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Abstract
Purpose  In certain cancer settings, a T-cell response to cancer represents a relatively favorable outcome. Thus, the near-future 
challenges include a better understanding of exactly which T-cell features contribute to a response to which cancer antigen-
groups, to maximize the opportunities for tumor-infiltrating lymphocyte (TIL)-based therapies and other immunotherapies.
Methods  The immune receptor complementarity determining region-3 (CDR3) is considered to be important for antigen 
binding, hence, in this report, we evaluated the chemical features of the CDR3 of 846 T-cell receptor-α (TCR-α) coding 
regions associated with bladder tumor tissue, using bioinformatics databases.
Results  Results indicated that statistically significantly distinct, low value, CDR3 region isoelectric points associate with 
a better outcome (log rank p < 0.027, overall survival). Moreover, in samples representing the more favorable isoelectric 
points, known driver mutations, for example, PIK3CA (E → K) with chemically complementary features overlap the better-
outcome, low isoelectric point samples. Further work extended these results, i.e., survival rate-CDR3 associations, to other 
CDR3 chemical features and other cancers, consistent with the initial isoelectric point-related, bladder cancer findings.
Conclusions  A bioinformatics assessment of cancer-associated TCR biochemical features may improve the accuracy of the 
predictions of which TILs will be best for ex-vivo amplification and which patients will benefit from other immunotherapies.

Keywords  T-cell receptor-alpha CDR3 · Biochemical features · Cancer survival outcomes · Bioinformatics · Antigen 
chemical complementarity

Abbreviations
BLCA	� Bladder cancer
CDR3	� Complementarity determining region-3
DFS	� Disease-free survival
ESCA	� Esophageal carcinoma
NCPR	� Net charge per residue
OS	� Overall survival
OVCA	� Ovarian cancer
STAD	� Stomach adenocarcinoma
TCR​	� T-cell receptor
TCGA​	� The cancer genome atlas
TILs	� Tumor-infiltrating lymphocytes
WXS	� Whole exome sequence

Introduction

Many studies have supported the conclusion that bladder 
cancer patients with a T-cell infiltrate have a better progno-
sis (el-Demiry et al. 1987; Prescott et al. 1989; Chen et al. 
2000; Parodi et al. 2016; Samy et al. 2017; Stober 1978), 
although bladder cancer recurrence can be associated with 
an over-abundance of regulatory T-cells (Parodi et al. 2016). 
In a variety of other cancers, there have been similar conclu-
sions, with melanoma generally representing the greatest 
advances with regard to identification of naturally occurring, 
specific TCRs against specific cancer antigens; and CD19-
positive lymphomas representing the greatest advances with 
common-antigen directed T-cell killing (Davila et al. 2013; 
Kochenderfer et al. 2015).

These successes have raised the issue of how to iden-
tify, and possibly exploit, naturally occurring T-cells that 
effectively recognize cancer antigens that occur in multi-
ple patients. Such processes of identification would allow 
for a more consistent evaluation of patients, in the sense 
that it is highly unlikely that a single TCR amino acid (AA) 
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sequence, evidenced to have effectiveness in one patient, will 
have the same effectiveness in the next patient. This problem 
is due to two issues. First, the TCR V and J usage, and possi-
bly the CDR3, are restricted to HLA types (Klarenbeek et al. 
2015; Zeng et al. 2016; Di Sante et al. 2015), and recent 
work has indicated that only certain TCR V and J usage, 
HLA allele combinations are associated with the highest 
survival rates (Callahan et al. 2018). And second, effective 
cancer antigens, and neo-antigens, may vary from patient to 
patient. To a certain extent, these problems are evaded by the 
preparation of patient tumor-infiltrating lymphocytes (TILs) 
ex vivo, but this approach on a patient-to-patient basis has 
mixed results, with many patients expiring prior to sufficient 
ex-vivo replication of TILs.

