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Abstract
Introduction: Common protocols for the detection of sentinel lymph nodes in early breast cancer often include the injection of
the tracer 1 day before surgery. In order to detect enough activity on the day of surgery, the applied activity in many protocols is
as high as several hundred MBq. So far, very few protocols with an activity below 20 MBq have been reported. We developed an
ultralow-dose 1-day protocol with a mean activity lower than 20 MBq in order to reduce radiation exposure for patients and staff.
Here, we are presenting our experiences in 150 consecutive cases. Materials and Methods: A total of 150 patients with
clinically and sonographically negative axilla and no multicentricity underwent a sentinel lymph node biopsy using an ultralow-dose
protocol performed on the day of surgery. No patient received systemic therapy prior to sentinel node biopsy. After peritumoral
injection of the tracer Technetium-99m, a lymphoscintigraphy was performed in all cases. Seven minutes before the first cut, we
injected 5 mL of blue dye in the region of the areola. Results: In 148 (98.7%) of 150 patients, at least 1 sentinel lymph node could
be identified by lymphoscintigraphy; the detection rate during surgery with combined tracers Technetium-99m and blue dye was
100%. The mean applied activity was 17.8 MBq (9-20). A mean number of 1.3 (0-5) sentinel lymph nodes were identified by
lymphoscintigraphy and a mean number of 1.8 (1-5) sentinel lymph nodes were removed during sentinel lymph node biopsy.
Conclusion: Ultralow-dose 1-day protocols with an activity lower than 20 MBq are a safe alternative to 1-day or 2-day protocols
with significantly higher radiation doses in primary surgery for early breast cancer. Using Technetium-99m and blue dye in a dual
tracer approach, detection rates of 100% are possible in clinical routine in order to reduce radiation exposure for patients
and staff.
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Introduction

Sentinel lymph node biopsy (SLNB) has been introduced as a

reliable staging tool for axillary lymph node involvement in

breast cancer 20 years ago with published detection rates rang-

ing between 92% and 98%.1-4 In patients with clinically neg-

ative lymph node status, SLNB has replaced axillary dissection

during breast surgery worldwide.5,6 However, protocols for the

detection of SLNs are not standardized. Nanocolloid radiotra-

cers, blue dye, a combination of both or as a recent develop-

ment hybrid tracers combining radiotracers and fluorescent

agents, are used as localizing agents; injection sites vary

between intratumoral, peritumoral, intradermal, and subareolar

application.6 Injection of the localizing agent is either done on

the same day in 1-day protocols or the day before surgery in

2-day protocols.7,8 Sentinel lymph node detection rates have

been reported to be equivalent in 1-day and 2-day protocols.9-12

Although it has been suggested that the minimum absolute

activity for 1-day protocols should not be lower than 90 MBq,13

the European Association of Nuclear Medicine and Society of

Nuclear Medicine and Molecular Imaging practice guideline is

reporting a range of activities between 3.7 and 370 MBq as

being used in published protocols. Activities of 5 to 30 MBq

in 1-day protocols and 150 MBq in 2-day protocols are stated to

be generally considered sufficient in this guideline.6 However,

in the current guideline of the German Society of Nuclear Med-

icine, the recommended tracer activity for the detection of axil-

lary SLNs in breast cancer is—depending on the protocol—100

to 200 MBq. The same guideline reports a radiation exposure

per patient of 0.4 to 7.3 mSv for the breast surgeon, 0.4 to 0.9

mSv for the OR staff, and 0.5 to 0.7 mSv for the pathologist

based on the assumption of a mean activity of 160 MBq.14

So far, very few protocols with an activity below 20 MBq

have been reported, although ultralow activities of 3.7 MBq for

a 1-day protocol and 18.5 MBq for a 2-day protocol showed

promising detection rates.11,12 We developed an ultralow-dose

1-day protocol with a mean activity lower than 20 MBq com-

bined with an injection of blue dye in order to reduce radiation

exposure for patients and staff in comparison to the recom-

mended activities in the current German guideline relevant to

our daily practice.14 Here, we are presenting the performance

of our protocol in 150 consecutive cases.

