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Abstract

Purpose: Axillary staging before neoadjuvant systemic therapy in clinically node-positive breast cancer patients
with tailored axillary treatment according to the Marking Axillary lymph nodes with radioactive iodine seeds (MARI)-
protocol, a protocol developed at the Netherlands Cancer Institute, is performed with ['8F] fluorodeoxyglucose (FDG)
positron emission tomography and computed tomography (PET/CT). We aimed to assess the value of FDG-PET/CT in
prone compared to standard supine position for axillary staging.

Methods: We selected patients with FDG-PET/CT in supine and prone position who underwent the MARI-protocol.
One hour after administration of 3.5 MBqg/kg, ['®FIFDG-PET was performed with a low-dose prone position CT-thorax
followed by a supine whole-body scan. Scans were separately reviewed by two nuclear medicine physicians and
categorized by number of FDG-positive axillary lymph nodes (ALNs; cCALN<4 or cALN>4). Main outcome was axillary
up- or downstaging.

Results: Of 153 patients included, 24 (16%) patients were up- or downstaged at evaluation of prone images: One
observer upstaged 14 patients, downstaged 3 patients and reported a higher number of ALNs (3.6 vs. 3.2, p<0.001),
while staging (4 up- and 5 downstaged) and number of ALNs (2.8 vs. 2.8) did not differ for the other. Observers agreed
on up- or downstaging in only 1 (1%) patient. Irrespective of supine or prone position scanning, observers agreed on
axillary staging in 124 (81%) patients and disagreed in 5 (3%). Interobserver agreement was lower with prone assess-
ments (86%, K=0.67) than supine (92%, K= 0.80).

Conclusions: Axillary staging with FDG-PET/CT in prone compared to supine position did not result in concordant
up- or downstaging. Therefore, FDG-PET/CT in supine position only can be considered sufficient for axillary staging.
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Introduction

Treatment of clinically node-positive (cN+) breast can-
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of the axilla after NST have improved prognosis com-
pared to patients with residual axillary disease [2] and are
unlikely to benefit from axillary lymph node dissection
(ALND). The optimal axillary treatment strategy for cN+
patients treated with NST, however, is yet unknown.

Several studies are currently investigating de-esca-
lation of axillary treatment in ¢tN+ patients with excel-
lent response to NST [3-12]. At the Netherlands Cancer
institute (NKI), the Marking Axillary lymph nodes with
Radioactive Iodine seeds (MARI)-protocol was devel-
oped [7, 8, 11, 13]. The MARI-protocol selects patients
for response-adjusted axillary treatment based on the
presence of less or more than four (cCALN<4 or cALN>4)
positive axillary lymph nodes on pre-NST acquired ['®F]
fluorodeoxyglucose (FDG) positron emission tomog-
raphy and computed tomography (PET/CT) in combi-
nation with the MARI-procedure, in which the largest
tumor-positive axillary lymph node is marked with an
2%odine seed pre-NST (MARI-node) and selectively
removed and assessed post-NST [7, 8, 11].

FGD-PET/CT is not considered a standard diagnostic
modality for breast cancer staging in most institutions.
Current Dutch guidelines recommend staging with FDG-
PET/CT in all patients with clinical stage>T3 and/or
N+ breast cancer [14]. The use of FDG-PET/CT in cN+
breast cancer patients provides improved axillary and
regional staging compared to other imaging modalities
[15-17] and is typically performed with a whole-body
scan in supine position. At the NKI, a prone position scan
(with hanging breasts) is added to the standard supine
position whole-body FDG-PET/CT scan. The prone posi-
tion scans are used for quantification of uptake in the pri-
mary tumor with a higher reproducibility compared to
the supine PET/CT scans [18—-26]. Some studies suggest
that prone position FDG-PET/CT also improves axillary
staging [18, 27, 28].

Because the MARI-protocol relies on the distinction
between less than four (cALN<4) and more than four
(cALN>4) positive axillary nodes, performing axillary
staging with FDG-PET/CT either in prone or supine
position could affect treatment according to the MARI-
protocol. In this study, we therefore aimed to assess
the clinical value of FDG-PET/CT in prone compared
to supine position for axillary staging in cN+ patients
treated according to the MARI-protocol.

