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Objective: To evaluate serum tumor markers (STM) as predictive biomarkers in advanced
non-small cell lung cancer (NSCLC) treated with chemo-immunotherapy.

Methods: Patients having received platinum-based chemo-(CHT) and PD-1/PD-L1-directed
immune checkpoint inhibitor (ICI) combination therapy were retrospectively followed.
Carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-9), cytokeratin-19
fragments (CYFRA 21-1) and neuron specific enolase (NSE) were routinely measured at
NSCLC diagnosis. The marker with the highest relative elevation was defined “leading
STM?, its change was assessed between CHT-ICI as well as mono-ICI maintenance initiation
and the respective subsequent restaging. Corresponding computed tomography evaluations
were analyzed using response evaluation criteria in solid tumors (RECIST). For CHT-ICI
combination and subsequent mono-ICI-maintenance therapy, leading STM and RECIST
response were evaluated regarding progression-free (PFS) and overall survival (OS) in
Kaplan—Meier analyses.

Results: Among 80 CHT-ICI patients (41% women, mean age 63 years), median PFS was 5
months (M;4,9), median OS was 15M (10,/). PFS was significantly (p=0.042) longer, when
the leading STM had decreased at first restaging under CHT-ICI combination therapy (9M
(5,12; n=41) vs 5M (3,6; n=16)). In the 54 (67.5%) patients who received subsequent mono-
ICI maintenance therapy, STM decrease was similarly associated with significantly
(p<0.001) longer PFS (16M (7,/; n=16) vs 3.5M (2,6; n=22)). Patients with radiologically
stable or progressive disease and concomitant leading STM decrease had similar PFS in the
CHT-ICI combination phase (4M (3,7; n=16) vs 4.5M (2,6; n=14)), but longer PFS in the
mono-ICI maintenance setting (13M (7,16; n=10) vs 3M (2,4; n=17)). Median OS was not
reached in most subgroups.

Conclusion: Leading STM dynamics provide predictive biomarker information additional
to radiological response evaluation patients receiving CHT-ICI combination therapy, espe-
cially in the mono-ICI maintenance setting.

Keywords: carcinoembryonic antigen, platinum doublet chemotherapy, pembrolizumab,
CYFRA 21-1, RECIST, nivolumab

Introduction

The advent of programmed cell death protein 1/programmed death-ligand 1 (PD-1/
PD-L1)-directed immune-checkpoint inhibitor (ICI) therapy for non-small cell lung
cancer (NSCLC) has triggered a quest of finding biomarkers predicting response to
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such potentially effective treatment. Available baseline
biomarkers like PD-L1 expression on tumor cells, tumor
mutational burden or presence of a targetable genetic
tumor alteration are being widely applied, but have only
limited predictive properties on the individual patients’
level."™ For longitudinal follow-up in NSCLC therapy,
radiological imaging by computed tomography (CT) is
the only routine dynamic biomarker recommended.’
Radiological response to ICI therapy can however some-
times be misleading, as pseudo-progression, mixed
responses or long-term stabilization can occur.”>¢ Also,
selected patients may benefit from ICI treatment beyond
radiological progression, while others may incur rapid
hyperprogression.”>":

Measurement of serum tumor markers (STM) is currently
not recommended in diagnosis or management of advanced
NSCLC.? However, in chemotherapy (CHT) or tyrosine
kinase inhibitor therapy, there is limited evidence that carci-
noembryonic antigen (CEA), cytokeratin-19 fragments
(CYFRA 21-1) or carbohydrate antigen 19-9 (CA19-9)
can be used in treatment monitoring and longitudinal follow-
up.” ! Concerning ICI therapies, retrospective analyses sug-
gest that baseline STM concentrations may have predictive

12,13

relevance, and STM dynamics under ICI treatment could

aid to estimate therapy outcomes.'* '

We have recently reported on the utility of STM
dynamics in NSCLC patients undergoing ICI monotherapy,
where we could demonstrate that the early change of the
leading STM out of a panel of CEA, CYFRA 21-1, CA19-
9 and neuron-specific enolase (NSE) predicted progression-
free (PFS) and overall survival (OS). Of interest, a leading
STM decrease upon concomitant stable or progressive dis-
ease in first radiological restaging could identify patients
with considerably more advantageous outcomes.'”

