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Abstract: Idiopathic pulmonary fibrosis is a rare, progressive and fatal lung disease which affects
approximately 5 million persons worldwide. Although pirfenidone and/or nintedanib treatment
improves patients’ wellbeing, the prognosis of IPF remains poor with 5-year mortality rates still
ranging from 70 to 80%. The promise of the anti-cancer agent nintedanib in IPF, in combination
with the recent notion that IPF shares several pathogenic pathways with cancer, raised hope
that immune checkpoint inhibitors, the novel revolutionary anticancer agents, could also be the
eagerly awaited ground-breaking and unconventional novel treatment modality limiting IPF-related
morbidity/mortality. In the current review, we analyse the available literature on immune checkpoint
proteins in IPF to explore whether immune checkpoint inhibition may be as promising in IPF as it is in
cancer. We conclude that despite several promising papers showing that inhibiting specific immune
checkpoint proteins limits pulmonary fibrosis, overall the data seem to argue against a general role of
immune checkpoint inhibition in IPF and suggest that only PD-1/PD-L1 inhibition may be beneficial.
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1. Introduction

Idiopathic pulmonary fibrosis (IPF) is the most frequent interstitial lung disease with a devastating
prognosis for which there is currently no treatment that cures or reverses the disease. IPF is characterized
by excessive accumulation of extracellular matrix in the interstitial and alveolar spaces leading to
scarring and the destruction of the normal pulmonary epithelium with subsequent breathing difficulties
and diminished oxygen uptake [1]. The prevalence of IPF ranges depending on the criteria used for
diagnosis but lies somewhere between 3 and 41.8 cases per 100,000 persons [2,3]. Several studies
show that the incidence is rising over the last decades, leading to a consequential increase in economic
burden on healthcare [2,4,5]. The prognosis of IPF is devastating—median survival after diagnosis
is approximately 3 years and its mortality rate thereby exceeds many types of cancer. Treatment
modalities for IPF are limited and lung transplantation is the last resort, which is however available for
selected patients only. Recently, two novel drugs, that is, pirfenidone and nintedanib, which both slow
the decline of lung function in patients with IPF, while pirfenidone also slightly improves survival of
IPF patients, became clinically available [6–9]. Importantly however, both drugs have serious side
effects, show no benefit on quality of life and do not stop nor reverse the disease. Novel treatment
options are thus eagerly awaited. As future clinical trials are likely to include pirfenidone and/or
nintedanib as control treatment, it is envisioned that novel treatment regimens most likely consist of
combination therapies in which new drugs are combined with pirfenidone and/or nintedanib [10].
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The identification of novel therapeutic targets critically depends on a better understanding of
the pathogenesis of IPF and a plethora of studies have consequently been performed to identify
pathogenic pathways that may hold promise as targets for therapy. As outlined below, it emerged
from these studies that IPF has several pathogenic pathways in common with cancer based on which it
has been proposed to treat IPF patients with drugs known to effectively limit cancer progression [11].
The current review explores this interesting and unorthodox view and specifically focuses on the
potential relevance of immune checkpoint inhibition, a cancer therapy awarded the 2018 Nobel prize
for medicine [12], in the setting of IPF.

2. IPF a Cancer-Like Disease

According to the current paradigm, IPF result from an aberrant wound healing response following
repetitive epithelial injury. As cancer may be considered a wound that does not heal [13], it has been
proposed that IPF should be considered as a neoproliferative disorder of the lung [14]. Both IPF and
cancer not only share similar pathways involved in disease progression but also seem to share risks
factors. Indeed, smoking, air pollution, occupational exposures and age are shared risk factors between
lung cancer and IPF [1,15], whereas uncontrolled proliferation, disturbed cell-to-cell communication,
constitutive activation of intracellular signal transduction pathways and resistance to apoptosis are
pathogenic mechanisms that are shared between IPF and cancer [16–18]. On the contrary, several
arguments against IPF as cancer-like disease have been raised of which the lack of somatic mutations
and metastasis in IPF may be particularly relevant [19]. Although recent gene set enrichment analysis
of IPF and lung cancer databases identified a common pattern of misregulated genes [20], IPF and
non-small cell lung cancer (NSCLC) seem largely transcriptionally divergent suggesting that the
similarities between IPF and cancer are smaller than envisioned [21].

