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Background: Immune checkpoint inhibition, especially the blockade of PD-1 and PD-L1, has
become one of the most thriving therapeutic approaches in modern oncology. Immune evasion
caused by altered tumor epitope processing (so-called processing escapes) may be one way to
explain immune checkpoint inhibition therapy failure. In the present study, we aim to demon-
strate the effects of processing escapes on immunotherapy outcome in NSCLC patients.
Patients and Methods: Whole exome sequencing data of 400 NSCLC patients (AdC and
SCC) were extracted from the TCGA database. The ICB cohort was composed of primary
tumor probes from 48 NSCLC patients treated with nivolumab. Mutations were identified by
targeted amplicon-based sequencing including hotspots and whole exomes of 22 genes. The
effect of mutations on proteasomal processing was evaluated by deep learning methods
previously trained on 1260 known MHC-I ligands. Cox regression modelling was used to
determine the influence on overall survival.

Results: In the TCGA cohort, processing escapes were associated with decreased overall
survival (p= 0.0140). In the ICB cohort, patients showing processing escapes in combination
with high levels of PD-L1 (n=8/48) also showed significantly decreased overall survival,
independently of mutational load or PD-L1 status.

Conclusion: The concept of altered epitope processing may help to understand immu-
notherapy failure. Especially when combined with PD-L1 status, this method can be used
as a biomarker to identify patients not suitable for immunotherapy.

Keywords: massive parallel sequencing, NSCLC, immunotherapy, epitope, processing

escape, deep learning

Plain Language Summary

Immune checkpoint inhibition has become a milestone in modern cancer therapy. The
purpose of immune checkpoint inhibitors (ICBs), eg, PD-L1, is to counter the negative
immune regulation induced by a tumor. By haltering its interaction, the anti-tumor immune
activity increases.

Biomarkers (measurable clinical parameters) are clinically used to evaluate patient’s
suitability for ICBs. One such biomarker, the tumor mutational burden (TMB), quantifies
the amount of small tumor proteins (epitopes), which are presented on the cell surface. These
proteins are changed by mutation and therefore recognized as foreign.

Shorter or extended fragments, caused by mutation, may impact the immune system in
a negative way. Wessolly et al reported this deficient epitope quality in patients suffering
from neuroendocrine lung tumors in 2018. The present study aims to verify this mechanism
in patients diagnosed with non-small cell lung cancer (NSCLC).
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Wessolly et al used bioinformatical methods to simulate the
development of epitopes changed by mutation. In a second
approach, their presence on the cell surface and immune activa-
tion capabilities were tested. Non-activators and non-presenters
were considered of inferior quality. In the end, these findings
were correlated to clinical data. Patients showing signs of inferior
epitope quality in combination with high expression of PD-L1
had decreased survival rates.

In conclusion, patients would not respond well to immu-
notherapy when both mechanisms were active. Therefore, both
parameters can be used to improve patient stratification for

immunotherapy.

Introduction
Among available cancer therapies, immunotherapy has
become a milestone in the treatment of many
malignancies. This is especially true for lung cancer, still
responsible for the highest number of cancer related deaths
worldwide.>* Although the overall success of this therapeu-
tic approach is impressive, oncologists face the problem that
by far not all patients profit from immune checkpoint block-
ade. Predictive markers that allow precise patient selection
for this therapeutic approach are therefore urgently needed.’
The

approaches is to take advantage of the immune system’s

cornerstone of all immunotherapeutical
ability to identify tumor cells by cell surface autoantigens.

Tumor cells expressing such neoantigens are identified
as foreign and subsequently obliterated by cytotoxic
T-cells. The tumor cell itself tries to escape this auto
aggression by using the PD-1/PD-L1 mechanism to switch
off immune activity.

Subsequently two potential selection criteria seem
appropriate for identifying patients potentially suitable
for immune checkpoint blockade:

Patients with a high tumor mutational burden (TMB)
may express more neoantigens and therefore could be
more easily identified by the cellular immune system.
High TMB therefore should result in high T-cell activity,
especially during PD-1/PD-L1 blockade.

