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Abstract
Background: Immune checkpoint inhibitors are a standard treatment for advanced lung
cancer, although it remains important to identify biomarkers that can accurately predict
treatment response. Immune checkpoint inhibitors enhance the antitumor T-cell
response, and interferon-γ plays an important role in this process. Therefore, this study
evaluated whether the number of interferon-γ-releasing peripheral T cells after phytohe-
magglutinin stimulation in the interferon-γ release assay might act as a biomarker for the
response of non-small cell lung cancer to immune checkpoint inhibitor treatment.
Methods: Data were retrospectively collected regarding 74 patients with non-small cell
lung cancer who had received immune checkpoint inhibitors. Pretreatment screening
tests had been performed using the T-SPOT.TB assay, which quantifies the number of
interferon-γ-releasing T cells (as immunospots) in response to phytohemagglutinin
and tuberculosis-specific antigen stimulation. Clinical factors and the number of spots
in the T-SPOT fields were evaluated for associations with patient outcomes. The
median number of spots was used to categorize patients as having high or low values,
and the two groups were compared.
Results: Relative to patients with a low ratio, patients with a high ratio of phytohe-
magglutinin/tuberculosis-specific antigen spots (i.e. more responsive T cells) had sig-
nificantly better progression-free survival after immune checkpoint inhibitor
treatment. When we only considered patients with negative T-SPOT results, a high
number of phytohemagglutinin-stimulated spots corresponded to significantly longer
progression-free survival.
Conclusion: The T-SPOT.TB assay can be used to quantify the number of
immunospots in response to antigen stimulation, which may predict the response to
immune checkpoint inhibitors in patients with non-small cell lung cancer.
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BACKGROUND

Lung cancer is one of the most common cancers and is asso-
ciated with high rates of morbidity and mortality. However,

the introduction of immune checkpoint inhibitors (ICIs) has
helped improve the prognosis of patients with lung
cancer.1–6 In addition to ICI monotherapy, combined treat-
ment using an ICI and cytotoxic anticancer drugs has been
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approved as standard therapy for non-small cell lung cancer
based on results from clinical trials.7 Tumor cell expression
of programmed death-ligand 1 (PD-L1) is a commonly used
biomarker for predicting the response to ICI therapy. How-
ever, this biomarker has limited utility, as some patients
with high PD-L1 expression experience a poor response to
ICI treatment, and it can be difficult in some cases to obtain
a tumor specimen and evaluate PD-L1 expression.8

The effects of ICI treatment are mediated by T cells, and
T-cell dysfunction can lead to treatment resistance.9

Interferon-γ (IFN-γ) is released from T cells as part of their
normal activation, and IFN-γ concentrations are reportedly
related to ICI treatment response.10 Furthermore, disruption
of the IFN-γ receptor signaling pathway can lead to resis-
tance to anti-PD-L1 therapy.11

An IFN-γ releasing assay (IGRA) can be used to identify
Mycobacterium tuberculosis based on T-cell production of
IFN-γ in response to stimulation with tuberculosis-specific
antigens (TBAgs). As a positive control, the T-cell response
is quantified after nonspecific stimulation using phytohe-
magglutinin (PHA). Thus, the ability of T cells to produce
IFN-γ in response to PHA stimulation may reflect the
immune status of individual patients.12 The T-SPOT.TB test
is a type of IGRA that evaluates T-cell production of IFN-γ
using an enzyme-linked immunospot count after antigen
stimulation. Therefore, the present study evaluated whether
the T-SPOT test could be used to quantify IFN-γ production
by peripheral T cells and thus predict the response to ICI
treatment in patients with non-small cell lung cancer.