Materials and Methods

In this retrospective single-arm cohort analysis, we are present-

ing the data of 150 patients with clinically and sonographically

negative axillary lymph nodes, who underwent SLNB using an

ultralow-dose protocol performed on the day of surgery at our

institution between January 2012 and May 2013. All patients

declared their informed consent in written form. No patient

received systemic therapy before sentinel node biopsy. Fifty-

two (34.7%) of the 150 patients underwent sentinel node biopsy

prior to neoadjuvant therapy. The characteristics of the patients

are shown in Table 1. On the day of surgery, the nanocolloid

radiotracer Technetium-99m (Nanocoll, 8-10 MBq/0.5 mL , GE

Healthcare Buchler GmbH & Co.KG) was injected guided by

ultrasound in the periphery of the tumor at 8 AM. Forty-five

minutes after the injection, a lymphoscintigraphy was per-

formed in all cases (7 images: angles 0�, 15�, 30�, 45�, 60�,
75�, and 90�). Surgery was performed within the first 6 hours

after injection of the tracer. Seven minutes before the first cut, 5

mL of blue dye was injected in the region of the areola. Lymph

nodes that showed radioactivity detected with the g probe

(Crystal Probe SG03; Crystal Photonics, Berlin, Germany) or

lymph nodes stained with blue dye were removed and defined as

SLNs. We did not perform fresh frozen sections. Surgery was

performed by 2 dedicated and certified senior breast surgeons in

all cases. Primary end point was the detection rate defined as the

cases where at least 1 SLN could be identified and removed

during surgery. The mean applied activity measured in MBq,

number of cases with at least 1 SLN identified by lymphoscin-

tigraphy, the number of cases with at least 1 SLN identified and

removed during surgery, the number of SLNs detected in the

lymphoscintigraphy, the number of lymph nodes identified dur-

ing surgery, the cases with involved SLNs, and of these, the

number of cases with additional involved lymph nodes are

reported. Data collection and analysis were approved by the

local ethic board (Marienhospital Bottrop, date of approval

March 2, 2016).

Results

In 148 (98.7%) of 150 patients, at least 1 SLN could be iden-

tified by lymphoscintigraphy. The detection rate during surgery

with combined tracers Technetium-99m and blue dye was

100% (150/150). These figures are also shown in Figure 1. In

124 (82.7%) of 150 cases, SLNs were positive for radioactivity

and blue dye, and in 21 (14%) of 150 cases, SLNs were found

by radioactivity only, whereas blue dye was negative and in 5

(3.3%) of 150 cases radioactivity was negative, and SLNs were

detected by blue dye only. The mean applied activity was 17.8

MBq (9-20). A mean number of 1.3 (0-5) SLNs were identified

by lymphoscintigraphy and a mean number of 1.8 (1-5) SLNs

were identified and removed during SLNB. Thirty-two (21.3%)

patients received a secondary axillary dissection according to

the historical standard because of involved SLNs. In 9 (28.1%)

of these 32 cases, additional involved lymph nodes were found.

Discussion

In the current analysis, we are presenting an intraoperative detec-

tion rate for sentinel nodes in early breast cancer of 100% using a

dual tracer approach in an ultralow-dose 1-day protocol with an

activity of below 20 MBq. Blue dye added only slightly to the

detection of at least 1 SLN in every patient. Although it has been

proposed that peritumoral injection of the radioactive tracer

yields lower detection rates (91%) than dermal/subdermal and

subareolar/periareolar injection (96.7% and 97.0%, respec-

tively),13 our results of peritumoral injection were as high as

98.7% for lymphoscintigraphy and 96.7% for intraoperative

detection for the radioactive tracer. Published comparisons of
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1-day and 2-day protocols demonstrated intraoperative detection

