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Abstract
Introduction. Neoantigen load (NAL) has been extensively studied as a promising biomarker for im-
munotherapy. Recently it was also reported that NAL is associated with lung cancer patient survival,
but the results were not consistent.
Material and methods. To further evaluate the prognostic value of NAL in lung cancer, we analyzed
NAL in a cohort of 96 lung adenocarcinoma (AD) and 83 lung squamous cell carcinoma (SQ) patients
from the Cancer Genome Atlas (TCGA). We found that high NAL correlates with better overall survival
(OS) of AD patients but with worse OS of SQ patients. Next, we collected a total of 25 NSCLC patient
samples and explored whole exome sequencing (WES) and a large targeted gene panel (Med1CDx
panel containing 579 genes) for NAL and tumor mutation burden (TMB) analysis.
Results. We found that patients with both higher NAL and TMB, who underwent chemotherapy com-
bined with immunotherapy, showed better OS and progression-free survival (PFS) in both AD and SQ
subgroups. We also compared the concordance of NAL and TMB between WES and the Med1CDx
panel. The R2 for concordance of NAL and TMB prediction by WES and our Med1CDx panel was 0.81
and 0.86, respectively.
Conclusions. In this study, we showed that NAL is a useful biomarker for lung cancer OS prediction at
least in the AD cohort. Furthermore, considering the high cost of WES, large targeted gene-panel-based
NAL and TMB analysis could be a good alternative in clinical practical settings.
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Introduction
Lung cancer has been the leading cause of death
worldwide and the 2nd common cancer type in 2020,
accounting for 1.8 million cases of 10 million deaths
in 2020 [World Health Organization (WHO) website]
[1]. Advanced molecular diagnostics and recogni-
tion of targetable oncogenic driver alterations have
led to dramatic changes in non-small cell lung can-
cer (NSCLC) treatment in recent years. Many new
effective targeted agents were developed and the treat-
ment of some oncogene-addicted NSCLC, such as
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EGFR-mutated or ALK-rearranged NSCLC is well-
-established [2, 3]. Although these drugs have rev-
olutionized clinical practice, only a fraction of sus-
ceptible patients will benefit, and acquired resistance
to these agents remains a challenge. Individualized
vaccines targeting neoantigens would be a good op-
tion for lung cancer therapy in the future. Neoantigens
are protein fragments derived only from cancer cells.
With this unique property, targeting neoantigen al-
lows the patient’s immune system to detect and attack
cancer cells instead of attacking healthy cells [4, 5].
Neoantigens are classified into two types: shared and
personalized neoantigens. While shared neoantigens
are not specific to an individual or tumor type, per-
sonalized neoantigens are highly specific to individual
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tumors and are the basis of personalized neoantigen
vaccines.

Identifying prognostic markers in cancer patients
is essential because it allows the recognition of pa-
tient subpopulations that might anticipate different
outcomes or might benefit from different types of ther-
apies. Novel molecular prognostic biomarkers include
such genes as TP53, VEGF, TUBB3, Ki-67, etc. How-
ever, despite an enormous amount of data available
on molecular biomarkers, results are often not repro-
ducible, partially due to the heterogeneity of study de-
signs, techniques used, and data interpretation. There-
fore, many molecular prognostic markers to date, have
not managed to make their way into routine clini-
cal use [6, 7]. Tumor mutation burden (TMB) and
neoantigen load (NAL) have been extensively studied
as promising biomarkers for predicting the anti-tumor
effects of immune checkpoint inhibitors (ICIs) [8–12].
Several studies have reported the prognostic effect of
TMB on the clinical benefits for patients with resected
early-stage NSCLC, but the results are inconsistent.
Two studies showed that a high TMB is associated
with a favorable outcome in resected NSCLC patients
[13, 14], but other reports demonstrated that TMB
is not associated with overall survival of early-stage
NSCLC patients, implying that TMB is not sufficient
to predict NSCLC prognosis [15, 16]. However, utiliz-
ing computational tools to predict tumor NAL based
on whole exome sequencing (WES) data has been
confirmed to be a potentially useful method [17]. Re-
cently, several studies have shown that NAL has good
potential as a prognosis biomarker although the re-
sults were also contradictory. Gong et al. [18] showed
that higher NAL exhibited better disease-free sur-
vival (DFS) for stage II/III Chinese lung squamous
cell carcinoma (SQ) patients. However, another report
demonstrated that high neoantigen burden was asso-
ciated with significantly longer overall survival (OS)
in the lung adenocarcinoma (AD) cohort of patients
from Cancer Genome Atlas (TCGA) [19].