Methods

Patient selection

This retrospective cohort study included 159 women who
underwent response-adjusted axillary treatment accord-
ing to the MARI-protocol, of whom data have been pre-
viously published [29]. Patients with a pre-NST acquired
[F]FDG-PET/CT in supine and prone position of
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18 years or older with stage II-III pathologically proven
cN+ breast cancer of any subtype that underwent the
MARI-procedure at the NKI between July 2014 and
September 2017 were included. Exclusion criteria were
history of breast cancer or a non-FDG-avid breast can-
cer. This study was approved by the institutional review
board of the NKI.

FDG-PET/CT acquisition

Patients fasted for >6 h and received oral prehydra-
tion before intravenous injection of 120-400 MBq FDG
according to their weight (3.5 MBq/kg). After a resting
period of 60+£10 min, PET/CT studies were acquired
using a whole-body PET/CT scanner (Gemini TF, Philips,
Cleveland, OH). First, a non-contrast-enhanced low-dose
CT (IdCT) scan (dose modulated, 40mAs, 2 mm slice
thickness) of the thorax was performed in prone position
using a mock-up coil for hanging breast imaging (Fig. 1),
followed by PET acquisition (3 min per bed position,
2 mm voxel reconstruction). Subsequently, a whole-body
PET (1.5 min per bed position, 4 mm voxel reconstruc-
tion) combined with IdCT scan was performed in supine
position. The 1dCTs were used for attenuation correction
and anatomical localization. Prone and supine scans were
both performed with the arms of the patient placed in
identical positions above the head, to facilitate optimal
imaging of the axillary nodes.

Image reading

For purpose of this study, ['*FJFDG-PET/CT images
were retrospectively reviewed by two experienced
nuclear medicine physicians with an interval of more
than seven days between respective assessments of prone
and supine images. The observers were blinded to clini-
cal and other imaging results. Both observers separately
assessed the total number of FDG-positive level I and
II axillary lymph nodes. A lymph node was regarded as
FDG-positive when the uptake was higher than the non-
specific blood pool activity.

Clinical staging of the axilla at time of treatment was
performed by experienced nuclear medicine physicians
who assessed both prone and supine position FDG-PET/
CT images. The total number of FDG-positive ALNs
identified was reported. All PET/CT scans were dis-
cussed during multidisciplinary consultation prior to
surgery in order to confirm correct axillary staging and
treatment strategy. According to the MARI-protocol,
the number of FDG-positive axillary nodes was used to
stage the axilla rather than the clinical TNM classifica-
tion, in which the N-classification also refers to internal
mammary and peri-clavicular nodes. Patients with less
than four FDG-positive axillary nodes on PET/CT were
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compared to supine position

Fig. 1 Patient with multifocal right-sided breast cancer with ['®FIFDG-PET/CT performed in supine and prone position. Images A and C were
acquired in supine position and images B and D were acquired in prone position, showing a multifocal FDG-avid primary breast cancer and
multiple FDG-positive axillary lymph node metastases, respectively. In this patient, one additional FDG-positive ALN was counted in prone position

categorized as cALN<4 and patients with four or more
FDG-positive nodes were categorized as CALN>4.

Tailored axillary treatment according to the MARI-protocol
A comprehensive description of the MARI-procedure
and radiation safety protocols has been described pre-
viously [13]. In summary, the largest pathology proven
tumor-positive axillary node (i.e., MARI-node) is marked
with an *jodine seed under ultrasound guidance, prior
to the first NST cycle. The iodine seeds used for localiza-
tion of the MARI-node have an apparent activity varying
from 0.2 to 1.0 MBq at time of implementation, which
is lower than that for breast tumor localization (1.0—
7.6 Mbq) [30, 31]. Localization and marking of breast
tumor(s) were performed during the same procedure.
Marking of the axilla and breast was followed by ultra-
sound and/or mammography to confirm adequate posi-
tion of the marker(s).

