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Case Report
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Abstract: Coronavirus disease (COVID-19) vaccination is known to cause a diagnostic dilemma due
to false-positive findings on ['®F]FDG PET in vaccine-associated hypermetabolic lymphadenopathy.
We present two case reports of women with estrogen-receptor (ER)-positive cancer of the breast who
were vaccinated for COVID-19 in the deltoid muscle. ['®F][FDG positron emission tomography (PET)
demonstrated primary breast cancer and multiple axillary lymph nodes with increased ['8F]IFDG
uptake, diagnosed as vaccine-associated ['®F][FDG-avid lymph nodes. Subsequent ['®F]FES PET
revealed single axillary lymph node metastasis in the vaccine-associated [*8F]FDG-avid lymph nodes.
To the best of our knowledge, this is the first study showing the usefulness of [8F]FES PET in
diagnosing axillary lymph node metastasis in COVID-19-vaccinated patients harboring ER-positive
breast cancer. Thus, ['8F]FES PET has potential applications in the detection of true-positive metastatic
lymph nodes in patients with ER-positive breast cancer regardless of the ipsilateral or contralateral
side, who have received COVID-19 vaccination.
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1. Introduction

Coronavirus disease (COVID-19) vaccination has caused a diagnostic dilemma due to
false-positive findings on positron emission tomography (PET) with 2-['8F]fluoro-2-deoxy-
D-glucose (['8F]FDG) in vaccine-associated hypermetabolic lymphadenopathy, particularly
in patients with breast cancer [1,2]. The number of vaccine doses and the interval after
last vaccination were found to be closely related to the presence of vaccine-associated
hypermetabolic lymphadenopathy [2]. Accumulation in the axillary lymph nodes after
vaccine administration has been reported in 14.5% to 53.9% of cases [3]. ['8F]FDG uptake
in the lymph nodes is more frequent in the case of Moderna compared to Pfizer-BioNTech
vaccines [4]. Patients with a normal absolute lymphocyte count after COVID-19 vaccination
were more likely to have ['8F]FDG uptake in the lymph nodes [5]. The Society of Breast
Imaging recommends obtaining information on the COVID-19 vaccination status, timing,
and the side (left or right arm) of vaccination and scheduling breast imaging screening
to take place 4 to 6 weeks after the second COVID-19 vaccination dose when possible.
However, the incidence, timing, and characteristics of COVID-19-related hypermetabolic
lymphadenopathy remain uncertain. PET with 16-['8F]-fluoro-17B-estradiol (['8F]FES),
an '8F-labelled compound of estradiol, is well-established for the diagnosis, staging, and
post-therapeutic follow-up of patients with estrogen-receptor (ER)-positive breast can-
cer [6-8]. In 2020, the US Food and Drug Administration approved a PET imaging agent
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specifically for detecting ER-positive lesions as an adjunct to biopsy in patients with recur-
rent or metastatic breast cancer. Here, we report on two cases to evaluate the usefulness
of ['8F]FES PET in diagnosing axillary lymph node metastasis in COVID-19-vaccinated
patients with ER-positive breast cancer. To the best of our knowledge, this is the first study
to evaluate the usefulness of ['®F]FES PET in diagnosing axillary lymph node metastasis in
COVID-19-vaccinated patients with ER-positive breast cancer.

2. Case Presentation

The study was approved by the institutional review board (protocol code: 20108041,
date of approval: 21 February 2017), and the requirement for informed patient consent was
waived due to the retrospective nature of the study.