Within the last years, the application of ICI in
advanced NSCLC without targetable genetic alterations
has shifted away from monotherapy in second or later-
line to first-line chemo-immunotherapy (CHT-ICI), espe-
cially in patients with a PD-L1 expression <50%.>'7"
Given our previous results concerning STM as biomarkers
for ICI monotherapy, we now aimed to evaluate, if early
STM dynamics had similar predictive properties also in
the CHT-ICI setting.

Patients and Methods

We retrospectively selected all consecutive patients having
received at least one cycle of platinum-based doublet CHT
and PD-1/PD-L1-directed ICI substances for advanced

(stage IV or not otherwise treatable stage I11)*° NSCLC
at the lung cancer unit of Kepler University Hospital Linz,
Austria until December 2019.

The patient registry as well as the present evaluation
have been approved by the ethics committee of the federal
state of Upper-Austria (EK Nr. 1139/2019). This study
was conducted in accordance with the guidelines for the
REporting of tumor MARKer studies (REMARK).?!

Standard CHT-ICI combinations used were carbopla-
tin/pemetrexed with pembrolizumab for non-squamous
and carboplatin/paclitaxel with pembrolizumab for squa-
mous-cell carcinomas.'”'® Few patients received carbo-
platin/paclitaxel and bevacizumab plus atezolizumab.'
According to our institutional standard proceedings, cis-
platin was not used in these therapeutic regimens and
CHT-ICI was routinely given for four cycles if tolerated.
In maintenance therapy for patients having responded or
stabilized on CHT-ICI, only the respective ICI but no CHT
substance was applied. An earlier switch to maintenance
mono-ICI could be performed if the treating physician
deemed the continuation of combination therapy inap-
propriate due to CHT-associated toxicity. Treatment
beyond radiological progression could be conducted in
selected cases with significant clinical benefit.

Restaging was routinely conducted after every two
cycles of CHT-ICI and after every three cycles of main-
tenance-ICI, examinations could be preponed due to symp-
toms suggesting disease progression or therapy-associated
side-effects. Radiological response was routinely assessed
by a CT scan of the chest and the upper abdomen using
iodinated contrast medium unless contraindicated and
additional imaging like cerebral magnetic resonance tomo-
graphy if necessary, according to the clinician’s judge-
ment. For this study, radiological response was
reevaluated by two expert thoracic radiologists and graded
by response evaluation criteria in solid tumors (RECIST,
version 1.1) for first response under CHT-ICI and first
response under mono-ICI maintenance therapy (CR-
complete remission, PR-partial remission, SD-stable dis-
ease, PD-progressive disease).”

Routine blood sampling at primary lung cancer staging
at our center includes analysis of CEA, CYFRA 21-1,
CA19-9 and NSE. STM are not analyzed in hemolyzed
blood samples according to the institutional standard
laboratory proceedings. All STM initially elevated above
the upper limit of normal are analyzed at every restaging
together with imaging. For this study, STM analyses were
conducted using a cobas e 801 immunoassay module
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(Roche Diagnostics, Rotkreuz, Switzerland) and the corre-
sponding ElectroChemiLuminescence-ImmunoAssay
(ECLIA) kits acquired from Roche. Upper limits of nor-
mal were 3.4ng/mL for CEA, 3.3ng/mL for CYFRA 21-1,
27U/mL for CA 19-9, and 16.3ng/mL for NSE. If more
than one STM was available upon CHT-ICI initiation, the
“leading” marker with the highest elevation in relation to
the upper limit of normal was selected for follow-up. If
none of the analyzed STM was elevated at CHT-ICI ther-
apy initiation, the leading STM was determined as the one

Table | Baseline Patient and Tumor Characteristics

Mean age (SD) 62.9
(1.07)
Female sex (n, %) 33 (41.3)
Age categories (n, %) <60 years 28 (35.0)
6069 years 34 (42.5)
70-79 years 17 (21.3)
80+ years 1 (1.3)
ECOG (n, %) 0 46 (58.2)
| 22 (27.9)
2 I (13.9)
ICl substance (n, %) Pembrolizumab 77 (96.3)
Atezolizumab 3(3.8)
Therapy line (n, %) | 76 (95)
2 1 (1.3)
>3 3(3.8)
Median chemo-immunotherapy cycles (IQR) 42
Median mono-immunotherapy cycles (IQR) 3 (5,75)
Smoking status (n, %) Never/<5 py 10 (12.5)
25 py 70 (87.5)
Histological subtype (n, %) | Adenocarcinoma 62 (77.5)
Squamous-cell 18 (22.5)
carcinoma
Tumor stage (n, %) 1 7 (8.8)
v 73 (91.3)
PD-LI-status (n, %*) positive 41 (54.7)
PD-LI expression (n, %) n.a. 5(6.3)
<% 34 (42.5)
1-49% 26 (32.5)
250% 15 (18.6)
Targetable mutation (n, %) 3(3.8)

