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Abstract: Whole-chromosome gains (trisomies) are the most frequent cytogenetic abnormalities in human cancer,
yet their overall distribution and biological significance across tumor types remain incompletely understood. Using
the Mitelman Database of Chromosome Aberrations and Gene Fusions in Cancer, we performed a comprehensive
analysis of trisomy patterns in 76,590 tumors representing 28 tumor types across major hematologic and solid
tumor groups, encompassing myeloid, lymphoid, epithelial, mesenchymal, and neuroectodermal tumors. In total,
64,947 trisomies involving all autosomes and the X chromosome were analyzed. Pairwise comparison and hierar-
chical clustering analyses of trisomy frequency distributions revealed that 301 of 378 (79.6%) tumor-type pairs dis-
play distinct, tumor-specific trisomy signatures. Apparent cross-tumor similarities were largely attributable to shared
high-frequency gains of chromosomes 7, 8, and 12; exclusion of these trisomies abolished 44 of 60 (73%) signifi-
cant associations, indicating that most similarities reflect single dominant gains. Trisomy patterns were not influ-
enced by the presence of common sole trisomies. Moreover, trisomy distributions were highly reproducible, showing
strong concordance between sexes and remarkable stability across decades. Together, these findings demonstrate
that trisomies are non-randomly distributed and form robust, tumor-characteristic signatures. The results are in line
with comprehensive genomic studies of multiple cancer types from The Cancer Genome Atlas demonstrating that
copy number alteration patterns are strongly influenced by the cell of origin. The present cytogenetic analysis of
whole-chromosome gains extends these observations and supports a model in which trisomy patterns are shaped
by lineage-dependent selective constraints imposed by the cellular origin of the tumor, rather than representing
stochastic by-products of chromosomal instability.
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Introduction potential - as early drivers or later progression-
related events - make them highly interesting
for detailed studies to understand their role in

tumorigenesis.

Numerical chromosomal abnormalities are am-
ong the most pervasive cytogenetic alterations
in human cancer, and trisomies, i.e., the gain of

an entire chromosome, represent the most fre-
quently observed cytogenetic changes. They
have been documented in virtually all types of
human neoplasms, spanning hematologic ma-
lignancies and solid tumors of various morpho-
logic entities and organ localizations, reported
in 19% of benign tumors and 37% of malignant
neoplasms [1]. Trisomies may occur as sole
anomalies, in which case they are often consid-
ered primary pathogenetic events, or they may
arise as secondary aberrations acquired during
clonal evolution [2]. Their abundance and dual

Despite their ubiquity, the distribution of gained
chromosomes is far from random. Certain chro-
mosomes are characteristically and recurrently
gained in specific tumor types. Trisomy 7 is
repeatedly observed in several solid tumors
including, for example, astrocytomas, chondro-
sarcomas, and renal and colonic adenocarcino-
mas; trisomy 8 is a hallmark of myeloid malig-
nancies and often seen in Wilms tumors and
Ewing sarcomas; and trisomy 12 typifies many
cases of chronic lymphocytic leukemia [1]. Such
consistent patterns underscore that chromo-
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somal gains may play a pathogenetically impor-
tant role in a wide variety of biologically diverse
tumor classes. However, these characteristic
trisomies represent only a small subset of the
numerical abnormalities observed across can-
cers. Thus, they provide limited insight into the
overall patterns and biological significance of
trisomies in general. The gain of a single chro-
mosome can have profound and diverse conse-
quences, ranging from promotion of genomic
instability to widespread gene expression de-
regulation. Consequently, the functional impact
of trisomies on cancer initiation and progres-
sion is complex and remains incompletely un-
derstood [3-7]. Defining the distribution of triso-
mies across tumor types will be essential for
elucidating their biological role in cancer.

Although numerous studies have explored in-
dividual trisomies within selected cancers, a
comprehensive examination of trisomy distribu-
tion across the full spectrum of human neo-
plasms is lacking. The Mitelman Database of
Chromosome Aberrations and Gene Fusions
in Cancer [1] - comprising more than 80,000
karyotypically abnormal tumors - provides a
unique opportunity to perform such a system-
atic survey. By utilizing this resource, the pres-
ent study - the most extensive evaluation to
date of trisomy landscapes in human cancer -
evaluates 64,947 trisomies in 76,590 malig-
nant tumors in 28 tumor types, representing
six major groups: myeloid, lymphoid, epithelial,
mesenchymal, neuroectodermal, and germ-cell
tumors. The central question addressed is if
some tumors share trisomy signatures, sug-
gesting common pathogenetic mechanisms or
if the trisomy patterns are tumor-specific. To
investigate this question, we conducted pair-
wise comparisons of trisomy profiles in the 28
tumor types in order to identify and quantify
similarities and differences. The results reveal
that most cancers exhibit unique, tumor-con-
strained trisomy distributions, with only limited
cross-tumor similarities.

Materials and methods

Clonal chromosome abnormalities were ob-
tained from the Mitelman Database [1]. When
queried on 10 January 2026, the database
contained 87,719 neoplasms, including 8,147
unpublished cases from our laboratory. For the
assessment of trisomy frequencies, only tumor
types with at least 200 reported cases and a
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minimum of 200 identified trisomies were
included. This selection yielded 76,590 cases
across 28 tumor entities, comprising a total of
64,947 trisomies for analysis. The 28 tumor
types included: acute myeloid leukemia (AML),
chronic myeloid leukemia (CML), myelodysp-
lastic syndromes/myeloproliferative neoplas-
ms (MDS/MPN), myeloproliferative neoplasms
(MPN), myelodysplastic syndromes (MDS), acu-
te lymphoblastic leukemia/lymphoblastic lym-
phoma (ALL), plasma cell neoplasms (PCN),
mature B-cell neoplasms (B-ML), mature T- and
NK-cell neoplasms (T-ML), Hodgkin disease
(HD), adenocarcinomas of the kidney (CA ad
kidney), breast (CA ad breast), ovary (CA ad
ovary), large intestine (CA ad colon), Wilms
tumor (Wilms), head and neck squamous cell
carcinoma (SQC H&N), germ cell and gonadal
stromal cell neoplasms (GCT), astrocytoma
(Astcyt), neuroblastoma (NB), primitive neuro-
ectodermal tumors (PNET), malignant melano-
ma (Mal mel), malignant fibrous tumors (Mal
fibr), malignant myogenic tumors (Mal myo),
synovial sarcoma (SA syn), chondrosarcoma
(SA chondr), osteosarcoma (SA ost), Ewing sar-
coma (SA Ewing), and meningioma (MNG). With
the exception of GCT and MNG, the remaining
26 tumor types could be categorized into five
major groups: Myeloid disorders (MYEL), lym-
phatic disorders (LYMPH), malignant epithe-
lial tumors (MET), malignant neuroectodermal
tumors (MNET), and malignant mesenchymal
tumors (MMT).

