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Unilateral lower extremity lymphedema followed by
COVID-19 vaccination in patients with cervical
cancer history: two case reports
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Department of Rehabilitation Medicine, Daegu Catholic University School of Medicine, Korea

The coronavirus disease 2019 (COVID-19) pandemic prompted the development of messenger RNA vaccines. Following extensive vac-
cination campaigns worldwide, several adverse reactions to these vaccines have been reported. This is a case series of unilateral lower
extremity lymphedema after COVID-19 vaccination in two patients with a history of cervical cancer. An 82-year-old woman and a
68-year-old woman visited the outpatient clinic with unilateral leg edema after receiving a COVID-19 booster vaccine (BNT162b2;
Pfizer-BioNTech) in the deltoid muscle. Both patients had a common history of cervical cancer treated with surgery, chemotherapy,
and radiotherapy and were in complete remission. Gynecological evaluations, including laboratory and imaging studies, revealed no
specific findings. Lymphoscintigraphy revealed delayed lymphatic drainage with diffuse dermal backflow in a unilateral lower extremi-
ty. This case series explores adverse reactions to COVID-19 vaccination in patients who are at high risk of developing lymphedema,

providing novel data for similar clinical presentations.
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Introduction

Since the outbreak of coronavirus disease 2019 (COVID-19), ex-
tensive research has been conducted, and significant efforts have
been made in the manufacture and use of messenger RNA
(mRNA) vaccines. Widely used vaccines include BNT162b2
(Pfizer-BioNTech), ChAdOx1 nCov-19 (AstraZeneca), and
mRNA-1273 (Moderna). The commonly reported side effects of
COVID-19 vaccines, including injection site pain, fever, fatigue,
and myalgia, are similar to those of non-mRNA vaccines [ 1]. Oth-
er complications associated with mRNA vaccines have not yet
been widely reported; however, rare cases of myocarditis and Bell’s

palsy have been documented [2]. Additionally, lymph node swell-

ing near the injection site has been observed, which can be particu-
larly concerning in patients with a history of cancer, because
lymphadenopathy may also indicate cancer recurrence [3,4]. No-
tably, there have been reports of upper extremity lymphedema fol-
lowing COVID-19 vaccination in patients with a history of breast
cancer [5,6].

Lymphedema is the accumulation of excessive lymphatic fluid in
the lymphatic system and interstitial spaces, leading to soft tissue
swelling, chronic inflammation, and reactive tissue fibrosis. Prima-
ry lymphedema is sporadic, rarely familial, and associated with
complex malformations or genetic disorders. Secondary lymph-
edema arises from lymphatic stasis caused by tumor infiltration,

lymph node dissection, radiotherapy, trauma, or infection [7]. Sec-
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ondary lymphedema of the lower extremities often occurs after gy-
necological cancer treatments, such as lymphadenectomy, chemo-
therapy, and radiotherapy. The incidence of lower extremity
lymphedema in patients with gynecological cancer varies from
1.0% to 50% [8]. In most cases, lymphedema is diagnosed within
the first year of gynecological cancer treatment [9]. Risk factors as-
sociated with lymphedema include age, body mass index, Interna-
tional Federation of Gynecology and Obstetrics stage, radiothera-
py, lymph node dissection, and the number of lymph nodes re-
moved [10]. Histopathologically, lymphedema progresses from
dermal edema, which is often not easily visible in the initial stages,
to chronic tissue changes, such as dilatation of lymphovascular
channels in the subcutaneous tissue. These changes result in de-
formable edema in advanced stages. Thus, imaging modalities such
as high-resolution ultrasound and lymphoscintigraphy may play an
essential role in the accurate diagnosis of lymphedema [11].

We report two patients with a history of cervical cancer treated
with pelvic lymph node dissection, chemotherapy, and radiothera-
py, who achieved complete remission with no evidence of tumor
recurrence. However, they developed unilateral lower extremity
lymphedema after receiving a COVID-19 booster vaccination
(BNT162b2).

Cases

Ethics statement: This case series was approved by the Insti-
tutional Review Board (IRB) of Daegu Catholic University
Medical Center (IRB No: CR-24-086). The patients provided
informed consent for the publication of this case report.

