
Frontiers in Oncology | www.frontiersin.org

Edited by:
Dong-Xu Liu,

Auckland University of Technology,
New Zealand

Reviewed by:
Xudong Zhang,

First Affiliated Hospital of Zhengzhou
University, China

Cheng Sun,
China Medical University, China

*Correspondence:
Wen-Ming Cao

caowm@zjcc.org.cn

Specialty section:
This article was submitted to

Cancer Immunity and
Immunotherapy,

a section of the journal
Frontiers in Oncology

Received: 28 July 2020
Accepted: 18 December 2020
Published: 09 February 2021

Citation:
Wang R, Yang Y, Ye W-W,
Xiang J, Chen S, Zou W-B,

Wang X-J, Chen T and Cao W-M
(2021) Case Report: Significant

Response to Immune Checkpoint
Inhibitor Camrelizumab in a

Heavily Pretreated Advanced
ER+/HER2− Breast Cancer Patient

With High Tumor Mutational Burden.
Front. Oncol. 10:588080.

doi: 10.3389/fonc.2020.588080

CASE REPORT
published: 09 February 2021

doi: 10.3389/fonc.2020.588080
Case Report: Significant Response
to Immune Checkpoint Inhibitor
Camrelizumab in a Heavily
Pretreated Advanced
ER+/HER2− Breast Cancer Patient
With High Tumor Mutational Burden
Rong Wang1,2, Yuchen Yang3, Wei-Wu Ye1,2, Jianxing Xiang3, Songan Chen3,
Wei-Bin Zou1,2, Xiao-Jia Wang1,2, Tianhui Chen2,4 and Wen-Ming Cao1,2*

1 Department of Breast Medical Oncology, Cancer Hospital of the University of Chinese Academy of Sciences (Zhejiang
Cancer Hospital), Hangzhou, China, 2 Institute of Cancer and Basic Medicine (IBMC), Chinese Academy of Sciences,
Hangzhou, China, 3 Burning Rock Biotech, Guangzhou, China, 4 Department of Cancer Prevention, Cancer Hospital of the
University of Chinese Academy of Sciences (Zhejiang Cancer Hospital), Hangzhou, China

Endocrine treatment plus CDK4/6 inhibitors have become standard of care for estrogen
receptor positive (ER+) breast cancer. Although immune checkpoint inhibitors (ICIs) have
shown promising antitumor activity in a variety of cancer types, only limited success has
been achieved for metastatic breast cancer (mBC) patients, especially the ER+ subtype,
which usually exhibit lower tumor mutation burden (TMB) compared with other subtypes
and therefore perceived as immunologically quiescent. Here we present a case of an ER
+/HER2- but TMB-high mBC patient who had significant response to combination
therapy with anti-PD-1 antibody camrelizumab and vinorelbine and obtained partial
response (PR) with a progression-free survival (PFS) of 5 months after failure of multiple
lines of therapy. Our case indicates that TMB may serve as a potential biomarker in
immunotherapy selection for normally immunologically “cold” tumors such as ER+ mBC,
also molecular monitoring during the whole treatment course plays an important role in
patient management.

Keywords: breast cancer, immunotherapy, biomarker, TMB, NGS, molecular monitoring
INTRODUCTION

Breast cancer is the most common cancer worldwide for females, accounting for almost a quarter of
all female cancers (1). There are three main molecular subtypes in breast cancer: hormone receptor-
positive (HR+), human epidermal growth factor receptor-2 amplified/overexpressed (HER2+), and
triple-negative (TN). HR+ tumors include ER+ and/or progesterone receptor-positive (PR+) breast
cancers. ER+ subtypes are the main group of breast cancers, accounting for 75% (2). Within this
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population, traditional endocrine therapies targeting estrogen
receptor such as tamoxifen, fulvestrant, and aromatase inhibitors
(AI) have being widely used clinically. About 30% patients
acquired resistance during endocrine treatment (3) and drugs
targeting on cell-signaling pathways such as CDK4/6 inhibitor
has been recognized to relieve resistance. CDK4/6 inhibitor
palbociclib in combination with letrozole prolonged PFS for
almost 10 months in ER+ HER2- mBC compared with placebo
plus letrozole in study PALOMA-2 (4). Also, study PALOMA-3
showed that fulvestrant plus palbociclib was associated with
significant improvement in PFS compared with fulvestrant plus
placebo (5).