Notes: Data are given as absolute number and percent within the respective group
unless otherwise specified. *Percent of patients with PD-LI status available.
Abbreviations: SD, standard deviation; ECOG, Eastern Cooperative Oncology
Group; ICl, Immune checkpoint inhibitor; IQR, interquartile range; py, pack years;
PD-LI, programmed death-ligand I.

with the highest value in relation to the upper limit of
normal. STM response was expressed as fraction of resta-
ging versus baseline concentration.

Progression-free and overall survival were assessed
separately for two individual therapeutic phases: From
first CHT-ICI combination as well as from first mono-ICI-
maintenance therapy application on to death or the date of
the last verified contact. Disease progression was retro-
spectively defined by imaging and death, as well as by
reviewing the relevant medical records. Therapy line was
defined as treatment for non-curable (eg stage IV or not
otherwise treatable stage III) disease, whereas previous
therapies in potentially curable stages were not considered.
We excluded patients in clinical trials and patients who
had previously received ICI treatment.

For each therapy phase, Kaplan-Meier-analyses for
PFS and OS were conducted for all patients, as well as

Baseline CT/STM assessment (week -3 to 0)

78 patients with baseline

STM available

CT/STM re-assessment under chemo-
immunotherapy (projected: week 6)

73 patients with RECIST 57 patients with STM
evaluation available dynamics available

A 4

CT/STM re-assessment after chemotherapy
completion (projected: week 12)

80 patients in total

39 patients with baseline

STM available

CT/STM re-assessment under mono-immunotherapy
(projected: week 21)

50 patients with RECIST 35 patients with STM
evaluation available dynamics available

54 patients in total

A 4

CT/STM re-assessment every 12 weeks

Figure | Flowchart depicting the evaluation schedule and the respective patient
numbers.

Abbreviations: CT, computed tomography; STM, serum tumor marker; RECIST,
response evaluation criteria in solid tumors.
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according to the change in STM (decrease, increase) and
to RECIST response criteria (CR/PR, SD, PD). Results
were expressed as median in months (M) and 95% con-
fidence interval (CI) unless otherwise specified. The result-
ing curves were compared using the Log rank test and
a p-value<0.05 was regarded statistically significant. Uni-
and multivariate models for predictive factors for PFS and
OS in both therapeutic phases were calculated using Cox-
regression analyses. Next to RECIST and STM response,
variables analyzed were age (</>70 years), sex, Eastern
Cooperative Oncology Group (ECOG) performance status
(0,1,>2) and PD-L1 expression on tumor cells, determined
using the 22C3 assay for Autostainer Link 48 by Dako
(Agilent Technologies, Santa Clara, CA). A negative PD-
L1 status was defined as membranous staining on <1% of
viable tumor cells.

Results
Eighty patients met the requirements to be included in
the analysis. Baseline patient and tumor characteristics
are shown in Table 1, the evaluation schedule including
the respective patient numbers is shown in Figure 1.
In the CHT-ICI phase, baseline STM were available in
78 (97.5%) patients, whereas CEA was leading STM in 45
(56.3%), CYFRA21-1 in 21 (26.3%), CA19-9 in 7 (8.8%)
and NSE in 5 (6.3%) patients. The leading STM was
elevated above the upper limit of normal in 74 (92.5%)
patients. Among the four others, two had CYFRA 21-1 as
leading STM with no STM follow-up available at

re-staging and both had radiological PR. One patient had
a decrease in CYFRA 21-1 with corresponding PR and
one had a CA19-9 increase with radiological SD.
Consecutive RECIST response evaluation was available
in 73 (91.3%) patients, corresponding leading STM
dynamics could be assessed in 57 (71.3%) patients.

A total of 54 (67.5%) patients received mono-ICI
maintenance after CHT-ICI, 50 (62.5%) of them had
a consecutive CT re-staging. Among those patients, base-
line STM were available in 39 (48.8%), with CEA as the
leading STM in 24 (30%), CYFRA 21-1 in 9 (11.3%),
CA19-9 in 4 (5%) and NSE in 2 (2.5%) cases.