The second group consists of tumors expressing high
amounts of PD-1 or PD-L1 on their cell surfaces.
These tumors are obviously suitable for PD-1/PD-L1
inhibition.>*

Both groups of tumors (TMB high with/without PD-1/
PD-L1) showed statistically significant benefits from
immune checkpoint inhibition in several studies.””’
Nevertheless, the predictive power of both concepts is

still not satisfying in times of personalized medicine. '

Up to now, prediction of ICB outcome was focused to
the presence of the PD-1/PD-L1 molecules and the amount
of potentially expressed neoantigens. Not much attention
however has been paid on the presumed immunogenic
quality of the latter until recently.

The activation of tumor specific T-cells occurs via pre-
sentation of small peptide fragments (epitopes) originating
from tumor antigens.'""'? These originate from a complex
intracellular pathway involved in the processing of the anti-
genic peptides starting with polyubiquitination of the pro-
tein, labeling it for proteasomal degradation. The resulting
fragments are further trimmed down to an optimal amino
acid (AA) length (eight to eleven AA), get translocated into
the endoplasmic reticulum (ER) via TAP and are subse-
quently loaded on the HLA class I molecule. Finally, the
complex is presented on the cell membrane.'""'?

These neoantigens trigger the physiological T-cell
based immune response against the tumor cell due to
highlighting the tumor cell as a potential target for cyto-
toxic T-cells.

Consequently, the concept of tumor-driven immunolo-
gic reactions seems to be based not only on epitope
amount but also on correct epitope processing. Any incon-
sistency within this complex protein cleavage process
might subsequently result in an immune escape, indepen-
dent from PD-1/PD-L1. This approach is supported by
investigations of viral infections, in particular with the
human immunodeficiency virus 1 (HIV-1) and hepatitis
C virus (HCV), where a subset of mutations altered pro-
teasomal processing of the viral proteins.'*'* The muta-
tions lead to modified epitopes with different lengths and
a decreased effectiveness in activating CTLs."?

In a previous study, we demonstrated that the presence
of processing escapes was significantly associated with
shortened OS as well as PFS.'” Within that analysis,
around 35% of all registered mutations had a significant
influence on proteasomal processing.

These results encouraged us to prove the value of this
approach in a collective of ICB treated NSCLC patients
with known outcome.

Patients and Methods
Demographic Data and Study Design

Our study is based on three patient cohorts. Two cohorts with
whole exome-sequencing data available were obtained
online from The Cancer Genome Atlas (TCGA). Cohort 1
consisted of 230 patients

diagnosed with lung
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adenocarcinoma (AdC). In addition, 178 patients suffering
from lung squamous-cell carcinoma (SCC) were acquired
(Cohort 2).'*'7 However, in order to compare all three
cohorts, only genes analyzed in cohort 3 were extracted.
Furthermore, mRNA expression profiles from whole-
transcriptome analysis were available for both cohorts.
Cohort 1 and cohort 2 are summarized under the umbrella-
term TCGA-cohort.

The third collective consisted of 48 NSCLC patients,
diagnosed with either AdC (n=23) or SCC (n=25). Patient
data were collected at the Helios Klinikum Emil von
Behring (Berlin) between 2012 and 2016. Inclusion cri-
teria were the availability of both sufficient tumor mate-
rial and a complete set of data concerning follow-up and
treatment. Mutations were identified by targeted ampli-
con-based sequencing (0.7 Mb). Most patients were
tested upfront for prominent NSCLC biomarkers includ-
ing EGFR, ALK, ROSI and KRAS. All AdCs were nega-
tive for EGFR mutations. PD-LI
determined by immunohistochemistry using the QR-1

expression was

antibody (Quartett, Potsdam). A cell was determined as
positive if membranous staining of any strength could be
observed. PD-L1 status was reported as percentage of
stained tumor cells in relation to all tumor cells. All
patients received nivolumab. Most patients received mul-
tiple lines of chemotherapy and/or radiation before immu-
notherapy (supplementary Table 1). The third collective

will from now on be coined as the ICB (immune check-
point blockade) cohort.

Nucleic Acid Preparation

Genomic DNA was isolated on a Maxwell® 16 Research
(Promega Corporation, Madison, USA) as recommended
in the manufacturer’s protocol. Nucleic acid quantification
was performed using Qubit (Life Technologies, Carlsbad,
USA) and Nanodrop 1000 instrument (Thermo Fisher
Scientific, Waltham, USA). To assess the exact amplifiable
amount of DNA from FFPE samples, we measured intact
DNA amounts by using the Applied Biosystems®
TagMan® RNase P Assay. Amplification was performed
on the QuantStudio 5 (Thermo Scientific, Waltham, USA).

