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Background: This study aimed to investigate the risk factors for persistent viral shedding in cancer patients after Omicron infection.
Methods: Patients with asymptomatic or mild Omicron infection (>18 years) who were treated in a makeshift hospital in Shanghai
were enrolled from 9 Apr to 11 May, 2022. Deidentified information of all patients were collected retrospectively. Logistic regression
model was used to identify risk factors associated with prolonged duration of viral shedding (defined as the time from the day of first
positive SARS-CoV-2 RNA test to the first day of two consecutive negative SARS-CoV-2 RNA tests).

Results: A total of 1442 Omicron-infected patients were enrolled, including 129 cancer patients and 1313 non-cancer patients. The
baseline clinical characteristics of cancer and non-cancer patients were balanced by propensity score matching (1:4). Compared with
non-cancer patients, a higher odds ratio ([OR] 1.84, 95% CI 1.24-2.76, P = 0.003) of lasting viral shedding for >7 days was found in
cancer patients. Further subgroup analyses found that cancer patients were at higher risk for prolonged viral shedding in a subgroup of
patients without hypertension (OR 1.89), diabetes (OR 1.80), or other chronic disease (OR 2.13), unvaccinated (OR 1.97), and
asymptomatic (OR 2.36). In addition, 29 patients with active cancer and 19 patients with inactive cancer were identified. The median
duration of viral shedding in the active cancer group was longer than that in the inactive cancer group (10 vs 6 days, P = 0.002). The
risk of persistent viral shedding >7 days was also increased in the active cancer group (OR 5.33, 95% CI 1.49-21.51, P = 0.013).
Conclusion: Cancer disease is an independent risk factor for prolonged viral shedding in Omicron infected patients, especially in
patients with active cancer.
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Introduction
Omicron was first found in Gauteng province, South Africa.' Omicron has a high transmissibility” and has spread rapidly
around the world. In late February 2022, a wave of Omicron infections spread rapidly in Shanghai, China. As of June 2,
2022, more than 600,000 patients had been infected, approximately 90% of whom were asymptomatic.> The Omicron
variant has increased transmissibility and is more susceptible to immune evasion.” Currently, the major Omicron variants
include BA.1-BA.5, BQ, XBB, and EG.5.* The changes of S protein characteristics of Omicron strain may be related to
immune escape and resistance to antibody treatment.’

Prolonged shedding of SARS-CoV-2 RNA has been shown to be associated with sustained SARS-CoV-2 transmission
and poor clinical outcomes,®’ especially in immunocompromised patients.® One study reported that shedding of
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infectious SARS-CoV-2 in patients with chronic lymphocytic leukemia could last as long as 70 days.’ Persistent viral
shedding can impair host immunity and have a certain impact on subsequent anti-cancer therapy.'® The shedding of
Omicron in cancer patients is unclear, although a recent study showed a reduction in the severity of COVID-19
phenotypes in cancer patients in 2022 compared with 2020.""

This study collected the clinical data of patients with Omicron infection admitted to makeshift hospitals during the
pandemic in Shanghai. In this study, we first investigated the risk factors associated with prolonged viral shedding in
Omicron-infected cancer patients, aiming to provide recommendations for such patients.

Methods

From April 9 to May 11, 2022, patients (> 18 years) with asymptomatic or mild Omicron infection who visited
a makeshift hospital in Shanghai were enrolled. The deidentified information of all patients was retrospectively collected,
including age, sex, hypertension history, diabetes mellitus history, history of other chronic diseases (such as chronic
hepatitis B, chronic obstructive pulmonary disease, heart disease, chronic kidney disease, etc.), symptoms, vaccination
status, and SARS-CoV-2 RNA test results. Vaccines included Sinovac vaccine (CoronaVac) and Sinopharm vaccine
(BBIBP-CorV), and cycles and doses were not recorded at admission. Persistent viral shedding was defined as the time
from the first positive SARS-CoV-2 RNA test to the first day of two consecutive negative SARS-CoV-2 RNA tests,
which required an interval of more than 24 hours between two negative tests. SARS-CoV-2 RNA was detected with the
use of a real-time fluorescent quantitative reverse transcription polymerase chain reaction kit (eDiagnosis, China). The Ct
values of N and ORF genes > 35 were considered as negative conversion, which was in line with the criteria of the 9™
version of the Diagnosis and Treatment Plan of COVID-19 issued by the National Health Commission of China on
Jun 27, 2022.12

The last follow-up time was on May 25, 2022. This study was approved by the Institutional Review Board of Xingiao
Hospital (2022-No0.241-01). The informed consent requirement was waived by Xinqiao Hospital Institutional Review
Board because only deidentified data were used.

