
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Optimization of nuclear medicine techniques to improve clinical management in
solid cancers

Hellingman, D.

Publication date
2020
Document Version
Other version
License
Other

Link to publication

Citation for published version (APA):
Hellingman, D. (2020). Optimization of nuclear medicine techniques to improve clinical
management in solid cancers. [Thesis, externally prepared, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, P.O. Box 19185, 1000 GD Amsterdam, The Netherlands.
You will be contacted as soon as possible.

Download date:07 Oct 2026

https://handle.uba.uva.nl/personal/pure/en/publications/optimization-of-nuclear-medicine-techniques-to-improve-clinical-management-in-solid-cancers(669bac3c-b5e9-46e5-b96d-1ad4fa9a77a2).html


Chapter 2
Predictive risk factors for 
sentinel lymph node non-

visualization on planar 
lymphoscintigraphy using 

an intratumoral injection in 
patients with primary  

breast cancer
Daan Hellingman

Oi Yan Wan
Linda J. de Wit –van der Veen

Iris M. van der Ploeg
Paula H.M. Elkhuizen
Emiel J. Th. Rutgers
Marcel P. M. Stokkel

Nucl Med Commun. 2019;40:317-324



26
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Abstract 

Objective 
Lymphoscintigraphy is considered an useful tool to optimize sentinel lymph 
node (SLN) identification. Non-visualization of the SLN is associated with a 
lower SLN identification rate. The aim of this study was to identify preoperative 
factors associated with SLN non-visualization on lymphoscintigraphy. 

Methods 
A total of 2050 consecutive SLN procedures were evaluated from cN0 breast 
cancer patients. Planar lymphoscintigraphy was performed at 3 hours after 
intratumoral injection of Tc-99m-nanocolloid. This technique was used for 
extra-axillary SLN identification. Patient, tumor and treatment characteristics 
were analyzed for association with SLN non-visualization. Factors with a p-value 
< 0.1 in univariate analysis were included in a multivariate logistic regression 
model.

Results
The SLN visualization rate was 86.7%. In multivariate logistic regression, age 
≥ 70 years [OR: 3.24 (95%-CI 2.14-4.91)], BMI ≥ 30 [OR: 1.93 (95%-CI 1.39-
2.69)], T3/4-tumors [OR: 2.70 (95%-CI 1.37-5.32)], medially/centrally located 
tumors [OR: 1.52 (95%-CI 1.17-1.99)], previous mantle field radiation [OR: 
4.04 (95%-CI 1.74-9.35)], non-palpable tumors [OR: 1.88 (95%-CI 1.36-2.60)] 
and presence of iodine-seeds [OR: 1.35 (95%-CI 1.02-1.78)] were significantly 
associated with non-visualization on lymphoscintigraphy. Non-visualization 
was the strongest independent predictor of unsuccessful intraoperative SLN 
identification (p<0.001). Overall, the SLN identification rate was 97.7% due to 
the use of additional imaging and blue dye.

Conclusions
This study demonstrates new tumor and treatment related risk factors for 
non-visualization on lymphoscintigraphy by using an intratumoral injection in 
primary breast cancer. We recommend a periareolar subcutaneous injection to 
improve SLN visualization in patients with limited prognostic and therapeutic 
relevance of internal mammary chain SLN identification. 
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Introduction

