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Abstract
Because medical illness is associated with increased inﬂammation and an increased risk for treatment-resistant major
depressive disorder, anti-cytokine therapy may represent a novel, and especially efﬁcacious, treatment for depression.
We hypothesized that blockade of the interleukin (IL)-6 signaling pathway with tocilizumab would decrease
depression and related symptomatology in a longitudinal cohort of allogeneic hematopoietic stem cell
transplantation (HCT) patients, a medically ill population with a signiﬁcant inﬂammation and psychopathology.
Patients undergoing allogeneic HCT received either a single dose of tocilizumab one day prior to HCT (n = 25), or HCT
alone (n = 62). The primary outcome included depressive symptoms at 28 days post HCT; anxiety, fatigue, sleep, and
pain were assessed at pretreatment baseline and days +28, +100, and +180 post HCT as secondary outcomes.
Multivariate regression demonstrated that preemptive treatment with tocilizumab was associated with signiﬁcantly
higher depression scores at D28 vs. the comparison group (β = 5.74; 95% CI 0.75, 10.73; P = 0.03). Even after
adjustment for baseline depressive symptoms, propensity score, and presence of acute graft-versus-host disease
(grades II–IV) and other baseline covariates, the tocilizumab-exposed group continued to have signiﬁcantly higher
depression scores compared to the nonexposed group at D28 (β = 4.73; 95% CI 0.64, 8.81; P = 0.02). Despite evidence
that IL-6 antagonism would be beneﬁcial, blockade of the IL-6 receptor with tocilizumab among medically ill patients
resulted in signiﬁcantly more—not less—depressive symptoms.

Introduction
Major depressive disorder (MDD), with a lifetime prevalence of 20% (ref. 1), is even more common in the
context of medical illness, with a prevalence rate twice
that seen in the general population2–4. Depression in the
medically ill is also signiﬁcantly more likely to be treatment resistant5. Inﬂammation, a common feature of most
medical illnesses, has been associated with speciﬁc
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patterns of brain dysfunction in patients with MDD6 and
is thought to contribute to depression in medically ill and
healthy individuals7–9.
Recent data suggest that blocking inﬂammatory signaling pathways with cytokine antagonists may provide a
novel treatment approach for patients with MDD10–13.
This may be especially true for those with a history of
treatment resistance, particularly among those with high
levels of inﬂammation, as occurs with medical comorbidities. Prior work has focused primarily on tumor
necrosis factor (TNF) blockade11,14. Given the incomplete
response of TNF blockade to treat depression14, interleukin (IL)-6 blockade may be an effective strategy15,16
since IL-6 is reliably elevated in MDD17–22 and associated
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with induction of depression following inﬂammatory
challenge13,14.
Tocilizumab antagonizes IL-6 activation of both
classical (membrane-bound) and trans (soluble) receptor signaling15. Two published studies evaluate associations between tocilizumab administration and MDDrelated symptoms (depression, anxiety, and fatigue),
with both concluding that tocilizumab produced beneﬁcial effects. However, these studies had several limitations, including recruitment limited to patients with
rheumatoid arthritis (whose symptoms improved with
disease remission), small sample sizes16, and absence of
a control group16,23.
Hematopoietic cell transplantation (HCT) patients constitute a medically ill cancer population with a signiﬁcant
degree of inﬂammation and depression in the peri-HCT
period24–26. Depressive symptoms constitute a signiﬁcant
prognostic risk variable for poorer clinical outcomes among
HCT recipients, including early mortality and increased
occurrence of graft-versus-host disease (GVHD)27,28. IL-6 is
dysregulated during GVHD29–31, with IL-6 antagonists
demonstrating promise for GVHD prevention32–35. HCT
patients are a clinically relevant population to address the
larger question of whether IL-6 antagonism might offer a
viable antidepressant strategy among medically ill patients
experiencing elevated inﬂammatory activity.
We conducted an observational cohort study to evaluate
the potentially beneﬁcial effects of tocilizumab on
depression and related symptoms among allogeneic HCT
recipients, and compared their outcomes to a cohort of
allogeneic HCT recipients who did not receive tocilizumab. The primary objective was to evaluate whether
tocilizumab use was associated with less severe depressive
symptoms following HCT. Secondary outcomes included
the effects of tocilizumab treatment on anxiety, fatigue,
sleep, and pain following HCT. The a priori prediction
was that allogeneic HCT patients given tocilizumab would
have less severe depression and related symptoms, as
compared to those not given tocilizumab.

