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Risk score for non-small cell lung cancer patients
starting checkpoint inhibitor treatment
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Background: Prognosis of metastatic non-small cell lung cancer significantly improved with
the availability of checkpoint inhibitors (anti-PD-1/PD-L1). Unfortunately, reliable biomarkers
to predict treatment benefit are lacking.

Patients and methods: We prospectively collected clinical and laboratory data of 56
non-small cell lung cancer patients treated with a checkpoint inhibitor. The aim was to
identify baseline parameters correlating with worse outcome and to create a risk score that
enabled to stratify patients into different risk groups. As inflammation is known to promote
tumor growth, we focused on inflammation markers in the blood. Disease control (DC) was
defined as complete response, partial response, and stable disease on CT scan according to
RECIST 1.1.

Results: Half of the patients achieved DC. Four parameters differed significantly between
the DC group and the no disease control group: Eastern Cooperative Oncology Group perfor-
mance status (P=0.009), number of organs with metastases (P=0.001), lactate dehydrogenase
(P=0.029), and ferritin (P=0.005). A risk score defined as the number of these parameters (0=
no risk factor) exceeding a threshold (Eastern Cooperative Oncology Group performance status
22, number of organs with metastases >4, lactate dehydrogenase >262U/L, and ferritin =241
pg/L) was associated with overall survival and progression-free survival. Overall survival at 6
and 12 months is as follows: Scores 0—1: 95% and 95%; Score 2: 67% and <33%; Scores 3—4:
15% and 0%. Progression-free survival at 6 and 12 months is as follows: Scores 0—1: 81% and
50%:; Score 2: 25% and <25%; Scores 3—4: 0% and 0%.

Conclusion: We propose an easy-to-apply risk score categorizing patients into different risk
groups before treatment start with a PD-1/PD-L1 antibody.
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Introduction

Non-small cell lung cancer (NSCLC) accounts for 85% of all lung cancers. Median
survival of patients with metastatic NSCLC treated with standard platinum-based
chemotherapy is ~12 months.!

Since the approval of anti-programmed death-1/programmed death-ligand 1 agents
(PD-1/PD-L1), novel treatment options in both adenocarcinoma and squamous cell
carcinoma have become available. By blocking the inhibitory signal between PD-1
on T-cells and PD-L1 on tumor cells (checkpoints), T-cells are able to attack cancer
cells leading to their apoptosis.? Large Phase III trials showed overall response rates
(ORR) between 20% and 50% with significantly increased progression-free survival
(PFS) and overall survival (OS) compared with chemotherapy in the second-line
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setting and in patients with PD-L1 expression of >50% in
the first-line setting, leading to the approval of nivolumab,
pembrolizumab, and atezolizumab.>”

Toxicity is manageable and rather low compared with
classic chemotherapy combination strategies. Side effects
are mostly autoimmune effects and can affect potentially
all organs. They occur most frequently in the thyroid gland,
lung, colon, and skin. However, grade 3 and 4 toxicities can
be life-threatening with a fatality rate of up to 10%.%7

Given these risks of potential toxicities, the high treat-
ment costs, and importantly the fact that a significant
proportion of patients do not respond to immunotherapy,
reliable biomarkers are urgently needed for better patient
selection and to avoid potential harm to patients unlikely to
benefit. Various predictive markers have been extensively
investigated including PD-L1 expression on tumor cells by
immunohistochemistry. However, PD-L1 expression is still
controversially discussed as patients with PD-L1 negative
tumors may also show a response to therapy. Furthermore,
testing for PD-L1 is not standardized and the methodology
in trials is rather heterogeneous.?”

