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Abbreviations
ALPPS: Associating Liver Partition and Portal vein ligation for 
Staged hepatectomy

BCLM: Breast Cancer Liver Metastasis

DFS: Disease-Free Survival

ER: Estrogen Receptor

HER2: Human Epidermal Growth Factor Receptor 2

HR: Hormone Receptor

PR: Progesterone Receptor

RFA: Radiofrequency Ablation

Introduction
Liver metastasis is a common and devastating complication 
of breast cancer. Liver metastasis is a frequent and severe 
manifestation of advanced breast cancer, occurring in up to 50% 
of patients with metastatic disease. The presence of hepatic 
metastases, particularly when multiple and bilobar, is associated 
with poor prognosis and limited treatment options. Studies 
have reported a median overall survival of less than 2 years for 
patients with untreated breast cancer liver metastases (BCLM), 
underscoring the need for more effective interventions [1].

Traditionally, systemic chemotherapy has been the mainstay of 
treatment; however, its effectiveness is often limited in cases of 
extensive hepatic involvement. The objective response rates to 
chemotherapy in BCLM are generally modest, and durable control 
is rarely achieved in patients with a high tumor burden [2]. In 
recent years, advances in surgical techniques and perioperative 
management have expanded the therapeutic landscape. Emerging 
strategies such as staged hepatectomy, portal vein embolization 
(PVE), and local ablative therapies including radiofrequency 
ablation (RFA) have shown promise in improving resectability 
and long-term survival in select patients [3,4].

Despite these advancements, the role of hepatic resection in BCLM 
remains controversial. Concerns persist regarding the aggressive 
tumor biology of metastatic breast cancer, high recurrence rates 
following resection, and the historically perceived lack of survival 
benefit. However, accumulating evidence suggests that in well-
selected patients with good performance status and limited 
extrahepatic disease, aggressive surgical approaches may lead 
to significant survival gains. Several retrospective studies have 
demonstrated 5-year survival rates exceeding 30% in selected 
cohorts undergoing liver resection for BCLM [5,6].

This case series presents two patients with multiple, bilobar 
liver metastases from breast cancer who underwent successful 
surgical management, including staged hepatectomy and local 
ablation. Their favorable outcomes underscore the importance 
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Abstract

Background

Patients with multiple liver metastases from breast cancer are 
typically considered ineligible for surgical treatment due to the 
extent of disease. However, aggressive surgical strategies may 
offer long-term survival benefits in selected cases. This case 
series aims to illustrate the potential role of tailored surgical 
interventions in patients with extensive liver metastases.

Methods

We present two cases of female patients diagnosed with multiple 
bilobar liver metastases from breast cancer. The first patient, 
treated in 2020, had 20 bilobar liver metastases and underwent 
combined resection and radiofrequency ablation (RFA). The second 
patient, treated in 2023, had 18 bilobar metastases and underwent 
a two-stage hepatectomy using the associating liver partition and 
portal vein ligation for staged hepatectomy (ALPPS) procedure.

Results

Both patients achieved complete resection of all visible liver 
metastases through the respective surgical approaches. Follow-
up assessments revealed no evidence of disease recurrence in 
either patient.

Conclusion

These cases demonstrate that, in carefully selected patients, 
aggressive and individualized surgical strategies may enable 
complete resection and provide the possibility of long-term 
survival, even in the setting of extensive liver metastases from 
breast cancer.
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of a multidisciplinary approach and suggest that aggressive, 
individualized surgical strategies can play a critical role in the 
management of complex hepatic metastases from breast cancer. 
[7].

Case Presentations
Case 1
A 55-year-old female patient presented in January 2020 with 20 
liver metastases (11 in the left lobe and 9 in the right lobe) (Figure 
1). Previously, she was diagnosed with right-sided breast cancer 
with multiple life-threatening hepatic metastases in a local clinic. 
The patient was treated with palliative chemotherapy consisting 
of docetaxel and doxorubicin followed by tamoxifen, which blocks 
the effects of estrogen on hormone receptor-positive breast 
cancer. However, the disease progressed. She was referred to 

our surgery center and underwent a left lateral sectionectomy, 
partial resection of segment IV, multiple wedge resections of the 
right lobe, and intraoperative Radiofrequency Ablation (RFA) to 
ablate any remaining lesions (Figure 2, 3). The resected breast 
cancer cells were ER-positive, PR-negative and HER2-negative, 
and since then, we administered palbociclib with fulvestrant from 
May 14th 2020, to the present day for 5 years without recurrence 
(Figure 4).