1.Casel
An 82-year-old woman visited the physical medicine and rehabili-

Table 1. Patient demographics

tation clinic with a S-month history of right leg edema. She had re-
ceived a COVID-19 booster vaccine (BNT162b2) in her right del-
toid muscle S months previously. She reported that her right leg
started swelling a week after vaccination, which worsened over
time. The patient had a history of cervical cancer diagnosed 20
years previously and had undergone total hysterectomy, bilateral
oophorectomy, bilateral pelvic lymph node dissection, adjuvant
chemotherapy, and radiotherapy. The patient achieved complete
remission after S years of treatment (Table 1). The patient had no
history of diabetes mellitus, hypertension, or neurological diseases.
On physical examination, the circumference of the right leg was
greater than that of the left, with a maximal circumference differ-
ence of 9.5 cm, measured 10 cm above the upper margin of the pa-
tella (53.0 cm in the affected leg vs. 43.5 cm in the unaffected leg)
(Table 2). Swelling in the right leg persisted despite elevation, and
the skin had become dry, stiff, and thickened. Examination re-
vealed pitting edema and a positive Stemmer’s sign. Based on these
findings, the patient was classified as having the International Soci-
ety of Lymphology (ISL) stage 2 lymphedema. Despite significant
swelling, the patient reported no functional impairments such as

difficulty walking, climbing stairs, or bending over. Laboratory

Table 2. Circumference of lower extremity during complete decon-
gestive therapy in the intensive phase in Case 1 patient

Region Affected side (cm) Unaffected
HD 1 HD 5 HD9 HD 14  side (cm)
AK-20 cm 62.0 60.1 59.0 55.5 53.0
AK-10 cm 53.0 53.0 53.2 46.5 43.5
Knee 440 420 45.1 419 36.3
BK-10 cm 44.6 41.5 41.4 40.9 35.2
BK-20 cm 385 34.0 330 33.0 31.6
Ankle 26.0 25.0 254 24.0 22.0

HD, hospital day; AK, above the knee, upper margin of the patella; BK,
below the knee, lower margin of the patella; ankle, lower margin of the
medial malleolus.

Variable Case 1 Case 2
Vaccine type Pfizer-BioNTech Pfizer-BioNTech
Age (yr) 82 68
Body mass index (kg/m’) 31.01 28.55
Lymphedema side Right Right
ISL stage 2 2
Onset after vaccination (wk) 1 2
Year of cancer diagnosis 2001 1996
Cancer treatment Surgery (total hysterectomy and bilateral oophorectomy;, Surgery (radical hysterectomy, bilateral pelvic lymph node
bilateral pelvic lymph node dissection) dissection)
Adjuvant chemotherapy Neoadjuvant chemotherapy
Radiotherapy Radiotherapy

ISL, International Society of Lymphology.
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findings, including complete blood cell count and C-reactive pro-
tein, D-dimer, and serum creatine kinase levels, were normal. Ra-
diological evaluation revealed no specific findings in the lower ex-
tremities and ultrasonography showed no evidence of deep vein
thrombosis. There were no signs of tumor recurrence in the fol-
low-up gynecological evaluation (pap smear, pelvic computed to-
mography, and tumor markers). However, lymphoscintigraphy re-
vealed a marked delay in lymphatic drainage with diffuse dermal
backflow in the right leg (Fig. 1). These results indicated secondary
lymphedema in the right lower extremity.

The patient received complete decongestive therapy (CDT)
daily for 14 days, This comprehensive treatment approach includ-
ed the following components: manual lymphatic drainage admin-
istered by a specialized therapist, multilayered compression ban-
daging using Mobiderm bandages (Thuasne Group, Saint-Etienne,
France) for 21 to 23 hours daily, self-directed exercises to promote
lymphatic drainage, and routine skin care. Following treatment, the
right leg showed significant improvement, with a reduced circum-
ference from 53 to 46.5 cm (measured 10 cm above the knee) and
decreased hardness (Table 2). Before discharge, the patient was ed-
ucated on the self-application of compression bandages and life-
style modifications to manage lymphedema. At the 1-month fol-
low-up appointment, the patient’s swelling of the right lower leg
had significantly improved and remained stable, with a minimal
circumference difference of 0.2 cm compared with that of the left
leg (43.7 vs. 43.5 cm, measured 10 cm above the knee).

