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Abstract: Background: Anti-inflammatory corticosteroids are used in cancer treatment and COVID-19
infections. Data on the impact of non-dexamethasone corticosteroids on COVID-19 infection severity
in cancer patients are minimal. This study investigates if corticosteroid treatment affects the dis-
ease severity in adult cancer patients. Methods: A total of 116 COVID-19-infected cancer patients
on hydrocortisone (H) or prednisone (P) were compared to 343 untreated patients. The study in-
cluded patients who received corticosteroids before (B), after (A), or both before and after (B and A)
COVID-19 infections. Ventilation support, hospitalization and mortality were investigated. Results:
Our data showed that a significantly greater number of patients taking H or P required ventilation
support and hospitalization and that mortality rates were higher than the control group. Patients
who received H or P after COVID-19 infection had a significantly worse prognosis than the other
sub-groups and the control group. Conclusion: Corticosteroids impacted cancer patients’ COVID-19
prognosis. Despite the limited sample size, H- and P-treated patients’ corticosteroids performed
worse than the control, especially if treatments were received after COVID-19 infection. Hence, when
a cancer patient already on H or P treatment is diagnosed with COVID-19, we recommend switching
to a steroid treatment as suggested by international guidelines.

Keywords: COVID-19; cancer patients; hydrocortisone; prednisone; corticosteroid; therapy;
SARS-CoV-2; ventilation assistance; admission to hospital; mortality; systemic corticosteroid

1. Introduction

In cancer treatment, corticosteroids may be administered as part of supportive care [1]
or as part of treatment regimens. Corticosteroids are used to treat a variety of tumors
and complications related to cancer treatment and promote apoptosis in hematological
neoplasms [2–4]. They are also used to regulate anaphylaxis and cytokine release, hyper-
sensitivity, and suppress anaphylaxis [5–7]. One study showed that using hydrocortisone,
a type of corticosteroid, improved the quality-of-life parameters for pain control, specif-
ically in hormone-refractory prostate cancer patients [8]. Due to the anti-inflammatory
properties of corticosteroids, it has been proposed that they could be used to treat or de-
crease COVID-19 infection complications [9–11]. Numerous studies revealed that the use
of corticosteroids on non-cancer patients was associated with a 28-day reduction in mortal-
ity [9] and an increase in the number of days spent without the assistance of mechanical
ventilation, particularly in patients who were critically ill [9,11–19].

Recent research has demonstrated that patients with progressing cancer may be more
susceptible to COVID-19 infection because of their immunocompromised status. This
is because patients with active cancer already have weakened immune systems due to
the treatment they receive for their cancer, the underlying cause of their illness, and the
severity of their disease. This makes cancer patients more susceptible to contracting
and dying from COVID-19 infection [20,21]. It was shown that patients suffering from
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thoracic and hematologic malignancies had worse COVID-19 infection outcomes; however,
information about the consequences of COVID-19 infection in cancer patients treated with
immunomodulatory drugs is still contradictory [22–26].

Dexamethasone therapy for COVID-19 patients was recently evaluated in a controlled,
open-label, randomized trial. The results showed that SARS-CoV-2 patients treated with
dexamethasone had a reduced 28-day mortality than those receiving invasive mechanical
ventilation or oxygen alone [12]. Furthermore, our previous published data showed that
cancer patients who were already taking dexamethasone and continued the treatment
after being infected with SARS-CoV-2 had higher survival rates and a better prognosis
for COVID-19 than patients who stopped the medication after being diagnosed with
COVID-19 [27].

As a follow-up to our previous work, we decided to investigate the effects of other cor-
ticosteroid management plans on cancer patients infected with the SARS-CoV-2 virus [27].
Therefore, this study aims to investigate if concurrent hydrocortisone and prednisone
administration within seven days, particularly before, after, or both before and after a
COVID-19 infection, influences the severity indicators of COVID-19 disease in cancer
patients.

