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Chapter 4 — Non-visualization is not associated with worse outcomes

Abstract

Background and Objectives

Preoperative lymphoscintigraphy does not always visualize asentinel lymph node
(SLN). The study aim was to investigate whether persistent non-visualization
after additional single-photon emission computed tomography (SPECT)/CT or
a second radiotracer injection in breast cancer patients is associated with nodal
metastases or worse outcome due to potential understaging and consequently
undertreatment.

Methods

Altogether 2,042 consecutive SLN procedures were evaluated. All patients
were clinically node-negative, underwent axillary ultrasound and fine-needle
aspiration cytology (US/FNAC) of suspicious nodes. Lymphoscintigraphy was
performed at 3-4 hours after intratumoral injection of Tc-99m-nanocolloid.
SPECT/CT or a reinjection was performed when initial lymphoscintigraphy

showed non-visualization.

Results

Persistent non-visualization was seen in 170/2,042 procedures (8.3%). The nodal
metastasis rate was 16.0% versus 18.0% for procedures with non-visualization
versus SLN visualization, respectively (p=0.593). The regional recurrence
rate of tumor-negative SLN biopsy procedures was equal between the non-
visualization (0.7%, 1/144) versus visualization (0.7%, 11/1535) group. Median
follow-up was 48 months. Distant metastasis free interval and overall survival
was not significantly different between both groups (p=0.164 and p=0.208,
respectively).

Conclusions

Persistent non-visualization after lymphoscintigraphy plus SPECT/CT or
radiotracer reinjection is not associated with a higher nodal metastasis rate or
worse long term outcome when preoperative US/FNAC is performed.
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Introduction

In clinically node-negative breast cancer, sentinel lymph node biopsy (SLNB)
has become the “standard of care” for nodal staging [1]. Preoperative
lymphoscintigraphy after radiotracer injection serves as a roadmap to facilitate
the surgeon in sentinel lymph node (SLN) identification [2]. Patient-specific
factors such as larger tumor size [3], higher body mass index (BMI) [3-5],
higher age [3-5], and previous breast surgery or irradiation [6,7] can result in
lower SLN visualization rates on lymphoscintigraphy. Some studies have even
demonstrated that non-visualization on lymphoscintigraphy is associated
with tumor-positive lymph nodes. These investigators hypothesized that
nodal metastases might completely obstruct the lymph flow, preventing the
radiotracer from accumulating in the SLN, and thus leading to non-visualization
on lymphoscintigraphy. The routine use of preoperative ultrasonography of
the axilla in combination with fine-needle aspiration cytology (US/FNAC) of
regional lymph nodes was not reported in the studies that found extensive
nodal metastatic involvement in patients with non-visualization on preoperative
imaging [8-12]. Kramer et al. demonstrated that preoperative US/FNAC has an
adequate accuracy of 89.8% to detect three or more positive lymph nodes
[13]. After US/FNAC, most of the patients with extensive nodal metastatic
involvement would not undergo a SLNB procedure. Therefore, we challenge
the association between non-visualization and nodal metastases in current
clinical practice when routine US/FNAC is used to select patients for SLNB.

Failure to visualize a SLN on lymphoscintigraphy is associated with failure to
accurately identify a SLN in surgery [14]. Therefore, additional Single Photon
Emission Computed Tomography (SPECT)/CT or a second radiotracer injection
has been used to improve the SLN visualization [12,15] and identification
rate [16]. A second radiotracer injection after non-visualization on planar
lymphoscintigraphy is safe and does not increase recurrence risk after tumor-
negative SLNB [17]. In patients with persistent non-visualization after SPECT/
CT or radiotracer reinjection, exploration of the axilla with the help of palpation
and blue dye in addition to the gamma probe improves the axillary SLN
identification rate [18]. Still, the accuracy of SLNB might be hampered in these
patients. Since a less accurate SLN identification may result in less sufficient
staging, and consequently to undertreatment.