Accurate lymph node staging is essential for both prognosis and treatment 
in patients with breast cancer. In clinically node-negative (cN0) breast cancer, 
sentinel lymph node biopsy (SLNB) has become the standard procedure for 
definitive nodal staging [1]. Preoperative lymphoscintigraphy can serve as a 
“roadmap” to guide the surgeon towards axillary and extra-axillary sentinel 
lymph nodes (SLNs) [2]. SLN visualization on lymphoscintigraphy significantly 
improves the intraoperative SLN identification rate [3].
	 The optimal radiotracer injection technique has been the subject of debate. 
A deep intraparenchymal injection is preferred to identify extra-axillary SLNs, 
like in the internal mammary chain. These nodes, in addition to axillary SLNs, 
may influence the need for adjuvant radiotherapy [4]. In 2004, our hospital 
reported a SLN visualization rate of 97% on planar lymphoscintigraphy after 
an intratumoral injection in 700 patients with primary breast tumors smaller 
than 3 cm [5]. During the last years, for poorly understood reasons, the 
non-visualization rate on lymphoscintigraphy has increased. Single Photon 
Emission Computed Tomography with integrated CT (SPECT/CT) or a second 
radiotracer injection with additional imaging can be used to detect additional 
SLNs after non-visualization on planar lymphoscintigraphy [6]. In conclusion, 
non-visualization on lymphoscintigraphy strongly influences the intraoperative 
SLN identification rate, possibly leading to inadequate staging. It may also 
challenge the logistics between the surgical and nuclear medicine department 
when additional imaging is needed. 
	 We hypothesized that our lower visualization rate over the last years might 
be related to a higher incidence of non-palpable breast lesions and to the 
expansion of SLN indications in our hospital to patients with more locally 
advanced breast cancer, SLNB after neoadjuvant systemic treatment [7], and 
SLNB with radioactive seed localization [8]. Studies have shown that factors 
such as age, body mass index (BMI), tumor size and location are associated with 
higher non-visualization rates [9–13]. However, to the best of our knowledge, 
there is no study that statistically evaluated, in a multivariate setup, the 
influence of these new SLN indications on the SLN visualization rate. 
	 Therefore, the main goal of this retrospective study is to identify preoperative 
factors that are associated with more frequent SLN non-visualization on 
lymphoscintigraphy after an intratumoral injection, to seek for helpful 
protocol adjustments in order to optimize visualization and ultimately the SLN 
identification rate for adequate breast cancer staging and adjuvant treatment.
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Materials and Methods

Patient population and data extraction
This single-center retrospective study was approved by the institutional 
review board of the Netherlands Cancer Institute. Lymphoscintigraphy data 
for 2204 breast cancer SLN procedures from January 2011 to June 2016 were 
collected and reviewed from the Netherlands Cancer Institute / Antoni van 
Leeuwenhoek Hospital database. Non-visualization was classified when none 
of the lymph node basins, axillary and extra-axillary, visualized a hotspot on 
planar lymphoscintigraphy. We considered a bilateral SLN procedure as two 
separate procedures. Preoperative diagnosis of cancer was documented by 
fine-needle aspiration or core biopsy in all patients who underwent SLNB. 
Further, preoperative ultrasound of the axilla is standard procedure: patients 
with proven lymph node metastases do not undergo a SLN procedure. Patients 
with ipsilateral recurrent breast cancer (150), and previous ipsilateral axillary 
surgery (4) were excluded. Therefore, for final analysis, 2050 SLN procedures in 
patients with cTis-T4 cN0 primary breast tumors were analyzed.
	 The following data were collected from the patients’ medical record: age 
(divided into three categories: less than 50 years, 50 to 69 years, and 70 years 
or older), BMI (divided into two categories: ≥30, and <30), tumor characteristics 
(palpability, type, grade, stage, location, receptor status, focality), neoadjuvant 
systemic treatment (chemo-/targeted/hormone therapy) prior to the SLN 
procedure, previous mantle field radiation therapy, previous ipsilateral surgery, 
number of iodine-seeds marking the breast tumor location, and days of iodine-
seeds in situ prior to procedure.

Preoperative imaging protocol
The radiotracer, technetium-99m albumin nanocolloid (Nanocoll; GE-
Healthcare, Eindhoven, The Netherlands), was injected intratumorally (100-140 
MBq in a volume of 0.2 ml) by an experienced nuclear medicine physician, 
either by palpation in palpable tumors, or image directed in non-palpable 
tumors. Hereafter, planar lymphoscintigraphy was performed at early (15 
minutes) and late (3 hours) intervals. A cobalt-57 flood source was placed behind 
the patient to outline the body contour. Anterior and lateral-oblique 5-min 
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. These were determined 
by lymph nodes visualized at the early images, lymph nodes with increasing 
radiotracer uptake at the late images, and lymph nodes in other anatomical 
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lymph node basins. If the early images showed non-visualization, patients were 
asked to move their arm/shoulder to improve the lymphatic drainage. In case 
of persistent non-visualization on the late planar lymphoscintigraphy, SPECT/
CT imaging or a second radioisotope injection (100-140 MBq), followed by 
repeated planar lymphoscintigraphy, was performed in most of the patients. 
Finally, the location of axillary, internal mammary chain, and other extra-axillary 
SLNs (such as intra-mammary, interpectoral, supraclavicular, contra-lateral 
SLNs) were marked on the skin.

