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ABSTRACT

Purpose Immune checkpoint inhibition (ICI) therapy

has improved patient outcomes in advanced non-small
cell lung cancer (NSCLC), but better biomarkers are
needed. A clinically validated, blood-based proteomic
test, or host immune classifier (HIC), was assessed for its
ability to predict ICI therapy outcomes in this real-world,
prospectively designed, observational study.

Materials and methods The prospectively designed,
observational registry study INSIGHT (Clinical Effectiveness
Assessment of VeriStrat® Testing and Validation of
Immunotherapy Tests in NSCLC Subjects) (NCT03289780)
includes 35 US sites having enrolled over 3570 NSCLC
patients at any stage and line of therapy. After enrolment
and prior to therapy initiation, all patients are tested

and designated HIC-Hot (HIC-H) or HIC-Cold (HIC-C). A
prespecified interim analysis was performed after 1-year
follow-up with the first 2000 enrolled patients. We report
the overall survival (0S) of patients with advanced stage
(B and IV) NSCLC treated in the first-line (ICI-containing
therapies n=284; all first-line therapies n=877), by
treatment type and in HIC-defined subgroups.

Results 0S for HIC-H patients was longer than OS for
HIC-C patients across treatment regimens, including

ICI. For patients treated with all ICI regimens, median

0S was not reached (95% Cl 15.4 to undefined months)
for HIC-H (n=196) vs 5.0 months (95% CI 2.9 to 6.4) for
HIC-C patients (n=88); HR=0.38 (95% Cl 0.27 t0 0.53),
p<0.0001. For ICI monotherapy, 0S was 16.8 vs 2.8
months (HR=0.36 (95% Cl 0.22 to 0.58), p<0.0001) and
for ICI with chemotherapy 0S was unreached vs 6.4
months (HR=0.41 (95% Cl 0.26 to 0.67), p=0.0003). HIC
results were independent of programmed death ligand 1
(PD-L1). In a subgroup with PD-L1 >50% and performance
status 0-1, HIC stratified survival significantly for ICI
monotherapy but not ICI with chemotherapy.

Conclusion Blood-based HIC proteomic testing provides
clinically meaningful information for immunotherapy
treatment decision in NSCLC independent of PD-L1. The
data suggest that HIC-C patients should not be treated
with ICI alone regardless of their PD-L1 expression.

INTRODUCTION

Lung cancer is the leading cause of cancer
death in the USA, but long-term survival
is improving with new biomarker-directed
therapies.1 * Immune checkpoint inhibition
(ICI) via blockade of the programmed death
1 (PD-1) axis—approved by the US Food
and Drug Administration for lung cancer
in 2015—has slowed tumor progression,
produced durable responses, and improved
overall survival (OS) in many patients with
non-small cell lung cancer (NSCLC).* ICI
alone or in combination with chemotherapy
has become standard of care first-line treat-
ment for NSCLC patients without an action-
able mutation. ICI monotherapy is indicated
for tumor PD ligand 1 (PD-LI1) expres-
sion >50% (optional for PD-L1 >1%) and ICI
with chemotherapy for all PD-L1 expression
levels.*”

Tumor PD-L1 is the recommended
biomarker for ICI monotherapy eligibility
in NSCLC,’ although only ~30% of patients
with PD-L1 250% achieve b-year survival.” ®
Conversely, some patients with PD-L1 nega-
tive cancers have responded to firstline ICI
monotherapies but are ineligible for first-line
ICI monotherapy under current guidelines.”
Considering the inconsistent correlation
between PD-L1 expression and ICI efficacy,
the significant adverse events profile of ICI*
and their cost to the patient and the health-
care system,” finding additional indicators
of patient benefit from ICI combinations or
monotherapy is a focus for both physicians
and patients.