Another predictive biomarker that has been studied in this
setting is high tumor mutational burden (TMB).® An exploratory
analysis of the Phase III checkmate 026 trial with nivolumab
suggested improved ORR and PFS for patients with high
TMB treated with nivolumab in the first-line setting compared
with chemotherapy.”® In a retrospective series of patients with
KRAS-mutated adenocarcinoma of the lung, mutational inac-
tivation of STK11/LKB1 emerged as genomic predictors of
de novo resistance to checkpoint blockade,’” and in melanoma
patients loss of function mutations in JAK1 and JAK2 were
associated with acquired resistance to checkpoint inhibitors.'
Recently, the importance of TMB as an independent biomarker
was validated in a Phase III trial of nivolumab and ipilimumab
in the first-line setting.!" Although TMB appears to be a prom-
ising independent biomarker, it is costly, and the definition of
exact thresholds per megabase will be needed using distinct
next-generation-sequencing platforms and related panels, and
the minimal genome coverage required in order to maintain a
high predictive value will have to be proposed.

In metastatic melanoma, several routine laboratory
parameters were demonstrated to be associated with clinical
outcome: lactate dehydrogenase (LDH), lymphocyte count,
and eosinophil count.'>' Markers associated with inflam-
mation such as C-reactive protein (CRP) were shown to be
a marker for tumor progression.'”'®

The aim of this prospective study was 1) to identify
baseline parameters associated with a worse outcome with

checkpoint inhibitor treatment; 2) to analyze blood values
including inflammation markers and acute phase proteins
(blood sedimentation rate [BSR], fibrinogen, CRP, and fer-
ritin); and 3) to create an easy-to-apply risk score that enables
to stratify patients to different risk groups before treatment
start to predict treatment outcome.

Patients and methods

We prospectively collected data of NSCLC patients treated
with a PD1/PD-L1 targeting antibody in their standard dose
(nivolumab 3 mg/kg every 2 weeks, pembrolizumab 2 mg/
kg every 3 weeks, pembrolizumab 200 mg flat dose in the
first-line setting, and atezolizumab 1,200 mg flat dose every
3 weeks). All patients were treated for metastatic disease
either as a first-line treatment or as a second-line treatment
after chemotherapy. In total, we included 56 patients from
the Kantonsspital St. Gallen, Switzerland. All baseline blood
parameters were collected at the day of treatment start. Clini-
cal data were extracted from the electronic patient record sys-
tem. Patients with concomitant infectious diseases or systemic
steroids at treatment start were excluded. The response was
assessed after 2 months by CT scans according to RECIST 1.1
criteria.”” We defined treatment benefit as disease control (DC)
according to the following criteria: complete remission (CR),
partial remission (PR), and stable disease (SD). Patients with
progressive disease at the first CT scan were categorized as
no disease control (NDC). CT scans were repeated according
to standard local practice every 2 months.

The study was approved by the local ethics committee
(Ethikkommission Ostschweiz, EKOS 16/079) and written
informed consent was obtained from each participant prior
to inclusion. The study was carried out in accordance with
the Declaration of Helsinki principles.

Statistical analyses
Thirteen potential predictors for DC status were considered in
this study. Parameters were chosen according to existing litera-
ture predominantly in melanoma patients being treated with
checkpoint inhibitors.?’ These included sex, Eastern Coopera-
tive Oncology Group (ECOG) performance status at baseline,
number of organs with metastases, and 10 blood parameters:
BSR, CRP, LDH, ferritin, fibrinogen, leukocytes, lymphocytes,
granulocytes, eosinophils, and basophils. For the number of
organs with metastases, lymph nodes and soft tissue were
counted as one organ irrespective of the number of sites involved.
To identify the most relevant predictors, numeric vari-
ables were plotted against DC status, and distributions were
compared with Wilcoxon rank sum tests. The distribution
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of sex was compared with a chi-squared test. Only predic-
tors with statistically significant differences between DC or
NDC groups (P<0.05) were included in further analyses. The
significant predictors were analyzed with receiver operating
characteristic (ROC) curves to determine the overall strength
of association (area under the curve [AUC]), the optimal
cut point for the prediction of DC (maximizing the sum of
sensitivity and specificity), and the predictive values obtained
with this cut point.

The cut points determined through ROC analysis were
used to dichotomize each predictor, and an overall predictive
score was calculated as the number of predictors with values
above the cut point. Higher score values indicate a higher
probability of rapid disease progression.

