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ABSTRACT
Objective: To determine the diagnostic value of breast and axillary maximum standard uptake (SUVmax) values for predicting
ypT0 and ypN0 separately.
Study Design: A descriptive study.
Place and Duration of Study:  Department of Medical Oncology, Haydarpasa Numune Training and Research Hospital,
between May 2017 and September 2020. 
Methodology: Consecutive patients with operated breast cancer (BC) after neoadjuvant chemotherapy (NAC) were evaluated.
SUVmax on FDG-PET/CT after NAC at both primary tumour (postSUVmax-T) and axillary lymph nodes (postSUVmax-N) were
assessed to predict the ypT0 and the ypN0, respectively. 
Results: Clinically meaningful correlation was detected between postSUVmax-N with ypN0 in patients with human epidermal
receptor-positive (Her2+) and triple-negative (TN) BC (in Her2+ BC: r=0.596, p <0.001, in TN BC: r=0.782, p = 0.001). The
postSUVmax-N predicted ypN0 with 90.5% positive predictive value (PPV) and 85.7% negative predictive value (NPV) in
patients with Her2+ and TN BC. The postSUVmax-T predicted ypT0 with 87.5% PPV and 100% NPV in patients with TN BC (AUC:
0.938, P <0.01)
Conclusion: According to this study's findings, the FDG-PET/CT may be an alternative to sentinel lymph node biopsy (SNB) to
protect patients from axillary lymph node dissection when the expected FNR of the SNB is high in patients with Her+ and TN
BC.
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INTRODUCTION

Today, the use of neoadjuvant chemotherapy (NAC) in the treat-
ment of operable breast cancer (BC) is increasing. It is the initial
treatment approach in 17-40% of patients, depending on the
locoregional  extent  and biological  subtype of  the disease.1,2

Apart  from  the  advantages  of  NAC,  such  as  offering  an
increased chance for both breast-conserving surgery (BCS) and
sentinel lymph node biopsy (SNB) for axillary staging, it is an in
vivo susceptibility test for BC cells. It also allows for additional
treatment  planning  for  patients  with  residual  tumours  after
NAC.3,4  The presence of pathological complete response (pCR)
is considered a surrogate marker for survival outcomes.5
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In recent studies with dual human epithelial receptor-2 (Her2)
blockade in Her2-positive (Her2+) tumours and carboplatin--
containing regimens in triple-negative (TN) tumours, pCR rates
reached 68% and 80%, respectively.6,7

The complication rates of SNB for axillary staging are lower than
axillary lymph node dissection (ALND). Therefore, SNB is the
preferred method for axillary staging in early BC. Today, the
majority  of  initially  clinical  node-positive (cN+) operable BC
patients receive NAC, and a pCR on axillary lymph nodes (ALNs)
can be achieved in 20% to 61% of these, with the degree of
success  varying  according  to  specific  molecular  subtypes.8

Thus, SNB has become an option for initially cN+ patients who
will  undergo  ALND,  if  they  didn’t  receive  NAC.  However,
63-100% sentinel node detection rates (DR) and 0-39 % false
negativity rates (FNR) have been reported for SNB after NAC.9-11

Therefore, there is no established consensus for the staging of
axilla  especially  in  patients  with  initially  cN+  with  clinically
node-negative after NAC (ycN-).9

Previously,  several  studies  have  examined  the  role  of  18-
fluorodeoxyglucose positron emission tomography/computer-
ized  tomography  (FDG-PET/CT)  in  evaluating  patients  who
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received NAC for BC.12-16  The maximum standardised uptake
value (SUVmax) at FDG-PET/CT after completion of NAC (postSU-
Vmax) was previously shown to correlate with pCR.17  In this
study, we evaluated whether postSUVmax could predict the
absence of invasive cancer after completion of NAC in both
breast (ypT0) and ALNs (ypN0) separately.

Thus,  the aim of  this  study was to  evaluate whether  it  was
possible to omit surgical axillary staging by predicting patholog-
ical response with the help of FDG-PET/CT in BC; and to evaluate
the role of FDG-PET/CT for predicting ypT0.

