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Purpose

If all initially node-positive patients undergo axillary lymph node dissection (ALND) 

after neoadjuvant chemotherapy (NAC), overtreatment may occur in complete 

responders. PET/CT during NAC may predict axillary response and select patients 

appropriate for less invasive treatment after NAC. The aim of the present study was 

to evaluate the value of sequential 18F-FDG PET/CTs during NAC for axillary response 

monitoring in stage II-III breast cancer.

Methods 

A total of 219 PET/CTs were performed in 80 patients with cytology-proven node-

positive breast cancer at baseline (PET/CT1, n=80) and twice during NAC (PET/CT2 

n=62, PET/CT3 n=77). The relative changes in maximum standardized uptake value 

(SUVmax) of axillary nodes were examined for their ability to assess pathological 

response. All patients underwent ALND after chemotherapy and complete axillary 

response (pCR), defined as absence of isolated tumor cells, micro-, and 

macrometastases, served as reference standard. 

Results 

32 (40%) patients achieved axillary pCR. The relative decrease in SUVmax was 

significantly higher in patients achieving pCR than in those who did not, both on PET/

CT2 (P<0.001) and PET/CT3 (P=0.025). The ROC-AUCs for PET/CT2 and PET/CT3 

were 0.80 (95% CI 0.68-0.92) and 0.65 (95% CI 0.52-0.79), respectively. A relative 

decrease ≥60% on PET/CT2 had an excellent specificity (35/37, 95%), a high positive 

predictive value (12/14, 86%), and a sensitivity of 48% - that is, it accurately identified 

histologic pCR in 12 of 25 responders.

Conclusion 

18F-FDG PET/CT early during NAC is useful for axillary response monitoring in 

cytology-proven node-positive breast cancer, identifying pathological responders in 

whom an ALND might possibly be spared.
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INTRODUCTION

Neoadjuvant chemotherapy (NAC) is increasingly used in large or node-positive breast 

cancer.1 Survival is similar as compared with adjuvant chemotherapy, but by reducing 

the tumor load NAC results in an increased proportion of breast-conserving treatment 

and may facilitate surgery of initially unresectable tumors.2,3 Patients with complete 

pathological response (pCR) of both primary tumor and axillary nodes have longer survival 

than patients with residual disease, thereby emphasizing the need for individualized 

treatment and the intention of achieving a pCR, particularly in triple negative and human 

epidermal growth factor receptor 2 (HER2)-positive tumors.4 Response monitoring during 

treatment may increase pCR rates by changing the chemotherapeutic regimen in case 

of an unfavorable response.5 Both positron emission tomography with computed 

tomography (PET/CT) using 18F-fluorodeoxyglucose (FDG) and magnetic resonance 

imaging (MRI) have been demonstrated to be useful for this purpose.6,7 

The optimal approach for the staging of axillary nodes in patients receiving NAC remains 

unclear. Especially the optimal timing for sentinel lymph node biopsy (SLNB) is 

controversial.8 SLNB before NAC determines the initial nodal stage, but requires an 

additional surgical procedure. Also, if a tumor-positive pre-chemotherapy SLNB is 

routinely followed by post-chemotherapy axillary lymph node dissection (ALND), 

overtreatment may occur in complete axillary responders.9 Post-chemotherapy SLNB 

results in less invasive axillary treatment in patients achieving pCR, but the identification 

rate is suboptimal (81-94%) and the false negative rate is high (14-20%).10,11 Further, 

uncertainty exists about the remaining nodes in case of a negative post-chemotherapy 

SLNB, although they may have been tumor-positive initially.9

Previous studies have demonstrated a high positive predictive value of PET/CT for the 

detection of axillary metastases (96-98%), indicating that pre-chemotherapy SLNB can 

be omitted in case of an FDG-avid node.12,13 When the tumor-positive node is not 

removed, response to chemotherapy can be assessed, for instance by post-chemotherapy 

SLNB 10,11 or by marking the node with a radioactive iodine seed.14 When the axillary 

response can be accurately determined, an ALND might be omitted in patients achieving 

axillary pCR, which is seen in approximately 20% of node-positive patients.9 The use of 

PET(/CT) for axillary response monitoring has been reported twice, but results were 

inconsistent.15,16

The aim of the present study was to assess the accuracy of sequential PET/CTs during 

NAC to identify patients achieving a complete axillary response, thereby rendering them 

candidates for less invasive axillary treatment after NAC.