A program was developed to identify all tumors
with numerical chromosome abnormalities.
This involved an initial SQL query to retrieve all
relevant cases from the database, followed by
processing with a custom algorithm that fil-
tered out non-informative data and extracted
the required cytogenetic information. From this
curated dataset, cases containing at least one
trisomy - defined as the gain of an entire chro-
mosome - were selected for further analysis. In
accordance with the internationally accepted
ISCN nomenclature, all numerical chromosome
abnormalities in the database are described
relative to the appropriate ploidy level. Thus, in
near-haploid karyotypes (< 35 chromosomes)
numerical changes are expressed relative to a
haploid complement of 23 chromosomes; in
near-triploid karyotypes (58-80 chromosomes)
relative to 69 chromosomes; in near-tetraploid
karyotypes (81-103 chromosomes) relative to
92 chromosomes; and so forth. Trisomy fre-
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Figure 1. Trisomy frequency profiles in acute myeloid leukemia (AML) and kidney adenocarcinoma (CA ad kidney)
stratified by 10-year periods and gender. Highly concordant distributions are observed between females and males
and across all decades for both tumor types (P < 101® for all comparisons).

quencies were calculated for each of the 23
chromosomes, excluding the Y chromosome,
and expressed as percentages of the total
number of cases within each tumor entity. To
evaluate the similarity of trisomy distribution
patterns between tumor types, Pearson corre-
lation coefficients (R) and their squares (coeffi-
cient of determination: R?) were computed for
all pairwise combinations (28 x 27/2 = 378).
This analysis measures the degree of linear
relationship between chromosomal alteration
profiles, regardless of scale. For each pair, the
correlation was calculated across all 23 chro-
mosomes. Statistical significance was deter-
mined using a two-tailed test, with P-values
derived under the null hypothesis of no correla-
tion (R = 0). All analyses were conducted us-
ing Python. Significance thresholds for Pearson
correlations were defined as follows: P < 0.01
(significant), and P < 0.001 (highly significant).

Unsupervised hierarchical clustering of tumor
types was performed using the R environment
(v4.5.3). The dendrogram was generated using
pvclust (v2.2.0) (distance = 1 - Pearson correla-
tion, clustering method = ward.D2) and visual-
ized together with the trisomy numbers using
pheatmap (v1.0.13).

To assess the robustness of the analytical
approach and to evaluate the potential influ-
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ence of random events or technical biases on
trisomy distributions, we performed a pilot an-
alysis comparing trisomy patterns within the
same tumor entity between sexes and across
different time periods. The two most extensive-
ly studied tumor types representing hemato-
logic and solid tumors were selected: AML
(24,073 cases) and CA ad kidney (1,347 cases).
Trisomy distributions were compared between
males and females and across successive pub-
lication periods (Figure 1). For AML, four de-
cades were analyzed (1980-1989, 1990-1999,
2000-2009, and 2010-2019), and for CA
ad kidney three decades (1980-1989, 1990-
1999, and 2000-2009). In both tumor types,
the trisomy profiles showed very high concor-
dance between sexes and across time periods
(R? = 0.94-0.99; P < 105 in all comparisons),
indicating that the observed trisomy distribu-
tions are highly stable and supporting the
robustness of the analytical framework.

Results

Table 1A and 1B show the frequency distribu-
tions of all trisomies in 10 hematologic disor-
ders and 18 solid tumor types, respectively.
The mean number of trisomies per case ranged
from 0.36 in MPN to 2.33 in GCT. Results of
pairwise comparisons of trisomy distributions
in the 28 tumor types, including R, R2, exact
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Table 1A. Distribution of trisomy frequencies (%) for chromosomes 1 - 22 and X among 10 hemato-
logic malignant disorders

Tumor type AML CML  MDS/MPN  MPN MDS ALL PCN B-ML TML HD

No. cases 24073 5913 955 1817 6699 12988 2526 10542 1472 259
No. trisomies 12660 2827 360 658 2958 17562 5804 7855 1290 442
No. trisomies percase  0.53 0.48 0.38 0.36 0.44 1.3 230 0.75 088 171
Trisomy 1 1.7 0.6 1.4 2.8 4.4 2 5.7 1 1.6 5

Trisomy 2 0.8 0.3 0.5 0.6 0.5 1.4 2.9 1.8 26 143
Trisomy 3 0.6 0.5 0.1 0.2 0.4 0.8 21 5.2 9.9 1.7

Trisomy 4 2 0.6 0.8 0.2 0.5 9.4 3.2 0.7 24 27
Trisomy 5 0.7 0.5 0.6 0.3 0.5 4.2 194 29 7 16.2
Trisomy 6 2.3 1.6 0.9 0.8 1.3 10.8 6.6 1.2 22 35
Trisomy 7 0.6 0.5 0.2 0.3 0.3 1.6 205 8.2 7.7 5.4
Trisomy 8 15.4 20.5 16.1 12.6 16.4 9.3 5.3 3.4 8.4 8.9
Trisomy 9 1.6 0.9 1.2 7.6 1.8 3 27.1 1.7 3.5 131
Trisomy 10 1.7 1.7 0.2 0.4 0.7 10.3 1.8 1.2 1.4 3.9
Trisomy 11 3.1 0.8 1 0.7 2.1 2.9 20.3 24 23 46
Trisomy 12 0.8 1.2 0.6 0.3 0.5 2 24 15.6 26 154
Trisomy 13 34 1 1.9 1.2 1.3 1.8 1.4 1.5 1.1 0.8
Trisomy 14 1.5 1.3 1.4 0.6 11 11.2 2.8 1 26 5.8
Trisomy 15 1.1 1 0 0.8 1.5 1.8 259 1.2 2 3.5
Trisomy 16 0.5 0.5 0 0.2 0.4 1.5 1.5 1.5 1.4 6.6
Trisomy 17 0.4 1.6 0.1 0.2 0.2 7.6 4.1 1.2 2.1 5

Trisomy 18 0.9 0.7 0.6 0.3 0.7 101 114 6.1 43 8.1
Trisomy 19 2.9 5.4 2.7 1.3 2.1 3 224 2.2 48 8.1
Trisomy 20 1.3 0.9 0.5 0.6 0.8 2.1 4.2 2.5 31 85
Trisomy 21 5.4 3.6 5.5 3.4 4 20 16 3.9 6.3 104
Trisomy 22 3.1 1 0.5 0.6 1.9 3.8 2.7 1.6 32 6.6
Trisomy X 0.8 0.9 0.6 0.4 0.6 14.6 1.1 6.5 52 6.6

For abbreviations, see Materials and Methods.