Tumor mutation burden and NAL analysis by WES
is complicated and expensive due to large genomic
space sequencing. Recent studies have shown that
TMB can be accurately measured by smaller gene
panels [9, 10, 20]. In this study, we assessed TMB
and NAL by both WES and a large targeted gene
panel and identified the correlation of TMB and NAL
with clinical outcomes. The concordance of TMB and
NAL measurements by WES and the large targeted
gene panel was also determined. We expected to be
able to provide more insights into biomarker discov-
ery and identification for the prognosis of Chinese
lung cancer patients. Personalized neoantigens pre-
dicted by WES were also compared with those from
online public databases.

Material and methods
Cancer Genome Atlas data retrieval, neoantigen
load calculation, and survival analysis
Thorsson et al. [21] presented an immunogenomic
analysis of more than 10 000 tumors comprising
33 diverse cancer types by utilizing data compiled by
TCGA. Clinical data for lung cancer patients was ac-
cessed and downloaded from https://gdc.cancer.gov/
about-data/publications/panimmune. Predicted single
nucleotide variant (SNV) and Indel neoantigen counts
are available in this dataset. So we used predicted
SNV, Indel neoantigen counts, and the sum of these
two (NeoAll) to correlate with OS. Survfit objects
were generated by surv_categorize() and survfit.for-
mula() from R package survminer and survival. The
ggsurvplot() function from R package ggplot2 was
used to plot the Kaplan-Meier survival curve.

Patient cohort
A total of 25 patients with pathologically confirmed
NSCLC, including 17 AD and 8 SQ patients, were en-
rolled between 2017 Feb and 2018 Nov. Clinical data
were retrieved from the electronic medical records.
Data acquisition was in line with relevant legislation
and institutional review board guidelines. All patients
were followed up regularly in the Shanghai Chest Hos-
pital until recurrent or last follow-up. All procedures
involving human participants performed in this study
were in accordance with the Declaration of Helsinki
(as revised in 2013). The study was approved by the
institutional committee board of the Shanghai Chest
Hospital and informed consent was taken from all the
participants.

Whole exome and large targeted panel
sequencing and tumor mutation burden
calculation
Next-generation sequence (NGS) was performed
using genomic DNA isolated from formalin-fixed
paraffin-embedded (FFPE) samples with WES and
a large targeted panel (Med1CDx panel including
full coding sequences (CDS) regions of 579 genes,
selected introns of 37 genes, which is designed for fu-
sion calling). Deep sequencing was performed by the
Hiseq X10 or NovaSeq platforms with a mean depth
of 5000X. The bioinformatics workflow utilized a cus-
tomized variant calling method based on GATK4 and
Varscan, which contains SNP/InDel/CNV/SV calling.

Tumor mutation burden was determined as the av-
erage number of coding mutations per megabase (Mb)
of genome examined following the method of Founda-
tionOne panel [22]. All single nucleotide variations
and Indels in the coding region including the syn-
onymous alternation of targeted genes were counted
for TMB calculation. Alterations listed as known so-
matic alterations in COSMIC hot spots were excluded,
and truncations in tumor suppressor genes were not

2 https://journals.viamedica.pl/oncology_in_clinical_practice

https://gdc.cancer.gov/about-data/publications/panimmune
https://gdc.cancer.gov/about-data/publications/panimmune
https://journals.viamedica.pl/oncology_in_clinical_practice


Xuemei Liu et al., Higher neoantigen load correlates with better overall survival in Chinese lung adenocarcinoma patients

counted. Sites presented in 1000G, ESP6500, and
gnomAD with ≥ 1% frequency and synonymous SNV
sites were filtered. The threshold for high TMB was
determined by the 25th and 75th percentiles method
used by the FoundationOne panel [22].

