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Significance of Quantitative Interferon-gamma Levels
in Non-small-cell Lung Cancer Patients’
Response to Immune Checkpoint Inhibitors
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Abstract. Background/Aim: We aimed to study the
association between the quantitative interferon-gamma (IFN-
y) levels and clinical outcomes in non-small-cell lung cancer
(NSCLC) patients receiving immune checkpoint inhibitors
(IClIs). Patients and Methods: Sample collection for IFN-y
release assay (IGRA) was performed within 14 days before
treatment (T1), on day 22+7 (T3), and on day 43+7 (T4). The
stored specimens over 10 IU/ml in IGRA were re-examined
using the dilution method (with saline as the dilution medium).
The patients were classified into Lower and Higher groups by
7.06 IU/ml as a cut-off of IFN-y levels at T1. Results: Median
progression-free survival in the Higher group was significantly
longer than that in the Lower group. IFN-y levels in the non-
progression disease group were significantly higher than those
in the progression disease group. IFN-y levels at Tl in
patients with immune-related adverse events were significantly
lower compared to those at T3. Conclusion: IFN-y could be
a biomarker for NSCLC patients receiving ICIs.

Immune checkpoint Inhibitors (ICIs) are widely used as
immunotherapy for a number of cancers. Cytotoxic T-
lymphocyte-associated antigen 4 antibodies for melanoma
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were the first ICIs used in a clinical situation (1). After the
programmed cell death-1 (PD-1) gene was cloned (2), an
anti-PD-1 antibody (3) was also rapidly developed as one of
the ICIs. Apart from treating melanomas, ICIs are being
approved for different types of cancers, such as lymphomas
(4) and gastric cancers (5).

Non-small cell lung cancer (NSCLC) is one of the cancers
usually treated with ICIs (6, 7). Programmed death-ligand 1
(PD-L1) is highly expressed in NSCLC and is the only
biomarker that is used in the clinical practice to predict
response to ICIs (8). However, this biomarker is not ideal
because in some patients ICIs were less effective, even when
PD-L1 expression level was high. In previous studies, many
factors have been reported as biomarkers for ICIs response (9).
However, none of the biomarkers were more effective than PD-
L1. In our recent study (10), we examined the association
between clinical outcomes of ICIs and levels of interferon-
gamma (IFN-v) release. We concluded that changes in the PD-
1/PD-L1 axis by ICI treatment affected IFN-vy release by T
lymphocytes, and IFN-y levels could be a biomarker for the
early detection of severe immune-related adverse events
(irAEs), such as ICI-induced interstitial pneumonitis (ICI-IP),
and for patient selection for ICI treatment. However, in our
previous study (10) IFN-y was examined qualitatively with an
upper cut-off level of 10 IU/ml, while quantitative levels of
IFN-v in response to ICI are still unknown. As a result, the
patients enrolled in our previous study were classified into
three groups according to the IFN-y levels at pre-treatment and
on treatment, because the cut-off level of interferon-gamma
release assay (IGRA) was 10 IU/ml. Because of this limitation
in our previous study, we herein quantitatively re-examined the
levels of IFN-y >10 IU/ml using the dilution method (with
saline as the dilution medium).
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Table 1. Baseline patient demographics and laboratory data according to the level of positive control of interferon-gamma release assay before
immune checkpoint inhibitor treatment.