Case 2
•	 A 57-year-old female patient with pathologically confirmed 

triple negative left breast cancer presented with multiple 
liver metastases in November 2023 (Figure 5). At that time, 
she also had multiple bony metastases in the C3, T3, T11, L2 
spines and right ilium. 

Figure 1. Twenty liver metastases were identified on preoperative MRI.

Figure 2. Left lateral sectionectomy, segment 4 partial resection, and multiple right lobe wedge resection were carried out. During the 
operation, intraoperative RFA was performed for the deep-located right lobe lesion

Figure 3. The resected specimen contained multiple lesions.
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Figure 4. Upper CT in January 2020 showed complete removal of the metastatic lesion and RFA scar. Lower CT showed liver growth 
and reduction in the size of the RFA scar.

Figure 5. Multiple liver metastases were detected on preoperative MRI.

Figure 6. The two images above show multiple metastatic lesions throughout the liver. The image on the lower left shows identification 
and the right hepatic artery and right portal vein. The image on the lower right shows multiple wedge resections of the left lobe lesion, 
division of the left and right lobes, and ligation and transection of the right portal vein.

•	 Previously, the patient started chemotherapy with 
epirubicin plus docetaxel from December 2020 to May 2021 
and subsequently underwent palliative breast-conserving 
surgery of a primary tumor sized 1.7 cm and concurrently 
removing metastatic lymph nodes in the local clinic. Additional 
paclitaxel was administered between April 2021 and October 
2023. Unexpectedly, bony metastases in C3, T3, T11, L2 spines 
and right ilium were no longer seen on PET-CT on November 
9th 2023. Thus, we performed a multidisciplinary committee 
and decided to perform liver resection.

•	 The patient underwent a two-stage hepatectomy using the 
ALPPS procedure. The first stage (November 20, 2023) 
involved multiple wedge resections of the left lobe, division 
of the left and right lobes, and ligation of the portal vein of the 
right lobe. The second stage (December 4, 2023) consisted 
of right hepatectomy (Figure 6). After curative surgery, we 
continued adjuvant chemotherapy with capecitabine plus 
vinorelbine over 12 times and finally achieved complete 
remission of the tumor (Figure 7).
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Discussion
Breast cancer liver metastases (BCLM) have poor prognosis. 
Surgical resection is not the standard treatment and its suitability 
varies widely. The lack of clear guidelines for patient selection 
has led to inconsistent clinical practices 1.  Studies have shown 
a wide range of 5-year survival rates (9-78%) due to inconsistent 
eligibility criteria 2.

Several studies have shown that positive axillary lymph node 
involvement in breast cancer (BC) at the time of primary tumor 
resection is associated with poor outcomes. Patients with lymph 
node metastasis exhibited lower survival rates after resection for 
BCLM than those without nodal spread. 3,4 This suggests that 
positive lymph nodes may indicate a more aggressive disease 
with the potential for occult micrometastases present even at the 
time of initial breast surgery 5 and 6.  

Federica et al. demonstrated that patients with ER-positive 
primary tumors undergoing liver resection for BCLM exhibit 
better survival than those with ER-negative (including triple-
negative) tumors [8]. This highlights triple-negative status as 
an independent poor prognostic factor for BCLM. These findings 
suggest that a selective approach to BCLM resection, considering 
both the receptor status and lymph node involvement of the 
primary tumor, should be adopted, even though the receptor 
status of the BCLM itself may differ [9, 10].

In addition, several prognostic factors appear to be related to the 
characteristics of the liver metastases, including the number, 
size, distribution, extent and radicality of liver resection. Patients 
with multiple BCLMs have a shorter median disease-free survival 
(DFS) than patients with a single metastasis, which is consistent 
with the results of this meta-analysis 9 and 10. However, in 
our cases, good results were achieved despite the presence of 
multiple bilateral metastases of breast cancer (the first case had 
20 lesions and the second case had 18 lesions).