2. Materials and Methods
2.1. Study Design

For this study, we analyzed data from the medical records of COVID-19-infected
cancer patients at King Hussein Cancer Center (KHCC) who were between 18 and 91 years
old. All KHCC patients were Middle Eastern (including Jordanians) and followed KHCC’s
treatment protocols [27]. The KHCC Cancer Registry records were searched for PCR-
positive COVID-19 patients (N = 1988). After excluding children, non-cancer patients, and
duplicates, 1353 PCR-positive COVID-19 adult cancer patients’ tests remained. Three
hundred and forty-three PCR-positive COVID-19 adult cancer patient tests and no history
of corticosteroids were used as the control group. The remaining 1010 cancer patients
received corticosteroids for various indications. We limited corticosteroid therapy to
hydrocortisone or prednisone and the treatment window to seven days before or after a
positive COVID-19 result, according to Jee and colleagues’ recent study [17]. Therefore, the
number of hydrocortisone and prednisone-treated cancer patients who also had COVID-19
infection within seven days dropped to 116 (Figure 1).

When classifying the various forms of cancer, the primary categories utilized were
those pertaining to solid tumors and hematological malignancies. In the category of solid
tumors, practically every organ was covered by at least one example of cancer. It was
primarily distributed based on the most common forms (lung, breast, and colorectal cancer),
while at the same time various forms of leukemia, lymphoma, and multiple myeloma were
included as hematological cancers. Whether corticosteroids are used as a treatment or
adjuvant therapy, the patient’s overall health, the type of cancer, and the chemotherapy
regimen all have a role in determining the appropriate dosage. Hydrocortisone doses
ranged between 20 and 240 mg, whereas prednisone ranged between 10 and 100 mg.

2.2. Patient Subgroups Based on the Timing of the COVID-19 Infection and Their Hydrocortisone
Treatment Regimen

Hydrocortisone treatment groups were divided into three subgroups based on when
hydrocortisone was given concerning the COVID-19 diagnostic. The first grouping was
cancer patients who were using hydrocortisone within seven days of a positive COVID-19
PCR test but “stopped” taking it after the diagnosis. HcB stands for “hydrocortisone
before”. Second, cancer patients started hydrocortisone within seven days after a positive
COVID-19 PCR test. HcA stands for “hydrocortisone treatment after”. The third category
included patients taking hydrocortisone medication within seven days before a positive
COVID-19 PCR test result and taking it for at least seven days afterward. HcBA stands for
“Hydrocortisone before and after”.
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Figure 1. Methodology outline, including selection and rejection criteria.

2.3. Outcome and Survival of the Three Hydrocortisone Subgroups

We compared the three hydrocortisone-treated subgroups to the control group using
nonparametric tests, and the indicator variables were either the need for mechanical venti-
lation, hospitalization, or admission to the ICU, or mortality within 28 days of COVID-19
infection. In the inter-group analysis, these disease severity indicator variables were also
used.

2.4. Subgroups of Patients by Prednisone Therapy and COVID-19 Onset

The prednisone treatment groups were divided into three subgroups based on when
prednisone was given in relation to the COVID-19 infection. The first grouping was cancer
patients who were using prednisone within seven days of a positive COVID-19 PCR test
but “stopped” taking it after the diagnosis. PDN-B stands for “prednisone before”. Second,
cancer patients started prednisone within seven days after a positive COVID-19 PCR test.
PDN-A stands for “prednisone treatment after”. The third category included patients
taking prednisone medication within seven days before a positive COVID-19 PCR test
result and continuing to take it for at least seven days afterward. PDN-BA stands for
“Prednisone before and after”.
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2.5. Outcome and Survival of the Three Prednisone Subgroups

Using nonparametric testing, we compared the three prednisone-treated subgroups
to the control group; the indicator variables were the need for mechanical breathing,
hospitalization or ICU admission, or mortality within 28 days of COVID-19 infection. In
the inter-group analysis, these indicator variables for disease severity were also applied.

2.6. Statistical Analysis

To analyze the data of SARS-CoV-2 infected patients who were treated between
September 2020 and January 2022, we followed the same methodology as in our previous
publication [27]. Software “R” version R 4.1.2 (2021) was used for all data manipulation
and statistical analysis [28].