Variables Overall IFN-y (IU/ml) level p-Value
<7.06 (n=5) >7.06 (n=24)
Gender
Male 24 5 19 0.55
Female 5 0 5
Age
Median (range) 67 (55-75) 74 (44-84) 0.25
Performance status
0 2 0 2 0.54
1 17 2 15
2 10 3 7
Histology
Adenocarcinoma 24 4 20 0.64
Squamous cell carcinoma 3 1 2
Others 2 0 2
Stage
1IB-C 3 1 2 0.6
v 18 3 15
Recurrence 8 1 7
PD-L1 staining
<1% 6 2 4 0.5
>1%, <50% 6 0 6
>50% 15 3 12
Unknown 2 0 2
Driver mutation
Yes 1 1 0 0.17
No 28 4 24
Treatment line
First 13 2 11 0.04
Second 10 0 10
Third or more 6 3 3
Immune checkpoint inhibitor
Pembrolizumab 17 2 15 0.31
Atezolizumab 7 1 6
Nivolumab 5 2 3
Body mass index (kg/m2)
Mean+S/D 20.76+£2.47 23.06+4.15 0.26
Laboratory data (Mean+S/D)
Neutrophi-lymphocyte ratio 5.8+2.0 4.72+3.48 0.07
Lymohocyte (/ul) 1119+452 1241+462 0.5
C-reactive protein (mg/dl) 5.72+5.79 1.99+2.80 0.078
Serum albumin (g/dl) 3.3+0.55 4+0.55 0.04
Best response (n)
Partial response 4 0 4
Stable disease 9 0 9
Progressive disease 15 5 10
Not evaluable 1 0 1
Disease control rate (%) 0 54.2 0.04

ICI: Immune checkpoint inhibitor; IFN-y: interferon-gamma; S/D: standard deviation. Lower group: patients with 7.06 IU/ml or more in positive
control before ICI treatment. Higher group: patients with more than 7.06 IU/ml in positive control before ICI treatment.

To that end, we evaluated the detailed change of IFN-y  Patients and Methods
over 10 IU/ml and re-analysed the correlation between
quantitative levels of IFN-y and clinical features or outcomes  The included patients and methods are almost identical as in our
in NSCLC patients who received ICIs. previous report (10).
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Ethics statement. This study was approved by our Institutional
Review Board (approval no.: 884) of our Institutions. All patients
who participated in this study were enrolled after providing their
written informed consent. Furthermore, this study was registered in
the University Hospital Medical Information Network Clinical
Trials Registry (UMINO00031881).

Patients. Inclusion and exclusion criteria were the same as described
in our previous study (10). Pathologically diagnosed NSCLC
patients at the Osaka Habikino Medical Center between July 17,
2018, and February 25, 2019, were enrolled in this study. The
inclusion criteria were as follows: (i) a diagnosis of recurrent,
unresectable stage III or IV NSCLC with measurable lesions, (ii)
therapy with ICIs, such as nivolumab, pembrolizumab, and
atezolizumab, (iii) consent to participate in the study, (iv) age 20
years or older, and (v) an Eastern Cooperative Oncology Group
(ECOG) performance status of <2. In contrast, patients who (i) had
synchronous double tumors, (ii) had an active infectious or hepatic
disease, (iii) intended to become pregnant, or (iv) were deemed by
a physician to be ineligible for this study, were excluded.

Interferon-gamma release assay (IGRA) and sample collection.
IGRA was performed with QuantiFERON®-TB Gold Plus (QFT-
Plus; Qiagen, Germany) assay. Sample collection for IGRA was
performed as described in our previous study (10) within 14 days
before treatment (T1: day —14 to 1), on day 8+3 (T2: day 5 to 11),
on day 22+7 (T3: day 15 to 29), and on day 43+7 (T4: day 36 to
50). In this study, we examined samples at T1, T3, and T4 except
for samples at T2. QFT-puls included four blood collection tubes,
(i) a nil control tube (negative control), (ii) tuberculosis 1 antigen
tube, (iii) tuberculosis 2 antigen tube, and (iv) mitogen tube
(positive control). We observed IFN-y changes in the positive
control tube.

Examination and quantitative evaluation of interferon-gamma
levels. All specimens were stored at —80°C. The specimen over 10
IU/ml that served as the upper-limit in IGRA were first diluted 20-
fold with physiological saline, and then diluted 2-fold until they
become measurable by enzyme-linked immunosorbent assay
(ELISA).

Cut-off levels of interferon-gamma in the positive control tube.
Huang HC et al. reported that low levels of IFN-y were associated
with low response to chemotherapy (11). They examined the
positive control of IGRA and classified patients into two groups by
7.06 1U/ml as cut-off level of IFN-y. Based on their cut-off levels,
we re-analysed clinical outcomes in NSCLC patients who were
treated with ICIs.

