Cancer Management and Research Dove

ORIGINAL RESEARCH

Resumption of Intravenous Anti-Cancer Therapy in
Breast Cancer: A Real-World Experience During the
SARS-CoV-2 Pandemic

Fang Yang(®'™*, Cong Li**, Yuling Qiu', Xinjie Chen?, Kelin Zheng*, Donglin Kang®, Yin Zhang?,
Baorui Liu', Yongzhong Yaoz, Li Xie'

'The Comprehensive Cancer Center of Drum Tower Hospital, Medical School of Nanjing University & Clinical Cancer Institute of Nanjing University,
Nanjing, People’s Republic of China; 2Department of Breast Surgery, Nanjing Drum Tower Hospital, The Affiliated Hospital of Nanjing University
Medical School, Nanjing, People’s Republic of China; 3The Comprehensive Cancer Center, China Pharmaceutical University Nanjing Drum Tower
Hospital, Nanjing, People’s Republic of China; “Department of the Comprehensive Cancer Center, Nanjing Drum Tower Hospital Clinical College of
Nanjing University of Chinese Medicine, Nanjing, People’s Republic of China; Department of the Comprehensive Cancer Center, Nanjing Drum
Tower Hospital Clinical College of Nanjing Medical University, Nanjing, People’s Republic of China

*These authors contributed equally to this work

Correspondence: Li Xie, The Comprehensive Cancer Center of Drum Tower Hospital, Medical School of Nanjing University & Clinical Cancer
Institute of Nanjing University, Nanjing, People’s Republic of China, Email xieli@njglyy.com; Yongzhong Yao, Department of Breast Surgery, Nanjing
Drum Tower Hospital, The Affiliated Hospital of Nanjing University Medical School, Nanjing, People’s Republic of China, Tel/Fax +86-025-83106666,
Email yyz1006@hotmail.com

Purpose: The coronavirus disease-2019 (COVID-19) pandemic, caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection, has delayed medical consultations, especially for patients receiving intravenous anti-cancer therapy. We aim to
investigate alterations in immune function among breast cancer patients who experience delayed intravenous therapy due to SARS-
CoV-2 infection.

Patients and Methods: We performed an observational investigation of breast cancer patients in Nanjing Drum Tower Hospital
from December 27, 2022, to January 20, 2023. Patients who recovered from SARS-CoV-2 infection were eligible for enrollment.
Peripheral blood samples were taken prior to the restart of intravenous anti-cancer therapy to examine hematologic parameters.
Results: A total of 131 patients were included in the final analysis. Cough (74.0%), fever (62.6%), and expectoration (46.6%) were
identified as the most presenting symptoms of SARS-CoV-2 infection in breast cancer. The average nucleic acid conversion time and
delayed treatment time was 13.4 days and 13.9 days, respectively. The patients >60 years old experienced prolonged nucleic acid
conversion time (P = 0.017) and delayed treatment time (P = 0.028) compared to those <= 60 years old. Dysregulated lymphocyte
subsets and cytokines were found post-SARS-CoV-2 infection. Treatment-related adverse events of grade 3 or 4 occurred in 7.6% after
resuming intravenous anti-cancer therapy.

Conclusion: Our findings reveal that the SARS-CoV-2 infection led to imbalanced immune responses and postponed intravenous
anti-cancer therapy in breast cancer. The safety report encourages timely resumption of intravenous anti-cancer therapy after
adequately weighing the risks and benefits.

