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The safety and efficacy of tocilizumab for the treatment of severe respiratory symp-
toms due to COVID-19 remain uncertain, in particular among solid organ transplant 
(SOT) recipients. Thus, we evaluated the clinical characteristics and outcomes of 29 
hospitalized SOT recipients who received tocilizumab for severe COVID-19, compared 
to a matched control group who did not. Among a total of 117 total SOT recipients 
hospitalized with COVID-19, 29 (24.8%) received tocilizumab. The 90-day mortality 
was significantly higher among patients who received tocilizumab (41%) compared 
to those who did not (20%, P = .03). When compared to control patients matched by 
age, hypertension, chronic kidney disease, and administration of high dose corticos-
teroids, there was no significant difference in mortality (41% vs 28%, P = .27), hospital 
discharge (52% vs 72%, P = .26), or secondary infections (34% vs 24%, P = .55). Among 
patients who received tocilizumab, there was also no difference in mortality based 
on the level of oxygen support (intubated vs not intubated) at the time of tocilizumab 
initiation. In this matched cohort study, tocilizumab appeared to be safe but was not 
associated with decreased 90-day mortality. Larger randomized studies are needed 
to identify whether there are subsets of SOT recipients who may benefit from tocili-
zumab for treatment of COVID-19.
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1  |  INTRODUC TION

The coronavirus disease 2019 (COVID-19) pandemic has had a sig-
nificant impact on solid organ transplant (SOT) recipients. Although 
early case series indicated SOT recipients may be at increased risk 
of severe disease and mortality, subsequent studies have suggested 
that outcomes may be similar to the general population.1–7 While 
data on the antiviral remdesivir have shown a clinical benefit in 
patients with COVID-19, the optimal management of patients who 
progress to severe disease after several days of mild symptoms re-
mains less clear.8,9 The hypothesis that this delayed progression may 
be attributable to a deleterious hyperinflammatory process or cyto-
kine storm led to a significant interest in immunomodulatory agents 
such as corticosteroids and tocilizumab, a humanized monoclonal 
antibody to the IL-6 receptor.10,11 A large randomized controlled trial 
has shown that dexamethasone reduces mortality among patients 
with severe COVID-19.12 Data on tocilizumab, however, has been 
less conclusive. Early case series from Wuhan, China, showed prom-
ising results while a large retrospective cohort study in Italy demon-
strated that administration of tocilizumab in patients with severe 
COVID-19 reduced the risk of invasive mechanical ventilation or 
death when compared to patients who did not.13–15 Unfortunately, 
phase 3 trials for both tocilizumab and sarilumab, a similar IL-6 re-
ceptor inhibitor, were terminated early after not meeting primary 
and key secondary endpoints.16,17 However, it remains unknown 
whether there is a subset of patients who may benefit from this class 
of agents in particular.

Among SOT recipients, tocilizumab has been used for the treat-
ment of allograft rejection with emerging data on efficacy and 
safety.18,19 During the initial months of the pandemic, limited cases 
of SOT recipients receiving tocilizumab for the treatment of COVID-
19 were reported, showing some success with this approach.20–23 
More recently, a multicenter Spanish cohort of 80 kidney transplant 
recipients who received tocilizumab for severe COVID-19 showed 
high mortality (32.5%), and more severe disease than patients who 
did not receive tocilizumab24. Interpretation of these results has 
been limited by the lack of a matched control group, however, and 
data on tocilizumab use in other SOT recipients are lacking. Here we 
report on a matched cohort study with off-label tocilizumab in 29 
SOT recipients hospitalized with COVID-19.

2  |  METHODS

2.1  |  Patients

All adult (age >18 years) SOT recipients from Columbia University 
Irving Medical Center hospitalized with COVID-19 between 
3/13/2020 and 4/21/2020 were analyzed. Diagnosis of COVID-19 
was confirmed with a positive nasopharyngeal swab for SARS-CoV-2. 
All patients had a minimum of 90 days of potential observation and 
were followed until death or discharge. Several patients were in-
cluded in a previously reported larger cohort of SOT patients1, but 

without the tocilizumab-specific analyses described here. This work 
was approved by the Columbia University institutional review board.

