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he Coronavirus disease (COVID-19) pandemic has resulted in challenges to cancer management, exacerbated by limited
clinical resources and caution in preventing COVID-19 transmission between patients and healthcare professionals. The
neglect of breast cancer (in particular, triple-negative breast cancer (TNBC)) patients during the outbreak could negatively
impact their overall survival, as delays in treatment and consultations provide vital time for tumor progression and
metastasis. Herein, we review the shifting clinical management of TNBCs during the COVID-19 outbreak. The suggested
treatment recommendations can hopefully minimize virus exposure without sacrificing patient care during times when
healthcare systems are overburdened. Further, we review published RNA-seq data to assess the theoretical infectability
of metastatic TNBCs to Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) infection.
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| 1. Introduction

The treatment of patients with various cancers during the COVID-19 pandemic presents a unique set of challenges.
Cancer patients or those with a history of cancer face a disproportionately higher risk of SARS-CoV-2 infection and a poor
prognosis relative to COVID-19 patients without cancer@EI4E However, many of these studies have been limited by
low numbers of patients and a lack of diversity in geography, age, sex, race/ethnicity and cancer treatment information.
The disparity in SARS-CoV-2 infections among cancer patients relative to non-cancer patients may be explained by
evidence that cancer patients are immunocompromised while receiving anti-cancer treatments (i.e., surgery,
chemotherapy, targeted therapies) or supporting medications (i.e., steroids) and experience the inherently
immunosuppressive nature of their cancerl&B, Furthermore, cancer patients are often older than 60 years of age with
one or more co-morbidities and are in frequent contact with healthcare services and facilities during and after cancer
treatment, increasing their risk of SARS-CoV-2 infection and COVID-19 mortality!®. Clinicians are now presented with the
difficult task of healthcare restructuring that concurrently favors the reduction of COVID-19 transmission and the delivery
of high-quality care for cancer patients. The high degree of heterogeneity among cancers and the broad spectrum of
cancer progression profiles and variation in subtype-specific clinical implications mean that prioritizations for treatment
must be made.

These studies have highlighted cancer patients as an important at-risk group for adverse clinical prognosis following
SARS-CoV-2 infection. While more data on cancer patients with COVID-19 are required, a retooling of patient cancer
treatment that reduces the risk of SARS-CoV-2 infection without sacrificing potentially life-saving cancer treatments is
favorable. An abundance of literature has been published focusing on the clinical outlook of cancer patients with COVID-
19. However, less information exists on specific cancers and clinically relevant cancer subtypes. Thus, more research will
be necessary to fully understand the effects of COVID-19 on these patients and to inform cancer type-specific treatment
guidelines, as is the case for TNBC.

| 2. TNBC Management during COVID-19

For the effective prioritization of treatment for breast cancer patients not suspected to have COVID-19 during the
pandemic, Dietz and colleagues have suggested the categorization of breast cancer patients into three priority levels (A, B
& C) [16]. They also provide treatment considerations and recommendations specific to the COVID-19 pandemic for each
level. Priority A patients are considered to have an immediately life-threatening or symptomatic condition requiring urgent
clinical intervention, while priority B patients have conditions that require treatment prior to the conclusion of the
pandemic. The treatment of priority C patients can be postponed pending the end of the pandemic. Most breast cancer
patients will fit into the priority B category, which is further subdivided into groups according to priority (B1-B3, where B1



patients are the highest priority). Given the aggressiveness of their disease, patients with TNBC are often among the
highest priority for treatment. In accordance, TNBC patients are category Bl along with patients with HER2+ breast
cancers.

To explore changes in TNBC clinical strategies induced by the COVID-19 pandemic, we conducted a literature search to
provide a detailed summary of suggested TNBC treatment strategies in response to COVID-19. We queried NCBI
PubMed with the keywords “breast cancer” and “COVID-19” which returned 118 articles. From these, we eliminated
articles with titles lacking our search terms. For these papers, we were solely focused on retrieving information pertaining
to TNBC. We summarize our findings in the “Traditional TNBC therapies” section and emphasize chemotherapy-related
recommendations in Table 1.

Table 1. Chemotherapy and targeted therapy recommendations for TNBC patients during COVID-19.

Treatment Type Treatment Recommendations

Chemotherapy is a high priority for TNBC patients, even in the event of an overrun healthcare
system[EI7EI9],
Neoadjuvant and adjuvant chemotherapy are recommended for early stage TNBC patients [10],
Chemotherapy should be administered within eight weeks of initial diagnosis[21,
Oral chemotherapeutic agents and those with lower risk of inmunosuppression, such as
capecitabine or vinorelbine, are preferred to other methods requiring hospital visits[8l.