Baseline clinical characteristics were compared between patients with and without cancer. Continuous variables were
expressed as median and interquartile range (IQR), and comparison between groups was performed by the Mann—
Whitney U-test. Categorical variables were expressed as frequencies and compared by Pearson’s X° test.

Each cancer patient was matched to four non-cancer patients using propensity score matching (PSM) (Matchlt
package, R, version 4.0.3) for further subgroup analysis. All clinical features were considered during PSM. The logistic
regression model was used to identify risk factors associated with prolonged viral shedding (more than 7 days) in all
patients after PSM, as well as in patients with cancer.

In addition, patients with solid cancer and a surgery history were selected for further analysis. Of these, patients who
had undergone a surgery for more than five years but had not received more systemic therapy or radiotherapy were
classified as having inactive cancer. Patients who had undergone surgery for less than 5 years, or who had undergone
surgery for more than 5 years but still receiving systemic therapy and/or radiotherapy, were classified as active cancer.
The median duration of persistent viral shedding of the two groups and the related odd ratio (OR) were calculated.

All statistical analyses were performed with the use of R software (version 4.0.3). Two-sided P value < 0.05 was
considered statistically.

This study followed the principles outlined in the Declaration of Helsinki for all human investigations.

Results

A total of 1442 asymptomatic or mild patients with Omicron infection (> 18 years) were enrolled, including 129 cancer
patients and 1313 non-cancer patients. Among all cancer patients, 17.2% of them were recorded with breast cancer,
16.1% were lung cancer, 11.5% were thyroid cancer, 10.3% were colorectal cancer, 6.9% were nasopharynx cancer, 5.7%
were lymphatic and hematopoietic malignancy, 3.4% were bladder cancer, 3.4% were ovarian cancer, 2.3% were
sarcoma, 23.2% were other cancers. Compared to non-cancer patients, cancer patients had higher proportions of age >
60 years (55 vs 25%), female patients (57 vs 42%), hypertension history (22 vs 13%), and symptoms (29 vs 13%), but
a lower proportion of vaccination (42 vs 57%) (Table 1).
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Table | Baseline Clinical Features Comparison in Omicron-Infected Patients with and without Cancer

Before Propensity Score Matching After Propensity Score Matching
Variables Non-Cancer Cancer Patients, | P value Non-Cancer Cancer Patients, | P value
Patients, N=1313(%) N=129(%) Patients, N=516(%) N=129(%)
Age (years) < 0.001 0.859
<60 98I (75) 58 (45) 239 (46) 58 (45)
= 60 332 (25) 71 (55) 277 (54) 71 (55)
Sex < 0.001 0.214
Male 767 (58) 55 (43) 254 (49) 55 (43)
Female 546 (42) 74 (57) 262 (51) 74 (57)
Hypertension 0.014 0.500
No 1137 (87) 101 (78) 420 (81) 101 (78)
Yes 176 (13) 28 (22) 96 (19) 28 (22)
Diabetes mellitus 0.106 0.691
No 1242 (95) 117 91) 476 (92) 117 91)
Yes 71 (5) 12 (9) 40 (8) 12 (9)
Other chronic disease 0.107 0.552
No 1153 (88) 120 (93) 469 (91) 120 (93)
Yes 160 (12) 97 47 9) 9 ()
Vaccination < 0.001 0.214
No 562 (43) 75 (58) 266 (52) 75 (58)
Yes 751 (57) 54 (42) 250 (48) 54 (42)
Symptoms < 0.001 0.081
No 1143 (87) 9l (71) 404 (78) 91 (71)
Yes 170 (13) 38 (29) 112 (22) 38 (29)