Predictive and prognostic tests that aid
therapeutic decision making are critical for
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optimizing patient outcomes while minimizing toxicity
and costs. A pretreatment blood-based proteomic test,
termed a host immune classifier (HIC), was developed
in a multi-institutional, correlative study of clinical
outcomes in patients with NSCLC."” Using matrix-assisted
laser desorption/ionization time-of-flight mass spectrom-
etry combined with a basic machine learning algorithm,
HIC defines a proteomic classification broadly prognostic
of outcomes in NSCLC. Patients classified as HIC-Hot
(HIC-H) have an increased likelihood of better outcomes
across multiple therapies and lines of therapy, often
surviving 2-3 times longer than patients classified as HIC-
Cold (HIC-C).M1

Studies of the underlying biology captured by the HIC
test have shown it to be a measure of systemic inflamma-
tory state, deriving classifications from a proteomic signa-
ture comprizing isoforms of serum amyloid Al."* Recent
work has shown that, in general, all eight mass spectral
features used in the HIC test algorithm play a role in
generation of the test result and that their relative impor-
tance varies from one patient to another.'” Increased
levels of proinflammatory proteins, including C reactive
protein, interleukin-6, serum amyloid A, cytokeratin 19
fragment (CYFRA 21-1), insulin-like growth factor (IGF)-
II, osteopontin, and ferritin, have been observed in the
serum collected from HIC-C patients.'® Set enrichment
and pathway analyses have indicated association of HIC
test classification with acute phase response,'™"® acute
inflammatory response, and complement activation.'” '®
These factors have been shown to be correlated with a
dysfunctional tumor immune response and poor prog-
nosis in general and in the context of immunotherapy.'**

The INSIGHT (Clinical Effectiveness Assessment of
VeriStrat® Testing and Validation of Immunotherapy
Tests in NSCLC Subjects) study (NCT03289780) is an
ongoing, observational registry trial, designed to vali-
date that HIC test classifications stratify clinical outcomes
for real-world patients receiving standard of care thera-
pies, including immunotherapy.” Although extensively
evaluated in patients receiving targeted therapy and
chemotherapy-based regimens, HIC’s clinical utility for
patients treated with ICI has been demonstrated in only
one previous study.”* Here, we report results of a prespec-
ified interim analysis of INSIGHT assessing HIC’s strat-
ification of survival in the first 2000 enrolled patients
with at least 1year of follow-up, focusing on patients with
advanced NSCLC treated in the first-line with platinum
chemotherapy and ICI-containing regimens.

MATERIALS AND METHODS

Study design and patient enrolment

Since April 4, 2016, INSIGHT has enrolled over 3570
patients from 35 different US sites, including all stages
of NSCLC (stage I-1V), histology, and Eastern Coopera-
tive Oncology Group (ECOG) performance status (PS).
Enrolled patients had a diagnosis of NSCLC, were 18
years or older, had a tumor identified as epidermal growth

factor receptor (EGFR) wild type or unknown, and under-
went HIC testing. Patients with unknown EGFR mutation
status were subject to plasma-based mutation testing® and
patients positive for EGFR mutations were excluded from
the study. Patients were followed for outcome (OS for all
patients and time to recurrence for early stage patients)
for 18 months.

This interim analysis of secondary and exploratory
endpoints involving the HIC test was carried out after
at least 12 months follow-up of the first 2000 enrolled
subjects. The Analysis Population was defined as all
enrolled patients with at least 12 months follow-up, HIC
classification of Hot or Cold, and available data on treat-
ment received.

Biomarker testing
All patients received HIC testing (VeriStrat® proteomic
test, Biodesix, Boulder, Colorado, USA). Venous blood
was collected at the time of study enrolment and prior to
the start of treatment. All HIC testing was performed in a
centralized clinical laboratory (Biodesix), Accredited by
Clinical Laboratory Improvement Amendments/College
of American Pathologists and Approved by New York
State Clinical Laboratory Evaluation Program. Serum
samples for HIC testing were collected and processed
as previously described.'"’ '* Spectra from each sample
were collected and processed in triplicate. When all
three spectra produced the same classification, this was
reported as the HIC test result—(HIC-H, aka VeriStrat
Good) or (HIC-C, aka VeriStrat Poor).

PD-L1 expression was collected from physicians when
possible. Results from any PD-L1 tissue-based assay of
physician choice were admissible.