Human leukocyte antigen typing, neoantigen
prediction, and statistics analysis
Four-digit human leukocyte antigen (HLA) class
I (HLA-A, HLA-B, and HLA-C) alleles of each
patient were identified from WES data using Opti-
type (version 1.3.1, default parameters). The pvac-
tools (version 1.5.8, default parameters) tool was
used to predict binding of 8- to 11-mer mutant pep-
tides to the patients’ HLA alleles. Neoantigens pre-
dicted in this study were compared with those from the
TSNAdb (version 4.0) database. Neoantigen load was
calculated by dividing the total number of neoanti-
gens in each sample by the CDS length (Mb) of the
WES or Med1CDx panel. The Kaplan-Meier method
and the log-rank test were performed to correlate sur-
vival of patients with genomic alterations and NAL.
A p ≤ 0.05 was considered statistically significant.

Mutation spectra analysis and comparison
between lung adenocarcinoma and lung
squamous cell carcinoma patients
Raw sequence variants were called from WES data ac-
cording to the GATK best practice analysis pipeline.
Variant calling datasets were annotated by ANNO-
VAR. Screening of gene mutations from the bulk
of raw variants sites followed the below analysis
criteria: (1) > 25× coverage in the variant site;
(2) variant allele frequency ≥ 5% and at least 5 in-
dividual mutant reads; (3) filter variants only ob-
served on positive-strand or negative-strand; (4) filter
sites presented in 1000 Genome Project with ≥ 1%
frequency, NHLBI-ESP project with 6500 exomes
with ≥ 1% frequency and the Genome Aggregation
Database (gnomAD) with ≥ 1% frequency; (5) fil-
ter sequence variation frequency ≥ 5% and vari-
ants site < 20× coverage in normal control samples.
Vcf files were converted to mutation annotation for-
mat (MAF) by vcf2maf and vep. The R packages
maftools (https://bioconductor.org/packages/release/
bioc/vignettes/maftools/inst/doc/maftools.html) were
used to summarize, analyze, annotate, and visualize
somatic MAF files. The tool deconstructSigs (https://
rdrr.io/cran/deconstructSigs/) was used to identify
signatures present in tumor samples.

Results
Cancer Genome Atlas neoantigen load analysis
and correlation with overall survival
With the clinical data from TCGA, we were able to
determine the cutoff value of predictive SNV, Indel,

and total neoantigen counts. Patient samples and mu-
tation numbers used to determine the cutoff values
were: 96 AD and 83 SQ patients; 525 and 72 SNV
neoantigen counts, 5 and 10 Indel neoantigen counts,
174 and 284 all neoantigens counts from AD and SQ,
respectively. In this TCGA dataset, we showed that in
AD, when the same survival probability was applied,
high SNV/Indel/total neoantigen correlated with bet-
ter overall survival. But in SQ, the results showed the
opposite trend, high SNV/Indel/total neoantigen cor-
related with worse overall survival (Fig. 1A–F).

Patient characteristics
The clinical characteristics of the patients are shown
in Table 1. There were 17 AD patients and 8 SQ pa-
tients with a median age of 64 years (ranging between
34 and 83 years old). A total of 16 patients were for-
mer or current smokers: 53% (9/17) of AD patients
versus 87.5% (7/8) of SQ patients (Tab. 1). The me-
dian cigarette consumption was 23 and 35 packs/year
in AD and SQ patients, respectively. EGFR muta-
tion occurred in 35% (6/17) of AD patients, but only
in 12.5% (1/8) of SQ patients. For the treatment
regime, 12 patients (12/25, 48%) received standard
chemotherapy for at least one cycle.

Tumor mutation burden concordance between
the 579 gene panel and whole exome sequencing
Evidence has suggested that the TMB and tumor-
-specific neoantigens are potential determinants of the
response to ICIs and can influence patient outcomes
in immunotherapy [8–12]. Whole exome sequencing
allows a direct measurement of TMB. However, rou-
tine implementation of WES in clinical practice is
unsuitable because of high costs, labor and time inten-
siveness, and extensive data management. To test the
potential utility of our in-house 579 gene Med1CDx
panel in clinically predictive TMB estimates, DNA
from 16 samples (including 11 AD and 5 SQ) was pro-
filed. The Med1CDx panel showed a good correlation
with WES for TMB estimation, with R2 correla-
tion values of 0.86 for all mutations.