P-values, and corresponding significance lev-
els, are presented in Supplementary Table 1.
The results of these comparisons are illust-
rated in Figure 2. Of 378 comparisons, 301
(79.6%) showed no significant similarity, where-
as only 77 (20.4%) were significant (P < 0.01),
including 43 (11.4%) that were highly signifi-
cant (P < 0.001). Thus, the overwhelming ma-
jority of tumor entities display distinct distribu-
tions of chromosomal trisomies rather than a
common pattern shared across tumor classes.
Unsupervised hierarchical clustering of all tu-
mor types and tumor groups (Figure 3) further
illustrates the diversity of trisomy patterns and
demonstrates that the five myeloid disorders
form a tightly clustered group. In contrast, the
remaining tumor groups are, with a few excep-
tions (see below), widely dispersed. Notably, as
is evident from Table 1 and Figure 3, chromo-
somes 7, 8, and 12 are nonrandomly involved
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in a large number of tumor types spanning sev-
eral different tumor groups.

A potential source of bias relates to the ISCN
convention that numerical chromosome abnor-
malities are described relative to the prevailing
ploidy level rather than to the diploid state.
Consequently, trisomy patterns might theoreti-
cally differ between diploid and polyploid tu-
mors. To examine this possibility, we compared
trisomy distributions in diploid tumors (35-57
chromosomes) with those in polyploid tumors
(> 57 chromosomes) in four tumor types with
relatively high frequencies of polyploid cases:
kidney adenocarcinoma (20%), colon adenocar-
cinoma (41%), osteosarcoma (53%), and germ-
cell tumors (62%). In all comparisons (data not
shown), the trisomy patterns were highly simi-
lar (R? = 0.64-0.84; P < 0.001). These findings
indicate that variation in ploidy level does not

Am J Cancer Res 2026;16(10):4450-4461
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Table 1B. Distribution of trisomy frequencies (%) for chromosomes 1 - 22 and X among 18 solid tumor types

CA ad . CAad CAad SQC CAad Mal Mal Mal SA SA SA SA

Tumor type kidney Wilms breast ovary HgN colon GCT  Astoyt  NB - PNET mel  fior myo syn chondr ost Ewing MNG
No. cases 1347 516 796 446 452 349 540 772 313 200 386 406 456 296 297 303 518 953
No. trisomies 2157 1052 803 496 512 534 1260 940 462 235 548 305 685 302 535 339 862 504
No. trisomies per case  1.60 2.04 1.01 1.11 113 153 233 1.22 148 1.18 142 0.75 150 1.02 1.80 1.12 1.66 0.53
Trisomy 1 1.3 3.5 9 8.5 4 2.3 6.5 4.9 5.4 6.5 5.4 1 4.2 1.4 3.7 3.6 4.1 0.8
Trisomy 2 7.6 7.9 2.9 8.5 4.6 5.7 8.5 4 5.8 3 6.7 22 164 9.8 11.4 9.2 11.6 0.9
Trisomy 3 7.5 7.2 4.1 9.6 4.2 4 12.6 4.7 4.5 4 4.9 1 2.9 0.7 4 4.3 2.7 3.3
Trisomy 4 2.5 1.2 2.1 2 2.2 1.1 3 3.2 3.8 3 4.1 1.5 1.1 3 2 4.3 6.9 1.6
Trisomy 5 11.6 2.9 4.3 5.4 4.6 4.3 3.7 4.3 5.4 6 3.6 5.7 9 3 11.8 5.3 9.1 4.7
Trisomy 6 1.8 21.5 3.6 2.9 5.1 5.4 7 4.1 8 8.5 8.5 1.2 4.6 1.4 2.4 5.9 3.5 0.7
Trisomy 7 346 16.7 10.4 9.2 115 278 23 342 134 15 174 74 118 88 23.6 145 8.3 3.3
Trisomy 8 3.8 25.6 74 4.9 8.6 8.6 26.7 5.2 6.4 75 15.3 10.8 16 13.2 12.1 7.6 33.8 2.3
Trisomy 9 1.9 10.1 4.1 2.9 7.5 4.6 4.8 3.2 7 4.5 4.1 1.7 1.8 6.4 2.4 2.3 5.8 2.7
Trisomy 10 3.4 79 3.1 4 4.6 2.9 3.9 1.6 4.2 2 1.3 0.7 3.1 0.7 0.7 0.7 4.2 1.4
Trisomy 11 2.8 1.2 2.9 4.3 5.3 5.2 2.6 4 4.8 6 3.1 7.4 9.6 1 4 3.6 3.1 1.4
Trisomy 12 15.3 37 4 15 5.1 8 21.9 5.7 9.9 5.5 4.4 32 116 14.2 13.8 7.3 18 4.8
Trisomy 13 4.2 16.5 2.3 3.4 2.7 16.9 4.6 1.2 8.6 5.5 6.2 1 6.8 4.1 1.3 2.3 3.7 2.4
Trisomy 14 1 1.2 3 3.4 2.7 3.7 10 1.7 4.2 3 24 22 29 3.4 1.7 4 7.9 0.9
Trisomy 15 1.3 3.5 2.4 2 2.7 2.9 9.3 3 2.9 2 5.7 3.4 3.3 6.1 8.4 2.3 6 2.5
Trisomy 16 16 0.6 5.7 3.1 4.4 8.3 6.1 2.1 4.8 0.5 3.9 0 2.9 2.7 6.1 3 2.7 1.5
Trisomy 17 14.7 6.8 2.4 1.8 5.3 1.4 11.1 3.2 14.4 3.5 3.4 3.2 3.9 3.4 4.7 2 1.9 3.7
Trisomy 18 3 13.6 6.3 1.8 3.3 1.4 3.3 4 10.9 10.5 4.1 3.7 4.4 1.7 74 2 9.1 1.9
Trisomy 19 43 25 2.9 3.4 2.4 4.9 5.9 7.8 2.6 5.5 5.4 2 7.9 3.4 15.2 5.3 1.7 2.8
Trisomy 20 13 8.9 74 8.5 10 14.6 8.7 8.4 8 6.5 13.5 84 136 2.7 18.5 8.9 11.4 6.1
Trisomy 21 3.5 3.9 3.1 3.6 0.4 3.7 25.6 5.1 7 5.5 73 2.2 3.9 7.8 13.8 6.9 71 2
Trisomy 22 2.4 1.2 2.5 1.1 9.1 3.4 8.1 3 4.8 2 8.3 3.2 5.3 2 74 2.6 1 0.5
Trisomy X 2.4 2.7 4.8 1.8 2.9 11.7 16.5 3.2 1 1.5 3.1 2 3.3 1.4 3.7 4 2.9 0.6
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Figure 2. Dichotomized similarity matrix showing pairwise relationships
among all tumor types after classification of correlations as either signifi-
cant (P < 0.01) or non-significant (P > 0.01). This threshold highlights the
most robust similarities and shows that most tumor-type comparisons fall
into the non-significant category, underscoring the predominance of tumor
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Figure 3. Unsupervised hierarchical clustering (dis-
tance = 1 - Pearson correlation, method = ward.D2)
of 28 tumor types based on the frequency of trisomy
per chromosome. Color-coded tumor groups from top
to bottom: MMT, malignant mesenchymal tumors;
MYEL, myeloid disorders; MNET, malignant neuroec-
todermal tumors; LYMPH, lymphoid neoplasms; MET,
malignant epithelial tumors; MNG, meningiomas;
GCT, germ cell tumors.