2.1. Case 1

A 59-year-old woman was diagnosed with ER-positive left breast cancer on histopatho-
logical examination, including hematoxylin and eosin (H&E) staining and immunohis-
tochemistry (IHC) (ER 90%, PgR 30%, HER2 scorel, MIB-1 index 30%) She underwent
['®F]FDG PET/ magnetic resonance imaging (MRI) for preoperative staging. The primary
lesion in the breast, as well as multiple level I and II left axillary lymph nodes, showed
significant FDG uptake (Figures 1a and 2a—c). The patient had received the COVID-19
vaccine in the upper left arm 3 days prior to examination, and there was marginal FDG
accumulation in the left deltoid muscle, suggesting inflammatory changes due to vaccine
administration. Nineteen days after ['8FJFDG PET/MRI, ['8F]FES PET/MRI was per-
formed again to assess ER expression in the lymph nodes (Figures 1b and 2d,e). The largest
axillary lymph node showed considerable FES uptake (Figures 1b and 2d, red arrow),
a finding consistent with lymph node metastasis; however, the other nodes with FDG
accumulation did not show remarkable FES uptake (Figures 1b and 2e,f, white arrows),
indicating that the FDG uptake was due to inflammatory changes associated with vaccine
administration. Uterine leiomyoma, another estrogen-dependent tumor, showed intense
['8F]FES uptake in the pelvis (Figure 1b, yellow arrowhead).

(@ (b)

Figure 1. (a) Maximum-intensity projection (MIP) of ['®F]FDG positron emission tomography (PET)
image; (b) MIP image of [18F]FES PET. ((a), red arrowhead) The left breast cancer shows intense
['8FIFDG uptake and ((b), red arrowhead) ['8F]FES uptake. ((a), arrows) The ipsilateral axillary
lymph nodes show intense ['8F]FDG uptake, ((b), arrows) while ['®F]FES PET is hyperintense only in
the lesion with the red arrow. ((b), yellow arrowhead) Uterine leiomyoma shows intense [18F]FES
uptake in the pelvis.
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Figure 2. (a—) ['®F]FDG axial PET/magnetic-resonance (MR)-fused images and (d—f) ['®F]FES
PET/MR-fused images of left breast cancer and multiple ipsilateral axillary lymph nodes. The left
breast cancer shows significant uptake on both ((a), arrowhead) ['8F]FDG and ((d), arrowhead)
['8F]FES PET. ((a—c), arrows) The multiple ipsilateral axillary lymph nodes show intense ["®FJFDG
uptake. ((d), red arrow) The largest ipsilateral axillary lymph node in level I shows intense ['8F]FES
uptake, whereas ((e,f), white arrows) the other nodes do not show significant uptake.

The patient underwent left mastectomy and left axillary lymph node dissection.
Histopathological diagnosis of the excised specimen of the left breast lesion via H&E
staining led us to diagnose the lesion as invasive ductal carcinoma with intraductal ex-
tension (pT2, Figure 3a). Of the 20 dissected left axillary lymph nodes, only the largest
excised lymph node specimen was diagnosed as lymph node metastasis via H&E staining
(Figure 3b). The patient underwent postoperative chemotherapy and has not relapsed
thus far.