Next-Generation Sequencing
For this study, we used the Colon Lung v2 AmpliSeq
Panel (Thermo Scientific, Waltham, USA) according to
the manufacturer’s instructions.

The panel comprises 92 amplicons covering hotspot
and targeted regions of 22 genes involved in colon and

lung cancer tumorigenesis (KRAS, EGFR, BRAF, PIK3CA,
AKTI, ERBB2, PTEN, NRAS, STK1l, MAP2KI, ALK,
DDR2, CTNNBI1, MET, TP53, SMAD4, FBXW7, FGFR3,
NOTCHI, ERBB4, FGFRI1, FGFR2). We used 10ng DNA
input for each NGS library generation following the
AmpliSeq Library protocol Version E.0 (Thermo

Scientific, Waltham, USA).

Filtering of and ldentification of Mutations
Sequencing data were directly filtered after variant calling.
First, variants with a coverage below 20 reads were dis-
carded for subsequent analysis to overcome sequencing
errors and fixation artefacts. Furthermore, variants show-
ing an allelic frequency above 0.9 as well as known SNPs
were filtered. Finally, a combined score, including both
allelic frequency and tumor cell proportion was calculated.
Mutations needed to be abundant in 50% of all tumor cells
assuming a heterozygous mutation pattern.

All variants passing the filters were manually reviewed
using the integrative genome viewer tool. Genomic altera-
tions were translated to protein level changes. Only non-
synonymous mutations were considered for further steps.

In silico Analysis of Altered Epitopes by

Mutation

All bioinformatical, statistical and graphical analyses were
performed using the environment
(v. 3.4.2).

Based on the number of cancer-related genes and a default

R programming

epitope length of nine amino acids, databases were browsed
for all available epitope information of analyzed genes, includ-
ing the specific HLA-type for each epitope and the HLA
binding affinity (IC50) (supplementary Table 2).

The machine learning tool NetChop 3.1 was utilized to
18,19

predict the proteasomal processing of each antigen.
All epitope sequences were extended by eight amino
acids for each flanking region (N-and C-terminal, respec-
tively). This resulted in a construct spanning 25 AS, which
served as NetChop input. For every amino acid position,
a cleavage probability was estimated. The absolute differ-
ence in cleavage probability between each wildtype and
the respective mutated position was calculated. Any calcu-
lated difference above 50% was considered as a significant
change in the cleavage pattern (supplementary Table 3).

The peptides, which cleavage patterns differed signifi-
cantly according to NetChop were submitted to the
prediction tool NetMHC (Version 4.0).20‘21 For a given
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HLA-Type this tool predicts the HLA-Affinity (IC50
values, supplementary Table 4-6) of each peptide frag-

ment. We focused primarily on 12 most prominent HLA
supertypes.”> 2> The IC50 values of mutated peptides and
their corresponding wildtype variants were finally corre-
lated against each other (supplementary Figure 5 and 6).

For in silico prediction of immune activation, wildtype
and mutated epitope sequences were submitted to the
Class I Immunogenicity tool provided by the Immune
epitope data base (IEDB).%® The returned score indicated
the potential TCR activation capability of each predicted
epitope (supplementary Table 7).

Statistical Analysis in R

For each significant association double dichotomous contin-
gency tables (DDCT) were created and positive and negative
predictive values were calculated. DDCT were analyzed
using Fisher’s Exact test. To test dependency of ranked
parameters with more than two groups, the Pearson’s Chi-
squared test was used. Correlations between metric variables
were tested using the Spearman’s rank correlation test as well
as the Pearson’s product moment correlation coefficient for
linear modeling. Kaplan-Meier analysis was done for the
assessment of associations between gene expression and
progression-free survival (PFS) or overall survival (OS).
Significant differences in PFS or OS between groups were
verified by a COXPH-model using Wald-test, Likelihood-
ratio test and Score (log-rank) test. Survival rate was defined
as the number of patients in each group still alive at a certain
time point. Median survival time was calculated in months.
Due to the multiple statistical tests; all p-values were FDR
adjusted (false discovery rate). The level of statistical sig-
nificance was defined as p < 0.05 after adjustment.