Studies have demonstrated decreased overall survival (OS) and 
disease-free survival (DFS) in patients with BCLM larger than 30 
mm (p = 0.041) or 40 mm. Several authors have proposed the use 
of tumor size as a criterion for selecting suitable candidates for 
surgical resection5.

Federica et al. confirmed that a short interval between breast 
cancer diagnosis and the development of liver metastasis (BCLM) 
is an unfavorable prognostic factor. Previous studies have 
similarly demonstrated that patients undergoing liver resection 
may have worse outcomes when the interval between BCLM 
diagnosis and primary tumor treatment is less than 24 months 
[11,12]. 

Their results also highlight the important role of curative surgery 
in achieving long-term survival. This importance extends beyond 
the absence of macroscopic residual disease, as described by 

Adam et al. in 2006, to the presence of microscopic residual 
disease [13]. A German study further supported this notion by 
identifying R1 resection (microscopic residual disease) as an 
independent prognostic factor for poor survival in multivariate 
analysis. The possibility of successful repeat liver resection 
in combination with systemic therapy, even in the presence of 
residual or recurrent disease, emphasizes the importance of 
achieving radical initial resection [14]. In our series, we performed 
radical R0 resection in both cases, and even performed RFA in 
three locations on the deep lesion in the first case to increase 
the curative rate. As a result, it seems to have shown a good 
prognosis.

Liver metastases are rarely the sole site of metastatic breast 
cancer. Therefore, many case series have included patients 
with BCLM and extrahepatic metastases, especially those with 
limited or well-controlled disease who responded to adjuvant 
chemotherapy. This has broadened the criteria for eligibility 
for resection. For example, Mariani et al. included patients 
with bone metastases, but did not explicitly exclude them as 
contraindications to surgery [15]. However, a previous study by 
Sakamoto et al. found that the presence of extrahepatic disease 
before liver resection was the only significant prognostic factor 
for poor outcome in multivariable analysis. Therefore, strict tumor 
surveillance after primary breast cancer treatment is essential 
for identifying patients with isolated liver metastases who may 
benefit from surgical resection [16]. In our second case, the 
patient underwent therapeutic ALPPS procedure after resolution 
of bone metastases, despite the presence of concomitant bone 
metastases.

As mentioned earlier, postoperative therapy following resection 
for BCLM and the presence of hormonal receptor status are among 
the most important factors affecting the long-term outcomes of 
patients with breast cancer because patients presenting with 
positive ER or PR seem to have the best long-term disease-free 
and overall survival [17]. As you seen in case 1, endocrine therapy 
is the preferred first-line treatment option for hormone receptor 
(HR)-positive and human epidermal growth factor receptor 2 
(HER2)-negative metastatic breast cancer (MBC). Currently, a 
potent oral inhibitor of cyclin-dependent kinases (CDK) 4/6 in 
conjunction with fulvestrant is a novel therapeutic option for the 
treatment of HR-positive/HER2-negative MBC [18].

According to the PALOMA-3 study, a multicenter, randomized, 
double-blind, placebo-controlled, phase III trial was designed 
to assess the superiority of palbociclib in combination with 
fulvestrant compared with fulvestrant in prolonging PFS in women 
with HR-positive/HER2-negative MBC and disease progression 
after endocrine therapy. The primary endpoint was PFS, and the 
secondary endpoints included a comparison of safety between 
the treatment arms. The median progression-free survival was 
9.2 months (95% confidence interval [CI], 7.5 to not estimable) 
with palbociclib–fulvestrant and 3.8 months (95% CI, 3.5 to 5.5) 

Figure 7. The left CT shows the left lobe multiple wedge resection, right and left lobe division, right portal vein ligation and transection. 
The middle image shows the status after secondary ALPPS surgery. The right image shows the fully grown remnant liver almost 1 
year after surgery.
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with placebo–fulvestrant (hazard ratio for disease progression or 
death, 0.42; 95% CI, 0.32 to 0.56; P<0.001) [19]. The emphasis 
here is on, in this report, the case 1 patient has survived over 
5 years although she has received the same treatment with 
palbociclib–fulvestrant after surgical curative surgery for BCLM, 
which is superior to the median progression-free survival of the 
PALOMA-3 study. Therefore, successful metastasectomy to 
remove macroscopic or microscopic residual disease in patients 
with hepatic metastasis from primary breast cancer is critical 8.