Analysis of personalized neoantigens derived
from whole exome sequencing and Med1CDx
panel
Whole exome sequencing and Med1CDx panel were
applied to profile neoantigen spectra in 16 patients.
Mutations occurring in the patients were assessed for
predicted binding affinity to HLA alleles, and poten-
tial neoantigens were identified. In the WES data,
1733 neoantigens with binding affinities < 500 nM
were identified. Of these, only 52 (3%) were observed
through the Med1CDx panel, demonstrating that the
large targeted gene panel failed to identify a broad
spectrum of neoantigens as compared to WES. We
found the most frequent shared missense mutation
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Figure 1. Correlation of neoantigen load with overall survival (OS) using Cancer Genome Atlas (TCGA) clinical data. Correlation of predicted
single nucleotide variant (SNV) neoantigen (A, B), predicted Indel neoantigen (C, D), predicted total neoantigen (E, F) with OS

Table 1. Clinical characteristics of patients

Characteristics Number (%)

Sex
Male 18 (72)

Female 7 (28)

Age [years]
Range 34–83

Medium 64

< 65 13 (52)

≥ 65 12 (48)

Smoking status
Never 9 (36)

Former/current 16 (64)

Stage
III 5 (20)

IV 20 (80)

Histologic diagnosis
Adenocarcinoma 17 (68)

Squamous cell carcinoma 8 (32)

detected by WES were TTN, MUC16, and TP53, oc-
curring in 11,11, and 9 patients, respectively. The
neoantigens derived from WES were compared with
those in the online public database which contains
1.1 million neoantigens. Twelve neoantigens from
9 patients were identical to those from the public
database, even though the HLA types are different
(Tab. 2). Among these neoantigens, neoantigens de-
rived from TP53 gene mutation were the most fre-
quent (3 samples), and 2 neoantigens were derived
from the PCDHA4 and FFAR2 genes (Tab. 2).

Neoantigen load analysis and correlation with
progression-free survival and overall survival
The median number of NAL in all patients deter-
mined by WES was 3.0 neoantigens per Mb, while
the median number called by the Med1CDx panel was
4.0. There was a linear relationship between neoanti-
gens recovered from the Med1CDx panel and WES
(R2 = 0.81) (Fig. 2A, B). In the WES data, our data
demonstrated that TMB and NAL were higher in the
SQ subgroup than in the AD subgroup (Fig. 2C, D).
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Table 2. Shared neoantigens between whole exome sequencing
(WES) results and online public database of lung cancer

Neoantigen
(frequency)

Gene in
database

HLA type
in samples

HLA type in
database

TYSPALIKM (3) TP53 HLA-C*07:02
HLA-A*23:01
HLA-A*24:02
HLA-C*04:01

RAFGRGLHV (2) FFAR2 HLA-C*12:03
HLA-B*51:01
HLA-C*14:02

VRDGGSPSL (2) PCDHA4 HLA-C*06:02
HLA-C*07:02
HLA-B*27:05

IIHTGEKPY (1) ZNF121
HLA-C*03:03 HLA-B*15:01

RTYTGEKPY (1) ZNF559

LTRPVHNAAR (1) CDKN2A
HLA-A*31:01

HLA-A*33:03
ASHDERFKR (1) KDM2A HLA-A*11:01

AMLKNTVTI (1) MAGEC1 HLA-A*02:01 HLA-A*02:01

HLA— human leukocyte antigen

Tumors with higher TMB carry higher NAL. Higher
NAL was associated with improved overall survival
using 10.3 neoantigens per Mb as a cutoff point (me-
dian OS not reached versus 11.0 months, log-rank p =
0.016) and progression-free survival (PFS) (median
not reached versus 3.3 months, log-rank p = 0.03,
10.3 neoantigens per Mb as a cutoff point) (Fig. 2E, F).

Mutation spectra and signatures in lung
adenocarcinoma and lung squamous cell
carcinoma samples
In the SNV class, transitions of C>T, and C>A were
significantly mutated in both AD and SQ samples.
In addition to these two variations, the prevalence of
T>C transitions was observed in AD and C>G in SQ.
The top 20 mutated genes were quite different be-
tween the AD and SQ subgroups, but TP53 and TTN
were in the top 3 genes (Fig. 3A, C). In AD, genes
with the highest mutation rate were TP53 (9/17,53%),
MUC16 (7/17, 41%), TTN, and EGFR (6/17, 35%).
TP53 and TTN were the most frequent mutations in
SQ (7/8,88%). Other mutations that presented fre-
quently in SQ included KMT2D and RYR2 (5/8, 62%),
MUC16/GOLGA6L2/SYNE1/NCAM1/OBSCN /TPTE
(4/8, 50%) (Fig. 3B, D). TP53 and TTN were also
among the top 3 mutations in tobacco smokers, with
MUC16 and KMT2D as other frequent mutations in
AD and SQ smokers, respectively. The genes mutated
in non-smokers in both AD and SQ subtypes were
very diverse, and the mutation rates were not high.