3. Results
3.1. Treatment with Non-Dexamethasone Corticosteroids and the Outcome of COVID-19 Disease

This study included a total of 459 adult cancer patients who were diagnosed with
SARS-CoV-2 in the period from September 2020 to January 2022. The mean age was
55.8 years (SD 15.3, median 57). The females were the dominant (242/451, 53.66%). Most
patients had solid tumors (408/459, 90.69%). Demographic characteristics are listed in
Table 1.

Table 1. Sample characteristics according to treatment arm.

Control Hydrocortisone Prednisone

N (%) N (%) p-Value N (%) p-Value

Total (N = 459) 343 (74.7%) 33 (7.2%) 83 (18.1%)

Age Range (years) 20–89 19–85 23–87

Median age (years) 58.0 61.0 0.350 61.0 0.095

Sex

Male 151 (44%) 19 (58%)
0.190

48 (58%)
0.324

Female 192 (56%) 14 (42%) 35 (42%)

Cancer type

Solid (N = 408) 318 (93%) 24 (75%)
<0.05

66 (80%)
<0.05

Hematological (N = 49) 25 (7%) 8 (25%) 16 (20%)
N: sample number. Patients with unknown cancer primary sites were excluded from these percentages.

Regarding clinical characteristics, in Table 2, of these participants, we observed a
significantly higher percentage of patients who needed ventilation assistance in both the
hydrocortisone group (14/33, 42%) and the prednisone group (48/83, 58%) compared to
the control group (7/343, 2%, p-value < 0.05). Hospital admission is significantly higher
in the hydrocortisone group (30/33, 91%) and prednisone group (71/83, 86%) than in the
control group (59/343, 17%, p-value < 0.05). Similarly, admission to ICU in both groups
(hydrocortisone: 16/33, 48%, and prednisone: 43/83, 52%) was significantly higher than
the control group (2/341, 1%, p-value < 0.05). Finally, the mortality rate is higher in both
groups (hydrocortisone: 19/33, 58%, and prednisone: 54/83, 65%) than in the control group
(36/343, 10%, p-value < 0.05). Indicator variables are listed in Table 2.
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Table 2. Indicator variables of the study population divided by the study groups.

Control Hydrocortisone Prednisone

N (%) N (%) p-Value N (%) p-Value

Total (N = 459) 343 (74.7%) 33 (7.2%) 83 (18.1%)

Ventilation assistance
Yes 7 (2%) 14 (42%)

<0.05
48 (58%)

<0.05No 336 (98%) 19 (58%) 35 (42%)

Admitted to hospital
Yes 59 (17%) 30 (91%)

<0.05
71 (86%)

<0.05No 284 (83%) 3 (9%) 12 (14%)

Admitted to ICU
Yes 2 (1%) 16 (48%)

<0.05
43 (52%)

<0.05No 341 (99%) 17 (52%) 40 (48%)

Mortality within 28 days of COVID-19
Yes 36 (10%) 19 (58%)

<0.05
54 (65%)

<0.05No 307 (90%) 14 (42%) 29 (35%)

N: sample number. Patients with unknown cancer primary site were excluded from these percentages.

3.2. Comparison between the Three Hydrocortisone-Treated Subgroups and the Control Group

Compared to the control group, all three subgroups, namely HcB, HcA, and HcBA,
had significantly higher rates of requiring ventilator support, hospital, and ICU admission
and had a higher mortality rate within 28 days (p-value < 0.05) (Table 3).

Table 3. Summary of variable values for control and hydrocortisone groups.