Results

Occurrence of Processing Escapes in
Lung Adeno- and Squamous-Cell
Carcinomas (TCGA Cohort)

Overall, 259 and 164 non-synonymous mutations were
identified in the AdC-TCGA and the SCC-TCGA cohort,
respectively (Table 1). Thirty-five percent to forty-five
percent of all non-synonymous mutations were associated
with altered proteasomal processing. They lead to 1245
and 624 affected epitope fragments, respectively. Of all
predicted epitopes, only up to 20% were still binding to
MHC-I in both collectives.

Table | TCGA validation cohort. The total number of non-
synonymous mutations for both entities is displayed in the second column
("Mutation Load"). A proportion of those non-synonymous mutations is
associated with altered proteasomal antigen processing ("Altered
Processing" ). Furthermore, the number of predicted epitopes derived
from altered processed antigens is displayed ("Predicted Epitopes").

Entity Mutation | Altered Predicted
Load Processing Epitopes

Lung 259 116 (45%) 1245

adenocarcinoma

Lung squamous-cell 164 58 (35%) 624

carcinoma

Altered Proteasomal Processing Affects Hosts
Immune Response and Thereby Dismals
Patients’ Prognosis in the TCGA Cohort

For survival analysis, patients were separated into two
groups: patients with the occurrence of mutations that result
in altered processing and patients without them (Figure 1).
COXPH regression analysis revealed significantly shortened
overall survival for patients in the former group (p= 0.0140).
Explorative data analysis revealed associations between the
expression of specific immune factors (Granzyme K, CD20
and CD40L) and altered processing (supplementary Figure

13A-C, supplementary Table 8).

Verification of Mutational Load and

Altered Proteasomal Epitope Processing
in 1/O Treated NSCLCs

Eighty-five non-synonymous mutations were identified in
the ICB cohort. 7P53 (n=22) and KRAS (n=15) were most
frequently mutated (supplementary Figure 4A). Other pro-
minent genes were EGFR (n=4), FGFR3 (n=6), SMAD4
(n=5) and STK1I (n=5).

Altered Proteasomal Epitope Processing
is Linked to Reduced MHC-I Presentation

of Mutated Epitopes

Forty-four percent of all mutations could be linked to altered
proteasomal processing (Table 2). On a mechanical level,
processing escapes could be associated with reduced MHC-I
presentation. Of all predicted 366 altered epitopes, only 35
were presented by MHC-I. Roughly 11% of these presented
epitopes might trigger an actual immune response according to
immunogenicity scoring.
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Mutations associated with altered processing =~ Negative =~ Positive (p=0.014)

Median survival (months) -- 49 36

1.00 Two-year survival 77% 64%

0.75
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2
>
» 0.50
[
[
>
o

0.25

0.00

0 5 10 15 20
Years
Negativeq 130 (3) 7 (91) 2(94) 1(94) 0 (95)
Positive (p=0.014) 73 (4) 3(44) 0 (45) 0 (45) 0 (45)
0 5 10 15 20
Years

Figure | Overall survival (OS) in lung adenocarcinomas derived from the TCGA cohort. Kaplan-Meier plots show the course of overall survival for patients with presence
(n=73) or absence (n=130) of mutations associated with altered processing. The number at risk for each group of patients was displayed in a table below. The number of
censored patients at specific time points was also added (parentheses). Over the course of |5+ years, both groups have become clearly distinguishable. Though, the overall
survival of the “Positive” group was significantly impaired in comparison to the “Negative” group (p=0.0140, Score (log-rank) test), two long-time survivors in the “Negative”
group were seemingly outliers, thereby skewing the calculation. The “Negative” group had a survival benefit of one year according to median survival. However, the number
of patients living past two years (“Two-year survival”) differed from 77% to 64%. This hinted towards an association of altered processing with impaired overall survival by
deficient immune response. All data were based on cohort | (see Material and Methods), and downloaded from the TCGA database.