METHODS

In our institute patients with invasive breast cancer >3 cm and/or at least one tumor-

positive axillary node receive NAC within one of several trials studying chemotherapeutic 

regimens. Since September 2008, patients can be included in an additional imaging 
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study, assessing the value of PET/CT for response monitoring during NAC.17 Patients with 

inflammatory tumors are not included in this trial. All patients undergo baseline PET/CT 

for staging purposes. In case of primary tumor FDG uptake on PET/CT1 and absence of 

distant metastases, patients are asked to undergo two additional PET/CT scans during 

chemotherapy. PET/CTs are performed after three and eight courses of the first cycle 

(three and eight weeks) in HER2-positive tumors and after one and three courses (two 

and six weeks) in HER2-negative tumors. The difference in timing of PET/CTs is based 

on different chemotherapeutic regimens. In this analysis we included patients with 

cytology-proven axillary lymph node metastases, at least two PET/CTs (one at baseline 

and one during NAC), and an ALND after NAC. The institutional review board approved 

this study; informed consent was obtained from all patients.

Treatment

All HER2-positive tumors were treated with paclitaxel, trastuzumab, and carboplatin, 

administered weekly in three cycles of eight courses. In weeks seven and eight of each 

cycle only trastuzumab was given. HER2-negative tumors were treated with six courses 

of cyclophosphamide and doxorubicin in a dose-dense schedule (every 2 weeks). 

Conform institutional guidelines, based on consensus in a multidisciplinary meeting, 

chemotherapy could be switched to a (hypothetically) non-cross-resistant regimen 

(docetaxel and capecitabine). A switch was based on patient’s preference, drug toxicity, 

or MRI response monitoring.18 Further, inclusion of triple negative tumors in 

chemotherapeutic trials could lead to treatment modification. After NAC, all patients 

underwent level I-II ALND.

18F-FDG PET/CT

Patients were prepared with a six-hour fasting period. 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 min with a whole body PET/CT scanner (Gemini TF, Philips, 

Cleveland, OH). First, a PET scan (3.00 min per bed position) of the thorax was performed 

with the patient in prone position, with hanging breasts, and with image reconstruction 

to 2x2x2 mm voxels.19 PET acquisition was preceded by a low-dose CT (2 mm slices). 

Subsequently, a supine whole body PET/CT was performed as a staging procedure.20 

During NAC only the hanging breast PET/CT was repeated for response monitoring. 

Image reading

A panel of at least three experienced reviewers evaluated the images, blinded for other 

diagnostic procedures. FDG uptake was measured with maximum standardized uptake 

values (SUVmax), obtained by generating a 3D region of interest (ROI) based on region-

growing procedures.21 On each PET/CT the SUVmax of the node with highest SUVmax 

was calculated (not necessarily the same node). In case of low tumor-to-background 

ratio (slightly increased FDG uptake, disabling region-growing procedures), the SUV was 

derived from a manually drawn 3D ROI. If a complete metabolic response is perceived, 

the ROI was placed manually at the initially FDG-avid node. Relative changes in SUVmax 
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between two PET/CTs were calculated according to the formula:

Relative decrease in SUVmax = ( [SUVmax PET/CT during NAC – SUVmax PET/CT1] / 

[SUVmax PET/CT1] ) * 100%.

Internal mammary, infraclavicular, and supraclavicular nodes were not evaluated.

Response assessment of axillary nodes 

Histopathological analysis of the ALND specimen started with visual and palpable 

inspection. Identification of nodes was done by pathology technicians, specialized in the 

detection of lymph nodes in different resection specimens. Lymph nodes were evaluated 

at one level and stained with hematoxylin and CAM5.2, an antibody detecting cytokeratin 

8/18. Patients without residual axillary disease were classified as responders (pCR, no 

residual disease); patients with isolated tumor cells (≤0.2 mm) and patients with one or 

more micro- (>0.2 and ≤2 mm) or macrometastases (>2 mm) were classified as 

nonresponders (non-pCR, residual disease).