MATERIALS AND METHODS

Patients

This retrospective study evaluated data from adult patients
with non-small cell lung cancer who received ICI treatment
at the Yokohama City University Medical Center, Minami
Kyosai Hospital, and Yokohama City University Hospital
between January 2016 and August 2019. The inclusion
criteria were age >18 years, a diagnosis of stage IV or post-
operative recurrence non-small cell lung cancer, ICI treat-
ment (nivolumab, pembrolizumab, or atezolizumab), and
available IGRA test results, which had been used to screen
for tuberculosis infection before starting anticancer chemo-
therapy in any line. The exclusion criteria were a diagnosis
of small cell lung cancer and clear signs of infectious disease
at the start of ICI treatment. Only the first ICI treatment
was considered in patients who received multiple ICI treat-
ments. Data regarding progression-free survival (PFS), over-
all survival (OS), patient characteristics, pathological type,
PD-L1 tumor proportion score (TPS), the categorical T-
SPOT test result, and the number of immunospots in each
T-SPOT field were collected. The study’s retrospective pro-
tocol was approved by our institutional review board
(B191200043), which waived the requirement for informed
consent.

Treatment regimens

Patients were considered eligible if they had received ICIs
as monotherapy or in combination with chemotherapy.
Nivolumab monotherapy was administered intravenously at a
dose of 3 mg/kg every 2 weeks. Pembrolizumab monotherapy
was administered intravenously at a dose of 200 mg/kg every
3 weeks. Atezolizumab monotherapy was administered intra-
venously at a dose of 1200 mg/kg every 3 weeks. The combi-
nation regimens involved pembrolizumab with cisplatin/
carboplatin and pemetrexed/paclitaxel.

T-SPOT.TB assay

The T-SPOT tests were performed according to the manu-
facturer’s protocol. Pretreatment peripheral blood samples
were collected into heparinized tubes to isolate peripheral
blood mononuclear cells (PBMCs). The isolated PBMCs
were incubated in a microplate well on which IFN-γ anti-
body was immobilized with or without TBAgs (ESAT-6 or
CFP-10) or PHA for nonspecific stimulation as a positive
control. About 2.5 � 105 PBMCs were added to each well,
and the incubation conditions were 37�C, and 5% CO2 for
16–20 h. After the incubation, the secondary antibody was
added and allowed to react at 4�C for 1 h. The number of
spots was counted in the T-SPOT test, and the results were
graded according to the categories described in the manual.
The median number of T-SPOT immunospots was used to
categorize results as having high and low numbers of
immunospots.

Statistical analysis

Baseline patient characteristics were extracted from their
medical records. The PFS interval was calculated from the
start of ICI treatment to the first instance of disease progres-
sion (defined according to version 1.1 of the Response Eval-
uation Criteria in Solid Tumors) or death because of any
cause. The OS interval was calculated from the start of ICI
treatment to death or the last visit date. Curves for PFS and
OS were compared using the Kaplan–Meier method and the
log-rank test. A Cox proportional hazards model was used
for the multivariable analysis, and differences were consid-
ered statistically significant at p values <0.05. All analyses
were performed using JMP Pro 15 software (SAS Insti-
tute Inc.).

RESULTS

Baseline characteristics

A total of 392 lung cancer patients were assessed for
eligibility (Figure 1). However, we excluded 41 patients with
small cell lung cancer, 186 patients who did not receive ICI
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treatment, and 91 patients who did not undergo T-SPOT
testing. Thus, the study included data from 74 patients who
received ICI treatment and had T-SPOT test results.

The baseline characteristics are summarized in Table 1.
The median age was 67 years (range 34–83 years) and
60 patients were men. Most patients had a good performance
status (PS), with 38 patients having a PS of 0, 26 patients hav-
ing a PS of 1, nine patients having a PS of 2, and one patient
having a PS of 3. When ICI therapy was performed during the
lung cancer treatment, 24 patients were treated in the first line,
26 patients in the second line, and 24 patients after third-line
treatments. The treatment regimens of ICI involved nivolumab
monotherapy (34 patients), pembrolizumab monotherapy
(30 patients), atezolizumab monotherapy (five patients), and
pembrolizumab in combination with platinum-based chemo-
therapy (five patients). The PD-L1 TPS values were >50% for
23 patients, 1–49% for 15 patients, <1% for 14 patients, and
unknown for 22 patients. The histological findings were