After completion of NST, a gamma probe was used to
localize the Iodine seed(s) and guide surgical resection.
Excision of the MARI-node was performed simultane-
ously with surgery of the breast. An intraoperative frozen
section of the MARI-node was performed in all cALN>4
patients.

Pathological complete response (pCR) of the axilla
(ypNO) was defined as the absence of vital tumor cells
in all removed ALNS, irrespective of the response in the
breast. All cALN<4 patients with pCR of the MARI-node

(ypMARI-neg) received no further axillary treatment.
Patients cALN<4 without pCR of the MARI-node
(ypMARI-pos) and cALN>4 patients with pCR of the
MARI-node (ypMARI-neg) received axillary radiother-
apy (levels I to IV). Patients staged cALN>4 with residual
tumor cells in the MARI-node (ypMARI-pos) received
both ALND and ART.

Outcomes

The primary outcome was the number of patients who
were upstaged or downstaged with prone position FDG-
PET/CT compared to supine FDG-PET/CT. Patients
could either be upstaged to cALN>4 or downstaged to
cALN<4. Secondary outcomes were differences in the
number of ALNs counted as FDG-positive and interob-
server agreement, assessed as the agreement on axillary
staging category between the two nuclear medicine phy-
sicians on both prone and supine FDG-PET/CT images.
The original axillary staging report containing both
prone and supine FDG-PET/CT scan images was used
as a reference standard. In addition, three-year axillary
recurrence-free interval was assessed by axillary treat-
ment and compared with observer agreement.

Statistical analysis

Differences in axillary staging category between prone
and supine position observer assessments were calcu-
lated with McNemar’s test. Differences in the reported
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number of ALNs were calculated using Wilcoxon signed-
rank test. The agreement between the two observers was
evaluated using Cohen’s kappa, and of the observers and
the original report using Fleiss’ kappa (separately for
observations in supine and prone position). Recurrence-
free survival was defined as the time from the MARI-
procedure to recurrence or death by any cause. The
Kaplan—Meier method was used to estimate recurrence-
free survival rates. All survival estimates were reported
with their 95% confidence intervals. The two-sided 95%
confidence intervals for proportions were calculated
using the Clopper—Pearson exact method. Statistical sig-
nificance for comparisons between groups was defined as
p<0.05. All statistical analyses were performed in IBM
SPSS Statistics, version 25.0.

Results

Patient and treatment characteristics

Six of the 159 patients analyzed were excluded due
to missing prone position FDG-PET/CT, leaving 153
patients for analysis. Baseline patient characteristics
are shown in Table 1. Median age was 49 years (range
22-79). The majority of patients had invasive ductal car-
cinoma (89%) and HR-positive/HER2-negative tumor
subtype (46%). The mean number of suspect nodes iden-
tified according to axillary staging at time of treatment
with combined supine and prone FDG-PET/CT images
was 3.2 (range 1-14). The number of FDG-positive ALNs
was cALN<4 in 108 (71%) patients and cALN>4 in 45
(29%) patients.

After NST, pCR of the MARI-node was found in 57
(37%; 95% CI 30-45) patients. Breast pCR occurred in
42 (27%; 95% CI 21-35) patients and 39 (25%; 95% CI
19-33) patients had pCR of the breast and MARI-node
(ypTONO). Response-adjusted axillary treatment accord-
ing to the MARI-protocol resulted in 36 (24%) patients
receiving no further axillary treatment, 91 (59%) patients
underwent ART (72 cALN<4, ypMARI-pos and 19
cALN>4, ypMARI-neg) and 26 (17%) patients under-
went ALND plus ART (Fig. 2).