Statistical analysis

Baseline SUVmax and relative SUVmax changes were compared with pathological 

response. Differences in decrease in SUVmax between pCR and non-pCR were examined 

for statistical significance using the Mann Whitney test. The area under the receiver 

operating characteristic (ROC) curves (ROC-AUC) was used as a measure of ability to 

discriminate between pCR and non-pCR. Confidence intervals (95% CI) were determined 

using a bootstrap with 500 replicates. Sensitivity, specificity, positive predictive value 

(PPV), negative predictive value (NPV), and accuracy for identification of axillary pCR 

were calculated for different cut-off points of relative decrease in SUVmax. Further, log-

likelihood ratio tests of logistic regression models were used to assess the additional 

value of PET/CT to clinical subtype in predicting axillary pCR.

RESULTS

Since September 2008 a total of 195 breast cancer patients underwent baseline PET/CT. 

After exclusion of 115 patients (Figure 1), 80 cytology-proven node-positive patients with 

axillary FDG uptake were included in this study, in whom 219 PET/CTs were performed: 

all patients underwent baseline PET/CT, 62 patients underwent PET/CT2, and 77 patients 

underwent PET/CT3. Fifty-nine patients underwent all three PET/CTs. Patient, tumor, 

and PET/CT characteristics of included patients are listed in Tables 1 and 2; an example 

of PET/CT images is shown in Figure 2.

PET/CT1 was performed after axillary fine needle aspiration (FNA) in all patients but one. 

Mean time between FNA and PET/CT was 14.5 ± 7.8 days. Mean delay between 

chemotherapy and PET/CT was 12.9 ± 1.9 days to PET/CT2 and 7.9 ± 2.2 days to PET/

CT3 for HER2-negative tumors. It was 5.7 ± 1.7 days to PET/CT2 and 11.3 ± 4.6 days to 

PET/CT3 for HER2-positive tumors. 
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Patient outcome

The ALND revealed pCR in 30 (38%) of 80 patients. Twenty (83%) of 24 HER2-positive, 1 

(3%) of 34 ER-positive/HER2-negative, and 9 (41%) of 22 triple negative tumors achieved 

an axillary pCR. Of 80 included patients, 2 (3%) were classified as ypN0(itc), 5 (6%) as 

ypN1mi, 25 (31%) as ypN1, 11 (14%) as ypN2, and 7 (9%) as ypN3. 

Figure 1 Flow chart of eligibility, exclusion, inclusion, and number of PET/CT scans during neoadjuvant 
chemotherapy.Abbreviation: NAC, neoadjuvant chemotherapy; FNA, fine needle aspiration.
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Baseline PET/CT

Baseline FDG uptake (SUVmax) was not associated with axillary response after NAC; the 

ROC curve for baseline SUVmax (Figure 3), had an AUC of 0.52 (95% CI 0.39-0.65).

PET/CT during NAC

Figure 3, depicting mean decrease in SUVmax on PET/CT2 and PET/CT3 for responders 

and non-responders, demonstrates that an early decrease in SUVmax was observed in 

patients achieving axillary pCR. The relative decrease in SUVmax was significantly larger 

in patients achieving pCR, both on PET/CT2 (P<0.001) and on PET/CT3 (P=0.025). The 

ROC-AUC for axillary pCR was 0.80 (95% CI 0.68-0.92) for PET/CT2 and 0.65 (95% CI 

0.52-0.79) for PET/CT3 (Figure 3). Restricting the analysis to patients who had all three 

assessments did not qualitatively change the ROC-AUC estimates (ROC-AUC: PET/CT2 

0.79, PET/CT3 0.66). Table 3 shows sensitivity and specificity of PET/CT2 and PET/CT3 

for different cut-off points of decrease in SUVmax regarding their ability to discriminate 

between pCR and non-pCR. A relative decrease ≥60% on PET/CT2 had an excellent 

specificity (35/37, 95% (95% CI 82-99%)), a high positive predictive value (12/14, 86% (95% 

CI 65-100%)), and a sensitivity of 48% (12/25 (95% CI 27-69%)), i.e. accurately identifying 

histologic pCR in 12 of 25 responders.