T A B L E 1 Baseline characteristics

Total (N = 74)

N %

Age <70 years 41 55.4

≥70 years 33 44.6

Sex Male 60 81.1

Female 14 18.9

Performance status 0 38 51.3

1 26 35.1

2 9 12.2

3 1 1.4

Treatment Nivolumab 34 45.9

Pembrolizumab 30 40.5

Atezolizumab 5 6.8

Combined with
pembrolizumab
and chemotherapy

5 6.8

Line 1 24 32.4

2 26 35.1

≥3 24 32.4

Pathology Adenocarcinoma 47 63.5

Squamous cell carcinoma 20 27.0

Other 7 9.5

PD-L1 TPS <1% 14 18.9

1–49% 15 20.3

≥50% 23 31.1

Unknown 22 29.7

Metastasis Brain 15 20.3

Liver 6 8.1

Driver gene mutation Positive 10 13.5

Negative 64 86.5

Abbreviations: PD-L1, programmed death-ligand 1; TPS, tumor proportion score.

TAB L E 2 The T-SPOT results from 74 cases

T-SPOT results

N %

Negative 63 85.1

Intermediate 5 6.8

Positive 5 6.8

Indeterminate 1 1.4

Numbers of spots in T-SPOT field

Median Mean SD

None 0 1.89 12.9

ESAT-6 0 2.65 13.2

CFP-10 0 3.22 12.4

PHA 202.5 263.4 19.3

Abbreviations: CFP-10, a tuberculosis-specific antigen; ESAT-6, a tuberculosis-specific
antigen; PHA, phytohemagglutinin; SD, standard deviation.

392 lung cancer patients 
assessed for eligibility

227 patients excluded
41 small cell lung cancer
186 no ICI treatment

165 patients included

Analysis of baseline 
characteristics

91 patients excluded
91 no T-SPOT.TB test

74 patients included

Analysis of the T-SPOT 
results

F I G U R E 1 Study flowchart. A total of 392 lung cancer patients
was assessed, although we excluded 41 patients with small cell lung
cancer, 186 patients without immune checkpoint inhibitor (ICI)
treatment, and 91 patients who did not undergo T-SPOT.TB testing.
As one patient received two ICI regimens, we only considered the
first ICI treatment. Thus, 74 patients were included
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adenocarcinoma in 47 patients (63.5%), squamous cell carci-
noma in 20 patients (27.0%), and others in seven patients
(9.5%). Ten patients (13.5%) had driver mutation-positive lung
cancer, which involved the epidermal growth factor receptor

(EGFR) gene in seven patients, the echinoderm microtubule-
associated protein-like 4 anaplastic lymphoma kinase fusion
(EML4-ALK) gene in two patients, and the Kirsten rat sarcoma
viral oncogene homolog (KRAS) in one patient.

F I G U R E 2 Kaplan–Meier analysis according to a low or high number of PHA/TBAg spots. Patients were divided according to the median numbers of spots for
(a) PHA/ESAT-6 and (b) PHA/CFP-10. ESAT-6, a tuberculosis-specific antigen; CFP-10, a tuberculosis-specific antigen; PHA, phytohemagglutinin; NA, not available
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The T-SPOT results

The categorical T-SPOT results (judged according to the
manufacturer’s instructions) were negative for 63 patients
(85.1%), positive for five patients (6.8%), intermediate for five
patients (6.8%), and indeterminate for one patient (1.4%). No
patients were diagnosed with active tuberculosis.

The numbers of spots per T-SPOT field are shown in
Table 2. Most patients had low levels of IFN-γ release
in response to ESAT-6, CFP-10, and the nil control. The

median response to PHA (positive control) was 202 spots
(range 38–737 spots).