Statistical analysis

All statistical analyses, including covariates to be used
in multivariate analyses and all subgroups for analysis,
were prespecified in the Statistical Analysis Plan prior to
interim analysis database lock. OS was defined as time
between patient enrolment in the study and date of death
or censored at date of last follow-up. OS was summarized
within patient subgroups by its median and 95% CI and
compared between patient subgroups by Cox propor-
tional HRs, their Cls, and corresponding p values. Statis-
tical analyses were carried out using JMP V.15.1.0 (SAS
Institute) or PRISM (GraphPad, La Jolla, California,
USA). Association of baseline characteristics between
patient subgroups was assessed using Mann-Whitney U
test (with t-test approximation) for continuous attributes
and Fisher’s exact test or ” test for categorical attributes.

RESULTS

Patient inclusion and demographics

Between study launch in April 2016 and database lock on
March 15, 2020, INSIGHT had accrued 1975 evaluable
subjects (figure 1). Of these, 1464 had advanced stages of
NSCLC (stage IIIB or stage IV), with 877 having had no
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Patients enrolled in INSIGHT study to date
(n=3726)

Excluded patients who were enrolled since

Patients enrolled in INSIGHT study at time of
data cutoff (n = 3000)

data cutoff (n=570)

Excluded patients with < 1-year follow-up

Patients with > 1-year follow-up (n = 2376)

(n=624)

Excluded (n = 401):

Patients in the Analysis Population (n = 1975)

* Not eligible and screen fails (n = 198)

* Patients with incomplete records
(n=163)

* Indeterminate HIC status (n = 40)

Patients with stage IlIB-IV NSCLC (n = 1464)

Patients with stage I-1lIA NSCLC (n = 511)

Patients with no prior therapy for advanced
disease (n = 877):
* Patients receiving ICI-containing regimens
(n=284)
* Patients receiving platinum-doublet based
chemotherapy (no ICI) (n = 392)
* Patients receiving other therapies (no ICI)
(n=201)

Figure 1
NSCLC, non-small cell lung cancer.

prior therapy for advanced disease (ie, receiving first-line
therapy in this study). A total of 587 patients enrolled at
second and higher lines of therapies.

The baseline characteristics of the patients in the Anal-
ysis Population who moreover had advanced disease and
no prior therapy (n=877) are summarized in table 1.
Average age was 68 years in this subgroup. Patients
primarily had adenocarcinoma histology (65.3%)
followed by squamous cell carcinoma (21.4%); the
remainder (13.2%) were not specified beyond NSCLC or
had an uncommon histology. ECOG PS 1 was the most
common status at the time of enrolment although 25.4%
of patients enrolled had ECOG PS>1 (table 1). A total
of 91% of patients had metastases, including 18.5% with
brain metastases (online supplemental table S1).

Treatment regimens
Treatment choice was left to physician discretion.
Therefore, various standard of care treatments were

Patients receiving therapy in second or
higher line setting (n = 587):
* Patients receiving ICI-containing
regimens (n =212)
* Patients receiving non-ICl containing
regimens (n = 375)

Disposition of patients in the study interim analysis. HIC, host immune classifier; ICl, immune checkpoint inhibitor;

represented, including platinum-based therapy (ie,
carboplatin or cisplatin in combination with pemetrexed
or paclitaxel), ICI (monotherapy or in combination with
chemotherapy), non-platinum chemotherapy, tyrosine
kinase inhibitors, radiation, surgery or best supportive
care for those with no active treatment (table 1). The
two most common types of firstline therapies used in
this study were platinum-based chemotherapy (n=392,
44.7%) and ICI in combination with other agents (n=167,
19.0%), primarily chemotherapy (n=161, 18.4%).

Patient outcomes by treatment regimen

The median OS (mOS) of advanced stage patients treated
with firstline platinum-based chemotherapy was 11.7
(95% CI 9.9 to 14.7) months (figure 2A). Patients treated
with ICI (either monotherapy or ICI in combination with
other agents) demonstrated an mOS of 14.4 (95% CI 10.0
to undefined) months.
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Table 1 Patient demographics and clinical characteristics by HIC classification (n=877)