rates of 85% for the 1-day protocol and 91% for the 2-day

protocol using a standard tracer dose10 and 99.3% for the

1-day protocol and 96% for the 2-day protocol using a protocol

with mean doses of 22.3 (1-day protocol) and 40.4 MBq (2-day

protocol).9 Interestingly, the detection rate for the 1-day protocol

with the mentioned mean activity of 22.3 MBq in this study is

very similar to our results with a mean activity of 17.8 MBq and

a detection rate of 100%. Due to the fact that there are no

published data regarding a comparison of a low-dose protocol

and a standard protocol and due to the retrospective design of our

study, we cannot draw the conclusion that these data are indi-

cating a superior detection rate of low-dose protocols, but they

are suggesting that using lower activities is not inferior to higher

activities and therefore feasible in clinical practice when using a

combined tracer approach including blue dye.

Regarding the mean number of removed sentinel nodes,

there was no statistically significant difference between 1-day

and 2-day protocols; however, the 1-day protocols trended to

harvest more nodes. Furthermore, the number of detected SLNs

seems to be higher in low-dose protocols. Using a standard

activity protocol, the 1-day approach resulted in a mean num-

ber of detected sentinel nodes of 1.64 (0-6) versus 1.61 (0-4) in

the 2-day approach.10 The mean number of sentinel nodes

detected with a low-dose protocol was generally higher than

the results of standard protocols (1-day protocol 2 [0-6]; 2-day

protocol 1 [0-11]) also trending for a higher number of sentinel

nodes detected with the 1-day protocol.9 Our own results are in

line with the data for using a 1-day protocol with a low activity,

yet our mean activity was still lower than in most protocols

published yet, indicating that it is possible to use activities

lower than 20 MBq without compromising detection rates or

number of detected SLNs.

Although we tried to reduce radiation exposure by low tra-

cer activities in our trial as a step of de-escalation, the current

directions of de-escalation of axillary staging are going even

further. The INSEMA trial is investigating the complete omis-

sion of axillary staging versus SLNB in a 1:4 randomized

design and recruited the first 1000 patients in only a few

months.15 However, there will still be a role for sentinel node

biopsies in early breast cancer in the future.

We believe that the data we are presenting here are helping

to reduce radiation exposure for staff and patients without

compromising detection rates of SLNs in patients with early

breast cancer undergoing primary surgery and thus are a poten-

tial step in the concept of de-escalation of diagnostic and ther-

apeutic procedures.

Conclusion

Our ultralow-dose 1-day protocol with an activity lower than

20 MBq is a safe alternative to other 1-day or 2-day-protocols

with significantly higher radiation doses in primary surgery and

SLNB for early breast cancer. Using ultralow-dose

Technetium-99m and blue dye in a dual tracer approach, detec-

tion rates of 100% are possible in clinical routine in order to

reduce radiation exposure for patients and staff. The number of

removed SLNs is comparable to the data from previous trials

using significantly higher activities. We will now test our

ultralow-dose 1-day protocol in the postneoadjuvant setting.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-

ship, and/or publication of this article.

References

1. Albertini JJ, Lyman GH, Cox C, et al. Lymphatic mapping and

sentinel node biopsy in the patient with breast cancer. JAMA.

1996;276(22):1818-1822.

Table 1. Patients’ Characteristics.

T-stage G1, n (%) G2, n (%) G3, n (%) HER2 pos, n (%) ER pos, n (%) PR pos, n (%) L1, n (%)

T1a (n ¼ 11) 1 (9) 8 (73) 2 (18) 2 (18) 8 (73) 6 (55) 2 (18)

T1b (n ¼ 26) 6 (23) 16 (62) 4 (15) 4 (15) 21 (81) 16 (16) 5 (19)

T1c (n ¼ 57) 8 (14) 36 (63) 13 (23) 12 (21) 46 (81) 36 (63) 11 (19)

T2 (n ¼ 50) 6 (12) 34 (68) 10 (20) 8 (16) 38 (76) 32 (64) 8 (16)

T3 (n ¼ 6) 1 (17) 4 (66) 1 (17) 1 (17) 4 (66) 3 (50) 1 (17)

Any T (n ¼ 150) 22 (15) 98 (65) 30 (20) 27 (18) 117 (78) 93 (62) 27 (18)

0

10

20

30

40

50

60

70

80

90

100

98.7 100

Pe
rc

en
ta

ge
 o

f c
as

es
 w

ith
 id

en
�fi

ca
�o

n 
of

 a
t l

ea
st

 
on

e 
SL

N

by lymphoscin�graphy                      during surgery

Figure 1. Detection rates.