2.2. Case 2

A 58-year-old woman was diagnosed with ER-positive right breast cancer on histopatho-
logical examination using H&E staining and IHC (ER 80%, PgR 80%, HER2 scorel, MIB-1
index 10%). She underwent pretreatment ['®F][FDG PET/CT for staging. In addition to intense
['®8FIFDG uptake in the primary breast tumor (Figures 4a and 5a, red arrowhead), increased
["®F]FDG uptake was observed in level I (Figures 4a and 5b, red arrow) and level II contralat-
eral axillary lymph nodes (Figures 4a and 5¢, white arrow). Since she was vaccinated against
COVID-19 (the Moderna COVID-19 vaccine) in her left deltoid muscle 12 days before the
['8F]FDG PET/CT scan, the ['8F]JFDG-avid contralateral axillary lymph nodes were consid-
ered as vaccine-associated hypermetabolic lymphadenopathy. She had undergone surgery for
the right axillary ganglion, and we suspected possible altered lymphatic drainage. Four weeks
after [\®FJFDG PET/CT, she underwent [\8F]FES PET/MRI to evaluate the ER expression of
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the lesions. ['®F]FES PET/MRI showed moderate ['®F]FES uptake in the ER-positive right
breast cancer (Figures 4b and 5d, red arrowhead) and high ['8F]FES uptake in the level I con-
tralateral axillary lymph node (Figures 4b and 5e, red arrow), and her condition was finally
diagnosed as synchronous contralateral axillary lymph node metastasis (CAM). In contrast,
the level IT lymph nodes did not show significant ['8F]FES uptake (Figures 4b and 5f, white
arrow). Although histopathological evidence was not available, the lymph node with FES
accumulation diminished after treatment with an aromatase inhibitor (Letrozole) and a molec-
ularly targeted agent (Abemaciclib), indicating lymph node metastasis. Uterine leiomyoma
with ['®F]FES uptake was also observed in this patient (Figure 4b, yellow arrowhead).
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Figure 3. (a) High-power field image (x10) of a hematoxylin-eosin-stained specimen of the left breast
lesion. Infiltrative growth of atypical cells with focal, ductal, and restiform structures is observed,
with severe fibrosis and lymphocytic infiltration into the surrounding area. (b) High-power field
image (x20) of a lymph node lesion specimen. Of the 20 resected lymph nodes, 1 showed evidence
of cancer metastasis.

@ (b)

Figure 4. (a) MIP image of ['8F]FDG PET, (b) MIP image of [8F]FES PET. ((a,b), red arrowhead) The
right breast cancer sh6ws ['8F]FDG and ['8F]FES uptake. ((a,b), red arrows) Level I and ((a,b), white
arrows) level II contralateral axillary lymph nodes show intense ['8FIFDG uptake, while ['8F]FES
PET is hyperintense only in level I the lesion, shown with the red arrow. ((b), yellow arrowhead)
Uterine leiomyoma shows intense ['®F]FES uptake in the pelvis.
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Figure 5. (a—) ['"®F]JFDG axial PET/computed-tomography (CT)-fused images and (d—f) ['®F]FES
PET/MR-fused images of right breast cancer and multiple contralateral axillary lymph nodes. ((a,d), ar-
rowhead) The right breast cancer shows uptake on both [*8F]FDG and ['®F]FES PET. ((ac), arrows) The
multiple contralateral axillary lymph nodes show intense [8F]FDG uptake. ((e), red arrow) The level
I contralateral axillary lymph node shows intense ['8F]FES uptake, whereas ((f), white arrow) the other
node does not show significant uptake.

3. Discussion

Although ['8F]FDG PET plays an important role in breast cancer staging [9], one of
its limitations is non-specific tracer accumulation, including that in tissues undergoing
inflammatory reactions. The tracer uptake of ipsilateral supraclavicular and axillary lym-
phadenopathy lasts for at least three weeks after COVID-19 vaccination [10] and can be
observed after more than six weeks [11]. Compared to the lymph node metastasis of breast
cancer, accumulation in the axillary lymph nodes after vaccine administration is reported
to be more common in level 2 and 3 regions [12] and can be diagnosed using radiomics
based on PET as well as CT features [13], but it is difficult to differentiate between the
two based on FDG accumulation alone. In contrast, FES PET is highly specific for breast
cancers expressing ERs and can differentiate them from inflammatory lymph nodes, which
is difficult to achieve with ['8F]FDG PET [14,15]. In the present study, histopathological evi-
dence suggested that ['8F]FES PET can differentiate inflammatory lymph node enlargement
after COVID-19 vaccine administration from lymph node metastasis, a difference which is
difficult to distinguish using ["®F]JFDG PET. In addition, we could accurately identify CAM,
which is even more complex.