Surgical protocol
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). Internal mammary 
chain SLNs were explored through a transverse incision over the intercostal 
space concerned and radioactive lymph nodes were dissected. Patent blue 
dye (Laboratoire Guerbet, Aulnay-Sous-Bois, France) was peri/intratumorally 
administered in most of the patients with non-visualization followed by local 
massage, and in these patients only the axilla was surgically explored. Suspicious 
palpable lymph nodes during surgery were routinely removed, consisting of 
SLNs or non-SLNs. Non-SLNs were defined as lymph nodes without radioactivity 
and a blue lymphatic duct. Histopathological examination was performed on all 
harvested lymph nodes. All lymph nodes 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).

Statistical analysis
Clinicopathological and demographic characterisation was performed using 
descriptive statistics. Furthermore, each factor was tested for any association 
with SLN non-visualization on late, 3 hours post-injection, lymphoscintigraphy. 
Univariate analysis of categorical variables was performed using the Fisher’s 
exact test, in case of an observed cell frequency less than 5, or the χ2 exact test. 
As for the ordinal variables, the Mantel-Haenszel exact test was performed. 
Variables with a p-value below 0.10 in the univariate analysis were included 
for the multivariate analysis (backward stepwise logistic regression model). All 
statistical tests were two-tailed and a p-value of less than 0.05 was considered 
as statistically significant. Odds ratios (OR) of significant factors are presented 
with their 95% confidence interval (CI). Analysis was performed using SPSS 
version 22.0 (IBM, Corp., Armonk, New York).
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Results

Preoperative late planar lymphoscintigraphy
A total of 1999 patients, with a total of 2050 procedures (1948 unilateral 
and 51 bilateral procedures), were enrolled in this study. Preoperatively, the 
SLN(s) were visualized on late lymphoscintigraphy in 86.7% (1777/2050) of 
the procedures and non-visualization occurred in 13.3% (273/2050) of the 
procedures. Lymphoscintigraphy visualized axillary SLNs in 83.8% (1718/2050) 
of the procedures. In 16.2% (333/2050), SLNs were visualized in the internal 
mammary chain in which exclusive drainage to the internal mammary nodes 
was seen in 40 procedures (Table 1). 

Table 1 Lymphatic drainage patterns on late planar lymphoscintigraphy 
Drainage pattern Number of procedures (%)
No drainage 273 (13.3)
Axillary only 1385 (67.6)
Axillary and elsewhere 333 (16.2)
   Ax + EAxa    47 (2.3)
   Ax + IMC    260 (12.7)
   Ax + IMC + EAxa    26 (1.3)
Outside axilla only 59 (2.9)
   IMC only    40 (2.0)
   EAxa only    12 (0.6)
   EAxa + IMC    7 (0.3)
Total 2050 (100)

a Extra-axillary (EAx), other sites than the axilla (Ax) or internal mammary chain (IMC), such as intramammary, interpectoral, 
supraclavicular, contra-lateral. 

Table 2 presents the number of procedures with non-visualization on late 
lymphoscintigraphy for all patient, tumor and treatment characteristics. 
The multivariate analysis demonstrated that higher age (p<0.001), higher 
BMI (p<0.001), higher T-stage (p=0.009), medially/centrally located tumors 
(p=0.002), previous mantle field radiation therapy (p=0.001), non-palpable 
tumors (p<0.001) and simultaneous use of iodine-seeds (p=0.037) were 
predictors for non-visualization on planar lymphoscintigraphy. 
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Table 2 Results of multivariate analysis for preoperatively known risk factors for sentinel 
lymph node non-visualization on late planar lymphoscintigraphy

Univariate 
analysis

Multivariate 
analysis

Characteristics N
Number of Non-
visualizations (%)

p-value
Adjusted OR
(95% CI)

p-value

Age
<50
50-69
≥70

621
1166
263

52 (8.4)
155 (13.3)
66 (25.1)

<0.001c

1
1.45 (1.02-2.07)
3.24 (2.14-4.91)

0.037*

<0.001*

Body mass index
<30
≥30

1790
260

209 (11.7)
64 (24.6)

<0.001a

1
1.93 (1.39-2.69) <0.001*

Tumor palpability
Palpable
Non-palpable

1198
852

126 (10.5)
147 (17.3)

<0.001a

1
1.88 (1.36-2.60) <0.001*

Tumor Type
Carcinoma in situ
IDC
ILC
Otherd

285
1394
244
127

32 (11.2)
194 (13.9)
32 (13.1)
15 (11.8)

0.627a

T-stage
Tis
T1 
T2 
T3/T4

285
1156
507
102

32 (11.2)
149 (12.9)
72 (14.2)
20 (19.6)