Total HIC-hot HIC-cold
(n=877) (n=622, 70.9%) (n=255, 29.1%) P value
Age
Mean (SD) 68.0 (10.2) 68.4 (10.3) 67.0 (10.0) 0.070
Median (range) 67.6 (35.2-95.1) 68.1 (35.2-92.9) 66.5 (36.5-95.1) 0.075
Gender, n (%) 0.004
Female 382 (43.6) 290 (46.6) 92 (36.1)
Male 495 (56.4) 332 (53.4) 163 (63.9)
Histology, n (%) <0.001
Adenocarcinoma 573 (65.3) 430 (69.1) 143 (56.1)
Squamous 188 (21.4) 116 (18.6) 72 (28.2)
NSCLC other 116 (13.2) 76 (12.2) 40 (15.7)
Disease stage at study entry, n (%) 0.739
Stage IlIB 112 (12.8) 78 (12.5) 34 (13.3)
Stage IV 765 (87.2) 544 (87.5) 221 (86.7)
ECOG status at study entry, n (%) <0.001
PSO 222 (25.3) 184 (29.6) 38 (14.9)
PS 1 432 (49.3) 299 (48.1) 133 (52.2)
PS 2 183 (20.9) 117 (18.8) 66 (25.9)
PS 3 35 (4.0 22 (3.5) 13 (5.1)
PS 4 5 (0.6) 0 (0.0) 5(2.0)
Smoking status, n (%) 0.056
Current smoker 332 (37.9) 230 (37.0) 102 (40.0)
Former smoker 441 (50.3) 308 (49.5) 133 (52.2)
Never smoker 104 (11.9) 84 (13.5) 20 (7.8)
PD-L1 expression, n (%) 0.632
High (>50%) 168 (19.2) 119 (19.1) 49 (19.2)
Low (>1% and <50%) 137 (15.6) 100 (16.1) 37 (14.5)
Negative (<1%) 169 (19.3) 125 (20.1) 44 (17.3)
NA 403 (46.0) 278 (44.7) 125 (49.0)
Disease status at study entry, n (%) <0.001
Newly diagnosed 820 (93.5) 571 (91.8) 249 (97.6)
Recurrent 55 (6.3) 50 (8.0) 5 (2.0)
Other 2(0.2) 1(0.2) 1(0.4)
Treatment regimen, n (%) 0.026
ICI monotherapy 117 (13.3) 80 (12.9) 37 (14.5)
ICI + chemotherapy 161 (18.4) 113 (18.2) 48 (18.8)
ICI other combination 6 (0.7) 3(0.5) 3(1.2)
Pt-based chemotherapy 392 (44.7) 284 (45.7) 108 (42.4)
Other chemotherapy 19 (2.2) 13 (2.1) 6 (2.4)
TKI 40 (4.6) 35 (5.6) 5 (2.0)
Radiation 32 (3.6) 25 (4.0 72.7)
Other active treatment 16 (1.8) 14 (2.3) 2 (0.8)
No active treatment 94 (10.7) 55 (8.8) 39 (15.3)

ECOG, Eastern Cooperative Oncology Group; HIC, host immune classifier; ICI, immune checkpoint inhibition; NA, not available; NSCLC, non-
small cell lung cancer; PD-L1, programmed death ligand 1; PS, performance status; Pt, platinum; TKI, tyrosine kinase inhibitor.
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Figure 2 Kalpan-Meier analysis of overall survival in patients with advanced stage NSCLC. (A) Received platinum-doublet
chemotherapy (PTCT) or ICI-containing therapy (ICl) in the first-line setting, and in subsets of patients receiving (B) PTCT and
(C) ICI-containing regimen by HIC classification. HIC-C, host immune classifier-cold; HIC-H, HIC-hot; ICI, immune checkpoint
inhibition; mOS, median overall survival in months; NR, not reached; NSCLC, non-small cell lung cancer; und, undefined.

HIC classification and 0S

In the advanced stage firstline population, 71% of
subjects were classified as HIC-H and 29% were clas-
sified as HIC-C (table 1), consistent with previous
reports.'’ ' ¥ 20 Between HIC-H and HIC-C groups,
there were no statistically significant differences in
age, disease stage at entry, ECOG PS, smoking status,
or PD-L1 expression. However, statistically significant
differences were observed in gender, histology, and
treatment regimen.

