedure. Patients
with a non-vSLN were older, were more often diagnosed in
the earlier period of 2005–2009, had larger tumors, and
were more likely to have extensive nodal involvement,
compared to patients who had undergone a successful SLN
procedure. Multivariate survival analysis, correcting for the
most relevant confounding factors, showed a significantly
poorer 5-year survival rate for patients with a non-vSLN
versus those with a successful SLN procedure. Moreover,
the majority of non-vSLN patients underwent an ALND.
These patients more often had larger and multifocal tumors
and were more likely to be diagnosed in the early period of
2005–2009, compared to those who did not undergo an
ALND. Thus, the present data indicate that this specific
group of patients in whom a SLN cannot be successfully
visualized and harvested, represents a different breast
cancer population.
It has been reported that several factors could influence
the success rate of the SLN procedure. First, next to older
age, a high body weight appears to result in an increased
likelihood for a non-vSLN. It has been hypothesized that
lymph nodes in older or more obese patients consist of
more fat which decreases the nodes’ capacity for colloid
uptake [18–20]. Although there was no information on
body weight in the present study, this study did show an
increased likelihood of non-vSLN with increasing age.
Secondly, studies have confirmed our findings that a larger
tumor size increases the risk of a non-vSLN. Some have
reported that a central location of the breast tumor may
increase the chance of a non-vSLN, though this could not
be confirmed in the present study [19, 21]. Thirdly, a high
number of positive lymph nodes and macrometastases is
reported to also decrease the success rate of the SLN
procedure, which is confirmed in this study [22–24]. This
may be caused by blockage of the lymphatic pathways by
the enlarged lymph nodes, which causes the lymphatic
system to create alternative pathways. Finally, other factors
that have been associated with the rate of SLN visualization refer to various procedural factors. SLN identification
and visualization is lower during repeat SLNB in patients
who previously underwent a SLNB or ALND [25]. The
SNARB study (Sentinel Node and Recurrent Breast Cancer) by Vugts et al, which is a multicenter study on the
feasibility and clinical usefulness of the repeat SLNB,
showed that the limited SLN visualization may be caused
by previous radiotherapeutic treatment. In addition, it was
advised to inject a larger amount of radioactive dye and a
1-day protocol for lymphoscintigraphy was proposed
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Table 3 Frequency table showing characteristics of non-vSLN patients (n = 1924) who underwent an ALND versus no ALND and the results
of multivariate analyses
Patient characteristics

No ALND (N = 372)

ALND (N = 1552)

Age
22 (5.9%)

50–69 years

199 (53.5%)

813 (52.4%)

C70 years

151 (40.6%)

586 (37.8%)

94 (25.3%)

991 (63.9%)

278 (74.7%)

561 (36.1%)

153 (9.9%)

\0.001

Year of diagnosis
2010–2013
Location of tumor

1
0.15 (0.11–0.21)
0.015

Centrally (incl. nipple)

33 (8.9%)

Medially

96 (25.8%)

334 (21.5%)

Laterally

143 (38.4%)

731 (47.1%)

112 (7.2%)

Unknown

100

375

Breast conserving

226 (60.8%)

893 (57.5%)

Mastectomy

146 (39.2%)

659 (42.5%)

275 (73.9%)

938 (60.4%)

Type of surgery

0.259

\0.001

Tumor size in mm
\20 mm

Multivariate analyses OR (95% CI)

0.058

\50 years

2005–2009

p value

1

20–30 mm

55 (14.8%)

404 (26.0%)

1.75 (1.11–2.76)

[30 mm

33 (8.9%)

177 (11.4%)

1.72 (0.94–3.13)

Unknown

9

33

Ductal carcinoma
Lobular carcinoma

283 (76.1%)
38 (10.2%)

1185 (76.4%)
169 (10.9%)

Other types

51 (13.7%)

198 (12.8%)

Grade 1

105 (28.2%)

388 (25.0%)

Grade 2

156 (41.9%)

696 (44.8%)

Grade 3

86 (23.1%)

425 (27.4%)

Unknown

25

43

Negative

23 (6.2%)

158 (10.2%)

Positive

314 (84.4%)

1327 (85.5%)

Unknown

35

67

Negative

37 (9.9%)

321 (20.7%)

Positive

258 (69.4%)

1051 (67.7%)

Unknown

77

180

Morphology of tumor

0.844

Tumor grade

0.179

ER-status

0.036

\0.001

PR-status

HER2-status
Negative

0.651
321 (86.3%)

1311 (84.5%)