Analysis of the mutational somatic substitutions
using the COSMIC Mutational Signatures database
(v2 — March 2015) demonstrated that the AD mu-
tations were distributed in Signatures 1, 3, 4, while
the SQ mutations were mainly Signature 3 and 4 re-
lated (Fig. 3E, F). Signature 1 is common in all cancer

types and most cancer samples. Signature 3 was re-
ported in breast, ovarian, and pancreatic cancers, our
results confirmed that this signature set was also pre-
sented in lung cancer samples. Signature 4 has been
found in lung adenocarcinoma and lung squamous
carcinoma and is considered to be associated with
smoking and tobacco mutagens.

Discussion
Neoantigen load, as a promising biomarker for pre-
dicting ICI efficacy, has been extensively studied, par-
ticularly in melanoma, lung cancer, and gynecological
tumors [19, 23, 24]. In these types of cancer, NAL can
predict anti-tumor effects of ICIs. However, research
into neoantigens still faces challenges, such as the
lack of an established standard protocol for neoanti-
gen prediction or an optimized cutoff value for NAL.
Previous research reported that large targeted panels
are sufficient for most variant identification and NAL
prediction [20, 21]. In this study, we compared a large
targeted panel with WES to identify and profile NAL.
Our data also showed that NAL measurement by the
Med1CDx panel has a strong correlation with exome
sequencing, which suggests that using a large gene
panel for NAL prediction is feasible in NAL estima-
tion. However, detailed neoantigen profiling demon-
strated by the Med1CDx panel sequencing results
failed to duplicate mutation estimated from WES data.
Only 3% of the neoantigens identified by WES were
observed through the Med1CDx panel, indicating that
large targeted gene panels would not be appropriate
for personalized neoantigen-based therapy develop-
ment despite their convenience and advantages.

Currently, the association between NAL and ge-
nomic alterations is being studied to explore whether
gene mutations can be utilized to estimate NAL for
predicting the response to ICI therapies [11]. Com-
mon oncogene mutations can disrupt genome stability
and alter immune status by creating novel antigens.
Lyu et al. [25] found that that patients with mutant
TP53 exhibited enhanced tumor antigenicity and anti-
gen presentation compared to those with wild-type
TP53, and were more likely to benefit from ICI ther-
apy. Besides common oncogenes, some rare gene
mutations were also reported to cause an increase in
NAL. Zhang et al. [26] reported that compared with
patients with wild-type tumors, patients with MUC16
mutant tumors have a significant increase in NAL,
which is related to improved OS of patients with
MUC16 mutation containing NSCLC and melanoma.
Research based on the TCGA indicated that TP53,
TTN, and MUC16 were the most frequently mutated
genes in various cancers, including lung cancer [27].
Consistent with this, our study also found that these
three genes have the highest mutation frequency in
AD, while in SQ, TP53 and TTN are the two genes
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Figure 2. Tumor mutation burden (TMB) and tumor neoantigen load (NAL) analysis and association with clinical outcomes; A. NAL pre-
diction by whole exome sequencing (WES) and Med1CDx panel; B. Correlation of NAL prediction by WES and Med1CDx panel; TMB value
(C) and NAL (D) comparison in lung adenocarcinoma (AD) and lung squamous cell carcinoma (SQ) patients; Association of NAL with overall
survival (OS) (E) and progression-free survival (PFS) (F)
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→
Figure 3. Mutation spectra and signatures of lung adenocarcinoma (AD) and lung squamous cell carcinoma (SQ) patients; A, B. Mutation
spectra of AD patients; C, D. Mutation spectra of SQ patients; Mutation signatures of AD patients (E) and SQ patients (F)
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→
Figure 3 cont. Mutation spectra and signatures of lung adenocarcinoma (AD) and lung squamous cell carcinoma (SQ) patients; A, B.
Mutation spectra of AD patients; C, D. Mutation spectra of SQ patients; Mutation signatures of AD patients (E) and SQ patients (F)
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Figure 3 cont. Mutation spectra and signatures of lung adenocarcinoma (AD) and lung squamous cell carcinoma (SQ) patients; A, B.
Mutation spectra of AD patients; C, D. Mutation spectra of SQ patients; Mutation signatures of AD patients (E) and SQ patients (F)
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with the highest frequency. It is also possible that due
to the high mutation frequency of TP53 and MUC16,
NAL is associated with the prognosis for AD and SQ
in this study.