OS and PFS were compared between patients with and
without initial DC with Kaplan—Meier curves and log-rank
tests. The same was done with patients grouped by their pre-
dictive score to test whether the score also has a prognostic
value for further disease progression.

Results

Patient characteristics

Fifty-six NSCLC patients who received at least one cycle of
immunotherapy with a PD-1/PD-L1 antibody were included
in the study. The median age was 67.6 years, 57% (n=32) were
male, the majority of patients had an adenocarcinoma (n=41,
73%) and received immunotherapy as a second-line treatment
(80%, n=45). Only 11 patients (20%) received immuno-
therapy in the first-line setting. ECOG performance status
was 0—1 in most patients (78%, n=44); only 12 patients with
ECOG performance status =2 were included in the analysis.
KRAS mutation was found in 24 patients (43%), and only
four patients (7%) had a targetable oncogenic driver muta-
tion (EGFR/ALK). Information about PD-L1 expression was
available for 43 patients, of which 29 had a PD-L1 expression
of 21%. Detailed characteristics are shown in Table 1.

Association of predictors with DC

Of the 56 patients included, half achieved DC (n=28, 50%),
13 (23%) with PR, and 15 (27%) with SD at the first CT
scan. Four of the baseline parameters investigated were
significantly different (P<0.05) between DC and NDC:
ECOG performance status (P=0.009), number of organs with
metastases (Norgans, P=0.001), LDH (P=0.029), and ferritin
(P=0.005), as shown in Figure 1. Sex was not significantly
associated with DC (P=0.177), although a trend for more
frequent DC in females (63% vs 37%) was observed.

Table | Patient characteristics

Age at start of Median 67.64
immunotherapy Range 43.68-84.26
Sex, n (%) Female 24 (43)
Male 32 (57)
ECOG, n (%) 0 18 (32)
| 26 (46)
2 8 (14)
3 4(7)
Histology, n (%) Adeno-Ca 41 (73)
SCC 10 (18)
Mixed 5(9)
PD-LI expression, n (%) 0% 14 (25)
1% 29 (52)
Missing 13 (23)
Tobacco (pack-years) Median 47.5
Range 0-99
Metastatic sites, n (%) | 3 (5)
2 10 (18)
3 Il (20)
4 17 (30)
5 8 (14)
6 5(9)
7 2 (4)
Type of immunotherapy, | Atezolizumab 8 (14)
n (%) Nivolumab 29 (52)
Pembrolizumab 19 (34)
Immunotherapy first vs First line I'1(20)
second line, n (%) Second line 45 (80)
Driver mutations,
n (%) Yes 24 (43)
KRAS No 20 (36)
Missing 12 (21)
Yes 4(7)
EGFR No 40 (71)
Missing 12 (22)
Yes 0(0)
ALK No 44 (79)
Missing 12 (21)
Type of prior systemic Platinum-based therapy | 41 (91)
therapy, n (%) EGFR tyrosine kinase 409
inhibitor
Response to prior DC 32 (71)
systemic therapy, n (%) NDC 13 (29)

Notes: Yes: tested, mutation found; No: tested, no mutation found; Missing: no
information available.

Abbreviations: DC, disease control (complete response, partial response,
stable disease); ECOG, Eastern Cooperative Oncology Group; EGFR, estimated
glomerular filtration rate; NDC, no disease control; PD-LI, programmed death
ligand |; SCC, squamous cell carcinoma.

ROC curve statistics for the four significant predictors are
given in Table S1. The strongest associations were found for
number of organs with metastases (AUC=0.743) and ferritin
(AUC=0.734). Ferritin and the ECOG performance status had
high sensitivity, whereas LDH had relatively high specificity
with the chosen cut points.
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ECOG Norgans CRP (mg/L) LDH (U/L) Ferritin (ng/L) BSR (mm)
p=0.009 p =0.001 p=0.111 p =0.029 p =0.005 p=0.376
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Figure | Distribution of baseline characteristics and laboratory parameters among patients with and without disease control.
Notes: Disease control was defined as either CR, PR, or SD. YES and NO means whether disease control was reached or not. The significance of differences between

distributions (shifts in location) was determined with Wilcoxon rank sum tests.

