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Abstract
Background: The aim of this study was to assess if a novel high-resolution dedicated axillary lymph node
Positron Emission Tomography (LymphPET) system could improve sensitivity analysing Lymph Node
involvement in early breast carcinoma with clinical N0-N1 stage.

Methods: A total of 103 patients with clinical stage of T1-2N0-1M0 breast cancer were evaluated with
LymphPET. The maximum single-voxel PET uptake value of Axillary Lymph Node (maxLUV) and the
tumor-to-background ratio (TBR) for fat (TBR1) and muscle (TBR2) tissue were calculated. Then, seventy-
eight patients with cN0 stage received sentinel lymph node biopsy (SLNB) alone or in combination with
ALN dissection (ALND) and 25 patients with cN1 stage underwent �ne-needle aspiration (FNA).

Results: Ninety-nine invasive breast carcinoma entered this study. The diagnostic sensitivity of
LymphPET was 87.80%, speci�city was 79.31%, false-negative rate was 12.20%, false-positive rate was
20.69%, positive predictive value was 75.00%, negative predictive value was 90.20%, and accuracy was
82.83%. The maxLUV was superior to TBR1 and TBR2 in the detection of ALN, with 0.27 being the most
optimal cutoff value.

Conclusion:  The 18F-FDG LymphPET could be used to identify and recognize more indolent ALNs of the
breast cancer because of more sensitivity and much higher negative predictive value.

Introduction
Over the last 2 decades, with the improving systemic therapies and improved molecular tools, breast
surgery has move from surgical axillary lymph node dissection (ALND) to the much less-radical surgical
sentinel lymph node excision biopsy (SLNB), the current reference standard. Now, there is a global
paradigm shift toward de-escalation of axillary lymph node (ALN), called “less is more”. The consensus
base on recent evidence suggesting lack of bene�t from overaggressive treatment [1-3]. In order to avoid
overtreatment, a non-invasive method with more sensitivity and much higher negative predictive values
NPV  needed to identify and recognize more indolent ALNs of the breast cancer. 

18F-�uorodeoxyglucose (18F-FDG) whole-body positron emission tomography/computed tomography
(WB-PET/CT) has been widely used in assessing the response to neoadjuvant treatment of primary
tumors [4-5] and for identifying distant metastases. However, this technique is not ideal in the evaluation
of ALN status in early breast cancer. This is mainly due to the fact that current WB-PET/CT systems
typically yield reconstructed images with a resolution of 5-15 mm depending on the injected dose,
imaging time, post-reconstruction �ltering, as well as the intrinsic resolution of the scanner. This reduces
their utility in detecting small lesions (<1 cm) and/or those with low tracer uptake [6]. As the result,
although some authors had found detectability rates as high as 92% with WB PET/CT, these were
achieved with tumours larger than 2 cm [7].
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Newer imaging techniques offers exciting potential to assess the lower-risk and small size of ALN more
sensitively. Dedicated axillary lymph node PET (LymphPET) is a new technological development of
PEMTECH Co., Ltd. Not only is the spatial resolution of LymphPET much higher than that of WB-PET/CT,
it is also more sensitive in the detection of small, hot 18F-FDG-avid lesions, such as subclinical ALN.

The aim of this study was to assess if LymphPET could improve sensitivity in early breast carcinoma
with clinical N0-N1 stage and if the NPV would be high enough to recognize the more indolent ALNs non-
invasively.

Materials And Methods
This was a retrospective, single-center study including patients whose primary breast cancer was
con�rmed to be malignant by core needle biopsies. 18F-FDG LymphPET was performed before ALN
assessment (ALNA). The LymphPET results were compared with the classical “gold standard”
pathological assessment of ALN: SLNB alone or in combination with ALND for resectable tumor, and �ne-
needle aspiration (FNA) and neoadjuvant treatment for unresectable tumor.