materially influence the trisomy distributions
when chromosome gains are expressed accord-
ing to ISCN conventions.
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plasms (AML, CML, MDS/MPN,
MPN, MDS) displayed highly
similar distributions, whereas
none of the 10 comparisons
among lymphoid malignanci-
es (ALL, PCN, B-ML, T-ML, HD)
showed similar profiles. Fur-
thermore, none of the 25 com-
parisons between myeloid and
lymphoid disorders demon-
strated significant similarity,
underscoring clear lineage-specific cytogenetic
signatures.
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Solid tumors

Among solid tumors, considerable heterogene-
ity was observed: 97 of 153 (63.4%) pairwise
comparisons showed no significant similarity
in trisomy profiles. Within tumor groups, no
significant similarity was observed in 9 of 15
(60%) comparisons among malignant epithelial
tumors, 2 of 6 (33.3%) among malignant neuro-
ectodermal tumors, and 5 of 15 (33.3%) am-
ong malignant mesenchymal tumors. In cross-
group comparisons, no significant similarity
was observed between epithelial and neuroec-
todermal tumors in 11 of 18 (61%) compari-
sons, between epithelial and mesenchymal
tumors in 16 of 36 (44%), and between neuro-
ectodermal and mesenchymal tumors in 14
of 18 (78%). These findings indicate that most
solid tumors exhibit distinct tumor-specific tri-
somy profiles.

Hematologic disorders - solid tumor compati-
sons

Comparisons between hematologic and solid
tumors revealed that 169 of 180 (93.9%) pairs
showed no significant similarity, indicating
that their trisomy patterns are largely distinct.
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Figure 4. Histogram showing the frequency distribution of trisomies across
all chromosomes in four tumor types representing different cellular lineages
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(SA Ewing). The marked differences between tumor types, despite occa-
sional shared trisomies, illustrate the non-random and lineage-dependent

nature of trisomy signatures.

Myeloid disorders showed significant similarity
exclusively with SA Ewing (5 of 5 comparisons),
but not with other malighant mesenchymal
tumors (24 of 25 comparisons), nor with malig-
nant epithelial tumors (30 of 30) or malignant
neuroectodermal tumors (15 of 15). Among
lymphoid disorders, no significant similarity
was observed in any comparison with malig-
nant neuroectodermal tumors (15 of 15) or
malignant mesenchymal tumors (30 of 30), and
only rarely with malignant epithelial tumors (28
of 30 comparisons showing no similarity). Not-
ably, three lymphoid malignancies (ALL, PCN,
and HD) showed no significant similarity to any
other hematologic or solid tumor type. Thus,
although occasional lineage-transcending simi-
larities occur, they are rare. The distinct trisomy
distributions observed across tumor types are
illustrated in Figure 4, which shows representa-
tive frequency profiles for AML, B-ML, CA ad
kidney, and SA Ewing.

Exclusion of shared frequent trisomies

To assess whether the observed associations
in the pairwise comparisons were driven by, or
largely influenced by, individual trisomies occur-
ring at high frequencies in both tumor types,
partial correlation analyses were performed by
selectively excluding the most common shared
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trisomy in each pair. Among
the 77 pairs showing signifi-
cant associations, this analy-
sis was feasible in 60 pairs;
no shared frequent trisomy
occurred in the remaining 17
pairs. The shared gains were
restricted to only three chro-
mosomes: 7, 8, and 12. The
results are presented in Table
2. In 44 of the 60 cases (73%),
L the associations became non-
significant once the shared tri-
o somy was excluded, highlight-
ing that most apparent cross-
tumor similarities arise from
a single recurrent gain rather
than an overall pattern. lllustra-
tive examples include the str-
ong association between all
myeloid disorders and SA Ew-
ing, entirely attributable to tri-
somy 8, and the correlation
between CA ad kidney and CA
ad colon/Astcyt/SA chondr/SA ost, which dis-
appeared when trisomy 7 was omitted. Simi-
larly, the association between B-ML and Wilms/
CA ad ovary vanished after exclusion of trisomy
12.
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Effect of sole anomalies

To evaluate the influence of very common sole
trisomies, cases with a sole abnormality were
identified, and their trisomy profiles were com-
pared with those of the remaining cases with
multiple trisomies. Three tumor types (AML,
B-ML, and CA ad kidney) representing different
tumor groups (MYEL, LYMPH, MET) were select-
ed because they contained sufficient numbers
of cases with sole anomalies and allowed ass-
essment of the frequently occurring trisomies
of chromosomes 7, 8, and 12. In all three tumor
types, the trisomy patterns among cases with
soleanomalies were identical to those observed
in cases with multiple trisomies (P < 0.001 in
all comparisons). These findings demonstrate
that even very frequent sole trisomies do not
decisively influence the overall trisomy distribu-
tion that characterizes each tumor type.

Discussion

By exploiting the extensive dataset of the Mi-
telman Database [1], the present study pro-
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Table 2. Effects of removal of most frequent shared trisomic chromosomes in pairwise comparisons
of significant associations

Tumor A TumorB Pvalue -7 -8 -12 Tumor A TumorB Pvalue -7 -8 -12
AML CML 0.001 0.01 CA ad breast CA ad colon 0.01 n.s.

AML MDS/MPN 0.001 0.001 CA ad breast Astcyt 0.001 n.s.

AML MPN 0.001 n.s. CA ad breast PNET 0.001 n.s.

AML MDS 0.001 0.001 CA ad breast Mal mel 0.01 n.s.

AML SA Ewing 0.001 n.s. CA ad breast SA ost 0.01 n.s.

CML MDS/MPN  0.001 0.001 CA ad ovary Mal myo 0.01 0.01
CML MPN 0.001 n.s. SQC H&N CA ad colon 0.01 n.s

CML MDS 0.001 n.s. SQC H&N Astcyt 0.01 n.s.

CML Mal fibr 0.01 n.s. SQC H&N Mal mel 0.001 0.01

CML SA Ewing 0.001 n.s. CA ad colon Astcyt 0.001 n.s.
MDS/MPN MPN 0.001 n.s. CA ad colon Mal mel 0.001 n.s.
MDS/MPN MDS 0.001 0.001 CA ad colon  SA chondr 0.01 n.s.
MDS/MPN GCT 0.01 n.s. CA ad colon SA ost 0.001 n.s.
MDS/MPN SA Ewing 0.001 n.s. GCT Mal mel 0.01 n.s.
MPN MDS 0.001 0.01 GCT SA ost 0.01 n.s.

MPN SA Ewing 0.001 n.s. GCT SA Ewing 0.01 n.s.
MDS SA Ewing 0.001 n.s. Astcyt PNET 0.001 n.s.