Despite the ongoing debate whether IPF should be considered a cancer-like disease, several
anticancer agents have already successfully been employed in the setting of IPF. The Food and Drug
Administration approval of nintedanib, a tyrosine kinase inhibitor used in the management of NSCLC,
is obviously the best example of the applicability of cancer drugs in IPF. However, several other drugs
developed as anticancer agents, like GSK2126458 (a potent inhibitor of phosphoinositol 3-kinase and
mammalian target of rapamycin) and UCN-01 (a competitive ATP inhibitor targeting several kinases
that also reactivates FoxO3), show great promise in pre-clinical models of IPF [22,23]. The recent notion
that the epithelial cell transforming sequence 2 oncogene, which is highly enriched in NSCLC patients,
contributes to epithelial reprogramming in IPF [20], further strengthen the notion that anticancer drugs
may hold promise in the treatment of IPF. In the current manuscript, we address this hypothesis by
focusing on immune checkpoint inhibition which has revolutionized cancer treatment. Specifically,
we explore whether immune check point inhibitors may be the next anticancer drugs successfully
employed in IPF.

3. Immune Checkpoints in Cancer

Immunotherapy has emerged as a new treatment option for patients with cancer and checkpoint
inhibitors are the most commonly used immunotherapy agents [24]. These agents were developed
to target so called ‘checkpoints’ located on tumour or immune cells that are commonly used by
cancer cells to engage in immune-editing [25]. Evading detection by immune cells is an important
hallmark of several cancer types and blocking this process is envisioned to enable immune cells
to relocate and engage in cytotoxic killing. Consequently, several agents have been developed to
target these checkpoints [25,26]. They either block the programmed death-receptor 1 (PD-1) on T cells
(e.g., nivolumab, pembrolizumab) or its ligand programmed-death ligand 1 (PD-L1) on cancer cells
(e.g., atezolizumab). Another important checkpoint for which inhibitory agents have been developed
is CTLA-4 which is primarily expressed on T cells (e.g., ipilimumab). In the sections below, we will
discuss the physiological function of the different checkpoints, describe their role in the treatment of
cancer and point to lessons that can be learned for the IPF field.
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3.1. PD-1/PD-L1

PD-1 is in normal physiological conditions involved in regulating T cell function [27]. Upon
activation of effector T cells (CD8+ and type 1 CD4+ helper cells) and subsequent secretion of
inflammatory cytokines like interferon gamma (IFNy), PD-L1 is upregulated in peripheral tissues [27,28].
Subsequent binding of PD-1 to PD-L1 (or to its second ligand PD-L2) leads to an inhibitory co-stimulatory
signal to the T cell receptor (TCR) [29]. This process is vital in preserving immunotolerance and
prevents autoimmune pathology.

In the tumour immune microenvironment (TIME), T cells need to be primed against tumour
antigens [30]. Two signals are needed to induce T cell activation: binding of the MHC receptor with the
tumour antigen to the TCR and binding of CD80/CD86 (also known as B7-1 or B7-2), which is primarily
expressed on antigen presenting cells (APCs), to CD28 expressed by T cells [31]. Upon activation
of T cells, immune checkpoints (i.e., PD-1) are upregulated and T cells are consequently instructed
to limit cytotoxicity [28]. Depending on tumour type, PD-L1 expression levels on cancer cells are
highly variable. Expression of PD-L1 may be cell intrinsically regulated but may also be affected
by the secretion of cytokines (IFNy) or by treatment with chemoradiotherapy [27,32,33]. Binding of
PD-1 to cancer cell PD-L1 leads to downstream inhibition of the TCR and thereby interferes with the
stimulatory signal provided by the MHC presented antigen [29]. This leads to exhausted T cells which
are unable to mount an effective immune response. Immune check point inhibitors blocking PD-1 thus
prevent the downstream inhibition of TCR signalling and subsequently reinvigorates exhausted CD8+

T cells that are again able to engage in cytotoxic killing [25]. Immune check point inhibitors targeting
PD-L1 work more or less identical although evidence is emerging that PD-L1 blocking antibodies may
also be involved in antibody-dependent cell-mediated cytotoxicity [34]. PD-L1 also shows affinity for
the costimulatory CD80 receptor [35]. Blocking PD-L1 prevents the binding of this ligand to CD80 and
enables T cells to induce the necessary costimulation upon interacting with antigens. The mechanism
of action of PD-L1 blockade may thus not completely overlap with that of PD-1 inhibitors.