Patients

Patients aged between 18 and 70 years with clinical T1-2N0-1M0 (cT1-2N0-1M0) breast cancer were
enrolled from September to December. Tumor staging was based on the eighth edition of the American
Joint Committee on Cancer staging manual. Compared with pathological N category (pN), which based
on microscopic assessment of at least one node required, include imaging and diagnostic biopsy, the
clinical N category (cN) based on physical exam, imaging, FNA or core needle biopsy, sentinel node
biopsy. The cN0 means no regional lymph metastases (by imaging or clinical examination). The cN1
means metastases to movable ipsilateral level II axillary lymph node(s)[8]. In our study, both the primary
and ALN status were evaluated by ultrasound (US). For cN0 patients, ALN was pathologically assessed
using SLNB alone or SLNB and ALND. For cN1, ALN was pathologically con�rmed using FNA.

The exclusion criteria including: uncontrolled diabetes, pregnant or breastfeeding, had already undergone
neoadjuvant treatment, SLNB, or ALND, or had any clinical evidence of distant metastases at the time of
enrolment. The study was approved by the Institutional Ethics Committee and signed informed consent
was obtained from every patient prior to participation in this study.

LymphPET System and Examination

The LymphPET (PEMTECHTM, Shanghai, China) device contains movable double-planar confronted
detectors with an axilla capability view and an adjustable distance between the two detector plates from
10 to 30 cm. Size of the sensitive detection area is 208×208 mm with a useful �eld of vision (FOV) of
204×204 mm, consisting of 16 modules in each plate with LYSO crystals of 1.2×1.2×12 mm, and coupled
to a new Double Readout Module (DRM) system with J6 series SiPM arrays. The results show a
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transaxial resolution of 1.4 mm, uniformity of 10%, timing resolution of 500 ps, true coincidence rate peak
of 390 kcps @20 MBq, and NEC rate peak of 319 kcps @12.6 MBq.

Patients were fasted at least 6 h prior to receiving a standardized injection of 4mCi 18F-FDG. Blood
glucose levels were required to be lower than 10 mmol/L. After a resting period of 60 min to allow tracer
distribution, LymphPET was performed with the patient standing up and abduction arm (Fig. 1).

LymphPET Image Analysis

In order to postulate a precise method of quanti�cation adapted to this geometry, the concept of LUV, as a
surrogate for SUV, or LymphPET Uptake Value, has been used for this special biplanar symmetry. The
LUV, like SUV characterizes the activity intensity in the image, but unlike the SUV, the quanti�cation of
LUV does not suffer the same data corrections such as attenuation or scattered photons [9]. Although
validity of the LUV as a quanti�cation metric has not yet been demonstrated due to its novelty, a similar
concept is generally accepted [10-12] PUV (PEM Uptake Value) being demonstrated in a large single study
published in the AJR11 a statistically signi�cant correlation between PUV and SUV in the breast.

Image evaluation and quanti�cation of maximum single-voxel LymphPET Uptake Value (maxLUV) was
performed using commercial Medical Image Merge (version 6.5.4; MIM Software Inc, OH, USA), which is
the professional image processing software certi�ed by the United States Food and Drug Administration.
Two separated experienced nuclear medicine physicians with 10 years of experience in PET / CT, who
were blinded to study-related information apart from the laterality of breast cancer, analyzed the images
and marked the regions of interest (ROIs) manually.

ALNs were considered positive under the following three conditions: (1) the positive focus was located in
the axillary region but not in skin, muscle, or bone; (2) 18F-FDG uptake was higher than the reference
background (fat tissue); and (3) the physiological lymphatic uptake was excluded. For quantitative
analysis, the size of the lymph node (LN) was measured and an elliptic-shaped region of interest (ROI)
was drawn manually. 18F-FDG uptake into this ROI was calculated as ALN maxLUV (maxLUV). The
highest maxLUV was selected as study value in case multiple LNs were detected. Additionally, three
separate ROIs measuring 1 cm in diameter (fat background) were located at the axillary adipose tissue,
and the mean value of those areas was de�ned as maxLUVfat. Moreover, three 1-cm diameter ROIs were
located at the biceps brachii and ectopectoralis muscles (muscle background) and the mean value was
noted as maxLUVmuscle. Tumor-to-background ratio (TBR) was calculated as the coe�cient between the
positive value of maxLUV and the corresponding background value: TBR1=maxLUV/maxLUVfat;
TBR2=maxLUV/maxLUVmuscle. Thus, three parameters were calculated for each patient: maxLUV, TBR1,
and TBR2.