Positive

34 (9.1%)

152 (9.8%)

Unknown

17

89

No

334 (89.8%)

1334 (86.0%)

1

Yes

37 (9.9%)

203 (13.1%)

2.52 (1.29–4.90)

Unknown

1

15

No

198 (53.2%)

691 (44.5%)

Yes

174 (46.8%)

861 (55.5%)

Multifocality

0.093

Adjuvant systemic therapy

0.003
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Table 3 continued
Patient characteristics

No ALND (N = 372)

ALND (N = 1552)

Chemotherapy

22 (12.6%)

119 (13.8%)

Hormone therapy

118 (67.8%)

442 (28.5%)

Both

34 (19.5%)

300 (34.8%)

No

141 (37.9%)

539 (34.7%)

Yes

231 (62.1%)

1013 (65.3%)

Adjuvant radiation therapy

p value

Multivariate analyses OR (95% CI)

0.250

ER-status estrogen receptor status, PR-status progesterone receptor status

Fig. 3 Kaplan-Meier curves of overall survival in years of non-vSLN
patients with versus without ALND (p = 0.692)

instead of the current 2-day protocol to increase the visualization rate [26]. Studies also show that the success rate
of the SLN procedure increases when both the lymphoscintigraphy and Patent Blue methods are used and
when a larger amount of radioactive dye is injected
[23, 27–29]. Finally, the experience of the surgeon in
performing the SLN procedure is important in finding and
identifying the lymphatic pathways and the SLN [30].
However, these latter factors were not addressed in the
present study.
A clinically important question is whether patients with
a non-vSLN should undergo an ALND. International
guidelines differ in their treatment recommendations in
case of a non-vSLN, if treatment options are mentioned at
all. The European ESMO guidelines and the British NICEguidelines both do not mention the possibility of a nonvSLN or its implications at all [12, 13]. The Dutch
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NABON-guideline, the American ASCO-guideline, and
the Australian guideline all recommend to perform an
ALND in case of a non-vSLN [11, 14, 15]. The NCCN
guideline agrees with this statement; however, a footnote is
added which states that in case of treatment with adjuvant
radiation therapy, an extended radiation field to the axilla
may also be sufficient [16]. Clinical data to substantiate
these statements are very scarce.
Thus, the question remains whether the ALND is
required in case of a non-vSLN. Obviously, axillary
treatment can be omitted in case of a negative SLN. More
recently, research also showed that the ALND could also
be omitted in selected SLN positive patients [8–10]. The
Z0011 trial formulated criteria to select SLN positive
patients in whom the axillary treatment could be omitted
without affecting (disease-free) survival [8]. However, the
applicability of these criteria to non-vSLN patients is
uncertain. In a previous study applying the Z0011 based
criteria on a large cohort of Dutch breast cancer patients,
more than half of the subgroup of non-vSLN patients who
had undergone an ALND appeared to have no axillary
lymph node metastases[31]. On the other hand, although in
that study 37.2% of the patients with non-vSLNs had
extensive nodal involvement, no statistically significant
improved survival after an ALND could be shown. The
present study, however, indicates that in non-vSLN patients
extensive nodal involvement may be present more often.
The strength of the present study is the combination
between analyses of a large national database of breast
cancer patients regarding differences in characteristics and
survival between vSLN patients and non-vSLN patients,
with additional analyses on the impact of an ALND on the
overall survival in the non-vSLN group. However, this
study also has some limitations. Due to the use of a
national database, some data were missing. Furthermore,
the SLN procedure was registered as having been performed when either a lymphoscintigraphy and/or the Patent
Blue technique was used. However, it was unknown whether both techniques or only one was used in the individual
cases. Finally, there was of course a risk of selection bias
when comparing the survival in the non-vSLN group
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between patients who did or did not receive an ALND.
Also, due to the relatively small number of patients in these
subgroups, confidence intervals of the hazard ratios were
wide and a clinically relevant difference in survival thus
cannot be ruled out.
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6.

7.

Conclusion
8.

In 2.5% of the patients who underwent a SLN procedure,
the sentinel node could not be visualized and harvested.
These non-vSLN patients had a worse survival compared to
patients with a successful SLN procedure. Subsequently,
80.7% of these non-vSLN patients underwent an ALND.
However, an ALND was not statistically significantly
associated with a better survival. Therefore, we conclude
that performing an ALND in patients with a non-vSLN is
disputable, and that more confirmative research is needed
to reach consensus regarding recommendations for axillary
treatment in these patients.
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