Despite the above-indicated challenges to a “pre-identi-
fication” of an effective TCR sequence, patients may have 
HLA types in common and cancer antigens in common, sup-
porting a careful consideration of how these commonalities 
might be exploited. In the case of HLA types, over many 
years of effort, there have been a few examples of HLA types 
associated with the development of certain cancers, with ref 
(Cheng et al. 2018) being one recent example. And as noted, 
it is possible detect at least preliminary indications of V and 
J usage associated with a distinct outcomes (Callahan et al. 
2018), although there is to date no empirical evidence sup-
porting that work. Furthermore, the statistical requirements 
of validating and re-validating the association of specific V 
and J usage, HLA allele combinations with survival rates, 
especially given the impracticality of establishing clinical 
trials with a patient cohort make-up consisting of a spe-
cific HLA allele distribution, makes it likely that progress in 
HLA-related prognosis or therapy design will be slow. And, 
the antigenic variation, from tumor to tumor, may reduce 
the predictive value of particular V and J usage, HLA allele 
combinations. In particular, in the previous studies associat-
ing V and J usage, HLA allele combinations with survival 
rates (Callahan et al. 2018), no consistent CDR3 feature(s) 
was apparent.

Thus, in this study, we considered the possibility that, 
although specific AA sequences of the antigen-binding 
CDR3 might not be repeated from patient to patient, patients 

with the same driver or cancer-specific mutations, could 
reveal CDR3 regions with common chemical features, pre-
sumably reflecting common cancer antigens. Addressing this 
prospect is facilitated by the relatively convenient availabil-
ity of very large numbers of immune receptor recombination 
reads from tumor exome files, where extensive studies have 
firmly supported the conclusion that such immune receptor 
recombination reads represent TILs (Samy et al. 2017; Mai 
et al. 2018; Tu et al. 2017, 2018; Kinskey et al. 2018; Tong 
et al. 2017; Gill et al. 2016; Li et al. 2016, 2017; Iglesia et al. 
2016; Brown et al. 2015). Particularly, in the case of bladder 
cancer, results indicated the likely usefulness of bioinfor-
matics approaches to the assessment of CDR3 chemistry in 
advancing the usefulness of TCR data for patient prognosis 
and possibly therapy design.

Methods

Recovery of immune receptor V(D)J recombination 
reads

The genomic data commons (GDC) web portal (https​://porta​
l.gdc.cance​r.gov/) was queried for bladder cancer (BLCA) 
whole exome sequence (WXS) files. Four hundred-eight-
een primary tumor WXS and 394 blood WXS files were 
downloaded to USF research computing using the GDC data 
transfer tool (version 1.3). (Download manifest, Table S1). 
V(D)J recombination read recovery were performed in two 
stages: the first stage used a collection of scripts similar to 
previous publications (Callahan et al. 2018; Mai et al. 2018; 
Tu et al. 2018; Kinskey et al. 2018), and the second stage 
performed pairwise alignment of candidate reads to known 
V and J sequences. Known V and J sequences were obtained 
from The International Immunogenetics Information System 
(http://www.imgt.org/). The quantitative parameters for the 
pairwise alignment were: (1) nucleotide match, + 5; (2) mis-
match, − 10; (3) opening gap, − 10; and (4) extending gap, 
− 10. The threshold for a V or J gene segment match was a 
score greater than or equal to 65. (The original script for this 
process is available upon email to the corresponding author.) 

Table 1   KM analyses for barcode groups of the highest versus lowest, TRA CDR3 isoelectric points, as determined by recovery of TRA recom-
bination reads from TCGA BLCA WXS files

The lower 50% group represented the better survival rate in the case of primary tumor

Tissue source of TRA 
recombination reads

Survival Lowest 50% average 
isoelectric point

Highest 50% average 
isoelectric point

Isoelectric point p 
value distinction

Survival Log 
rank p value

Number of 
barcodes

Primary tumor Overall 5.80 8.16 < 0.0001 0.039 224
Primary tumor Disease-free 5.84 8.09 < 0.0001 0.020 172
Blood Overall 6.12 8.16 < 0.0001 0.624 326
Blood Disease-free 6.12 8.14 < 0.0001 0.347 265

https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/
http://www.imgt.org/
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The required parameters for V(D)J recombination read iden-
tification were reads containing both a V and J region, a 
productive in-frame junction with no stop codons, a match 
length of at least 20 nucleotides for each gene segment, and 
at least a 90% nucleotide match fidelity. (Example list of 
recovery of recombination reads, Table S2).