Inthe presentstudy, we aim to investigate whether persisting non-visualization
after SPECT/CT and/or a second radiotracer injection is associated with nodal
metastases or worse outcomes in clinical node-negative breast cancer patients
that underwent routine preoperative US/FNAC. We thus compare the SLNB
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results and breast cancer recurrences between the procedures with SLN

visualization and those with persistent non-visualization.

Materials and Methods

Study population

This single-center retrospective study was approved by the institutional review
board of the Netherlands Cancer Institute. Lymphoscintigraphy and SPECT/CT
data of 2,222 breast cancer SLN procedures from January 2011 to June 2016
were collected and reviewed from the Netherlands Cancer Institute database.
We considered a bilateral SLN procedure as two separate procedures. Two
thousand fifty-four procedures had clinically node-negative primary breast
cancer evaluated by US/FNAC of sonographically suspicious lymph nodes. Only
patients with a negative FNAC result were eligible for this study. Four patients
had previous ipsilateral axillary surgery, one patient had an axillary lymph node
dissection after failed SLN identification, and seven did not undergo additional
SPECT/CT or reinjection after non-visualization on lymphoscintigraphy. Thus
2,042 procedures were remaining in the overall group (Figure 1). Persistent
non-visualization was classified when none of the lymph node basins, axillary
and extra-axillary, visualized a hotspot on any preoperative imaging.

Preoperative imaging

The radiotracer, “"Tc-nanocolloid (Nanocoll; GE-Healthcare, Eindhoven, The
Netherlands), was injected intratumorally (100-140 MBq in a volume of 0.2
ml), either by palpation or image guided in non-palpable tumors. Hereafter,
planar lymphoscintigraphy was performed at early (15 min) and late (3-4 h)
intervals. A cobalt-57 flood source was placed behind the patient to outline the
body contour. Static 5-min anterior and lateral-oblique images were obtained
with a gamma camera (Symbia T; Siemens, Erlangen, Germany) equipped with
a Mullecom collimator. Lymph nodes upon which the primary tumor drains
directly were defined as SLNs by a nuclear physician. These were specified as
lymph nodes visualized at the early images, nodes with increasing radiotracer
uptake at the late images, and nodes in other nodal basins. The location of
axillary and extra-axillary SLNs were marked on the skin.

SPECT/CT or a second radioisotope injection (e.g. reinjection) was performed
as part of the local clinical protocol when late lymphoscintigraphy showed non-
visualization. The SPECT/CT system consisted of a dual-head gamma camera
equipped with Mullecom collimators. SPECT acquisition (matrix 128x128, 30s
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per view) was performed using steps of 6°. After reconstruction, the SPECT
images were corrected for attenuation and scatter based on low-dose CT. A
second radioisotope injection (100-140 MBq 99mTc-nanocolloid) was followed
by repeated planar lymphoscintigraphy. Patients were not eligible for a second
radioisotope injection when the SLN procedure was planned simultaneously
with wide local excision guided by an lodine-125 seed. In those specific
procedures, the 99m-Tc signal from a reinjection site could interfere with
the localisation of the lodine-signal due to the overlap in the energy window
between the lodine-125 and the 99m-Tc Compton scatter [19].

SLN procedures between
January 2011 - June 2016

n=2,222
> Excluded n =150
Ipsilateral recurrent breast cancer
—> Clinicalllilxrclg:i(::gol;iz:espatients
E Excluded n =4

Previous ipsilateral axillary surgery

Excluded n=7

3|  No additional imaging after non-
visualization on lymphoscintigraphy

Excluded n=1
3| Axillary lymph node dissection after
failed SLN identification

\ 4
Included in analysis
n=2,042

Figure 1 Flow diagram of study population. SLN, Sentinel lymph node
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Surgery