Correlation between spot counts and response
to ICI treatment

We evaluated the patients’ characteristics and spot
counts for relationships with PFS. Patients were classified
into two groups using the median number of spots in

T A B L E 3 Patient characteristics according to the number of T-SPOT.TB spots stimulated by PHA/TBAg

PHA/ESAT-6 spots PHA/CFP-10 spots

Low High p Low High p

Age <70 years 20 21 0.815 19 22 0.483

≥70 years 17 16 18 15

Sex Male 29 31 0.552 30 30 1.000

Female 8 6 7 7

Performance status 0 20 18 0.372 21 17 0.149

1 11 15 9 17

2 6 3 6 3

3 0 1 1 0

Treatment Nivolumab 15 19 0.703 16 18 0.884

Pembrolizumab 17 13 16 14

Atezolizumab 3 2 2 3

Combined with pembrolizumab
and chemotherapy

2 3 3 2

Line 1 13 11 0.609 13 11 0.317

2 14 12 15 11

≥3 10 14 9 15

Histology Adenocarcinoma 23 24 0.091 23 24 0.091

Squamous cell carcinoma 8 12 8 12

Other 6 1 6 1

PD-L1 TPS <1% 11 3 0.070 10 4 0.122

1–49% 10 5 10 5

>50% 11 12 11 12

Unknown 5 17 0.002 6 16 0.001

Metastasis Brain 7 8 0.772 8 7 0.772

Liver 4 2 0.390 4 2 0.390

Driver mutation Positive 4 6 0.495 3 7 0.169

Abbreviations: CFP-10, a tuberculosis-specific antigen; ESAT-6, a tuberculosis-specific antigen; PD-L1, programmed death-ligand 1; PHA, phytohemagglutinin; TBAg,
tuberculosis-specific-antigen; TPS, tumor proportion score.

T A B L E 4 Multivariable Cox proportional hazards analysis of progression-free survival

Category HR 95% CI p (log-rank)

PHA/ESAT-6 ≥178 (vs. <178) 0.49 0.25–0.96 0.036

PS 0–1 (vs. 2–3) 0.20 0.07–0.53 0.012

PD-L1 TPS ≥50% (vs. <50% or NA) 0.44 0.21–0.92 0.029

Age <70 years (vs. ≥70 years) 1.30 0.69–2.42 0.406

Abbreviations: CI, confidence interval; ESAT-6, a tuberculosis-specific antigen; HR, hazard ratio; NA, not available; PD-L1, programmed death-ligand 1; PHA,
phytohemagglutinin; PS, performance status; TPS, tumor proportion score.

1730 KAMIMAKI ET AL.



response to PHA divided by the median number of
spots in response to the TBAgs. This division was per-
formed to rectify an immune response to TBAgs. When
there were no spots in response to TBAgs, we used the
number of PHA spots as the denominator. Figure 2(a)
shows the PFS curves when we categorized the
PHA/ESAT-6 spot counts as high or low (median PFS
323 days vs. 51 days; p = 0.006). Figure 2(b) shows the
PFS curves when we categorized the PHA/CFP-10 spot
counts as high or low (median PFS 285 days vs. 63 days;
p = 0.036). The patients in the PHA/TBAg high and
low groups had generally similar characteristics, with the
exception of unknown PD-L1 status (Table 3). Given the
larger number of patients with unknown PD-L1 status in
the PHA high group, multivariable Cox proportional
hazards analysis was performed for PS, PD-L1 TPS, and
age (known predictors of response to ICI therapy and
chemotherapy). The results revealed that better PFS was
associated with better PS, higher PHA/ESAT-6 spot
count, and higher PD-L1 TPS (Table 4). Similar to PFS,

the analysis of the relationship between OS and
PHA/TBAg spots, an increase in the number of PHA/
TBAg spots were associated with a longer OS
(Supporting Information Figure S1, and Supporting
Information Tables S1 and S2).