Clinical value of prone FDG-PET/CT for axillary staging

Down- and upstaging with prone position compared to
supine position FDG-PET/CT were evaluated for the
two study observers. Irrespective of the patients scan
position (i.e., prone or supine), both observers agreed
on axillary staging in 124 (81%; 95% CI 74—87) patients
and disagreed in 5 (3%; 95% CI 1-7). These five patients
were consistently staged cALN<4 by the first observer
and cALN>4 by the second observer (Fig. 3, Table S1
[online resource 1]). In total, twenty-four (16%; 95% CI
10-22) patients were up- or downstaged at assessment
of prone images by either one of the observers. Two of
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Table 1 Baseline patient characteristics (N=153)
Age, (y) 49 (39-55)
Diagnostic imaging

Tumor size MRI (mm) 30 (22-47)

FDG-positive ALNs 2 (1-4)*
Clinical tumor stage

T<1 33 (22%)

cl2 86 (56%)

T>3 33 (22%)
Clinical axillary stage

CcALN<4 108 (71%)

CALN>4 45 (29%)
Histology

Ductal 136 (89%)

Lobular 15 (10%)

Other 2 (1%)
Tumor subtype

HR+/HER2— 71 (46%)

HR+/HER2+ 24 (16%)

HR—/HER2+ 18 (12%)

Triple-negative 40 (26%)
Grade

Grade 1 3 (2%)

Grade 2 77 (53%)

Grade 3 65 (45%)

Unknown 7 -

Data are median (IQR) or N (%)

*The number of FDG-avid nodes was reported as > 10 in 15 patients, in
which case the cut-off value of 10 was used

cALN<4 less than four FDG-positive axillary lymph nodes, cALN>4 more than
four FDG-positive axillary lymph nodes, MARI marking axillary lymph nodes with
radioactive iodine seeds, ALNs axillary lymph nodes

these patients were counted by both observers: Observ-
ers agreed on up- or downstaging with prone FDG-
PET/CT in only one patient (1%; 95% CI 0—4), who was
downstaged by both observers, and one patient was
downstaged by observer 1 while upstaged by observer
2.

The first observer upstaged 4 patients, downstaged
5 patients and did not report a higher mean number of
FDG-positive ALNs (2.8 vs. 2.8, p=0.358). The second
observer upstaged 14 patients and downstaged 3 patients
and did report a higher mean number of FDG-positive
ALNSs (3.6 vs. 3.2, p<0.001).

Axillary staging changed at assessment of prone scan
images for the first observer in a total of 9 (6%; 95% CI
3—-11) patients and for the second observer in 17 (11%;
95% CI 7-17) patients (Fig. 2). For the first observer, this
change was in concordance with the original multidis-
ciplinary determined staging category in 4 patients (3
upstaged, 1 downstaged) and in discordance in 5 patients
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FNAC-proven axillary All patients
lymph node metastasis N =153

FDG-PET/CT before cALN<4 cALN24
neoadjuvant therapy N =108 N =45
[ ] [ ]
- ~N - N - ~
Pathological response pCR Residual tumor pCR Residual tumor
MARI-node N =40 N =68 N=17 N=28
- N - ~N -
Adjuvant axillary No treatment ART ART ALND + ART
treatment N =36 (24%) N =72 (47%) N =19 (12%) N =26 (17%)

Fig. 2 Tailored axillary treatment according to the MARI-protocol. Protocol deviations occurred in 10 patients: six CALN<4 patients with pCR of
the MARI-node received ART, two cALN<4 patients without MARI-node pCR received no further treatment and two cALN>4 patients without
MARI-node pCR did not undergo ALND. FNAC fine-needle aspiration cytology, cALN<4 less than four FDG-positive axillary lymph nodes, cALN>4
more than four FDG-positive axillary lymph nodes, pCR pathological complete response, ART axillary radiotherapy, ALND axillary lymph node
dissection

I S
[ 5 | 14 Disagreement up /
downstaging
33
O Upstaged in prone
43 position
O Downstaged in prone
position
@ 2 4 FDG-positive
axillary lymph nodes
111
93 [ < 4 FDG-positive
axillary lymph nodes
M Disagreement
irrespective of position
Observer 1 Observer 2 Observer 1 & 2
Fig. 3 Up- and downstaging of the axilla with ['®FIFDG-PET/CT in prone compared to supine position. Observers disagreed on up-/downstaging
with prone FDG-PET/CT in 23 patients and agreed 1 patient, who was downstaged. Observers agreed on staging irrespective of scan position in 124
patients: 32 had more than four (stage cALN>4) FDG-avid axillary lymph nodes and 92 had less than four (stage cALN<4) FDG-avid axillary nodes.
Observers disagreed irrespective of scan position in 5 patients