The Presence of Altered Processing variables weighted to the model were the "Mutational
Combined with PD-LI Expr ession Load" (all non-synonymous mutations identified by sequen-
Negatlvely Impacts Overall Survival in I/O proteasomal processing) and the "Ratio" between both vari-

Treated NSCLC Patients ables. None of these showed a significant impact on OS
COXPH-modeling was used to ascertain the influence of (Table 3). Furthermore, neither the histological subtype

cing), "Processing Mutations" (mutations linked to altered

single and multiple clinical covariates on OS. Important (adenocarcinoma, squamous cell-carcinoma) nor the PD-

Table 2 1/O treated NSCLC cohort. In addition to the characteristics displayed in Table |, NetMHC 4.0 was used to determine the
affinity of predicted epitopes for MHC Class |. Some of the mutated epitopes had a higher chance to trigger an immune response by
cytotoxic lymphocytes according to their immunogenicity score.

Mutation Load | Altered Processing | Predicted Epitopes | MHC-I-Binding by Mutated Epitopes | Higher Immunogenicity

85 37 (44%) 366 35 (43%) 4 (11%)
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Table 3 Single covariates were tested against overall survival.
Significant associations are reflected by p-value < 0.05, which was
calculated by the Score (log-rank) Method. “Ratio” represents
a combined score from “Mutational Load” and “Processing
Mutations” (number of processing Mutations/Overall Mutation
Load).

Variable P-value vs Overall Survival
Mutational load 0.1506
Processing mutations 0.4673
Ratio 0.4673
Histological subtype 0.5257
PD-LI status 0.5855

L1 status had any significant influence (Table 3). In multi-
variate COXPH analyses, processing mutations in combina-
tion with PD-L1 expression seemed to significantly shorten
OS (Score (log-rank) test, p= 0.0437). Both covariates
synergistically affected OS (p=0.0246). The survival impact
of all important covariates was additionally visualized via
forest plot (Figure 2A). Based on hazard ratios and con-
fidence intervals, altered processing in combination with
PD-L1 expression had the most negative impact on OS.

After COXPH analysis patients were separated into three
different groups: Patients without altered processing (nPnP,
29 patients), patients without PDL-1 expression but altered
processing (PoP, five patients) and patients with altered
processing and PD-L1 expression (PnP, eight patients). To
ascertain survival differences between all patient groups,
Kaplan-Maier plots were generated (Figure 2B). PnP patients
were showing significantly shortened overall survival (Score
(log-rank) test, p=0.0138), compared to nPnP patients.
Strikingly, this association had a positive predictive value
of 88% and a high specificity (96%, Table 4). PnP patients
had both the lowest median survival (17 vs 35 months) and
two-year survival rate (13% vs 68%). The PoP group appar-
ently consisted of many long-time survivors.

Additional results and visualizations are given in
supplementary Figures 1-13.

Discussion

The T-cell based immune reaction is by far the most
effective guardian of keeping malignancies down. After
identifying a tumor cell as being foreign, the neoantigen-
harboring cells are attacked by cytotoxic T-cells. This

Groups = No processing/PD-L1 = Processing Escapes and PD-L1 (p=0.0138)

A B Median survival (months) - - 35 17
. Two-year survival 68% 13%
Hazard Ratio
1.00
Marker P-value
0.75
No Processing I—I—| 0.4686 E
2 050
Processing Escapes and PD-L1 f—=— 0.0076 3
5
Processing Escapes w/o PD-L1 }—H 0.1982
0.25
Mutational Load L 0.1506
Ratio I 0.4673 0.00
[} T 2 3 2 5 [3
Ye
PD-L1 L 0.5855 e
I T T T T T 1
3 2 -1 0 1 2 3 No processing/PD-L1{ 40 (0) 34(0) 27(1) 13 (8) 8(9) 4(11) 3(1)
<---long time OS--- ---short time OS--->
Processing Escapes and PD-L1 (p=0.0138){ 8(0) 6(0) 1(0) 100 0@ 0@ 0@
[} 1 2 3 2 5 [3