Control
Treated Only before

COVID-19
Diagnosis

Treated Only after
COVID-19
Diagnosis

Treated before and
after COVID-19

Diagnosis
Indicators Variables N (%) N (%) p-Value ** N (%) p-Value ** N (%) p-Value **

Total (N = 376) 343 (91.2%) 11 (2.9%) 17 (4.5%) 5 (1.3%)
Ventilation assistance

Yes 7 (2%) 4 (36%)
<0.05

8 (47%)
<0.05

2 (40%)
<0.05No 336 (98%) 7 (64%) 9 (53%) 3 (60%)

Admitted to hospital
Yes 59 (17%) 8 (73%)

<0.05
17(100%)

<0.05
5 (100%)

<0.05No 284 (83%) 3 (27%) 0 (0%) 0 (0%)
Admitted to ICU

Yes 2 (1%) 5 (45%)
<0.05

10 (59%)
<0.05

1 (20%)
<0.05No 341 (99%) 6 (55%) 7 (41%) 4 (80%)

Mortality within 28 days of
COVID-19

Yes 36 (10%) 6 (55%)
<0.05

10 (59%)
<0.05

3 (60%)
<0.05No 307 (90%) 5 (45%) 7 (41%) 2 (40%)

All p-values represent the results of testing differences between each medicated group and the control group.
p-value **: p-value from Fisher’s exact test or Pearson’s chi-square test where appropriate. All p-values in the
table are corrected for multiple testing using the Benjamini–Hochberg method. SD: standard deviation, IQR:
interquartile range.

3.3. Hydrocortisone Inter-Subgroup Comparison

The COVID-19 severity indicator variables were used to compare the three subgroups.
Table 4 shows no statistically significant difference between the three hydrocortisone
subgroups except in admission to the ICU where the HcA subgroup showed a significantly
worse prognosis compared to the HcBA subgroup (p < 0.05).
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Table 4. Effect of hydrocortisone treatment before and after COVID-19 infection on disease indicators.

Groups
Hydrocortisone Treatment

before vs, after
COVID-19 Infection

Hydrocortisone Treatment
before vs. before and after

COVID-19 Infection

Hydrocortisone Treatment after
vs. before and after
COVID-19 Infection

Indicators
Variables

HcB vs. HcA
p-Value

HcB vs. HcBA
p-Value

HcA vs. HcBA
p-Value

N (%) N (%) N (%)

Ventilation
assistance 4 (36%) vs. 8 (47%) 0.867 4 (36%) vs. 2 (40%) 1 8 (47%) vs. 2 (40%) 1

Admitted to the
hospital 8 (73%) vs. 17 (100%) 0.0983 8 (73%) vs. 5 (100%) 0.546 17 (100%) vs. 5 (100%) 1

Admitted to ICU 5 (45%) vs. 10 (59%) 0.761 5 (45%) vs. 1 (20%) 0.676 10 (59%) vs. 1 (20%) 0.024

Mortality within
28 days of
COVID-19

6 (55%) vs. 10 (59%) 1 6 (55%) vs. 3 (60%) 1 10 (59%) vs. 3 (60%) 1

N: number of patients. p-value: represent the results of testing differences between each subgroup and the other.
Fisher’s exact test or chi-square test was used as appropriate.

3.4. Comparison between the Three Prednisone Subgroups and the Control Group

A total of 83 patients received prednisone treatment. Compared to the control group,
patients in the PDN-B subgroup showed no significant differences in any of the indicators,
which might be due to the small sample size of this subgroup (only four patients). As for the
second subgroup, patients who received prednisone therapy after COVID-19 infection, our
data showed that this subgroup (PDN-A) had a significant increase in the four indicators
(ventilation assistance, admission to hospital, admission to ICU, and mortality rate) when
compared to the control group (p-value < 0.05). Similarly, the subgroup of patients who
had prednisone treatment before and after COVID-19 infection had a significant increase in
ventilation assistance, admission to hospital and ICU, and mortality rate in comparison to
the control group (p-value < 0.05) (Table 5).

Table 5. Summary of variable values for control and prednisone groups.