2.2  |  Therapeutic approach

All patients with COVID-19 were preferentially considered for in-
vestigational agents, including remdesivir, in either clinical trials or 
expanded access programs. When this was not available, off-label 
hydroxychloroquine was considered in the early study period.

Intravenous tocilizumab at about 4-8 mg/kg (maximum 800 mg) 
was considered for patients with at least 7 days of symptoms, pro-
gressive respiratory distress, and rising levels of inflammatory mark-
ers, including C-reactive protein, ferritin, or IL-6. Some patients 
received additional doses of tocilizumab when the primary team 
deemed the initial response to be insufficient. Intravenous meth-
ylprednisolone at 1 mg/kg/day was also given in selected patients. 
In general, baseline immunosuppression was moderately decreased 
with a particular emphasis on decreasing or discontinuing anti-
metabolite drugs such as mycophenolate.

2.3  |  Analytic approach

All SOT recipients hospitalized with COVID-19 who received tocili-
zumab were included as cases. For each case, one control matched 
for age (above or below 60 years), hypertension, chronic kidney dis-
ease (CKD), and receipt of high dose corticosteroids for COVID-19 
during the hospitalization was selected. The first three matching 
variables were selected because of their significant correlation with 
COVID-19 disease severity as described in the literature, including 
our original cohort.1 High dose corticosteroids were selected due 
to the potential confounding of this frequently coadministered ad-
ditional immunomodulatory therapy, which has more recently been 
shown to impact treatment outcomes.12

Clinical characteristics and outcomes including death and hospi-
tal discharge were compared between these groups. Additional com-
plications were also assessed, including secondary infections, venous 
thrombosis, acute neurological events, and new renal replacement 
therapy. Non-SARS-CoV-2 viral infections were diagnosed via whole 
blood or plasma PCR only. Only culture positive bacterial infections 
were included. In this study, pneumonia, including those that were 
ventilator associated, was defined as a positive respiratory culture 
and clinical suspicion for a bacterial pneumonia by the primary team. 
All positive blood cultures, except those with coagulase-negative 
staphylococci, were considered to be true infections. Urinary tract 
infections were not assessed. The clinical characteristics and out-
comes of the entire underlying cohort of SOT recipients hospitalized 
for COVID-19 in this period are also presented in Table S1.

Finally, outcomes among patients who received tocilizumab were 
also compared between patients who received their initial dose while 
mechanically ventilated and those who were not ventilated. In this 
group, median (IQR) levels of inflammatory markers including IL-6, 
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TA B L E  1  Clinical characteristics and outcomes of SOT recipients with COVID-19 who received tocilizumab versus matched controlsa

All (n = 58) Tocilizumab group (n = 29) Matched control group (n = 29) P-value

Age in years 64 (46-71) 62 (48-69) 65 (46-71) .52

Male sex (%) 35 (60) 18 (62) 17 (59) .79

Race (%) .25

White 28 (48) 18 (62) 10 (34)

Black 16 (28) 7 (24) 9 (31)

Asian 2 (3) 1 (3) 1 (3)

Other 9 (16) 3 (10) 6 (21)

Hispanic ethnicity (%) 25 (43) 12 (41) 13 (45) .79

Organ transplant (%) .35

Kidney 26 (45) 15 (52) 11 (38)

Lung 15 (26) 5 (17) 10 (34)

Liver 2 (3) 1 (3) 1 (3)

Heart 10 (17) 6 (21) 4 (14)

Heart-kidney 3 (5) 2 (7) 1 (3)

Kidney-pancreas 2 (3) 0 (0) 2 (7)

Comorbidities (%)