Methods
Study overview and eligibility criteria
Intervention cohort

In addition to the standard GVHD prophylaxis with
tacrolimus/methotrexate, individuals participating in a
phase II open label trial at the Medical College of Wisconsin (MCW) also received tocilizumab for prevention of
acute GVHD (aGVHD) after allogeneic HCT (clinicaltrials.
gov NCT02206035). They were invited to provide pre- and
post-HCT patient-reported outcome (PRO) data as part of
the tocilizumab treatment arm for the current study.
Patients were enrolled from January 2015 through July
2016. Eligibility for the parent and current study included
being 18–75 years of age, and undergoing HCT for acute
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leukemia, chronic myelogenous leukemia (CML), myelodysplasia, other myeloproliferative disorders, or chemotherapy sensitive lymphoproliferative diseases. Patients
were excluded if they had a history of intolerance or allergy
to tocilizumab, or if they received rituximab or other
monoclonal antibodies during conditioning. See Drobyski
et al.36 for additional information on the intervention
population and treatment regimen. Twenty-ﬁve of the 35
patients involved in the parent trial consented to the study.
Administration of tocilizumab occurred through the MCW
HCT Program. All participants provided written informed
consent; all procedures were approved in advance by the
MCW Institutional Review Board (IRB).
Comparison group

Individuals participating in a longitudinal study evaluating biobehavioral effects on recovery following allogeneic HCT at the University of Wisconsin–Madison
(UW) served as a comparison group. UW patients
received standard GVHD prophylaxis with methotrexate/
tacrolimus; none received tocilizumab. Allogeneic transplant participants (N = 204) with follow-up PROs were
enrolled between 2008 and 2015. Patients from the UW
cohort who were receiving a second transplant, BEAM
conditioning, total body irradiation, anti-thymocyte globulin, sirolimus, cord blood transplant, or cyclosporine/
mycophenolate mofetil GVHD prophylaxis were excluded
to maintain the treatment homogeneity between comparative cohorts, as these regimens were not used
within the MCW tocilizumab group. No inﬂammatory
biomarker data was available from this cohort. All participants provided written informed consent and all procedures were approved by the UW IRB.
Patient-reported outcomes

All participants completed self-report surveys at four
time points: baseline (prior to tocilizumab for intervention
group), day +28 (D28; with respect to day 0 being day of
transplant), D100, and D180 post transplant. To assess the
primary study endpoint (depression score at D28), the 20item General Depression subscale from the Inventory of
Depression and Anxiety Symptoms (IDAS) was used37.
Questionnaires administered at all assessments included
the IDAS, Fatigue Symptom Inventory (FSI; fatigue)38,
Pittsburgh Sleep Quality Index (PSQI; sleep)39, and Brief
Pain Inventory (pain)40. Patients endorsing thoughts of
suicidality or self-harm per the IDAS were contacted by
the study principal investigator and offered appropriate
follow-up care.
Sample size

The study sample size was determined by the parent
studies, which were designed for outcomes unrelated to
the primary aim of the current analyses. With the ﬁnal
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sample size of 25 tocilizumab-treated and 62 comparison
patients, the study has 80% power to detect effects of
0.67 standard deviations (SD) or higher, and 90% power to
detect effects of 0.78 SD. Previously published articles
report effect sizes ranging between 0.62 and 1.25 on the
General Depression subscale of the IDAS between cases
and non-cases for a variety of psychiatric disorders37.
Assuming a SD of 12 points, an 8-point difference in
the IDAS depression scale was detectable with at least
80% power.
Statistical analysis
Descriptive analyses