B-ML Wilms 0.001 n.s. Astcyt Mal mel 0.001 n.s.

B-ML CAadovary 0.001 n.s. Astcyt SA chondr 0.001 0.001

B-ML GCT 0.01 0.01 Astcyt SA ost 0.001 0.001

CA ad kidney ~ SQC H&N 0.01 n.s. NB PNET 0.01 n.s.

CA ad kidney CAad colon 0.001 n.s. PNET Mal mel 0.01 n.s.

CA ad kidney Astcyt 0.001 n.s. PNET SA chondr 0.01 n.s.

CA ad kidney NB 0.01 n.s. PNET SA ost 0.01 n.s.

CA ad kidney  SA chondr 0.001 n.s. Mal mel SA chondr 0.001 0.01

CA ad kidney SA ost 0.001 n.s. Mal mel SA ost 0.001 0.01

Wilms CA ad ovary 0.01 n.s. Mal fibr Mal myo 0.001 0.01
Wilms SA syn 0.001 n.s. Mal fibr SA Ewing 0.001 n.s.
Wilms SA Ewing 0.01 0.01 SA syn SA chondr 0.01 n.s.

CA ad breast  SQC H&N 0.01 n.s. SA chondr SA ost 0.001 0.001

-7, -8, and -12 denote removal of chromosomes 7, 8, and 12, respectively. For abbreviations, see Materials and Methods.

vides the most comprehensive survey to date
of trisomy distributions across neoplastic disor-
ders and demonstrates that trisomy patterns
are largely tumor type-specific. In fact, using a
stringent significance threshold (P < 0.01), we
show that approximately 80% of 378 pairwise
comparisons among 28 tumor types, encom-
passing both hematologic malignancies and
malignant solid tumors, showed no significant
similarity in trisomy profiles, indicating that
most tumor types harbor distinct and largely
non-overlapping trisomy signatures.

A particularly striking observation is that only
three chromosomes - 7, 8, and 12 - account
for all shared high-frequency gains observed
across tumor-type comparisons. These triso-
mies are well-established recurrent abnormali-
ties [1, 2]: Trisomy 7 in a broad range of epithe-
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lial cancers, trisomy 8 in myeloid neoplasms
and certain sarcomas, and trisomy 12 in chron-
ic lymphocytic leukemia. The extent to which
these common trisomies contribute to the
observed similarities in trisomy patterns be-
tween tumor types is therefore an important
question. To address this, we selectively exclud-
ed chromosomes 7, 8, or 12 in the 60 pairwise
comparisons in which these trisomies were
shared. Removal of these frequent gains abol-
ished no less than 44 of the 60 significant
cross-tumor correlations. These findings indi-
cate that many apparent similarities between
tumor types are driven by a single highly recur-
rent gain rather than reflecting broader shared
cytogenetic programs.

Another important aspect of the role of com-
mon trisomies concerns their frequent occur-

Am J Cancer Res 2026;16(10):4450-4461



Tumor-specific trisomy signatures

rence as sole cytogenetic abnormalities in sev-
eral tumor types, most notably trisomy 7 in
kidney adenocarcinoma, trisomy 8 in AML, and
trisomy 12 in B-cell neoplasms [1]. A key ques-
tion, therefore, is whether such sole trisomies
exert a disproportionate influence on the over-
all trisomy signatures that characterize these
malignancies. Our findings show that even very
common sole trisomies do not decisively shape
or bias the overall trisomy distributions within a
tumor type.

The present study emphasizes that trisomy pat-
terns form distinct signatures characteristic of
individual malignancies across different cancer
types defined by morphology, cell lineage, tis-
sue type, and organ localization. The results
are in line with comprehensive genomic stu-
dies of multiple cancer types from The Cancer
Genome Atlas demonstrating that copy number
alteration patterns are strongly shaped by the
cell of origin [8-11]. Direct comparisons be-
tween cytogenetic and genomic data are chal-
lenging owing to differences in resolution, the
inclusion of partial chromosomal gains in se-
quencing-based studies, and the fact that cyto-
genetics captures abnormalities at the single-
cell and clonal level rather than as population
averages. Still, both approaches converge on
the same central conclusion: aneuploidy pat-
terns are tumor-dependent. Interestingly, our
recent cytogenetic study of almost 60,000
translocations across 58 tumor types [12] has
demonstrated that also rare and even exceed-
ingly rare translocation in a wide range of both
hematologic disorders and solid tumors give
rise to tumor-specific cytogenetic signatures,
further emphasizing the important role of tumor
cell origin in shaping cytogenetic tumor signa-
tures.

Despite the very large amount of data available
on trisomies in practically all tumor types, their
pathogenetic significance remains unclear [4,
6, 7, 13]. Data have been provided that gains of
a characteristic set of chromosomes are early
events, possibly arising simultaneously before
birth, in high hyperdiploidy acute lymphoblastic
leukemia in children [14]. However, there is no
convincing experimental evidence that triso-
mies are primary events in the sense that one
copy nhumber change may be directly responsi-
ble for cancer initiation [15]. One argument in
favor of a primary pathogenetic role is that tri-
somies have been observed as the sole cytoge-
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netic abnormality at diagnosis in several tu-
mor types. However, it is well established that
genomic analyses of tumors with sole cytoge-
netic numerical anomalies frequently reveal
submicroscopic alterations, including patho-
genic gene fusions, e.g., trisomy 5 in B-ALL with
ETV6::ABL1 [16]; trisomy 8 in Ewing sarcoma
with EWSR1:FLI1 [17], in AML with KMT2A::
AFDN [18], and in acute promyelocytic leuke-
mia with PML::RARA [19, 20]; trisomy 10 in B/
myeloid mixed-phenotype acute leukemia with
KMT2A::USP2 [21]; and trisomy 21 in B-ALL
with ETV6::RUNX1 [22, 23]. Furthermore, triso-
mies described as sole abnormalities in a given
tumor type may occur as secondary changes
during tumor progression in the same disease
entity characterized by a well-established pri-
mary structural cytogenetic abnormality [1].
Examples include trisomy 8 as a secondary
change in CML with t(9;22)(g34;q11), in Ewing
sarcoma with t(11;22)(q24;912), and in myxoid
liposarcoma with t(12;16)(q13;p11); trisomy 6
in ALL with t(4;11)(921;923); and trisomy 22 in
AML with inv(16)(p13g22). In these settings,
the trisomies are clearly secondary events.
Additional evidence supporting a secondary
role for trisomies comes from their limited clini-
cal impact when present as sole abnormalities.
For example, trisomies 4, 8, 11, 13, and 21 as
isolated findings in AML do not define specific
disease characteristics across AML subgroups
and do not influence prognosis [24-26]. Simi-
larly, the presence of a single additional trisomy
does not alter the favorable prognosis associ-
ated with established primary lesions such as
1(8;21), t(15;17), or inv(16) in AML [27, 28]. A
final argument against a primary pathogenetic
role in tumorigenesis is the observation that tri-
somies may occur as sole abnormalities in nor-
mal and non-neoplastic tissues. A well-known
example is trisomy 7, which is common as a
sole cytogenetic abnormality in several tumor
types, including kidney and brain tumors, but
has also been documented in normal kidney
cells [29], normal brain tissue [30], and a vari-
ety of non-neoplastic conditions such as Du-
puytren’s contracture, Peyronie’s disease, and
synovia, cartilage, and osteophytes from pa-
tients with osteoarthritis [31-33]. Neoplastic
transformation of such cells through, for exam-
ple, the acquisition of a fusion gene would
therefore by necessity include trisomy 7.