During the observational period, disease progression
or death occurred in 56 (70%) patients, while 32 (40%)
died. Overall median PFS from first CHT-ICI therapy on
was 5M (4,9), median OS was 15M (10,/). In the mono-
ICI phase, median PFS was 6M (3,10), while median OS
was not reached (10,/). For the CHT-ICI as well as the
mono-ICI phase, median PFS significantly differed
between the RECIST and STM response categories.
Median OS was not reached in most subgroups. (Table
2, Figure 2).

When separating individuals with radiological response
(PR/CR) from those with stable or progressive disease (SD/
PD), there was no relevant difference in PFS according to
STM dynamics in CHT-ICI patients, however a significant
difference was evident in the mono-ICI maintenance set-
ting. Again, median OS was not reached in most subgroups.
(Table 3, Figure 3, supplementary figure 1)

Table 2 Progression-Free and Overall Survival According to Radiological Response and STM Response in the Respective Treatment Phases

Chemo-Immunotherapy n Median PFS (M, 95% CI) P Median OS (M, 95% CI) P

CT response (RECIST) PR 31 13 (9.) <0.001 n.r. (15,/) 0.01
sD 28 547) n.r. (5/)
PD 14 3 (2,5) 6 (3,10

STM response Decrease 41 9 (512) 0.042 15 (10,) 0.363
Increase 16 5(3,6) n.r. (10,/)

Mono-immunotherapy n Median PFS (95% CI) P Median OS (95% CI) P

CT response (RECIST) CR/PR 9 n.r. (8/) <0.001 n.r. (/) 0.009
SD 24 7 (4,16) n.r. (7.,/)
PD 17 2 (1,3) 7 (2))

STM response Decrease 16 16 (7,)) <0.001 n.r. (I,/) 0.055
Increase 22 3.5 (2,6) n.r. (7,/)

Notes: Data are given as time in months (95% confidence interval). Testing for significance between the subgroups was accomplished using a Log rank test, a p value of
<0.05 was regarded statistically significant. Missing figures (/) are for values non assessable.

Abbreviations: PFS, progression-free survival; OS, overall survival; M, months; Cl, confidence interval; CT, computed tomography; RECIST, response evaluation criteria in
solid tumors; STM, serum tumor marker; CR, complete remission; PR, partial remission; SD, stable disease; PD, progressive disease.
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Figure 2 Kaplan-Meier curves for progression-free survival in the chemo-immunotherapy (A and C) and in the mono-immunotherapy maintenance phase (B and D) for

RECIST- (A and B) and STM-response (C and D), respectively.

Abbreviations: RECIST, response evaluation criteria in solid tumors; CR, complete remission; PR, partial remission; SD, stable disease; PD, progressive disease; STM, serum

tumor marker.

Univariate and stepwise multivariate Cox-regression ana-
lyses for variables influencing PFS and OS including RECIST
and STM response are depicted in supplementary table 1.

Discussion
Our analyses implicate that in chemoimmunotherapy

for advanced NSCLC, leading STM dynamics

parallel radiological response. The results for the
mono-ICI maintenance phase resemble our previously
reported findings for ICI monotherapy and underline,
that especially upon radiologically stable or progres-
sive disease, a concomitant STM decrease may
identify patients with further therapeutic benefit of

ICI therapy.

Table 3 Progression-Free and Overall Survival According to Combined Radiological Response and STM Response in the Respective

Treatment Phases

Median PFS (M, 95% CI) Median OS (M, 95% CI)
STM Response STM Response
Chemo-immunotherapy N Decrease N Increase p n Decrease n Increase P
CT response (RECIST) CR/PR 24 n.r. (9./) 2 9.5 (1)) <0.001 24 n.r. (15,/) 2 n.r. (/) 0.001
SD/PD 16 4 (3,7) 14 4.5 (2,6) 16 7.5 (4)) 14 n.r. (10,/)
Mono-immunotherapy N Decrease Increase P n Decrease n Increase P
CT response (RECIST) CR/PR 5 n.r. (/) 3 n.r. (8/) <0.001 5 n.r. (/) 3 n.r. (,/) 0.22
SD/PD 10 13 (7,16) 17 3(24) 10 n.r. (7./) 17 n.r. (5./)

Notes: Data are given as time in months (95% confidence interval). Testing for significance between the subgroups was accomplished using a Log rank test, a p value of

<0.05 was regarded statistically significant. Missing figures (/) are for values non assessable.
Abbreviations: PFS, progression-free survival; OS, overall survival; M, months; Cl, confidence interval; N, number; STM, serum tumor marker; CT, computed tomography;
RECIST, response evaluation criteria in solid tumors; CR, complete remission; PR, partial remission; SD, stable disease; PD, progressive disease.
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Figure 3 Kaplan-Meier curves for progression-free survival according to RECIST response categories and STM dynamics in the chemo-immunotherapy (A) as well as the

mono-immunotherapy maintenance phase (B).