Surgery was performed on the same day as the radiotracer injection (one-day
protocol) or the next day in the morning (two-day protocol). The marked SLN
regions were explored by searching for radioactive SLNs with a gamma probe
(Neoprobe, Johnson & Johnson Medical, Hamburg, Germany). In patients
undergoing a mastectomy, the incision of the mastectomy was used to dissect
towards to the SLNs. A separate incision was made in patients undergoing
breast conserving surgery. Patent blue dye (Laboratoire Guerbet, Aulnay-Sous-
Bois, France) was peri/intratumorally administered in most of the patients with
persistent non-visualization, and in these patients only the axilla was surgically
explored. Non-SLNs were defined as lymph nodes without radioactivity and
blue staining. Occasionally, non-SLNs were unintentionally removed when
these were located in close proximity to the SLN. Intentionally, removal of a
non-SLN was done in case of a suspicious palpable node. Finally, axillary nodal
sampling of approximately 3-4 non-SLNs in level I-Il was performed when no
SLN was identified in any lymph node basin. Histopathological examination
was performed on all harvested lymph nodes. Both SLNs and non-SLNs were
fixed in formalin, bisected, sliced at 2 mm intervals, and embedded in paraffin,
followed by haematoxylin-eosin and immunohistochemical staining (CAM 5.2;
Becton Dickin-son, San Jose, CA). The SLNB procedure was considered tumor-
positive when a metastasis (=0.2 mm in size) was found in any of the removed
lymph nodes.

Follow-up

According to the Dutch guidelines, in general low-risk patients and high-risk
patients were followed by undergoing mammograms for at least 5 and 10
years, respectively. Physical examination and bilateral mammography were
performed at these visits. Breast and axillary ultrasound, blood tests, bone scan
or positron emission tomography (PET)/CT was only performed when clinically
indicated.

Statistical analyses

Patient characteristics and outcome frequency tables were analyzed using the
univariate Fisher’s exact test, in case of an observed cell frequency less than
5, or the x? test. Numerical variables were tested for normality. All numerical
variables had a nonparametric distribution, so these were compared using the
Mann-Whitney's U-test. Distant metastasis free interval (DMFI) and overall
survival (OS) were computed using the Kaplan—-Meier method, and survival
between groups was compared using the log-rank test. DMFI was calculated
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from the date of the diagnosis to the date of distant cancer recurrence. If
a local recurrence occurred before the detection of a distant metastasis, the
distant metastasis free interval time was stopped and censored at that time
point. Overall survival was computed from the date of the diagnosis to the date
of death. All statistical tests were two-tailed and a p-value of less than 0.05
was considered as statistically significant. Analysis was performed using SPSS
version 22.0 (IBM, Corp., Armonk, New York).

Results

Preoperative imaging

Planar lymphoscintigraphy showed a SLN visualization rate of 87.0%
(1,777/2,042). Out of the 265 procedures with SLN non-visualization on
lymphoscintigraphy, SPECT/CT was performed in 185 (70.0%) procedures,
a reinjection was administered in 29 (10.9%) procedures, and 51 (19.2%)
procedures received both a SPECT/CT and reinjection. In the overall group, the
SLN visualization rate was 91.7% (1,872/2,042) after additional SPECT/CT or
reinjection, leaving 170 procedures with persistent non-visualization (Figure 2).

Nodal metastases found by SLNB
Table 1 shows the differences in patient characteristics between the group with
SLN visualization and the group with persistent non-visualization. The patients
with persistent non-visualization were older (p < 0.001), had a higher BMI (p
< 0.001), had more non-palpable breast tumors (p < 0.001), and had more
often iodine-seeds in situ (p < 0.001) than those with SLN visualization on any
preoperative imaging. There was no statistical significant difference in the
nodal metastasis rate found by SLNB between procedures with persistent non-
visualization (16.0%) and procedures with SLN visualization (18.0%, p = 0.593).
The average number of axillary tumor-involved lymph nodes was even lower
in procedures with persistent non-visualization (0.2, range 0-4) compared to
those with SLN visualization (0.3, range 0-21).

Intraoperatively, a SLN was successfully identified in 97.8% (1998/2042) of
the procedures. An axillary SLN was found in 97.4% (1988/2042) of the
procedures, and at least one SLN was found outside the axillain 8.7% (178/2042)

of the procedures.
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Table 1 Patient characteristics of all procedures (n = 2042) to account for the nodal metastases
found by SLNB.