Prednisone Groups Control Only before COVID-19
within 7 Days

Only after COVID-19
within 7 Days

Before and after
COVID-19 within 7 Days

Indicators Variables N (%) N (%) p-Value ** N (%) p-Value ** N (%) p-Value **

Total (N = 426) 343 (80.5%) 4 (0.9%) 65 (15.3%) 14 (3.5%)
Ventilation assistance

Yes 7 (2%) 0 (0%)
1

37 (57%)
<0.05

11 (79%)
<0.05No 336 (98%) 4 (100%) 28 (43%) 3 (21%)

Admitted to hospital
Yes 59 (17%) 3 (75%)

0.0554
55 (85%)

<0.05
13 (93%)

<0.05No 284 (83%) 1 (25%) 10 (15%) 1 (7%)
Admitted to ICU

Yes 2 (1%) 1 (25%)
0.0955

31 (48%)
<0.05

11 (79%)
<0.05No 341 (99%) 3 (75%) 34 (52%) 3 (21%)

Mortality within 28 days
of COVID-19

Yes 36 (10%) 1 (25%)
0.580

41 (63%)
<0.05

12 (86%)
<0.05No 307 (90%) 3 (75%) 24 (37%) 2 (14%)

All p-values represent the results of testing differences between each medicated group and the control group.
p-value **: p-value from Fisher’s exact test or Pearson’s chi-square test where appropriate. All p-values in the
table are corrected for multiple testing using the Benjamini–Hochberg method. SD: standard deviation, IQR:
interquartile range.
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3.5. Prednisone Inter-Subgroup Comparison

When we compared the three prednisone subgroups, we found that the group of
patients who were given prednisone before COVID-19 diagnosis (PDN-B) had significantly
less ventilation assistance need compared to PDN-A and PDN-BA subgroups. Moreover, the
PDN-B subgroup had fewer mortality rates compared to the PDN-BA subgroup (Table 6).
This observation might be because of the small group size in the PDN-B subgroup, which
consisted of only four patients. Interestingly, the PDN-BA subgroup patients had signifi-
cantly higher admission rates to the ICU compared to the PDN-A subgroup (Table 6).

Table 6. Effect of prednisone treatment before, after, and before and after COVID-19 infection on
disease indicators.

Groups
Prednisone Treatment

before vs after
COVID-19 Infection

Prednisone Treatment
before vs before and after

COVID-19 Infection

Prednisone Treatment
after vs before and after

COVID-19 Infection
Indicators
Variables

PDN B vs. PDN A p-Value PDN B vs. PDN BA p-Value PDN A vs. PDN BA p-Value
N (%) N (%) N (%)

Ventilation assistance
Yes 0 (0%) 37 (57%)

0.042 *
0 (0%) 11 (79%)

0.011 *
37 (57%) 11 (79%)

0.132 **No 4 (100%) 28 (43%) 4 (100%) 3 (21%) 28 (43%) 3 (21%)
Admitted to the hospital

Yes 3 (75%) 55 (85%) 0.509 * 3 (75%) 13 (93%)
0.405 *

55 (85%) 13 (93%)
0.419 **No 1 (25%) 10 (15%) 1 (25%) 1 (7%) 10 (15%) 1 (7%)

Admitted to ICU
Yes 1 (25%) 31 (48%) 0.618 * 1 (25%) 11 (79%) 0.083 * 31 (48%) 11 (79%) 0.036 **
No 3 (75%) 34 (52%) 3 (75%) 3 (21%) 34 (52%) 3(21%)

Mortality within 28 days of COVID-19
Yes 1 (25%) 41 (63%)

0.292 *
1 (25%) 12 (86%)

0.044 *
41 (63%) 12 (86%)

0.102 **No 3 (75%) 24 (37%) 3 (75%) 2 (14%) 24 (37%) 2 (14%)

* denotes the use of Fisher’s exact test where we used it if >40% have expected count < 5. ** denotes the use of
chi-square test.

4. Discussion

In this study, we showed that non-dexamethasone corticosteroids might significantly
affect the severity and outcome of COVID-19 infection. Our findings revealed that hydrocor-
tisone and prednisone had a significantly worse outcome in the indicator variables studied
(need for ventilation assistance, admission to hospital, admission to ICU, and mortality
rates within 28 days of COVID-19 infection) compared to the control group. These indi-
cators were significantly better in the control group compared to the non-dexamethasone
corticosteroid-treated cancer patients.