Student’s t test or Chi-square tests were used to
evaluate differences between the two cohorts for continuous or categorical baseline demographic variables,
respectively. Univariate comparisons of PRO variables
were performed using Wilcoxon’s rank-sum test.
Demographic characteristics described for each group
include age, sex, race, body mass index (BMI), income,
and education level. Additional medical characteristics
for each group include disease, cytomegalovirus (CMV)
status, conditioning regimen intensity, donor and HLA
match, and graft type.
Primary analysis

An analysis of covariance (ANCOVA) regression model
was ﬁtted for all eligible patients to evaluate the impact of
cohort (tocilizumab vs. comparison group) on the primary
outcome of depressive symptoms at D28, while covarying
for both baseline depressive symptomatology and presence of grades II–IV aGVHD by D28.
Secondary analyses

Inverse propensity-weighted regression was the primary analytical approach for multivariable analyses of
the trajectory of depressive symptoms over all time
points within a single model. The trajectories of other
PROs were analyzed similarly. Propensity scores were
obtained using a logistic regression model with age, sex,
BMI, CMV status, conditioning regimen, and donor type
as predictors of study group. Graft source was unbalanced but could not be included in the propensity
model due to the very low number of patients with bone
marrow as graft source in the comparison group. For
each PRO, a linear mixed-effect model was ﬁtted with
inverse propensity scores as weights to evaluate the
impact of treatment group at each time point (D28,
D100, and D180), adjusting for the baseline value of the
measurement and grades II–IV aGVHD before the
corresponding time point. For all tests, alpha level was
set at two-sided p < 0.05, and no adjustments for multiple comparisons were performed.
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Post hoc analyses

Because aGVHD status was included as a time-varying
covariate in the multivariable analyses, the same model was
used to evaluate whether development of aGVHD affected
PRO responses following tocilizumab treatment. To
examine the degree to which differences in disease state
composition between the two study sites might have contributed to the ﬁndings, additional sensitivity analyses were
conducted in a group that restricted disease states between
the sites by removing disease subsets that had only 0 or 1
case in one of the groups. These analyses were limited to
patients with acute myelogenous leukemia, acute lymphocytic leukemia, CML, and myelodysplastic syndrome (n =
25, tocilizumab; n = 29, comparison group).
In all analyses, the assumptions of the parametric tests
(t test for age and regression models for the PRO outcomes) were evaluated using residual plots, including QQ
plots to assess normality and residual vs. ﬁtted value plots
for homoscedasticity.

Results
Descriptive analyses

Baseline demographic characteristics are summarized in
Table 1. Age was the only demographic variable differing
between the cohorts, with the tocilizumab cohort slightly
older than the comparison group (60.2 vs. 53.9, P = 0.01).
The tocilizumab group had a higher proportion of
patients receiving a bone marrow graft (20% vs. 5%, P =
0.03). There were no signiﬁcant differences in sleep
(Fig. 1d) or development of aGVHD (Table 1), although
the tocilizumab group had consistently worse PSQI scores
and a lower incidence of aGVHD (for further details on
parent study outcomes, see Drobyski et al.36).
Univariate PRO characteristics for the entire cohort
(n = 87) are reported in Table 2. Depressive symptoms
were signiﬁcantly worse at D28 (42.7 vs. 38.2, P = 0.03,
Fig. 1a) and anxiety signiﬁcantly higher at D100 (19.2 vs.
15.6, P = 0.02, Fig. 1b) among patients receiving tocilizumab compared to those not receiving the drug. While
fatigue intensity was signiﬁcantly lower (2.5 vs. 3.9, P =
0.003) among the tocilizumab patients at baseline, fatigue intensity was higher among this cohort at three
subsequent time points, although this trend did not
attain statistical signiﬁcance. Patients receiving tocilizumab reported signiﬁcantly more pain intensity at D28
than those not receiving tocilizumab (3.0 vs.1.5, P < .001,
Fig. 1c).
Primary analysis

ANCOVA adjusting for baseline depressive symptoms
and presence of grades II–IV aGVHD demonstrated that
the tocilizumab group had signiﬁcantly higher depression
scores at D28 vs. the comparison group (Fig. 1; β = 5.74;
95% CI 0.75, 10.73; P = 0.03).
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Table 1 Demographic and clinical characteristics.
Characteristic

