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Purpose

In breast cancer patients treated with neoadjuvant chemotherapy (NAC) the number 

of tumor-positive nodes can no longer reliably be determined. Further, ultrasound 

seems suboptimal for the detection of N3-disease. Therefore we assessed the 

proportion of breast cancer patients treated with NAC in which pre-chemotherapy 

18F-FDG PET/CT detected ≥4 axillary nodes or occult N3-disease, upstaging nodal 

status and changing risk estimation for locoregional recurrence (LRR).

Methods

Conventional regional staging consisted of ultrasound with fine needle aspiration 

and/or sentinel lymph node biopsy. Patients were classified as low-risk (cT2N0), 

intermediate-risk (cT0N1, cT1N1, cT2N1, cT3N0), or high-risk (cT3N1, cT4, cN2-3) for 

LRR. Presence and number of FDG-avid nodes were evaluated and the proportion 

of patients that would be upstaged by PET/CT, based on detection of ≥4 FDG-avid 

axillary nodes defined as cN2(4+) or occult N3-disease, was calculated.

Results

In total, 87 of 278 patients were considered high-risk based on conventional staging. 

PET/CT detected occult N3-disease in 5 (11%) of 47 low-risk patients. In 144 

intermediate-risk patients, PET/CT detected ≥4 FDG-avid nodes in 24 (17%) patients 

and occult N3-disease in 22 (15%) patients, thereby finally upstaging 38 (26%) of 

intermediate-risk patients. Of 43 (23%) upstaged patients, 18 were ypN0, 12 were 

ypN1, and 13 were ypN2-3.

Conclusion

Pre-chemotherapy PET/CT is valuable for selection of breast cancer patients at high 

risk for LRR. In our population, 23% of patients treated with NAC were upstaged to 

the high-risk group based on PET/CT information, potentially benefiting from regional 

radiotherapy.
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INTRODUCTION

Radiotherapy plays a major role in breast cancer treatment in terms of reduced 

locoregional recurrence (LRR) and improved survival.1 Irradiation of chest wall and/or 

regional nodes is currently advised in patients at high risk for LRR: ≥4 tumor-positive 

axillary nodes, involvement of nodes in the internal mammary chain (IMC) or periclavicular 

area, T4 tumors, or T3N1 tumors.2,3 The value of chest wall and regional irradiation in 

patients at intermediate risk for LRR (T1-2 tumors with 1-3 tumor-positive axillary nodes 

or T3N0 tumors) is uncertain and subject of debate.4-7 This is reflected by the wide 

variation in practice of chest wall irradiation in women with 1-3 involved nodes.8

The administration of neoadjuvant chemotherapy (NAC) has become standard practice 

in locally advanced breast cancer and is increasingly implemented in large and/or node-

positive disease. It results in similar survival and locoregional control as with adjuvant 

chemotherapy, but the reduction in tumor load facilitates a higher proportion of breast-

conserving treatment and may allow surgery in initially unresectable patients.9 Further, 

it enables response monitoring to treatment, resulting in the possibility of altering the 

chemotherapeutic regimen in case of unfavorable response. 

After neoadjuvant chemotherapy, the risk for LRR is based on staging before NAC as well 

as the final pathology.10,11 Since initial staging is influenced by NAC in case of complete 

or partial response, radiotherapy indications are obscured.12,13 Especially the number of 

tumor-positive axillary nodes, an important selection factor for postoperative radiotherapy, 

remains unknown: ultrasound (US) or sentinel lymph node biopsy (SLNB) before NAC do 

not provide this information and assessing number of tumor-positive nodes in the axillary 

lymph node dissection (ALND) is unreliable due to systemic pretreatment. It would be 

useful to know the number of node metastases before NAC in order to guide treatment 

and to inform patients about subsequent treatments as early as possible.

Use of positron emission tomography with computed tomography (PET/CT) using 

18F-fluorodeoxyglucose (FDG) in breast cancer is gaining acceptance. Positive predictive 

value (PPV) for the detection of axillary lymph node metastases is excellent (96-98%), 

defining that an FDG-avid node is indicative for an axillary metastasis.14,15 Moreover, 

optimal patient positioning and reconstruction protocols enable assessment of the 

number of FDG-avid axillary nodes, which could give an indication of the initial 

pathological N-stage before treatment with NAC. Further, PET/CT has been shown to 

be effective in the visualization of occult N3-disease (tumor-positive nodes in the IMC 

or periclavicular region).15 Based on the detection of ≥4 FDG-avid axillary nodes or occult 

N3-disease with PET/CT, patients will be upstaged to a high risk for LRR. They will remain 

at high risk despite response to neoadjuvant treatment. 