-----

2.Case2

A 68-year-old woman presented to the physical medicine and reha-
bilitation clinic with a 3-month history of right leg edema. She had
received a COVID-19 booster vaccine (BNT162b2) in her right
deltoid, followed by sudden swelling of her entire right leg at 2
weeks post-vaccination. The patient had a history of cervical can-
cer diagnosed 15 years previously and had been treated with radi-
cal hysterectomy with bilateral pelvic lymph node dissection, neo-
adjuvant chemotherapy, and radiotherapy. The patient achieved
complete remission with no post-treatment complications (Table
1). The patient had no history of diabetes mellitus, hypertension,
or neurological diseases. On physical examination, the circumfer-
ence of the right leg was greater than that of the left, with a maxi-
mal circumference difference of 12.3 cm, measured 20 cm below
the lower margin of the patella (41.3 cm in the affected leg vs. 29.0
cm in the unaffected leg) (Table 3). Swelling in the right leg failed

Table 3. Circumference of lower extremity during complete decon-
gestive therapy in the intensive phase in Case 2 patient

Region Affected side (cm) Unaffected
HD 1 HD 5 HD 7 HD 10  side (cm)
AK-20 cm 61.0 59.0 59.0 57.4 53.0
AK-10 cm 56.5 53.2 53.2 512 450
Knee 460 420 42.0 422 39.5
BK-10 cm 493 440 427 430 37.7
BK-20 cm 43 37.7 360 364 29.0
Ankle 310 29.8 28.7 28.7 24.0

HD, hospital day; AK, above the knee, upper margin of the patella; BK,
below the knee, lower margin of the patella; ankle, lower margin of the
medial malleolus.

Fig. 1. (A, B) An 82-year-old woman and (C, D) a 68-year-old woman diagnosed with lymphedema in the right lower extremity
after coronavirus disease 2019 booster vaccination. (A, C) Lymphoscintigraphy images acquired for 2 hours show decreased lym-
phatic transport and diffuse dermal backflow (arrows) in the right lower extremity. (B, D) The photograph shows diffuse swelling
of the right lower extremity and decreased skin creases on the dorsum of the foot and knee on the right side compared with the

left side.
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to resolve with elevation, and the skin had become dry; stiff, and
thickened. Examination revealed pitting edema and a positive
Stemmer’s sign, indicating ISL stage 2 lymphedema. The skin
changes and persistent swelling suggested chronic lymphatic dys-
function. The patient did not report any functional impairments
such as difficulty walking, climbing stairs, or bending over. Labora-
tory investigations and plain radiography revealed no significant
findings. Ultrasonography revealed no evidence of deep vein
thrombosis. There were no abnormal findings in the follow-up gy-
necological evaluation (pap smear, pelvic computed tomography,
and tumor markers). Lymphoscintigraphy revealed delayed lym-
phatic drainage with diffuse dermal backflow in the right lower ex-
tremity, consistent with lymphedema (Fig. 1). These findings con-
firmed the diagnosis of secondary lymphedema in the right lower
extremity.

Despite 1 year of outpatient treatment with manual lymphatic
drainage and pneumatic compression therapy, the lymphedema
showed limited improvement. The patient was admitted to our de-
partment for CDT. She received intensive CDT daily, which in-
cluded manual lymphatic drainage administered by a specialized
therapist, multilayered compression bandaging using Mobiderm
bandages, self-directed exercises to promote lymphatic drainage,
and routine skin care. She was advised to use multilayered com-
pression bandages for 21 to 23 hours each day and was discharged
after 10 days of daily intensive CDT (Table 3). Following this
treatment regimen, the patient’s right leg showed significant im-
provements, with a reduction in circumference from 41.3 to 36.4
cm (measured 20 cm below the knee) and decreased tissue hard-
ness, indicating effective lymphedema management. At the
2-month follow-up appointment, the swelling of the right lower ex-
tremity was well controlled (circumference: 52.8 cm in the affected
leg vs. 45.0 cm in the unaffected leg, measured 10 cm above the
right knee).