Keywords: COVID-19 pandemic, SARS-CoV-2 infection, breast cancer, immune responses, anti-cancer therapy

Introduction

The coronavirus disease-2019 (COVID-19) epidemic, caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection, has led to widespread global changes to patterns of health care and cancer treatment.
Malignant tumors, as well as aggressive anti-cancer treatment, can affect multiple organs and weaken the immune
system, leaving cancer patients more susceptible to acquiring SARS-CoV-2 infection and worse outcomes than patients
without cancer." Initial studies suggested that COVID-19 was lethal for human. Many hospitals had been converted into
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health-care facilities for the treatment of patients with COVID-19, resulting in a reduction in the management of cancer
patients. There was no robust guideline on whether to initiate or delay anti-cancer therapy, especially for patients with
early-stage cancers.” Numerous breast cancer patients suffered from a delay in terms of diagnosis and treatment at the
start of the COVID-19 pandemic, from December 2019 to February 2020.” Patients weighed the benefits of attending
medical care versus the risks of potential exposure to the virus, resulting in over 40% treatment delays in breast cancer.”
The initial pandemic-related disruptions in breast cancer care were demonstrated to have a small long-term cumulative
impact on breast cancer mortality.” A recent study showed no association between chemotherapy or other anti-cancer
therapies and mortality in COVID-19 patients with cancers.® Multiple studies have demonstrated no obvious delay in
breast cancer treatment initiation during the COVID-19 pandemic.” '® These data suggest that it is crucial to timely
resume anti-cancer therapy for post-COVID-19 breast cancer patients. However, evidence on the optimal time for cancer
treatment resumption, as well as the safety of chemotherapy and/or targeted therapy in post-COVID-19 patients is scarce.

From December 2022 to January 2023, the number of patients infected with SARS-CoV-2 quickly increased due to
the modification in the policy of lockdown in preventing the spread of COVID-19 in China. The COVID-19 epidemic has
led to broad disruptions in breast cancer treatment. We characterized the clinical symptoms and course of SARS-CoV-2
infection in breast cancer patients and reported our experiences in successfully resuming intravenous anti-cancer therapy
post-SARS-CoV-2 infection. This study also aims to analyze the immune status of post- SARS-CoV-2 breast cancer
patients and seek risk factors associated with COVID-19 disease severity. We hope the results can promote
a comprehensive understanding of safe resumption of intravenous anti-cancer therapy and inform the optimal allocation
of health-care resources and services during and after the pandemic.

Materials and Methods
Study Population and Variables

Patients meeting the criteria were eligible for enrollment: 1) pathologically diagnosed with breast cancer and had previously
received intravenous chemotherapy and/or targeted therapy in Nanjing Drum Tower Hospital; ii) infected with COVID-19
and had recovered before restarting anti-cancer treatment between December 27, 2022, to January 20, 2023. Due to the
modification in the policy of lockdown started in December 2022, the number of patients infected with COVID-19
increased sharply during that period. After that, the number of new cases of COVID-19 infection sharply decreased, and
nucleic acid testing was no longer mandatory for admission. Patients were deemed to be infected with SARS-CoV-2 if
a real-time reverse transcription polymerase chain reaction (rRT-PCR) assay or rapid antigen detection test from a throat or
nose swab was positive for SARS-CoV-2. The rRT-PCR assay should be negative at least twice with an interval of more
than 24 h before they resume intravenous chemotherapy and/or targeted therapy. Nucleic acid conversion time was defined
as the days from the onset of infection to the negative detection of SARS-CoV-2 by rRT-PCR. The delayed time of
treatment was defined as the time gap between the estimated and actual treatment time. The average nucleic acid conversion
time and the average delayed time of treatment were calculated using the average values of all enrolled patients.

Demographics, clinical manifestations, comorbidities, and adverse events were collected on admission or after the
resumption of treatment. We used the National Cancer Institute Common Toxicity Criteria (CTCAE version 4.0) to grade
adverse events. Adverse events were categorized into mild-to-moderate severity (grade 1-2) and severe severity (grade
3—4). Peripheral blood samples were collected to test laboratory parameters before the resumption of treatment. Absolute
counts of lymphocyte subsets were assessed, and the proportion of lymphocytes represented the percentage of one
lymphocyte subset for all lymphocyte counts. The normal reference ranges were 59.4-84.6% (CD3+), 28.5-60.5% (CD3
+CD4+), 11.1-38.3% (CD3+CD8+), 6.4-22.6% (B cell), 5.6-30.9% (NK cell), 0.9-3.6 (CD3+CD4+/CD3+CD8§+).
Apart from the patients’ need to evaluate the efficacy of anti-cancer therapy, chest computed tomography (CT) was
also performed if the patient was over 60 years old, or presented with symptoms of viral pneumonia on admission. To
analyze the impact of COVID-19 on the immune system, we compared the differences in lymphocyte subsets and
cytokines between the patients with and without pneumonia. Written informed consent was obtained from all patients.
Our study complied with the World Medical Association Declaration of Helsinki recommendations and was approved by
the Medical Ethics Committee of Nanjing Drum Tower Hospital.
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Statistical Analysis