Because the number of tumor-positive nodes in patients treated with NAC can no longer 

reliably be determined and detection of N3-disease with US seems inaccurate, we aimed 

to find a surrogate for regional lymph node staging in order to define indications for 

postoperative radiotherapy. Therefore we assessed the proportion of breast cancer 

patients treated with NAC in which PET/CT detected ≥4 axillary nodes or occult N3-

disease, upstaging nodal status and changing risk estimation for LRR.
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PATIENTS AND METHODS

Patients

Women with primary breast cancer >3 cm and/or at least one tumor-positive lymph 

node were offered to receive NAC in the context of one of several trials of NAC. In case 

of eligibility for NAC, an FDG PET/CT was performed, both for staging and response 

monitoring purposes. Patients with distant metastases at staging examination were 

excluded from this analysis. The institutional review board approved this study and 

informed consent was obtained from all patients.

Conventional pre-chemotherapy staging

The size of the primary tumor was evaluated with contrast-enhanced magnetic resonance 

imaging (CE-MRI) and primary tumor characteristics were determined on US-guided 

histological biopsies. The axilla was primarily assessed with US and concomitant fine 

needle aspiration (FNA) of suspect nodes (i.e. cortex thickening ≥2.3 mm). If FNA showed 

absence of tumor cells, pre-chemotherapy SLNB was performed. Cytology or histology 

of nodes in the IMC was obtained in case of an enlarged node on CE-MRI or in case of 

IMC drainage on lymphoscintigraphy. The periclavicular region was examined with US 

and FNA was performed in case of suspect nodes. Bone scintigraphy, ultrasound of the 

liver, and chest radiography were used to exclude the presence of distant metastases.

18F-FDG PET/CT

The PET/CT was performed after a fasting period of six hours with a blood glucose level 

<10 mmol/l. An FDG dose of 180-240 MBq was given intravenously, depending on body 

mass index. The PET/CT was acquired after a resting period of 60 ± 10 minutes. Using 

a whole body PET/CT scanner (Gemini TF, Philips, Cleveland, USA), a PET scan (3.00 

minutes per bed position) of the thorax was performed for locoregional assessment with 

the patient in prone position, with hanging breasts and the arms above the head, with 

image reconstruction to 2x2 x2 mm voxels. PET acquisition was preceded by a low-dose 

CT with 2.0 mm slices. Subsequently, a standard whole body PET/CT (1.30 minutes per 

bed position) was performed in supine position for staging purposes. 

Image reading

A panel of three experienced readers evaluated the images together using orthogonal 

multiplanar reconstruction and simultaneous display of PET, CT, and fused PET/CT 

images. Reviewers were blinded for other diagnostic procedures. Consensus had to be 

reached before any conclusions were drawn. FDG uptake in locoregional nodes was 

assessed with a 4-degree scoring system: (0) similar to surrounding tissue, (1) slightly 

more than surrounding structures, (2) moderately intense, and (3) very intense. Lesions 

with degree 2 or 3 uptake were considered suspect for metastasis.15 The number of 

FDG-avid axillary nodes was determined on low-dose CT images, based on corresponding 

fused PET/CT images. 
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Clinical N2 is defined as ipsilateral level I-II axillary nodes that are clinically fixed or matted 

or in clinically detected ipsilateral internal mammary node(s) without clinically evident 

axillary metastases. For radiotherapy indications we wanted to be informed if patients 

had ≥4 tumor-positive nodes before NAC. Because this is not incorporated in the TNM 

system, we defined cN2(4+) as ≥4 FDG-avid nodes in level I or II of the axilla. 

Treatment

Human epidermal growth factor receptor 2 (HER2)-negative tumors were generally 

treated with six courses of cyclophosphamide and doxorubicin in a dose-dense schedule 

(every two weeks). HER2-positive tumors were treated with a trastuzumab-based 

regimen, consisting of paclitaxel, trastuzumab, and carboplatin. After chemotherapy, 

BCT or mastectomy was performed; patients with initially tumor-positive axillary nodes 

underwent ALND. 