Available data thus indicate that trisomies are,
in most cases, secondary to well-established
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pathogenetically important cytogenetic abnor-
malities or to cryptic genomic alterations. Ir-
respective of their mode of origin, their biologi-
cal consequences may differ fundamentally.
Trisomies may represent neutral passengers
tolerated by established tumor cells, but they
may also contribute to tumor progression by
modulating key phenotypic parameters such as
proliferative capacity, invasiveness, therapy
resistance, or metastatic potential. The clonal
evolution characteristic of malignant disease,
involving continuous acquisition of new abnor-
malities during tumor development and result-
ing in increasingly complex karyotypes in
advanced stages, provides a well-established
framework for the emergence and selection of
secondary genomic changes [2, 34].

The trisomy signatures identified here likely
reflect a composite of gains that confer selec-
tive advantage and gains that impose no signifi-
cant selective disadvantage within a given cel-
lular context, while strong negative selection
pressures act against trisomies that are incom-
patible with cell survival or clonal expansion. It
is also conceivable that the functional role of a
given trisomy may change over time, such that
a chromosome gain that initially provides a
selective advantage may later become effec-
tively neutral as additional driver events accu-
mulate, or conversely, that a previously tolerat-
ed gain may become advantageous under al-
tered selective conditions. Selection pressures
within an evolving tumor are expected to fluctu-
ate over time as a consequence of internal
factors such as variable vascular supply, hypox-
ia, and spatially heterogeneous microenviron-
ments, as well as external influences including
therapy. It is therefore plausible that the forces
shaping secondary chromosomal changes vary
both temporally within a tumor and, even more
markedly, between different tumor types and
lineages, reflecting differences in, e.g., cellular
differentiation state, signaling pathways, and
mutational landscapes.

Our observation that trisomy patterns are in
general characteristic of individual tumor types,
together with the findings that these patterns
are essentially identical in early-stage cases
with trisomies as sole anomalies and in advan-
ced cases with multiple additional abnormali-
ties, indicates that trisomy signatures are not
simply stochastic by-products of chromosomal
instability. The striking concordance between
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males and females and across successive pub-
lication periods as revealed by our pilot study
demonstrate that trisomy signatures represent
highly reproducible features of individual tumor
types. A plausible explanation is that the selec-
tive constraints governing which trisomies can
be acquired and maintained differ between
tumors because they arise in cells with distinct
developmental origins and regulatory pro-
grams, i.e., different cellular lineages. Thus, the
strong concordance of trisomy profiles obser-
ved among myeloid neoplasms, which consti-
tute a single well-defined lineage, contrasts
with the greater heterogeneity seen among
lymphoid, epithelial and mesenchymal tumors
arising from diverse cellular origins (Figure 3).

Taken together, these findings provide impor-
tant insights into the role of aneuploidy in can-
cer. Rather than representing random conse-
quences of chromosomal instability, trisomies
appear to reflect lineage-dependent selective
constraints that shape the genomic landscape
of tumor cells. As such, trisomy signatures may
be viewed as integrated readouts of the cellular
states established by primary oncogenic events
and the selective environments in which tumor
evolution occurs. Although most trisomies are
likely secondary alterations, potentially influ-
encing clinical parameters such as growth,
invasiveness, metastasizing ability, and thera-
peutic response, their non-random distribution
patterns in distinct tumor types suggest that
they contribute to tumor adaptation in a con-
text-dependent manner.
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Supplementary Table 1. 378 pairwise comparisons of trisomy patterns in 28 tumor types

Tumor A Tumor B R R2 P-value P-value category
AML CML 0.94547 0.894 0.0000 <0.001
AML MDS/MPN 0.97571 0.952 0.0000 <0.001
AML MPN 0.83357 0.695 0.0000 <0.001
AML MDS 0.95927 0.920 0.0000 <0.001
AML ALL 0.28386 0.081 0.1893 n.s.
AML PCN -0.07077 0.005 0.7483 n.s.
AML B-ML -0.08901 0.008 0.6863 n.s.
AML T-ML 0.33893 0.115 0.1136 n.s.
AML HD -0.00806 0.000 0.9709 n.s.
AML CA ad kidney -0.25445 0.065 0.2413 n.s.
AML Wilms 0.30620 0.094 0.1553 n.s.
AML CA ad breast 0.12986 0.017 0.5548 n.s.
AML CA ad ovary -0.11402 0.013 0.6045 n.s.
AML SQC H&N 0.15653 0.025 0.4757 n.s.
AML CA ad colon 0.01953 0.000 0.9295 n.s.
AML GCT 0.46553 0.217 0.0252 n.s.
AML Astcyt -0.06970 0.005 0.7520 n.s.
AML NB -0.06991 0.005 0.7513 n.s.
AML PNET 0.14893 0.022 0.4976 n.s.
AML Mal mel 0.46150 0.213 0.0266 n.s.
AML Mal fibr 0.50883 0.259 0.0132 n.s.
AML Mal myo 0.37331 0.139 0.0793 n.s.
AML SA syn 0.43396 0.188 0.0386 n.s.
AML SA chondr 0.11638 0.014 0.5969 n.s.
AML SA ost 0.13850 0.019 0.5285 n.s.
AML SA Ewing 0.69834 0.488 0.0002 <0.001
AML MNG -0.11041 0.012 0.6160 n.s.
CML MDS/MPN 0.96688 0.935 0.0000 <0.001
CML MPN 0.82214 0.676 0.0000 <0.001
CML MDS 0.94461 0.892 0.0000 <0.001
CML ALL 0.22952 0.053 0.2921 n.s.
CML PCN -0.04849 0.002 0.8261 n.s.
CML B-ML -0.00674 0.000 0.9757 n.s.
CML T-ML 0.40871 0.167 0.0528 n.s.
CML HD 0.07713 0.006 0.7265 n.s.
CML CA ad kidney -0.13747 0.019 0.5316 n.s.
CML Wilms 0.35860 0.129 0.0929 n.s.
CML CA ad breast 0.20034 0.040 0.3594 n.s.
CML CA ad ovary -0.04992 0.002 0.8210 n.s.
CML SQC H&N 0.18851 0.036 0.3890 n.s.
CML CA ad colon 0.02151 0.000 0.9224 n.s.
CML GCT 0.50701 0.257 0.0135 n.s.
CML Astcyt -0.01051 0.000 0.9620 n.s.
CML NB -0.03821 0.001 0.8626 n.s.
CML PNET 0.15266 0.023 0.4868 n.s.
CML Mal mel 0.45442 0.206 0.0294 n.s.
CML Mal fibr 0.52814 0.279 0.0096 <0.01
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MPN
MPN
MPN
MPN
MPN
MPN
MPN
MPN
MPN
MPN
MPN
MPN
MPN
MPN
MPN
MPN
MPN