0.042c

1
1.10 (0.72-1.68)
1.72 (1.03-2.87)
2.70 (1.37-5.32)

0.656
0.038*

0.004*

ER statuse

ER+
ER-
Unknown

1452
307
6

202 (13.9)
39 (12.7)

0.586a

PR statuse

PR+
PR-
Unknown

1156
603
6

159 (13.8)
82 (13.6)

0.942a

HER2 statuse

HER+
HER-
Unknown

203
1555
7

27 (13.3)
214 (13.8)

0.914a

Bloom–Richardson 
gradee

1 
2 
3
Unknown 

440
892
385
48

50 (11.4)
131 (14.7)
55 (14.3)

0.206c

Tumor location
Medial/Central
Lateral

748
1302

120 (16.0)
153 (11.8)

0.007a

1.52 (1.17-1.99)
1

0.002*

Focality
Multifocal
Unifocal

402
1648

55 (13.7)
218 (13.2)

0.870a
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Univariate 
analysis

Multivariate 
analysis

Characteristics N
Number of Non-
visualizations (%)

p-value
Adjusted OR
(95% CI)

p-value

Neoadjuvant targeted 
therapy
Yes
No

71
1979

14 (19.7)
259 (13.1)

0.110a

Neoadjuvant hormone 
therapy
Yes
No

133
1917

19 (14.3)
254 (13.2)

0.792a

Neoadjuvant 
chemotherapy
Yes
No

259
1791

38 (14.7)
235 (13.1)

0.494a

Previous mantle field 
radiation
Yes
No

28
2022

9 (32.1)
264 (13.1)

0.008a

4.04 (1.74-9.35)
1

0.001*

Previous ipsilateral 
surgery
None
Excision
Augmentation

1944
76
30

254 (13.1)
16 (21.1)
3 (10.0)

0.131b

Iodine-seed present 
in situ
Yes
No

922
1128

149 (16.2)
124 (11.0)

0.001a

1.35 (1.02-1.78)
1

0.037*

Multiple iodine-seeds 
in situ
1
>1

773
149

123 (15.9)
26 (17.4)

0.715a

Days iodine-seed in situ 
1-7
8-31
>31

82
490
350

13 (15.9)
80 (16.3)
56 (16.0) 

1.000c

* Statistically significant factors in multivariate model; a Chi square exact test; b Fisher exact test; c Mantel-Haenszel exact test; d other 
invasive breast carcinomas; e Excludes non-invasive in situ breast tumors; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma

If the tumor palpability status was further divided into four tumor-stage 
categories for further analysis; Tis, T1, T2, and T3/4, the non-palpable 
tumors had a lower SLN visualization rate in each of the groups (Table 3). The 
difference in SLN visualization between palpable and non-palpable tumors was 
significantly different for Tis (p=0.038) and T1 (p<0.001) tumors. Finally, patients 
with iodine-seeds in situ had a slightly higher chance of non-visualization 

Table 2 (continued)
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(OR: 1.35, 95% CI: 1.02-1.78) compared to the group without iodine-seeds. 
When dividing the number of days of the iodine-seeds in situ prior to the SLN 
surgery into three categories; 1-7 days, 8-31 days, and more than 31 days, no 
significant difference in non-visualization is seen (p=1.000). Additionally, there 
is no significant difference observed when comparing procedures using single 
versus multiple radioactive iodine-seeds (p=0.715).

Table 3 Impact of tumor palpability, grouped by tumor-stage, on the sentinel lymph node 
visualization rates on planar lymphoscintigraphy

Tumor-characteristics
Visualizations
[N (%)]

Nonvisualizations
[N (%)]

p-value

Tis 
  Palpable 
  Non-Palpable 

76   (95.0)
177 (86.3)

4     (5.0)
28   (13.7)

0.038*

T1
  Palpable
  Non-Palpable

532 (92.2)
475 (82.0)

45   (7.8)
104 (18.0)

<0.001*

T2
  Palpable
  Non-Palpable

389 (86.8)
46   (78.0)

59   (13.2)
13   (22.0)

0.075

T3/4
  Palpable
  Non-Palpable

75   (80.6)
7     (77.8)

18   (19.4)
2     (22.2)

1.000

*Statistically significant factors in univariate analysis

In univariate analyses, neoadjuvant systemic therapy (targeted, chemo- or 
hormone) prior to the SLN procedure did not lead to a significant difference 
in non-visualization (p=0.110, p=0.494 and p=0.792, respectively). In the 
subgroup of patients with T2-4 primary tumors, neoadjuvant chemotherapy did 
not influence the visualization rate (p=0.554). Both groups, with and without 
neoadjuvant chemotherapy, showed a SLN visualization rate of 83.6% (179/214 
procedures) and 85.6% (338/395 procedures), respectively. 