General A cost-benefit analysis should be performed when deciding on the composition of chemotherapy
Recommendations for regimens considering the risk of haematological toxicity and immunosuppression and patient age
Chemotherapy and comorbidities in the context of the COVID-19 pandemiclgl,

To reduce patient contact with the healthcare system, chemotherapy should be administered 3- or
4-weekly as opposed to weekly 121,

Is it not recommended that older patients with early stage TNBC receive chemotherapy due to the
heightened risk of complications if SARS-CoV-2 infection ensues and the limited therapeutic
benefits. A modified treatment strategy minimizing immunosuppression should instead be
considered for these patients (i.e., 270 years old)l,

Neoadjuvant therapy is recommended for TNBC due to its high rate of clinical success in
moderating tumor growth prior to surgery [,
Neoadjuvant Post-neoadjuvant therapy is recommended for patients not achieving a pathological complete
Recommendations response following neoadjuvant treatment, enhancing disease management and survival [7,
Neoadjuvant therapy can be used to delay surgery during the pandemic given the availability of
hospital resources [13],

Adjuvant therapy should start no later than two months following surgery due to the increased
risk of recurrence and death associated with delays.
Adjuvant capecitabine can be used to treat TNBC patients with residual disease who have
undergone neoadjuvant chemotherapy[2I[141[15][12]
Adjuvant therapy can be combined with targeted therapies for locally advanced TNBC patients [2,

Adjuvant
Recommendations

Chemotherapy regimens should minimize immunosuppression. For example, monotherapy
should be favored over combination treatments to reduce myelosuppression; prophylactic CSF
may reduce neutropenia; and the use of corticosteroids should be limited considering
chemotherapy regimen(2!

Oral treatment should be prioritized. Patients treated with anthracyclines and taxanes prior to the
pandemic may benefit from transition to oral capecitabine or metronomic cyclophosphamidel24]

Considerations for [16][17],
Metastatic TNBC For inoperable or metastatic TNBCs, consider Poly ADP-ribose polymerase (PARP) inhibitors (i.e.,

olaparib or talazoparib) if patients have a BRCA mutation[2Il18], Despite the low frequency of
olaparib-associated pneumonitis, it, along with the potential for myelosuppression should be
considered [,
A combination of chemotherapy and the PD-L1 inhibitor atezolizumab should be considered for
advanced or metastatic TNBCLE , especially given the comparatively lower risk of hematological
complications relative to standard chemotherapy [2],

nt, rather than in an adjuvant setting, is still debated. Evidence suggests that TNBC is resistant to radiation when used
alone; however, radiotherapy with poly ADP-ribose polymerase (PARP) inhibitors may be effective due to their synergistic
DNA damage-enhancing effects 29,

| 3. Targeted TNBC Therapies

A recent report by the national health service (NHS) classified cancer patients receiving treatments including targeted anti-
PD-1/PD-L1 and PARP inhibitors are at an elevated risk of SARS-CoV-2 infection!2ll, Hence, the administration of such
targeted therapies, which occurs in combination with traditional therapies in TNBC patients, presents a unique set of
COVID-19- related challenges that pertains to this subtype.



Anti-PD-L1 therapy atezolizumab (ATZ) plus paclitaxel is an approved therapy for patients with PD-L1 positive metastatic
TNBCI2, Fortunately, immune checkpoint inhibitors such as ATZ do not exert immunosuppressive effects and thus should
not augment the risk of TNBC of SARS-CoV-2 infection due to greater immunosuppression(22(23] Strikingly, immune
checkpoint inhibitors may even boost pathogen-specific immune responses, and cases of viral or bacterial infections
following treatment with ICls are limited!24l25]. However, there are other side effects of PD-1/PD-L1 inhibition which may
exacerbate the risk of SARS-CoV-2 infection and adverse outcomes 28, For example, cytokine release syndrome is a
systemic inflammatory disease characterized by the release of circulating inflammatory cytokines such as interleukin-6
(IL-6) and interferon gammalZ. Conversely, it has been suggested that this cytokine storm may be beneficial for patients
with TNBC who are receiving anti-PD-1/PD-L1 therapy and chemotherapy!28l. While the cytokine storm is associated with
acute respiratory distress in COVID-19 patients, it is suggested that TNBC patients with isolated lung metastases
receiving combination immunotherapy may benefit from the COVID-19-associated cytokine storm in the lungs which may
also act on metastatic lung nodules(28123],

Many TNBCs exhibit a deficiency in homologous recombination and the associated repair of double strand DNA breaks,
which makes them sensitive to PARP inhibitors. Intriguingly, there is evidence to support the use of PARP inhibitors to
hamper SARS-CoV-2 infection and associated severe COVID-19 disease2%. Specifically, PARP inhibition may function
against COVID-19 by limiting macrophage overactivation and associated cytokine storm along with protection against cell
death. PARP inhibition reduces the levels of inflammatory cytokines associated with SARS-CoV-2-mediated cytokine
storms. Thus, TNBC patients with concomitant COVID-19 receiving PARP inhibitors may experience better outcomes.