Fisher’s exact tests were used to test the differences in categorical variables, and Mann—Whitney U-test and Kruskal—
Wallis test were applied for quantitative variables. Statistical tests were conducted with significance set at P < 0.05 two-
sided. All analyses were performed using SPSS, version.

Results

Baseline Clinical Characteristics

We identified a total of 131 patients with breast cancer who received intravenous anti-cancer therapy between December 27,
2022, to January 20, 2023 (Table 1). All the patients were female, with a median age of 54 years, range 32 to 77. Among
them, 30.5% (40/131) received neoadjuvant therapy, 55.7% (73/131) received adjuvant therapy, and 13.7% (18/131)
received systemic treatment for stage IV or recurrent metastatic disease; 33.6% (44/131) had comorbidities, hypertension
(25.2%), diabetes (8.4%), and other cardiovascular diseases (6.1%) were the most frequent (Figure 1A).

Clinical Manifestations of SARS-CoV-2 Infection

The most frequently experienced clinical symptomatology during the SARS-CoV-2 infection included cough (74.0%),
fever (62.6%), expectoration (46.6%), fatigue (40.5%), and loss of smell and taste (34.4%) (Figure 1B). The average
nucleic acid conversion time was 13.4 days, which was almost identical to the average delayed time of treatment 13.9
days (Table 1). Patients > 60 years old had significantly prolonged nucleic acid conversion time (P = 0.017) and

Table | The Association of Clinicopathologic Variables with SARS-CoV-2 Nucleic Acid Conversion Time and
Delayed Treatment Time

Characteristics Number of SARS-CoV-2 Nucleic Acid Delayed Time of
Patient (%) Conversion Time Treatment
Mean * SD (Days) | P value' | Mean * SD (Days) | P value'
All 131 (100) 134 £ 8.0 139+£73
Age 0.017 0.028
<=60 107 (81.7) 127 + 6.5 13373
>60 24 (18.3) 16.6 £ 7.8 16.7 £ 6.6
TNM stage 0.291 0.338
| 20 (15.3) 139 £55 15.0 + 88
I 79 (60.3) 14.1 £ 7.1 13.1 £6.9
1] 14 (10.7) 10.7 £ 3.5 14.1 £ 7.1
v 18 (13.7) 122 £ 89 158 +72
Subtype 0.335 0.309
HR+/HER2- 50 (38.2) 144 £ 7.1 143 +£72
HR+/HER2+ 39 (29.8) 13.6 £6.7 I15.1 £7.0
HR-/HER2+ 27 (20.6) 114 £6.9 13.1 £6.9
TNBC 15 (11.4) 134 £ 65 109 + 84
Treatment 0.189 0.618
Chemotherapy 67 (51.1) 142 + 6.2 13272
Targeted therapy 25 (19.1) 1.7 69 150 + 8.0
Combined therapies 39 (29.8) 13379 143 £ 7.1
Comorbidities 0.226 0.515
Yes 44 (33.6) 142 £ 6.8 143 £ 6.5
No 87 (66.4) 13.1£7.0 137 £7.6
COVID-19 vaccination history 0.603 0.948
Yes 34 (26.0) 142 £ 85 138+73
No 97 (74.0) 132 £63 139+£73