We performed the PSM to balance the baseline clinical features between cancer and non-cancer patients. Each cancer
patient was matched with four non-cancer patients. As shown in Table 1, no difference of clinical features was found
between matched groups. After PSM, the median duration of persistent viral shedding of cancer patients was 9 days (IQR
5-12 days), which was longer than that of non-cancer patients 5 days (IQR 3—7 days). An elevated OR (1.84, 95% CI
1.24-2.76, P = 0.003) of persistent viral shedding > 7 days was found in cancer patients. Further subgroup analyses found
that, in subgroups of age > 60 years (OR 2.24, 95% CI 1.244.30, P = 0.011) and female (OR 2.12, 95% CI 1.25-3.66,
P = 0.0006), cancer patients had higher risks of persistent viral shedding > 7 days. In addition, in subgroups of patients
without hypertension (OR 1.89, 95% CI 1.22-2.96, P = 0.005), diabetes mellitus (OR 1.80, 95% CI 1.19-2.74, P =
0.005), or other chronic disease (OR 2.13, 95% CI 1.42-3.25, P <0.001), unvaccinated (OR 1.97, 95% CI 1.17-3.40, P =
0.013), and asymptomatic (OR 2.36, 95% CI 1.48-3.83, P < 0.001), higher risks were also found in cancer patients.
While in the counterpart subgroups, no significant difference was found (Figure 1).

We also explored to identified risk factors of persistent viral shedding > 7 days among cancer patients. Univariate
analysis found that only age was a risk factor (> 60 years vs < 60 years, OR 4.59, 95% CI 2.16-10.15, P < 0.001). In
addition, a trend of elevated OR was found in cancer patients with diabetes mellitus compared to those without (OR 3.13,
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Subgroup OR (95% CI) P value
Age (years)
<60 1.68 (0.93-3.00) 0.079 t @
>60 2.24 (1.24-4.30) 0.011 b ®
Sex
Male 1.57(0.87-2.89)  0.139 ' =
Female 2.12 (1.25-3.66) 0.006 t ®
Hypertension
No 1.89(1.22-2.96)  0.005 —_—
Yes 1.57(0.64-4.12)  0.337 ' =
Diabetes mellitus
No 1.80(1.19-2.74)  0.005 —_—
Yes 2.41(0.53-17.16)  0.298 ' =
Other chronic disease
No 2.13 (142-325)  <0.001 —
Yes 0.34 (0.08-1.58)  0.153 ———
Vaccination
No 1.97(1.17-3.40)  0.013 ' =
Yes 1.68 (0.92-3.09) 0.092 t @
Symptoms
No 2.36 (1.48-3.83)  <0.001 ' =
Yes 0.79 (0.37-1.70)  0.537 —e——
| I T 1
0 05 1 2 4
<——High risk for ————— High risk for —>

non—cancer patients cancer patients

Figure | A forest plot to display the odd ratios for persistent viral shedding = 7 days in cancer patients versus matched non-cancer patients in subgroup analysis.

95% CI 0.78-20.94, P = 0.153) (Supplementary Table 1). Moreover, an analysis between active cancer group and
inactive cancer group was performed. A total of 29 patients with active cancer and 19 patients with inactive cancer were

identified. The median duration of persistent viral shedding in active cancer group was prolonged compared to inactive
cancer group (10 vs 6 days, P = 0.002). The active cancer group also had an elevated risk of persistent viral shedding > 7
days (OR 5.33, 95% CI 1.49-21.51, P = 0.013).

Discussion
In this study, we found that in the subgroups without underlying diseases (eg hypertension, diabetes mellitus, or other
chronic diseases), cancer patients were at higher risk for prolonged viral shedding, which suggests that cancer may be an
independent risk factor for prolonged SARS-CoV-2 positivity. Plausible reasons may be that the impaired immune
system, immune tolerance, and escape in cancer patients, who have an inadequate immune response to SARS-CoV-2
infection, resulting in inefficient clearance of the SARS-CoV-2 virus.'? Virus persistence may increase the potential risk
of transmission.'* Our further analysis suggested that prolonged viral shedding (median,10 days) was more pronounced
in patients with active cancer. The median duration of persistent viral shedding was 6 days in both patients with inactive
cancer and those without cancer. Patients with active cancer had a five-fold higher risk for persistent viral shedding > 7
days than those with inactive cancer. These results support the theory that patients with active cancer represent a group
with weakened immune systems that are induced by tumor growth and anticancer therapy.'

