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large randomised trials. However, as has been shown 
previously with the combination of ipilimumab and 
nivolumab,15 it is very feasible to recruit large numbers 
of patients to an appealing clinical trial, if the funding is 
available. The MiST1 trial has provided proof of concept 
for molecular stratification in a mesothelioma trial, 
which is an important contribution; these trials can be 
done, but perhaps we need better targets. The NVALT19 
trial provides us with an option of switch-maintenance 
gemcitabine without sufficient evidence for FDA 
approval, at a time when our first-line management 
for this disease is changing. Chemotherapy will still be 
an option in mesothelioma treatment, but it might 
move into the second line of therapy for some patients. 
I have no doubt that some clinicians will consider adding 
gemcitabine, a safe and relatively low-cost drug, to their 
patient management, particularly when progression 
would have major consequences for symptom 
burden. This new information from the NVALT19 trial 
could provide an opportunity for the mesothelioma 
community to consider novel clinical trial designs that 
can rapidly and inexpensively evaluate readily available 
treatments, such as registry clinical trials. 
AKN reports grants from AstraZeneca, grants and personal fees from 
Douglas Pharmaceuticals, and personal fees from Merck Sharp & Dohme, 
Atara Biotherapeutics, Trizell, and Seagen, outside of the submitted work.

Anna K Nowak
anna.nowak@uwa.edu.au

National Centre for Asbestos Related Diseases, University of Western Australia, 
Perth, WA 6009, Australia

1 Vogelzang NJ, Rusthoven JJ, Symanowski J, et al. Phase III study of 
pemetrexed in combination with cisplatin versus cisplatin alone in patients 
with malignant pleural mesothelioma. J Clin Oncol 2003; 21: 2636–44.

2 van Meerbeeck JP, Gaafar R, Manegold C, et al. Randomized phase III study 
of cisplatin with or without raltitrexed in patients with malignant pleural 
mesothelioma: an intergroup study of the European Organisation for 
Research and Treatment of Cancer Lung Cancer Group and the National 
Cancer Institute of Canada. J Clin Oncol 2005; 23: 6881–89.

3 Zalcman G, Mazieres J, Margery J, et al. Bevacizumab for newly diagnosed 
pleural mesothelioma in the Mesothelioma Avastin Cisplatin Pemetrexed 
Study (MAPS): a randomised, controlled, open-label, phase 3 trial. Lancet 
2016; 387: 1405–14.

4 Ciuleanu T, Brodowicz T, Zielinski C, et al. Maintenance pemetrexed plus 
best supportive care versus placebo plus best supportive care for non-
small-cell lung cancer: a randomised, double-blind, phase 3 study. Lancet 
2009; 374: 1432–40.

5 Ramalingam SS, Dahlberg SE, Belani CP, et al. Pemetrexed, bevacizumab, or 
the combination as maintenance therapy for advanced nonsquamous non-
small-cell lung cancer: ECOG-ACRIN 5508. J Clin Oncol 2019; 37: 2360–67.

6 Belani CP, Brodowicz T, Ciuleanu TE, et al. Quality of life in patients with 
advanced non-small-cell lung cancer given maintenance treatment with 
pemetrexed versus placebo (H3E-MC-JMEN): results from a randomised, 
double-blind, phase 3 study. Lancet Oncol 2012; 13: 292–99.

7 Lu S, Yu Y, Chen Z, Ye X, Li Z, Niu X. Maintenance therapy improves survival 
outcomes in patients with advanced non-small cell lung cancer: a meta-
analysis of 14 studies. Lung 2015; 193: 805–14.

8 de Gooijer CJ, van der Noort V, Stigt JA, et al.Switch-maintenance 
gemcitabine after first-line chemotherapy in patients with malignant 
mesothelioma (NVALT19): an investigator-initiated, randomised, open-label, 
phase 2 trial. Lancet Respir Med 2021; published online Jan 27. https://doi.
org/10.1016/S2213-2600(20)30362-3.

9 Nowak AK, Byrne MJ, Williamson R, et al. A multicentre phase II study of 
cisplatin and gemcitabine for malignant mesothelioma. Br J Cancer 2002; 
87: 491–96.

10 Favaretto AG, Aversa SM, Paccagnella A, et al. Gemcitabine combined with 
carboplatin in patients with malignant pleural mesothelioma: 
a multicentric phase II study. Cancer 2003; 97: 2791–97.

11 Castagneto B, Zai S, Dongiovanni D, et al. Cisplatin and gemcitabine in 
malignant pleural mesothelioma: a phase II study. Am J Clin Oncol 2005; 
28: 223–26.