3.2. CTLA-4 and Other Checkpoints

CTLA-4 is involved in attenuating T cell activity [36]. Upon binding of the TCR to an MHC
presented antigen, CTLA-4 is upregulated [37] and competes with CD28 for binding to the CD80 and
CD86 receptors on APCs [36]. When CTLA-4 binds to CD80/CD86, the TCR signal is inhibited [38,39].
Under physiological conditions this process is primarily involved in dampening T cell activity in
secondary lymphoid organs and peripheral tissue. CTLA-4 is also expressed on regulatory T cells
(Tregs) where it plays a crucial role in immunological tolerance [40,41]. The expression of CTLA-4
on Tregs limits the availability of CD80/CD86 and thus prevents effector T cells from binding to
these ligands.

In cancer CTLA-4 is upregulated when T cells are activated in the TIME or in lymphoid organs [25].
Blocking CTLA-4 restores the positive co-stimulatory signal to T cells mediated through binding of
CD28 to the ligands CD80/CD86 expressed by APCs [25]. These APCs can be found in tumour draining
lymph nodes or in the TIME [25]. The primary effect of CTLA-4 blockade will be found in the lymph
nodes where APCs present their antigens to the T cells. However, tumour-reactive T cells may also
benefit from CTLA-4 blockade in the TIME as there may also be APCs present.

Blockade of CTLA-4 also has distinct effects on the differentiation and content of T cells in the
TIME [42]. It seems that CLTLA-4 inhibition leads to the expansion of tumour specific CD8 T cells
but also of a subset of exhausted CD8 T cells and Th1 PD1+ICOS+TBET+CD4 effector T cells [42,43].
Moreover, the expression of CTLA-4 on Tregs also leads to the depletion of these cells in the TIME
after administration of an anti-CTLA-4 agent serving another mechanism explaining the therapeutic
efficacy of CTLA-4 check point inhibitors [44,45].

There are several other checkpoints both on tumour cells, APCs and T cells which can either
provide co-stimulatory or co-inhibitory signals to T cells [46]. The following receptors/ligands are
expressed on T cells and can improve T cell activation upon binding to its target on tumour cells or



J. Clin. Med. 2019, 8, 1547 4 of 13

APCs: ICOS, 4-1BB, OX40, GITR and CD40L [46]. Co-inhibition can be provided by the following
receptors on T cells upon interacting with tumour cells or APCs: TIM-3, BTLA, TIGIT and LAG-3 [46].
For example, TIM-3 is expressed by exhausted T cells but may also interact with NK cell cytotoxicity [47].
This highlights the complex role of these co-signalling pathways and shows they may act upon several
different cell types. Ongoing research aims to provide more insight into the role of these alternative
checkpoints and to determine whether inhibitors targeting these checkpoints may provide as efficient
therapeutic options for patients as the PD-1/PD-L1/CTLA-4 inhibitors.

4. What Can We Learn?

Checkpoint inhibitors are now frequently employed across different types of cancer including lung
cancer, melanoma and bladder cancer [48–50]. In stage IV NSCLC, most relevant for IPF, PD-1/PD-L1
inhibitors are now established treatment options in the first and second line setting [51–53]. However,
not every patient with NSCLC responds to these agents. The high degree of heterogeneity in the
amount of responders can be observed within one tumour type but also between tumour types.
Several biomarkers have emerged to predict which patients might benefit from checkpoint inhibitor
immunotherapy, although they all have their flaws [30].

The most commonly used marker to predict clinical benefit of checkpoint inhibitor therapy is
PD-L1 expression, measured by immunohistochemistry [54]. In several types of cancer, the expression
level of PD-L1 on cancer cells may indeed help predict who will benefit. Higher expression levels
of PD-L1 (>1% or >50% in lung cancer) are correlated with better response rates [55,56]. However,
patients with no detectable PD-L1 expression may still also profit from PD1/PDL-1 inhibitors.