Abbreviations: RECIST, response evaluation criteria in solid tumors; CR, complete remission; PR, partial remission; SD, stable disease; PD, progressive disease; STM, serum tumor

marker.

In line with our published findings concerning the
utility of STM in mono-immunotherapy, we suggest that
our model of a leading STM out of a panel of CEA,
CYFRA 21-1, CA 19-9 and NSE may be a valuable
additional monitoring CHT-ICI patients.
Importantly, the application of such blood-based biomar-
ker does in no way challenge the gold standard of CT

imaging in baseline evaluations as well as for restaging.

tool in

Rather, STM could complement radiological assessment
and may be especially helpful in situations when the
clinician needs additional biomarker information upon
ambiguous radiological response.

As an example, in a patient with insignificant progres-
sion of some lesions but with a clinical benefit of ICI

therapy, a decrease in leading STM levels would clearly

encourage continuation of therapy. Conversely, simulta-
neous radiological tumor progression and STM increase
would clearly speak against the possibility of pseudopro-
gression but should encourage a switch in the therapeutic
regimen, as such situation is associated with inferior PFS
and OS.

Although PFS differed between STM response cate-
gories for both CHT-ICI as well as the ICI monotherapy
maintenance, out data suggest, that the predictive value of
STM is considerably larger in the mono-ICI setting than in
the combination phase. It is well known, that STM can be
influenced by factors apart from malignancies, like infec-
tion, renal function impairment or trauma.”*?® Thus, it
seems likely, that CHT and associated complications like
neutropenia, infections or tumor response to CHT itself
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may affect STM response and could explain the smaller
effect on PFS in the CHT-ICI setting. Also, a majority of
patients responded to CHT-ICI radiologically as well as
concerning STM which leads to a clear imbalance in
subgroups sample sizes that confines the validity of the
reported results.

Next to the these mentioned limitations of sample
size in subgroup analyses and the strengths concerning
reproducibility of our previous results, several other
issues need to be discussed that may limit the signifi-
cance of our reported findings: Data were retrieved from
a single-center, retrospective patient registry and the
patient collective represents real-life situation: Not all
patients received the full four cycles of CHT-ICI for
reasons of toxicity (although median number of CHT/
ICI cycles was four), which may have influenced PFS
and OS analyses for both the CHT-ICI and the ICI
maintenance therapy. On the other hand, however, as
all patients received carboplatin and no patient received
additional chemotherapy maintenance, bias due to these
factors can be excluded. Overall survival could not be
assessed in most subgroup analyses due to the small
number of patients having died especially in well-
responding subgroups, OS results therefore must only
be interpreted cautiously. Also, the different CHT ther-
apy regimens varied due to histological subtypes and
have not been compared head-to-head in clinical trials,
which may have caused bias to our results. Furthermore
it is clear, that the patient cohort receiving ICI-
maintenance therapy is not comparable to our previously
reported patient collective receiving sole mono-
immunotherapy in various therapy lines, as the present
mono-ICI maintenance cohort consists of patients
already selected by the directly previous CHT-ICI com-
bination therapy and associated response or toxicity. It is
therefore important to clarify, that it was not our aim to
evaluate PFS and OS for either therapy phase, but rather
to evaluate the utility of STM analyses in the therapeu-

tic setting of chemo-immunotherapy in general.

Conclusions

At present, we believe that like in mono-ICI therapy,
STM can also be a valuable dynamic biomarker in
addition to CT imaging in patients receiving CHT-ICI
combination therapy for advanced NSCLC. The clinical
impact of STM dynamics may be considerably larger in
the mono-ICI maintenance therapy setting than in
initial CHT-ICI combination therapy. Future research

will likely provide new, possibly composite, biomar-
kers based on molecular tumor profiling as well as on
the patients” immunological status. We suggest that
STM should be included in such considerations, where-
upon larger-scale and prospective, biomarker-driven
clinical trials would be the next step warranted.
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