HTN 46 (79) 23 (79) 23 (79) 1

DM 31 (53) 13 (45) 18 (62) .19

CKD 40 (69) 20 (69) 20 (69) 1

Chronic lung disease 13 (22) 5 (17) 8 (28) .35

Years from transplant 4.85 (1.42-8.9) 5.77 (2.35-9.69) 4.06 (1.31-7.75) .51

Baseline immunosuppression 
(%)

Calcineurin inhibitor 53 (91) 28 (97) 25 (86) .16

Mycophenolate 45 (78) 24 (83) 21 (72) .35

Steroids 41 (71) 22 (76) 19 (66) .44

Belatacept 3 (5) 1 (3) 2 (7) .55

Therapy

Hydroxychloroquine 47 (81) 26 (90) 21 (72) .10

Azithromycin 32 (55) 16 (55) 16 (55) .76

Remdesivir 5 (9) 1 (3) 4 (14) .16

High dose corticosteroidsb  42 (72) 22 (76) 20 (69) .88

Disease Severity

New dialysis requirement 10 (17) 10 (34) 0 (0) .001

Ever in ICU 26 (45) 18 (62) 8 (28) .008

Ever Intubated 22 (38) 18 (62) 6 (21) .003

Secondary complications (%)

Venous thrombosis 5 (9) 5 (17) 2 (7) .31

Cerebrovascular events 3 (5) 3 (10) 0 (0) .10

Patients with infections 17 (29) 10 (34) 7 (24) .55

Infectious episodesc 

Blood stream infection 3 (5) 2 (7)d  1 (3)e 

Bacterial pneumonia 6 (10) 3 (10)f  3 (10)g 

C. difficile 1 (2) 1 (3) 1 (3)

Aspergillus 1 (2) 1 (3) 0 (0)

(Continues)
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C-reactive protein (CRP), D-dimer, ferritin, and procalcitonin prior to 
and 48 hours after the first dose of tocilizumab are compared. The 
degree of respiratory support at the time of tocilizumab and at 7 and 
28 days of follow-up are reported using an ordinal scale of ambient 
air/nasal cannula, non-rebreather mask/high flow nasal cannula, and 
mechanical ventilation. Improvement was defined as requiring less 
intense forms of oxygen support or discharge from the hospital after 
tocilizumab treatment.

3  |  RESULTS

A total of 117 SOT recipients hospitalized with confirmed SARS-
CoV-2 infection were identified, 29 (24.8%) of whom received at 
least one dose of tocilizumab. Twenty-two patients received one 
dose of tocilizumab, six patients received two doses, and one patient 
received three doses. Clinical characteristics and outcomes of the 
entire cohort are displayed in Table S1. Notably, the overall mortal-
ity was significantly higher among patients who received tocilizumab 
compared to those who did not (41% vs 20%, P = .03). In addition, 
patients who received tocilizumab were also more likely to have re-
ceived high dose steroids for treatment of COVID-19 (76% vs 24%, 
P < .01).

Given the differences in overall disease severity and treatment 
approaches between patients who did and did not receive tocili-
zumab, 29 patients were then selected in a matched control group. 
There were no differences in baseline characteristics between the 
groups. While there was no significant difference in mortality (41% 
vs 28%, P = .27) or hospital discharge (52% vs 72%, P = .26), tocili-
zumab was significantly associated with ICU-level care (62% vs 28%, 
P = .008), mechanical ventilation (62% vs 21%, P = .003), and new 
renal replacement therapy (34% vs 0%, P = .001; Table 1). The time 
from COVID-19 diagnosis to death, hospital discharge, or last fol-
low-up was overall 19 days (IQR 9-34) but significantly longer in the 

tocilizumab group versus the matched control group (22 vs 14 days, 
P = .03).