The OS of patients treated with firstline platinum-
based chemotherapy and ICI regimens was further strat-
ified using the HIC. In both treatment groups, patients
classified as HIG-H had significantly longer OS than
patients classified as HIC-C (figure 2B,C). The mOS of
HIC-H patients treated with platinum-based chemo-
therapy was 14.8 months compared with 7.0 months
for HIC-C patients (HR=0.56 (95% CI 0.42 to 0.75),
p<0.0001) (figure 2B). For all patients treated with ICI
regimens (monotherapy or combination therapies),
mOS was not reached for HIC-H patients compared with
5.0 months for HIC-C patients (HR=0.38 (95% CI 0.27
to 0.53), p<0.0001) (figure 2C). Patients not receiving an
active therapy classified as HIC-H also had longer survival
than HIC-C, at 4.8 months compared with 1.6 (HR=0.43
(95% CI 0.26 to 0.73), p=0.002) (online supplemental
figure S1).

In the subgroup treated with ICI monotherapy, patients
classified as HIC-H had mOS 16.8 months, whereas
mOS in patients classified as HIC-C was 2.8 months
(80/37 HIC-H/HIC-C, HR=0.36 (95% CI 0.22 to 0.58),
p<0.0001) (figure 3A). When patients were treated with
first-line ICI combined with chemotherapy, patients clas-
sified as HIC-H had significantly longer mOS compared
with patients classified as HIC-C (113/48 HIC-H/HIC-C,
median not reached vs 6.4 months, HR=0.41 (95% CI
0.26 to 0.67), p<0.001) (figure 3B).

HIC and PD-L1 expression

Among patients treated with ICI, no statistically significant
differences appeared in the proportions of HIC-H and
HIC-C patients at each PD-LI expression level analyzed
(table 2). HIC is therefore independent of PD-L1 expres-
sion. As expected, survival was longer in the PD-L1 High
subgroup than PD-L1 Low or Negative, although few
PD-L1 Low or Negative patients received ICI monotherapy
(figure 3C,D). With the PD-L1 Low and Negative groups
(PD-L1 <50%) combined and the PD-L1 not available
(NA) group included, survival was significantly longer for
PD-L1 NA compared with PD-L1 <50% but not different
from PD-L1 250% in the group receiving ICI with chemo-
therapy, and no differences appeared in the ICI mono-
therapy group (online supplemental figure S2). In the
PD-L1 High, PS 0-1 subgroup receiving ICI monotherapy,
subjects classified as HIC-H had significantly longer OS,
mOS not reached compared with 2.6 months for HIC-C
(HR=0.22 (95% CI 0.10 to 0.48), p<0.001) (figure 3E).
However, for subjects receiving ICI with chemotherapy
in the PD-L1 High subgroup, mOS was not reached for
both HIC-H and HIC-C patients (HR=0.77 (95% CI 0.25
to 2.35), p=0.641) (figure 3F).

In a multivariate analysis, HIC was identified as an inde-
pendent predictor of OS of ICI-treated patients (HR=0.37
(95% CI 0.25 to 0.53), p<0.0001), when adjusted for
demographic characteristics such as gender, ECOG
PS, histology, age, disease stage, and PD-LI expression
(table 3). Multivariate analysis further indicated that
ECOG PS, age, and histology were significantly associated
with survival to a lesser extent, that patients receiving
ICI + chemotherapy fared better than patients receiving
ICI monotherapy, and that patients with high PD-L1
expression fared better than those that were PD-L1 nega-
tive but not necessarily those with low PD-L1 expression.
Smoking status, stage, and gender were not significantly
associated with survival. Limiting the analysis to the

Rich P, et al. J Immunother Cancer 2021;9:6002989. doi:10.1136/jitc-2021-002989


https://dx.doi.org/10.1136/jitc-2021-002989
https://dx.doi.org/10.1136/jitc-2021-002989
https://dx.doi.org/10.1136/jitc-2021-002989

ICl Monotherapy by HIC

mOS in months (95% Cl)
16.8 (11.3-und)
2.8 (1.6-6.0)

— HIC-H, n=80
==+HIC-C, n=37

HR (95% Cl): 0.36 (0.22-0.58), p<0.0001

ICl + Chemotherapy by HIC

mOS in months (95% Cl)
NR (15.4-und)
6.4 (3.7-13.7)