By the way, the case 2 patient had triple negative left breast 
cancer with multiple liver metastases and had also multiple bony 
metastases in C3, T3, T11, La2 spines and right ilium at the time 
of diagnosis. The patient had her primary breast cancer removed 
and underwent chemotherapy at a nearby hospital. In general, 
patients with breast cancer with bone metastases rarely have 
their primary breast cancer removed. She received epirubicin 
and docetaxel [20] after mastectomy, but due to worsening of 
the disease, she received paclitaxel as a second-line drug for a 
relatively long period of time. In recent years, a combination of 
pembrolizumab, an immune checkpoint inhibitor and paclitaxel 
has become the standard treatment for triple-negative metastatic 
breast cancer. In the KEYNOTE-355 study, pembrolizumab-
chemotherapy showed a significant and clinically meaningful 
improvement in progression-free survival compared to placebo-
chemotherapy among patients with metastatic triple-negative 
breast cancer with a PD-L1 combined positive score (CPS) of 
10 or more. These findings suggest a role for the addition of 
pembrolizumab to standard chemotherapy as first-line treatment 
for metastatic triple-negative breast cancer [21]. Nevertheless, 
since 2020, pembrolizumab has not been covered by insurance in 
Korea, so it is difficult to use it in practice.

This case series demonstrates the feasibility and potential 
efficacy of aggressive surgical approaches, including combined 
resection and RFA, and the ALPPS procedure, for managing 
multiple bilobar liver metastases from breast cancer. The 
successful outcomes in these two patients, with extended 
disease-free survival, highlight the importance of careful patient 
selection, meticulous surgical techniques, and a multidisciplinary 
approach. In particular, the ALPPS procedure offers a valuable 
option for patients with a limited FLR.3. 

Conclusion
Aggressive surgical strategies, tailored to individual patient 
characteristics, can offer significant benefits for highly selected 
patients with multiple liver metastases from breast cancer. 
Further studies with larger patient cohorts are needed to validate 
these findings and define optimal treatment algorithms.

References
1.	 Crump, M., Gluck, S., Tu, D., et al. (2008). Randomized trial of 

high-dose chemotherapy with autologous peripheral-blood 
stem-cell support compared with standard-dose chemotherapy 
in women with metastatic breast cancer: NCIC MA. 16. J Clin 
Oncol, 26(1), 37-43.

2.	 Rivera, K., Jeyarajah, D. R., & Washington, K. (2021). 
Hepatectomy, RFA, and other liver directed therapies for 
treatment of breast cancer liver metastasis: a systematic 
review. Front. Oncol, 11, 643383.

3.	 Sundén, M., Hermansson, C., Taflin, H., et al. (2020). Surgical 
treatment of breast cancer liver metastases-A nationwide registry-
based case control study. Eur J Surg Oncol, 46(6), 1006-1012.

4.	 Sadot, E., Lee, S. Y., Tsang, S. H., et al. (2016). Hepatic resection 
or ablation for isolated breast cancer liver metastasis: a case-
control study with comparison to medically treated patients. 
Ann Surg, 264(1), 147-154.

5.	 Cheung, T. T., Chok, K. S., Chan, A. C., et al. (2019). Survival 
analysis of breast cancer liver metastasis treated by 
hepatectomy: A propensity score analysis for Chinese women 
in Hong Kong. HBPD INT 18(5), 452-457.

6.	 Margonis, G. A., Buettner, S., Sasaki, K., et al. (2016). The role 
of liver-directed surgery in patients with hepatic metastasis 
from primary breast cancer: a multi-institutional analysis. HPB, 
18(8), 700-705..

7.	 Galiandro, F., Agnes, S., Moschetta, G., et al. (2022). Prognostic 
factors in patients with breast cancer liver metastases 
undergoing liver resection: systematic review and meta-
analysis. Cancers, 14(7), 1691.

8.	 Zegarac, M., Nikolic, S., Gavrilovic, D., et al. (2013). Prognostic 
factors for longer disease free survival and overall survival 
after surgical resection of isolated liver metastasis from breast 
cancer. J buon, 18(4), 859-865.