Multivariate analysis revealed that PET/CT2 added significant prognostic value to clinical 

subtype (p=0.01), while PET/CT3 added less information (p=0.11). A sensitivity analysis 

Table 1  Baseline characteristics of 80 included patients.

PET/CT1
n=80

PET/CT2
n=62

PET/CT3
n=77

Age (years)

  Median 48 49 49

  Range 25-68 28-68 25-68

T-stage prior to NAC (MRI)

  T1 9 (11%) 6 (10%) 8 (10%)

  T2 45 (56%) 36 (58%) 43 (56%)

  T3 20 (25%) 17 (27%) 20 (26%)

  T4 6 (8%) 3 (5%) 6 (8%)

N-stage prior to NAC (FNA/SLNB)

  N0 0 0 0

  N1 55 (69%) 46 (74%) 53 (69%)

  N2 1 (1%) 1 (2%) 1 (1%)

  N3 24 (30%) 15 (24%) 23 (30%)

Clinical subtype

  HER2-positive 24 (30%) 19 (31%) 24 (31%)

  ER-positive/HER2-negative 34 (43%) 26 (42%) 32 (42%)

  Triple negative 22 (28%) 17 (27%) 21 (27%)

Abbreviations: NAC, neoadjuvant chemotherapy; FNA, fine needle aspiration; SLNB, sentinel lymph node 
biopsy; HER2, human epidermal growth factor receptor 2; ER, estrogen receptor
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Table 2  Tumor and PET/CT characteristics of 80 included patients, subdivided by subtype.

HER2-positive 
(n=24)

ER-positive/
HER2-
negative 
(n=34)

Triple negative 
(n=22)

Total
(n=80)

Histology

  Invasive ductal carcinoma 20 (83%) 31 (91%) 21 (95%) 72 (90%)

  Invasive lobular carcinoma 4 (17%) 2 (6%) 0 6 (8%)

  Adenocarcinoma NOS 0 1 (3%) 1 (5%) 2 (3%)

ER

  Negative 15 (63%) 0 22 (100%) 37 (46%)

  Positive 9 (38%) 34 (100%) 0 43 (54%)

Grade

  1 0 2 (6%) 0 2 (3%)

  2 8 (33%) 21 (62%) 2 (9%) 31 (39%)

  3 12 (50%) 9 (26%) 18 (82%) 39 (49%)

  Unknown 4 (17%) 2 (6%) 2 (9%) 8 (10%)

SUVmax axilla baseline

  Median 5 5.7 7.5 6.1

  Range 2.2-21 1.8-16 2.5-23 1.8-23

Complete metabolic response PET/CT2

  Yes 10 (53%) 6 (23%) 1 (6%) 17 (27%)

  No 9 (47%) 20 (77%) 16 (94%) 45 (73%)

  PET/CT2 not performed 5 8 5 18

Complete metabolic response PET/CT3

  Yes 17 (71%) 18 (56%) 9 (43%) 44 (57%)

  No 7 (29%) 14 (44%) 12 (57%) 33 (43%)

  PET/CT3 not performed 0 2 1 3

Pathological response

  Complete pathological response (pCR) 20 (83%) 1 (3%) 9 (41%) 30 (38%)

  Residual disease (non-pCR) 4 (17%) 33 (97%) 13 (59%) 50 (63%)

Mean decrease in SUVmax on PET/CT2

  pCR -58.0% (n=17) -67.3% (n =1) -48.4% (n =7) -55.7% (n =25)

  non-pCR -31.2% (n =2) -29.8% (n =25) -26.7% (n =10) -29.0% (n =37) 

  Total group -55.2% (n =19) -31.3% (n =26) -35.6% (n =17) -39.8% (n =62)

Mean decrease in SUVmax on PET/CT3

  pCR -57.3% (n =20) -86.5% (n =1) -80.0% (n =8) -64.6% (n =29)

  non-pCR -63.9% (n =4) -56.1% (n =31) -58.1% (n =13) -57.3% (n =48)

  Total group -58.4% (n =24) -57.0% (n =32) -66.4% (n =21) -60.0% (n =77)

Abbreviations: NOS, not otherwise specified; ER, estrogen receptor; HER2, human epidermal growth factor 
receptor 2; ER, estrogen receptor
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performed only on patients having PET/CT2 and 3 data indicated that PET/CT2 was still 

significant (p=0.02), while PET/CT3 was now borderline significant (p=0.05). Baseline 

SUVmax and grade were not significantly associated with pCR. 