Abbreviations: BSR, blood sedimentation rate; CR, complete remission; CRP, C-reactive protein; LDH, lactate-ehydrogenase; PR, partial remission; SD, stable disease.

Based on the ROC analysis, a risk score was created with
the four identified parameters: ECOG performance status 22,
Norgans >4, LDH >262 U/L, and ferritin =241 pg/L. Patient
numbers with each score value is shown in Table S1.

PD-L1 positivity (=1%) was not significantly different in
the DC group vs NDC group (P=0.826).

Survival analyses

Median follow-up time was 115 days (3.8 months). All
patients with initial DC survived up to the end of follow-up,
whereas most patients without DC died within 200 days
(6.6 months). Both OS and PFS were significantly differ-
ent between the DC and NDC groups (P<0.001, Figure 2).
Detailed rates for OS and PFS are shown in Table 2 with a
CI of 95%.

Risk score
A score ranging from 0 to 4 was created (0= no risk factor,
4 =four risk factors) based on the four factors identified. OS
and PFS rates for patients grouped into the different score
values are shown in Figure 3.

As scores 0 and 1 and scores 3 and 4 showed similar
results, the following three categories were established: score
0-1, score 2, and score 3—4. Survival analyses for the three

different groups are shown in Figure 4 with detailed survival
rates in Table 2.

Discussion
This prospective study identified risk factors for NSCLC
patients undergoing therapy with a PD-1/PD-L1 antibody.

We identified ECOG performance status, number of
organs with metastases, baseline LDH, and baseline ferritin
as the most relevant independent factors for DC and survival
in our cohort. Generally, the CR and PR rates in our cohort
are in line with Phase III trials that led to the approval of the
various antibodies.””

ECOG performance status and number of organs with
metastases were already recognized as important adverse
factors in the preimmunotherapy era that underlines their
importance in daily practice.?'”?® Furthermore, elevated
baseline LDH is an established adverse factor in metastatic
melanoma'#'%2! and its negative impact on survival was also
recently shown for metastatic NSCLC.?*

Inflammation is a hallmark driver for development and
progression of malignancies. Additionally, cancer-related
inflammation may be associated with tumor stage and
prognosis.'® Several markers, such as CRP and neutro-
phil granulocytes, are associated with poor outcome in
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100 100
HR = 0.00, p < 0.001 HR =0.04, p < 0.001
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Figure 2 Kaplan-Meier curves showing OS and PFS for patients with or without DC at the first CT scan.
Notes: HRs for DC vs NDC are given together with P-values from log-rank tests. Crosses indicate censored observations.

Abbreviations: CT, computerizd tomography; DC, disease control, NDC, no disease control; OS, overall survival; PFS, progression-free survival.

Table 2 Comparison of 6
different risk score groups

months and 12 months survival rates in the entire cohort, DC group and NDC group, and in the three

6 months

12 months

Survival rates

Risk score

Overall survival

Entire cohort

DC group

NDC group
Progression-free survival
Entire cohort

DC group

NDC group

Overall survival

0-I

2

34

Progression-free survival
0-1

66.9% (Cl: 54% to 83%)
100% (Cl: 100% to 100%)
26% (Cl: 12% to 58%)

44.1% (CI: 32% to 61%)
84.7% (Cl: 70% to 100%)
4.6% (Cl: 1% to 31%)

95% (Cl: 86% to 100%)
66.7% (CI: 38% to 100%)
14.7% (CI: 3% to 83%)

81.0% (Cl: 66% to 100%)

59.0% (Cl: 45% to 78%)
100% (CI: 100% to 100%)
<17.4% (censored)

27.9% (Cl: 16% to 50%)
53.6% (Cl: 32% to 90%)
<4.6% (censored)