Notes: Bold P value < 0.05 with statistical significance. ‘Calculated by Mann-Whitney U-test or Kruskal-Wallis test.
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Figure | Characteristics of patients (n=131). (A) Frequency of comorbidities. (B) Clinical presentation at the onset of SARS-CoV-2 infection.
Abbreviations: COPD, Chronic obstructive pulmonary disease; Other cardiovascular diseases included coronary heart disease (n=2), hyperlipidemia (n=6), hypercholes-
terolemia (n=1), atrial septal defect (n=1).

prolonged delayed time of treatment (P = 0.028) than those <= 60 years old. Conversely, no significant differences were
observed between the patients grouped by stage, cancer subtype, treatment strategy, comorbidities, and COVID-19
vaccination history (Table 1). A total of 32 patients performed chest CT scans, with 23 patients <= 60 years old and 9
patients > 60 years old. The risk of developing viral pneumonia was higher in patients > 60 years old than those <= 60
years old, but the difference was not significant (44.4% vs 13.0%, P = 0.076) (Table 2).

Immune Responses After Recovery from SARS-CoV-2 Infection

We evaluated lymphocyte subsets and inflammatory factor levels before the resumption of intravenous anti-cancer therapy. In
most patients, the proportions of CD3+/CD4+ T cells and B cells and CD3+CD4+/CD3+CD8+ ratio were decreased, while
the percent of CD3+CD8+ T cells was increased (Figure 2). Elevated levels of cytokines, including IL4, IL-5, IL-6, IL-8, IL-
10, IL-12p70, IL-17, and IFN-y were observed in most patients (Figure 2). The average number of elevated cytokines in
patients with pneumonia was higher than that in patients without pneumonia, but there was no statistical difference (7 vs 5, P =
0.127) (Figure 2). Notably, compared to patients free of viral pneumonia, the percentage of B cells in those who developed
pneumonia was significantly higher (P = 0.048) (Table 3). No significant differences in other lymphocyte subsets or
inflammatory factors were observed between patients who developed viral pneumonia or not (Table 3).

Safety of Resuming Intravenous Anti-Cancer Therapy

Adverse events after the resumption of anti-cancer therapy that were considered by the investigators to be related to
treatment were reported in 53.4% of the patients. The most common select adverse events of any grade were anemia and
leukocytopenia, which occurred in 28.2% and 14.5% of the patients, respectively (Table 4). The most common select
adverse events of grade 3 were neutropenia and leukocytopenia, which occurred in 7.6% and 4.6% of the patients,
respectively (Table 4). No treatment-related deaths occurred.

Table 2 The Association of Age with Pneumonia Presented
on Chest CT (n=32)

Showing Pneumonia | Age <= 60 | Age > 60 | P value'

No 20 (87.0) 5 (55.6) 0.076
Yes 3 (13.0) 4 (44.4)

Note: 'Calculated by Fisher exact test.
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Age <=60 >60
TNMstage [l mm e irrnmy mni rmir 1 11 1S e Wy
Subtype HR+/HER2- HR+/HER2+ | HR-/HER2+ | | TNBC
Treatment I 1IN MO ol 111 I WL HH 0 LN HH O chemo M Targeted M Others
Comorbidities No Yes
COVID-19 vaccination history No Yes
Nucleic acid conversion time (days) || | | || 1 | M F 1 0-35days
Treatment delayed time (days) || | | | | | I F 1o0-33days
Pneumonia No Yes NA
cD3+(%) | 11N | [ lss89238 Normal (59.4-84.6)
CD3+CD4+ (%) | |l I 1161614 Normal (28.5-60.5)
CD3+CD8+ (%) | | | I | 1 14.8-56.3 Normal (11.1-38.3)
B cell (%) | I | 11} I I 05218 Normal (6.4-22.6)
NK cell (%) | T | [ 150450 Normal (5.6-30.9)
CD3+CD4+/CD3+CD8+ | 1 I 10.46-3.92 Normal (0.9-3.6)
IL-1B (pg/mL) I 1 0.71-15.35 Normal (<=6.5)
IL-2 (pg/mL) | I 1 0.01-24.97 Normal (<=5.2)
IL-4 (pg/mL) U I 1 0.85-69.03 Normal (<=4.5)
IL-5 (pg/mL) | I | M0.01-13.42 |  Normal (<=4.0)
1L-6 (pg/mL) | | 1 M 0.08-197.83 | | Normal (<=6.8)
IL-8 (pg/mL) | 2 3.74-253.99 | | Normal (<=8.0)
1L-10 (pg/mL) | I 1 0.22-40.43 Normal (<=4.2)
1L-12p70 (pg/mL) || 1 % 0.01-23.20 Normal (<=4.2)
1L-17 (pg/mL) | | | 1 1.83-67.78 Normal (<=6.5)
IFN-a (pg/mL) ] 3 0.02-14.04 Normal (<=8.5)
IFN-y (pg/mL) | | | 1 3.29-59.08 Normal (<=5.5)
TNF-a (pg/mL) 1 I 7 0.06-12.00 Normal (<=6.1)