Since only four HER2-positive patients were non-responders and only one ER-positive/

HER2-negative patient achieved pCR, a subgroup analysis was only possible in triple 

negative patients. The ROC curves, shown in Figure 4, had an AUC of 0.74 (95% CI 0.48-

1.00, n=17) for PET/CT2 and 0.87 (95% CI 0.70-1.00, n=21) for PET/CT3, respectively. 

Figure 2 Fused PET/CT images of a tumor-positive lymph node in the right axilla before (A), after one course 
(B), and after three courses (C) of neoadjuvant chemotherapy. SUVmax was 12.0 on PET/CT1, 7.4 on 
PET/CT2, and 4.4 on PET/CT3. In the axillary lymph node dissection after six cycles of chemotherapy 
(twelve weeks) five macrometastases were found.

Figure 3 Figure 3 Box plots and ROC curves demonstrating the discriminative value of baseline SUVmax on 
PET/CT1 (left column) and the relative change in SUVmax on PET/CT2 (middle column) and PET/CT3 
(right column) in identifying pCR after NAC. Areas under the curves: 

 PET/CT1: 0.52 (95% CI 0.39-0.65)
 PET/CT2: 0.80 (95% CI 0.68-0.92)
 PET/CT3: 0.65 (95% CI 0.52-0.79)
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DISCUSSION

Axillary staging and treatment before or after NAC remains subject of debate.8 Although 

it requires an additional surgical procedure, in our institute a pre-chemotherapy SLNB 

is performed for accurate assessment of initial axillary stage in clinically node-negative 

patients. However, if all initially node-positive patients undergo ALND after NAC, 

overtreatment may occur in complete responders. This study demonstrates that a PET/

CT during NAC may detect axillary responders, in whom less invasive axillary treatment 

(for instance, axillary radiotherapy) may be justified.

Axillary response monitoring during NAC with PET/CT has been described earlier. Jung 

et al found no correlation between the relative decrease in SUVpeak and axillary response 

after NAC in 66 patients.15 Another study, performed by Rousseau et al in 52 patients, 

showed that axillary response monitoring with PET/CT was possible.16 The highest 

discriminative value was found after the first cycle of NAC. Our study confirms the 

findings of Rousseau et al. An important difference between these studies is that we used 

a trastuzumab-based regimen in HER2-positive patients, which is currently the standard 

of care.22 Further, we have performed ROC analyses with possible incentive for practical 

implementation, including cut-off points.

Table 3  Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy of 
PET/CT2 and PET/CT3 regarding identification of complete axillary response for different cut-off points of 
relative decrease in SUVmax.

PET/CT2

Decrease in 
SUVmax (%)

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

≥50 60 78 65 74 71

≥55 56 89 78 75 76

≥60 48 95 86 73 76

≥65 32 95 80 67 69

≥70 24 95 75 65 66

≥75 24 95 75 65 66

≥80 16 97 80 63 65

PET/CT3

Decrease in 
SUVmax (%)

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

≥55 76 46 46 76 57

≥60 72 50 47 75 58

≥65 72 58 51 78 64

≥70 55 69 52 72 66

≥75 45 79 57 70 66

≥80 31 90 64 68 68

≥85 24 92 64 67 66
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Several studies have reported an association between the degree of primary tumor FDG 

uptake and prognostic characteristics.23,24 Triple negative tumors are associated with the 

highest degree of FDG uptake and an unfavorable prognosis, but generally exhibit a high 

pCR rate to NAC.17,25 The association between baseline tumor FDG uptake and pCR has 

been reported previously.6,26 In this study we did not find an association between baseline 

axillary FDG uptake and axillary pCR. 