Characteristics Visualization Non-visualization ~ Total p-value
N =1872(91.7%) N=170(8.3%) N =2042
Age <0.001b
Median (range) 54 (19-89) 63(29-91) 55(19-91)
Body mass index <0.001*
Median (range) 23.9 (15-47) 26.5(16-51) 24.1(15-51)
Tumor Type 0.963¢
Insitu 263 (14.0) 22(12.9) 285 (14.0)
IDC 1269 (67.8) 118 (69.4) 1387 (67.9)
ILC 224(12.0) 19(11.2) 243 (11.9)
Other 116 (6.2) 11(6.5) 127(6.2)
pT-stage® 0.257¢
T 1060 (65.9) 92(62.2) 1152 (65.6)
12 460 (28.6) 43(29.1) 503 (28.6)
T3/4 89(5.5) 13(8.8) 102 (5.8)
Tumor palpability <0.001°
Palpable 1125 (60.1) 69 (40.6) 1194 (58.5)
Non-palpable 747 (39.9) 101 (59.4) 848 (41.5)
Receptor status® 0.184¢
ER+ HER- 1203 (75.1) 119(80.4) 1322 (75.5)
HER+ 185 (11.5) 17 (11.5) 202 (11.5)
Triple — 214 (13.4) 12(8.1) 226(12.9)
Unknown 7 0 7
Invasive tumor grade® 0.302¢
Grl 404 (25.8) 34(23.4) 438(25.6)
Gr2 803 (51.3) 84(57.9) 887 (51.9)
Gr3 357(22.8) 27(18.6) 384(22.5)
Unknown 45 3 48
Tumor focality 0.920¢
Multifocal 366 (19.6) 34(20.0) 400 (19.6)
Unifocal 1506 (80.4) 136 (80.0) 1642 (80.4)
Tumor location 0.056¢
Medial/Central 673 (36.0) 74(43.5) 747 (36.6)
Lateral 1199 (64.0) 96 (56.5) 1295 (63.4)
Any neo-adjuvant systemic 0.079¢
therapy 336(17.9) 40 (23.5)
Yes 118(6.3) 15(8.8) 317363(1(2:))
Hormonal therapy 230(12.3) 28(16.5) 28 (1'2 6
Chemotherapy 60(3.2) 10(5.9) 70 (3'4)'
Targeted therapy 1536 (82.1) 130 (76.5) 1666 (81.6)
No
lodine-seeds present in situ <0.001¢
Yes 815 (43.5) 103 (60.6) 918 (45.0)
No 1057 (56.5) 67 (39.4) 1124 (55.0)
No. of SLNs harvested <0.001*
Median (range) 1(0-9) 1(0-5) 1(0-9)
No. of non-SLNs harvested 0.021°
Median (range) 0(0-10) 0(0-11) 0(0-11)
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Table 1 (continued)

Characteristics Visualization Non-visualization ~ Total p-value
N=1872(91.7%) N=170(8.3%) N = 2042
SLN identified <0.001¢
Yes 1853 (99.0) 145 (85.3) 1998 (97.8)
No 19(1.0) 25(14.7) 44(2.2)
pN-stage
Positive 337(18.0) 26(16.0) 363 (17.9)
Negative 1532(82.0) 136 (84.0) 1668 (82.1)
Unknown 3 8 n

?Excludes non-invasive in situ breast tumors; *Mann-Whitney U test; ‘Chi square exact test; SLN, sentinel lymph node

Table 2 Patient characteristics of the tumor-negative SLNB to account for the potential
understaging in the group with persistent non-visualization.