— HIC-H, n=113
==+HIC-C, n=48

HR (95% Cl): 0.41 (0.26-0.67), p<0.001

100 100
- - -
< <
2 2 J
z z
=] > 50
wv wv
= 3 1
< <
o o 4
w w
> >
) [¢) 1
0 T T T T T 1 0 T T T T T 1
0 3 6 9 12 15 18 0 3 6 9 12 15 18
TIME (MONTHS) TIME (MONTHS)
No. at Risk: No. at Risk:
HIC-H 80 66 56 50 43 38 25 HIC-H 113 93 79 61 52 41 24
HIC-C 37 16 12 8 8 7 5 HIC-C 48 35 25 17 14 12 5
C ICl Monotherapy by PD-L1 D ICl + Chemotherapy by PD-L1
mOS in months (95% CI) mOS in months (95% Cl)
— PD-L1 High,n=83 9.5 (5.6-und) — PD-L1 High,n=39  NR(10.0-und)
-+ PD-L1low,n=9 4.5 (1.0-und) ---PDLllow,n=36  9.7(6.1-17.2)
100 **** PD-L1Neg,n=6 12.1(1.3-und) *++* PD-L1Neg,n=25 8.5 (7.0-und)
- -
< <
2 2
z z
2 2
wv wv
3 3
< <
o - . o
w . w
> : >
o 1 . 3 ]
0 [ — T T T 1 0 T T T T T 1
0 3 6 9 12 15 18 0 3 6 9 12 15 18
TIME (MONTHS) TIME (MONTHS)
No. at Risk: No. at Risk:
PD-L1 High 83 56 47 39 34 32 22 PD-L1 High 39 33 27 21 18 16 8
PD-L1Low 9 6 4 4 3 3 2 PD-L1low 36 24 22 12 9 7 4
PD-LLNeg 6 5 5 4 3 2 1 PD-L1Neg 25 21 17 9 7 7 3
E PD-L1 High, PS 0-1: ICI Monotherapy by HIC F PD-L1 High, PS 0-1: ICI + Chemotherapy by HIC
mOS in months (95% Cl) mOS in months (95% Cl)
— HIC-H, n=40  NR(16.3-und) — HICH, n=22  NR(4.7-und)
==+HIC-C, n=18 2.6 (1.5-6.3) ==+HIC-C, n=11 NR (3.0-und)
HR (95% Cl): 0.22 (0.10-0.48), p = <0.001 HR (95% Cl): 0.77 (0.25-2.35), p = 0.641
g g
- -
< <
2 2
s s
-4 -4
2 2
(%] w
3 3
g <
o -4
') ')
> >
o )
0 T T T T T 1
0 3 6 9 12 15 18 0 3 6 9 12 15 18
TIME (MONTHS) TIME (MONTHS)
No. at Risk: No. at Risk:
HIC-H 40 37 30 28 25 24 16 HIC-H 22 19 15 13 1 9 4
HIC-C 18 7 6 4 4 4 3 HIC-C 11 9 7 4 4 4 2

Figure 3 Kaplan-Meier analysis of overall survival in patients with advanced stage NSCLC receiving (A, C, E) ICI as
monotherapy or (B, D, F) ICI in combination with chemotherapy by (A, B) HIC classification, (C, D) PD-L1 expression (omitting
PD-L1 status NA), and (E, F) by HIC classification in the subsets of patients with high PD-L1 expression and ECOG PS 0-1.
PD-L1 high, PD-L1 expression >50%; PD-L1 low, PD-L1 >1% and <50%; PD-L1 neg, PD-L1 negative (< 1%); und, undefined.
ECOG, Eastern Cooperative Oncology Group; HIC, host immune classifier; HIC-C, HIC-cold; HIC-H, HIC-hot; ICI, immune
checkpoint inhibition; mOS, median overall survival; NA, not available; NR, not reached; NSCLC, non-small cell lung cancer;
PD-L1, programmed death ligand 1; PS, performance status.
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Table 2 PD-L1 expression of ICl-receiving subjects by HIC
classification

PD-L1 expression, HIC-H HIC-C P value
n (%) (n=134) (n=67) by 1
Negative (<1) 21 (16%) 12 (18%) 0.854
Low (>1%and <50) 32 (24%) 14 (21%)

High (=50) 81 (60%) 41 (61%)

HIC, host immune classifier; HIC-C, HIC-cold; HIC-H, HIC-hot; ICI,
immune checkpoint inhibition; PD-L1, programmed death ligand 1.