Patients with a high tumour mutational burden, reflected by the amount of non-synonymous
single nucleotide variants or microsatellite instable tumours, also have a higher chance of responding
to checkpoint inhibitors [30]. Although not fully understood, checkpoint inhibition is probably more
effective in these patients as their tumours present neo antigens which are more immunogenic to
T cells [30].

Another promising biomarker is the microbiome. Indeed, the diversity and composition of the
gut microbiota has been shown to modify checkpoint inhibitor efficacy in pre-clinical models [57,58].
Moreover, increased microbiota diversity was associated with improved immune checkpoint inhibitor
response and patients treated with antibiotics during the course of checkpoint inhibitor therapy
had decreased antitumor responses [58]. The mechanism of action by which the microbiome affects
checkpoint therapy is not fully understood but may be through modulation of cytokine release from
the gut thereby influencing the immune response.

Overall, immune checkpoint inhibition truly seems to have revolutionized cancer treatment
although its efficacy is highly variable among patients. Unfortunately, there is still no robust biomarker
predicting immunotherapy efficacy in cancer and it is envisioned that single biomarkers will never
accurately identify patients who will likely benefit from checkpoint therapy [30]. Instead, predictive
models that take in account multiple biomarkers are desperately needed for accurate patient selection
allowing check point inhibition therapy to live up to its high expectations.

5. Immune Checkpoints in IPF

Considering the overlap in pathogenic mechanisms between IPF and cancer and the success of
anticancer agents in the treatment of IPF, it is tempting to speculate that immune checkpoint inhibition
may also hold promise in the setting of IPF. To prove or refute this hypothesis, we here review available
literature on immune checkpoints in IPF. To this end, studies focusing on immune checkpoints in IPF
were retrieved from PubMed using the key words listed in Table 1.
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Table 1. Search terms used to select relevant papers focusing on immune checkpoint inhibition in
idiopathic pulmonary fibrosis (IPF).