Participants, no. (%)
Tocilizumab cohort
(N = 25)

Control cohort
(N = 62)

60.2 (10.6)

53.9 (10.1)

0.01

10 (40)

21 (34)

0.59

Caucasian/White

23 (92)

61 (98)

Asian American

1 (4)

0 (0)

Latino/a

1 (4)

0 (0)

Native American

0 (0)

1 (2)

28.4 (4.6)

28.8 (4.9)

Age, mean (SD), y
Female sex
Race

Body mass index, mean (SD)

P value

0.14

Educationa,b

0.74
0.90

<12 years

1 (4)

3 (5)

High school

8 (33)

20 (33)

Some college

5 (21)

13 (21)

College graduate

4 (17)

14 (23)

Post graduate degree

5 (21)

7 (12)

Trade school

1 (4)

4 (7)

Incomec,d
≤$10,000

0 (0)

1 (2)

$10,001–$25,000

4 (17)

6 (10)

$25,001–$40,000

4 (17)

15 (25)

$40,001–$55,000

4 (17)

6 (10)

$55,001–$70,000

3 (13)

8 (14)

$70,001–$85,000

3 (13)

6 (10)

$85,001–$100,000

1 (4)

9 (15)

>$100,000

4 (17)

8 (14)

0.76

Post hoc analyses

Diagnostic category
ALL

2 (8)

2 (3)

AML

15 (60)

17 (27)

CLL

0 (0)

9 (15)

CML

5 (20)

2 (3)

Lymphoma

1 (4)

22 (35)

MDS

2 (8)

8 (13)

Other

0 (0)

2 (3)

8/8 HLA matched
unrelated donor

14 (56)

24 (39)

HLA matched sibling donor

11 (44)

38 (61)

<0.001

Donor type
0.14

Graft typec
Bone marrow

5 (20)

3 (5)

20 (80)

56 (95)

9 (36)

32 (53)

0.17

Myeloablative

12 (48)

27 (44)

0.71

Reduced intensity conditioning

13 (52)

35 (57)

Mobilized peripheral blood
stem cells
CMV positivea

exposed group continued to have signiﬁcantly higher
depression scores at D28 compared to the unexposed
group (β = 4.73; 95% CI 0.64, 8.81; P = 0.02), a difference
that resolved and was no longer signiﬁcant at D100 and
D180 (Table 3). Patients receiving tocilizumab exhibited
signiﬁcantly more severe anxiety symptoms (β = 2.82;
95% CI 0.86, 4.78; P = 0.005) at D100 (with propensity
weighting after adjusting for baseline anxiety and presence of aGVHD; Table 3). None of the FSI variables were
signiﬁcantly different between the treatment groups at
any time point. Adjusted models for pain intensity indicated that there were signiﬁcantly more pain symptoms in
the tocilizumab-treated vs. unexposed patients at D28
(Table 3; β = 1.22; 95% CI 0.49, 1.96; P = 0.001) and D180
(Table 3; β = 0.98; 95% CI 0.07, 1.88; P = 0.04). Finally,
the tocilizumab-exposed group reported signiﬁcantly
poorer sleep quality at D180 (Table 3; β = 2.46; 95% CI
0.54, 4.38; P = 0.01).

0.03

Conditioning regimen

Among the measures acquired after progression to
grades II–IV aGVHD in either the intervention or comparison group from any of the 187 data points collected
(n = 22 data points for patients with aGVHD, or 11.8%),
there was no signiﬁcant difference in endorsement of
depression (β = 3.13; 95% CI −1.77, 8.04; P = 0.19) or
anxiety (β = 0.94; 95% CI −1.20, 3.08; P = 0.35) among
those with aGVHD (Table 4). After developing aGVHD,
patients experienced a signiﬁcantly greater duration of
fatigue (β = 2.56; 95% CI 0.36, 4.76; P = 0.03) compared to
patients who did not develop aGVHD. Neither pain nor
sleep quality was affected by development of aGVHD. The
effect sizes for the secondary analyses that focused on the
disease-restricted subset were similar to the full cohort
(see Supplemental Tables 1–4 for additional details),
indicating that any potential differences between the two
study sites or disease state composition within did not
substantially contribute to the primary ﬁndings.