Considering that patients in the control group did not receive any corticosteroids prior
to or after their COVID-19 diagnosis, this might have been an indirect indicator that this
group of patients was in a healthier state than those in the corticosteroid-treated groups.
However, the demographics were similar between the control and the study groups except
for more representation of hematological malignancies in the study group. We also divided
the corticosteroid-treated patients into three subgroups for each treatment regimen. We
then compared these subgroups to the control group and one another.

Through a detailed intra-subgroup analysis, we found that the three subgroups of
hydrocortisone had a significantly increased rate of ventilation assistance, hospital and ICU
admission, and increased mortality rate compared to the control group p < 0.05. Moreover,
the HcA subgroup of patients showed a significantly higher ICU admission than the HcBA
subgroup. This may mean that a cancer patient with a COVID-19 infection should keep
receiving hydrocortisone treatment instead of starting hydrocortisone treatment after the
infection. Alternatively, switching the corticosteroid type to dexamethasone would be
preferable, as the REMAP-CAP randomized study group [29] and the RECOVERY study
group recommended [30]. This conclusion is similar to our previous study on COVID-19-
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infected cancer patients treated with dexamethasone, which found that it is preferable to
continue the corticosteroid rather than stop it [27].

As for prednisone, single variable analysis of the data showed that PDN-A patient
subgroup and PDN-BA subgroup had significantly increased rates of ventilation assistance,
admission to hospital and ICU, and mortality within 28 days of the COVID-19 diagnosis
(p-value < 0.05) compared to the control group. This finding is consistent with Marte
et al.’s study [31], which found that early prednisone administration might impair essential
antiviral subsets and soluble factors leading to increased mortality.

Interestingly our data demonstrated that the PDN-BA subgroup had a significantly
worse prognosis than PDN-A in requiring ventilation assistance and showed significantly
higher mortality rates. These data may suggest that if a cancer patient is diagnosed with
SARS-CoV-2 infection, it is preferable to discontinue prednisone treatment and switch
to another corticosteroid (such as dexamethasone) rather than continuing prednisone
treatment after the disease.

Although our study is the first retrospective-interim analysis of cancer patients who
were already taking non-dexamethasone corticosteroids within seven days prior to COVID-
19 disease or started the steroids within seven days from SARS-CoV-2 infection as a sup-
portive care co-medication to reduce the unfavorable effects of anticancer therapies, our
analysis has limitations which stem from the very structure of the method itself. The limited
number of participants in each category hampered our ability to conduct robust statistical
analyses and draw firm findings in many instances. Another problem was that there was
no comparison of corticosteroid doses between the before and after groups. Because other
clinical variables of the enrolled patients, such as cancer stage, ongoing cancer treatments,
and comorbidities, were unavailable, a comparison between cancer patients and a con-
trol group with and without steroid therapy was not possible. Hence, a comprehensive
prospective randomized controlled trial comparing early and late corticosteroid adminis-
tration is required to precisely determine optimal corticosteroid administration timing in
COVID-19-infected cancer patients. This is because the probability that cancer patients in
the control group may be healthier might have influenced the results in this study.

5. Conclusions

We found that both corticosteroids, hydrocortisone and prednisone, had significantly
higher rates of ventilation assistance, admission to hospital and/or ICU, and mortality
rates within 28 days of COVID-19 compared to the control group (p-value < 0.05) regardless
of the treatment regimen. Moreover, our data showed that the probability of death or the
requirement for mechanical ventilator assistance within 28 days of infection was higher in
individuals who received hydrocortisone or prednisone only after COVID-19 infection. This
result was in contrast to the effect of dexamethasone therapy, which suggested that taking
the medication after the SARS-CoV-2 infection or continuing it after COVID-19 disease
may have more favorable effects on COVID-19 prognosis in cancer patients [27]. Finally,
we conclude that treatment with hydrocortisone or prednisone worsens the COVID-19
prognosis in cancer patients compared to the control group. In addition, we recommend
that cancer patients diagnosed with COVID-19 infection might switch to steroid treatment
as suggested by international guidelines.
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