Discussion

This case series presents two patients who developed extensive
unilateral swelling of the lower extremity following administration
of the Pfizer COVID-19 booster vaccine (BNT162b2), suggesting
a potential association between the vaccine and the development
of lymphedema. Lymphoscintigraphy confirmed unilateral lower
extremity lymphedema with dermal backflow in both patients. Al-
though intensive CDT led to some symptom improvement, com-
plete remission was not achieved, indicating progression to chronic
lymphedema.

Since the introduction of COVID-19 vaccines, there have been

concerns regarding vaccinations, particularly concerning the po-
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tential side effects and adverse events associated with vaccinations.
In particular, the Pfizer vaccine, an mRNA vaccine, induces a
strong immune response, leading to inflammation and swelling of
the lymph nodes [3,4]. Following vaccination, immune cells in the
lymph nodes recognize the antigen and mount a response to pro-
duce antibodies to combat the virus. This immune activation can
cause inflammation and swelling in the lymph nodes nearest the
injection site, which is a natural response to the vaccine [3,4]. A
previous cohort study showed that Pfizer vaccine-associated hy-
permetabolic lymphadenopathy was more frequently observed af-
ter the booster dose (53.9%) than after the first dose (36.4%) [3].
Additionally, previous cohorts have demonstrated a relatively high-
er rate of lymphadenopathy after COVID-19 vaccination in pa-
tients with cancer (38.8%) than in the general population (6.65%)
[4]. Notably, there have been some reports of ipsilateral upper ex-
tremity lymphedema developing in patients with breast cancer af-
ter COVID-19 vaccination in the deltoid muscle of the affected
side [5,6]. Thus, the Centers for Disease Control and Prevention
recommends that the COVID-19 vaccine be administered to the
opposite arm or leg in patients at risk of lymphedema.

Recently, rare case reports have described bilateral lower extrem-
ity swelling following COVID-19 vaccination in the deltoid mus-
cle. For instance, a 79-year-old woman without underlying diseases
developed transient bilateral lower extremity lymphedema 1 week
after receiving the second dose of the Pfizer COVID-19 vaccine
[12]. Similarly, a 68-year-old man with a history of COVID-19 ex-
perienced bilateral lower extremity lymphedema combined with
cellulitis 3 days after receiving the second dose of the Sinopharm
COVID-19 vaccine (BBIBP-CorV) [13]. Unlike these cases of
temporary lymphedema, our patients had a history of cervical can-
cer diagnosed > 20 years ago and were in complete remission, with
no prior signs or symptoms of lymphedema. Both patients under-
went surgery including pelvic lymph node dissection and radio-
therapy. They developed unilateral leg edema 1 and 2 weeks after
receiving the Pfizer COVID-19 booster vaccination.

Lower extremity lymphedema is one of the most disabling side
effects of surgery and radiotherapy for gynecological cancers. A
previous study indicated that cervical cancer survivors had 3.5-fold
higher odds of developing lower extremity lymphedema if they re-
ceived radiotherapy and 3.3-fold higher odds if they underwent
lymph node removal than patients who did not undergo lymph
node dissection [ 14]. In another retrospective study, 84% of the
patients with gynecological cancer developed lymphedema within
the first year after cancer diagnosis [9]. Lymphoscintigraphy is the
standard diagnostic method for lymphedema and provides valu-
able insights into lymphatic drainage and flow. Although not used
in our cases, high-frequency ultrasound imaging has recently
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emerged as a supplementary diagnostic tool to assess soft tissue
changes, such as dermal edema and fibrosis, which are often chal-
lenging to detect during physical examinations [ 15]. It is notewor-
thy that our patients had never manifested lymphedema clinically
for decades before receiving the COVID-19 booster vaccination. If
sudden lymphedema manifests in patients with a history of cancer,
it may indicate potential cancer recurrence. Therefore, a thorough
cancer workup should be prioritized before exploring other poten-
tial causes. Both patients in our study underwent gynecological
evaluations, and no specific findings were noted during their can-
cer workup.