Discussion

Development of aGVHD (grades II–IV)
Baseline

0 (0)

0 (0)

Day 28

0 (0)

3 (5)

Day 100

2 (8)

10 (16)

0.32

Day 180

3 (12)

18 (29)

0.09

0.26

ALL acute lymphoblastic leukemia, AML acute myelogenous leukemia, CLL
chronic lymphocytic leukemia, CML chronic myelogenous leukemia, CMV
cytomegalovirus, HLA human leukocyte antigen, MDS myelodysplasia.
a
Data missing for one participant in the control cohort.
b
Data missing for one participant in the tocilizumab cohort.
c
Data missing for three participants in the control cohort.
d
Data missing for two participants in the tocilizumab cohort.

Secondary analyses

After adjusting for baseline depressive symptoms, presence of aGVHD (grades II–IV), and additional baseline
covariates via propensity weighting, the tocilizumab-

Despite the prevailing psychiatric gestalt, based largely
on studies examining TNF antagonists12,13,41, and contrary to our initial hypothesis, allogeneic HCT patients
receiving the IL-6 antagonist tocilizumab experienced
signiﬁcantly worse—not better—depression, anxiety, pain,
and sleep compared to HCT patients not receiving the
drug. Antagonizing IL-6-mediated inﬂammation was not
only ineffective at preventing adverse PROs, it was associated with worse symptomatology. Along with other
emerging ﬁndings42, these data challenge the current
psychiatric paradigm purporting that anti-cytokine therapy may be effective at mitigating depression symptoms,
particularly among treatment-resistant or inﬂamed
individuals. Importantly, the difference in depressive
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Fig. 1 Mean patient-reported outcome scores by study group and time. Error bars represent standard errors. Signiﬁcance stars are based on
ANCOVA after adjusting for baseline depression (*P = 0.01–0.05, **P < 0.01).

symptoms between groups in this study was clinically
meaningful43. Further, ﬁndings from the current study
have clinical implications for treatment-related QOL and
QOL in the medically ill, further informing our understanding of biological processes underlying the basis for
depression and related sickness symptoms in this
population.
Inﬂammatory cytokines contribute to depressive
symptoms, with antidepressant therapies effective at
blocking this effect on the brain44. Meta-analyses suggest
that anti-inﬂammatory treatments, including anticytokine therapies, mitigate depressive symptomatology10,12. A recent report of the antidepressant effects of
anti-cytokine therapies indicates a potential causative role
of cytokines in depression and a potential treatment role
for cytokine modulators as novel drugs for depression in
chronically inﬂamed individuals12. In that analysis, those
treated with tocilizumab demonstrated statistically signiﬁcant improvement in depressive symptoms12; however,
this meta-analytic assessment was limited by several factors, including the existence of only two studies assessing
the effects of tocilizumab on PRO measures16,23. The ﬁrst
prospective, randomized controlled trial of anti-cytokine
therapy (inﬂiximab) for depression treatment identiﬁed
that TNF antagonism was effective at improving depressive symptoms only in patients with high inﬂammation11,
although these results recently failed to be replicated in a
cohort of bipolar patients42. Were this a uniform anti-