We then compared outcomes between patients who received 
the first dose of tocilizumab while mechanically ventilated (n = 11) 
or not (n = 18). In this analysis, there were no significant differences 
in baseline characteristics or outcomes including mortality between 
these groups (Table 2). Figure 1 depicts the change in oxygen re-
quirement or clinical status (death, hospital discharge) at 7 and 
28 days after tocilizumab initiation. By day 28, about 13 (45%) pa-
tients experienced clinical improvement, 5 (17%) had no change, 2 
(7%) worsened, and 9 (31%) died. Improvement in respiratory status 
at day 28 was more common among patients who were not intu-
bated (50%) at the time of tocilizumab therapy compared to those 
who were intubated (36%) at the time of first tocilizumab dose.

Serologic inflammatory markers at baseline and 48 hours after 
tocilizumab are shown in Table 3. Patients who were intubated had 
significantly higher baseline levels of CRP and procalcitonin, but 
not ferritin, D-dimer and IL-6 compared to nonintubated patients. 
These differences remained significant for 48 hours from first dose 
of tocilizumab. As expected, IL-6 levels dramatically increased after 
tocilizumab administration.

4  |  DISCUSSION

There is an urgent need to better define effective and safe thera-
pies to reduce morbidity and mortality associated with COVID-19, 
in particular for the hyperinflammatory phase. While remdesivir 
and dexamethasone have been shown to reduce mortality among 
selected patients with COVID-19, the benefit of other therapeutic 
interventions remains inconclusive for not only the general popula-
tion but also for SOT recipients. Here we present a retrospective 
matched cohort study on the use of off-label tocilizumab for SOT 
recipients hospitalized due to COVID-19. In this population, the 

All (n = 58) Tocilizumab group (n = 29) Matched control group (n = 29) P-value

CMV 10 (17) 5 (17) 5 (17)

Peak CMV viral load, 
IU/mL

716 (193-1469) 1469 (1326-8994) 263 (193-418)

Other infections 2 (3) 2 (7)h  0 (0)

Outcomes

Death 20 (34) 12 (41) 8 (28) .27

Hospital discharge 36 (62) 15 (52) 21 (72) .26

aAll continuous data presented as median (IQR). 
b2 patients in control group with unknown steroid status. 
cSome patients experienced multiple infectious episodes. 
dCandida glabrata, Klebsiella pneumonia. 
eESBL Klebsiella pneumonia. 
f1 MRSA, 2 Pseudomonas aeruginosa. 
gStenotrophomonas maltophilia, Burkholderia cepacia complex, MRSA. 
hHHV-6, EBV. 

Table 1 (Continued)
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TA B L E  2  Clinical characteristics and outcomes of SOT recipients with COVID-19 who received tocilizumab prior to or following 
endotracheal intubationa

All tocilizumab patients (n = 29) Nonintubated (n = 18) Intubated (n = 11) P-value

Age in years 62 (48-69) 63 (51-68) 61 (40-71) .91

Male sex (%) 18 (62) 12 (67) 6 (55) .51

Race (%) .84

White 18 (62) 11 (61) 7 (64)

Black 7 (24) 4 (22) 3 (27)

Asian 1 (3) 1 (6) 0 (0)

Other 3 (10) 2 (11) 1 (9)

Hispanic ethnicity (%) 12 (41) 7 (39) 5 (45) .73

Organ transplant (%) .43

Kidney 15 (52) 7 (39) 8 (73)

Lung 5 (17) 4 (22) 1 (9)

Liver 1 (3) 1 (6) 0 (0)

Heart 6 (21) 5 (28) 1 (9)

Heart-kidney 2 (7) 1 (6) 1 (9)

Comorbidities (%)

HTN 22 (76) 14 (78) 8 (73) .76

DM 13 (45) 8 (44) 5 (45) .96

CKD 20 (69) 12 (67) 8 (73) .73

Chronic lung disease 5 (17) 3 (17) 2 (18) .92

Years from transplant 5.77 (2.35-9.69) 5.97 (2.45-9.69) 5.77 (1.26-10.02) .67

Baseline immunosuppression 
(%)