Progression-free survival. The progression-free survival (PFS) was
compared between two groups, as categorized by the 7.06 1U/ml
cut-off level of IFN-y. PFS was defined from the time of
administration of ICIs to the time of disease progression or death.
The disease progression was determined by a computed tomography
(CT) according to the Response Evaluation Criteria in Solid Tumors
(RECIST) guideline version 1.1. The time of disease progression
was defined as the date on which CT was conducted.

Statistical analyses. All analyses were conducted using the
statistical software package R (12). PFS were compared using the
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Figure 1. Progression-free survival (PFS). Median PFS time in the
Higher group was significantly longer than that in the Lower group. The
higher group includes patients with higher pre-treatment IFN-y response
to mitogen (7.06 IU/ml or higher). The lower group includes patients
with lower pre-treatment IFN-y response to mitogen (under 7.06 1U/ml).

Kaplan-Meier method and log-lank test. Categorical variables were
compared using the Fisher’s exact test. Continuous variables
including IFN-vy levels were compared using the Wilcoxon rank sum
test or Wilcoxon signed-rank test.

Results

Baseline patient demographics and laboratory data. Table 1
shows the baseline patient demographics and laboratory data
in overall patients (n=29), those (n=5) with 7.06 IU/ml or
less (Lower group), and those (n=24) with more than 7.06
IU/ml (Higher group) in the level of IFN-y of IGRA positive
control before ICI treatment. There were no significant
differences in patient demographics and laboratory data in
both groups except for serum albumin level, which was
significantly lower in the Lower group than in the Higher
group (p=0.04). On the other hand, neutrophil-lymphocyte
ratio and C-reactive protein tended to be higher in the Lower
group than in the Higher group. Furthermore, the disease
control rate (0%) in the Lower group was significantly lower
than that (54.2%) in the Higher group (p=0.04).

Progression-free survival. As shown in Figure 1, median PFS
was 84 days [95% confidence interval (Cl)=77-175] in the
Higher group, which was significantly longer than that in the
Lower group with 54 days [95%Cl-23-not attained (NA)]
(»=0.02).

Correlation between response to immune checkpoint
inhibitors and interferon-gamma level at pre-treatment or on
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Table II. The levels of IFN-y between PD and non-PD patients and between irAEs group and non-irAEs group.

Groups

IFN-y (IU/ml) level (median, range)

T1

T3 T4

All patients (n=29)

Response
PD (n=15)
Non-PD (n=13)

Immune-related adverse events (irAEs)
irAE(+) (n=16)
irAE(-) (n=13)
Interstitial pneumonia + (n=5)
Interstitial pneumonia — (n=24)

28.74 (1.43-276.36)

12.98 (1.43-273.51)t
82.16 (19.55-276.36)

26.46 (3.93-276.36)
3433 (1.43-273.51)
26.36 (6.94-166.88)
32.82 (1.43-276.36)

8.59 (0.68-185.26) 11.9 (0.59-291.12)

3.74 (0.68-77.55)
26.5 (1.4-185.26)

5.27 (0.59-57.09)%
38.52 (1.05-291.12)

8.42 (1.29-185.26)*
8.59 (0.68-114.77)
6.28 (1.65-24.95)

15.41 (0.68-185.26)

21.96 (0.59-291.12)
9.86 (0.61-96.17)
3.79 (0.59-21.14)

2437 (0.61-291.12)

Non-PD group: Patients with partial response or stable disease according to RECIST version 1.1. irAEs group: Patients with interstitial pneumonia,
fever, eruption, colitis, diabetes mellitus, myositis, or thyroid disorder. ¥Statistically significant difference with p-Value<0.05 between PD group
and non-PD group. ¥Statistically significant difference with p-Value<0.01 between PD group and non-PD group. *T1 vs. T2 p=0.0013.

treatment. As shown in Table II, the median levels of IFN-y
in all patients were 28.74 IU/ml (T1), 8.59 IU/ml (T3), and
11.90 TU/ml (T4), respectively. The levels of IFN-y before
ICIs in the non-progression disease (non-PD) group,
including partial response and stable disease were
statistically higher than the progression disease (PD) group
at T1 (82.16 vs. 12.98 IU/ml, p=0.015) (Figure 2).