Additional imaging after non-visualization
Out of the 273 procedures with non-visualization, 266 procedures did receive 
a SPECT/CT and/or reinjection. After additional SPECT/CT and/or reinjection, 
63.9% (170/266) procedures had persistent non-visualization (Fig. 1). In conclusion, 
the additional imaging increased the visualization rate to 91.4% (1873/2050). 
	 In a subgroup of 46 patients showing non-visualization on late 
lymphoscintigraphy, the radiotracer reinjection was subdermally injected at the 
periareolar site instead of intratumorally. After this more superficial injection, 
82.6% (38/46) of these patients had SLN visualization on lymphoscintigraphy. 
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Surgical data
The intraoperative SLN identification rate was 99.2% in the group of procedures 
with SLN visualization on late planar lymphoscintigraphy (Fig. 1). In the group 
with non-visualization after all preoperative imaging, the SLN identification 
rate was 84.7%. In the latter group, the SLN identification rate was 85.9% 
when patent blue dye was administered compared to 69.2% when SLN(s) were 
identified without the use of blue dye.

After adjustment for all factors affecting SLN visualization, patients showing 
non-visualization on late lymphoscintigraphy had almost a 18 times higher risk 
of failed SLN surgery than patients with SLN visualization (OR: 17.86, 95% CI: 
7.71-41.38) (Supplemental Digital Content 1). This result remained after full 
adjustment for previous ipsilateral surgery and surgery protocol (OR: 18.89, 
95% CI: 8.04-44.36). Both previous ipsilateral breast surgery (p=0.001) and a 

2050 procedures 

Visualization (n = 1777) Non-visualization (n = 273) 

SLN identified: 1763/1777  (99.2%) 
 
Protocol 
1-day:                  443/445     (99.6%)       
2-day:                  1320/1332 (99.0%)      
        

SLN identified:   90/96 (93.8%)   
 
Protocol 
1-day:                   27/28 (96.4%) 
2-day:                   63/68 (92.6%) 
       

Visualization (n = 96) Non-visualization (n = 170) 

SPECT/CT and/or  
reinjection + 

lymphoscintigraphy 
n = 266 

273/2050 procedures 

SLN identified:     150/177 (84.7%)   
 
Protocol 
1-day:                      35/37     (94.6%) 
2-day:                      15/140   (82.1%) 
    
Blue dye used 
Yes:                         140/163 (85.9%)    
No:                           9/13       (69.2%) 
Unknown:                1/1 

n = 7 

3-4 hour 
lymphoscintigraphy 

Figure 1 Flowchart of procedures with and without preoperative sentinel lymph node (SLN) 
visualization showing the corresponding intraoperative SLN identification rates. SPECT/CT, 
single photon emission computed tomography/computed tomography.



35

2

2-day protocol (p=0.027) are also risk factors for not identifying the SLN during 
surgery in invasive breast tumors.
	 A total of 3513 SLNs (mean 1.7, range 0-9) were harvested: 3289 (93.6%) 
from the axilla, 175 (5.0%) from the internal mammary chain and 49 (1.4%) 
from extra-axillary sites. In 97.7% (2003/2050) of the procedures, a SLN was 
identified. Out of the 47 procedures without SLN identification, in 74.5% 
(35/47) axillary non-SLN(s) were removed, and in 25.5% (12/47) no lymph nodes 
were removed. 
	 Lymph node metastases were found in 17.8% (364/2050) of the procedures. 
Three-hundred-forty-nine had a histopathological positive axillary lymph node, 
which resulted in an ALND in 97 out of those 349 procedures. Less tumor-
positive axillary nodes, including SLNs and non-SLNs, were found in the 
group with non-visualization compared to the group with SLN visualization, 
respectively 12.5% (34/273) versus 17.7% (315/1777). In total, 11 procedures 
had positive lymph nodes in the internal mammary chain, and 7 procedures 
had positive lymph nodes in other extra-axillary sites. Radiotherapy plans were 
extended to include the internal mammary region in 10 of the 11 patients that 
had tumor-positive internal mammary chain nodes. 
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Table 4 Summary of studies that examined factors associated with sentinel lymph node non-
visualization on planar lymphoscintigraphy