ECOG PS 0-1, PD-L1 High subgroup balanced the covari-
ates (online supplemental tables 2—4) and maintained
HIC as a predictor of survival along with treatment type.
In the ECOG PS 0-1, PD-L1 High subgroup, patients
classified as HIC-H fared similarly whether treated with
ICI monotherapy or ICI + chemotherapy, whereas those
classified as HIC-C fared significantly better with ICI +
chemotherapy (online supplemental figure S4).

DISCUSSION

This interim analysis of INSIGHT evaluated immuno-
therapy and chemotherapy regimen performances overall
and in populations stratified by a proteomic test. Clinical
observations that stand out are (1) the extremely poor
survival of HIC-C patients given ICI alone or no active
treatment, (2) the independent prognostic significance
of HIC in the setting of immunotherapy and (3) the inde-
pendence of HIC and PD-L1 in predicting survival with
ICI-based therapy. As more patients participate in this
actively enrolling study, the performance of ICI regimens

will be continually evaluated to see if these data hold and
if patients can be further subdivided by other clinical
factors and biomarkers physicians use to make treatment
decisions. Nevertheless, these data emphasize the need
for improved biomarkers that not only identify expres-
sion of a drug target, but fully and objectively characterize
the patient’s disease state.”’

Interestingly, in this study, mOS for patients treated
with ICI regimens overlapped with mOS for patients
treated with platinum-based chemotherapy. Though
seemingly at odds with previously published randomized
clinical trial (RCT) results, the duration of mOS observed
on ICI therapy here is consistent with other real-world
studies.Z% Moreover, it is worth noting that this is a
summary result rather than a direct comparison between
therapies, and could be due to the observational nature
of this trial, the fact that patients were not randomized
but rather therapy was decided by their physicians based
on a multitude of factors including HIC results,”’ changes
in treatment paradigms over the course of the study, and
the inclusion of a heterogeneous real-world patient popu-
lation often excluded from RCTs.

Itis significant that this study enrolls a real-world patient
population. Though discrepancy between RCT results
and those obtained in community practice is a well-known
phenomenon, its scope and impact on patient conversa-
tions is neither fully appreciated nor openly discussed. In
particular, the prescriptive patient populations enrolled
in RCTs may not be representative of an everyday lung
cancer patient in real-world practice. Of note, ECOG PS
is known to be a significant factor in patient response
to therapy, yet RCTs nearly always exclude patients with

Table 3 Multivariate analysis of OS in ICI regimens by Cox proportional hazard model

Covariate HR (95% Cl) P value
HIC (vs HIC-cold) HIC-hot 0.37 (0.25 to 0.53) <0.0001
ECOG (vs PS 0) PS 1 1.47 (0.89 to 2.42) 0.133
PS 2+ 2.64 (1.53 to 4.54) <0.001
Age (vs <65 years) >65 years 1.52 (1.07 to 2.15) 0.019
Histology (vs adenocarcinoma) Squamous cell 1.45 (0.87 to 2.39) 0.151
NSCLC other 0.54 (0.30 to 0.99) 0.045
Therapy (vs ICl+ chemotherapy) ICl monotherapy 1.67 (1.11 to 2.51) 0.013
ICI with other 1.94 (0.66 to 5.74) 0.230
PD-L1 expression (vs high (>50%)) PD-L1 low (>1% and <50%) 1.54 (0.91 to 2.60) 0.109
PD-L1 negative (<1%) 1.88 (1.07 to 3.32) 0.028
N/A 0.99 (0.62 to 1.61) 0.980
Smoking history (vs never) Ever 1.87 (0.89 to 3.91) 0.098
Disease stage (vs llIB) Stage IV 1.50 (0.72 to 3.15) 0.281
Gender (vs female) Male 1.02 (0.71 to 1.46) 0.920

Bold indicates parameter of highest significance.

Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; HIC, host immune classifier; HR, hazard ratio; ICl, immune checkpoint
inhibition; N/A, not available; NSCLC, non-small cell lung cancer; OS, overall survival; PD-L1, programmed death ligand 1 ; PS, performance

status.
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worse ECOG PS who represent a large fraction of the
broader patient population. Most if not all ICI clinical
trials in NSCLC have restricted enrolment to PS 0-1.%*%
By contrast, in INSIGHT 25.4% of this interim analysis
population had an ECOG PS of 2 or greater. RCTs also
often exclude patients presenting with comorbid diseases,
unstable disease, abnormal bloodwork, brain metastases,
oxygen use, etc, which may be present in real-world popu-
lations, impacting tolerability and response to therapy.
These study results, therefore, have potential to bridge
the gap between RCTs and the broader NSCLC patient
community, appropriately informing expectations and
facilitating dialog between patients and care teams navi-
gating the treatment landscape.

The prognostic significance of HIC classification in the
setting of immunotherapy is noteworthy. While PD-L1 is
viewed as the standard biomarker for PD-1-based immu-
notherapy for lung cancer, these data add to the body of
evidence that checkpoint pathways represent a network
that involves many other elements besides the PD-1/
PD-L1 complex. In multivariate analysis, PD-L1 alongside
other conventional prognostic host factors, including age
and histology, were only modestly prognostic of survival
in this setting. Other conventional prognostic factors,
including smoking status, stage, and gender, were not
significantly prognostic of survival. Treatment with ICI +
chemotherapy was significantly associated with better
survival compared with treatment with ICI monotherapy
in this analysis, which, to our knowledge, has not previ-
ously been demonstrated in a real-world, prospectively
designed, retrospective analysis. This may have been due
to treating physicians prescribing ICI alone for patients
too ill for combination therapy. However, recent network
meta-analyses of clinical trial results indicate ICI + chemo-
therapy improved OS numerically though not signifi-
cantly over ICI monotherapy.””™ Clinical trials directly
comparing both treatments are ongoing. Notably, ECOG
PS and HIC status were the most significant prognostic
factors. These data suggest that PD-1/PD-L1 therapy is
affected by host immune response extrinsic to the PD-1/
PD-L1 pathway, which is measured by the HIC. The
relationship between HIC and a diseased inflammatory
response related to PD-1/PD-L1 therapy has been noted
previously,** supporting systemic host protumor inflam-
matory processes as a resistance mechanism to PD-1/
PD-L1 therapy.**!

It is noteworthy that for patients in the PD-L1 High
subgroup, patients with a HIC-H classification had similar
survival whether they were treated with ICI monotherapy
or ICI + chemotherapy, whereas those with HIC-C classi-
fication had better survival on ICI + chemotherapy. This
indicates that HIC identifies an aggressive disease state
less responsive to ICI alone.

Due to the observational nature of this study, prognostic
use of HIC within ICI treatment groups is limited by lack
of controls, allowing for biases in covariates between the
groups with a potential impact on the predictive analyses
and claims. Reducing the ICI treatment group to PD-L1

High, ECOG PS 0-1 reduces the potential biases in these
covariates and creates more balanced and comparable
groups. While the populations are smaller, this subgroup
resembles more closely the controls of a randomized trial
in which predictive interactions can be measured. This
result suggests that controlled trials may miss important
patient populations treated in real-world settings, of
which this study offers a glimpse.

Other study limitations are the potential for HIC
results to have influenced the treating physicians’ deci-
sions (decision impact being a study endpoint) and
evolving treatment paradigm during study timing which
may complicate the interpretation of results. Since the
follow-up window was only 12 months for some patients
and limited to 18 months for all patients in this group,
longer-term effects of the treatments studied (particularly
ICI relative to chemotherapy) are limited.

Study strengths include multi-institutional real-world
patient enrolment, rigorous multi-institutional test devel-
opment and extensive independent validation, rapid
72-hour test turnaround, and thoroughly prespecified
and documented laboratory standard operating proce-
dures and analytical and statistical plans.

CONCLUSIONS

In conclusion, we demonstrate the potential of a
proteomic test to inform treatment decisions in NSCLC
independently of traditional prognostic factors in a
continually evolving treatment landscape. Consideration
should be given to incorporating HIC results alongside
PD-L1 testing in deciding whether to treat a patient’s lung
cancer with ICI alone or combined with chemotherapy.
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