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Abstract

Objectives: Future pandemics involving COVID-19 or other respiratory disorders may pose risks to treatment out-
comes among cancer patients on chemotherapy. Here we explored whether diagnosis with COVID-19 might influence
how chemotherapy alters the peripheral hemogram of cancer patients. To examine changes in the peripheral hemo-
gram before and after chemotherapy depending on whether patients were unexposed to the SARS-CoV-2 virus, had
COVID-19, or were recovering from COVID-19.

Methods: We retrospectively reviewed the records of 8,900 patients with solid cancers who underwent chemotherapy
between October 10, 2022 and March 1, 2023. We compared hemograms before and after chemotherapy within and
across the following three groups: 3,215 patients previously unexposed to SARS-CoV-2, 2,771 patients with COVID-19,
and 2,817 patients recovering from COVID-19. We compared counts of white blood cells, red blood cells, and platelets
as well as percentages of neutrophils between the first blood sampling after admission and the first sampling after
conclusion of chemotherapy.

Results: Of the various parameters examined, only the changes in counts of white blood cells and platelets differed
significantly across the three patient groups. White blood cell count before chemotherapy was lower in patients with
COVID-19 than in those unexposed to the virus or those recovering from COVID-19. Platelet count after chemotherapy
was lower in patients with COVID-19 than in those recovering from COVID-19. Chemotherapy reduced the red blood
cell count and increased the neutrophil percentage in all three patient groups, with the largest changes occurring in
patients with COVID-19; however, these changes did not achieve statistical significance.

Conclusion: These studies suggest that COVID-19 does not significantly alter the peripheral hemogram of cancer pa-
tients who receive effective chemotherapy.
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he COVID-19 pandemic has caused more than 759 mil-

lion infections and nearly 6.9 million deaths globally.
' The pandemic poses particularly severe risks for cancer
patients, since infection with the causative virus, SARS-
CoV-2, increases risk of death much more among them
than among individuals without cancer.?* In fact, cancer
in patients with COVID-19 independently predicts worse
prognosis, higher risk of hospitalization, and higher risk of
mortality within 30 days after hospital admission.®® This
increased risk of poor outcomes likely reflects the systemic
effects of cancer and chemotherapy,® ' as well as patients’
avoidance of treatment visits due to fear of infection. These
considerations highlight the need to understand whether
and how COVID-19 may affect cancer patients undergo-
ing treatment and their prognosis, especially since cancer
is the second leading cause of death after cardiovascular
disease."? The findings may be relevant for improving can-
cer management during a future pandemic of COVID-19 or
other respiratory disease.

COVID-19 has been shown to influence cancer progression
and patient responses to particular chemotherapy drugs,'*
I but how the disease may modulate the effect of chemo-
therapy on blood hemostasis is lacking. This is important
because chemotherapy-induced changes in, for example,
counts of white blood cells or platelets can increase risk of
complications such as infection or hemorrhage, as well as
worsen prognosis.'> ' The peripheral hemogram, which si-
multaneously provides information about the blood’s func-
tions of oxygenation, immune responses and coagulation
can be a straightforward way to screen patients for risk of
complications or poor prognosis.

Therefore we examined how chemotherapy altered the pe-
ripheral hemogram in three types of cancer patients: those
never infected with the SARS-CoV-2 virus, those with CO-
VID-19 and those recovering from COVID-19.

Methods

Study Participants

The protocol of this retrospective study conformed to the
Declaration of Helsinki and its later amendments and was
approved by the Ethics Review Committee of the Guangxi
Medical University Cancer Hospital (LW2023100), which
waived the requirement for written informed consent
because patients or their legal guardians had consented,
upon admission, to analysis and publication of anonymized
medical data for research purposes.

We extracted the medical data of all patients with malig-

nant solid tumors who underwent chemotherapy in our
hospital between October 10, 2022 and March 1, 2023. Be-

fore chemotherapy, tumors were typed and staged based
on clinical presentation, laboratory tests, imaging, and
histopathology. We did not enroll patients with non-solid
tumors, such as leukemia, myelodysplastic syndrome, mul-
tiple myeloma or plasmacytoma because their hemograms
can show substantial variability independent of chemo-
therapy (data not shown).