Correlation between immune-related adverse events and
interferon-gamma levels at pre-treatment or on treatment. As
shown in Table II, there was no significant difference in the
median level of IFN-y: 26.46 IU/ml in patients with irAEs and
34.33 IU/ml in those without. The median level of IFN-y at T1
in patients with irAEs was significantly decreased in
comparison to that at T3 (2646 IU/ml vs. 8.42 IU/ml,
p=0.003). On the other hand, there was no statically significant
difference in IFN-y levels at T3 between patients with irAEs
and those without (34.33 IU/ml at T1 vs. 8.59 IU/ml at T3,
p=0.12). Regarding ICI-induced interstitial pneumonia (ICI-
IP), the levels of IFN-y were decreased at T1 to T3 in both
patient groups with and without ICI-IP. However, low levels of
IFN-v in patients with ICI-IP were observed for an extended
period of time in comparison to those without (Figure 3).

Correlation between tumor proportion score and interferon-
gamma level at pre-treatment. As shown in Figure 4, there
was no correlation between IFN-y and PD-L1 TPS
(estimated r=0.074, 95%CI=-0.31-0.44, p=0.71).

Discussion
In this study, we investigated the association between

quantitative IFN-y levels and clinical outcomes in NSCLC
patients who received ICIs. In our previous study (10), we
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Figure 2. IFN-y levels before ICIs in the non-progression disease (non-
PD) group were statistically higher than those in the progression disease
group at pre-treatment. The non-PD group included stable disease and
partial response. There were two patients in the PD group and one in
the non-PD group who had IFN-y levels over 150 IU/ml at T1.

reported that evaluating IFN-y levels in response to mitogen
(phytohaemagglutinin), which stimulated T cell lymphocytes
(T-Cell) non-specifically and induced IFN-y release, may be a
biomarker for the efficacy of ICIs. However, we had no
quantitative data on IFN-y levels over 10 IU/ml as the upper
limit of QFT-Plus. In the present report, we quantitatively
showed the detailed change in IFN-y levels over 10 IU/ml. We
further demonstrated the correlation between the levels of IFN-
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Figure 3. Correlation between immune-related adverse events and interferon-gamma levels at pre-treatment or on treatment. The median IFN-y
levels at pre-treatment in patients with irAEs were significantly decreased in comparison to that at T3. On the other hand, there was no statically
significant difference in IFN-y levels at T3 between patients with irAEs and those without. There were two patients in the irAE(+) group and one

in the irAE(-) group who had IFN-y levels over 150 IU/ml at T1.

v and clinical outcomes in NSCLC patients who received ICIs.
As a result, the patients with IFN-y level of 7.06 IU/ml or
higher at T1 had significantly longer PFS than those without.
On the other hand, at T1, the level of IFN-y in the non-PD
group was significantly higher than that in the PD group. To
our knowledge, there are no reports that quantitatively examine
levels of IFN-y over 10 IU/ml by the IGRA approach.

In a previous study (11), Huang HC et al. reported that a
higher pre-treatment IFN-y response to PHA (7.06 IU/ml or
higher), obtained using the IGRA, was associated with better
disease control rate and survival among patients with
advanced NSCLC treated with chemotherapy. Their results
suggested that immunological status in NSCLC patients at
pre-treatment would influence response in cytotoxic
chemotherapy, too. To test this finding, we re-analysed our
data with regards to the new cut-off levels and absolute values
of IFN-vy. The cut-off levels of IFN-y were 10 IU/ml in our
previous report. In that report, the group with IFN-y under 10
IU/ml at pre-treatment had higher C-reactive protein (CRP)
and lower serum albumin levels. This tendency was preserved
as well if the cut-off levels were 7.06 IU/ml.