METHODOLOGY

All consecutive patients who were planned surgery after NAC
for stage I-III BC in Hospital between May 2017 and September
2020 were searched. Data from 101 patients with BC were
reviewed retrospectively. Patients who were evaluated with
FDG-PET/CT after 14-to-21-days of the completion of NAC were
included in this trial. Exclusion criteria were being younger
than 18 years, presence of metastatic disease after NAC, not
operated after NAC for any reason, and not being evaluated
with  FDG-PET/CT  after  NAC.  The  postSUVmax,  which  were
measured at primary tumours and lymph nodes on performed
FDG-PET/CT after completion of NAC, were defined as postSUV-
max-T and postSUVmax-N, respectively. No FDG uptake in the
primary  tumour  and  ALNs  on  FDG-PET/CT  was  defined  as
complete  response  on  FDG-PET/CT  (FDG-PET/CT-CR).  Four-
teen patients were excluded from the study because they were
not evaluated with FDG-PET/CT after NAC, and 2 patients were
found to have metastases. All data were recorded from indivi-
dual  patient's  health  records  (handwritten  plus  electronic
files).

The variables were investigated using visual (histograms, prob-
ability  plots)  and  analytical  methods  (Kolmogorov-S-
mirnov/Shapiro-Wilk’s tests) to determine whether or not they
were  normally  distributed.  Qualitative  data  were  given  as
frequencies and percentages, while quantitative as median,
minimum  and  maximum.  While  investigating  associations
between non-normally distributed and/or ordinal variables, the
correlation coefficients and their significance were calculated
using  the  Spearman  test.  Receiver  operating  characteristic
(ROC) curves of the postSUVmax to predict ypT0 and ypN0,
were generated to determine the cut-off value that would yield
the  optimal  sensitivity  and  specificity.  The  sensitivity  was
defined as the percentage of response on FDG-PET/CT with all
the pathological responses. The specificity was defined as the
percentage of non-response on FDG-PET/CT with all the patho-
logical non-response. All statistical tests were 2-sided with a
significance level of p<0.05. The data were analysed using the
Statistical Package for the Social Sciences, Statistics V.22 (IBM
Corp, Armonk, NY).

The 7th edition of the American Joint Committee on Cancer
system was used for staging.18 All 85 tumors were immunohis-
tochemically assessed for the presence of estrogen receptor
(ER), progesterone receptor (PR), Her2, Ki-67 and histologic

grade.  The  scoring  recommendation  from  the  American
Society of Clinical Oncology/College of American Pathologists
was used to evaluate ER, PR and Her2 status.19 The ypT0, ypN0
and pCR were defined as the absence of residual invasive carci-
noma  in  the  breast  tissue,  ALNs,  both  primary  breast  and
lymph nodes, respectively.

RESULTS

A total  of  85  patients  with  BC were  evaluated (age:  27-69
years, median: 46). The patients were separated into three clin-
ical subtypes as follows: ER-positive (ER+, at least 10% posi-
tivity for ER staining and Her2 negative) in 36 (42.4%) patients;
Her2+ (ER positive or negative, and Her2 positive) in 34 (40%)
patients and TN in 15 (17.6%) patients. The distribution of the
overall stage was as follows: stage I, II, and III in 2 (2.3%), 43
(50.6%),  and  40(47.1%)  respectively.  The  patients  were
initially cN+; 84.7% in all patients (N0: 13, N1: 44, N2: 24; N3:4)
and 85.7% in patients with Her2+ and TN BC (N0: 7, N1: 22, N2:
16; N3:4). All patients had received anthracycline and taxane-
based NAC regimens. All 34 patients with Her2+ BC received
trastuzumab. Among them, 15 patients received four cycles of
pertuzumab. Fifty patients (58.8%) were premenopausal. SNB
and ALND were performed on 33 and 52 patients, respectively.
Among  patients  who  were  performed  ALND,  SNB  was  also
performed on 14 patients. In patients with SNB; 1, 2, and at
least 3 sentinel lymph nodes were removed in 4, 7, and 36
patients, respectively.