In addition, we found that patients with cancer had a higher risk of prolonged viral shedding than those without
cancer in the unvaccinated subgroup, but not in the vaccinated subgroup. This suggests that vaccination of cancer patients
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could help to clear the virus and provide protection. Although the effectiveness of vaccination in cancer patients was
relatively lower than in the control population, the overall effectiveness of vaccination in cancer patients was acceptable
(approximately 65.5%).'® However, in China, the vaccination rate of the elderly is still very low, especially for the
elderly with multiple underlying diseases such as cancer. Previous studies have shown that cancer patients were more
susceptible to severe and critical COVID-19 and have higher mortality than patients without cancer.'”'® A few studies
have suggested that the immune-related adverse events associated with COVID-19 vaccination are similar in cancer
patients and in normal people.'® Vaccination is safe in cancer patients, even those are receiving treatment.’*>* Although
the severity of COVID-19 phenotypes in cancer patients decreased from 2020 to 2022, patients with cancer remained at
a higher risk of hospitalisation and mortality than those without cancer.'' Therefore, although the active anticancer
treatment may reduce vaccine effectiveness,'® vaccination of cancer patients should be actively promoted to avoid high
risk of severe disease and death due to COVID-19. However, some cancer patients are reluctant to be vaccinated against
COVID-19, and some cancer patients are concerned about the possible long-term side effects of COVID-19 vaccination
or its impact on cancer treatment. High vaccination coverage is highly correlated with a low COVID-19 fatality rate,® and
effective education should be intensified to increase the willingness of cancer patients to receive COVID-19 vaccination.

In addition to COVID-19 vaccination, AZD7442, a combination of two human monoclonal antibodies (tixagevimab/
cilgavimab), had been proven to be effective against COVID-19 (in the pre-Omicron era).?* It has been granted emergency use
authorization for moderately to severely immunocompromised patients who may not response to vaccination.>* However, the
protective effect of AZD7442 on Omicron is uncertain, and real-world results are controversial. A few studies suggested that
the neutralizing activity of AZD7442 against Omicron variants was significantly reduced, but it was effective.”> 2’ There is
limited evidence for the anti-omicron effect of AZD7442 in patients with malignancies. Two studies showed that AZD7442
had low neutralizing activity against Omicron in patients with hematologic malignancies.**** Laracy’s study suggested that
AZD7442 had positive protective effect on Omicron in patients with hematological malignancies, and the protective effect
may be related to repeated administration or higher first dose.”’ Evidence of solid tumors is lacking. Although the benefit may
be lower, AZD7442 is currently the only available pre-exposure prophylaxis.

We also found that relatively older cancer patients were more likely to have prolonged viral shedding. The reason
may be that elderly cancer patients have weaker immunity naturally. Most elderly patients may have multiple underlying
diseases that lead to decreased immunity.*® Thus, these patients are less able to clear the SARS-CoV-2 virus. Diabetes is
one of the major risk factors for poor outcomes in patients with SARS-CoV-2 infection.’! Although we found a trend
toward prolonged viral shedding in cancer patients with diabetes, the number of cancer patients with diabetes are limited
in our study. Further studies with large samples could be conducted to determine the association between diabetes and
persistent viral shedding in cancer patients.

During the pandemic, without the protection of specific drugs and effective vaccines, cancer patients with persistent viral
shedding will be locked in. In addition, medical resources are scarce. These may result in inadequate cancer treatment or
delayed delivery of standard care.**** The impact of these factors on survival outcomes requires further investigation. In
addition to anti-cancer treatment, the mental health of cancer patients during the pandemic is also of concern. A few studies
reported that cancer patients had more mental disorders, such as anxiety, depression, and stress, than other patients during the
pandemic.**>° It’s more obvious in treatment-resistant, advanced, and painful cancer patients.>®

Our study has some limitations. First, the sample size of cancer patients was limited. Thus, a univariate analysis of risk
factors for persistent viral shedding > 7 days in cancer patients may have limited significance. The limited sample size may
also have affected the subgroup analysis after PSM. A further study with sufficient data is warranted. Second, the follow-up
time was limited, and the long-term duration of positive nucleic acid testing in some patients could not be estimated. Third, the
details of the anticancer treatment in this study were insufficient because the makeshift hospital is a temporal hospital used for
Omicron treatment. How cancer treatment affects Omicron shedding remains unclear.

Conclusion

This study suggests that cancer disease is an independent risk factor for prolonged viral shedding in Omicron-infected patients,
especially those with active cancer. This population is less able to clear the virus and may require longer SARS-CoV-2 RNA
testing. In addition, vaccination should be aggressively promoted among cancer patients to better reduce the risk of severe
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disease and death. Moreover, education about the harms of COVID-19 in cancer patients should be strengthened to reduce the
risk of infection and promote vaccination.
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