Tumor-specific trisomy signatures

Mal myo
SA syn
SA chondr
SA ost
SA Ewing
MNG
MPN
MDS
ALL
PCN
B-ML
T-ML
HD
CA ad kidney
Wilms
CA ad breast
CA ad ovary
SQC H&N
CA ad colon
GCT
Astcyt
NB
PNET
Mal mel
Mal fibr
Mal myo
SA syn
SA chondr
SA ost
SA Ewing
MNG
MDS
ALL
PCN
B-ML
T-ML
HD
CA ad kidney
Wilms
CA ad breast
CA ad ovary
SQC H&N
CA ad colon
GCT
Astcyt
NB
PNET
Mal mel
Mal fibr

0.41527

0.48331
0.20424
0.18027

0.75749

0.00707

0.86193
0.96588
0.31121
-0.04635
-0.01264
0.42225
0.10731

-0.18637
0.33407

0.20995
-0.04081
0.11730

0.03136
0.54888
-0.02815
-0.03061
0.18317

0.45808
0.50620
0.39469
0.50992
0.18819

0.20733
0.76283
-0.03797
0.88277

0.14581
0.13946
-0.08857
0.32379
0.20757
-0.23343
0.31001
0.25423
-0.05727
0.25450
-0.01236
0.39487
-0.05390
-0.01052
0.14200
0.37934
0.39633

0.172
0.234
0.042
0.032
0.574
0.000
0.743
0.933
0.097
0.002
0.000
0.178
0.012
0.035
0.112
0.044
0.002
0.014
0.001
0.301
0.001
0.001
0.034
0.210
0.256
0.156
0.260
0.035
0.043
0.582
0.001
0.779
0.021
0.019
0.008
0.105
0.043
0.054
0.096
0.065
0.003
0.065
0.000
0.156
0.003
0.000
0.020
0.144
0.157

0.0488
0.0195
0.3499
0.4105
0.0000
0.9744
0.0000
0.0000
0.1483
0.8337
0.9543
0.0447
0.6260
0.3945
0.1192
0.3363
0.8533
0.5940
0.8871
0.0067
0.8985
0.8897
0.4028
0.0279
0.0137
0.0624
0.0129
0.3898
0.3425
0.0000
0.8635
0.0000
0.5068
0.5257
0.6878
0.1318
0.3419
0.2837
0.1500
0.2418
0.7952
0.2412
0.9554
0.0622
0.8070
0.9620
0.5181
0.0742
0.0612

n.s.
n.s.
n.s.
n.s.
<0.001
n.s.
<0.001
<0.001
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
<0.01
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
<0.001
n.s.
<0.001
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.



MPN
MPN
MPN
MPN
MPN
MPN
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL

Tumor-specific trisomy signatures

Mal myo
SA syn
SA chondr
SA ost
SA Ewing
MNG
ALL
PCN
B-ML
T-ML
HD
CA ad kidney
Wilms
CA ad breast
CA ad ovary
SQC H&N
CA ad colon
GCT
Astcyt
NB
PNET
Mal mel
Mal fibr
Mal myo
SA syn
SA chondr
SA ost
SA Ewing
MNG
PCN
B-ML
T-ML
HD
CA ad kidney
Wilms
CA ad breast
CA ad ovary
SQC H&N
CA ad colon
GCT
Astcyt
NB
PNET
Mal mel
Mal fibr
Mal myo
SA syn
SA chondr
SA ost

0.24819
0.48902
0.05387
0.08308
0.65955
-0.02831
0.19810
-0.03621
-0.07147
0.34996
0.04901
-0.23178
0.29725
0.29215
-0.02510
0.19506
-0.01808
0.47585
-0.04465
-0.07201
0.16764
0.45870
0.51668
0.37337
0.44453
0.12703
0.14116
0.73291
-0.10199
-0.22963
-0.04527
0.11859
-0.10077
-0.35961
-0.07498
-0.17535
-0.44925
-0.40366
-0.25604
0.30309
-0.21086
-0.08134
-0.05082
-0.13911
-0.09081
-0.32374
-0.06887
-0.19323
-0.11562

0.062
0.239
0.003
0.007
0.435
0.001
0.039
0.001
0.005
0.122
0.002
0.054
0.088
0.085
0.001
0.038
0.000
0.226
0.002
0.005
0.028
0.210
0.267
0.139
0.198
0.016
0.020
0.537
0.010
0.053
0.002
0.014
0.010
0.129
0.006
0.031
0.202
0.163
0.066
0.092
0.044
0.007
0.003
0.019
0.008
0.105
0.005
0.037
0.013

0.2535
0.0179
0.8071
0.7063
0.0006
0.8980
0.3649
0.8697
0.7459
0.1016
0.8243
0.2872
0.1684
0.1762
0.9095
0.3724
0.9348
0.0217
0.8397
0.7440
0.4445
0.0277
0.0116
0.0793
0.0336
0.5635
0.5206
0.0001
0.6433
0.2919
0.8375
0.5899
0.6473
0.0919
0.7338
0.4235
0.0315
0.0561
0.2383
0.1598
0.3341
0.7122
0.8179
0.5267
0.6803
0.1318
0.7549
0.3770
0.5993

n.s.
n.s.
n.s.
n.s.
<0.001
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
<0.001
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.