Previously it has been shown that response monitoring of the primary tumor during NAC 

with PET/CT and MRI depends on the breast cancer subtype.17,25 Clearly, subtype is an 

important factor in axillary response monitoring as well, since pCR rates differ greatly 

between subtypes. Our multivariate analysis indicates an association of both subtype 

and relative change in SUVmax with axillary pCR. In the future, larger trials should further 

evaluate the optimal time-point for PET/CT response monitoring and assess the accuracy 

per subtype.

Physical examination, ultrasound, and MRI cannot accurately evaluate the response of 

axillary metastases.27 Marking the axilla with a radioactive iodine seed (MARI procedure), 

Figure 4 Box plots and ROC curves assessing the discriminative value of PET/CT2 (left column) and PET/CT3 
(right column) in identifying pCR in triple negative patients. Areas under the curves: 

 PET/CT2: 0.74 (95% CI 0.48-1.00)
 PET/CT3: 0.87 (95% CI 0.70-1.00)
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however, is a promising technique; in this procedure an iodine seed is used for localization 

of a cytology-proven tumor-positive node before NAC.14 After NAC the marked node is 

selectively removed, which was indicative of the overall response.

The pCR rate in our study (38%) was relatively high as compared with other trials (20-

23%),9,28 but it was comparable with the trial from Rousseau et al.16 An explanation may 

be the exclusion of patients without FDG uptake in the primary tumor and/or axillary 

node. FDG uptake is associated with unfavorable tumor characteristics and proliferation, 

thereby possibly excluding slowly growing, unresponsive lymph node metastases.

A few trials have demonstrated benefit of altering management based on mid-NAC 

response in both non-responders and responders.5,29,30 In our study a switch was 

performed in 18 (23%) of 80 patients. In two of them an axillary pCR was found, but in 

these patients a switch was carried out after an excellent mid-NAC tumor response on 

MRI. Nevertheless, pCR could depend on the second chemotherapeutic regimen only, 

possibly biasing our results. 

A limitation of response monitoring with sequential PET/CTs is that it cannot be done in 

patients who underwent SLNB. Further, it can only be performed in case of FDG-avid 

axillary nodes. Detection and response monitoring of axillary nodes with PET/CT can 

more accurately be performed in patients with prognostically unfavorable characteristics,20 

in whom an early start of effective treatment is essential. Another limitation is the 

possibility of increasing FDG uptake of an axillary node due to infection or inflammation. 

In our group this was seen in two patients.

The relatively short delay between chemotherapy and PET/CT may have affected SUV 

measurements and final results. In lymphoma, for instance, a delay of 6-8 weeks between 

chemotherapy and response assessment is advised.31 Based on the chemotherapeutic 

regimens in this trial, the use of a longer delay between chemotherapy cycle and PET/

CT is difficult. Still, the relatively short delay might be a bias in SUV measurement and 

possibly a PET/CT 4-6 weeks after chemotherapy may provide improved response 

prediction. Second, PET/CT1 was performed after axillary FNA in 79 of 80 patients, 

possibly resulting in calculating SUV in inflamed or reactive nodes. Mean delay between 

puncture and PET/CT was 14.5 days and ≥7 days in 73 patients.

In conclusion, this study shows that axillary response monitoring with PET/CT during 

NAC in stage II-III breast cancer patients with cytology-proven tumor-positive axillary 

nodes is feasible and useful. It may accurately select patients who will achieve an axillary 

pCR, in whom less invasive axillary treatment after NAC could be appropriate. 



165

AXILLARY RESPONSE MONITORING WITH PET/CT

C
H

A
P

T
E

R
  

10

REFERENCES

1 Kaufmann M, Minckwitz von G, Mamounas EP, et 
al. Recommendations from an International 
Consensus Conference on the Current Status and 
Future of Neoadjuvant Systemic Therapy in 
Primary Breast Cancer. Ann Surg Oncol 2012; 19: 
1508-16.

2 Mieog JSD, van der Hage JA, van de Velde CJH. 
Neoadjuvant chemotherapy for operable breast 
cancer. Br J Surg 2007; 94: 1189–200.