The NAC resulted in a pCR in 32 (37.6%) of all the patients. Posi-
tive correlation was detected between FDG-PET/CT-CR and
pCR (p<0.001, r=0.551). The authors evaluated separately for
each  clinical  subtype  and,  clinically  meaningful  correlation
was detected between FDG-PET/CT-CR and pCR in patients
with TN and Her+ BC (ER+: p=0.017, r=0.395; Her2+: p=
0.006, r=0.461; TN: p=0.001, r=0.764). Positive correlation
was  detected  between  postSUVmax-N,  postSUVmax-T  and
ypN0,  ypT0,  respectively  (p<0.001,  r=0.504;  p<0.001,
r=0.569,  respectively).  When  the  authors  evaluated
separately  for  each  clinical  subtype,  clinically  meaningful
correlation  between  postSUVmax-N  with  ypN0  (ER+:
p=0.023, r=0.378, Her2+: p <0.001, r=0.596, TN: p = 0.001,
r=0.782)  and  postSUVmax-T  with  ypT0  was  detected  in
patients with TN and Her+ BC (ER+: p=0.032, r=0.359, Her2+:
p = 0.001, r=0.543, TN: p <0.001, r=0.823). Patients with
Her+ and TN BC were also evaluated together.

Among patients with initially cN+, 39(54.2%) of them were
detected ypN0 after NAC. In patients with Her2+ and TN BC, in
32 of 42 (76.1%) patients who were initially cN+ were detected
ypN0 after NAC.

PostSUVmax-T  and  postSUVmax-N  were  used  as  potential
predictors  of  both  ypT0  and  ypN0  after  NAC,  respectively.
Figure 1 shows the receiver operating characteristic  (ROC)
curves for ER+ and the combined group of Her2+ and TN. ROC
curves  of  the  postSUVmax-T  to  predict  ypT0  revealed  a
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threshold  of  postSUVmax-T  was  0.5(AUC=0.784,  %95CI:
0.685-0.883, p<0.001; Figure 1). ROC curves of the postSUV-
max-N to predict ypN0 revealed a threshold of postSUVmax-N
was 0.5 (AUC=0.702, %95CI: 0.582-0.822, p= 0.002; Figure
1).  Since the only SUVmax value below 0.5 is ‘0’, we defined
postSUVmax-T  <0.5  as  a  complete  response  for  postSUV-
max-T  (postSUVmax-T-CR)  and  postSUVmax-N  <0.5  as  a
complete  response for  postSUVmax-N (postSUVmax-N-CR).
Rates  of  post-SUVmax-T-CR,  post-SUVmax-N-CR,  ypT0  and
ypN0 by clinical subtypes are summarised in Table I.

PostSUVmax-T and postSUVmax-N diagnostic value was evalu-
ated to predict ypT0 and ypN0 by ROC curves, respectively,
(Figure 1, Table II). Detected AUC's, sensitivities, specificities,
positive  predictive  values  (PPV),  and  negative  predictive
values (NPV) are summarised in Table II.

Figure 1: Receiver operating characteristics (ROC) curves of maximum
standardized upatake value after neoajuvant chemotherapy on primary
tumor (postSUVmax-T) and axillary lymph nodes (postSUVmax-N) for
ypTO and ypNO: (A) PostSUVmax-T for ypTO in all patients (n=85). (B)
PostSUVmax-N for ypNO in all patients (n=85). (C) PostSUVmax-T for
ypTO in patients with estrogen receptionr-positive (ER+). Breast cancer
(BC) (n=36). (D) PostSUVmax-N for ypNO in patients with ER+BC (n=36).
(D) PostSUVmax-N for ypNO in patients with ER+BC (n=36). (E) PostSUV-
max-T  for  ypTO  in  patients  with  human  epidermal  receptor-positive
(Her2+) and triple negative (TN) BC (n=49). (F) PostSUVmax-N for ypNO
in patients with Her-2+ and TN BC (n=49).
AUC: Area under the curve, CI: Confidence interval.

DISCUSSION
While NAC was used only to make BCS possible in the past,
today it has gone beyond that and offers many advantages. One
of its most important advantages is enabling SNB for axillary
staging in the case of ycN0 after NAC in initially cN+. Thus,
patients can be protected from the complications of ALND which
may cause consequences that impair quality of life.20

Altered lymphatic drainage due to fibrotic changes after NAC
and non-uniform regression in the tumour can make it difficult
to detect sentinel lymph nodes. Therefore, axillary staging with
SNB after NAC is controversial. Since the FNR of the SNB is about
6% in patients with initially clinically node-negative (cN-) and
ycN- after NAC, most of the centres perform SNB for axillary
staging  after  NAC  in  these  patients.21Among  initially  cN+
patients, 20-61% convert to ypN0 depending on tumour type by
NAC, with the highest responses in TN and Her2+ diseases.9