References
Injection technique
(injected dose)

Planar lymphoscintigraphy 
protocol

Nonvisualizations
[n/N (%)]

Factors associated with SLN 
non-visualization

Birdwell 
et al. [12]
(2001)

PT: 4 deposits
(29.6-37 MBq)

Anterior and lateral views 
at 3-6h

37/136 (27.2%) Age 

Krautz 
et al. [31]
(2001)

PT: 4 deposits
(37 MBq)

Anterior and lateral views 
at 5.5h 

21/74 (28.4%) Tumor gradeb

Tanis 
et al. [10]
(2002)

IT
(42-159 MBq)

Anterior and prone lateral 
views 
at 20min and 4h

52/501 (10.4%) Age, injected dose, number of 
positive lymph nodes, 
lymph node statusb

Brenot-Rossi 
et al. [26] 
(2003)

PT: 4 deposits
(37 MBq)

Anterior and lateral views 
at 2-4h

25/332 (7.5%) >4 positive lymph nodes
Lymphovascular invasionb

Chakera 
et al. [11]
(2005)

PT or PA: 4 deposits
(18.5-100 MBq)

Anterior and lateral views 
at 2–6h or 18–24h

 61/442 (14%) Age, body weight, injection site

Lo 
et al. [25] 
(2005)

SC
(37 MBq)

Anterior-oblique view 
at 2-4h

27/232 (11.6%) Lymph node status  
(> 3 positive nodes)
Tumor sizeb

Janssen 
et al. [14]
(2005)

SC
(70-200 MBq)

Planar viewsa 
at 4h

33/136 (24.3%) Age, presence of hookwire

Rousseau 
et al. [15]
(2005)

PA/SC: 2 deposits
(30-40 MBq)

Anterior and lateral views 
at 2h 

56/280 (20%) Age

Goyal 
et al. [9]
(2005)

PT: 4 deposits
(20-40 MBq)

Anterior and oblique views 
at 3h 

230/823 (28%) Age, BMI, 
Tumor location, tumor size

Pritsivelis 
et al. [18]
(2007)

PA: 4 deposits
(22-37 MBq)

Planar viewsa 
at 15 min and 1h

19/203 (9.3%) Age, BMI, previous breast 
surgery,
Time between breast lesion 
biopsy and lymphoscintigraphy

Soran 
et al. [16]
(2007)

ID
(18.5 MBq)

Anterior and lateral views 
at 45min

134/1500 (8.9%) Age, BMI,
Tumor grade 3

Vaz 
et al. [17]
(2015)

PA
(55.5 MBq)

Anterior, lateral, and oblique 
views 
at 4h

40/2200 (1.8%) Age, BMI

This study IT
(100-140 MBq)

Anterior and oblique views 
at 15min and 3h

273/2050 (13.3%) Age, BMI, Tumor location, 
T-stage, 
Previous mantle field radiation 
therapy,
Tumor palpation, iodine seeds 
in situ

a Viewing angle of planar lymphoscintigraphy is not specified.
b ��Only statistically significant in univariate analysis. 
SC, subcutaneous; PT, peritumoral; IT, intratumoral; PA, periareolar; ID, intradermal
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Discussion