9.	 Abbas, H., Erridge, S., Sodergren, M. H., et al. (2017). Breast 
cancer liver metastases in a UK tertiary centre: Outcomes 
following referral to tumour board meeting. Int J Surg, 44, 152-
159.

10.	 Ercolani, G., Zanello, M., Serenari, M., et al. (2018). Ten-year 
survival after liver resection for breast metastases: a single-
center experience. Dig Surg, 35(4), 372-380.

11.	 Treska, V., Cerna, M., Liska, V., et al. (2014). Surgery for 
breast cancer liver metastases–Factors determining results. 
Anticancer Res, 34(3), 1281-1286..

12.	 Ruiz, A., Castro-Benitez, C., Sebagh, M., et al. (2015). Repeat 
hepatectomy for breast cancer liver metastases. Ann Surg 
Oncol, 22(Suppl 3), 1057-1066.

13.	 Adam, R., Aloia, T., Krissat, J., et al. (2006). Is liver resection 
justified for patients with hepatic metastases from breast 
cancer?. Ann Surg, 244(6), 897-908.

14.	 Sakamoto, Y., Yamamoto, J., Yoshimoto, M., et al. (2005). 
Hepatic resection for metastatic breast cancer: prognostic 
analysis of 34 patients. World J. Surg, 29(4), 524-527.

15.	 Mariani, P., Servois, V., De Rycke, Y., et al. (2013). Liver 
metastases from breast cancer: Surgical resection or not? A 
case-matched control study in highly selected patients. Eur J 
Surg Oncol, (39(12), 1377-1383.

16.	 Dittmar, Y., Altendorf-Hofmann, A., Schüle, S., et al. (2013). Liver 
resection in selected patients with metastatic breast cancer: a 
single-centre analysis and review of literature. J. Cancer Res. 
Clin. Oncol, 139(8), 1317-1325..

17.	 Bacalbasa, N., Balescu, I., Ilie, V., et al. (2018). The impact on the 
long-term outcomes of hormonal status after hepatic resection 
for breast cancer liver metastases. in vivo, 32(5), 1247-1253..

18.	 Verma, S., Bartlett, C. H., Schnell, P., et al. (2016). Palbociclib 
in combination with fulvestrant in women with hormone 
receptor-positive/HER2-negative advanced metastatic 
breast cancer: detailed safety analysis from a multicenter, 
randomized, placebo-controlled, phase III study (PALOMA-3). 
The oncologist, 21(10), 1165-1175..

19.	 Turner, N. C., Slamon, D. J., Ro, J., et al. (2018). Overall survival 
with palbociclib and fulvestrant in advanced breast cancer. N 
Engl J Med, 379(20), 1926-1936..

20.	 Mavroudis, D., Papakotoulas, P., Ardavanis, A., et al. (2010). 
Randomized phase III trial comparing docetaxel plus epirubicin 
versus docetaxel plus capecitabine as first-line treatment in 
women with advanced breast cancer. Ann Oncol, 21(1), 48-54..

21.	 Cortes, J., Cescon, D. W., Rugo, H. S., et al. (2020). Pembrolizumab 
plus chemotherapy versus placebo plus chemotherapy for 
previously untreated locally recurrent inoperable or metastatic 
triple-negative breast cancer (KEYNOTE-355): a randomised, 
placebo-controlled, double-blind, phase 3 clinical trial. The 
Lancet, 396(10265), 1817-1828.