Calcineurin inhibitor 28 (97) 18 (100) 10 (91) .19

Mycophenolate 24 (83) 16 (89) 8 (73) .26

Steroids 22 (76) 14 (78) 8 (73) .71

Belatacept 1 (3) 0 (0) 1 (9) .19

IVIG +/- Pheresis 4 (14) 3 (17) 1 (9) .57

Thymoglobulin 4 (14) 2 (11) 2 (18) .59

Therapy

Hydroxychloroquine 26 (90) 15 (83) 11 (100) .15

Azithromycin 16 (55) 9 (50) 7 (64) .70

Remdesivir 1 (3) 1 (6) 0 (0) .43

High dose corticosteroids 22 (76) 15 (83) 7 (64) .23

Days from

Diagnosis to tocilizumab 9 (4-12) 10 (3-13) 9 (4-11) .75

Diagnosis to death/
discharge/last f/u

22 (15-44) 22 (15-28) 29 (16-70) .19

Disease severity

New dialysis requirement 10 (34) 5 (28) 5 (45) .33

Ever in ICU 18 (62) 7 (39) 11 (100) .001

Ever intubated 18 (62) 7 (39) 11 (100) .001

Secondary complications (%)

Venous thrombosis 5 (17) 3 (17) 2 (18) .92

Cerebrovascular events 3 (10) 2 (11) 1 (0) .86

Patients with infectionsb  10 (34) 5 (28) 5 (45) .39

(Continues)
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overall mortality was 26% but up to 41% among those with more se-
vere disease leading to use of tocilizumab. When matched for severe 
COVID-19 risk factors (age, hypertension, and CKD) as well as high 
dose corticosteroids, there was no significant difference in mortality 
between patients who received tocilizumab and matched controls. 
However, despite matching, patients who received tocilizumab were 
more likely to be in the ICU, mechanically ventilated, and on new 
renal replacement therapy, and had a longer overall length of stay, 
likely indicating more severe disease overall. In addition, while there 
was no difference in mortality based on level of oxygen support re-
quired at time of tocilizumab initiation (intubated vs not intubated), 
patients who were not intubated at the time of this treatment were 
more likely to show clinical improvement by day 28 of follow-up.

The use of tocilizumab in SOT recipients with severe COVID-
19 has been previously reported, including a multicenter cohort 
study from Spain.20–25 In that study of 80 kidney transplant recipients 
treated with tocilizumab for severe COVID-19, mortality was higher 
than the comparator group (32.5% vs 21.9%), but the authors suggest 
that this difference could potentially have been more pronounced 
due to a more critically ill tocilizumab group. Although reporting on a 
larger cohort, the unmatched design of the study limits any significant 

conclusions. In contrast, our matched comparison showed no signif-
icant beneficial response from tocilizumab. This seems to be in line 
with the recent termination of phase 3 studies for the IL-6 receptor in-
hibitors tocilizumab and sarilumab, both due to not achieving primary 
and key secondary endpoints. However, it remains unknown whether 
there are certain populations including those with indicators of a hy-
perimmune response, may derive benefit in some circumstances.

Although secondary infections occurred in over one-third of pa-
tients receiving tocilizumab, including a relatively high rate of CMV 
reactivation (17%), this was not significantly higher than the matched 
control group. This suggests that the impact of tocilizumab on the 
net state of immunosuppression among already chronically immuno-
suppressed SOT recipients may be limited and less significant than 
concurrent high dose steroid administration or critical illness in these 
patients. Similarly, there were no differences in other complications 
such as venous thrombosis or cerebrovascular events and no cases of 
bowel perforation. These results suggest that tocilizumab administra-
tion appears to be safe overall, which is consistent with prior reports 
among both SOT and non-SOT patients with COVID-19.

Assessment of COVID-19 disease severity and response to im-
munomodulatory therapy through inflammatory markers has been 

All tocilizumab patients (n = 29) Nonintubated (n = 18) Intubated (n = 11) P-value

Outcomes

Death 12 (41) 7 (39) 5 (45) .73

Hospital discharge 15 (52) 10 (56) 5 (45) .54

aAll continuous data presented as median (IQR). 
b2 patients experienced multiple infectious episodes. 