Postoperative breast irradiation was performed in all patients undergoing BCT. Additional 

lymph node areas (axilla and supra- and infraclavicular) were irradiated in cN2-3, cN2(4+), 

and ypN2-3 tumors. The IMC was irradiated in case of a PET-positive node or in 

pathologically proven tumor-positive nodes (at cytology or SLNB). In patients with ypN1 

the periclavicular area was added to the radiation field. After ablative surgery, irradiation 

of chest wall was based on the following institutional guidelines: all cT3-4, ypT3-4, cN2-

3, cN2(4+), and ypN1-3 tumors. The addition of the regional lymph node area was based 

on the same criteria as described above.

Risk estimation

Conventional risk assessment included CE-MRI, US/FNA, and SLNB. Patients with cT2N0 

tumors before treatment with NAC were classified as low-risk. All cT0N1, cT1N1, cT2N1, 

and cT3N0 tumors prior to NAC were classified as intermediate-risk. Patients were 

classified as high-risk in case of cT3N1, cT4, or cN2-3 before treatment with NAC. We 

calculated the proportion of patients who were upstaged to the high-risk group when 

information from the PET/CT was included.

RESULTS

Between September 2007 and October 2011 a total of 311 breast cancer patients 

scheduled for NAC underwent FDG PET/CT. Distant metastases were detected in 33 

patients, who were excluded from this analysis. Baseline characteristics of 278 patients 

are presented in Table 1.

Conventional axillary staging and treatment

The axilla was tumor-negative (SLNB) prior to NAC in 62 (22%) of 278 patients. Of 216 

patients with a tumor-positive axilla, no ALND was performed in 8 patients (one patient 

refused surgical treatment, one patient underwent treatment in another hospital, six 

patients received axillary irradiation). Of the remaining 208 patients, 83 (40%) were 
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classified as ypN0 (complete axillary response), 68 (33%) as ypN1 (1-3 tumor-positive 

axillary nodes), 32 (15%) as ypN2 (4-9 tumor-positive axillary nodes), and 25 (12%) as 

ypN3 (≥10 tumor-positive axillary nodes).

PET/CT findings

The axilla could not be evaluated with PET/CT in 21 (8%) patients because of an SLNB 

before the scan. PET/CT showed no FDG-avid axillary nodes in 87 (31%) patients, 1-3 

FDG-avid nodes (corresponding with pN1) in 114 (41%) patients, 4-9 FDG-avid nodes 

Table 1  Baseline characteristics of 278 patients with stage II-III breast cancer.

Age at first visit (years)

  Mean ± SD 48.9 ± 10.8

  Range 19-75

T-stage prior to NAC (CE-MRI)

  T0 2 (1%)

  T1 22 (8%)

  T2 174 (63%)

  T3 60 (22%)

  T4 20 (7%)

N-stage prior to NAC (FNA/SLNB)

  N0 61 (22%)

  N1 187 (67%)

  N2 6 (2%)

  N3 24 (9%)

Histology

  Invasive ductal carcinoma 237 (85%)

  Invasive lobular carcinoma 30 (11%)

  Other 11 (4%)

Subtype

  ER-positive/HER2-negative 138 (50%)

  HER2-positive 61 (22%)

  Triple negative 78 (28%)

  Unknown 1 (1%)

Grade

  1 18 (7%)

  2 144 (52%)

  3 93 (34%)

  Unknown 23 (8%)

Abbreviations: SD, standard deviation; T-stage, primary tumor stage based on tumor size; NAC, neoadjuvant 
chemotherapy; CE-MRI, contrast-enhanced magnetic resonance imaging; N-stage, lymph node stage; FNA, 
fine needle aspiration; SLNB, sentinel lymph node biopsy; ER, estrogen receptor; HER2, human epidermal 
growth factor receptor 2.
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(corresponding with pN2) in 52 (19%) patients, and ≥10 FDG-avid nodes (corresponding 

with pN3) in 4 (1%) patients. Occult N3-disease was discovered in 42 (15%) of 278 patients, 

being a periclavicular node in 25 (8%) patients and an IMC node in 17 (7%) patients. 