We assigned patients to one of three groups: those ad-
mitted between October 10, 2022 and December 6, 2022,
before SARS-CoV-2 was circulating in humans;i'” those ad-
mitted between December 7, 2022 and January 15, 2023
who were diagnosed with COVID-19;!'¥ and those admitted
between January 16, 2023 and March 1, 2023 who had pre-
viously been diagnosed with COVID-19 but were judged to
be recovering because they no longer presented any clini-
cal symptoms or chest computed tomography signs, and
because two PCR tests for SARS-CoV-2, conducted seven
days apart, were negative.'”

COVID-19 Diagnosis

Patients in the study were diagnosed initially with COV-
ID-19 if they had clinical symptoms and chest radiological
signs as specified in the “Chinese Prevention and Control
Program for Novel Coronavirus Pneumonia” (9* edition),
and if infection with bacteria or virus normally associated
with community-acquired pneumonia had been excluded.
Diagnosis of COVID-19 was confirmed if a PCR test of a na-
sopharyngeal swab was positive for SARS-CoV-2.2"

Data Collection

Medical records on the peripheral hemogram of all pa-
tients were extracted from the central hospital database,
together with data on sex, age, number of chemotherapy
cycles, as well as use of molecular targeted drugs and im-
mune inhibitors. Data were extracted by one investigator
and cross-checked by another against the original data-
base. In cases of missing data or apparent errors, the at-
tending clinical physician was contacted for clarification.

Outcome

The primary outcome was changes in the peripheral he-
mogram between the first blood sampling after admission
and the first sampling after conclusion of chemotherapy. In
this study, the hemogram comprised counts of white blood
cells, red blood cells and platelets, as well as the percent-
age of neutrophils.

Statistical Analysis

We did not estimate a minimal sample for this study be-
cause it was retrospective and designed to describe ef-
fects in the actual patient population. Data were analyzed



statistically using SPSS 26.0 (IBM, Chicago, IL, USA) and
GraphPad Prism 9.0 (GraphPad Software, San Diego, CA,
USA), and results associated with p<0.05 were considered
significant. Continuous data were expressed as means and
standard deviations, while categorical data were reported
as frequencies and percentages. Changes in hemograms
before and after chemotherapy within each of the three
patient groups were assessed for significance using the
paired-samples t test, two-sample t test or corrected t test
with normal distribution if the data were normally distrib-
uted; otherwise, changes were assessed using the Wilcox-
on rank-sum test. Differences across patient groups were
assessed using analysis of variance if the variables were
continuous, or using Pearson's chi-squared or Fisher's exact
tests if the variables were categorical.

Results

Of the 8,900 patients whom we screened initially, we ex-
cluded 148 (1.7%) with non-solid tumors and allocated the
remaining to the following three groups (Fig. 1): patients
unexposed to SARS-CoV-2 (n=3,164) because they were
admitted to the hospital before the virus was circulating
among humans; patients with COVID-19 (n=2,771); and pa-
tients recovering from COVID-19 (n=2,817).

Most patients were younger than 60 years, more than half
were receiving immune checkpoint inhibitors, while very
few were receiving molecular targeted agents. Most patients
in the study had received one round of chemotherapy (Table
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8900 patients with malignant tumors who reccived chemotherapy were
sclected between October 10, 2022 and March 01,2023

148 patients with nonsolid tumors were excluded:

77 patients diagnosed with leukemia

62 patients diagnosed with plasma cell dyscrasia

9 patients diagnosed with myelodysplastic

8752 patients patients with solid
tumors

3164 patients unexposed 2771 patients with 2817 patients recovering
to SARS-CoV-2 COVID-19 from COVID-19

Figure 1. Flow diagram of patient selection. COVID-19, coronavirus
disease 2019.

1). The distribution of tumor types did not differ significantly
across the three groups (Supplementary Table 1).