Besides endocrine and targeted therapies, ICIs such as PD-1 and
programmed cell death 1 ligand 1 (PD-L1) inhibitors have
revolutionized cancer treatment in recent years. ICIs exert anti-
tumor activity mainly through enhancing host immune response.
However, only a small fraction of metastatic breast cancer (mBC)
patients have benefited from ICIs. Atezolizumab plus nab-paclitaxel
has been approved for triple-negative breast cancer (TNBC) with
≥1% PD-L1 expression on tumor-infiltrating immune cells based on
the IMPASSION130 study (6). Also, TMB was assumed to create
neo-antigens, which could exert host immune response. Thus, TMB
has become an increasingly important biomarker in immune
treatment. However, one of the challenges for immunotherapy in
mBC is that breast tumors have always been perceived as
immunologically quiescent with lower TMB levels compared with
NSCLC and melanoma (7). TMB varies in the subtypes of
breast cancers, with HER2+ and TNBC exhibiting higher burden
than HR+ subtypes (8, 9).

In the current report, we present a case of an ER+/HER2-, TMB-
high mBC patient who had significant response to an anti-PD-1
antibody Camrelizumab after failure of multiple lines of therapy.
This case report will provide new insights into TMB level and
corresponding immunotherapy strategy of ER+ mBC in clinical
practice. TMB level might serve as the potential biomarker for the
efficacy of ICIs, and molecular monitoring during the whole course
plays an important role in patient management.
CASE PRESENTATION

The patient management is described in Figure 1. A 57-year-old
female patient who underwent a right breast modified radical
Abbreviations: AI, aromatase inhibitors; CA, carbohydrate antigen; CCEP,
cutaneous capillary endothelial proliferation; cfDNA, circulating free DNA; CR,
complete response; CT, computed tomography; CTLA-4, cytotoxic T-
lymphocyte–associated antigen; ER+, estrogen receptor positive; HER2+, human
epidermal growth factor receptor-2 amplified/overexpressed; HR+, hormone
receptor-positive; ICIs, immune checkpoint inhibitors; IHC, PET-CT:
immunohistochemistry; mBC, metastatic breast cancer; MRI, magnetic
resonance imaging; NGS, next generation sequencing; NMPA, National Medical
Products Administration; PD, progressive disease; PD-1, programmed cell death
receptor 1; PD-L1, programmed cell death 1 ligand 1; PET-CT, positron emission
tomography-computed tomography; PFS, progression-free survival; PR, partial
response; PR+, progesterone receptor-positive; PR-, negative progesterone
receptor; TMB, tumor mutation burden; bTMB, blood TMB; tTMB, tissue
TMB; TN, triple-negative; TNBC, triple-negative breast cancer.
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mastectomy in December 2014 with the post-operative
pathologic diagnosis as grade 3 invasive breast cancer without
lymph node metastasis, pT1N0M0, stage IA. The results of
immunohistochemistry (IHC) were positive ER (ER+), negative
progesterone receptor (PR-), no HER2 overexpression (IHC 0),
and a Ki67 level of 15%. After surgery, the patient received
adjuvant chemotherapy of doxorubicin 60 mg/m2 and
cyclophosphamide 600 mg/m2 once every 21 days for four
cycles followed by docetaxel 80 mg/m2 once every 21 days for
four cycles (AC-T regimen). After chemotherapy, she began
adjuvant endocrine therapy of tamoxifen for 2 years and
anastrozole for one year. In the end of July 2018, she was
admitted to hospital due to the lump detected in the neck for
20 days, and the initial supraclavicular lymph node biopsy
suggested metastasis. The corresponding IHC results displayed
as positive ER at 20–30%, PR- and HER2 (1+). Subsequent
positron emission tomography-computed tomography (PET-
CT) showed bone metastasis and multiple lymph nodes in the
whole body.

The patient began fulvestrant endocrine therapy, at the dose of
500 mg on day 0, 14, 28, and every 28 days thereafter, with
zoledronic acid targeting on bone-related events soon after the
progression detected. CDK4/6 inhibitor palbociclib (125 mg orally
every day) was also added after one-month treatment as it was listed
on September 2018 in China. However, computed tomography
(CT) showed progressive disease (PD) in multiple lesions of coelom
lymph nodes, producing a PFS of 4 months. Circulating free DNA
(cfDNA) from patient’s plasma was subjected to next generation
sequencing (NGS) using OncoScreen Plus panel (Burning Rock
Biotech, Guangzhou, China). NGS revealed an amplification of
FGFR1, mutations in MAP3K1, NF1, PTEN, TP53, which were all
presented in tumor tissue samples from surgery and supraclavicular
lymph node biopsy assessed by the same NGS panel (Figure 1,
Supplementary Table 1). The blood TMB (bTMB) from the
plasma was 7.9 mutations/megabase [mut/Mb], tissue TMB
(tTMB) detected from surgery and supraclavicular lymph node
biopsy were at modest levels of 5.98 mut/Mb and 4.99 mut/
Mb respectively.