cytokine therapy response, similar beneﬁcial effects would
be expected in the current study as the tocilizumab group
had markedly elevated IL-6 levels, up to a ninefold
increase from baseline36.
Given this, one must consider other possible immunobiologic mechanisms to explain the current ﬁndings.
First, while tocilizumab is not believed to cross the
blood–brain barrier45, emerging evidence suggests there
is likely increased blood–brain permeability under conditions of signiﬁcant inﬂammation, like HCT46,47. It is
unknown if, or how, this would affect anti-cytokine
signaling. Second, despite evidence that TNF antagonism
reduces depressive symptoms among inﬂamed and
depressed individuals11, it has alternatively been suggested that blanket blockade of anti-cytokine signaling
may be inadvisable48,49. Finally, it is possible that
blockade of peripheral receptors alone results in excess
unbound peripheral IL-6 available to exert its action
centrally. In the parent trial, tocilizumab-treated patients
demonstrated a marked increase in IL-6 and sIL-6R at all
time points when compared to control patients36. This
notion is supported by data with the monoclonal IL-6
antibodies sirukumab and siltuximab, which target IL-6
itself and demonstrate efﬁcacy over placebo to improve
depressive symptoms among individuals with autoimmune disorders50.
Alternatively, it is possible that tocilizumab negates
beneﬁcial effects of IL-6, as data also suggest IL-6 has
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Table 2 Quality of life patient-reported outcomes at baseline, day 28, day 100, and day 180 post transplant.
Assessment

All (N = 87)
No. of
participants

Depression
Baseline
85
Day 28
79
Day 100
74
Day 180
57
Anxiety
Baseline
85
Day 28
79
Day 100
73
Day 180
57
Fatigue, intensity
Baseline
85
Day 28
79
Day 100
73
Day 180
55
Fatigue, duration
Baseline
85
Day 28
79
Day 100
74
Day 180
55
Fatigue, interference
Baseline
85
Day 28
79
Day 100
74
Day 180
55
Pain, intensity
Baseline
84
Day 28
79
Day 100
73
Day 180
57
Pain, interference
Baseline
84
Day 28
78
Day 100
73
Day 180
57
Sleep
Baseline
85
Day 28
79
Day 100
75
Day 180
57

Tocilizumab cohort (N = 25)

Control cohort (N = 62)

Assessment data,
mean score (SD)

No. of
participants

Assessment data,
mean score (SD)

No. of
participants

Assessment data,
mean score (SD)

P value

35.7
39.5
37.9
37.1

(10.9)
(11.7)
(12.0)
(11.4)

25
22
20
12

34.8
42.7
39.5
38.6

(8.8)
(10.2)
(9.1)
(9.9)

60
57
54
45

36.1
38.2
37.3
36.7

(11.7)
(12.1)
(12.9)
(11.8)

0.95
0.03
0.16
0.40

15.4
16.7
16.6
16.6

(4.4)
(4.2)
(4.6)
(5.1)

25
22
19
12

15.9
17.8
19.2
18.2

(5.0)
(4.4)
(6.0)
(6.6)

60
57
54
45

15.2
16.3
15.6
16.2

(4.2)
(4.1)
(3.7)
(4.6)

0.66
0.10
0.02
0.44

3.4
4.0
3.4
3.7

(2.1)
(1.8)
(2.0)
(1.8)

25
22
18
12

2.5
4.2
3.7
4.2

(1.5)
(1.7)
(2.0)
(1.1)

60
57
55
43

3.9
3.9
3.3
3.6

(2.2)
(1.9)
(2.0)
(2.0)

0.003
0.36
0.52
0.36

6.5
8.8
8.0
8.3

(4.5)
(4.5)
(4.5)
(4.5)

25
22
19
12

5.4
9.6
8.9
9.2

(4.1)
(4.7)
(4.4)
(4.0)

60
57
55
43

7.0
8.5
7.7
8.1

(4.6)
(4.4)
(4.6)
(4.6)

0.17
0.28
0.31
0.61

2.2
2.9
2.4
2.3

(2.3)
(2.4)
(2.3)
(2.1)

25
22
19
12

1.5
2.8
2.3
1.9

(1.8)
(1.9)
(1.8)
(1.7)

60
57
55
43

2.5
2.9
2.5
2.5

(2.4)
(2.5)
(2.5)
(2.2)

0.09
0.79
0.83
0.53

1.5
1.9
1.5
2.0

(2.0)
(1.9)
(1.6)
(2.0)

25
22
18
12

1.5
3.0
1.8
2.2

(1.7)
(1.8)
(1.8)
(2.6)