The PHA-induced spot count independently
predicts PFS among patients with negative T-
SPOT results

Given that T-cell response to TBAgs might be involved in
their response to mitogen activation, we excluded patients
with positive, intermediate, and indeterminate T-SPOT
results and only considered patients with negative T-
SPOT results. Patients in the PHA high and low groups
had similar characteristics, except for PD-L1 status
(Table 5). The PFS outcomes were compared between the
PHA high and low groups (Figure 3), which revealed that
the PHA high group had significantly longer median PFS
(886 days vs. 73.5 days; p = 0.019). Multivariate analysis
was performed because the PD-L1 status differed between
the two groups (Table 6), and the results showed that bet-
ter PFS was associated with better PS and a high PHA spot
count. Similarly for OS, a high number of PHA spots was
associated with better OS (Supporting Information Figure S2
and Table S3).

DISCUSSION

The increasing use of ICI treatment for lung cancer patients
highlights the need for biomarkers that accurately predict
treatment response, which can help minimize ineffective
treatment and prevent adverse effects that are often severe.
This study evaluated whether the number of IFN-γ-releasing
cells based on T-SPOT counts could predict the response to
ICI treatment, and we observed that the PHA/TBAg spot
count (number of IFN-γ-releasing cells in response to
PHA/TBAg stimulation) was significantly associated with
PFS after starting ICI treatment for non-small cell lung can-
cer (Figure 2 and Table 4). Moreover, among patients with
negative T-SPOT results, a high PHA spot count was associ-
ated with significantly better PFS (vs. a low PHA spot count)
(Figure 3 and Table 6). These results showed a similar trend
for OS (Supporting Information Figure S1, S2 and Table
S1-S3).

Interferon-γ is an important factor that can exert broad
pro- or antitumor effects on the immune response.13 For
example, IFN-γ upregulates the MHC class I beta-
2-microglobulin in tumor cells14,15 and IFN-γ also improves
the antitumor immune response of NK cells and cytotoxic
T-lymphocytes.16–18 Nevertheless, another group has
reported that IFN-γ can downregulate the antitumor
immune response by promoting regulatory T-cell (Treg)
function and suppressing effector T-cell function via
enhancement of indoleamine 2,3-dioxygenase secretion

T A B L E 5 Patient characteristics according to the number of spots in
T-SPOT-negative patients

PHA spots

pLow High

Age <70 years 18 19 0.685

≥70 years 14 12

Sex Male 25 25 0.805

Female 7 6

Performance
status

0 19 15 0.179

1 8 14

2 5 2

Treatment Nivolumab 14 15 0.901

Pembrolizumab 14 11

Atezolizumab 2 2

Combined with
pembrolizumab and
chemotherapy

2 3

Line 1 13 9 0.347

2 11 9

≥3 8 13

Histology Adenocarcinoma 17 24 0.124

Squamous cell carcinoma 10 7

Other 5 0

PD-L1 TPS <1% 9 3 0.329

1–49% 7 5

>50% 11 10

Unknown 5 13 0.020

Metastasis Brain 3 7 0.147

Liver 4 1 0.159

Driver
mutation

Positive 3 6 0.254

Abbreviations: PD-L1, programmed death-ligand 1; PHA, phytohemagglutinin; TPS,
tumor proportion score.
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from cancer cells and antigen-presenting cells.19 Cho et al.
have also reported that IFN-γ activates the nonclassical
MHC class Ia genes and causes evasion of cytotoxic lympho-
cytes in melanoma.20 In the context of the PD-1/PD-L1 axis,
IFN-γ induces PD-L1 expression on both cancer cells and
local immune cells.21,22 Thus, IFN-γ appears to play two
opposing but important roles in regulating the antitumor
immune response.

