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Observational studies
In 2020, severe acute respiratory syn-
drome–coronavirus 2 (SARS–CoV-2) took 
the world by storm and demanded immedi-
ate solutions from the biomedical research 
community. The first responses were a 
series of small studies that characterized 
the outcomes of patients who were giv-
en already-approved medications repur-
posed to treat coronavirus disease 2019 
(COVID-19). A striking example is pub-
lished in this issue of the JCI (1). On March 
18, 2020, Bronte, Ugel, and colleagues (1) 
began studying the use of baricitinib in 
patients with COVID-19 pneumonia hospi-
talized at two hospitals in Italy. By April 18, 
they observed significantly lower mortali-
ty in patients given baricitinib, raising the 
question of whether baricitinib use itself 
reduced mortality (and should be given to 
others). The rapid accumulation of clinical-
ly important but uncontrolled COVID-19 
data underscores the virtues and limita-
tions of observational research. 

Some of the most important discov-
eries in medicine have come from obser-

vational studies of groups of patients. For 
example, the links of tobacco use with lung 
cancer, HBV infection with hepatocel-
lular cancer, and HPV with cervical can-
cer were all observed in patient cohorts. 
Of course, in these examples of disease 
causation, the alternative of a random-
ized, controlled trial is not possible. More 
relevant are the studies of HIV-infected 
persons that described a survival advan-
tage for those on antiretroviral therapy at 
all stages of infection (CD4+ T cell counts), 
years before that benefit was proven by a 
randomized, controlled trial (2, 3). Thou-
sands of lives were saved by adopting the 
practice prior to the proof coming from a 
randomized, controlled trial. 

On the other hand, too often, uncon-
trolled findings are not confirmed, and 
with COVID-19, this concern is salient. 
Initial reports suggested that there were 
benefits of hydroxychloroquine with or 
without azithromycin, while others sug-
gested harm or no effect (4, 5). Ultimately, 
randomized, controlled, double-blinded 
studies settled the matter (6). Lopinavir/

ritonavir use suffered a similar fate (7, 8). 
The resulting misinformation was frus-
trating to providers, potentially harmful 
to patients, and reduced the public trust 
in medicine. 

Bias is the Achilles heel of 
observational research
The Achilles heel of observational research 
is bias. Bias comes in many forms. The most 
intuitive is introduced by a difference in the 
patients who are treated. If the patients who 
are sicker are given a particular treatment, 
the benefits may appear diminished or be 
missed altogether. A similar masking of 
benefit can occur if the treatment is with-
held as a “last hope,” but that severity of 
illness is not fully captured in the reference 
population. The opposite can also occur 
with a form of survivor bias. For example, if 
an acute infectious disease generally causes 
mortality in the first few days and it regular-
ly takes three to five days to get a particu-
lar medication to the patient, then fewer of 
those who receive the medicine would die 
than historic controls — not because of the 
medicine but instead because it was differ-
entially given to survivors. 

There are many simple and some 
sophisticated epidemiological and bio-
statistical approaches to discounting bias 
and improving the validity of observa-
tional research. In principle, the groups 
compared are made as similar as possible 
in terms of factors likely to produce bias 
and/or made equivalent in their propen-
sity to experience the outcome. Advances 
in these techniques have truly moved the 
field forward. However, they only work to 
the extent that all biases can be detected 
and measured. Important factors that are 
difficult to measure (such as why or when a 
physician gives a particular patient a med-
ication) may notoriously still confound 
observational studies analyzed even with 
the best techniques.

The question of how to interpret obser-
vational research has become especially 
important during COVID-19. The rapid 
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ences were detected. Interestingly, those 
not treated with baricitinib died quickly. 
In fact, of the 56 patients in the control 
group, only 35 were still alive by day four; 
37.5% is a very high four-day mortality 
rate, even for COVID-19, raising the ques-
tion of what the baseline was for those not 
treated (1). If it took several days to identi-
fy and consent patients for the study and 
there was a sense it would work better for 
early-stage disease, the benefit of barici-
tinib might be smaller in another setting.