95% (Cl: 86% to 100%)
<33% (censored)
0%

49.8% (ClI: 29.0% to 86%)

2 25.0% (Cl: 8% to 83.0%) <25.0% (censored)
34 0% 0%
Abbreviations: DC, disease control; NDC, no disease control.
100 100 Log-rank test, p < 0.001
80 80
Log-rank test, p < 0.001
<60 <60
Py Score value o
(%] n
O 40 0 w40
1 o
20 2 20
3
0 4 0
0 3 6 9 12 15 0 3 6 9 12 15

Months from therapy start

Months from therapy start

Figure 3 Kaplan-Meier curves showing OS and PFS for patients grouped by risk score values.

Abbreviations: OS, overall survival; PFS, progression-free survival.

melanoma and NSCLC patients treated with a checkpoint
inhibitor.'*!7226 Apart from CRP, little is known about the
relation between treatment outcome and other acute phase
proteins, which are also usually elevated in inflammation
processes. In our analysis ferritin is significantly associated

with poor DC and survival. BSR, fibrinogen, and CRP
show a trend, though not statistically significant. To our
knowledge, our study is the first to evaluate the role of
acute phase proteins in the context of checkpoint inhibitors
in NSCLC patients.
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Figure 4 Kaplan—Meier curves showing OS and PFS for patients grouped into three groups by risk score.

Abbreviations: OS, overall survival; PFS, progression-free survival.

Based on the four risk factors identified we created a
risk score that enables to stratify patients into different
risk groups before treatment start. A similar risk score was
recently published with a melanoma cohort being treated
with the CTLA-4 antibody ipilimumab.'¢ In this study ECOG
performance status, number of organs involved, and baseline
LDH were identified as the most negative prognostic fac-
tors. When categorizing patients into different risk groups,
OS significantly decreased with the number of risk factors
before treatment initiation.'® Such a risk score can be easily
performed in daily clinical routine. ECOG performance status
is routinely done before treatment start, number of organs
with metastases is determined by baseline imaging, and LDH
and ferritin can also be routinely measured at baseline.

The following limitations of the study have to be
addressed: First, the relatively small number of patients,
which did not allow performing comprehensive multivariable
analyses. However, our findings were statistically significant
with clinical relevance for treating physicians. Second, it was
not possible to validate our results with an external data set
because several baseline blood values (eg, ferritin and BSR)
are not routinely performed in daily practice. So, using a
retrospective validation cohort is not meaningful. However,
we believe that the study’s prospective character strengthens
our findings.

In summary, we hereby propose an easy-to-apply risk
score that categorizes patients into different risk groups
before treatment start with a PD-1/PD-L1 antibody. Our
findings suggest that patients with a high score should be
more closely monitored, and that these patients should be
switched to another treatment rather early if lack of benefit is
suspected. This will help to avoid unnecessary and potentially
toxic treatments and side effects and to decrease treatment
costs. In addition, patients may be offered alternative poten-
tially active treatment options such as chemotherapy earlier,
before a decline of performance status may preclude further

systemic treatment. Although intriguing, our results have
to be confirmed in larger prospective studies for validation.
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Table S1 ROC curve statistics for the prediction of initial disease control by individual parameters

n AUC Cut point Sensitivity Specificity PPV NPV
Ferritin 49 0.734 24| 0.885 0.609 0.719 0.824
LDH 55 0.673 262 0.607 0.815 0.773 0.667
Norgans 56 0.743 4 0.679 0.786 0.760 0.710
ECOG 56 0.696 2 0.929 0.357 0.591 0.837

Abbreviations: AUC, area under the curve; cut point, maximizing the sum of sensitivity and specificity (DC is predicted by parameter values below the cut point); ECOG,
Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; Norgans, number of involved organs; n, number of nonmissing observations; NPV, negative predictive
value (initial PD rate among patients with values above the cut point); PPV, positive predictive value (initial DC rate among patients with values below the cut point).
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