Albumin paclitaxel monotherapy was then administered at the
dose of 125 mg/m2 for day 1, 8, and 15 every 4 weeks, yielding a best
response of non-complete response (CR)/non-PD, with a PFS of 8
months. In detail, approximately six months after chemotherapy
administration, the patient received radiotherapy with 30Gy/10F to
the brain because magnetic resonance imaging (MRI) displayed
multiple metastatic parenchyma in both sides. After another month,
both CT and upper abdominal MRI showed metastasis in multiple
lesions in liver, which were pathologically defined as poorly
differentiated carcinoma through coarse needle biopsy with
positive ER at 20%, PR-, no HER2 overexpression (IHC 0), and a
Ki67 level of 30%. Liver biopsy sample and cfDNA from plasma
were both evaluated using OncoScreen Plus NGS assay. NGS
showed extremely high TMB in both samples: 26.92 mut/Mb in
tumor lesion and 149.2 mut/Mb in cfDNA.

Because of the high TMB detected, camrelizumab (at the dose
of 200 mg for day 1 every 3 weeks) combined with vinorelbine (40
mg for day 1 and day 8) were innovatively attempted after NGS
February 2021 | Volume 10 | Article 588080
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testing on September 28, 2019. After two cycles of treatment, MRI
displayed that the intrahepatic lesions had markedly shrunken in
size and maintained after four treatment cycles (Figure 2), also
carbohydrate antigen (CA) level in the blood decreased rapidly
during the first 4-cycle treatment (Figure 3), yielding the best
response of partial response (PR). NGS of plasma cfDNA
performed after two cycles of treatment showed a decrease in
bTMB level from 149.2 to 40.88 mut/Mb, also other plasma
cfDNA mutations were divided into 5 clusters according to their
frequency referred to the computational method SciClone (10)
and frequencies fluctuated accordingly during immunotherapy
(Figure 4), suggesting that treatment had been effective from the
molecular aspect. However, the patient experienced PD on March
Frontiers in Oncology | www.frontiersin.org 3
25, 2020, with a PFS of 5 months. During the course of
camrelizumab treatment, the patient developed grade 2 adverse
effects of cutaneous capillary endothelial proliferation (CCEP),
mainly displayed in neck and fingers, but the patient was able to
tolerate the treatment without any dose reduction.
DISCUSSION

Recent successful development of immunotherapy with ICIs for
cancer treatment has rekindled enthusiasm for the research of
immune system. Various agents of ICIs such as inhibitors of
cytotoxic T-lymphocyte–associated antigen (CTLA-4), PD-1,
February 2021 | Volume 10 | Article 588080
FIGURE 1 | Therapeutic course timeline followed in the patient. (A) Doxorubicin+Cyclophosphamide+Docetaxel (AC-T), (B) Tamoxifen, (C) Anastrozole,
(D) Fulvestrant, (E) Fulvestrant+Palbociclib, (F) Albumin paclitaxel+radiotherapy, (G) Camrelizumab+Vinorelbine. bTMB, blood TMB; CR, complete response;
PR, partial response; PD, progressive disease; DFS, disease-free survival; PFS, progression-free survival; AF, allelic frequency; CN, copy number.
FIGURE 2 | MR Image scans revealed the clinical response to the treatment of PD-1 antibody camrelizumab combined with vinorelbine.
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and PD-L1 have been approved by FDA in several solid tumors
and classical Hodgkin lymphoma. For example, PD-1 antibody
pembrolizumab has been approved in many tumor types
including NSCLC, SCLC, melanoma, and refractory solid
cancers with microsatellite instability. As is mentioned above,
atezolizumab plus nab-paclitaxel has been approved for TNBC,
as the only approved agent in breast cancer. Recently, a few
clinical trials targeting on HR+ breast cancers were launched but
the results so far are not promising. In a phase Ib trial JAVELIN
(11), PD-L1 antibody avelumab was evaluated for all subtypes of
mBC, ORR was only 2.8% for unselected HR+/HER2- cohort. In
another phase Ib trial KEYNOTE-028 (12), efficacy of
Frontiers in Oncology | www.frontiersin.org 4
pembrolizumab for PD-L1 positive ER+/HER2- mBC was
assessed, ORR was 12% with 1.8-month PFS and 8.6-month OS.