Table 2 (Continued)

F I G U R E  1  Clinical status or change in oxygen requirement 7 and 28 d after treatment with tocilizumab (Color scheme: red = worsening, 
yellow = no change, green = improvement). *3 patients died >28 d after first tocilizumab dose and are not included here [Color figure can be 
viewed at wileyonlinelibrary.com]

Oxygen 
support 

needed or 
clinical status 

a
er 
tocilizumab 

Oxygen support needed at 	me of first dose of tocilizumab 

  Mechanical 
ven	la	on 

(n=11) 

NRB/HFNC 
(n=11) 

Nasal 
Cannula 

(n=6) 

Ambient Air 
(n=1) 

Day 7 Deceased 2 0 0 0 
Mechanical 
ven	la	on 8 6 0 0 

NRB/HFNC 0 2 0 0 
Nasal Cannula 1 2 3 0 
Ambient Air 0 0 0 0 
Discharged 0 1 3 1 
Improved 9% 27% 50% 100% 

Day 28 Deceased* 4 5 0 0 
Mechanical 
ven�la�on 3 2 0 0 

NRB/HFNC 0 1 0 0 
Nasal Cannula 2 1 1 0 
Ambient Air 0 1 0 0 
Discharged 2 1 5 1 
Improved 36% 27% 83% 100% 

www.wileyonlinelibrary.com
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widely reported. In our cohort, serum CRP and procalcitonin levels 
were significantly higher in those requiring mechanical ventilation at 
the time of tocilizumab administration, a difference that remained 
significant 48 hours later. Unlike other studies, a downtrend in CRP 
levels after tocilizumab did not correlate with clinical improvement 
in our study (data not shown).

There are several limitations in this study. The modest number 
of cases and controls included limit the ability to detect small to 
moderate differences in outcomes. Secondly, despite matching for 
key characteristics known to impact disease severity as well as the 
use of concomitant high dose corticosteroids, the fact that patients 
who received tocilizumab were more likely to require new renal re-
placement therapy, mechanical ventilation, or be admitted to an ICU 
raises the possibility that those patients had more severe disease 
than the matched control group. As patients received tocilizumab 
treatment at variable times in their disease progression, matching for 
disease severity in this cohort was not possible. Finally, a potential 
limitation to this analysis is the possibility that SOT patients who 
received tocilizumab may have presented earlier in the pandemic 
and thus did not benefit from improvements in care that occurred 
in subsequent months.

In summary, administration of tocilizumab for treatment of se-
vere COVID-19 among SOT recipients appeared to be safe but was 
not associated with reduced mortality in this matched cohort study. 
Further studies on the safety, efficacy, and optimal timing of tocili-
zumab in immunocompromised patients are warranted.
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TA B L E  3  Inflammatory markers before and after tocilizumab by baseline respiratory status

All (n = 29) Nonintubated (n = 18) Intubated (n = 11)
P-
value

Biomarker levels

CRP, mg/L

Baseline 151 (51-204) 102.6 (27.9-155) 203.5 (157-252.1) .01

48 hrs after tocilizumab 50.49 (10.11-123.35) 15.58 (5.07-66) 133.45 (96.25-163) .005

Ferritin, ng/ml

Baseline 1240 (696-2216) 1386 (661.2-2774) 1215 (840-1968) .78

48 hrs 1359 (690.7-2880.5) 1395.5 (645.4-3137) 1186 (736-2067) .68

D-Dimer, ug/m

Baseline 2.69 (1.08-7.8) 2.29 (1-3.38) 4.98 (2.47-9) .12

48 hrs 3.67 (1.77-8.18) 3.48 (1.68-5.46) 5.48 (3.33-8.54) .47
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48 hrs >315 >315 >315 —
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