Differences in Hemogram Features

Chemotherapy had obviously different effects across the
three patient groups, although all the indicators after che-
motherapy were within the expected range and all patients
achieved satisfactory chemotherapy benefits. Of the vari-
ous parameters examined, only the changes in counts of
white blood cells and platelets differed significantly across
the three patient groups (Fig. 2). White blood cell count be-
fore chemotherapy in patients with COVID-19 (5.7x10° /L)
was lower than the counts in those unexposed to the virus

Table 1. Clinicodemographic and treatment characteristics of the three patient groups.

Characteristic Unexposed to SARS-CoV-2 With COVID-19 Recovering from COVID-19 p
(n=3164) (n=2771) (n=2817)

Sex 0.621
Male 1404 (44.4) 1198 (43.2) 1222 (43.4)
Female 1760 (55.6) 1573 (56.8) 1595 (56.6)

Age, yr 0.683
<60 2263 (71.5) 2009 (72.7) 2021 (71.7)
>60 901 (28.5) 762 (27.3) 796 (28.3)

Number of chemotherapy cycles
1 2337 (73.9) 1969 (71.1) 2101 (74.6) 0.064
2 745 (23.5) 717 (25.9) 649 (23.0)
3 61(1.9) 65 (2.3) 46 (1.6)
>4 21(0.7) 20(0.7) 21(0.7)

Molecularly targeted drugs 0.120
Yes 120 (3.8) 83 (3.0) 111 (3.9)
No 3044 (96.2) 2688 (97.0) 2706 (96.1)

Immune checkpoint inhibitors 0.429
Yes 1407 (44.5) 1216 (43.9) 1206 (42.8)
No 1757 (55.5) 1555 (56.1) 1611 (57.2)

Values are n (%), unless otherwise noted.
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Figure 2. Peripheral hemogram of cancer patients before and after chemotherapy in different states of infection. (a-d) Comparison of white
blood cell count (WBC), red blood cells (RBC), percentage of neutrophils (NEU%), and platelets (PLT) before chemotherapy in different states
of infection of cancer patients. (e-h) Comparison of WBC, RBC, NEU%, and PLT after chemotherapy in different states of infection of cancer

patients. COVID-19, coronavirus disease 2019.

(6.0x10° /L, p<0.001) or those recovering from COVID-19
(6.0x10° /L, p<0.001). In contrast, white blood cell count
after chemotherapy did not differ significantly across the
three groups. Platelet count after chemotherapy in patients
with COVID-19 (237.2x10° /L) was lower than the count in
those recovering from COVID-19 (249.0x10° /L, p=0.014). In
contrast, platelet count before chemotherapy did not differ
significantly across the three groups. Similarly, neither red
blood cell count nor percentage of neutrophils differed sig-
nificantly across the three groups, whether before or after
chemotherapy.

Found in the comparison before and after chemotherapy
in each patients group itself, chemotherapy significantly

reduced counts of red blood cells and platelets, while sig-
nificantly increasing white blood cell count and neutrophil
percentage (Supplementary Fig. 1). These effects of che-
motherapy were largest among patients with COVID-19.

Differences in Clinical Interventions

Patients with COVID-19 were significantly less likely to re-
ceive leukocyte-depleted red blood cells or recombinant
human erythropoietin injection than the other two patient
groups, but significantly more likely to receive human gran-
ulocyte colony-stimulating factor to restore white blood
cell count or neutrophil percentage (Table 2). Patients with
COVID-19 were also more likely to receive caffeic acid tab-

Table 2. Comparison of frequencies of clinical interventions in the three patient groups.*