Somatic mutations presented in cancer genome lead to the
creation of neo-antigens, which serve as the target for anti-tumor
immune activity (13, 14). In another word, the high level of
mutation burden a tumor possesses could be associated with the
production of high level of neo-antigens, which will present and
be recognized by the immune system. Consistently, many types
of tumors such as NSCLC and melanoma have shown high TMB
level and it presents as the predictor of improved response,
durable clinical benefit and PFS to ICIs in such tumors nowadays
(15, 16). However, breast cancer has always been treated
FIGURE 3 | Fluctuation of CA level during immunotherapy in the blood including CA125, CA153, CA199. CA, carbohydrate antigen.
FIGURE 4 | Progression of cfDNA mutation burden during camrelizumab treatment, analyzed by variant allele frequencies. Frequencies of variants in Cluster 1 and 2
fluctuated along with treatment effectiveness, while those in Cluster 5 remained steadily; Mutations in cluster 3 acquired as disease progression and those in cluster
4 vanished before PR achieved. Broken vertical white lines correspond to plasma sample before immunotherapy, PR, and relapse subsequent to treatment.
February 2021 | Volume 10 | Article 588080
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immunologically as “cold” tumors, because such tumors are less
immunogenic and the general TMB level could be much lower,
especially for HR+ subgroups (7–9). Keynote 119 study displayed
that mTNBC patients with high TMB were associated with better
clinical benefit with pembrolizumab compared with
chemotherapy (17). In addition, analysis from other studies
demonstrated that breast cancers including TNBC and other
molecular subtypes with high TMB could also benefit from
immunotherapy (9, 18). Patient in our case displayed high
TMB in liver metastatic lesions and cfDNA in plasma and
received ICIs treatment camrelizumab in combination with
chemotherapy accordingly. Camrelizumab is an anti- PD-1
monoclonal antibody, which has been approved for the
indication of relapsed/refractory classical hodgkin lymphoma
and advanced hepatocellular carcinoma by National Medical
Products Administration (NMPA) in China. Also, bTMB levels
of the patient showed obvious decrease after two months’ ICIs
treatment (from 149.2 to 40.88 mut/Mb) and remained stable for
several months, which may note us that bTMB could be a
potential monitoring biomarker of ICIs treatment.

Approximately 75% breast cancers have been defined as ER+
breast cancers (2). Interfering with hormone estrogen action such as
tamoxifen has become a main therapy in this cohort for a long time
(19). While drug resistance to endocrine treatment is not rare in ER
+ mBC patients and various endocrine resistance mechanisms have
been recognized, such as loss of ERa expression, increasing
expression of signaling pathway such as CCND1-CDK4/6-RB
and other biological processes (20). CDK4/6 inhibitor palbociclib
displayed great antitumor efficacy with hormonal therapies. As is
mentioned, in the phase III PALOMA-2 study, palbociclib
combined with letrozole resulted in longer PFS than that with
letrozole alone for previously untreated ER+ breast cancers (PFS:
24.8 vs. 14.5 mon, hazard ratio 0.58; 95% CI, 0.46 to 0.72; P < 0.001)
(4). Subsequent phase III PALOMA-3 study further demonstrated
that for ER+ breast cancers who had progressed on previous
endocrine therapy, palbociclib along with fulvestrant resulted in
longer PFS than fulvestrant alone (PFS: 9.5 vs. 4.6 mon, hazard ratio
0.46, 95% CI 0.36–0.59, p < 0·0001) (21, 22).