Years

Figure 2 Overall survival (OS) in NSCLC patients based on calculated risk groups. (A) A risk estimation for overall survival benefit was performed for all patients in the risk
groups “No Processing” (nPnP), “Processing Escapes and PD-LI” (PnP), and “Processing Escapes w/o PD-LI” (PoP). Three separate biomarkers in patients (“Mutational
Load”, “Ratio”, and “PD-L|”) were also added. Their beneficial or detrimental impact on OS was visualized via forest plot. For each marker, the hazard ratio (square), the
upper-and lower confidence interval was calculated. “PD-L1” and PnP were both detrimental to overall survival, while other markers were apparently more beneficial. On
the one hand PnP significantly (p=0.0076) impaired overall survival, on the other hand the 95% CI of hazard ratios indicated detrimental effects only, which could not be
observed from other markers. (B) As in Figure | the course of OS was visualized via Kaplan-Meier plot. Patients were separated into two groups, they had either no
processing escapes with or without an additional PD-L| overexpression (“No processing/PD-L1”) or they harbored mutations associated with altered proteasomal epitope
processing combined with PD-L| overexpression (“Processing Escapes and PD-L1”). The number at risk for each group of patients was displayed in the table below the plot.
The number of censored patients at specific time point was also added (parentheses). Patients with PD-L| expression and processing escapes showed significantly impaired
OS (p= 0.0138). No patient survived past four years and only one long-time survivor lived past two years. Both median survival (17 vs 35 months) and two-year survival
(13% vs 68%) indicated detrimental effects for this group by altered processing in combination with PD-L| overexpression. Although a small group of patients (around |7%)
was affected, they were clearly identifiable according to their survival course. This course also lead to dismal survival prognosis in comparison to all other patients.

submit your manuscript

7886

Cancer Management and Research 2020:12
Dove


https://www.dovepress.com/get_supplementary_file.php?f=258396.pdf
http://www.dovepress.com
http://www.dovepress.com

Dove

Wessolly et al

Table 4 Evaluation of impact on two-year survival by risk groups (column 2—4) and the single variates shown in Table 3 (column 5-7).

In general, no impact on survival was assumed according to null hypothesis. Statistical evaluation was conducted by calculation of
predictive values (row |—4) and the application of Fisher’s Exact Test (Row 6-7)

Variable Altered Processing | Altered Processing No Altered Ratio | Mutational | PD-LI
and PD-LI without PD-LI Processing or PD-LI Load Status
Positive predictive value | 88% 40% 69% 63% 38% 55%
Negative predictive value | 68% 57% 69% 66% 37% 38%
Sensitivity 39% 1% 83% 48% 19% 67%
Specificity 96% 88% 50% 78% 62% 28%
Odds ratio 0.0729 1.1390 4.7910 0.3225 | 0.3774 0.7740
P-value 0.0131 1.0000 0.0411 0.1215 | 0.1923 0.7482

process is influenced by some key features harbored by the
tumor cell. The anti-tumorigenic potential of the T-cells
increases when tumor cells are easily recognizable as
foreign. This effect depends on the amount and structure
of the aberrant antigens presented on the cell surface,
which are caused by a high number of mutations. This
high tumor mutational burden has been proven to induce
T-cell mediated tumor cell destruction. One of the strate-
gies against this induced suicide is silencing the T-cell
attack using the PD-1/PD-L1 system.>*

Deductive rethinking of the concept described above,
easily explains why immune checkpoint inhibition is such
a powerful tool within anti-cancer therapies and why the
concept of TMB as well as cell surface PD-L1 detection
has attracted utmost attention in identifying patient collec-
tives, suitable for ICB.

Beyond all obvious rationale, clinical experiences how-
ever show that by far not all patients profit from cancer
immunotherapy.”’” A reasonable proportion of patients
show tumor progression under immune checkpoint block-
ade, even when expressing high amounts of PD-L1. The
same is true for high TMB cases. Consequently, we may
assume additional factors influencing this autoimmune
approach beside PD-1/PD-L1 expression or high load of
TMB-associated neoantigens. One promising idea in this
context may be altered proteasomal processing of those
neoantigens, resulting in an immune escape of tumor cells.
The effect of such processing escapes has been first
described in viral infections.'*'* If antigen processing in
the cell is deteriorated, antigens suitable to highlight the
cancer cell for the immune system may not be produced or
not be designed to work effectively.

This process of escaping the immune system by altered
epitope processing in malignancies has now been discov-

ered analogous to the findings in viral infections.'>'* In

addition, we were able to demonstrate the effect of proces-
sing escapes in neuroendocrine lung cancers.”® The back-
ground behind processing escapes was outlined in previous
works.'>?® The data presented, guides the predictive power
of processing escapes in ICB treated patients.

The results presented were found in a three-step pro-
cess. First deep learning algorithms were used to identify
epitopes influenced by altered proteasomal cleavage.
Secondly, their binding to MHC/HLA molecules was ver-
ified by another deep learning-based tool. Thirdly, it was
tested whether bound fragments can trigger an immune
response.