Figure 2 Heat map showing clinicopathologic variables and lymphocyte subsets and inflalmmatory factors of patients with SARS-CoV-2 infection. Colorful bars indicate the
proportions of lymphocyte subsets and levels of inflammatory factors. Green indicates values below the reference range, while red indicates values above the reference range.
Abbreviations: TNM, Tumor Node Metastasis; NA, not available.

Discussion

The COVID-19 pandemic has led to widespread global changes to patterns of patient management in multiple fields.
Cancer patients have a highly susceptible immune system as a result of the cancer itself and its treatments (eg,
chemotherapy, radiotherapy, and chemoradiotherapy) that they are undergoing. Individuals with cancer may be at higher
risk for developing COVID-19 and have inferior outcomes compared with those without cancer.'""'? There has been

Table 3 Lymphocyte Subsets and Inflammatory Factors of Patients with SARS-CoV-2 Infection

Variables All (n=131) Chest CT scan (n=32) P value'
Without Pneumonia | With Pneumonia
(n=25) (n=7)

Lymphocyte subsets
CD3+ (%) 76.39 + 9.05 77.18 + 8.99 73.56 + 9.40 0.346
CD3+CD4+ (%) 39.28 £ 9.92 40.00 £ 9.93 44.87 + 4.78 0.324
CD3+CD8+ (%) 32.57 £ 883 34.03 £ 9.26 2831 + 839 0.161
B cell (%) 7.14 £ 470 6.63 + 5.44 9.24 £ 343 0.048
NK cell (%) 16.93 + 7.66 1531 £ 7.8l 1637 £ 7.27 0.688
CD3+CD4+/CD3+CD8+ 1.34 £ 0.61 1.29 + 0.55 .71 £ 0.51 0.102

Inflammatory factors
IL-1B (pg/mL) 3.61 £224 3.50% 2.17 4.01 % 1.65 0.395
IL-2 (pg/mL) 2.12 + 3.62 2.07 + 491 279 £ 472 0.474
IL-4 (pg/mL) 6.93 + 8.68 7.64 £ 10.86 7.60 + 6.64 0.894
IL-5 (pg/mL) 449 £ 271 4.28 £ 3.00 472 £ 215 0.395
IL-6 (pg/mL) 13.31 £ 29.75 13.84 + 34.67 16.67 £ 19.65 0.281
IL-8 (pg/mL) 28.70 + 30.83 23.11 £ 20.56 2548 + 14.72 0.420
IL-10 (pg/mL) 5.15+ 578 531 £762 5.02 + 5.27 0.824
IL-12p70 (pg/mL) 4.47 £ 4.38 420 + 5.02 6.49 £ 433 0.191
IL-17 (pg/mL) 17.77 £ 11.32 18.70 + 13.73 2346 + 11.45 0.242
IFN-a (pg/mL) 1.35 + 1.93 1.33 £ 2.15 1.62 £2.29 0.894
IFN-y (pg/mL) 1431 £9.16 14.88 + 10.69 14.76 + 6.63 0.592
TNF-a (pg/mL) 3.88 + 2.62 3.87 £ 270 3.96 +2.30 1.000