https://ascopubs.org/doi/abs/10.1200/jco.2007.11.8851
https://ascopubs.org/doi/abs/10.1200/jco.2007.11.8851
https://ascopubs.org/doi/abs/10.1200/jco.2007.11.8851
https://ascopubs.org/doi/abs/10.1200/jco.2007.11.8851
https://www.frontiersin.org/articles/10.3389/fonc.2021.643383/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.643383/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.643383/full
https://www.sciencedirect.com/science/article/pii/S0748798320301104
https://www.sciencedirect.com/science/article/pii/S0748798320301104
https://www.sciencedirect.com/science/article/pii/S0748798320301104
https://journals.lww.com/annalsofsurgery/fulltext/2016/07000/Hepatic_Resection_or_Ablation_for_Isolated_Breast.24.aspx
https://journals.lww.com/annalsofsurgery/fulltext/2016/07000/Hepatic_Resection_or_Ablation_for_Isolated_Breast.24.aspx
https://journals.lww.com/annalsofsurgery/fulltext/2016/07000/Hepatic_Resection_or_Ablation_for_Isolated_Breast.24.aspx
https://www.sciencedirect.com/science/article/pii/S1499387219301717
https://www.sciencedirect.com/science/article/pii/S1499387219301717
https://www.sciencedirect.com/science/article/pii/S1499387219301717
https://www.sciencedirect.com/science/article/pii/S1499387219301717
https://www.sciencedirect.com/science/article/pii/S1365182X16317701
https://www.sciencedirect.com/science/article/pii/S1365182X16317701
https://www.sciencedirect.com/science/article/pii/S1365182X16317701
https://www.mdpi.com/2072-6694/14/7/1691'
https://www.mdpi.com/2072-6694/14/7/1691'
https://www.mdpi.com/2072-6694/14/7/1691'
https://www.mdpi.com/2072-6694/14/7/1691'
https://www.academia.edu/download/48766019/Prognostic_factors_for_longer_disease_fr20160912-7093-1o7qhim.pdf
https://www.academia.edu/download/48766019/Prognostic_factors_for_longer_disease_fr20160912-7093-1o7qhim.pdf
https://www.academia.edu/download/48766019/Prognostic_factors_for_longer_disease_fr20160912-7093-1o7qhim.pdf
https://www.academia.edu/download/48766019/Prognostic_factors_for_longer_disease_fr20160912-7093-1o7qhim.pdf
https://www.sciencedirect.com/science/article/pii/S1743919117305125
https://www.sciencedirect.com/science/article/pii/S1743919117305125
https://www.sciencedirect.com/science/article/pii/S1743919117305125
https://karger.com/dsu/article-abstract/35/4/372/118836
https://karger.com/dsu/article-abstract/35/4/372/118836
https://karger.com/dsu/article-abstract/35/4/372/118836
https://ar.iiarjournals.org/content/34/3/1281.short
https://ar.iiarjournals.org/content/34/3/1281.short
https://link.springer.com/article/10.1245/s10434-015-4785-8
https://link.springer.com/article/10.1245/s10434-015-4785-8
https://journals.lww.com/annalsofsurgery/fulltext/2006/12000/Staging,_Resectability,_and_Outcome_in_225.10.aspx
https://journals.lww.com/annalsofsurgery/fulltext/2006/12000/Staging,_Resectability,_and_Outcome_in_225.10.aspx
https://journals.lww.com/annalsofsurgery/fulltext/2006/12000/Staging,_Resectability,_and_Outcome_in_225.10.aspx
https://onlinelibrary.wiley.com/doi/abs/10.1007/s00268-004-7688-6
https://onlinelibrary.wiley.com/doi/abs/10.1007/s00268-004-7688-6
https://www.sciencedirect.com/science/article/pii/S0748798313008354
https://www.sciencedirect.com/science/article/pii/S0748798313008354
https://www.sciencedirect.com/science/article/pii/S0748798313008354
https://link.springer.com/article/10.1007/s00432-013-1440-2
https://link.springer.com/article/10.1007/s00432-013-1440-2
https://link.springer.com/article/10.1007/s00432-013-1440-2
https://iv.iiarjournals.org/content/32/5/1247.short
https://iv.iiarjournals.org/content/32/5/1247.short
https://iv.iiarjournals.org/content/32/5/1247.short
https://academic.oup.com/oncolo/article-abstract/21/10/1165/6401025
https://academic.oup.com/oncolo/article-abstract/21/10/1165/6401025
https://academic.oup.com/oncolo/article-abstract/21/10/1165/6401025
https://academic.oup.com/oncolo/article-abstract/21/10/1165/6401025
https://academic.oup.com/oncolo/article-abstract/21/10/1165/6401025
https://www.nejm.org/doi/abs/10.1056/NEJMoa1810527
https://www.nejm.org/doi/abs/10.1056/NEJMoa1810527
https://www.sciencedirect.com/science/article/pii/S0923753419382596
https://www.sciencedirect.com/science/article/pii/S0923753419382596
https://www.sciencedirect.com/science/article/pii/S0923753419382596
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)32531-9/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)32531-9/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)32531-9/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)32531-9/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)32531-9/abstract