4. Specific Implications for Metastatic TNBC during the COVID-19
Pandemic

Within five years of their diagnosis, women with TNBC are more likely to experience metastasis relative to women with
other breast cancer subtypesl. Patients with TNBCs experience metastasis the bone, lungs, liver and brain. Therefore,
in the context of management of TNBC during the COVID-19 pandemic, there are likely different factors to be considered
if the TNBC is local and surgically removed versus a patient with metastatic disease.

To our knowledge, the mortality risk of lung metastasis in TNBC patients has not yet been assessed in the context of
COVID-19. However, a recent study found that both lung cancer patients or patients with lung metastasis and COVID-19
were at a heightened risk of death compared to non-metastatic cancer patients with COVID-1914. Based on this finding,
TNBC patients with lung metastasis likely have elevated mortality risk, although the specific implications have yet to be
determined.

Additionally, the elevated risk of lung metastasis in TNBC complicates the diagnosis from respiratory-related symptoms in
this patient cohort. In a case study reported by Chen and Li, the presence of a cough in an advanced gynecological
cancer patient was initially perceived as a sign of lung spread 2. Follow-up analyses determined that the patient was
positive for COVID-19, attributing the source of the respiratory-associated symptoms to the virus rather than lung
metastasisi22. Other reports state that pleural metastasis can mimic COVID-19 symptoms, further complicating the source
of suspicious symptoms. COVID-19 testing in cancer patients at multiple points in their care is thus critical for accurate
disease tracking and management.23!

The implications of SARS-CoV-2 infection for patients with metastatic TNBCs are multifaceted and complex. SARS-CoV-2
infection in an environment where lung function is already reduced may significantly worsen the risk of COVID-19
mortality. COVID-19 patients requiring hospitalization often require ventilation and experience adverse outcomes, which is
associated with viral load. Importantly, elevated viral load has been associated with advanced age, comorbidities and
recent chemotherapy, all of which are associated with cancer. Further, intubation and mortality following hospitalization
were highest in patients with the greatest viral loads24. The SARS-CoV-2 viral load is also associated with substantially
increased IL-6 levels, indicative of cytokine storm and poor outcomes(22l,

Metastasized TNBC cells may represent a cell population with enhanced susceptibility to viral infection and replication. In
line with this, during the multi-step process whereby normal cells become cancerous, among other “hallmark” acquisitions
contributing to their oncogenic phenotype, cells become capable of evasion of host immune-mediated recognition and
destruction8l. Specifically, cancer cells acquire defective anti-viral defenses, including pathways mediated by interferons,
increasing their susceptibility to viral infectionld. Thus, assuming adequate cellular expression of ACE2 and TMPRSS2,
patients with metastatic TNBC represent a patient population with potential enhanced vulnerability to SARS-CoV-2
infection and poor outcomes due to widespread viral infection facilitated by cancer metastasis.



To determine whether TNBCs are possibly susceptible to SARS-CoV-2 infection, we interrogated published RNA-seq
datasets to analyze the expression of both ACE2 and TMPRSS2 in TNBC patient tumors (primary tumors and metastatic)
in comparison to cell lines known to be highly infectable by SARS-CoV-2 relative to a panel of known
housekeeping/reference genes (Eigure 1)B2. These analyses showed that TNBC patient tumors and metastasized breast
cancers exhibited expression of both ACE2 and TMPRSS2 at least within the range of the infectable cell lines, suggesting
that TNBC cells that come in contact with SARS-CoV-2 may be susceptible to infection. Consistent with these findings,
analysis of ACE2 and TMPRSS2 expression across a panel of metastatic tumors also showed that both genes are
expressed in metastatic breast tumors (Figure 2). This further illustrates the potential for SARS-CoV-2 infection of
metastatic breast cancer cells which may lead to heightened viral load and associated morbidities (Eigure 3)E4E3],
Alternatively, it is also important to mention possible effects that SARS-CoV-2 infection may have on cancer cells present
in the lung, due to the enhanced susceptibility of cancer cells to viral infection (Eigure 3). Future case reports and studies
may reveal that metastatic cancer patients that were infected with SARS-CoV-2 experience discernable improvements in
the tumor burden.