59
57
55
45

1.5
1.5
1.5
1.9

(2.2)
(1.8)
(1.6)
(1.9)

0.50
<.001
0.61
0.93

1.3
1.6
1.6
2.0

(2.0)
(2.2)
(2.3)
(2.4)

25
22
18
12

0.9
2.0
1.6
1.6

(1.7)
(2.0)
(1.8)
(2.4)

59
56
55
45

1.4
1.5
1.6
2.1

(2.1)
(2.4)
(2.4)
(2.4)

0.22
0.08
0.64
0.42

7.0
7.3
6.8
6.9

(4.3)
(4.5)
(4.3)
(3.9)

25
22
20
12

7.4
8.4
7.9
8.5

(4.1)
(4.4)
(4.5)
(4.0)

60
57
55
45

6.8
6.9
6.3
6.5

(4.5)
(4.5)
(4.3)
(3.8)

0.44
0.12
0.16
0.13

positive health associations. For example, acute exercise
increases IL-6 100-fold without activating TNF or IL-1
beta, resulting in a constellation of biological changes
generally considered anti-inﬂammatory51. Hyperthermia52 and fasting53 induce similar IL-6-increasing and
health-promoting changes. Further, these studies generally support antidepressant or mood-enhancing properties as well, although these interventions only
transiently increase IL-6. It is possible that other signaling molecules accompanying IL-6 are responsible for

the current tocilizumab ﬁndings. For example, administration of IL-6 alone does not produce sickness behavior, but requires the presence of IL-1 to achieve this
effect54. Finally, the anti-inﬂammatory cascade may be
just one component of immunomodulation in the
inﬂammation–depression relationship48. This notion is
in part supported by data from our group identifying that
IL-6 antagonism in mice with GVHD does not alter
dysregulated brain tryptophan metabolism33, a monoamine pathway altered by neuroinﬂammation6.
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Table 3 Tocilizumab compared to control cohort based on propensity-weighteda models for quality of life patientreported outcomes after adjusting for baseline values and aGVHD (grades II–IV).
Assessment

Day 28
Estimate (95% CI)

Day 100
P value

Estimate (95% CI)

Day 180
P value

4.41 (−0.59, 9.40)

P value

Depression

4.73 (0.64, 8.81)

0.02

1.54 (−2.81, 5.88)

Anxiety

1.64 (−0.16, 3.44)

0.07

2.82 (0.86, 4.78)

0.005

1.76 (−0.48, 4.00)

0.12

Fatigue, intensity

0.36 (−0.41, 1.13)

0.36

0.18 (−0.66, 1.01)

0.68

0.89 (−0.05, 1.82)

0.06

Fatigue, duration

1.13 (−0.56, 2.83)

0.19

1.11 (−0.70, 2.93)

0.23

1.22 (−0.85, 3.30)

0.25

−0.31 (−1.16, 0.54)

0.47

−0.27 (−1.18, 0.64)

0.56

−0.37 (−1.41, 0.67)

0.48

Pain, intensity

1.22 (0.49, 1.96)

0.001

0.27 (−0.53, 1.07)

0.50

0.98 (0.07, 1.88)

0.04

Pain, interference

0.11 (−0.78, 0.99)

0.81

−0.15 (−1.13, 0.82)

0.75

0.08 (−1.02, 1.19)

0.88

Sleep

1.32 (−0.30, 2.94)

0.11

1.47 (−0.23, 3.17)

0.09

2.46 (0.54, 4.38)

0.01

Fatigue, interference

0.49

Estimate (95% CI)

0.08

a

Propensity scores were obtained using a logistic regression model with age, sex, BMI, CMV status, conditioning regimen, and donor type as predictors of study group.