Assessment of physico‑chemical features of CDR3 
regions

V(D)J recombination read CDR3 domains were identified 
and translated using an original script (available upon email 
to the corresponding author). Isoelectric point, fraction of 
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Fig. 1   Survival rates associated with TRA CDR3 isoelectric points. 
a Kaplan–Meier (KM) analysis of OS represented by TCGA BLCA 
barcodes representing the highest 50% (grey) and lowest 50% (black) 
TRA CDR3 isoelectric points (left panel); and representing the high-
est 20% (grey) and lowest 20% (black) TRA CDR3 isoelectric points 
(right panel). Median OS for highest 50% isoelectric point group, 
28.22 months. Median OS for lowest 50% isoelectric point group, 
59.26 months. Log rank comparison p value 0.0278. Median OS for 
highest 20% isoelectric point group, 20.47 months. Median OS for 
lowest 20% isoelectric point group, 97.04 months. Log rank com-

parison p value 0.0013. b KM analysis of DFS for BLCA barcodes 
representing the highest 50% (grey) compared to lowest 50% (black) 
of TRA CDR3 isoelectric points (left panel); and representing the 
highest 20% (grey) compared to lowest 20% (black) of TRA CDR3 
isoelectric points (right panel). Median DFS for highest 50% isoelec-
tric point group, 24.64 months. Median DFS for lowest 50% isoelec-
tric point group, 72.34 months. Log rank comparison p value 0.0125. 
Median DFS for highest 20% isoelectric point group, 28.06 months. 
Median DFS for lowest 20% isoelectric point group, 82.42 months. 
Log rank comparison p value 0.0930

Table 2   KM analyses for highest versus lowest isoelectric point groups among barcodes with gene mutations

Only genes representing cases where the gene mutated set, in comparison to the gene wild-type set, showed a statistically significant survival 
distinction, based on isoelectric point values, are listed in this table

Gene Mutants
p value (overall 
survival)

Non-mutants p value 
(overall survival)

Mutants
p value (disease-
free survival)

Non-mutants
p value (disease-
free survival)

n Average Isoelectric point change due 
to the mutant amino acid substitution

PIK3CA 0.055 0.095 0.009 0.642 54 + 2.76
ITPR2 0.007 0.196 0.0007 0.181 26 + 1.26
LAMA3 0.010 0.171 0.058 0.091 24 + 1.08
NCOR1 0.030 0.165 0.007 0.088 27 + 0.74
ZFHX4 0.005 0.181 0.002 0.064 27 + 0.21
NEB 0.012 0.188 0.017 0.091 39 + 0.17
MDN1 0.046 0.160 0.025 0.124 26 + 0.12
AHNAK2 0.050 0.216 0.015 0.100 42 − 0.46
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residues with a positive charge, and net charge per residue 
(NCPR) were calculated with the localCIDER python pack-
age (http://pappu​lab.githu​b.io/local​CIDER​/). (TRA CDR3 
physico-chemical features output, Table S3.)

Assessment of survival associations with TRA CDR3 
chemical features

Survival correlations with TRA CDR3 physico-chemical 
features were performed by separating barcodes into top and 
bottom halves or quintiles based on each individual chemi-
cal feature, then performing a Kaplan–Meier (KM) survival 
analysis comparing the top and bottom groups, using Graph-
Pad Prism software (version 7), which also outputted figures.

Assessment of survival associations for gene 
mutants and non‑mutants overlapping TRA CDR3s 
with specific chemical features

Open-access Mutect gene mutation information was 
obtained from the GDC web portal (https​://porta​l.gdc.cance​
r.gov/). Using an original script (available upon email to 
the corresponding author), barcodes were separated into 
mutant and non-mutant groups. Both groups were further 
separated by highest and lowest halves based on the quanti-
fication of particular physico-chemical properties. KM sur-
vival analyses were performed comparing highest versus 
lowest physico-chemical property barcode group, within a 
given gene mutation, barcode set; and by comparing high-
est versus lowest physico-chemical property barcode groups 
within a barcode set that lack mutations in the correspond-
ing gene. These two KM analyses were performed for every 
physico-chemical property, for every gene for which muta-
tion information was available, for both overall survival (OS) 
and disease-free survival (DFS). Genes for which an OS 
or DFS distinction based on a physico-chemical property 
was observed, among the patients also having a particular 
mutated gene, but not among the patients lacking a muta-
tion in that gene, were further considered as indicated in 
“Results”.

Results

To assess correlations between TCR CDR3 domain physico-
chemical properties and survival we first performed V(D)J 
recombination read recovery on 418 TCGA BLCA primary 
tumor WXS files. CDR3 regions of the TRA recombination 
reads were translated into an AA sequence and analyzed first 
for isoelectric point.