Since their approval at the end of 2020, COVID-19 vaccines have been widely dis-
tributed worldwide, and reports on FDG PET findings after vaccine administration have
been published since the first half of 2021 [2,16-18]. Vaccine-induced accumulation in the
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ipsilateral axillary lymph nodes is known to be observed not only with FDG but also with
[11C] Choline [19], [*8F]Choline [20], [*8F] prostate-specific membrane antigen (PSMA) [20],
[8Ga]DOTA-peptide (DOTATATE) [21], and ['77Lu] Lu-DOTATATE PRRT post-therapy pla-
nar scintigraphy, as well as single-photon emission computed tomography with computed
tomography (SPECT/CT) [22]. On the other hand, [#8Ga] fibroblast-activation protein
inhibitor (FAPI) was reported to show no accumulation in the enlarged axillary lymph
nodes after vaccine administration, similar to our report on ['®F]FES, which may be useful
in distinguishing lymph node metastasis [23].

CAM is a rare finding in patients with breast cancer, with an incidence rate between
1.9 and 6% [24]. This condition can be synchronous (found at the time of primary breast
cancer diagnosis) or metachronous (found following prior breast cancer treatment as a re-
currence). In the present case, the synchronous CAM could be caused by the alternative
lymphatic drainage routes developed following the previous axillary surgery. Regardless of
the CAM origin, breast cancer metastasis to CAM is considered as an M1, stage IV disease,
and the detection of CAM is critical for determining the appropriate treatment [25,26].
Although synchronous CAM and vaccine-associated hypermetabolic lymphadenopathy
existed concurrently in this patient with breast cancer, ['®FJFDG PET/CT could not distin-
guish between them. In contrast, ['8F]FES PET clearly delineated ER-positive synchronous
CAM from vaccine-associated hypermetabolic lymphadenopathy.

This study has certain limitations: it is a case report of only two cases, and we cannot
draw conclusions with a high level of clinical evidence. However, breast cancer cases
in which COVID-19 vaccine was administered followed by both FDG-PET and FES-PET
examinations are rare, and we believe that accumulating findings from these kinds of case
reports will be useful for the diagnosis and treatment of breast cancer patients in the future.

4. Conclusions

In conclusion, ['8F]FES PET combined with ['8F]FDG characterized the distinct phe-
notypic features of the lesions. ['8F]FES PET can be more specific than ['¥F]JFDG for lymph
node staging in patients with ER-positive breast cancer, independent of the cause of lymph
node uptake.

Author Contributions: Conceptualization, M.N. and T.T.; methodology, M.N. and T.T.; investigation,
M.N. and T.T.; resources, H.M., M.T. and N.K. (Naoki Kinoshita); data curation, N.K. (Nobuyuki
Kosaka) and M.T.; writing—original draft preparation, M.N. and T.T.; writing—review and editing,
T.T., AM. and YK,; visualization, M.N. and T.T.; supervision, T.M. (Tetsuya Mori), T.G. and H.O;
project administration, T.M. (Takamichi Murakami), T.G. and H.O.; funding acquisition, T.T. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the JSPS KAKENHI, grant number 22K07635.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of the Research Ethics Committee of the
University of Fukui (protocol code: 20108041, date of approval: 21 February 2017).

Informed Consent Statement: The requirement for obtaining patient consent was waived due to the
retrospective nature of this study.

Data Availability Statement: The minimal dataset is included within the manuscript. Additional
data used for analysis are available from the corresponding author. The clinical data and images,
including personally identifiable information, were not permitted to be disclosed by the ethical
committee in our institution (Research Ethics Committee of the University of Fukui) and are not
accessible due to laws on the protection of personal information in our country. Please direct further
data inquiries to the Research Ethics Committee of the University of Fukui.

Acknowledgments: We thank Yoshiaki Imamura (Division of Surgical Pathology, Faculty of Medical
Sciences, University of Fukui, Fukui, Japan) for providing the pathological diagnosis. This study was
supported in part by the Japan Society for the Promotion of Science KAKENHI grant 22K07635 (to T.T.).

Conflicts of Interest: The authors declare no conflict of interest.



Diagnostics 2023, 13, 1851 70f8

References

1.