3 Rastogi P, Anderson SJ, Bear HD, et al. 
Preoperative chemotherapy: updates of National 
Surgical Adjuvant Breast and Bowel Project 
Protocols B-18 and B-27. J Clin Oncol 2008; 26: 
778–85.

4 Minckwitz von G, Untch M, Blohmer J-U, et al. 
Definition and impact of pathologic complete 
response on prognosis after neoadjuvant 
chemotherapy in various intrinsic breast cancer 
subtypes. J Clin Oncol 2012; 30: 1796–804.

5 von Minckwitz G, Blohmer JU, Costa S, et al. 
Neoadjuvant chemotherapy adapted by interim 
response improves overall survival of primary 
breast cancer patients – results of the GeparTrio 
trial. Abstract S3-2, presented at the San Antonio 
Breast Cancer Symposium, San Antonio TX, USA, 
December 2011.

6 Schwarz-Dose J, Untch M, Tiling R, et al. 
Monitoring primary systemic therapy of large and 
locally advanced breast cancer by using sequential 
positron emission tomography imaging with [18F]
fluorodeoxyglucose. J Clin Oncol 2009; 27: 535–
41.

7 Loo CE, Straver ME, Rodenhuis S, et al. Magnetic 
resonance imaging response monitoring of breast 
cancer during neoadjuvant chemotherapy: 
relevance of breast cancer subtype. J Clin Oncol 
2011; 29: 660–6.

8 Kaufmann M, Karn T, Ruckhäberle E. Controversies 
Concerning the Use of Neoadjuvant Systemic 
Therapy for Primary Breast Cancer. World J Surg 
2012; 36: 1480-5.

9 Straver ME, Rutgers EJT, Russell NS, et al. Towards 
rational axillary treatment in relation to 
neoadjuvant therapy in breast cancer. Eur J 
Cancer 2009; 45: 2284–92.

10 Gimbergues P, Abrial C, Durando X, et al. Sentinel 
lymph node biopsy after neoadjuvant 
chemotherapy is accurate in breast cancer 
patients with a clinically negative axillary nodal 
status at presentation. Ann Surg Oncol 2008; 15: 
1316–21.

11 Pecha V, Kolarik D, Kozevnikova R, et al. Sentinel 
lymph node biopsy in breast cancer patients 
treated with neoadjuvant chemotherapy. Cancer 
2011; 117: 4606-16.

12 Pritchard KI, Julian JA, Holloway CMB, et al. 
Prospective Study of 2-[18F]Fluorodeoxyglucose 
Positron Emission Tomography in the Assessment 
of Regional Nodal Spread of Disease in Patients 

With Breast Cancer: An Ontario Clinical Oncology 
Group Study. J Clin Oncol 2012; 30: 1274-9.

13 Koolen BB, Valdés Olmos RA, Elkhuizen PHM. 
Locoregional lymph node involvement on 18F-
FDG PET/CT in breast cancer patients scheduled 
for neoadjuvant chemotherapy. Breast Cancer Res 
Treat 2012; 135: 231-40.

14 Straver ME, Loo CE, Alderliesten T, Rutgers EJT, 
Vrancken Peeters MTFD. Marking the axilla with 
radioactive iodine seeds (MARI procedure) may 
reduce the need for axillary dissection after 
neoadjuvant chemotherapy for breast cancer. Br 
J Surg 2010; 97: 1226–31.

15 Jung S-Y, Kim S-K, Nam B-H, et al. Prognostic 
Impact of [18F] FDG-PET in operable breast 
cancer treated with neoadjuvant chemotherapy. 
Ann Surg Oncol 2010; 17: 247–53.

16 Rousseau C, Devillers A, Campone M, et al. FDG 
PET evaluation of early axillary lymph node 
response to neoadjuvant chemotherapy in stage 
II and III breast cancer patients. Eur J Nucl Med 
Mol Imaging 2011; 38: 1029-36.

17 Koolen BB, Pengel KE, Wesseling J, et al. FDG PET/
CT during neoadjuvant chemotherapy may 
predict response in ER-positive/HER2-negative 
and triple negative, but not in HER2-positive 
breast cancer. Breast 2013, epub ahead of print.