Intervention

Unexposed to SARS-CoV-2  With COVID-19 Recovering from COVID-19 p
(n=985) (n=1482) (n=1281)
Transfusion of leukocyte-depleted red blood cells 32(3.2) 26 (1.8) 26 (2.0) 0.039
Injection of recombinant human erythropoietin 24 (2.4) 13(0.9) 15(1.2) 0.003
Injection of granulocyte colony-stimulating factor 621 (63.0) 995 (67.1) 806 (62.9) 0.031
Injection of mecapedfilgrastim 66 (6.7) 101 (6.8) 88 (6.9) 0.990
Caffeic acid tablets 153 (15.5) 276 (18.6) 260 (20.3) 0.015
Transfusion of platelets from apheresis 15 (1.5) 11(0.7) 10 (0.8) 0.113
Injection of recombinant thrombopoietin 20 (2.0) 8(0.5) 7 (0.5) <0.001
Injection of interleukin-11 74 (5.5) 52 (3.5) 69 (5.4) <0.001

*Values are n (%) in terms of the total numbers of interventions, not patients.



lets and/or injection with recombinant thrombopoietin or
interleukin-11 to restore platelet count (Fig. 3).

Differences in Medications After Discharge

The three groups were prescribed similar distributions of
preventive medications after discharge (Table 3, Supple-
mentary Table 2). For example, many were prescribed injec-
tions of granulocyte colony-stimulating factor or mecapeg-
filgrastim to restore white blood cell count and neutrophil
percentage, while many received injections of recombi-
nant thrombopoietin or interleukin-11 to improve platelet
count.

Discussion

This retrospective study suggests that COVID-19 does not
influence the peripheral hemogram of cancer patients on
chemotherapy to a clinically significant extent. Regardless of
whether patients had never been infected with SARS-CoV-2,
had COVID-19 or were recovering from COVID-19, all the in-
dicators after chemotherapy were within the expected range
and patients achieved satisfactory chemotherapy benefits.
This implies that cancer patients with COVID-19 should be
treated in similar ways as those without the disease.

Cancer patients may be more vulnerable to severe compli-
cations and death from COVID-19 than patients with other
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chronic diseases.” 22 2 This reflects that the immune sys-
tem can be damaged by cancer itself?*2% and by chemo-
therapy,”-® and such damage can be exacerbated by com-
plications and immune failure caused by COVID-19.2931 |n
addition, chemotherapy can inhibit formation of red blood
cells and platelets from bone marrow.5%33 These consider-
ations imply that clinicians should exercise caution when
formulating treatment plans for patients with COVID-19,
yet our results with a large patient sample presenting a
broad range of tumor types suggests that significant de-
viations from standard cancer treatment and management
are unlikely to be necessary.

We found that of the various parameters examined for CO-
VID-19 patients, only the changes in counts of white blood
cells and platelets differed significantly across the three pa-
tient groups. White blood cell count before chemotherapy
was lower in patients with COVID-19 than in those unex-
posed to the virus or those recovering from COVID-19, but
white blood cell count after chemotherapy did not differ
significantly across the three groups, although there was
a trend towards higher values in patients with COVID-19.
Platelet count after chemotherapy was lower in patients
with COVID-19 than those recovering from COVID-19, but
it was still well within the normal range. Furthermore, che-
motherapy reduced the red blood cell count and increased
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Figure 3. Comparison of frequencies of clinical interventions to increase (a) white blood cell count, (b) red blood cell count, or (c) platelet

count in the three patient groups.

Table 3. Comparison of frequencies of prophylactic medications prescribed to the three patient groups after discharge.*

Medication Unexposed to SARS-CoV-2  With COVID-19  Recovering from COVID-19 p
(n=208) (n=373) (n=325)

Injection of granulocyte colony-stimulating factor 99 (47.6) 185 (49.6) 155 (47.7) 0.853

Mecapedfilgrastim injection 10 (4.8) 26 (7.0) 19(5.8) 0.130

Caffeic acid tablets 96 (46.2) 156 (41.8) 147 (45.2) 0.521

Injection of recombinant thrombopoietin 1(0.5) 2(0.5) 1(0.3) 1.000

Human interleukin-11 injection 2(1.0) 4(1.1) 3(0.9) 1.000

* Results are presented as n (%) in terms of the number of interventions, not patients.
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the neutrophil percentage in all three patient groups and
to a greater extent in patients with COVID-19, although
the magnitude of these changes did not differ significantly
among the three groups. This indicates that COVID-19 does
not significantly interfere with the peripheral hemogram
of cancer patients after chemotherapy, and that chemo-
therapy can be planned similarly as for patients without
COVID-19.