Regional nodes as visualized with PET/CT are demonstrated in Figure 1. 

Risk estimation

Before start of NAC (based on CE-MRI, US with FNA, and SLNB), 87 (31%) patients were 

considered high-risk (38 T3N1 tumors, 20 T4 tumors, and 29 cN2-3 tumors). Of 47 (17%) 

patients classified as low-risk (47 T2N0 tumors), 5 (11%) patients were upstaged to the 

high-risk group after PET/CT because of the detection of occult periclavicular N3-

disease. Of 144 (52%) intermediate-risk patients, 38 (26%) were classified as high-risk by 

PET/CT (38 of 113 T2N1 patients). In total, 43 (23%) of 191 low- and intermediate-risk 

patients were upstaged by PET/CT. Of 43 upstaged patients, 18 were ypN0, 12 were ypN1, 

and 13 were ypN2-3. Risk estimation based on conventional pre-chemotherapy staging 

and corresponding PET/CT findings are presented in Figure 2 and Table 2. 

Figure 1 Fused PET/CT images depicting a single FDG-avid axillary node (a), 4 FDG-avid axillary nodes (b), an 
FDG-avid node in the internal mammary chain (c), and an FDG-avid supraclavicular node (d).
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Table 2  Preoperative risk estimation using conventional staging techniques (CE-MRI, US/FNA, SLNB) and PET/
CT findings, being cN2(4+) (≥4 FDG-avid axillary nodes) or detection of occult N3-disease.  

Stage + risk estimation No of patients PET/CT findings

≥4 axillary nodes
(cN2(4+))

Occult cN3 Total:
cN2(4+) and/or cN3

Low (n=47)

  T2N0 47 1 (5%) * 5 (11%) 5 (11%)

Intermediate (n=144)

  T0N1 1 0 0 0

  T1N1 20 0 0 0

  T2N1 113 24 (21%) 22 (19%) 38 (34%)

  T3N0 10 0 0 0

High (n=87)

  T3N1 38 8 (21%) 7 (18%) 11 (29%)

  T4 20 3 (15%) 3 (15%) 6 (30%)

  cN2-3 29 21 (72%) 5 (17%) 21 (72%)

* In one patient four FDG-avid axillary nodes were found to be false positive at SLNB.
Abbreviations: No, number; PET/CT, positron emission tomography with computed tomography; N3, lymph 
nodes in the internal mammary chain or periclavicular region; CE-MRI, contrast-enhanced magnetic 
resonance imaging; US, ultrasound; FNA, fine needle aspiration; SLNB, sentinel lymph node biopsy.

Figure 2 Preoperative risk estimation for locoregional recurrence, changes based on PET/CT findings (cN2(4+) 
or occult N3), number of upstaged patients, and ypN-status of upstaged patients. Conventional staging 
before start of neoadjuvant chemotherapy is performed with contrast-enhanced magnetic resonance 
imaging for primary tumor staging and ultrasound with fine needle aspiration and/or sentinel lymph 
node biopsy for lymph node staging.
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DISCUSSION

In breast cancer patients treated with NAC, planning of postoperative irradiation of chest 

wall and/or regional lymph nodes, which is based on the risk for LRR, is complicated.13 

The presence of ≥4 tumor-positive axillary nodes or involvement of nodes in the IMC or 

periclavicular region, both important determinants of high risk for LRR and an indication 

for postoperative irradiation,2,3 cannot be investigated accurately with conventional 

staging techniques (US, SLNB, and/or ALND). This study shows that PET/CT contributes 

to pretreatment staging and therapy planning, upstaging a substantial proportion of 

patients to the high-risk group, thereby potentially changing prognosis and possibly 

implicating postoperative irradiation, irrespective of type of surgery or response to 

treatment. 

In addition to the proportion of upstaged patients, PET/CT information is obtained before 

NAC. As compared with ALND, performed after NAC, pre-chemotherapy PET/CT allows 

for early and solid patient information and accurate planning of treatment before systemic 

therapy (i.e. type of surgery or possibilities of an immediate breast reconstruction with 

risk of morbidity if postoperative radiotherapy is indicated). 