Niki K et al. showed that IFN-y expression in tumour tissues
was associated with response to treatment (13). Westall et al.
revealed that IFN-vy levels in response to mitogen measured
with the QuantiFERON®—CMV assay (Cellestis Ltd.,
Melbourne, Australia) were often negative after early lung
transplant, because of immune suppression (14). Changes in
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Figure 4. Correlation between programmed cell death-ligand 1 tumour
proportion score and interferon-gamma levels at pre-treatment. There was
no correlation between IFN-y levels and PD-L1 tumour proportion score.

IFN-vy levels in response to mitogen may depend on the
immune system condition of the individual patient (15). In our
study, low IFN-y levels in response to mitogen before ICIs may
also indicate the suppressed immune system state, which could
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be caused by a number of patient conditions, such as age,
cancer type, nutrition, inflammation, and performance status.
Moreover, Yong et al. recently reported that reduction in T-cell
response to mitogen stimulation predicted poor survival in
recipients of allogeneic hematopoietic stem cell transplantation
(16). Patient’s immune system condition is a very important
factor for the success of ICI treatment; therefore, the levels of
IFN-v, especially before treatment, may serve as one of the
predictive biomarkers for the response to ICIs.

Furthermore, in this study, the patients who developed
irAEs showed significant decrease of IFN-vy levels from T1 to
day 22+7 after ICI treatment. In particular, in patients who
developed ICI-IP, decrease in IFN-vy levels were observed for
an extended period of time, until day 43+7. Previous reports
suggested that on one hand, early irAEs may predict a good
response to ICIs, while on the other hand, severe interstitial
pneumonia as an irAE, may result in a poor outcome (17, 18).
As there seemed to be some patterns of correlation between
different types of irAEs and clinical outcomes, there may also
be patterns of changes in IFN-vy levels in response to each of
the irAEs. In recipients of allogeneic hematopoietic stem cell
transplantation, Yong et al. (16) reported that patients with low
levels of IFN-vy in response to mitogen had severe acute graft
versus host disease (GVHD), which suggested that this
relationship may reflect the immunosuppressive effects of
GVHD. Based on their study (16), we also presumed a
possibility for the following scenarios: 1) T-Cell in GVHD
would recognize a specific antigen in recipients and become
cytotoxic T cell (CTL) responding to that specific antigen,
which would cause a loss of response to the non-specific
stimulation by mitogen; 2) ICIs would stimulate anti-cancer
immune system responses, which would promote T-Cell
differentiation into CTL that respond to specific antigen and,
subsequently, may remove non-specific response for mitogen.
Therefore, we speculated that decrease in the IFN-y levels in
patients with irAEs may resemble loss of response for mitogen
in severe GVHD. Some studies found a clonal overlap in T-
Cells among blood, tumour, and organs with irAEs (19, 20).
That indicated that T-Cells overflow from the tumour
microenvironment. Thus, we hypothesized that reduction of
IFN-v levels in response to mitogen treatment may indicate
the presence of overstimulated T-Cells by ICIs in peripheral
blood stream, which may induce irAEs.

Teng et al. classified types of tumour microenvironment
into four groups based on PD-L1 and IFN-y (21). According
to their report, patients with high levels of PD-L1 and IFN-
v showed good response to ICIs. In the future, if the levels
of IFN-y in tumour microenvironment could be easily
examined, the prediction of responses to ICI would become
more accurate. Limitations of this study include its small
sample size and heterogeneity of treatment lines. In addition,
we did not have data on IFN-y changes in patients who had
no cancer or those who received other anti-cancer agents.
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There are no definite data about differences in IFN-vy levels
based on the types and severity of irAEs. In addition, it is
needed to investigate the appropriate time frame for blood
examination regarding evaluation of irAEs expression. To
overcome these limitations, we intend to perform a
prospective study with more patients in the future.

Conclusion

In this analysis, low levels of IFN-y before treatment were
associated with a weak response to ICIs. In addition, the
changes in IFN-y levels during ICI treatment may be
associated with irAEs. Because of the small sample size,
more samples are needed to analyse the correlation between
IFN-vy levels in response to ICIs and the irAEs.
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