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Treatment guidelines recommend the tocilizumab use in patients with a
C-reactive protein (CRP) >7.5 mg/dl.
We aimed to estimate the causal effect of intensification with

tocilizumab on mortality overall and after stratification for PaO2/FiO2 ratio
and CRP levels.

This was a retrospective, observational cohort study carried out at the
University Hospital of Modena, Italy among patients admitted for severe
COVID-19 pneumonia over the period June 2020- June 2021. The
treatment strategies evaluated were:
• treatment with glucocorticoids (no intensification) vs.
• glucocorticoids + tocilizumab (intensification therapy).
Glucocorticoids included dexamethasone (6 mg/day for 10 days) or

methylprednisolone (2 mg/kg/day in ICU for patients with ARDS).
Primary endpoint was day-28 mortality. Survival analysis was conducted

to estimate the conditional and average causal effect of tocilizumab
intensification vs. glucocorticoids alone using Kaplan-Meier curves and Cox
regression models with a time-varying variable for the intervention. The
hypothesis of the existence of effect measure modification by CRP and
PaO2/FiO2 ratio was tested by including an interaction term in the model.

992 patients, median age 69 years, 72.9% males, 597 (60.2%) treated
with monotherapy and 395 (31.8%), adding tocilizumab upon respiratory
deterioration were included.

• Our data are consistent with current evidence suggesting that
intensification with tocilizumab in patients with a current CRP of 0-7.5
mg/dl has limited effect (and even potential harm), while it provides
substantial survival benefit in those with CRP of 7.5-15 and even >15
mg/dl.

• Large randomised studies are needed to establish an exact cut-off for
clinical use.

Characteristics No intensification
N= 597

Intensification
N= 395 p

Age, years, median (IQR) 70 (56, 81) 69 (60, 78) 0.428
Sex, N (%) 226 (37.9%) 142 (35.9%) 0.543

Comorbidities, N (%)
Obesity 81 (34.9%) 115 (43.6%) 0.050
COPD 187 (31.3%) 93 (23.5%) 0.008

Cerebro-vascular disease 161 (27.0%) 68 (17.2%) <.001
Diabetes 241 (40.4%) 162 (41.0%) 0.840

Chronic kidney failure 169 (28.3%) 85 (21.5%) 0.017
Solid tumor 246 (41.2%) 122 (30.9%) <.001

Arterial hypertension 207 (34.7%) 160 (40.5%) 0.063
Chronic heart failure 36 (16.4%) 30 (13.2%) 0.339

Main delays, median (IQR)
Symptoms’ onset -

hospitalisation, 6 (3, 9) 6 (3, 8) 0.401

Symptoms’ onset  - ICU 7 (5, 11) 9 (7, 12) 0.028
Hospitalisation - ICU 0 (0, 2) 3 (1, 6) <.001

Vital signs and biomarkers at admission, median (IQR)
PaO2/FiO2, mmHg 276 (226, 318) 235 (154, 280) <.001

CRP, mg/dl 6.0 (2.0, 14.0) 7.0 (4.0, 15.0) <.001

Hazard ratios of death 
(95% CI) p

Unadjusted
No intensification 1 0.024Intensification 0.66 (0.46, 0.95)

Adjusted for time-fixed covariates1

No intensification 1 0.009Intensification 0.55 (0.35, 0.86)

Adjusted for time-varying covariates2

No intensification 1 0.048Intensification 0.64 (0.40, 1.00)
Weighted3

No intensification 1 0.015Intensification 0.59 (0.38, 0.90)

1standard Cox model adjusted for age,
ethnicity, Charlson Comorbidity index
(CCI), baseline CRP and PaO2/FiO2 ratio
2standard Cox model adjusted for age,
ethnicity, CCI, baseline PaO2/FiO2 ratio and
CRP and time-varying use of remdesivir
invasive mechanical ventilation, PaO2/FiO2
ratio and CRP
3weighted Cox model controlled for age,
ethnicity, CCI, baseline PaO2/FiO2 ratio and
CRP and time-varying use of remdesivir,
invasive mechanical ventilation, PaO2/FiO2
ratio and CRP using IPW

Table 1. Demographic and clinical characteristics between two groups.

Table 2. Unadjusted and adjusted HR of death from fitting Cox regression models - all participants.

There was no evidence that current
PaO2/FiO2 was an effect measure
modifier for the intensification
strategy. Our data confirms that
intensification with tocilizumab
confers survival benefit only in
patients with a current CRP>7.5 mg/dl
(Figure 3).

Figure 1. Unweighted 
competing risk Kaplan-Meier 
analysis: by 28 days from 
treatment initiation, the 
proportion who died were 
16.2% (95% CI: 13.3-19.2%) in 
the no intensification group vs. 
15.7% (95% CI:12.1-19.2%) in 
the intensification group (log-
rank p= 0.51).

Figure 2. Kaplan-Meier 
stratified by the treatment 
group. After controlling for 
baseline confounders, there 
was greater evidence for a 
difference in mortality between 
the two treatment groups (log-
rank p=0.25).

Figure 3. Forest plot of the 
standard Cox model, comparing 
treatment strategies in various 
subsets of patients. 

There was no evidence that 
current PaO2/FiO2 was an effect 
measure modifier for the 
intensification strategy (p=0.73).

For CRP, a dose-response effect of tocilizumab with participants with a CRP 
of 0-7.5 was detected, showing harm from receiving intensification and 
benefit only in those with CRP> 7.5 mg/dl. Nevertheless, also the formal test 
for interaction for CRP yielded a non-significant result (p=0.57).

The proportion of patients with PaO2/FiO2≤250 mmHgwas 59% vs. 36% (p<0.001) and the proportion of
patients with PaO2/FiO2 ≤150 mmHg was 24% vs. 12% (p<0.001). Participants in the intensification group
also had higher median respiratory rate: 24 vs. 20 bpm (p<0.001).