Query in PubMed # of Publications

PD-1 AND IPF 3
PD-L1 AND IPF 5

PD-1 AND pulmonary fibrosis 13
PD-L1 AND pulmonary fibrosis 11

CTLA-4 AND IPF 1
CTLA4 AND IPF 2

CTLA-4 AND pulmonary fibrosis 11
CTLA4 AND pulmonary fibrosis 7

Immune checkpoint AND IPF 4
Immune checkpoint AND pulmonary fibrosis 13

5.1. PD-1/PD-L1 Axis

The potential role of the PD-1/PD-L1 checkpoint in IPF has recently been established by showing
that the PD-1/PD-L1 axis is induced in IPF patients. In a comprehensive characterization of morphologic
and molecular features of pulmonary fibrosis associated cancers, PD-L1 expression was observed in
62% of the patients although the expression analysis in this study was mainly focused on tumour
cells [59]. In a pilot study comparing soluble PD-L1 serum levels of IPF patients with healthy controls,
a three-fold increase in PD-L1 expression was observed in IPF patients. These results were supported
by immunohistochemical analysis of tissue biopsies from IPF lungs in which PD-L1 expression was
observed in 9 out of 12 patients [60]. Interestingly, in another study PD-L1 expression in peripheral
blood was not increased in IPF patients compared to healthy control but PD-1 expression was increased
significantly on T lymphocytes of IPF patients both in peripheral blood and lung tissue [61]. This is in
line with the observation that PD-1 surface expression on circulating CD4+ T cells and in IPF lung
tissue was increased in IPF patients compared to age-matched healthy controls [62]. PD-L1 expression
was also detected in lung fibroblasts, with increased levels in the subset of invasive fibroblasts [63].
Irrespective the actual cell type(s) expressing PD-1 or PD-L1, these studies suggest that the PD-1/PD-L1
checkpoint is induced in IPF which is indicative of immune-editing that might affect disease progression.
In line with this notion, inhibition of PD-L1 attenuates experimental pulmonary fibrosis in preclinical
studies. Bleomycin administration to mice treated with PD-L1 blocking antibodies significantly reduced
pulmonary fibrosis [62]. Mechanistic experiments revealed that PD-1 expression on CD4+ T cells lead
to STAT3 upregulation and subsequent IL-17A and TGF-β expression. Indeed, ex vivo blocking the
PD-1/PD-L1 axis resulted in a reduction of STAT3 mediated IL-17A and TGF-β production by CD4+ T
cells. Interestingly, another study shows that PD-L1 expression on invasive fibroblasts also contributes
to pulmonary fibrosis [63]. Genetic ablation or antibody-mediated inhibition of PD-L1 on fibroblasts
significantly reduced their invasion and migration in vitro and collagen production in vivo. Although
the receptor involved in PD-L1 signalling in vitro remains elusive in the latter study (fibroblasts were
negative for PD-1), both studies suggest that the contribution of the PD-1/PD-L1 axis in pulmonary
fibrosis is independent of immune regulation and is merely an effect of the cross-talk between CD4+ T
cells and fibroblasts (see Figure 1). Overall, PD-L1 thus seems to be a promising target to pursue in the
quest for new therapeutic options in IPF. Interestingly however, PD-L1 inhibitors should not be used in
conjunction with mesenchymal stem cell (MSC) therapy which is currently evaluated as treatment
option for IPF in clinical trials [64]. An elegant study actually showed that the beneficial effect of MSCs
on pulmonary fibrosis in bleomycin-treated humanized mice is reversed by anti-PD-L1 treatment [61].
Indeed, blocking PD-L1 on MSCs prevents MSC–mediated immunosuppression thereby abolishing the
attenuation of pulmonary fibrosis by MSCs. As PD-L1 inhibition most likely does not limit pulmonary
fibrosis by its immune modulatory effects, one could however envision to use inhibitors targeting
the underlying mediators of PD-L1 signalling relevant in IPF (i.e., STAT3 and/or antibodies directed
against IL-17A; see Figure 1) instead of targeting PD-L1 itself. In contrast to the apparent beneficial
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effect of PD-L1 inhibition in preclinical IPF models, the effect of PD-1 is less evident. Genetic ablation
of PD-1 limits bleomycin-induced pulmonary fibrosis [62] but antibody mediated inhibition actually
accelerates fibrosis in a humanized pulmonary fibrosis model [65].J. Clin. Med. 2019, 8, x FOR PEER REVIEW 6 of 13 
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elusive as CTLA-4 upregulation was deduced from expression profiles obtained from micro-array 
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expressed by infiltrating lymphocytes in lung tissue of IPF patients. Moreover, they show that the 
CTLA-4 receptors CD80 (B7-1) and CD86 (B7-2) are expressed on epithelial cells and macrophages in 
IPF lung biopsies thereby suggesting that the CTLA-4 axis might play a role in the pathogenesis of 
IPF. In a recent study, anti-CTLA-4 antibody treatment was however shown to aggravate fibrosis in 
a humanized model of pulmonary fibrosis [65]. It thus seems that CTLA-4 might play a detrimental 
role in pulmonary fibrosis and that targeting CTLA-4 in IPF patients is not an interesting option to 
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Figure 1. Schematic representation of the proposed mechanism by which the PD-1/PD-L1 axis contributes
to pulmonary fibrosis. During IPF, PD-1 is expressed on CD4+ T cells whereas PD-L1 is expressed on
fibroblasts. The subsequent cross-talk leads to STAT3-mediated IL17A and TGF-β production by the
CD4+ T cells and pro-fibrotic responses by fibroblasts.