(1 upstaged, 4 downstaged). For the second observer, the  Interobserver agreement

changed category was in concordance with the original Interobserver agreement on axillary staging was greater

report in 9 patients (6 upstaged, 3 downstaged) and in  with FDG-PET/CT assessments in supine compared to

discordance in 8 patients (all upstaged). prone position (K=0.80 vs. K=0.67) (Table 2). At assess-
ment of supine position FDG-PET/CTs, a total of 141
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Table 2 Interobserver agreement on axillary staging with FDG-PET/CT in supine or prone position
Axillary staging Agreement
Observer 1 Observer 2 Original report Observers Kappa Obs. & report *Kappa
Supine PET/CT 0.80 0.78
CALN<4 115 75% 107 70% 108 71% 105 69% 99 65%
CcALN>4 38 25% 46 30% 45 29% 36 24% 34 22%
Total 153 100% 153 100% 153 100% 141 92% 133 87%
Prone PET/CT 0.67 0.74
CcALN<4 116 76% 96 63% 108 71% 95 62% 93 61%
CALN>4 37 24% 57 37% 45 29% 36 24% 35 23%
Total 153 100% 153 100% 153 100% 131 86% 128 84%

Data are N, %.*Fleiss kappa. Original report staging at time of treatment including both supine and prone FDG-PET/CT scans

cALN<4 less than four FDG-positive axillary lymph nodes, cALN>4 more than four FDG-positive axillary lymph nodes

(92%) patients were categorized in the same axillary stag-
ing group (cALN<4 or cALN>4) and 131 (86%) patients
were categorized in the same axillary staging group at
assessment of prone position scans. Observer agreement
was also greater using FDG-PET/CT in supine compared
to prone position only when observations were compared
to the original staging category based on both prone
and supine FDG-PET/CT scan images together (Fleiss
K=0.78 vs. 0.74) (Table 2).

Axillary recurrences

Median follow-up was 3.8 years (interquartile range
[IQR] 2.9-4.6). Axillary recurrences occurred in four
(3%) patients, all with synchronous other metastases,
resulting in a three-year axillary recurrence-free inter-
val of 98% (95% CI 96-100). At review of FDG-PET/
CT images acquired in prone position, one of the study
observers disagreed with the originally assigned staging
category in one of these four patients with axillary metas-
tases and upstaged the patient cALN>4, which would
have resulted in ART instead of no further treatment.

Discussion
In this study, we found that axillary staging in cN+
patients undergoing tailored axillary treatment according
to the MARI-protocol using prone position FDG-PET/CT
did not result in substantial up- or downstaging compared
to axillary staging with FDG-PET/CT in standard supine
position. Although one of the two observers reported a
higher mean number of FDG-positive ALNs (3.6 vs. 3.2)
with FDG-PET/CT in prone position, the other observer
did not (2.8 vs. 2.8). Moreover, observers agreed on up-
or downstaging with prone position FDG-PET/CT in only
one (1%) out of 153 patients, who was downstaged.
Accurate axillary staging prior to NST is essential when
aiming to de-escalate treatment after NST, which is now

increasingly being proposed for ¢N+ patients [3-8, 10,
12, 20]. The gold standard of ALND is being replaced by
more response-adjusted strategies, such as the MARI-
protocol or the post-NST selective assessment of a
clipped node and a sentinel-node (e.g., targeted axillary
dissection) [3, 10-12].