Surgery and Pathological Evaluation
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For cN0 patients, ALN was pathologically assessed using SLNB alone or SLNB and ALND. For cN1, ALN
was pathologically con�rmed using FNA. If FNA was negative, SLNB was performed. If FNA was positive,
neoadjuvant treatment was performed. For those patients with no more than two SLN positives, the
decision whether to perform further axillary dissection depended on the operative type (breast-conserving
therapy or mastectomy) and individual pathological characteristics. All LymphPET scans were performed
before FNA.

In SLNB, nodes were identi�ed by injection of blue dye (methylthioninium chloride, Jiangsu Jumpcan
Pharmaceutical Co., Ltd.) and/or by intraoperative guidance of the gamma detector probe (neo2000,
Neoprobe Corporation) using a radiocolloid (99mtechnetium sulfur colloid, CIS US Inc. Bedford, MA, USA).
In our study, SLNs were de�ned as any blue-stained node, any node with a blue-stained lymphatic
channel directly leading to it, any node with radioactive counts 10% or more of the most radioactive node,
or any pathologically palpable nodes. Internal mammary SLNB would not be performed even if the nodes
were detected using lymphoscintigraphy.

Touch imprint cytology was routinely performed on every SLN that was harvested. SLNs were cut along
the long axis at a 2.0- to 3.0-mm interval intraoperatively, and each cut surface was touched, at least three
times, onto a clean glass slide and stained with hematoxylin and eosin. Staining of serially-sectioned
slices was performed in 100-μm intervals on every node. Slides were sent for cytopathological
examination immediately after preparation. Moreover, additional slices were formalin-�xed and para�n-
embedded for further evaluation. According to pathological results, ALNs were classi�ed as macro-
metastasis (>2.0 mm), micro-metastasis (0.2-2.0 mm) and isolated tumor cells (ITC, <0.2 mm) according
to the tumor-node-metastasis staging system.

It should be noted that both ITC and micro-metastases (<2 mm) were considered negative in the �nal
statistical analysis.

Statistical Analysis

Data were presented as range with means and standard deviation. Receiver operating characteristic
(ROC) curves and area under the ROC curves (AUCs) were employed to evaluate the predictive value of
18F-FDG LymphPET, by determining the optimum cutoff for the three recorded parameters. Logistic
regression analysis was used to determine independent factors predictive of ALN metastases. Multiple
linear regression analysis was used to con�rm whether maxLUV correlated with different clinical factors.
For categorical variables, differences were calculated using the Chi-squared test or Fisher’s exact test
where applicable. Statistical analysis was performed using the SPSS 20.0 software (IBM Inc., Chicago, IL,
USA), and two-sided p values were reported with an alpha of 0.05 (p<0.05).

Results
Between September and December 2019, 103 cases were registered. Four cases were excluded because
the primary lesions were con�rmed to be TIS (Tumor In situ, Carcinoma in situ, or stage 0 cancer). Finally,
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99 cases with invasive carcinoma were included, the clinical and anatomopathological characteristics of
which are shown in Table 1. Of these, 41 (41.41%) were ALN metastatic cases, of which 16 cases were
con�rmed by SLNB alone or SLNB with ALND, and 25 by FNA (Fig. 2).

Diagnostic Accuracy of LymphPET

The diagnostic sensitivity (87.80%), speci�city (79.31%), false-negative rate (12.20%), false-positive rate
(20.69%), positive predictive value (PPV, 75.00%), negative predictive value (NPV, 90.20%), and accuracy
(82.83%) of LymphPET are summarized in Fig. 3, and a clear example of a truly positive case and its
assessment with other imaging techniques are visualized in Fig. 4. All �ve false-negative cases were of
Luminal subtype with nuclear grade II. Two of them were negative and three displayed enlarged nodes,
but no metastasis, in axillary US. Of these 5 patients, 3 to 5 SLNs were biopsied, and we found 1 macro-
metastasis in 3 patients each, 2 macro-metastases in 1 patient and 1 patient conformed by FNA. Then, 4
patients with maxLUV of “0” underwent ALND with 0/16, 1/16, 3/16 and 3/19 in �nally ALND surgery and
1 patient with maxLUV of 0.16 underwent NAC. Twelve false-positives (FPs) were identi�ed, including 7
Luminal subtypes, and 5 triple-negative breast cancer (TNBC) subtypes, with 4 nuclear grade IIs and 8
nuclear grade IIIs. In 2 of 12 patients, axillary US was negative, whereas the remaining 10 patients
displayed enlarged LNs measuring up to 20×30 mm. To understand these type of results, examples of
true-positive and false-positive cases are shown in Fig. 5.