Characteristics Visualization Non-visualization  Total p-value
N =1535(91.4%) N=144 N=1679
(8.6%)
Age <0.001°
Median (range) 55(19-89) 63 (29-91) 56 (19-91)
Body mass index <0.001°
Median (range) 23.9(15-45) 27.1(17-51) 24.1(15-51)
Tumor Type 0.966¢
Insitu 260 (16.9) 22(15.3) 282 (16.8)
IDC 1003 (65.3) 96 (66.7) 1099 (65.5)
ILC 172(11.2) 16 (11.1) 188(11.2)
Other 100 (6.5) 10(6.9) 110 (6.6)
pT-stage® 0.755¢
T 880 (69.0) 82(67.2) 962 (68.9)
iV} 331(26.0) 32(26.2) 363 (26.0)
T3/4 64(5.0) 8(6.6) 72(5.2)
Tumor palpability <0.001¢
Palpable 869 (56.6) 50(34.7) 919 (54.7)
Non-palpable 666 (43.4) 94 (65.3) 760 (45.3)
Receptor status®
ER-+ HER- 937(73.9) 96 (78.7) 1033 (74.3) 0.396
HER+ 152(12.0) 14(11.5) 166 (11.9)
Triple — 179 (14.1) 12(9.8) 191(13.7)
Unknown 7 0 7
Invasive tumor grade® 0.421°
Grl 347 (28.0) 29(24.0) 376 (27.6)
Gr2 609 (49.2) 67 (55.4) 674 (49.7)
Gr3 283(22.8) 25(20.7) 307 (22.6)
Unknown 36 1 37
Tumor focality 0.556°
Multifocal 248 (16.2) 26(18.1) 274(16.3)
Unifocal 1287 (83.8) 118 (81.9) 1405 (83.7)
Tumor location 0.149
Medial/Central 556 (36.2) 61(42.4) 617 (36.7)
Lateral 979 (63.8) 83 (57.6) 1062 (63.3)
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Table 2 (continued)

Characteristics Visualization Non-visualization  Total p-value’
N =1535(91.4%) N=144 N=1679
(8.6%)

Adjuvant radiotherapy <0.001¢
Yes 879 (57.3) 105 (72.9) 984 (58.6)

No 656 (42.7) 39(27.1) 695 (41.4)
Any systemic therapy 0.486°
Yes 815(53.1) 72(50.0) 887 (52.8)

Hormonal therapy 663 (43.2) 61(42.4) 724 (43.1)

Chemotherapy 412(26.8) 28(19.4) 440 (26.2)

Targeted therapy 136 (8.9) 11(7.6) 147 (8.8)

No 720 (46.9) 72(50.0) 792 (47.2)

lodine-seeds present in situ <0.001¢
Yes 684 (44.6) 89(61.8) 773 (46.0)

No 851(55.4) 55(38.2) 906 (54.0)

Type of surgery <0.001¢
Breast conserving 934 (60.8) 116 (80.6) 1050 (62.5)

Mastectomy 601(39.2) 28(19.4) 629 (37.5)

No. of SLNs harvested <0.001°
Median (range) 1(0-7) 1(0-5) 1(0-7)

No. of non-SLNs harvested 0.025
Median (range) 0(0-10) 0(0-10) 0(0-10)

SLN identified <0.001¢
Yes 1518(98.9) 121(84.0) 1639 (97.6)

No 17(1.7) 23(16.0) 40(2.4)

?Excludes non-invasive in situ breast tumors; "Mann-Whitney U test; <Chi square exact test; SLN, sentinel lymph node

No radioactive or blue SLNs could be found in 1.0% (19/1873) procedures with
visualization and 14.7% (25/170) with persistent non-visualization (p < 0.001).
Non-SLNs were removed by performing axillary nodal sampling in 33 of the 44
procedures without SLN identification. In the remaining 11 procedures (25.0%)
no nodal sampling was performed. In both groups, with non-visualization and
with visualization, two patients had a histological tumor-positive non-SLNs
(4/44). No lymph node recurrences or distant metastases were detected in or
outside the axilla in any of the other 40 tumor-negative SLNB procedures with
a median follow-up time of 37 months.