Levels of SARS-CoV-2 cell entry genes in human cancer cell lines and breast cancer tumours

A
ACE2 TMPRSS2
100 (referenced to TEF) 100 (referenced to TBF)
1 i
10 5 = 10
P, 2 g % 3
-y 1 . 4 -
i oid . - E. r —
& e =3 04 v %
L1 L B .
0.001 e w0t
H
B w0001 B o001
er{iﬂf@fﬁf}? “’L‘? fg‘.ﬁ’#
f "’"y "J,i’
&
ff’ &
&
B
Mean AGET relative to housekeeping geres
TEP ARF1 PUM1 RPL2Y
Caced 00659 0,004 DLRSD BCI20
Calud 16211 O.0a81 O.EaTE nd.
HEK239T 20025 0.0001 e es] G001
Huh? 00309 0.0039 01T Doo15
THBEC tumars A.TTeS 0.0111 0.0BE 1241364
Mon-TNEC tumors 03982 0.0085 00438 556537
BC tumors with lung metastasis 00209 0.0064 00074 0.0004
THBE tumars with metasteals ta ary dite QaTID 0.0251 O.OFRS 00020

Muan TMPRSS2 sxpression relative o housekeaeping genes

TBR ARF1 PUMI RPLZ1

Caco2 1 0430 00669 05567 00318
Calu} 05320 a01ss o221 nd.
HENZ39T 00100 0,0004 D003 L0004
HuhT 00128 00012 0.0071 0.0008
THBE tumors 20132 Qo419 02400 340 BEX2
Mon THEL: tersces 14830 Q0388 0.1613 0.1613
BC tumars with lung metastasis o380 0.1008 01088 00082
TNBC tumars with metastasis to any site 04153 00941 0.0941 00058

Figure 1. ACE2 and TMPRSS2 expression in breast cancer is comparable to cell lines permissive to SARS-CoV-2
infection. To compare expression of ACE2 and TMPRSS2 across datasets, we normalized the data to four different
reference genes and depicted these as dot plots in (A) to one reference gene (TBP) and summarized in table format in
(B) for all four reference genes (TBP, ARF1, PUM1, RPL21). TPM normalized gene expression for ACE2 and TMPRSS2
in four human cell lines permissive to COVID-19 infection and replication: Caco-2 (colorectal adenocarcinoma cells), Calu-
3 (lung cancer cells), HEK239T (embryonic kidney 293 cells), Huh7 (hepatoma cells), were calculated from raw RNA-seq
counts obtained from NCBI's Gene Expression Omnibus (GEO) Datasets database (GSE140066, GSE147507,
GSE137556, GSE129277, respectively). Only the control/non-treated samples from each dataset were included in the
above analysis. RNA Seq V2 RSEM normalized gene expression for TNBC and non-TNBC tumours was obtained through
the Breast Invasive Carcinoma (TCGA, Cell 2015) dataset accessed through cBioPortal2829. All metastatic tumor data
(breast cancer (BC) tumors with lung metastasis, metastatic TNBC tumors) were acquired through The Metastatic Breast
Cancer Project (Provisional, February 2020) retrieved using cBioPortal. The results for the metastatic dataset were
normalized by RNA Seq V2 RSEM.). The results presented in Figure 1 were derived in part from data generated by The
Cancer Genome Atlas (TCGA) research network. https://www.cancer.gov/tcga.
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Figure 2. ACE2 and TMPRSS2 expression in metastatic cancers. ACE2 and TMPRSS2 FPKM expression values for
metastatic cancers were obtained from the MET500 dataset? accessed through xenabrowser.net. The mean expression
of ACE2 or TMPRSS?2 for each tumor site is reported with the standard error of the mean (SEM). The results presented in
Figure 2 were derived in part from data generated by The Cancer Genome Atlas (TCGA) research network.
https://www.cancer.gov/tcga
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Figure 3. Metastatic TNBC cells in the lungs may be infected by SARS-CoV-2, leading to unknown effects on the patient’s
cancer and potential amplification of viral infection/morbidities. (A) TNBC metastasized to the lungs theoretically permits
the interaction between SARS-CoV-2 and TNBC cells via ACE2 and TMPRSS2, exploited by SARS-CoV-2 for host cell



entry. (B) An inflamed lung environment induced by SARS-CoV-2 results in a cytokine storm which leads to unknown

effects on metastatic cells but may increase virus-associated morbidities. Further, metastatic breast cancer cells may

represent an additional host cell SARS-CoV-2 reservoir, leading to increased viral load and virus-associated morbidities,

and unknown consequences on the progression of the cancer. Tumor cell lysis can also liberate tumor antigens, inducing

anti-tumor immune responses.
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