18 Loo CE, Teertstra HJ, Rodenhuis S, et al. Dynamic 
contrast-enhanced MRI for prediction of breast 
cancer response to neoadjuvant chemotherapy: 
initial results. AJR 2008; 191: 1331–8.

19 Vidal-Sicart S, Aukema TS, Vogel WV, Hoefnagel 
CA, Valdes Olmos RA. [Added value of prone 
position technique for PET-TAC in breast cancer 
patients]. Rev Esp Med Nucl 2010; 29: 230–5.

20 Koolen BB, Vrancken Peeters M-JTFD, Aukema 
TS, et al. 18F-FDG PET/CT as a staging procedure 
in primary stage II and III breast cancer: 
comparison with conventional imaging 
techniques. Breast Cancer Res Treat 2012; 131: 
117–26.

21 Boellaard R, Oyen WJG, Hoekstra CJ, et al. The 
Netherlands protocol for standardisation and 
quantification of FDG whole body PET studies in 
multi-centre trials. Eur J Nucl Med Mol Imaging 
2008; 35: 2320–33.

22 Gianni L, Eiermann W, Semiglazov V, et al. 
Neoadjuvant chemotherapy with trastuzumab 
followed by adjuvant trastuzumab versus 
neoadjuvant chemotherapy alone, in patients with 
HER2-positive locally advanced breast cancer (the 
NOAH trial): a randomised controlled superiority 
trial with a parallel HER2-negative cohort. Lancet 
2010; 375: 377–84.

23 Gil-Rendo A, Martínez-Regueira F, Zornoza G, 
García-Velloso MJ, Beorlegui C, Rodriguez-Spiteri 
N. Association between [18F]fluorodeoxyglucose 
uptake and prognostic parameters in breast 
cancer. Br J Surg 2009; 96: 166–70.

24 Groheux D, Giacchetti S, Moretti J-L, et al. 
Correlation of high 18F-FDG uptake to clinical, 



166

PART TWO  |  HANGING BREAST PET/CT

pathological and biological prognostic factors in 
breast cancer. Eur J Nucl Med Mol Imaging 2011; 
38: 426–35.

25 Humbert O, Berriolo-Riedinger A, Riedinger JM, 
et al. Changes in 18F-FDG tumor metabolism after 
a first course of neoadjuvant chemotherapy in 
breast cancer: influence of tumor subtypes. Ann 
Oncol 2012; 23: 2572-7.

26 Quarles van Ufford HME, van Tinteren H, 
Stroobants SG, Riphagen II, Hoekstra OS. Added 
value of baseline 18F-FDG uptake in serial 18F-
FDG PET for evaluation of response of solid 
extracerebral tumors to systemic cytotoxic 
neoadjuvant treatment: a meta-analysis. J Nucl 
Med 2010; 51: 1507–16.

27 Prati R, Minami CA, Gornbein JA, Debruhl N, 
Chung D, Chang HR. Accuracy of clinical 
evaluation of locally advanced breast cancer in 
patients receiving neoadjuvant chemotherapy. 
Cancer 2009; 115: 1194–202.

28 Rouzier R, Extra J-M, Klijanienko J, et al. Incidence 
and prognostic significance of complete axillary 
downstaging after primary chemotherapy in 
breast cancer patients with T1 to T3 tumors and 
cytologically proven axillary metastatic lymph 
nodes. J Clin Oncol 2002; 20: 1304–10.

29 Smith IC, Heys SD, Hutcheon AW, et al. 
Neoadjuvant chemotherapy in breast cancer: 
significantly enhanced response with docetaxel. 
J Clin Oncol 2002; 20: 1456–66.

30 Minckwitz von G, Kümmel S, Vogel P, et al. 
Neoadjuvant vinorelbine-capecitabine versus 
docetaxel-doxorubicin-cyclophosphamide in 
early nonresponsive breast cancer: phase III 
randomized GeparTrio trial. J Natl Cancer Inst 
2008; 100: 542–51.

31 Juweid ME, Stroobants S, Hoekstra OS, et al. Use 
of positron emission tomography for response 
assessment of lymphoma: consensus of the 
Imaging Subcommittee of International 
Harmonization Project in Lymphoma. J Clin 
Oncol 2007; 25: 571–8.