A higher median number of removed SLNs was found in the group with
SLN visualization (p < 0.001), while the median number of removed non-SLNs
was slightly higher in the group with persistent non-visualization (p = 0.021).
The mean number of removed nodes in total (SLNs + non-SLNs) was similar in
procedures with SLN visualization and those with persistent non-visualization
(2.1 vs 2.0, respectively).
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| 2042 procedures |

A\ 4
| 3-4 hour lymphoscintigraphy |

Visualization (n = 1777) Non-visualization (n = 265)

A4

SPECT/CT and/or
reinjection + lymphoscintigraphy

Visualization (n = 95) Non-visualization (n = 170/2042 (8.3%))
v A 4
SLN identified: 1763/1777 (99.2%) SLN identified: 90/95 (94.7%)
P 1 P 1 Y
rotoco rotoco! . . o e _
I-day: 443/445 (99.6%) -day: 27128 (96.4%) Persistent non-visualization (n = 170)
- . 0, - . 0,
2-day: 1320/1332(99.1%) 2-day: 63/67 (94.0%) SLN identified: 145/170 (85.3%)
i i Protocol
Preoperative SLN visualization (n = 1872) 1-day: 34/35(97.1%)
2-day: 111/135 (82.2%)
SLN identified: 1853/1872 (99.0%)
Blue dye used
Protocol Yes: 135/157 (86.0%)
1-day: 470/473 (99.4%) No: 9/12 (75.0%)
2-day: 1383/1399 (98.9%) Unknown: 1/1 (100%)

Figure 2 Flow diagram showing the intraoperative SLN identification results for both the
group with preoperative SLN visualization and the group with persistent non-visualization.
SLN, sentinel lymph node; SPECT/CT, single photon emission computed tomography

Non-SLNs were removed in 25.0% (468/1,872) of the procedures with
SLN visualization according to histopathological assessment of the removed
specimens. In 9.2% (43/468) of these procedures tumor-positive non-SLNs were
found, which prevented 15 false-negative procedures. Non-SLNs were removed
in 31.8% (54/170) of the procedures with persistent non-visualization. In 7.4%
(4/54) of these procedures tumor-positive non-SLNs were found, which prevented
4 false-negative procedures. Of the 19 prevented false-negative procedures, the
non-SLNs were suspicious by palpation in 17 cases and found by axillary nodal
sampling, because no SLN could be identified, in the other two cases.

Patient outcome of tumor-negative SLNB

We looked for the outcome specifically only in the histopathological node
negative group, since in that group of patients understaging by an insufficient
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SLN procedure (i.e. missing positive nodes) through non-visualization could
occur. In 1,679 SLN procedures no metastases were found in all removed
lymph nodes (SLNs + non-SLNs). Table 2 shows the patient characteristics of
the tumor-negative SLNB groups. The patients with tumor-negative SLNB and
persistent non-visualization were older (p < 0.001), had a higher BMI (p < 0.001),
had more non-palpable breast tumors (p < 0.001), had more often iodine-
seeds in situ (p < 0.001), and underwent more often breast conserving surgery
(p < 0.001) and adjuvant radiotherapy (p < 0.001) than those with tumor-
negative SLNB and SLN visualization on any preoperative imaging.

Table 3 Outcome of all tumor-negative SLNB procedures after a median follow-up of 48
months (range, 1-114).

Characteristics Visualization Non-visualization Total p-value
N=1535 N=144 N=1679

Follow-up 0.648"
Median (range) 49(1-114) 46 (8-79) 48(1-114)
Ipsilateral local recurrence 0.713¢
No 1515(98.7) 142 (98.6) 1657 (98.7)
Yes 20(1.3) 2(1.4) 22(13)
Regional recurrence 0.700°
No 1516 (98.8) 142 (98.6) 1658 (98.7)
Yes 19(1.2) 2(1.4) 21(1.3)

Axillary only 16 2 18

Extra-axillary only 2 - 2

Both axillary and extra-axillary 1 - 1
Regional recurrence corrected for LR 1.000°
No 1524(99.3) 143(99.3) 1667 (99.3)
Yes 11(0.7) 1(0.7) 12(0.7)