Comparison Between maxLUV, TBR1, and TBR2

Forty-eight patients had positive LymphPET scans in ALNs, with a range in maxLUV from 0.16 to 5.05
(1.13±1.11). The maxLUVfat background ranged from 0.02 to 0.15 (0.07±0.02) and the maxLUVmuscle

background ranged from 0.13 to 0.33 (0.23±0.05). The TBR1 ranged from 2.66 to 55.75 (14.11±11.88)
and TBR2 ranged from 0.94 to 16.93 (4.42±3.65). Strong correlations were found between maxLUV and
TBR1 (r=0.81, p<0.05), and maxLUV and TBR2 (r=0.97, p<0.05). We identi�ed 48 positive nodes including
36 true-positive (TP) nodes and 12 FP nodes (Table 2). There were statistically signi�cant differences
exist in maxLUV, TBR1 and TBR2 of TP and FP groups but not exist in size. These results indicate that
maxLUV, TBR1, and TBR2, but not size, could be used to distinguish TP from FP LNs.

ROC curves of the three selected parameters for predicting nodal metastasis are shown in Fig. 6. AUC
values for maxLUV, TBR1, and TBR2 were 0.895 (95% CI, 0.828-0.962), 0.885 (95% CI, 0.815-0.954) and
0.884 (95% CI, 0.814-0.954), respectively. The diagnostic yield of TBR1 and TBR2 was inferior to that of
maxLUV. Therefore, maxLUV was used in the following analysis.

According to the ROC curve and most optimal Youden’s Index, when the maxLUV cutoff value was set at
0.27, the most optimal sensitivity and speci�city were 87.80% and 79.31%, respectively. On the other
hand, we noted that if the maxLUV cutoff value was set at 0.69, the speci�city was 98.30% but the
sensitivity was only 51.20%.

Correlation Between maxLUV and Other Parameters
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In the multivariate analysis, primary tumor size, nuclear grade, ER positive, HER2 high expression, and the
proliferation marker Ki67 were not independent predictive factors of LN metastasis (p>0.05 for all). Using
logistic regression, we found that maxLUV of LNs was affected by the size of the primary tumor and by
Ki67 expression, indicating that the larger the tumor or the higher Ki67 levels, the greater the chance that
LymphPET correctly detected the absence of nodal disease. However, it should be noted that for positive
tests, the obtained results were inconclusive due to 20.69% false-positive rate.

Discussion
There is a global paradigm shift toward de-escalation of axillary management on the basis of recent
evidence suggesting lack of bene�t from overaggressive treatment [13]. Hence, it is important to
distinguish between the patient who is clinically node-positive and who is clinically node-negative but has
a positive SLNs. Presently, SLNB is standard initial workup in breast cancer patients who are clinically
node-negative with about 9.8% of false-negative rate [14]. If there is a non-invasive molecular tool could
achieve the same false-negative rate, it will validate the non-inferiority with SLNB in future axillary
management.

During the last year, different companies and projects have been working on this type of open dedicated-
PET systems. Even we have been testing another prototype with a similar geometry [15] but with very
different characteristics, both in detectors (simple versus double reading modules), crystals (continuous
versus pixelated), mechanics (manual versus automatic), the TOF capability (absent versus present) and
the software (external versus adhoc). Finally, due to its technical speci�cations, its versatility and
simplicity of use, as well as the highest resolution and quanti�cation capacity, the system we have
selected to go through clinical validation and future studies in patients has been the LymphPET
(PEMTECHTM).