Indications for postoperative regional irradiation are derived from studies on the 

pathological T- and N-stage. The beneficial value of irradiation has clearly been 

demonstrated in patients with ≥4 tumor-positive axillary nodes, involvement of 

periclavicular nodes, and in patients with T4 tumors.16,17 In current practice, these patients, 

being at high risk for LRR, are usually treated with NAC, thereby hindering accurate 

assessment of pathological N-stage. In patients at intermediate risk for LRR, generally 

those with 1-3 tumor-positive axillary nodes, variable results have been reported 

regarding the value of regional radiotherapy.4-7 The European SUPREMO trial and the 

Canadian NCIC CTG trial MA.20, two prospective trials randomizing between regional 

irradiation and no additional treatment, should extend our knowledge on radiation 

indications in this group of patients, also in NAC setting. Postoperative regional irradiation 

is normally withheld in patients at low risk for LRR.

In early stage breast cancer, sensitivity of PET/CT for visualizing axillary metastases was 

suboptimal, but specificity and PPV were generally excellent, thereby allowing an 

immediate ALND in case of an FDG-avid axillary node.14 However, based on the inaccuracy 

of visualizing the primary tumor and the low yield for detection of distant metastases, 

use of PET/CT in this subgroup is not recommended.18 In stage II-III breast cancer it is 

recommended to search for distant metastases prior to treatment and PET/CT 

outperforms conventional imaging techniques for this purpose.19 The additional value 

for regional staging has been investigated less frequently, but one large trial confirmed 

the high PPV for axillary involvement and demonstrated that occult N3-disease was 

detected in a substantial number of patients.15 

To our knowledge this is the first study reporting the number of FDG-avid axillary nodes 

to identify high-risk breast cancer patients. Based on the high PPV in our population and 

previous studies, we have shown that it results in upstaging of a considerable number 

of patients. However, sensitivity of PET/CT for detection of axillary metastases was 
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suboptimal; not all tumor-positive axillary nodes show increased FDG-uptake, suggesting 

an underestimation of the proportion of upstaged patients in this paper. This 

underestimation is reflected by the finding that PET/CT detected ≥4 FDG-avid nodes in 

only 19 (37%) of 51 patients with ≥4 tumor-positive nodes in the ALND (ypN2-3). 

Of 43 upstaged patients, 13 were found to have four or more tumor-positive nodes at 

ALND (ypN2-3). Although they would have been upstaged to the high-risk group without 

PET/CT as well, this would only be possible postoperatively, disabling treatment planning 

and patient information before start of therapy. In 12 of 43 upstaged patients 1-3 tumor-

positive nodes were found in the ALND. Although most institutes apply regional 

radiotherapy to this group of patients, there is currently no scientific backing for this 

approach. Finally, 18 of 43 upstaged patients were ypN0, probably wrongly being 

classified as low-risk without PET/CT.

Although no change in risk estimation was attained, the largest proportion of patients 

with ≥4 FDG-avid axillary nodes or detection of occult N3-disease was found in the 

high-risk patients. The indication for radiotherapy had already been established in these 

patients, but adapting of the radiotherapy fields may still be required based on PET/CT 

findings.

Several studies have shown that patients achieving a pathologically confirmed complete 

response (pCR) to NAC have an improved overall and disease-free survival, emphasizing 

the need for individualized treatment and the intention of realizing a pCR.20 Up till now, 

no trials have been carried out performing less extensive locoregional treatment in 

patients achieving pCR. The final pathological response may eventually prove to be more 

important than the initial risk status, but currently patients with initially high-risk disease 

for LRR based on upfront staging are thought to remain at high risk, irrespective of 

pathological response, underlining the relevance of this study.

Some shortcomings of this study should be acknowledged. First, we did not confirm the 

number of FDG-avid lymph nodes by performing multiple FNAs. However, the positive 

predictive value was previously reported to be excellent and our results may even suggest 

an underestimation based on the suboptimal sensitivity. Second, we did not perform 

follow-up, so we don’t know if adapting radiation fields according to PET/CT information 

improves survival.

In conclusion, this study shows that FDG PET/CT is valuable for regional staging and risk 

estimation of stage II-III breast cancer patients prior to treatment with NAC. It upstages 

a substantial proportion of patients from low- or intermediate-risk to high-risk for LRR, 

indicating postoperative irradiation of chest wall and/or regional lymph nodes, or adapts 

radiation fields in patients with an already confirmed radiotherapy indication. 
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