Axillary only 9 1 10

Extra-axillary only 1 - 1

Both axillary and extra-axillary 1 - 1
Local regional recurrence 0.758
No 1505 (98.0) 141(97.9) 1646 (98.0)
Yes 30(2.0) 3(2.) 33(2.0)
Distant metastasis 0.365°
No 1503 (97.9) 139(96.5) 1642 (97.8)
Yes 32(2.0) 5(3.5) 37(2.2)
Distant metastasis corrected for LR 0.197
No 1507 (98.2) 139(96.5) 1646 (98.0)
Yes 28(1.8) 5(3.5) 33(2.0)
Deaths 0317
No 1488 (96.9) 137(95.1) 1625 (96.8)
Yes 47(3.1) 7(4.9) 54(3.2)
Relapse free survival 0.248
No event 1454 (94.7) 133(92.4) 1587 (94.5)
RFS event 81(5.3) 11(7.6) 92(5.5)

?Fisher Exact Test; ® Chi-Square Test exact; RFS event includes local, regional and distance recurrence and death due to any cause.
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Figure 3 A) Kaplan-Meier analyses of distant metastasis free interval (DMFI) and overall survival
(B) between the groups with SLN visualization (Vis) and persistent non-visualization (Non-vis)
on preoperative imaging. SLN, sentinel lymph node

Table 3 summarizes the recurrences and survival outcome of all pNO
procedures. The median follow-up was 48 months (range, 1-114). There were
no statistical differences found in local, regional, and distant recurrences and
deaths between the procedures with SLN visualization and with persistent non-
visualization. Nineteen patients in the visualization and two patients in the
non-visualization group developed a recurrence in a regional nodal basin after
tumor-negative SLNB, corresponding with an overall recurrence rate of 1.0%
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(21/2042). Eight of the 19 patients and 1 of the 2 patients with a regional
recurrence had a synchronous ipsilateral local recurrence. When we correct for
these local recurrences, the region recurrence rate was 0.7% (11/1535) in the
visualization group and 0.7% (1/144) in the non-visualization group.

The DMFI Kaplan-Meier survival curves showed no difference between both
groups (p = 0.164). The 5-year DMFI estimates were 97.4% for the procedures
with SLN visualization and 95.7% for the procedures with persistent non-
visualization (Figure 3). Also, OS did not differ significantly between both
groups (p = 0.208). The 5-year OS estimates were 95.6% and 92.4% for the
procedures with SLN visualization and persistent non-visualization, respectively.

Discussion

We hypothesized that persistent SLN non-visualization after SPECT/CT
or radiotracer reinjection might be an indicator for extensive metastatic
involvement of a SLN, and hence, worse patient outcome during follow-up.
Hypothetically, these SLN metastases can lead to blocked inflow of the injected
tracer, leading to failed SLN visualization and identification. It is important to
understand the extend of this occurrence in the modern-day breast cancer
management with; 1) routine use of preoperative US/FNAC, and 2) in which
an axillary lymph node dissection is usually omitted, also after not identifying
a SLN in surgery. The results of the current large retrospective study show
that persistent non-visualization of the SLN on preoperative imaging is not
associated with a higher nodal metastasis rate found by SLNB nor with
significant differences in DMFI or OS.

We found that the use of blue dye increased the SLN identification rate in the
group with persistent non-visualization from 75% to 86% (Figure 2). Therefore,
we recommend to use blue dye in procedures in which no SLN is visualized on
preoperative imaging. The overall SLN identification rate of 97.8% in the present
study compares favorably with the results of other studies [14,20]. In this study,
the isolated axillary recurrence rate was 0.7% after negative SLNB at a median
follow-up time of 48 months. Although most of the axillary recurrences occur
in the first 5 years, it is proven that the axillary recurrence rate still increases
after longer follow-up [21]. Therefore, the regional recurrence rate in this study
could also be higher if the follow-up period would have been longer.

Apparently, surgeons are inclined to remove more non-SLNs in the
procedures with persistent non-visualization (Table 1). However, in case of non-
visualization the average number of 2.0 nodes (non-SLN plus SLNs) sampled
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is not extensive, and not more than the average of 2.1 nodes in the SLN
visualization group. It is reassuring to see that routine exploration of the axilla
with the help of blue dye or limited axillary nodal sampling of non-SLNs results
in a low axillary recurrence rate. We recognize that axillary nodal sampling is
a non-standardized procedure when no SLN can be identified. However, none
of the 40 tumor-negative SLNB procedures without SLN identification had an
axillary recurrence during a median follow-up time of 37 months. Therefore, we
challenge the need for an axillary lymph node dissection in these procedure to
overcome the potential understaging and worse outcomes.