In the present study, LymphPET increased diagnostic sensitivity greatly to 87.80%, thereby reducing false-
negative rate (12.20%) and enhancing NPV (90.20%). Of all 99 cases, 41 were pathologically con�rmed to
be macro-metastasis. LymphPET was accurate in the diagnosis of 36 cases while leading to
misdiagnosis in 5 cases, and the NPV (90.20%) was much higher than that of WB-PET/CT. Further
analysis revealed that these �ve cases of FNs were all of Luminal subtype with nuclear grade II,
suggesting that lower proliferation and metabolism leads to reduced FDG uptake. Additionally, ITCs (<0.2
mm) and micro-metastases (0.2-2 mm) were de�ned as pathologically negative because they are too
di�cult to detect by any imaging technique, and several recent studies have shown that micro-
metastases do not in�uence overall survival [16-18].

Compared to other current non-invasive diagnostic modalities of ALNs include US, mammography
(MMG), magnetic resonance imaging (MRI) and WB-PET/CT. While US remains one of the key tools, it
bears the limitation of being subjective [19]. A systematic review analyzing the use of US has shown
signi�cant variation between institutions, with overall sensitivity ranging between 26%-76% and a
speci�city between 88%-98% [20]. A more recent meta-analysis involving 21 studies found that US
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assessment of abnormal nodes allowed a median sensitivity of 64% and a speci�city of 82% [21]. MMG
is more suitable for the examination of breast disease but is not considered reliable for ALN evaluation,
because part of the axillary area may not be visualized by routine MMG [22]. MRI is mostly used for
assessment of newly diagnosed breast cancer and to examine the response to neoadjuvant treatment,
but is also limited by an insu�cient imaging �eld of the axillary region [23]. While WB-PET/CT is
recognized to be su�ciently sensitive for the detection of distant metastases, it is not suitable to rule out
ALN involvement. Wahl et al. [24] compared PET/CT results with pathological �ndings in a prospective
multi-center trial including 360 cases of newly diagnosed invasive breast cancer. They found 61%
sensitivity and 80% speci�city for axillary metastases, with a PPV of 62% and NPV of 79%.

Another aim of the study is to identify the most suitable indicator in the detection of ALN using
LymphPET. Therefore, in addition a new concept, as a surrogate for SUV, LUV, two TBRs were used with
adipose and muscle tissue in the axillary region selected as background. Our results demonstrate that
while the three parameters were highly correlated, maxLUV showed the highest AUC, revealing that it was
still the most reliable indicator, also in LymphPET. When the cutoff value of maxLUV≥0.27 recommended
by Youden’s Index is con�rmed, the sensitivity of diagnose is 87.80% and the NPV reach a maximum of
90.20%, which is about the same level of NPV of intraoperative cytology (88.1%) [14]. When the cutoff
value of maxLUV≥0.69 is chosen, a maximum of speci�city (98.30%) is reached.

Consequently, the cutoff value of maxLUV should be chosen depending on the clinical context: if a
maximum of NPV is desired, 0.27 is more suitable, whereas a high speci�city for con�rmation of LN
metastasis can be better achieved using 0.69.

Interestingly, using logistic regression analysis, we observed that both the size of the primary lesion as
well as Ki67 levels in�uence maxLUV, whereby the size of the primary tumor, as well as proliferative
activity indicated by Ki67 expression, positively correlated with ALN metastasis. These �ndings are
consistent with previous studies [25] and indicate that LymphPET produces a higher NPV in patients with
larger primary lesions, higher Ki67 levels, HER2 subtypes, or TNBC.

The limitations of our study are the absence of WB PET imaging as the comparation of same patient.
Another limitation is the comparably small number of patients. A future, prospective study
(NCT04072653, SOAPET trial) aimed at applying of LymphPET to ALN management is ongoing.