Recent studies have shown that neoantigens are not
only associated with the response to anti-programmed
cell death protein 1 (anti-PD-1) therapy in NSCLC pa-
tients but also are useful biomarkers for lung cancer
prognosis and prediction of responses to chemother-
apy in Chinese patients. A previous study analyzed
NSCLC samples collected from patients treated with
pembrolizumab and reported that higher NAL in
tumors was associated with improved objective re-
sponse and PFS [28]. Chae et al. [29] analyzed mu-
tations in DNA repair genes using TCGA samples
and found that NAL correlated with the expression of
PD-1 and programmed death-ligand 1 (PD-L1) and
tended to increase OS of patients with lung adeno-
carcinoma. High NAL is linked to DNA repair mu-
tations and an increased number of tumor-infiltrating
lymphocytes [24]. Although prognosis indication for
neoantigen in lung cancer is promising, more detailed
studies are still needed because contradictory results
were obtained on the correlation of neoantigens with
clinical outcomes of lung cancer subtypes. McGrana-
han et al. [19] reported that high NAL (defined as the
upper quartile of NAL) was associated with signifi-
cantly longer overall survival in lung AD but not SQ.
Gong et al. [18] showed that higher NAL (> 2 neoanti-
gens/Mb) exhibited better DFS for SQ but not AD
patients. A benefit from adjuvant chemotherapy was
correlated with lower NAL (≤ 2 neoantigens/Mb). In
our study, we demonstrated that high NAL is cor-
related with better overall survival in the AD sub-
group in the clinical data retrieved from TCGA. In
the 25-patient cohort, NAL could predict lung cancer
prognosis in both AD and SQ patient subgroups both
of which underwent a treatment strategy combining
chemotherapy and immunotherapy.

Our study has a few limitations. Firstly, the study
involved a relatively small sample size of participants.
Given the potential implications of NAL for clinical
decision-making, it is necessary to conduct further
validation within a larger, independent patient cohort.
Second, the method for calculating neoantigen load in
this study differs from that of TCGA, although the im-
pact on the observed trends may not be significant. In
TCGA, the identification of potential neoantigen pep-
tides was conducted using NetMHCpan v3.0 (Nielsen
and Andreatta, 2016), and the neoantigen load refers
to the number of pMHCs (peptides predicted to bind
with MHC proteins). In our study, neoantigen predic-
tion was carried out using the pvactools (version 1.5.8,
default parameters). The NAL was calculated by di-
viding the total number of neoantigens by the CDS
length in Mb of the WES or Med1CDx panel. More-
over, these two neoantigen algorithms were all based

on the HLA-I binding prediction and did not account
for other aspects of neoantigen production, including
the processing and presentation of antigens, integra-
tion into the genome, and immune recognition. Last,
all patients in this study were in stages III/IV, and
the treatment regimens were primarily chemotherapy
combined with immunotherapy. Therefore, the find-
ings about the correlation between neoantigen and OS
of AD patients are generally applicable to patients and
treatments within this scope.

Conclusions

In conclusion, our study demonstrated that NAL could
be used as a useful prognosis marker to provide strat-
ification for lung adenocarcinoma (LUAD) patient
outcomes. Further studies with a larger cohort from
multiple institutions are needed to validate the cur-
rent data and confirm the prognostic role of NAL in
different subtypes of lung cancer. The results of ge-
nomic alternation in this study also show that TP53
and MUC16 are among the genes with the highest mu-
tation frequency in NSCLC and are involved in the
correlation of NAL value and prognosis. In addition,
we have shown that the Med1CDx panel (targeting
579 genes) can accurately assess TMB and NAL com-
pared with WES, providing more evidence on the
feasibility of using a large targeted gene panel in TMB
and NAL analysis.
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