Lymphedema often worsens gradually, sometimes worsening
years or even decades after lymphatic injury. This observation sug-
gests that lymphatic injury and the resulting blockage of lymph
flow may not be the sole factors involved in the development of
lymphedema. Other pathological events are likely necessary for
lymphedema progression. Experimental and clinical studies span-
ning several decades have implicated the critical role of inflamma-
tion in the pathophysiology of lymphedema [16,17]. Avraham et
al. [16] observed that lymphatic stasis resulted in CD4+ T cell in-
flammation and T-helper 2 differentiation in a mouse model of
lymphedema, showing that CD4+ inflammation is a critical regula-
tor of tissue fibrosis and lymphatic dysfunction in lymphedema.
Fuetal. [17] reported that inflammatory genes were correlated
with a higher number of symptoms attributed to lymphedema in
patients with breast cancer. The authors speculated that the cause
of lymphedema in the described cases, which did not occur for a
long time, might be related to the induction of an inflammatory re-
sponse due to the vaccine. COVID-19 vaccination may cause
lymph node inflammation in patients with lymphatic vessel dam-
age. A notable feature of COVID-19 mRNA vaccines is their abili-
ty to easily enter the lymphatic system because they are enclosed in
lipid nanoparticles approximately 100 nm in diameter. Lipids are
known to be transported to the lymphatic system more efficiently
[18], and particles of 10 to 100 nm can easily access the lymphatic
system [19]. COVID-19 mRNA vaccines have been shown to
stimulate dendritic cells in the lymph nodes, leading to the upregu-
lation of interferon-inducible genes. This could lead to the produc-
tion of numerous proinflammatory cytokines required for anti-
gen-specific stimulation of naive T and B lymphocytes [20]. Thus,
this inflammation of the lymph nodes may have altered the lym-
phatic shape, influenced the lymphatic drainage function, and ag-
gravated lymphedema in our two patients with cervical cancer.

This study details unilateral lower extremity lymphedema fol-
lowing COVID-19 mRNA booster vaccination in patients with a
history of cervical cancer. To our knowledge, these are the first re-
ported cases of post-vaccination unilateral lymphedema in patients

with prior gynecological cancer treatment. Although the exact
mechanism remains unclear, we hypothesized that the immune re-
sponse triggered by the vaccine may have caused inflammation in
the lymph nodes, potentially contributing to the onset of lymph-
edema. This case underscores the importance of vigilance among
healthcare providers when administering COVID-19 mRNA vac-
cines to patients with preexisting lymphatic issues, as vaccination
may exacerbate or trigger lymphedema. Clinicians should consider
a thorough lymphatic assessment before and after vaccination in
such patients. However, further studies are required to validate and
expand upon these findings.

Article information

Conflicts of interest
No potential conflict of interest relevant to this article was report-
ed.

Funding

None.

Author contributions

Conceptualization, Data curation, Formal analysis, Project dminis-
tration, Supervision: HKC; Methodology: JIJ, HKC; Visualiza-
tion: JIJ; Writing-original draft: JIJ, HKC; Writing-review & edit-
ing: HKC.

ORCID
Jae Ik Jung, https://orcid.org/0009-0007-6932-8177
Hee Kyung Cho, https://orcid.org/0000-0003-1950-9926

References

1. Patel R, Kaki M, Potluri VS, Kahar P, Khanna D. A comprehen-
sive review of SARS-CoV-2 vaccines: Pfizer, Moderna & John-
son & Johnson. Hum Vaccin Immunother 2022;18:2002083.

2.Lee JK, Shin OS. Coronavirus disease 2019 (COVID-19) vac-
cine platforms: how novel platforms can prepare us for future
pandemics: a narrative review. ] Yeungnam Med Sci 2022;39:
89-97.

3. Cohen D, Krauthammer SH, Wolf I, Even-Sapir E. Hypermeta-
bolic lymphadenopathy following administration of BNT162b2
mRNA Covid-19 vaccine: incidence assessed by ["*F]JFDG
PET-CT and relevance to study interpretation. Eur ] Nucl Med
Mol Imaging 2021;48:1854—63.