Thus, to the question of whether, 
on the basis of these findings (1), baric-
itinib should be routinely given to oth-
er patients, the answer is still no. These 
investigators are to be commended for 
achieving under extremely difficult cir-
cumstances what they set out to do with 
a 20-person nonrandomized trial — 
exploring the safety and justification of a 
definitive trial. However, in my view, in 
August 2020, baricitinib should only be 
used to treat COVID-19 in randomized, 
controlled trials. Fortunately, the United 
States National Institutes of Allergy and 
Infectious Diseases Adaptive COVID-19 
Treatment Trial was designed for that 
very purpose: to compare baricitinib with 
placebo in patients taking remdesivir in 
a randomized, blinded fashion. In fact, 
by the time this article and Commentary 
are read, it is likely that the preliminary 
results of that study will be disclosed, and 
baricitinib will either be the third major 
advance in the treatment of COVID-19 
or another example of the importance of 
trying all reasonable approaches to bring 
and end to this horrible pandemic (and an 
example of the limitations of uncontrolled 
research).
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received baricitinib were in some import-
ant respects similar to those who did not. 
Most notably, the pulmonary status (PaO2/
FiO2 ratio) at time zero was similar in the 
two groups. The validity of the mortality 
findings is also supported by the detec-
tion of other expected associations, such 
as older age, male sex, and comorbidities. 
In addition, not only was there a priori bio-
logical plausibility that baricitinib might 
work, but also, in a subset of patients, the 
expected biological correlates of JAK inhi-
bition were observed. Notably, compared 
with controls, in patients who received 
baricitinib, phosphorylation of STAT3 in 
T lymphocytes was inhibited; there was 
brisker restoration in lymphocyte popu-
lations; and plasma IL-6, TNF, and IL-1β 
levels dropped more rapidly. Presumably, 
the accelerated reduction of IL-6 levels 
was due to the blocking of a feed-forward 
loop (13). The findings of Bronte et al. (1) 
are also consistent with a few similar stud-
ies from others. Cantini et al. reported 
on 12 patients treated from March 16–30, 
2020, and reported improved outcomes 
compared with contemporaneous controls 
(14). Tatanji et al. reported on 15 patients 
treated with baricitinib and hydroxychlo-
roquine, 13 of whom experienced a quick 
resolution of their fever (15). However, 
some of the patients were at advanced 
stages of COVID-19 and/or underlying 
disease; three of the these patients ulti-
mately died, and one had a pulmonary 
embolus (15).

There are also important reasons to 
be cautious when interpreting the Bron-
te et al. (1) data. The study is relatively 
small, despite the investigators (and med-
ical providers) working under consider-
able adversity to enroll as many patients 
as possible. Although the investigators 
considered age, sex, and comorbidities, 
other differences in the groups are pos-
sible (and some are evident). Foremost, 
why did medical providers give barici-
tinib to some individuals but not others? 
Those treated had “a clinical onset of 
symptoms not exceeding nine days and 
the presence of interstitial lung involve-
ment not exceeding 50% on chest x-ray 
or CT” (1). Logically, study participants 
without those attributes could have had 
more severe pulmonary disease or a lon-
ger duration of infection, although aside 
from the respiratory rate, no such differ-

emergence of this lethal pandemic demands 
that clinical decisions be made in real time 
using all available data, which early in an 
epidemic mostly come from uncontrolled, 
observational research. The results of a 
randomized, controlled trial reported in 
September would not have helped Italian 
doctors on March 18. Biological plausibil-
ity is important and might have foretold 
that hydroxychloroquine was not going to 
work (and that ivermectin would not work 
at the doses we use in humans). However, 
although observational findings and biolog-
ical plausibility supported the approach of 
blocking IL-6 signaling (9), on July 29, Roche 
announced that the first randomized, con-
trolled trial of tocilizumab detected no ben-
efit. Remdesivir and dexamethasone work, 
but, interestingly, chiefly in persons at differ-
ent stages of COVID-19, and those findings 
were not widely anticipated (10, 11). 

Baricitinib for the treatment  
of COVID-19
So what about baricitinib? Baricitinib 
inhibits JAK1 and JAK2 and is used to 
restrain the inflammation of rheumatoid 
arthritis. Since SARS–CoV-2 mortality 
involves a hyperinflammatory syndrome 
associated with elevated IL-6, which 
signals through JAK/STAT3, clinicians 
in Italy reasoned that JAK inhibition by 
baricitinib might improve the outcome 
of COVID-19 (12). A total of 20 persons 
were administered off-label baricitinib, 
starting with a loading dose to rapidly 
achieve steady-state. Only one patient 
died compared with 25 of the 56 other 
patients who were evaluated contem-
poraneously, and no baricitinib-related 
adverse events were reported (1). This 
important study raises the question of 
whether baricitinib is the next import-
ant breakthrough in the treatment of 
COVID-19 or the next example of the 
challenges of uncontrolled research.

There are several reasons to expect 
that the finding will be confirmed. First, 
the magnitude of the effect (difference in 
mortality) is enormous — only one of the 
20 patients who received baricitinib died 
compared with 25 (45%) of 56 patients 
who were not treated. Very large effect 
differences are more likely to be con-
firmed (at least in principle if not scale) 
than are more subtle findings. Moreover, 
at the time of enrollment, the persons who 
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