The present study shows that the SLN could not be visualized on 
lymphoscintigraphy 3 hours post-injection in 13.3% of all clinically and 
ultrasound node-negative primary breast cancer patients who underwent an 
intratumoral radiotracer injection. Patients with higher age, higher BMI, and 
those who underwent previous mantle field radiation therapy are at risk for 
non-visualization. Relative tumor risk factors for non-visualization are tumors 
which are larger, non-palpable, medially located and tumors with iodine-seeds 
in situ. Considering the expanding SLN indications, neoadjuvant systemic 
therapy did not significantly influence the SLN visualization rate. In our routine 
clinical practice, the intraoperative SLN identification rate remains high (97.7%), 
despite a relatively low preoperative visualization rate on lymphoscintigraphy, 
due to the use of SPECT/CT, radiotracer reinjection and blue dye. Still, non-
visualization on lymphoscintigraphy is the main predictor (OR: 18.89, 95% 
CI: 8.04-44.36) for failure to identify the SLN intraoperatively. Therefore, 
preoperative SLN visualization is still recommended. 
	 Many factors have been described as being risk factors for SLN non-
visualization on lymphoscintigraphy (Table 4). Other studies have reported, 
in accordance with this study, that an higher age [9–12, 14–17], higher body 
weight or BMI [9, 11, 16–18], medially located tumors [19, 20], and lymphatic 
mapping after previous mantle field radiation [21] is associated with higher non-
visualization rates. Although, a negative correlation between tumor size and SLN 
visualization has been demonstrated before using peritumoral injections [9]. We 
believe that tumor size, or T-stage, has more influence on the SLN visualization 
rate when an intratumoral injection technique is used. There is a higher chance 
that the intratumoral injection is placed inside the tumor tissue in larger tumors 
compared to smaller tumors. In T1-tumors it is more likely that the tracer is injected 
in the peritumoral tissue. Tumor tissue itself has less lymphatics compared to 
the peritumoral tissue [22], and therefore, it may have less lymphatic drainage. 
More interesting is that non-palpable tumors are significantly associated with 
SLN non-visualization. Table 3 shows that non-palpable tumors have lower SLN 
visualization rates in each T-stage subgroup. Therefore, we believe that the lower 
SLN visualization rates of non-palpable tumors can be explained by the location 
and the injection technique. First, deeper located tumors are more often labeled 
as non-palpable because these are less accessible to palpation. Anatomical 
studies have shown that there is a lower density of lymphatic vessels deeper in 
the breast compared to the more superficial (sub)cutaneous breast tissue [23]. 
Second, image-guided injections will more precisely inject the radiotracer inside 
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the tumor tissue in comparison to injections guided by palpation that will end up 
more often in the peritumoral tissue. 
	 This is the first study evaluating iodine-seeds in relation to SLN visualization. 
The question remains what the underlying mechanism is of a higher risk on non-
visualization in relation to iodine-seeds [OR: 1.35 (95%-CI 1.02-1.78)]. Iodine-
seeds are implanted prior to the SLN procedure for tumor localization. It is 
hypothesized that the seed size of 4.5 mm will not disturb the physiology of the 
lymphatic drainage. Furthermore, it is assumed that these low dose seeds (<8 
MBq) will not cause any radiation damage to the surrounding tissue influencing 
lymphatic drainage. This assumption is supported by the results in our study 
that the use of more seeds and longer tissue exposure times did not result in 
significantly lower SLN visualization rates (Table 2). More likely can the effect 
of iodine seeds be explained by inflammation, edema or hematomas due to 
tissue damage at the core needle biopsy site. Janssen et al. reported this as 
possible explanation why the presence of a guide wire resulted in a higher 
failure rate of SLN visualization [14]. Like guide wires, iodine-seeds are used to 
mark the biopsy site, and the intratumoral radiotracer injection is injected in 
close proximity to the iodine-seed. Future research could evaluate if lower SLN 
visualization rates also occur for other tumor markers.
	 Nowadays, the appropriate injection technique in breast cancer SLN 
procedures is still under debate. The main advantage of deep intraparenchymal 
injections is that it allows visualization and staging of extra-axillary SLNs such 
as in the internal mammary chain. These internal mammary chain SLNs are 
removed to better select patients which might benefit from postoperative 
radiotherapy to the internal mammary chain. On the other hand, deep 
intraparenchymal injections are known to cause more non-visualization than 
superficial injections [24]. This is in accordance with our subgroup analysis in 
which 82.6% (38/46) of the patients with initial non-visualization showed SLN 
visualization after a second subcutaneous radiotracer injection. Most likely, the 
SLN visualization rate of superficial injections in non-cancerous breast tissue 
is less affected by tumor characteristics, such as size, palpability and location, 
than the intratumoral injection technique.
	 We purposely did not address the relation of visualization to the 
histopathological status of axillary lymph nodes in the multivariate analysis, 
since the aim was to find preoperative factors. Still, this relation is not clear. 
Contradictory findings are published in literature. Lo et al. demonstrated that 
non-visualization is associated with tumor-positive axillary lymph nodes [25] 
or only when multiple tumor-positive nodes were found [10, 26], while we and 
others did not find this correlation [9, 12, 15–17]. 
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The strengths of this study are that our analysis included neoadjuvant hormone 
and targeted therapy, and the use of iodine-seeds which was not done before. 
These treatments are nowadays more often used in breast cancer management. 
Further, the analysis of risk factors for non-visualization were performed over an 
uniformly diagnosed and managed large series of patients who underwent an 
optimized single institution intratumoral protocol related to the injection dose, 
volume and tracer concentration [27]. Nonetheless, due to the relatively small 
number of events in some of the subgroups, confidence intervals of the odds 
ratios were wide which may have obscured the finding of clinically relevant 
differences for some factors.
	 Studies have shown benefit from elective radiation of the internal mammary 
chain, albeit limited [28, 29]. One reason for this limited benefit is likely due to 
the fact that many patients, even at higher risk, do not have internal mammary 
chain nodal metastases. This also means that in previous studies a large part of 
patients could have been spared the possible morbidity of internal mammary 
chain radiation if the internal mammary chain node was surgically removed 
and proven tumor-negative. This supports the goal to be more selective for 
internal mammary chain irradiation. Therefore, we perform an intratumoral 
injection of the radiotracer, and remove SLNs in the internal mammary chain 
visualized on preoperative imaging. We have found that patients with ductal 
carcinoma in situ or invasive tumors smaller than 15 mm have a minimal risk for 
distant metastasis [30]. Further, clinically node-negative patients with complete 
radiological response after neoadjuvant chemotherapy will have minimal risk for 
internal mammary chain node metastasis. In addition, patients that are over 70 
years of age will most likely not benefit from postoperative radiotherapy to the 
internal mammary chain. Based on our experience with the internal mammary 
chain SLNs and the results from this study, we recommend using a periareolar 
subcutaneous injection in these patients who have limited prognostic and 
therapeutic relevance of internal mammary chain SLN identification.
	 In summary, we expect that the periareolar subcutaneous injection will lead 
to better SLN visualization and identification rates, because lymphatic drainage 
of superficial injections will be hampered less by tumor characteristics as in 
comparison to intratumoral injections. Consequently, the need for additional 
imaging or radiotracer reinjection will be minimized. 
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Conclusion