12 Nowak AK, Byrne MJ. Cisplatin and gemcitabine in malignant 
mesothelioma. Ann Oncol 2005; 16: 1711.

13 Kindler HL, Millard F, Herndon JE 2nd, Vogelzang NJ, Suzuki Y, Green MR. 
Gemcitabine for malignant mesothelioma: a phase II trial by the Cancer and 
Leukemia Group B. Lung Cancer 2001; 31: 311–17.

14 van Meerbeeck JP, Baas P, Debruyne C, et al. A phase II study of gemcitabine 
in patients with malignant pleural mesothelioma. Cancer 1999; 85: 2577–82.

15 US Food and Drug Administration. FDA approves nivolumab and 
ipilimumab for unresectable malignant pleural mesothelioma. 2020. 
https://www.fda.gov/drugs/drug-approvals-and-databases/fda-approves-
nivolumab-and-ipilimumab-unresectable-malignant-pleural-
mesothelioma (accessed Oct 23, 2020).

16 Fennell DA, King A, Mohammed S, et al. Rucaparib in patients with BAP1-
deficient or BRCA1-deficient mesothelioma (MiST1): an open-label, single-
arm, phase 2a clinical trial. Lancet Respir Med 2021; published online Jan 27. 
https://doi.org/10.1016/S2213-2600(20)30390-8.

17 Byrne MJ, Nowak AK. Modified RECIST criteria for assessment of response 
in malignant pleural mesothelioma. Ann Oncol 2004; 15: 257–60.

Immunotherapy in COVID-19: why, who, and when?
Nearly 1·5 years into the global COVID-19 pandemic, 
immense progress has been made against SARS-CoV-2 in 
health care, most prominently in vaccine development. 
However, why some people infected with SARS-CoV-2 
rapidly develop fulminant respiratory failure, while others 
have mild, self-limited, or even asymptomatic disease, 
is not fully understood. In the absence of highly effective 
antiviral therapy, treatment has focused on modulating 

the host immune response to SARS-CoV-2. Unsurprisingly, 
given human genetic variation and the burgeoning 
genetic variance of the virus itself, evidence for the 
efficacy of many interventions is unclear. Mortality rates 
approaching 50% among mechanically ventilated patients 
in the recent RECOVERY trial of tocilizumab,1 in both study 
arms, are a sobering reminder of the limitations of such 
treatments.
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Although available evidence points to a benefit from 
selected immunomodulatory therapies, it is likely that 
beneficial effects are contingent on treating the right 
patient at the right time. In the midst of the pandemic, 
many factors could lead to differential treatment 
responses, including heterogeneity of trial design, 
concomitant therapies trialled in parallel or in series, 
biological variance in the host response to SARS-CoV-2, 
intermittent stresses of pandemic surge capacity, local 
clinical practices, or viral variants. How are practising 
clinicians to interpret conflicting results and incorporate 
a nuanced understanding of this heterogeneity into their 
treatment of patients with COVID-19?

In a Series in The Lancet Respiratory Medicine, three papers 
begin to address these issues in severe COVID-19 by 
reviewing, in turn, key aspects of the host immune 
response, the complex roles of interleukin-6 (IL-6) in 
pathogen clearance and inflammation, and recent clinical 
trial data on IL-6 receptor (IL-6R) blockade. Marcin 
Osuchowski and colleagues2 provide a comprehensive 
review of the pathophysiology of COVID-19 with a focus 
on the host immune response. Two overarching themes 
emerge: first, the pathophysiology of COVID-19 is distinct 
from that of other severe respiratory infections; and second, 
considerable pathophysiological heterogeneity exists 
within COVID-19. The authors describe a disease that begins 
with epithelial injury and readily progresses to localised 
endothelial injury with a widespread coagulopathy. 
The severity of endotheliopathy and coagulopathy, in 
particular, distinguish COVID-19 from influenza and other 
viral pneumonitides. The paper highlights the obvious, 
but frequently disregarded, concept that viral cytotoxicity 
is central to the pathogenesis of severe COVID-19 and 
insufficient source control is the major challenge in the 
management of patients. The authors conclude that 
although systemic inflammation is clearly important, 
available data do not indicate that a so-called cytokine 
storm is the central pathological abnormality in COVID-19.