Among the various treatments and prevention strategies
that can be effective against COVID-19,5343¢ anti-inflamma-
tory corticosteroids have been shown to improve survival
in patients with severe COVID-19.5” Whether steroid ther-
apy affects the peripheral hemogram of cancer patients
during chemotherapy should be explored in future work.
Relatively few of our patients received blood transfusion,
reflecting uncertainty about the impact of COVID-19 on
the safety and efficacy of blood transfusion for cancer pa-
tients.13% 3% Future work should also explore the potential
effects of blood transfusion on the peripheral hemogram
during chemotherapy.

Studies should continue to explore the long-term effects
of COVID-19.#942 and the implications for long-term can-
cer management. Studies should also explore whether and
how SARS-CoV-2 may interact with other viruses circulating
in humans, and whether such interactions affect the safety
and efficacy of cancer treatments. This type of research
should also be extended to patients with non-solid tumors.

Strengths and Limitations

Our study has several strengths. Our cancer center is one
of the largest in China, allowing us to perform a compre-
hensive assessment of patients with a broad range of solid
cancers in order to provide insights relevant to real-world
clinical practice. On the other hand, our findings should be
interpreted with caution in light of our study’s retrospec-
tive and single-center design, and the fact that we collect-
ed data during only about four months of chemotherapy,
even though such treatment can last far longer. We did not
take into account the potential influence of nursing care,
exact type and number of cycles of chemotherapy, inter-
actions between synchronous chemotherapy regimes, or
other factors that may affect the peripheral hemogram.

Conclusion

These studies suggest that COVID-19 does not significantly
alter the peripheral hemogram of cancer patients under-
going effective chemotherapy. The impact of the COVID-19
pandemic is ongoing, although it may become as common
as other viral infections in the future. More and longer stud-
ies are needed to determine whether the COVID-19 pan-

demic can lead to other adverse outcomes in patients on
chemotherapy. Continuous monitoring of the impact of
the COVID-19 pandemic and other global health crises on
the hemogram of cancer patients undergoing chemother-
apy is essential for optimizing prognosis of cancer patients.
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Central nervous system 10 (0.3) 12 (0.4) 9(0.3) 0.696
Head and neck 349 (11.0) 323(11.7) 305 (10.8) 0.596
Thoracic 1196 (37.8) 995 (35.9) 1094 (38.8) 0.076
Digestive system 825 (26.1) 733 (26.5) 803 (28.5) 0.088
Urinary system or male genital organs 39(1.2) 41 (1.5) 35(1.2) 0.653
Female genital organs 429 (13.6) 382 (13.8) 348 (12.4) 0.227
Soft tissue and bone 79 (2.5) 61(3.4) 70 (2.5) 0.098
Lymphoid tissue 210 (6.6) 192 (6.9) 165 (5.9) 0.246
Skin 13(0.4) 16 (0.6) 11 (0.4) 0.549
Unknown 14 (0.4) 16 (0.6) 7(0.2) 0.160

Values are n (%), unless otherwise noted.

In-hospital interventions 985 (82.6) 1482 (79.9) 1281 (79.8) 0.115
After-discharge medications 208 (17.4) 373 (20.1) 325(20.2)

* Results are presented as n (%) in terms of the number of interventions, not patients.
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Supplementary Figure 1. Comparison of hemogram indexes of each patients group itself before and after chemotherapy. (a-d) white blood
cell count (WBC), red blood cells (RBC), percentage of neutrophils (NEU%), and platelets (PLT) among patients unexposed to SARS-CoV-2. (e-h)
WBC, RBC, NEU%, and PLT among patients with COVID-19. (i-1) WBC, RBC, NEU%, PLT among patients recovering from COVID-19. COVID-19,

coronavirus disease 2019.