Overall survival (OS) and disease-free survival (DFS) 
represented by barcodes representing the highest half 
of TRA CDR3 isoelectric points (Table S4) were com-
pared to the barcodes representing the lowest half of iso-
electric points using Kaplan–Meier (KM) survival analy-
sis (Table 1). Note in particular that the isoelectric points, 
assessed as in “Methods”, of the top and bottom fiftieth 
percentiles, were significantly different (Table 1). Barcodes 

Fig. 2   Survival distinctions within mutated gene groups, based on 
TRA CDR3 isoelectric point values. a KM analysis of OS for BLCA 
barcodes representing the highest 50% (grey) compared to the low-
est 50% (black) of TRA CDR3 isoelectric points, among barcodes 
representing PIK3CA gene mutations (left panel); and representing 
the highest 50% (grey) compared to lowest 50% (black) TRA CDR3 
isoelectric points among barcodes that did not have any PIK3CA 
gene mutations (right panel). Median OS for the highest 50% isoelec-
tric point group, in the PIK3CA mutated barcode set, 22.14 months. 
Median OS for lowest 50% isoelectric point group, in the PIK3CA 
mutated barcode set, 104.6 months. Log rank comparison p value 
0.0287. Median OS for the highest 50% isoelectric point group in 
the barcodes set lacking PIK3CA mutations, 28.22 months. Median 
OS for the lowest 50% isoelectric point group in the barcode set lack-
ing PIK3CA mutations, 44.28 months. Log rank comparison p value 
0.0953. b KM analysis of DFS for BLCA barcodes representing the 
highest 50% (grey) compared to the lowest 50% (black) TRA CDR3 
isoelectric points among barcodes representing PIK3CA gene muta-
tions (left panel); and representing the highest 50% (grey) compared 
to the lowest 50% (black) TRA CDR3 isoelectric points among bar-
codes that did not have any PIK3CA gene mutations (right panel). 
Median DFS for the highest 50% isoelectric point group in the 
PIK3CA mutated barcode set, 20.37 months. Median DFS for low-
est 50% isoelectric point group in the PIK3CA mutated barcode set, 
101.4 months. Log rank comparison p value 0.0036. Median DFS 
for highest 50% isoelectric point group in the barcode set lacking 
PIK3CA mutations, 28.06 months. Median DFS for lowest 50% iso-
electric point in the barcode set lacking PIK3CA mutations, 44.15 
months. Log rank comparison p value 0.6423. c KM analysis of OS 
for BLCA barcodes representing the highest 50% (grey) compared to 
the lowest 50% (black) TRA CDR3 isoelectric points among the bar-
codes representing ITPR2 gene mutations (left panel); and represent-
ing the highest 50% (grey) compared to the lowest 50% (black) TRA 
CDR3 isoelectric points among barcodes that did not have any ITPR2 
gene mutations (right panel). Median OS for highest 50% isoelectric 
point group in the ITPR2 mutated barcode set, 15.11 months. Median 
OS for lowest 50% isoelectric point group in the ITPR2 mutated bar-
code set, undefined. Log rank comparison p value 0.0052. Median 
OS for highest 50% isoelectric point group in the barcode set lacking 
ITPR2 mutations, 31.18 months. Median OS for lowest 50% isoelec-
tric point group in the barcode set lacking ITPR2 mutations, 44.91 
months. Log rank comparison p value 0.1961. d KM analysis of DFS 
for BLCA barcodes representing the highest 50% (grey) compared 
to lowest 50% (black) TRA CDR3 isoelectric points among the bar-
codes representing ITPR2 gene mutations (left panel); and represent-
ing the highest 50% (grey) compared to the lowest 50% (black) TRA 
CDR3 isoelectric points among barcodes that did not have any ITPR2 
gene mutations (right panel). Median DFS for highest 50% isoelectric 
point group in the ITPR2 mutated barcode set, 20.37 months. Median 
DFS for lowest 50% isoelectric point in the ITPR2 mutated barcode 
set, undefined. Log rank comparison p value 0.0006. Median DFS for 
highest 50% isoelectric point group in the barcode set lacking ITPR2 
mutations, 24.9 months. Median DFS for lowest 50% isoelectric point 
group in the barcode set lacking ITPR2 mutations, 51.41 months. Log 
rank comparison p value 0.1812