It must be outlined that the data set investigated was
taken out of the raw data analyzed during our routine NGS
panel diagnostics. No additional new or unknown DNA-
regions had to be investigated to find out tumors affected
by altered epitope processing. This makes the method
especially interesting for being included in routine diag-
nostics. Although one may term the methodology chosen
using a deep learning-based approach theoretical, the prac-
tical application on real-life patients’ outcomes are
obvious, as we found several strong signals.

Our results suggest that altered epitope processing is
not a continuum from low and intermediate to high levels
of alternatively processed epitopes. Instead altered proces-
sing is either present (“On”) or absent (“Off”) in a tumor.
One may explain this finding as the final stage of
a selection within the tumor cells. In patients with a high
selection pressure due to high immune activity by CTLs,
the tumor might survive by selecting mutations leading to
altered epitope processing. Non- or faint escapers simply
do not survive, explaining the missing intermediate group.
Though it may be argued that problems may arise from the
different panel sizes of the TCGA cohort (whole-exome
sequencing) and ICB cohort (targeted-amplicon based
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sequencing). An increase in panel size may possibly lead
to a change of patient classification. Due to the binary “on-
off” nature of the underlying mechanism (No mutations or
all mutations are affected), small-sized panels would
already lead to consisted results. Therefore, the approach
to identify altered processing is rather attractive for insti-
tutions not equipped with whole-exome or whole genome
technology.

Altered processing is present in the whole exome data of
AdC as well as SCC in more than one-third of cases. This in
silico findings could also be confirmed within the real-life
data of the I/O treated cancers. Interestingly about 90% of the
alternatively processed epitopes are not presented on the cell
surface. Thus, altered processing may be one explanation for
cancer immunoediting. In this case, selection pressure by the
immune system forces the tumor entities to reduce its anti-
genic Variety.wf31 This automatically results in lower immu-
nogenic activity on the tumor cell surface. To our
understanding these cases are not profiting from PD-L1
blockade. In our real-world cohort, we can see a clear trend
towards better survival in I/O treatment when altered proces-
sing is low (p=0.0138). This may serve as indicative for our
hypothesis.

It must be highlighted that very impressively we could
demonstrate that the findings of the in silico analysis are more
or less completely present in the mutation analysis of the
cancer cohort treated in our institution, showing the identical
mutational distribution (supplementary Figure 4A). In terms of

survival analysis, we found just small differences in the real
life collective when looking at PD-L1 expression, TMB or
processing escapes as single predictors of survival under ther-
apy. It is not surprising that PD-L1 expressers with intact
epitope processing are best survivors, as the tumor cells are
recognized by cytotoxic T-cells, but these are silenced by the
PD-L1 pathway. Activating the Cytotoxic T-Cells by PD-1 or
PD-L1 blockade leads to tumor cell death. For the group of
long-term survivors without PD-L1 expression one may
assume that their immune system is per se not very effective
in tumor cell elimination, therefore the PD-L1 pathway is not
important enough to stay switched on. So, their altered epitope
processing is not important due to basically low or ineffective
T-cell answer.

However, these results must be weighted with caution
due to the small number of patients and should be proved
in further studies.

The most impressive result however is the clearly detri-
mental effect of PD-L1 expression and simultaneous insuffi-
cient epitope processing. Although this finding seems

inconclusive at the first glance one, on the background of
what has been discussed above, may assume that in these
patients the tumors are the most aggressive ones in the
collective. They use a combination of both hiding from
cytotoxic T-cells by non-expression of MHC-binding anti-
gens and, to overcome the rest of tumor immunogenicity,
expressing PD-L1 on the surface, resulting in a complete
knock-out of the autoimmune reaction against the tumor.

Conclusion
The study presented opens a new dimension for under-
standing why prediction of therapy -effectiveness in
immune checkpoint inhibition is unprecise in
a reasonable number of cases up to now. Although PD-
L1 blockade and TMB-driven neoantigen induction seem
to be sufficiently explaining the therapy rationale, muta-
tions easily detectable by routine NGS analysis may affect
correct epitope processing in NSCLC, resulting in tumor
cells that cannot be identified by the immune system due
to a lack of MHC-binding tumor antigens.

To our opinion these findings would deserve to be
further investigated and clarified in larger cohorts in the

near future.
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