Conclusion
The 18F-FDG LymphPET could be used to identify and recognize more indolent ALNs of the breast cancer
because of and much higher sensitivity and lower false-negative rate. The newer imaging techniques
raises the possibility that in the future such techniques may obviate need for surgical SLNB in select
patient populations.
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Characteristics No Range/ Mean

Age (years)        19-67/ 47.41

Weight (kg)        43-77/ 58.96

Breast tumor size (mm)    7-48/ 23.03

 

     

Characteristics No %

Tumor grade    

    II 40 57.97

    III 29 42.03

T category    

    T1 35 36.45

    T2 61 63.55

    Local resection 3  

N category    

    N0 74 74.75

    N1 25 25.25

Subtype    

    Luminal 66 66.67

    HER2 10 10.10

    TNBC 23 23.23

Treatment    

    Mastectomy 74 74.75

    NAT 25 25.25

TNBC: Triple Negative Breast Cancer; NAT: neoadjuvant treatment

 

Table 2  Difference of Parameters in TP and FP groups (n=48)
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Parameter TP (n=36) FP (n=12) t P

LN size (mm) range 4 - 25 4-15.5    

LN size (mm) mean 10.49±5.35 7.35±3.44 -1.965 0.39>0.05

maxSUVln range 0.16 - 4.9 0.2 – 0.7    

maxSUVln mean 1.34±1.13 0.46±0.15 -2.778 0.001<0.05

TBR1  range 2.67 -78.75 4 - 13    

TBR1  mean 17.13±15.42 7.67±3.23 -2.182 0.02<0.05

TBR2  range 0.94 – 16.93 1.25 – 5.20    

TBR2  mean 5.13±3.98 2.40±1.02 -2.432 0.001<0.05

LN size =axillary lymph node size measured by X-PET

TP =true positive; FP=false positive; TBR =tumor background ratio

Figures

Figure 1
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Diagram of dedicated axillary lymph node positron emission tomography (LymphPET) geometry and
patient’s position: frontal (left) and lateral view (right).

Figure 2

Consort diagram showing the results of axillary lymph node assessment (ALNA) and dedicated axillary
positron emission tomography (LymphPET) scan. SLNB: sentinel lymph node biopsy; ALND: axillary
nodal dissection.
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Figure 3

Estimates of diagnostic accuracy. ALNA: axillary lymph node assessment; TP: true-positive; FP: false-
positive; TN: true-negative; FN: false-negative.
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Figure 4

Typical true positive case. 57 years’ old, right breast cancer (TNBC) without treatment ER(-), PR(-)
,HER2(0), ki67=40% . US: Right axillary penetration and low echo, 12*7mm, regular shape, smooth edges,
the lymphatic hilum structure is visible, and the cortex is thickened. Diagnosis: substantial lymph node in
right axillary. a. Mammography before surgery: right breast showing a clear mass without ipsilateral
axillary LN positive evident. b. Whole body PET/CT. A small Lymph Node in right axilla (arrow head) with
9*4mm sized and a slight FDG uptake with SUVmax=1.8 (<2.5). c. LymphyPET image. Right axillary
Lymph Node (arrow head) with maxLUV=1.2 (>0.27) and 7*4mm size. Pathological diagnose: Right ALN
metastasis. Surgery ALND 3/22(+): three positive Lymph Nodes.
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Figure 5

Examples of True Positive and False Positive with LymphPET. a. True positive. Forty-�ve-year-old woman
with right invasive breast cancer of cT1N0M0. LymphPET images demonstrated a 7×5 mm axillary node
with focused �uorodeoxyglucose (FDG) uptake and the maximum single-voxel standard uptake value of
axillary lymph node (maxLUV) was 1.2 (arrow), considered to be a metastasis. The patient underwent
sentinel lymph node biopsy (SLNB) revealing two macro-metastases (2/5), and axillary lymph node
dissection (ALND) showing no other metastasis (0/20). Single projection (left) and MIP (right) are shown.
b. False positive. Forty-four-year-old woman with left invasive breast cancer of cT1N0M0. She could not
raise her left arm because of scapulohumeral periarthritis. LymphPET shown a 6×6mm node with
maxLUV=0.9. Image hot node located near the skin. SLNB showing no lymph node metastasis (0/5) and
the hot node was proved to be a pigmented nevus protruding from the surface of the skin.
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Figure 6

ROC curves of the three selected parameters for predicting nodal metastasis. AUC values for maxLUV,
TBR1 and TBR2 were 0.895 , 0.885 and 0.884 respectively.