5.2. CTLA-4 Axis

Another checkpoint inhibitor that has been successfully targeted in NSCLC, especially in
combination therapy, is CTLA-4 [66]. Few studies explored the role of CTLA-4 in pulmonary fibrosis
but already over a decade ago CTLA-4 was shown to be overexpressed in IPF lungs as compared to
Hypersensitivity Pneumonitis lungs [67]. The cellular source of CTLA-4 in IPF lungs remained elusive
as CTLA-4 upregulation was deduced from expression profiles obtained from micro-array analysis of
total lung homogenates. Kaneko and colleagues [68], however showed that CTLA-4 is expressed by
infiltrating lymphocytes in lung tissue of IPF patients. Moreover, they show that the CTLA-4 receptors
CD80 (B7-1) and CD86 (B7-2) are expressed on epithelial cells and macrophages in IPF lung biopsies
thereby suggesting that the CTLA-4 axis might play a role in the pathogenesis of IPF. In a recent study,
anti-CTLA-4 antibody treatment was however shown to aggravate fibrosis in a humanized model of
pulmonary fibrosis [65]. It thus seems that CTLA-4 might play a detrimental role in pulmonary fibrosis
and that targeting CTLA-4 in IPF patients is not an interesting option to pursue. This claim is however
based on a single mouse study and further studies are needed to firmly establish the role of CTLA-4 in
pulmonary fibrosis.

5.3. TIM-3

The potential role of TIM-3, a novel candidate immune checkpoint protein, on IPF progression was
recently studied in the preclinical bleomycin model of pulmonary fibrosis [69]. Anti-TIM-3 antibody
treatment aggravated pulmonary fibrosis as evident from increased myofibroblast accumulation,
collagen deposition and TGF-β production. TIM-3 was subsequently shown to be expressed on
alveolar macrophages where it modified the phagocytic ability resulting in effective clearance of
apoptotic cells in lungs. Overall, these results suggest that macrophage TIM-3 limits pulmonary
fibrosis and that targeting TIM-3 is not a valid approach in the setting of IPF. Interestingly however,
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this seems to be at odds with a very recent study suggesting that macrophage TIM-3 contributes
to pulmonary fibrosis [70]. Indeed, transgenic overexpression of TIM-3 in macrophages aggravates
pulmonary fibrosis by stimulating IL-10 and TGF-β production. Although we do not have a conclusive
explanation for the apparent contradictory results, it suggests that high TIM-3 levels obtained by
transgenic overexpression differentially affect pulmonary fibrosis as compared to endogenous levels in
IPF patients. Despite this latter study, we feel TIM-3 is not an attractive target to pursue in IPF.

6. Immune Checkpoints; a New Horizon or a False Flag?

Based on increased expression levels of immune checkpoint inhibitors in IPF patients, these novel
anticancer drugs may seem a promising treatment option to pursue in IPF and indeed several studies
have hinted upon this approach. The experimental data however argue against a general role of
immune checkpoint inhibition in IPF and suggest that only PD-1/PD-L1 inhibition could be beneficial.
The underlying preclinical studies do however not address resolution of fibrosis and/or the treatment in
established fibrosis and future clinical studies should therefore elucidate whether PD-1/PD-L1 inhibition
also improves patient outcome. Such clinical studies should be carefully designed and controlled as
anti-PD-1/PD-L1 therapy increases the risk for severe and potentially life-threatening adverse effects.
Specifically, checkpoint inhibitors may induce auto-immune related adverse events like dermatitis,
pneumonitis, hypothyroidism and colitis [71,72]. Especially the development of pneumonitis may be
burdensome as IPF patients already have (severe) reduced lung function. The incidence of pneumonitis
with checkpoint inhibitor monotherapy lies between 3% to 6% in the general cancer population [73].
In line with these numbers, a 2%–5% incidence of pneumonitis was reported in two Checkmate
randomized clinical trials (Checkmate 017 and Checkmate 057) comparing nivolumab treatment with
docetaxel in NSCLC patients [74,75]. In the KEYNOTE-024 clinical trial, comparing pembrolizumab
with platinum-based chemotherapy in NSCLC patients, a comparable incidence of 3-6% of pneumonitis
was reported [52]. In the KEYNOTE-010 randomized clinical trial, in which NSCLC patients were
treated with pembrolizumab or docetaxel, also a 2%–5% incidence of pneumonitis was observed [76].
Importantly, several studies suggest that the incidence of pneumonitis increases to up to 10% when
combining checkpoint inhibitors [73], whereas pre-existing pulmonary fibrosis may also increase the
incidence of pneumonitis. Indeed, in a retrospective analysis of 123 NSCLC patients the concomitance
of pulmonary fibrosis increased the incidence of pneumonitis from 5.8% to 35.1% during treatment
with nivolumab and pembrolizumab [77]. Since there is a 0.2% incidence of death due to pneumonitis
in patients treated with checkpoint inhibitors [78], the mortality rate after PD-1/PD-L1 inhibition may
increase in IPF patients. More importantly however PD-1/PD-L1 inhibition does not seem to improve
pulmonary fibrosis symptoms in NSCLC patients with concomitant IPF. As IPF is an exclusion criterion
in clinical studies on immune therapy in lung cancer no conclusive data are available although sketchy
case reports of immune check point inhibition in NSCLC patients with concomitant IPF do not show
any effect on fibrosis [79–83]. These case reports of NSCLC patients are however not really suited to
study the role of PD-1/PD-L1 inhibition in pulmonary fibrosis and future clinical trials should elucidate
whether the PD-1/PD-L1 axis holds promise in IPF.