◂

http://pappulab.github.io/localCIDER/
https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/
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representing the lowest half of TRA CDR3 isoelectric points 
represented significantly increased OS (n = 112, p = 0.027) 
and DFS (n = 85, p = 0.035) compared to barcodes represent-
ing the highest half of isoelectric points, for the TRA CDR3s 
(Fig. 1). Similar analyses of the CDR3 domains represented 
by the TRB, TRG, TRD, IGH, IGK, and IGL recombination 

reads recovered from the bladder tumor tissue samples did 
not indicate any statistically significant survival associa-
tions. Also, no chemical features of the CDR3 domains rep-
resented by the TRA recombination reads recovered from 
bladder cancer patient blood WXS files correlated with sur-
vival distinctions.
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Fig. 3   Additional TRA CDR3 physico-chemical parameters distin-
guishing BLCA survival rates. a KM analysis of OS for BLCA bar-
codes representing the highest 50% (grey) compared to the lowest 
50% (black) TRA CDR3 net charge per residue (NCPR) (left panel); 
and representing the highest 20% (grey) compared to lowest 20% 
(black) TRA CDR3 NCPR (right panel). Median OS for the high-
est 50% NCPR group, 28.22 months. Median OS for the lowest 50% 
NCPR group, 59.26 months. Log rank comparison p value, 0.0330. 
Median OS for the highest 20% NCPR group, 22.14 months. Median 
OS for the lowest 20% NCPR group, 46.65 months. Log rank com-
parison p value, 0.0111. b KM analysis of OS for BLCA barcodes 
representing the highest 50% (grey) compared to the lowest 50% 
(black) for the TRA CDR3 fraction of positive residues (left panel); 
and representing the highest 20% (grey) compared to the lowest 20% 
(black) (right) TRA CDR3 fraction of positive residues. Median OS 
for highest 50% fraction of positive residues group, 29.7 months. 

Median OS for lowest 50% fraction of positive residues group, 66.36 
months. Log rank comparison p value, 0.0381. Median OS for high-
est 20% fraction of positive residues group, 16.69 months. Median 
OS for lowest 20% fraction of positive residues group, 44.28 months. 
Log rank comparison p value, 0.0014. c KM overall survival curves 
for BLCA barcodes representing the highest 50% (grey) compared to 
the lowest 50% (black) of TRA CDR3 fraction of tiny residues (left 
panel); and representing the highest 20% (grey) compared to lowest 
20% (black) of TRA CDR3 fraction of tiny residues (right panel). 
Median OS for highest 50% fraction of tiny residues group, 33.11 
months. Median OS for lowest 50% fraction of tiny residues group, 
41.21 months. Log rank comparison p value, 0.4523. Median OS for 
highest 20% fraction of tiny residues group, 104.6 months. Median 
OS for lowest 20% fraction of tiny residues group, 17.71 months. Log 
rank comparison p value, 0.0079
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To assess potential relationships between tumor-resident 
TRA CDR3 domain physico-chemical properties and mutant 
proteins in the tumor, we used Mutect mutation information 
obtained from the GDC. For each gene for which mutation 
data were available, we separated barcodes into mutated-
gene and nonmutated-gene groups. These two groups were 
subdivided by highest and lowest, fiftieth percentile, TRA 
CDR3 isoelectric points. Two KM survival analyses were 

then performed. The first KM analysis compared the sur-
vival rates represented by the barcodes with gene mutations 
and the highest half of isoelectric point values for the TRA 
CDR3s, versus barcodes with mutations (in the same gene) 
and the lowest half of the isoelectric point values for the 
TRA CDR3s. A second KM analysis compared barcodes 
representing the lack of mutations for the same gene and 
with the highest half of isoelectric point values for the TRA 
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Fig. 4   TRA CDR3 physico-chemical properties distinguishing sur-
vival rates for additional cancers. a KM analysis of OS for ESCA 
barcodes representing the highest 50% (grey) compared to the lowest 
50% (black) TRA CDR3 isoelectric points (left panel); and KM anal-
ysis of DFS for ESCA barcodes representing the highest 50% (grey) 
compared to the lowest 50% (black) of TRA CDR3 isoelectric points 
(right panel). Median OS for the highest 50% isoelectric point group, 
14.29 months. Median OS for the lowest 50% isoelectric point group, 
52.53 months. Log rank comparison p value, 0.0410. Median DFS 
for the highest 50% isoelectric point group, 8.87 months. Median 
DFS for the lowest 50% isoelectric point group, 37.42 months. Log 

rank comparison p value, 0.0043. b KM analysis of OS for STAD 
barcodes representing the highest 50% (grey) compared to the low-
est 50% (black) of TRA CDR3 fraction of positive residues. Median 
OS for highest 50% fraction of positive residues group, 25.03 months. 
Median OS for lowest 50% fraction of positive residues, 68.99 
months group. Log rank comparison p value, 0.0154. c KM analy-
sis of OS for OVCA barcodes representing the highest 50% (grey) 
compared to the lowest 50% (black) TRA CDR3 fraction of positive 
residues. Median OS for the highest 50% fraction of positive residues 
group, 55.12 months. Median OS for lowest 50% fraction of positive 
residues group, 34.79 months. Log rank comparison p value 0.0147
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CDR3s, versus barcodes lacking mutations but with the low-
est half of TRA CDR3 isoelectric values.