Notes: Bold P value < 0.05 with statistical significance. Data were presented as mean + SD. 'Calculated by Mann-Whitney U-test.
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Table 4 AEs After Resumption of Intravenous Anti-
Cancer Therapy (n=131)

AEs Grade 1-2 Grade 3-4
Anemia 37 (28.2) 0
Leukocytopenia 19 (14.5) 6 (4.6)
Increased transaminases 17 (12.9) 0
Platelet count decreased 16 (12.2) 0
Neutropenia 11 (84) 10 (7.6)
Fatigue 5(3.8) 0
Nausea 4 (3.1) 0
Diarrhea 3(2.3) 0
Constipation 2 (1.5) 0
Decreased appetite 2 (1.5) 0
Rash 2 (1.5) 0

Notes: Data are n (%). All-patients-as-treated population. Grade | or
2 events occurring in >1% of patients and all grade 3—4 events are
shown. No treatment-related deaths occurred.

Abbreviation: AEs, adverse events.

a considerable reduction in breast cancer screening activities and identification of new breast cancer patients during the
COVID-19 pandemic.'® Although the occasional postponed treatment may not lead to immediate disease progression,
disruptions to health care would certainly be disadvantageous for short-term mortality.'* Although associations between
pandemic-related lag times and cancer-related outcomes have been highlighted,'® there is still no consensus on how long
lag time will lead to inferior outcomes. Reliable evidence for safe resumption of intravenous anti-cancer therapy in post-
COVID-19 patients is strongly warranted. The number of SARS-CoV-2 infections in China continues to rise since the
release of the lockdown policy in December 2022. We investigated the disease duration and immune responses of post-
SARS-CoV-2 breast cancer patients and evaluated the safety of resuming anti-cancer therapies.

Our data show that the length of treatment delays is almost consistent with the SARS-CoV-2 nucleic acid conversion
time, indicating a pandemic-related disruption in breast cancer treatment. The COVID-19 infection had a greater impact
on older patients, with a significantly prolonged delayed time of treatment and increased likelihood of viral pneumonia.
In our study, nearly half of the breast cancer patients over 60 years old infected with COVID-19 suffered from
pneumonia (44.4%), even though all these patients eventually recovered. This is to be expected because older people
were more likely to have comorbid conditions and weakened immune systems. Previous studies have demonstrated that
older age and presence of comorbidities (eg, diabetes and hypertension) were the main risk factors for severe and long
COVID-19.'%'%!7 The results suggested more intensive surveillance for older patients admitted with COVID-19 who
have breast cancer.