7. To Bear in Mind

Although current data do not provide a strong case for immune checkpoint inhibition in IPF at
this particular moment, it should be realised that the number of publications focussing on immune
checkpoint inhibition in IPF is rather limited and show conflicting results. Studies that aim to clarify
the conflicting results, especially with respect to PD-1 and TIM-3, should shed light on the real future
of immune checkpoint inhibition in IPF preventing that the baby is thrown out with the bathwater.

In case checkpoint inhibitors will move forward in IPF, it will be important to take into account
the heterogeneity of clinical responses observed in cancer patients. Of note, the efficacy of immune
therapy is reduced in NSCLC patients with activating mutations in receptor tyrosine kinases [84].
Indeed, in the CheckMate 012, CheckMate153 and KEYNOTE-001 clinical trials a lower response rate
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was reported in patients with EGFR or anaplastic lymphoma kinase (ALK) positive NSCLC than in
those with epidermal growth factor receptor (EGFR) negative and ALK negative NSCLC [84–87]).
As EGFR is upregulated in IPF [88] and may promote fibrotic disease [89], the efficacy of immune
checkpoint inhibition may be limited in a subgroup of IPF patients with over-activated tyrosine kinase
signalling. In these specific patients, combination therapy of nintedanib and PD-1/PD-L1 inhibitors
would be the best option to pursue.

In addition to mutations in receptor tyrosine kinases, the gut microbiome also determines the
clinical efficacy of immune checkpoint inhibition in NSCLC patients. Indeed, based on the diversity and
composition of the intestinal microbiota patients can be stratified in responders and non-responders to
PD-1 based immunotherapy [90,91]. Although no studies assessed the gut microbiome in IPF, seminal
papers show that the lung microbiome is altered in IPF patients and that the bacterial burden affects
the pathogenesis and progression of IPF [92,93]. It remains to be determined however whether the
lung microbiome may also affect checkpoint inhibition in the setting of IPF.

Overall, it is well conceivable that responses to immune checkpoint inhibition will also highly
vary in IPF patients and the identification of biomarkers predicting treatment response is of utmost
importance. Although no data are currently available, several patient related characteristics may aid in
identifying responders from non-responders. Most obvious, expression levels of checkpoint inhibitors
on relevant cell types are likely candidate biomarkers. Alternatively, biomarkers predictive of response
in cancer patients may be useful in IPF to select appropriate patients.

8. Conclusions

The success of the anti-cancer agent nintedanib in IPF, in combination with the recent notion of
shared pathogenic mechanisms between IPF and cancer, raised enthusiasm that alternative anti-cancer
agents could also benefit IPF patients. Based on its revolutionary success in cancer therapy, several
investigators addressed the role of immune checkpoints in IPF. The positive results of some landmark
studies lead to several advertorials [94,95] claiming that immune checkpoint inhibitors could also
revolutionize IPF treatment. However, analysing all available data on immune checkpoint proteins in
IPF seems to temper this enthusiasm although targeting PD-L1 may hold promise in IPF. Most likely,
PD-L1 inhibition does not act via classical cytotoxic T cell activation in IPF but actually seems to affect
the cross-talk between CD4+ T cells and fibroblasts resulting in diminished fibrogenesis.
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