Genomic aberrations in patients from PALOMA-3 (23) were
further analyzed, FGFR1 amplification was found in patients at
risk of early progression. A recent clinical trial found out that
patients with FGFR1 amplification were more likely to be the PR-
subtype and experienced shorter time to progression with both
endocrine therapy and in combination with CDK4/6 inhibitor
(24). In addition, FGFR1 amplification has been recognized as a
resistance mechanism for the treatment of CDK4/6 inhibitor plus
fulvestrant in ER+ breast cancer cells, also NGS results of ctDNA
from patients enrolled in MONALEESA-2 showed that patients
with FGFR1 amplification exhibited a shorter PFS compared to
patients with wild-type FGFR1 under the treatment of CDK4/6
inhibitor plus letrozole (PFS: 10.61 vs. 24.84 mon, p = 0.075) (25).
In our case, FGFR1 amplification was detected in tumor specimens
from surgery and remained in ctDNA along with the treatment,
which may help explain the short PFS of only 4 months with
CDK4/6 inhibitor palbociclib plus fulvestrant.
Frontiers in Oncology | www.frontiersin.org 5
To our knowledge, this is the first case to demonstrate the
anti-tumor activity of PD-1 antibody camrelizumab in heavily
treated ER+ mBC with high TMB. In this case, molecular
monitoring through NGS platform along with treatment
provided useful information regarding drug efficacy and
selection. NGS panel assessed TMB may help define a patient
group which could potentially benefit from immune treatment,
even in ER+ mBC commonly known as immunosuppressive.
Moreover, assessment of bTMB levels may also aid in evaluating
ICIs efficiency in the course of drug usage.
CONCLUSIONS

In conclusion, we present a case of combination therapy of PD-1
antibody camrelizumab and chemotherapy for an ER+ breast
cancer patient with high TMB who developed resistance to
multiple lines of therapy. Camrelizumab combination therapy
achieved PR with a PFS of 5 months. We therefore propose that
TMB may serve as a potential biomarker in immunotherapy
selection for normally “cold” tumors such as ER+ mBC.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the ethnic committee of the Cancer Hospital of the
University of Chinese Academy of Sciences (Zhejiang Cancer
Hospital). The patients/participants provided their written
informed consent to participate in this study. Written
informed consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data
included in this article.
AUTHOR CONTRIBUTIONS

RW,WC, and SC identified the case. RW,WY, WZ, XW, and TC
collected the clinical information, diagnostic information,
therapeutic information, and images of the patients. YY wrote
and submitted the manuscript. JX revised the manuscript. WC
and RW proofread the manuscript. All authors contributed to
the article and approved the submitted version.
FUNDING

This study was supported by grants from the Natural Science
Foundation of Zhejiang Province, China (grant number:
LY17H160038), Key Research-Development Program of
Zhejiang Province (grant number: 2020C04012, 2019C04001,
2017C03013), and Science and Technology Program offered by
the Health Bureau of Zhejiang Province, China (grant
number: 2017RC014).
February 2021 | Volume 10 | Article 588080

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Wang et al. Case Report: TMB-H mBC Responded to Camrelizumab
ACKNOWLEDGMENTS

The authors thank the patient and the patient’s kin for the agreement
to the publication of the report. We also thank Shan Liu for her work
in communication and Junyi Ye in image production.
Frontiers in Oncology | www.frontiersin.org 6
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2020.
588080/full#supplementary-material
REFERENCES

1. Ghoncheh M, Pournamdar Z, Salehiniya H. Incidence and mortality and
epidemiology of breast cancer in the world. Asian Pac J Cancer Prev (2016) 17
(S3):43–6. doi: 10.7314/APJCP.2016.17.S3.43

2. Nadji M, Gomez-Fernandez C, Ganjei-Azar P, Morales AR. Immunohistochemistry
of estrogen and progesterone receptors reconsidered: Experience with 5,993 breast
cancers. Am J Clin Pathol (2005) 123(1):21–7. doi: 10.1309/4WV79N2GHJ3X1841

3. Abe O, Abe R, Enomoto K, Kikuchi K, Koyama H, Masuda H, et al. Effects of
chemotherapy and hormonal therapy for early breast cancer on recurrence
and 15-year survival: An overview of the randomised trials. Lancet (2005) 365
(9472):1687–717. doi: 10.1016/S0140-6736(05)66544-0

4. Finn RS, Martin M, Rugo HS, Jones S, Im SA, Gelmon K, et al. Palbociclib and
letrozole in advanced breast cancer. N Engl J Med (2016) 375(20):1925–36.
doi: 10.1056/NEJMoa1607303

5. Cristofanilli M, Turner NC, Bondarenko I, Ro J, Im S-A, Masuda N, et al.
Fulvestrant plus palbociclib versus fulvestrant plus placebo for treatment of
hormone-receptor-positive, HER2-negative metastatic breast cancer that
progressed on previous endocrine therapy (PALOMA-3): final analysis of
the multicentre, double-blind, pha. Lancet Oncol (2016) 17(4):425–39.
doi: 10.1016/S1470-2045(15)00613-0