Only several genes, out of a total of 14,256 mutated 
genes in the TCGA BLCA dataset, were identified 
whereby a low CDR3 isoelectric point value correlated 
with a significantly increased OS and DFS for the mutated 
gene barcode set but not for the non-mutated gene barcode 
set (Table 2). Interestingly, in 7 out of the 8 genes identi-
fied, the average change in isoelectric point, due to the 
mutant amino acid substitution, was positive, i.e., there 
was an apparent isoelectric point change in the mutant pro-
tein that was complementary to the TRA CDR3 isoelectric 
point group that represented the higher survival rate. The 
mutated genes that encoded the greatest (complementary) 
change in isoelectric point, PIK3CA and ITPR2 (Fig. 2) 
are commonly mutated in bladder cancer (Lopez-Knowles 
et al. 2006) (PIK3CA, 54 samples out of 227 samples with 
TRA read recovery from the BLCA WXS files; ITPR2, 26 
out of 227).

To assess whether other physico-chemical properties of 
the TRA CDR3s, recovered from the BLCA WXS files, 
were correlated with survival rates, we performed similar 
analyses, dividing barcodes into top and bottom 50th per-
centiles by aromaticity, hydropathy, molecular weight, and 
charge. We found that lower net charge per residue (NCPR) 
(n = 112, p = 0.033), and fewer fraction of positive residues 
in the TRA CDR3 regions (n = 112, p = 0.038) also corre-
lated with better OS (Fig. 3).

To determine whether the TRA CDR3 isoelectric point 
values, NCPR, or fraction of positive residues correlated 
with survival in other cancers, we repeated the above 
analyses on all TCGA cancer datasets. We found that low 
isoelectric point values and low NCPR were correlated 
with increased OS (n = 32, p = 0.041) and DFS (n = 24, 
p = 0.0043) in esophageal cancer (ESCA) (Fig. 4a). Moreo-
ver, the two ESCA barcode sets represented by these isoelec-
tric point and NCPR survival distinctions, respectively, over-
lapped exactly. We also found that the fraction of positive 
residues was associated with low OS in stomach adenoma 
(STAD) (n = 78, p = 0.0154) (Fig. 4b), and better OS in ovar-
ian cancer (OV) (n = 62, p = 0.0147) (Fig. 4c).

Discussion

Results of the above analysis are consistent with the idea that 
TILs with CDR3s with particular chemical features can be 
grouped to predict cancer survival rates. These results are 
also consistent with the idea that the common chemical fea-
tures of the longer surviving BLCA patients may represent 
specific interactions with common antigens. For example, of 
the 14,256 BLCA mutants analyzed, only 8 reflected a sur-
vival distinction based on a distinct, complementary CDR3 

chemical feature, namely the TRA CDR3, low isoelectric 
point group. And, 7 out of these 8 reflected a complementary 
isoelectric point. Thus, the approach of identifying CDR3 
chemical features associated with survival may have the 
potential of identifying tumor antigens common to more 
than one patient. Such antigens may ultimately prove use-
ful as vaccines or ways to increase ex-vivo stimulation of 
therapeutic TILs. And, given that common CDR3s should 
identify common antigens, such antigens may represent 
driver mutants, i.e., mutants appearing in numerous patients 
beyond what is expected by random chance. In the above 
analysis, ITPR2 mutants may represent just such an exam-
ple, as these mutants have not been well studied in bladder 
cancer etiology.

Additional, unpublished analyses indicated that there 
were no correlations of either the mutant PIK3CA or HLA 
class I or class II alleles with low isoelectric point TRA 
CDR3s associated with survival (and capable of subdivid-
ing the BLCA mutants of Table 2 into distinct survival cat-
egories). This lack of a result allows no conclusions to be 
drawn, but it does raise the question of whether CDR3s with 
phyisco-chemical properties associated with survival pre-
exist in the patient, as opposed to being stimulated by the 
cancer development?
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