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

Cohen, D.; Krauthammer, S.H.; Wolf, I.; Even-Sapir, E. Hypermetabolic lymphadenopathy following administration of BNT162b2
mRNA COVID-19 vaccine: Incidence assessed by [(18)F]FDG PET-CT and relevance to study interpretation. Eur. J. Nucl. Med.
Mol. Imaging 2021, 48, 1854-1863. [CrossRef] [PubMed]

Eifer, M.; Tau, N.; Alhoubani, Y.; Kanana, N.; Domachevsky, L.; Shams, J.; Keret, N.; Gorfine, M.; Eshet, Y. COVID-19 mRNA
Vaccination: Age and Immune Status and Its Association with Axillary Lymph Node PET/CT Uptake. . Nucl. Med. 2022, 63,
134-139. [CrossRef] [PubMed]

Van Nijnatten, T.J.A.; Jochelson, M.S.; Lobbes, M.B.I. Axillary lymph node characteristics in breast cancer patients versus
post-COVID-19 vaccination: Overview of current evidence per imaging modality. Eur. J. Radiol. 2022, 152, 110334. [CrossRef]
[PubMed]

Skawran, S.; Gennari, A.G.; Dittli, M.; Treyer, V.; Muehlematter, U.].; Maurer, A.; Burger, . A.; Mader, C.; Messerli, O.; Grunig, H.; et al.
['®F]FDG uptake of axillary lymph nodes after COVID-19 vaccination in oncological PET/CT: Frequency, intensity, and potential
clinical impact. Eur. Radiol. 2022, 32, 508-516. [CrossRef]

Seban, R.D.; Richard, C.; Nascimento-Leite, C.; Ghidaglia, J.; Provost, C.; Gonin, J.; Tourneau, C.L.; Romano, E.; Deleval, N;
Champion, L. Absolute Lymphocyte Count After COVID-19 Vaccination Is Associated with Vaccine-Induced Hypermetabolic
Lymph Nodes on I8F_FDG PET/CT: A Focus in Breast Cancer Care. J. Nucl. Med. 2022, 63, 1231-1238. [CrossRef]

Linden, H.M.; Kurland, B.E; Peterson, L.M.; Schubert, E.K.; Gralow, ].R.; Specht, ] M.; Ellis, G.K.; Lawton, T.J.; Livingston, R.B.;
Petra, PH.; et al. Fluoroestradiol positron emission tomography reveals differences in pharmacodynamics of aromatase inhibitors,
tamoxifen, and fulvestrant in patients with metastatic breast cancer. Clin. Cancer Res. 2011, 17, 4799-4805. [CrossRef]

Linden, H.M.; Stekhova, S.A.; Link, ].M.; Gralow, ].R.; Livingston, R.B.; Ellis, G.K.; Petra, PH.; Peterson, L.M.; Schubert, EK.;
Dunnwald, L.K,; et al. Quantitative fluoroestradiol positron emission tomography imaging predicts response to endocrine
treatment in breast cancer. J. Clin. Oncol. 2006, 24, 2793-2799. [CrossRef]

McGuire, A.H.; Dehdashti, F; Siegel, B.A.; Lyss, A.P; Brodack, ].W.; Mathias, C.J.; Mintun, M.A; Katzenellenbogen, J.A.; Welch, M ].
Positron tomographic assessment of 16 alpha-['8F] fluoro-17 beta-estradiol uptake in metastatic breast carcinoma. J. Nucl. Med. 1991,
32,1526-1531.

Nakamoto, Y.; Kitajima, K.; Toriihara, A.; Nakajo, M.; Hirata, K. Recent topics of the clinical utility of PET/MRI in oncology and
neuroscience. Ann. Nucl. Med. 2022, 36, 798-803. [CrossRef]

Antwi, K,; Caobelli, F.; Kudura, K.; Buchholz, H.G.; Hoffmann, M.; Schreckenberger, M. Hypermetabolic Ipsilateral Supraclav-
icular and Axillary Lymphadenopathy: Optimal Time Point for Performing an 'F-FDG PET/CT after COVID-19 Vaccination.
Diagnostics 2022, 12, 3073. [CrossRef]