6. Schmid P, Adams S, Rugo HS, Schneeweiss A, Barrios CH, Iwata H, et al.
Atezolizumab and nab-paclitaxel in advanced triple-negative breast cancer.
N Engl J Med (2018) 379(22):2108–21. doi: 10.1056/NEJMoa1809615

7. Adams S, Gatti-MaysME, Kalinsky K, Korde LA, Sharon E, Amiri-Kordestani L,
et al. Current Landscape of Immunotherapy in Breast Cancer: A Review. JAMA
Oncol (2019) 5(8):1205–14. doi: 10.1001/jamaoncol.2018.7147

8. Barroso-Sousa R, Jain E, Cohen O, Kim D, Buendia-Buendia J, Winer E, et al.
Prevalence and mutational determinants of high tumor mutation burden in breast
cancer. Ann Oncol (2020) 31(3):387–94. doi: 10.1016/j.annonc.2019.11.010

9. Voutsadakis IA. High Tumor Mutation Burden and Other Immunotherapy
Response Predictors in Breast Cancers: Associations and Therapeutic
Opportunities. Target Oncol (2020) 31(3):387–94. doi: 10.1007/s11523-019-00689-7

10. Miller CA, White BS, Dees ND, Griffith M, Welch JS, Griffith OL, et al.
SciClone: inferring clonal architecture and tracking the spatial and temporal
patterns of tumor evolution. PloS Comput Biol (2014) 10:e1003665.
doi: 10.1371/journal.pcbi.1003665

11. Dirix LY, Takacs I, Jerusalem G, Nikolinakos P, Arkenau HT, Forero-Torres A,
et al. Avelumab, an anti-PD-L1 antibody, in patients with locally advanced or
metastatic breast cancer: A phase 1b JAVELIN solid tumor study. Breast Cancer
Res Treat (2018) 167(3):671–86. doi: 10.1007/s10549-017-4537-5

12. Rugo HS, Delord J-P, Im S-A, Ott PA, Piha-Paul SA, Bedard PL, et al. Safety
and Antitumor Activity of Pembrolizumab in Patients with Estrogen
Receptor-Positive/Human Epidermal Growth Factor Receptor 2-Negative
Advanced Breast Cancer. Clin Cancer Res (2018) 24(12):2804–11.
doi: 10.1158/1078-0432.CCR-17-3452

13. Kreiter S, Vormehr M, Van De Roemer N, Diken M, Löwer M, Diekmann J,
et al. Mutant MHC class II epitopes drive therapeutic immune responses to
cancer. Nature (2015) 520(7549):692–6. doi: 10.1038/nature14426

14. Dupage M, Mazumdar C, Schmidt LM, Cheung AF, Jacks T. Expression of
tumour-specific antigens underlies cancer immunoediting. Nature (2012)
4827(7385):405–9. doi: 10.1038/nature10803
15. Rizvi NA, Hellmann MD, Snyder A, Kvistborg P, Makarov V, Havel JJ, et al.
Cancer immunology. Mutational landscape determines sensitivity to PD-1
blockade in non-small cell lung cancer. Science (2015) 348(6230):124–8.
doi: 10.1126/science.aaa1348

16. Snyder A, Makarov V, Merghoub T, Yuan J, Zaretsky JM, Desrichard A, et al.
Genetic basis for clinical response to CTLA-4 blockade in melanoma. N Engl J
Med (2014) 371(23):2189–99. doi: 10.1056/NEJMoa1406498

17. Winer EP, Lipatov O, Im S-A, Goncalves A, Muñoz-Couselo E, Lee KS, et al.
Association of tumor mutational burden (TMB) and clinical outcomes with
pembrolizumab (pembro) versus chemotherapy (chemo) in patients with
metastatic triple-negative breast cancer (mTNBC) from KEYNOTE-119.
J Clin Oncol (2020) 38(15_suppl):1013. doi: 10.1200/jco.2020.38.15_suppl.1013

18. Samstein RM, Lee CH, Shoushtari AN, Hellmann MD, Shen R, Janjigian YY,
et al. Tumor mutational load predicts survival after immunotherapy across
multiple cancer types. Nat Genet (2019) 51(2):202–6. doi: 10.1038/s41588-
018-0312-8

19. Osborne CK. Tamoxifen in the treatment of breast cancer. N Engl J Med
(1998) 339(22):1609–18. doi: 10.1056/NEJM199811263392207

20. Musgrove EA, Sutherland RL. Biological determinants of endocrine resistance
in breast cancer. Nat Rev Cancer (2009) 9(9):631–43. doi: 10.1038/nrc2713
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