We have shown that a higher age and higher BMI negatively influence SLN
visualization on preoperative imaging, as is in accordance with other studies [3-
5]. Further, we have found that non-palpable tumors are significantly associated
with SLN non-visualization. This might be explained by the assumption that
image-guided intratumoral injections will more precisely inject the radiotracer
inside the tumor tissue in comparison to injections guided by palpation that
will end up more often in the peritumoral tissue. Tumor tissue itself has less
lymphatics compared to the peritumoral tissue [22], and therefore, intratumoral
injection deposits may have less lymphatic drainage than peritumoral deposits.
Finally, the relationship between presence of iodine-seeds in the breast and
persistent non-visualization is explained by our clinical protocol which states
that patients with iodine-seeds are not eligible for a second radiotracer injection
[19]. These patients are only offered additional SPECT/CT after non-visualization
on lymphoscintigraphy. Patients without iodine-seeds underwent a second
radiotracer injection if logistics allowed this. Pouw et al. demonstrated that
the SLN visualization rate after non-visualization on planar lymphoscintigraphy
for additional SPECT/CT was 24.6% in comparison to 65.4% when a second
radioisotope injection was used in patients with primary breast cancer [15].

Patients with persistent non-visualization underwent more often breast-
conserving surgery, because in this group more patients had iodine-seeds in
their breast. lodine-seeds are only placed in patients scheduled for breast-
conserving surgery. Consequently, a higher percentage of patients received
adjuvant radiotherapy. Potentially, more radiotherapy could have reduced the
recurrence rate in the non-visualization group. However, since the incidence of
axillary recurrences are extremely low, we consider the risk of this bias minimal.
Additional SPECT/CT or radiotracer reinjection is still advised after non-
visualization on planar lymphoscintigraphy, because preoperative SLN
visualization facilitates selective SLN identification and detection of extra-
axillary SLNs. After non-visualization on planar lymphoscintigraphy, this study
showed a significant increase in SLN identification rate of 85.3% to 94.7%
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between procedures with persistent non-visualization and visualization after
SPECT/CT or reinjection, respectively (p = 0.025).

The ‘best’ method for tracer injection is still, and probably will be, a matter
of debate on which no consensus has been reached. Deep intraparenchymal
injections are known to cause more non-visualization than superficial (sub)
cutaneous injections [23]. On the other hand, an advantage of the intratumoral
injection technique is that it allows visualization and identification of extra-
axillary SLNs in the internal mammary chain. These SLNs are removed to better
select patients who might benefit from adjuvant radiotherapy to the internal
mammary chain [24].

To our knowledge, this is the first study that compared the SLNB results and
patient outcome of procedures with SLN visualization and those with persistent
non-visualization after lymphoscintigraphy plus SPECT/CT or reinjection.
Verheuvel et al. demonstrated that SLNB procedures in which the SLN could
not be identified had a worse OS (HR 1.42, 95% CI 1.15-1.75) compared
to those with successful SLN identification [25]. In our study, no statistical
difference in OS was found between both tumor-negative SLNB procedure with
SLN visualization and those with persistent non-visualization (Figure 3), despite
having relatively more procedures with failed SLN identification, and older
patients in the tumor-negative SLNB group with persistent non-visualization.

Conclusions

Persistent non-visualization of the SLN after lymphoscintigraphy plus SPECT/
CT or radiotracer reinjection is associated with higher age, higher BMI and
non-palpable tumors, but not with a higher nodal metastasis rate in clinically
and US/FNAC node-negative breast cancer patients. The ipsilateral regional
nodal recurrence rate after the tumor-negative SLNB procedures does not
differ between the procedures with preoperative SLN visualization and those
with persistent non-visualization. Finally, the DMFI and OS was not significantly
different between both groups.
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