Kolberg et al 1081



2. Giuliano AE, Jones RC, Brennan M, Statman R. Sentinel lym-

phadenectomy in breast cancer. J Clin Oncol. 1997;15(6):

2345-2350.

3. Krag D, Weaver D, Ashikaga T, et al. The sentinel node in breast

cancer—a multicenter validation study. N Engl J Med. 1998;

339(14):941-946.

4. Veronesi U, Paganelli G, Galimberti V, et al. Sentinel-node

biopsy to avoid axillary dissection in breast cancer with clinically

negative lymph-nodes. Lancet. 1997;349(4):1864-1867.

5. Liedtke C, Thill M; AGO Breast Committee. AGO recommen-

dations for the diagnosis and treatment of patients with early

breast cancer: update 2016. Breast Care (Basel). 2016;11(3):

204-214.

6. Giammarile F, Alazraki N, Aarsvold JN, et al. The EANM and

SNMMI practice guideline for lymphoscintigraphy and sentinel

node localization in breast cancer. Eur J Nucl Med Mol Imaging.

2013;40(12):1932-1947.

7. Anan K, Mitsuyama S, Kuga H, et al. Double mapping with sub-

areolar blue dye and peritumoral green dye injections decreases

the false-negative rate of dye-only sentinel node biopsy for early

breast cancer: 2-site injection is more accurate than 1-site injec-

tion. Surgery. 2006;139(5):624-629.

8. Koizumi M, Koyama M, Yamashita T, et al. Experience with

intradermal injection and intradermal-plus-deep injection in the

radioguided sentinel node biopsy of early breast cancer patients.

Eur J Surg Oncol. 2006;32(7):738-742.

9. Dodia N, El-Sharief D, Kirwan CC. The use of isotope injections

in sentinel node biopsy for breast cancer: are the 1- and 2-day

protocols equally effective? Springerplus. 2015;4:495.

10. van Esser S, Hobbelink M, van Isselt JW, Mali WP, Borel Rinkes

IH, van Hillegersberg R. Comparison of a 1-day and a 2-day

protocol for lymphatic mapping and sentinel lymph node biopsy

in patients with nonpalpable breast cancer. Eur J Nucl Med Mol

Imaging. 2009;36(9):1383-1387.

11. McCarter MD, Yeung H, Yeh S, Fey J, Borgen PI, Cody HS III.

Localization of the sentinel node in breast cancer: identical results

with same-day and day-before isotope injection. Ann Surg Oncol.

2001;8(8):682-686.

12. Yeung H, Cody HS III, Turlakow A, et al. Lymphoscintigraphy and

sentinel node localization in breast cancer patients: a comparison

between 1-day and 2-day protocols. J Nucl Med. 2001;42(3):420-423.

13. Chagpar AB, Martin RC, Scoggins CR, et al. Factors predicting

failure to identify a sentinel lymph node in breast cancer. Surgery.

2005;138(1):56-63.

14. http://www.awmf.org/leitlinien/detail/ll/031-033.html. Accessed

April 10, 2017.

15. Reimer T, Stachs A, Nekljudova V, et al. Restricted axillary sta-

ging in clinically and sonographically node-negative early inva-

sive breast cancer (c/iT1-2) in the context of breast conserving

therapy: first results following commencement of the Intergroup-

Sentinel-Mamma (INSEMA) Trial. Geburtshilfe Frauenheilkd.

2017;77(2):149-157.

1082 Technology in Cancer Research & Treatment 16(6)

http://www.awmf.org/leitlinien/detail/ll/031-033.html


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