However, in patients with initially cN+, and ycN- after NAC, DR
and FNR are nearly 80% and 15%,  respectively.9  Therefore
there is no established consensus regarding the staging of the
axilla in these patients. This situation forced the researchers to
develop  alternative  methods.9  However,  these  methods
increase  the  costs,  the  need  for  trained  and  experienced
personnel.  Additionally,  SNB  is  an  effective  procedure,  if
performed by experienced surgeons.9 It is not always possible to
reach  a  surgeon  with  this  competence  in  many  centres.
Although  the  complication  rates  are  quite  low;  it  should  be
discussed whether SNB is the ideal axillary staging method after
NAC for the reasons stated above. In this study, it was found that
in patients with Her2+ and TN BC, FDG-PET/CT predicts ypN0
with 90.5% PPV and 85.7% NPV, if there is no FDG uptake in ALNs
after NAC. These are acceptable values. FDG-PET/CT may be an
option to predict ypN0 in patients with TN and Her2+ BC.

In a previous study, it was shown that postSUVmax was closely
correlated  with  pCR  in  patients  with  Her2+and  TN  BC.17  In
contrast to Akimoto et al., this study evaluated the predictive
value of postSUVmax-T and postSUVmax-N for ypT0 and ypN0
separately, respectively. Literature showed that after NAC was
completed,  the  relationship  between  FDG-PET/CT  and  ypN0
was evaluated in only a few studies.22-24Among these studies,
only the study of Vincente was prospective.24 In this study, the
number of patients who had the node-positive disease was not
specified. As a result of this trial, FDG-PET/CT after NAC has been
found to be associated with lymph node response and prog-
nosis.24 PPV, NPV of FDG-PET/CT to detect a residual tumour in
the ALNs after  NAC was  87% and 23%,  respectively.  In  the
present study, the high rate of cN+ patients at the beginning
(84.7%) may have affected the results. It is believed that this
study can be better adapted to clinical practice since the initial
nodal status is specified in detail. The retrospective study by
You et al. involved 99 patients with initial cN+ patients evalu-
ated by FDG-PET/CT after NAC.23 PPV and NPV with FDG-PET/CT
to predict residual tumours in the ALNs were found at 80% and
28%, respectively.
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Table I: Rates of postSUVmax-T-CR, postSUVmax-N-CR, ypT0, and ypN0 by clinical subtypes.

 Total postSUVmax-T-CR ypT0 postSUVmax-N-CR ypN0
n n (%) n (%) n (%) n (%)

ER+, 36 19(52.8) 8(22.2) 27(75) 11(30.6)
Her2+ 34 28(82.4) 25(73.5) 29(85.3) 27(79.4)
TN 15 8(53.3) 7(46.7) 13(86.7) 12(80)
Combin 49 36(73.5 32(65.3) 42(85.7) 39(79.6)
Total, n (%) 85 55(64.7) 40(47.1) 69(81.2) 50(58.8)
PET/CT: Positron emission tomography/computerised tomography, postSUVmax-T-CR: Complete response at primary tumour on PET/CT after neoadjuvant
chemotherapy, postSUVmax-N-CR: Complete response at axillary lymph nodes on PET/CT after neoadjuvant chemotherapy, ER+: Estrogen receptor-positive,
Her2 negative; Her2+: Human epidermal growth factor receptor-positive; TN: Triple-negative.

Table II: Diagnostic performance of postSUVmax-T-CR to predict ypT0 and, postSUVmax-N-CR to predict ypN0.

Patient Group n Variable AUC %95 CI Sensitivity (%) Specificity (%) PPV
(%)

NPV
(%)