Eshet, Y; Tau, N.; Alhoubani, Y.; Kanana, N.; Domachevsky, L.; Eifer, M. Prevalence of Increased FDG PET/CT Axillary Lymph
Node Uptake Beyond 6 Weeks after mRNA COVID-19 Vaccination. Radiology 2021, 300, E345-E347. [CrossRef]

Plaza, M.].; Wright, J.; Fernandez, S. COVID-19 vaccine-related unilateral axillary lymphadenopathy: Pattern on screening breast
MRI allowing for a benign assessment. Clin. Imaging 2021, 80, 139-141. [CrossRef]

Eifer, M.; Pinian, H.; Klang, E.; Alhoubani, Y.; Kanana, N.; Tau, N.; Davidson, T.; Konen, E.; Catalano, O.A.; Eshet, Y.; et al. FDG
PET/CT radiomics as a tool to differentiate between reactive axillary lymphadenopathy following COVID-19 vaccination and
metastatic breast cancer axillary lymphadenopathy: A pilot study. Eur. Radiol. 2022, 32, 5921-5929. [CrossRef]

Yamane, T.; Ueda, S.; Seto, A.; Kuji, I. 18F-Fluoroestradiol PET/CT Correctly Diagnosed BE_FDG-Avid Inflammatory Lymph
Nodes in a Patient with Estrogen Receptor-Positive Breast Cancer. Clin. Nucl. Med. 2018, 43, 379-380. [CrossRef]

Chae, S.Y,; Son, H.J.; Lee, D.Y.; Shin, E.; Oh, ].S.; Seo, S.Y.; Baek, S.; Kim, J.Y.; Na, S.J.; Moon, D.H. Comparison of diagnostic
sensitivity of ['8F]fluoroestradiol and ['®F]fluorodeoxyglucose positron emission tomography/computed tomography for breast
cancer recurrence in patients with a history of estrogen receptor-positive primary breast cancer. EJNMMI Res. 2020, 10, 54.
[CrossRef]

Eifer, M.; Eshet, Y. Imaging of COVID-19 Vaccination at FDG PET/CT. Radiology 2021, 299, E248. [CrossRef]

Nawwar, A.A.; Searle, J.; Hagan, I.; Lyburn, I.D. COVID-19 vaccination induced axillary nodal uptake on [18F]FDG PET/CT.
Eur. J. Nucl. Med. Mol. Imaging 2021, 48, 2655-2656. [CrossRef]

Seban, R.D.; Champion, L.; Deleval, N.; Richard, C.; Provost, C. Immune Response Visualized In Vivo by [18F]-FDG PET/CT after
COVID-19 Vaccine. Diagnostics 2021, 11, 676. [CrossRef]

Schroeder, D.G.; Jang, S.; Johnson, D.R.; Takahashi, H.; Navin, PJ.; Broski, S.M.; Thorpe, M.P,; Johnson, G.B.; Young, ].R. Frequency
and Characteristics of Nodal and Deltoid FDG and (11)C-Choline Uptake on PET Performed After COVID-19 Vaccination.
AJR Am. ]. Roentgenol. 2021, 217, 1206-1216. [CrossRef]

Ah-Thiane, L.; Ferrer, L.; Maucherat, B.; Fleury, V.; Le Thiec, M.; Rusu, D.; Rousseau, C. Vaccine-Related Lymph Nodes:
The Emerging Pitfalls of 1®F-Fluorocholine and ®8Ga-PSMA-11 PET/CT in the Era of COVID-19 Vaccination. Clin. Nucl. Med.
2022, 47,575-582. [CrossRef]

Brophy, J.; Henkle, G.; Rohren, E.M. DOTATATE Uptake in an Axillary Lymph Node After COVID-19 Vaccination. Clin. Nucl.
Med. 2022, 47,174-175. [CrossRef] [PubMed]