In the second Series paper, Oliver McElvaney and 
colleagues3 provide a detailed review of IL-6 activity in 
health, disease, and COVID-19, including the salubrious 
effects of IL-6 as part of an effective host response to 
infection. They emphasise the relatively low concentrations 
of circulating IL-6 in those with COVID-19 compared with 
other critically ill patients, but with elevated C-reactive 
protein (CRP). These findings are perplexing because IL-6 
is a key inducer of CRP production, perhaps highlighting 

our rudimentary understanding of cytokine responses in 
COVID-19. How do we reconcile the biological finding of 
a relatively modest systemic inflammatory response with 
treatment benefit from IL-6 inhibition observed in the two 
most recent trials: REMAP-CAP and RECOVERY?1,4

To address this question, Federico Angriman and 
colleagues5 review the evidence from ten large randomised 
controlled trials (RCTs) that tested the efficacy of IL-6R 
blockade with monoclonal antibodies in COVID-19. They 
conclude that patients with severe COVID-19—those 
requiring either high-flow nasal oxygen, or non-invasive 
or invasive ventilation—are likely to benefit from these 
therapies, whereas patients with non-severe COVID-19 
or those at high risk of secondary infections might be at 
risk of harm. The authors acknowledge the uncertainty 
of these recommendations and highlight several factors 
that might explain the discordant results of clinical trials, 
including severity of illness and timing of therapy, as well as 
variance in the use of corticosteroids between trials. Other 
contributing factors might relate to trial design, such as 
the use of non-contemporaneous patients in the control 
arm in REMAP-CAP6 or the absence of block randomisation 
in RECOVERY,7 or might be agnostic to trial design, such 
as the pathogenicity of viral variants8 or differences in 
regional approaches to patient management and workflow. 
Outcomes in severe COVID-19 vary depending on hospital-
level or regional factors and the pressure under which 
the health-care system is operating.9 REMAP-CAP and 
RECOVERY,1,4 the main trials with positive findings for IL-6R 
antagonists, were both open-label platform RCTs conducted 
primarily in the UK in the context of pandemic surges. 
Mortality in mechanically ventilated patients in these trials 
was quite high. How should the findings be applied in 
settings where mortality among mechanically ventilated 
patients with COVID-19 is already well below that observed 
in the treatment arms of REMAP-CAP (in-hospital mortality 
41%) and RECOVERY (28-day mortality 49%)?1,4

A possible contributor to conflicting results in immuno-
modulatory trials is variable derangement in the balance of 
a well controlled versus a dysregulated immune response.2,3 
Several investigators have proposed an immunosuppressive 
phenotype of severe COVID-19 that is associated with 
attenuated interferon responses leading to unchecked 
viral replication.10,11 In the context of the competing 
pathophysiological processes of immunosuppression 
and hyperinflammatory host response, the effects of 
immunosuppressive therapies might depend on which 
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process is dominant in a given patient at a given time. 
Corticosteroids can have a deleterious effect in the context 
of immunosuppression by promoting viral replication and 
prolonging viral infections.12 In contrast, a recent study 
suggested that corticosteroids might be beneficial only in 
patients with severe COVID-19 and a hyperinflammatory 
response.13 Likewise, a glaring absence in many conceptual 
immunobiological frameworks is the consistent and robust 
association of COVID-19 severity with older age. Although 
the reasons for this association remain incompletely 
understood, the immense protection from severe COVID-19 
afforded by youth might imply that immunosenescence 
plays a crucial part in the host response, which is responsible 
for viral clearance in severe COVID-19.14 Analysis of data 
that are able to distill these many competing factors at 
an individual level might be needed to fully realise the 
potential of immunotherapies in COVID-19.

Taken together, the first three papers in this Series2,3,5 
suggest that a precision-based approach to treatment might 
be needed, which is one of the central challenges facing 
the field. Phenotypes based on a systemic inflammatory 
response or an immunosuppressive state, or on biological 
markers of coagulopathy and endothelial dysfunction, 
might help to identify treatment-responsive subgroups 
of patients. COVID-19 phenotypes based on the temporal 
kinetics of immunological markers or disease trajectories are 
also of interest, and might be key to unlocking the optimum 
timing and type of immunomodulatory therapy. The role 
of different SARS-CoV-2 variants and the resulting host 
response also warrant further evaluation. Finally, studying 
host immune responses in the lungs will be important, 
although this comes with its own technical challenges. 
Future clinical practice is likely to involve targeted 
therapies based on biological, genetic, or functional 
immunophenotyping. Until such a time, researchers and 
clinicians must continue to carry out careful and well 
planned RCTs, acknowledge the complexity of the challenge 

we face, and assiduously collect biological specimens to 
better understand host immune responses to pathogens 
and their implications for the treatment of patients.
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Vascular mechanisms and manifestations of COVID-19
Severe COVID-19 is dominated by a multifaceted 
severe respiratory infection. The pathophysiology of 
acute disease is the focus of a Series of four papers in 
The Lancet Respiratory Medicine. Dennis McGonagle and 
colleagues1 propose that COVID-19 simult aneously 
affects three compartments of the lungs, thereby leading 

to disruption of oxygenation: inflammation of the 
alveolar space, immunothrombosis of the juxtaposed 
pulmonary vascular compartment, and thrombotic 
obstruction of the pulmonary and bronchial circulation. 
Apart from the respiratory features of COVID-19, 
many extrapulmonary manifestations can occur as 
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