4.Eifer M, Tau N, Alhoubani Y, Kanana N, Domachevsky L,
Shams J, et al. COVID-19 mRNA vaccination: age and immune

https://doi.org/10.12701/jyms.2025.42.23 5


https://doi.org/10.1080/21645515.2021.2002083
https://doi.org/10.1080/21645515.2021.2002083
https://doi.org/10.1080/21645515.2021.2002083
https://doi.org/10.12701/jyms.2021.01669
https://doi.org/10.12701/jyms.2021.01669
https://doi.org/10.12701/jyms.2021.01669
https://doi.org/10.12701/jyms.2021.01669
https://doi.org/10.1007/s00259-021-05314-2
https://doi.org/10.1007/s00259-021-05314-2
https://doi.org/10.1007/s00259-021-05314-2
https://doi.org/10.1007/s00259-021-05314-2
https://doi.org/10.1007/s00259-021-05314-2
https://doi.org/10.2967/jnumed.121.262194
https://doi.org/10.2967/jnumed.121.262194

Jung and Cho. Unilateral lower extremity lymphedema followed by COVID-19 vaccination

status and its association with axillary lymph node PET/CT
uptake. ] Nucl Med 2022;63:134-9.

S.Juhel BC, Brunelle CL, Bernstein MC, Smith LH, Jung AW,
Ababneh HS, et al. Side effects of COVID-19 vaccinations in
patients treated for breast cancer. Clin Exp Med 202.3;23:3671—
80.

6. Tang CY, Chua WM. Ipsilateral upper-limb lymphedema after
COVID-19 vaccine booster. Clin Nucl Med 2023;48:264-5.

7.ChoiJE, Chang MC. Management of lymphedema is really a
matter in patients with breast cancer. World J Clin Cases 2024;
12:2482-6.

8.Kim JH, Choi JH, Ki EY, Lee SJ, Yoon JH, Lee KH, et al. Inci-
dence and risk factors of lower-extremity lymphedema after
radical surgery with or without adjuvant radiotherapy in pa-
tients with FIGO stage I to stage ITA cervical cancer. Int ] Gyne-
col Cancer 2012;22:686-91.

9.Ryan M, Stainton MC, Slaytor EK, Jaconelli C, Watts S, Mack-
enzie P. Aetiology and prevalence of lower limb lymphoedema
following treatment for gynaecological cancer. Aust N Z J Ob-
stet Gynaecol 2003;43:148-51.

10. Hu H, Fu M, Huang X, Huang J, Gao J. Risk factors for lower ex-
tremity lymphedema after cervical cancer treatment: a system-
atic review and meta-analysis. Transl Cancer Res 2022;11:
1713-21.

11. Ricci V, Ricci C, Gervasoni F, Andreoli A, Ozcakar L. From his-
to-anatomy to sonography in lymphedema: EURO-MUSCU-
LUS/USPRM approach. Eur J Phys Rehabil Med 2022;58:
108-17.

6 https://doi.org/10.12701/jyms.2025.42.23

12. Chung JH, Sohn SM, Yoo HJ, Yoon ES, Park SH. Transient low-
er extremity lymphedema following COVID-19 vaccination: a
case report. Medicine (Baltimore) 2021;100:628092.

13.Hosseinzadeh A, Ebrahimi K, Shahriarirad R, Dalfardi F.
Lower limb lymphedema and cellulitis as a complication of
COVID-19 vaccine: a case report. Clin Case Rep 2022;10:
e6317.

14. Beesley V, Janda M, Eakin E, Obermair A, Battistutta D. Lymph-
edema after gynecological cancer treatment : prevalence, cor-
relates, and supportive care needs. Cancer 2007;109:2607-14.

15. Ricci V, Ricci C, Gervasoni F, Giulio C, Fari G, Andreoli A, et al.
From physical to ultrasound examination in lymphedema: a
novel dynamic approach. ] Ultrasound 2022;25:757-63.