All 85 ypT0 0.784
* 0.685-0.883 92.5 60 67.3 90

  ypN0 0.702
* 0.582-0.822 98 42.9 71 93.8

ER+ 36 ypT0 0.730
^ 0.554-0.906 87.5 57.1 36.8 94.1

  ypN0 0.680
^ 0.507-0.853 100 36 40.7 100

Her2+ 34 ypT0 0.751
** 0.534-0.968 92 44.4 82.1 66.7

  ypN0 0.762
** 0.525-0.999 96.3 57.1 89.7 80

TN 15 ypT0 0.938
* 0.795-1 100 87.5 87.5 100

  ypN0 0.833
^ 0.495-1 100 66.7 92.3 100

Combined Her2+
and TN 49 ypT0 0.833

* 0.694-0.972 93.8 64.7 83.3 84.6

  ypN0 0.785
* 0.591-0.978 97.4 60 90.5 85.7

PET/CT: Positron emission tomography/computed tomography; postSUVmax-T-CR: complete response at primary tumour on PET/CT after
neoadjuvant chemotherapy; postSUVmax-N-CR: Complete response at axillary lymph nodes on PET/CT after neoadjuvant chemotherapy; ER+:
Estrogen receptor-positive, Her2-negative; Her2+: human epidermal growth factor receptor-positive; TN: triple-negative; FNR: false negativity
rate; *P <0.01; **P <0.05; ^p ≥ 0.0.5.

In that study, 28% of the patients who were initially cN+
became ypN0. In the present study, ypN0 was obtained in
54.2% (39/72) of the patients who were initially cN+. More-
over, this ratio was 76.2% (32/42) in patients with Her+ and
TN BC. This situation may have caused the results of this
study  to  differ.  In  the  study  by  You  et  al.,  no  molecular
subgroup analysis was performed, and nodal stage distribu-
tion  was  not  specified.  Although  patients  who  underwent
SNB and/or ALND after NAC were evaluated, the rate and
techniques in SNB were not specified. In this study,  61% of
the patients were performed ALND and the remaining were
performed SNB. Suspicious lymph node biopsy and clip place-
ment were performed before NAC in all patients with initial
cN+ disease, in case SNB was planned. It has been shown in
previous studies these techniques significantly reduce FNR.25

Moreover, at least 2 sentinel lymph nodes were removed in
30 of 33 patients who underwent SNB. In the Z1071 study,
performing axillary ultrasound after NAC and removing at
least 2 sentinel lymph nodes has been shown to reduce FNR
significantly.10 Therefore, the expected FNR is low due to the
techniques  used in  SNB in  our  centre.  In  another  study,
determining residual tumour on ALNs with PET/CT after NAC
in patients with initially cN1, PPV and NPV were detected
85.7% and 61.1%, respectively. However, only 38 patients
were evaluated with FDG-PET/CT in this study.22

In this study, despite the PPV and NPV were 92.3% and %100
for  ypN0,  respectively,  in  patients  with  TN BC,  there were
statistically meaningless ROC curves. This is probably related
to the low patient number in the TN group. On the other hand,
pCR and ypN0 rates were high in both Her2+ and TN BC. Also,
in these groups, clinically significant positive correlations were
detected between pCR, ypN0, and FDG-PET/CT-CR, postSUV-
max-N,  respectively.  Therefore,  we  also  analysed  by
combining  Her2  +  and  TN  groups.

It was found that postSUVmax-T predicts ypT0 in patients with
TN. Therefore, non-surgical follow-up in FDG-PET/CT-CR cases
after  NAC may be a  recommendation in  selected patients,
such as the elderly, or patients with comorbid diseases in TN
BC. On the other hand, prospective studies planned to eval-
uate the non-surgical follow-up by predicting pCR after NAC
with various methods are ongoing.2 According to the results of
this study, new studies can be planned according to pCR or
ypN0 estimated by FDG-PET/CT in Her2+ and TN BC.

The small number of patients and its retrospective nature are
the main limitations of this study. The fact that not all patients
were evaluated with ALND is a limitation to this study. But the
authors think that this is a limited effect on this study, as FNR
is expected to be low due to the techniques used in this centre
for SNB.
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CONCLUSION

There is no established consensus on whether to perform
SNB  for  axillary  staging  after  NAC.  In  this  study,  it  is
detected that FDG-PET/CT predicts ypN0 with 90.5% PPV and
85.7% NPV in  the Her2+ and TN BC.  In  the absence of
adequate  technical  equipment  and/or  an  experienced
surgeon/radiologist, the FNR of SNB will inevitably increase.
Based on the results  of  this  study,  in  these cases,  FDG-
PET/CT may be used instead of SNB to predict ypN0 after
NAC in Her2+ and TN BC patients. These findings should be
evaluated with more comprehensive prospective studies to
confirm the present results.
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