Immunotherapy has been demonstrated as a promising treatment for breast cancer patients.'® Multiple studies have
shown a correlation between lymphocyte subsets and cytokines with severity of COVID-19.'>** Patients with higher
levels of lymphocyte, CD3+ T cells, CD4+ T cells, or CD8+ T cells were associated with shorter hospitalization time."’
In contrast, levels of IL-6 significantly correlated with longer length of stay, clinical severity, and mortality.?’ In the
current study, we demonstrated the decreased proportions of CD3+CD4+ T cells, B cells, as well as CD3+CD4+/CD3
+CD8+ ratio, suggesting a suppressed T cell-mediated immunity post-SARS-CoV-2 infection. In contrast, the cytokines
including IL-6, IL-8, IFN-y, and so on, were broadly elevated in response to SARS-CoV-2 infection. However, most
patients did not suffer serious adverse events after resumption of intravenous anti-cancer therapy, suggesting that the
recovery of lymphocyte subsets and cytokines may lag behind the recovery of symptoms. The timing of resuming
chemotherapy should be considered comprehensively based on laboratory indicators, clinical symptoms, and physical
conditions. Although the study lacked data on pre-SARS-CoV-2 infection, we collected peripheral blood 2 months after
recovery from SARS-CoV-2 infection, which should be considered closer to the baseline immune status pre-SARS-CoV
-2 infection. It shows a sharp decrease in cytokines 2 months after recovery from SARS-CoV-2 infection (Figure S1).
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The results were consistent with the imbalanced host response to SARS-CoV-2, which was characterized by reduced
innate antiviral defenses coupled with exuberant inflammatory cytokine production.?’ There might be a parallel between
COVID-19 and cytokine release syndrome (CRS), with uniquely elevated IL-6 and ILIRA.?' Recombinant human
granulocyte colony-stimulating factor (G-CSF) is widely given to patients to counteract neutropenia, which is commonly
encountered after chemotherapy in breast cancer. It was reported that in the setting of active COVID-19 infection, G-CSF
led to an increased number of hospitalizations and the need for high levels of oxygen supplementation and death.”* The
rapidly increasing neutrophils induced by G-CSF may cause extensive infiltration of myeloid cells into the lungs, leading
to a cytokine storm. Therefore, the potential risks versus benefits should be adequately considered before G-CSF
administration in neutropenic cancer patients with COVID-19.

The pandemic-related disruptions in breast cancer care were suggested to have a small long-term cumulative influence
on breast cancer mortality estimated by collaborative simulation models.” Information on the safety of resuming anti-
cancer therapies is required to identify the at-risk population, as well as to avoid unnecessary delays in cancer manage-
ment. It has been reported that a high percentage of COVID-19 patients still showed mild-to-substantial residual
radiological lung abnormalities 3 months after discharge.”® In our study, no severe adverse events or death occurred
after the resumption of intravenous anti-cancer therapy, even in those showing viral pneumonia by CT scan. However, it
is essential to evaluate the risk for each patient before resuming the anti-cancer therapy. Patients with older age presented
with comorbidities like hypertension, or treated with some molecular target drugs, might be at a higher risk of intensive
care unit admission and/or death due to COVID-19 than people without these conditions.***> We propose the mini-
mization of treatment delays and resumption of anti-cancer therapy after adequately informing patients of the risks and
benefits. Novel health-care managements such as tele-consultations and day-care services should be considered to
provide optimal treatment strategies.

This is the first study investigating immune responses and safety when resuming intravenous anti-cancer therapy post-
SARS-CoV-2 in breast cancer, which could provide an important guide for clinicians. We will observe whether these
patients suffering from COVID-19 display any difference in terms of recurrence and metastasis compared to patients not
suffering from COVID-19 during follow-up.

There are several potential limitations of this study. First, this is a single-center retrospective study with limited
samples. Analyses of confounding factors should be considered with a larger number of patients in the future. Second,
the nucleic acid test was not conducted every day, so the nucleic acid conversion time could not represent the actual
disease duration. Third, selection bias may exist given that analyses were based on patients attending medical care
facilities. Fourth, this study lacked long-term dynamic monitoring of lymphocyte subsets and cytokines, especially before
SARS-CoV-2 infection. Additionally, we did not assess the lymphocyte subsets and cytokines before the SARS-CoV-2
infection, so the altered lymphocyte subset proportions and cytokine levels could already be present before the influence
of SARS-CoV-2 infection.

Conclusion

This study revealed a postponement on the resumption of intravenous anti-cancer therapy and imbalanced immune
responses caused by SARS-CoV-2 infection in breast cancer. It is generally considered safe to resume anti-cancer
therapy in patients who have recovered from COVID-19 without obvious symptoms. However, special caution
should be exercised for elderly patients. It is important to note that the recovery of lymphocyte subsets and
inflammatory factors may take longer than the resolution of symptoms. Therefore, resuming anti-cancer therapy
should not be delayed based solely on abnormal indicators. It should be feasible to resume systematic treatment in
low-risk cancer patients post-COVID-19. This might provide valuable insights into how to manage these patients
during the pandemic.
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