FDG-PET/CT is currently the most accurate imag-
ing modality to stage the axilla in ¢ctN+ patients and is
standard performed with the patient in supine posi-
tion [15-17]. More recently, several studies found that
breast cancer staging with FDG-PET/CT in prone posi-
tion improves visualization and diagnosis of small, deep-
seated lesions in the breast and close to the chest wall
at higher standardized uptake values (SUVs), due the
separation of deep breast structures and relaxation of
the pectoralis muscle [18-26]. The difference in image
reading between the scan positions concerns mainly the
decompression of soft breast tissue. Therefore, scanning
in prone position is less likely to be advantageous when
assessing the firmer structures of the axilla. In addition to
the evaluation of the breast tumor, MRI is considered the
most accurate staging method [32].

Breast cancer staging with FDG-PET/CT in supine
position has a high accuracy and a relatively good
interobserver agreement when classifying lesions in
the breast [23, 24, 33, 34]. At present, only few studies
addressed interobserver agreement on axillary staging
with supine FDG-PET/CT [23, 27]. To our knowledge,
interobserver agreement has not been reported
for scanning in prone position. We found excellent
observer agreement on axillary staging with supine
position imaging (K=0.80) but less agreement with
prone position imaging (K=0.67). A greater observer
agreement with assessments of FDG-PET/CT in supine
compared to prone position was also found when
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results were compared to the original axillary staging
report (Fleiss K=0.78 vs. 0.73).

Two studies have compared the accuracy of FDG-PET/
CT in supine and prone position scanning for axillary
staging in cN+ patients [18, 27]. In the study by Abram-
son et al. [27], three scan observers identified an equal
numbers of involved lymph nodes on prone and supine
scanning in 12 out of 16 patients and in 4 patients, prone
scanning resulted in a higher number of visualized lymph
nodes. Interobserver discrepancies were resolved at a
consensus reading. However, as in our current study,
pathology analysis of the ALNs was not performed
because patients underwent NST prior to surgery.

Teixeira et al. [18] compared prone and supine position
FDG-PET/CT for the visualization of primary tumors
and regional lymph node metastases in a cohort of 198
stage II/III breast cancer patients. In this study, a slightly
higher number of ALNs was reported with prone versus
imaging (IQR 2-5 vs. 1-4). No differences were found
for the detection of extra-axillary nodes. This study also
reported higher maximum SUVs for the primary tumor,
as well as the lymph nodes with prone position imaging
compared to supine. Interobserver variability was not
addressed, and confirmative pathology analysis of the
ALNSs had not been performed.

The detection of a slightly higher number of FDG-
positive ALNs with prone position FDG-PET/CT may
not affect axillary staging as defined by the MARI-pro-
tocol. In the present study, observers did not agree on
upstaging with prone position FDG-PET/CT in any of
the patients. Furthermore, an equally high three-year
axillary RFS of 98% was recently reported in all patients
who underwent the MARI-protocol at the Netherlands
Cancer Institute, which included more than one-third of
patients who were staged using FDG-PET/CT in supine
position only [35].

Limitations of this study are that we could not com-
pare prone and supine position axillary staging with the
gold standard of ALND, because all patients underwent
NST and received response-adjusted axillary treatment.
Instead, we used the original axillary staging report as the
reference standard, because it included both supine and
prone FDG-PET/CT images and was discussed at multi-
disciplinary consultations.

Notably, we recommend consensus readings if the
interpretation of FDG-PET/CT images affects the
proposed axillary treatment. At the Netherlands Can-
cer Institute, all patients scheduled for tailored axil-
lary treatment according to the MARI-protocol are
discussed at multidisciplinary consultations, where all
available FDG-PET/CT scans, corresponding diagnos-
tics and the proposed axillary treatment are evaluated.
This could further diminish the reported interobserver
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variability of 8% for standard supine and 14% for prone
position FDG-PET/CT axillary staging.

In conclusion, re-evaluation of the number of FDG-
positive ALNs on FDG-PET/CT in prone compared to
standard supine position scanning did not concordantly
change axillary staging in ¢tN+ breast cancer patients.
Moreover, observer agreement was greater with FDG-
PET/CT in supine position only. Therefore, we found
no added value of scanning in prone position for axil-
lary staging in ¢cN+ breast cancer patients with tai-
lored axillary treatment after NST according to the
MARI-protocol.
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