Table 4 Effect of presence of aGVHD (grades II–IV)
compared to those without aGVHD at same time point,
based on propensity-weighteda models for quality of life
patient-reported outcomes after adjusting for baseline
values and cohort.
Assessment

Estimate (95% CI)

P value

Depression

3.13 (−1.77, 8.04)

0.19

Anxiety

0.94 (−1.20, 3.08)

0.35

Fatigue, intensity

0.37 (−0.63, 1.36)

0.43

Fatigue, duration

2.56 (0.36, 4.76)

0.03

Fatigue, interference

1.01 (−0.08, 2.10)

0.07

Pain, intensity

0.25 (−0.66, 1.17)

0.55

Pain, interference
Sleep

0.12 (−0.95, 1.19)

0.81

−0.06 (−1.98, 1.87)

0.95

a
Propensity scores were obtained using a logistic regression model with age,
sex, BMI, CMV status, conditioning regimen, and donor type as predictors of
study group.

Underscoring the clinical relevance of the current
ﬁndings, tocilizumab received FDA approval for cytokine
release syndrome (CRS) in 2017. CRS is a severe and
common side effect of chimeric antigen receptor (CAR)
T-cell therapy, a novel immunotherapy utilizing genetically modiﬁed T cells to speciﬁcally target cancer cells55.
Inhibition of IL-6 binding with tocilizumab results in a
rapid and dramatic improvement in all the lifethreatening symptoms associated with CAR T therapies
except for the neurologic sequelae56. Investigators postulate neurotoxicity may actually worsen with tocilizumab
administration57, a ﬁnding in accord with the current
data. However, blocking IL-1 alone abrogates the neurotoxic effects of CRS, further substantiating the idea that

other inﬂammatory cytokines in addition to IL-6 might
have a role in promoting neurotoxicity58. Finally, tocilizumab is being increasingly used to treat patients with
severe COVID-19 who have CRS59, rendering it particularly timely to understand its neuropsychiatric sequelae60.
This study’s ﬁndings are limited in several respects.
Most notably, the intervention vs. comparison cohorts
were treated at different institutions. While this may have
confounded study ﬁndings, several factors argue against
this. First, the tocilizumab cohort endorsed better QOL
symptoms upon study initiation yet developed more
severe symptomatology following tocilizumab and HCT.
Second, tocilizumab’s impact on aGVHD should have
biased the data in the opposite direction of the current
ﬁndings. In fact, while patients with aGVHD were more
depressed than patients without, the tocilizumab group
remained overall more depressed, despite having less
aGVHD. Third, the post hoc comparison group received
signiﬁcantly more myeloablative conditioning regimens—
a more pro-inﬂammatory and toxic treatment—than the
tocilizumab group. Again, this group difference should
have biased the data in the opposite direction of the
current ﬁndings. Fourth, the current results are consistent
across PRO domains and time points, rendering it possible, but unlikely that institutionally related factors
inﬂuenced these particular outcomes with such uniformity. Another limitation is that the tocilizumab group
was older than the control group. In sum, future research
should target intervention and control populations from
the same institution using a randomized, blinded, parallel
group design. Finally, while cytokine data was available
and reported by Drobyski et al.36 for the tocilizumab
group, inﬂammatory biomarker data from the comparison
cohort was not available. Of note, both groups had generally modest levels of depression symptomatology.
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Therefore, results may not generalize to moderately or
severely depressed populations who are in need of novel
treatment approaches. Future studies should compare
biological parameters of inﬂammation—including but not
limited to IL-6—between treatment vs. control conditions
to better understand the physiologic milieu underlying the
observed clinical differences. While the current study did
not have access to participant biological data in the
comparison group, such inﬂammatory biology data collection is currently underway to better understand
tocilizumab-associated inﬂammatory signaling, and its
relationship to PROs and symptomatology.
The current ﬁndings suggest that the IL-6 receptor
antagonist tocilizumab does not improve and may actually
worsen depression and related symptoms—including anxiety, pain, and sleep—among medically ill individuals
undergoing allogeneic HCT. These are the ﬁrst human data
evaluating both an intervention and comparison group in
the setting of tocilizumab administration. Given prior
dogma supporting the beneﬁcial effects of anti-cytokine
therapy for inﬂammation-associated mood dysregulation,
these ﬁndings have clinical implications both in informing
current psychiatric paradigm, as well as anticipating potential adverse QOL and psychiatric sequelae among patients
receiving anti-cytokine therapy for medical purposes.
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