16. Avraham T, Zampell JC, Yan A, Elhadad S, Weitman ES, Rock-
son SG, et al. Th2 differentiation is necessary for soft tissue fi-
brosis and lymphatic dysfunction resulting from lymphedema.
FASEB ] 2013;27:1114-26.

17.FuMR, Conley YD, Axelrod D, Guth AA, Yu G, Fletcher J, et al.
Precision assessment of heterogeneity of lymphedema pheno-
type, genotypes and risk prediction. Breast 2016;29:231-40.

18. Dixon JB. Mechanisms of chylomicron uptake into lacteals. Ann
N'Y Acad Sci 2010;1207(Suppl 1):ES2-7.

19. Lee J, Kim D, Byun J, Wu Y, Park J, Oh YK. In vivo fate and intra-
cellular trafficking of vaccine delivery systems. Adv Drug Deliv
Rev2022;186:114325.

20. Ly CL, Kataru RP, Mehrara BJ. Inflammatory manifestations of
lymphedema. Int ] Mol Sci 2017;18:171.


https://doi.org/10.2967/jnumed.121.262194
https://doi.org/10.2967/jnumed.121.262194
https://doi.org/10.1007/s10238-023-01050-z
https://doi.org/10.1007/s10238-023-01050-z
https://doi.org/10.1007/s10238-023-01050-z
https://doi.org/10.1007/s10238-023-01050-z
https://doi.org/10.1097/rlu.0000000000004470
https://doi.org/10.1097/rlu.0000000000004470
https://doi.org/10.12998/wjcc.v12.i15.2482
https://doi.org/10.12998/wjcc.v12.i15.2482
https://doi.org/10.12998/wjcc.v12.i15.2482
https://doi.org/10.1097/igc.0b013e3182466950
https://doi.org/10.1097/igc.0b013e3182466950
https://doi.org/10.1097/igc.0b013e3182466950
https://doi.org/10.1097/igc.0b013e3182466950
https://doi.org/10.1097/igc.0b013e3182466950
https://doi.org/10.1046/j.0004-8666.2003.00040.x
https://doi.org/10.1046/j.0004-8666.2003.00040.x
https://doi.org/10.1046/j.0004-8666.2003.00040.x
https://doi.org/10.1046/j.0004-8666.2003.00040.x
https://doi.org/10.21037/tcr-22-1256
https://doi.org/10.21037/tcr-22-1256
https://doi.org/10.21037/tcr-22-1256
https://doi.org/10.21037/tcr-22-1256
https://doi.org/10.23736/s1973-9087.21.06853-2
https://doi.org/10.23736/s1973-9087.21.06853-2
https://doi.org/10.23736/s1973-9087.21.06853-2
https://doi.org/10.23736/s1973-9087.21.06853-2
https://doi.org/10.1097/md.0000000000028092
https://doi.org/10.1097/md.0000000000028092
https://doi.org/10.1097/md.0000000000028092
https://doi.org/10.1002/ccr3.6317
https://doi.org/10.1002/ccr3.6317
https://doi.org/10.1002/ccr3.6317
https://doi.org/10.1002/ccr3.6317
https://doi.org/10.1002/cncr.22684
https://doi.org/10.1002/cncr.22684
https://doi.org/10.1002/cncr.22684
https://doi.org/10.1007/s40477-021-00633-4
https://doi.org/10.1007/s40477-021-00633-4
https://doi.org/10.1007/s40477-021-00633-4
https://doi.org/10.1096/fj.12-222695
https://doi.org/10.1096/fj.12-222695
https://doi.org/10.1096/fj.12-222695
https://doi.org/10.1096/fj.12-222695
https://doi.org/10.1016/j.breast.2016.06.023
https://doi.org/10.1016/j.breast.2016.06.023
https://doi.org/10.1016/j.breast.2016.06.023
https://doi.org/10.1111/j.1749-6632.2010.05716.x
https://doi.org/10.1111/j.1749-6632.2010.05716.x
https://doi.org/10.1016/j.addr.2022.114325
https://doi.org/10.1016/j.addr.2022.114325
https://doi.org/10.1016/j.addr.2022.114325
https://doi.org/10.3390/ijms18010171
https://doi.org/10.3390/ijms18010171