This study shows a SLN visualization rate of 86.7% on planar lymphoscintigraphy 
3 hours post-injection after an intratumoral radiotracer injection. Risk factors 
for non-visualization are higher age, higher BMI, mantle field radiation therapy, 
larger tumors, non-palpable tumors, medially located tumors and presence of 
iodine-seeds in situ. On the basis of these results, we recommend a periareolar 
subcutaneous injection for patients in whom internal mammary nodes are not 
removed.
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Supplemental Digital Content 1 Multivariate model for sentinel lymph node non-identification 
at surgery in 34 invasive breast cancer procedures.

Unadjusted

Adjustment for factors 
influencing SLN 
visualization  
on late lymphoscintigraphy

Full adjustment including 
previous surgery  
and surgical protocol

Characteristics OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Lymphoscintigraphy
SLN visualization
Non-visualization

1
22.92 (10.24-51.27)

<0.001
1
17.86 (7.71-41.38)

<0.001*
1
18.89 (8.04-44.36)

<0.001*

Age
<50
50-69
≥70

-
-
-

-
-
-

1
0.90 (0.32-2.54)
1.48 (0.48-4.54)

0.841
0.493

1
0.97 (0.34-2.77)
1.70 (0.54-5.33)

0.961
0.361

Body mass index
<30
≥30

-
-

-
-

1
2.06 (0.94-4.50) 0.072

1
2.31 (1.03-5.19) 0.042*

Tumor palpability
Palpable
Non-palpable

-
-

-
-

1
1.20 (0.49-2.090) 0.690

1
1.02 (0.43-2.46) 0.958

T-stage
T1 
T2 
T3/T4

-
-
-

-
-
-

1
0.76 (0.28-2.02)
0.73 (0.14-3.73)

0.579
0.704

1
0.79 (0.30-2.10)
0.63 (0.12-3.30)

0.632
0.584

Tumor location
Medial/Central
Lateral

-
-

-
-

1.31 (0.64-2.70)
1

0.458 1.33 (0.64-2.78)
1

0.449

Previous mantle field radiation
Yes
No

-
-

-
-

2.70 (0.53-13.85)
1

0.235 2.64 (0.51-13.69)
1

0.247

Iodine-seed present
Yes
No

-
-

-
-

1.43 (0.66-3.07)
1

0.362 1.02 (0.46-2.29)
1

0.959

Previous ipsilateral surgery
Yes (excision or augmentation)
No

-
-

-
-

-
-

-
-

5.39 (1.93-15.02)
1

0.001*

Surgical protocol
1-day
2-day

-
-

-
-

-
-

-
-

1
4.33 (1.18-15.88) 0.027*

* Statistically significant factors in multivariate model. SLN, Sentinel Lymph Node