Kolade, O.U.; Ayeni, A.O.; Brink, A.; Steyn, R.; More, S.; Prasad, V. SARS-CoV-2 vaccination site as possible pitfall on somatostatin
receptor imaging. Clin. Transl. Imaging 2022, 10, 579-585. [CrossRef] [PubMed]


https://doi.org/10.1007/s00259-021-05314-2
https://www.ncbi.nlm.nih.gov/pubmed/33774684
https://doi.org/10.2967/jnumed.121.262194
https://www.ncbi.nlm.nih.gov/pubmed/33893188
https://doi.org/10.1016/j.ejrad.2022.110334
https://www.ncbi.nlm.nih.gov/pubmed/35512513
https://doi.org/10.1007/s00330-021-08122-2
https://doi.org/10.2967/jnumed.121.263082
https://doi.org/10.1158/1078-0432.CCR-10-3321
https://doi.org/10.1200/JCO.2005.04.3810
https://doi.org/10.1007/s12149-022-01780-2
https://doi.org/10.3390/diagnostics12123073
https://doi.org/10.1148/radiol.2021210886
https://doi.org/10.1016/j.clinimag.2021.07.011
https://doi.org/10.1007/s00330-022-08725-3
https://doi.org/10.1097/RLU.0000000000002041
https://doi.org/10.1186/s13550-020-00643-z
https://doi.org/10.1148/radiol.2020210030
https://doi.org/10.1007/s00259-021-05274-7
https://doi.org/10.3390/diagnostics11040676
https://doi.org/10.2214/AJR.21.25928
https://doi.org/10.1097/RLU.0000000000004190
https://doi.org/10.1097/RLU.0000000000003847
https://www.ncbi.nlm.nih.gov/pubmed/34269723
https://doi.org/10.1007/s40336-022-00519-3
https://www.ncbi.nlm.nih.gov/pubmed/35968530

Diagnostics 2023, 13, 1851 8of8

23.

24.

25.

26.

Demmert, T.T.; Maric, I; Pomykala, K.L.; Lueckerath, K.; Siveke, J.; Schaarschmidt, B.M.; Hamacher, R.; Herrmann, K.; Fendler, W.P.
Novel %Ga-FAPI PET/CT Offers Oncologic Staging Without COVID-19 Vaccine-Related Pitfalls. J. Nucl. Med. 2023, 64, 368-371.
[CrossRef] [PubMed]

Gingerich, J.; Kapenhas, E.; Morgani, J.; Heimann, A. Contralateral axillary lymph node metastasis in second primary Breast
cancer: Case report and review of the literature. Int. J. Surg. Case Rep. 2017, 40, 47-49. [CrossRef]

Amin, M.B.; Greene, F.L.; Edge, S.B.; Compton, C.C.; Gershenwald, J.E.; Brookland, R.K.; Meyer, L.; Gress, D.M.; Byrd, D.R,;
Winchester, D.P. The Eighth Edition AJCC Cancer Staging Manual: Continuing to build a bridge from a population-based to
a more “personalized” approach to cancer staging. CA Cancer |. Clin. 2017, 67, 93-99. [CrossRef]

Magnoni, F.; Colleoni, M.; Mattar, D.; Corso, G.; Bagnardi, V.; Frassoni, S.; Santomauro, G.; Jereczek-Fossa, B.A.; Veronesi, P,;
Galimberti, V.; et al. Contralateral Axillary Lymph Node Metastases from Breast Carcinoma: Is it Time to Review TNM Cancer
Staging? Ann. Surg. Oncol. 2020, 27, 4488—4499. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.2967/jnumed.122.264872
https://www.ncbi.nlm.nih.gov/pubmed/36396454
https://doi.org/10.1016/j.ijscr.2017.08.025
https://doi.org/10.3322/caac.21388
https://doi.org/10.1245/s10434-020-08605-4

	Introduction 
	Case Presentation 
	Case 1 
	Case 2 

	Discussion 
	Conclusions 
	References