Our results indicate that the number of IFN-γ-releasing
peripheral T cells, based on T-SPOT counts, might be useful
for predicting the response to ICI treatment among patients
with non-small cell lung cancer. In this context, patients
who have T cells that produce large amounts of IFN-γ might
be more likely to experience a favorable response to ICI
treatment. Huang et al. evaluated 84 patients who received
cytotoxic therapy for lung cancer and reported that higher
IFN-γ production after PHA stimulation was associated
with better outcomes,23 although we are only aware of two
small studies that have evaluated the relationship between
IFN-γ production and response to ICI treatment.

Karachaliou et al. evaluated serum mRNA expression of
IFN-γ before nivolumab treatment, which revealed that high
pretreatment expression was associated with significantly
longer median PFS (high group [n = 11] 5.1 months vs. low
group [n = 4] 2.0 months; p = 0.0124).24 Kanai et al. used
the QuantiFERON-TB Gold Plus (QFT-Plus, Qiagen) assay,
which evaluates IFN-γ levels using ELISA,10 and reported
that a significantly longer PFS was observed for the high
IFN-γ group (n = 24) relative to the low IFN-γ group
(n = 5). Our data, which were derived from a larger sample
of patients, strongly support the relationship between high
IFN-γ production and prolonged PFS in this setting. Our
study was based on the T-SPOT test, which evaluates IFN-γ
production based on immunospots after PBMCs are
exposed to different antigens. The T-SPOT results are
adjusted for the peripheral blood lymphocyte count, which
can help reduce the influence of varying lymphocyte counts
between patients.25

There is evidence that ICI treatment is associated with a
risk of developing tuberculosis,26–28 and we observed

F I G U R E 3 Kaplan–Meier analysis according to a low or high number of PHA spots among patients with negative T-SPOT results. Patients were divided
according to the median number of phytohemagglutinin (PHA) spots. NA, not available

T A B L E 6 Multivariable Cox proportional hazards analysis of progression-free survival in T-SPOT-negative patients

Parameter Category HR 95% CI p (log-rank)

PHA ≥196 (vs. <196) 0.46 0.22–0.96 0.039

PS 0–1 (vs. 2–3) 0.10 0.03–0.35 <0.001

PD-L1 TPS ≥50% (vs. <50% or NA) 0.53 0.25–1.16 0.114

Age <70 years (vs. ≥70 years) 1.26 0.63–2.53 0.509

Abbreviations: CI, confidence interval; HR hazard ratio; NA, not available; PD-L1, programmed death-ligand 1; PHA, phytohemagglutinin; PS, performance status; TPS, tumor
proportion score.
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positive T-SPOT results in 6.8% of our patients who
received ICI treatment for non-small cell lung cancer
(Table 2). However, this proportion is comparable to the
proportion of positive results that we previously reported
among all outpatients at our institution (8.4%).29 Although
none of our patients developed active tuberculosis during or
after ICI treatment, ICI is still considered a risk factor for
the development and aggravation of tuberculosis.30 There-
fore, it may be prudent to consider prophylactic treatment
for patients with positive T-SPOT results.

In this study, the timing of the T-spot test was not lim-
ited to before the first line. A report on T-SPOT tests29 has
confirmed the reproducibility of its results and the timing of
blood collection might not be a problem. To examine the
details, a unified study of the timing of blood collection
should be considered.

This study has several limitations that should be con-
sidered. First, we only considered a small sample of
patients from a few Japanese institutions. Second, the ret-
rospective study design is prone to bias and incomplete
data. Third, the T-SPOT results reflect the reaction of
PBMCs, and further studies are needed to confirm the
relationship between the tumor microenvironment and
peripheral blood findings.

In conclusion, the present study revealed that based on
the T-SPOT test results, the number of IFN-γ-releasing
peripheral T cells after PHA stimulation might be useful for
predicting the response to ICI treatment among patients
with non-small cell lung cancer. Thus, a larger prospective
study is warranted to confirm whether the response of
peripheral blood-derived T cells to PHA is a useful bio-
marker for predicting the response to ICI treatment.
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