ALL
ALL
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
B-ML
B-ML
B-ML
B-ML
B-ML
B-ML
B-ML
B-ML
B-ML
B-ML
B-ML
B-ML
B-ML
B-ML
B-ML
B-ML
B-ML
B-ML
B-ML
B-ML
T-ML
T-ML
T-ML
T-ML
T-ML
T-ML

Tumor-specific trisomy signatures

SA Ewing
MNG
B-ML
T-ML

HD
CA ad kidney
Wilms
CA ad breast
CA ad ovary
SQC H&N
CA ad colon
GCT
Astcyt
NB
PNET
Mal mel
Mal fibr
Mal myo
SA syn
SA chondr
SA ost

SA Ewing
MNG
T-ML

HD
CA ad kidney
Wilms
CA ad breast
CA ad ovary
SQC H&N
CA ad colon
GCT
Asteyt
NB
PNET
Mal mel
Mal fibr
Mal myo
SA syn
SA chondr
SA ost
SA Ewing
MNG
HD
CA ad kidney
Wilms
CA ad breast
CA ad ovary
SQC H&N

0.06947
-0.35123
0.01384
0.43263
0.19690
0.05917

-0.16148
0.02887
-0.01132
0.02471

-0.01944
-0.02381
0.30806
-0.04480
0.29862
0.06018
0.17337

-0.07430
0.02020
0.25768
0.08706
-0.14383
0.25950
0.34343
0.43822
0.46346
0.64862
0.29219
0.64680
0.15234
0.35585
0.57548
0.38769

0.33261
0.35822
0.15482

0.19780

0.31190
0.51712

0.45499
0.42320
0.35311
0.39220
0.35767

0.26583
0.12404
0.35468
0.23046
0.21480

0.005
0.123
0.000
0.187
0.039
0.004
0.026
0.001
0.000
0.001
0.000
0.001
0.095
0.002
0.089
0.004
0.030
0.006
0.000
0.066
0.008
0.021
0.067
0.118
0.192
0.215
0.421
0.085
0.418
0.023
0.127
0.331
0.150
0.111
0.128
0.024
0.039
0.097
0.267
0.207
0.179
0.125
0.154
0.128
0.071
0.015
0.126
0.053
0.046

0.7528
0.1003
0.9500
0.0392
0.3679
0.7886
0.4617
0.8960
0.9591
0.9109
0.9299
0.9141
0.1527
0.8392
0.1663
0.7850
0.4289
0.7362
0.9271
0.2352
0.6928
0.5126
0.2318
0.1086
0.0365
0.0259
0.0008
0.1761
0.0009
0.4877
0.0956
0.0041
0.0676
0.1210
0.0933
0.4806
0.3656
0.1474
0.0115
0.0292
0.0442
0.0984
0.0642
0.0938
0.2202
0.5728
0.0968
0.2901
0.3250

n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
<0.001
n.s.
<0.001
n.s.
n.s.
<0.01
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.



T-ML

T-ML

T-ML

T-ML

T-ML

T-ML

T-ML

T-ML

T-ML

T-ML

T-ML

T-ML

T-ML

HD

HD

HD

HD

HD

HD

HD

HD

HD

HD

HD

HD

HD

HD

HD

HD

HD

HD

CA ad kidney
CA ad kidney
CA ad kidney
CA ad kidney
CA ad kidney
CA ad kidney
CA ad kidney
CA ad kidney
CA ad kidney
CA ad kidney
CA ad kidney
CA ad kidney
CA ad kidney
CA ad kidney
CA ad kidney
CA ad kidney
CA ad kidney
Wilms

Tumor-specific trisomy signatures

CA ad colon
GCT
Astcyt
NB
PNET
Mal mel
Mal fibr
Mal myo
SA syn
SA chondr
SA ost
SA Ewing
MNG
CA ad kidney
Wilms
CA ad breast
CA ad ovary
SQC H&N
CA ad colon
GCT
Astcyt
NB
PNET
Mal mel
Mal fibr
Mal myo
SA syn
SA chondr
SA ost
SA Ewing
MNG
Wilms
CA ad breast
CA ad ovary
SQC H&N
CA ad colon
GCT
Astcyt
NB
PNET
Mal mel
Mal fibr
Mal myo
SA syn
SA chondr
SA ost
SA Ewing
MNG
CA ad breast

0.23141
0.55622
0.42648
0.02915
0.39214
0.42456
0.41500
0.24213
0.22842
0.45230
0.45779
0.35039
0.28066
0.17792
0.23416
0.07967
0.46111
0.12689
-0.09552
0.24844
0.00675
0.06283
0.03670
0.00241
0.18968
0.42739
0.50327
0.43444
0.32284
0.40903
0.40947
0.27836
0.51105
0.49447
0.53918
0.68591
0.36750
0.78870
0.60489
0.46201
0.47821
0.32310
0.39276
0.32565
0.65945
0.65448
0.10771
0.52963
0.25730

0.054
0.309
0.182
0.001
0.154
0.180
0.172
0.059
0.052
0.205
0.210
0.123
0.079
0.032
0.055
0.006
0.213
0.016
0.009
0.062
0.000
0.004
0.001
0.000
0.036
0.183
0.253
0.189
0.104
0.167
0.168
0.077
0.261
0.244
0.291
0.470
0.135
0.622
0.366
0.213
0.229
0.104
0.154
0.106
0.435
0.428
0.012
0.281
0.066

0.2881
0.0058
0.0424
0.8949
0.0642
0.0435
0.0489
0.2657
0.2945
0.0302
0.0280
0.1012
0.1946
0.4167
0.2822
0.7178
0.0268
0.5640
0.6646
0.2530
0.9756
0.7758
0.8680
0.9913
0.3860
0.0419
0.0144
0.0383
0.1330
0.0526
0.0523
0.1984
0.0127
0.0165
0.0079
0.0003
0.0845
0.0000
0.0022
0.0265
0.0210
0.1326
0.0638
0.1294
0.0006
0.0007
0.6247
0.0093
0.2359

n.s.
<0.01
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
<0.01
<0.001
n.s.
<0.001
<0.01
n.s.
n.s.
n.s.
n.s.
n.s.
<0.001
<0.001
n.s.
<0.01
n.s.



Wilms
Wilms
Wilms
Wilms
Wilms
Wilms
Wilms
Wilms
Wilms
Wilms
Wilms
Wilms
Wilms
Wilms
Wilms

CA ad breast
CA ad breast
CA ad breast
CA ad breast
CA ad breast
CA ad breast
CA ad breast
CA ad breast
CA ad breast
CA ad breast
CA ad breast
CA ad breast
CA ad breast
CA ad breast
CA ad breast
CA ad ovary
CA ad ovary
CA ad ovary
CA ad ovary
CA ad ovary
CA ad ovary
CA ad ovary
CA ad ovary
CA ad ovary
CA ad ovary
CA ad ovary
CA ad ovary
CA ad ovary
CA ad ovary
SQC H&N
SQC H&N
SQC H&N
SQC H&N
SQC H&N

Tumor-specific trisomy signatures

CA ad ovary
SQC H&N
CA ad colon
GCT
Astcyt
NB
PNET
Mal mel
Mal fibr
Mal myo
SA syn
SA chondr
SA ost
SA Ewing
MNG
CA ad ovary
SQC H&N
CA ad colon
GCT
Astcyt
NB
PNET
Mal mel
Mal fibr
Mal myo
SA syn
SA chondr
SA ost
SA Ewing
MNG
SQC H&N
CA ad colon
GCT
Astcyt
NB
PNET
Mal mel
Mal fibr
Mal myo
SA syn
SA chondr
SA ost
SA Ewing
MNG
CA ad colon
GCT
Astcyt
NB
PNET

0.52730
0.31803
0.34384
0.47742
0.23078
0.53449
0.48291
0.39863
0.27456
0.46610
0.64943
0.26730
0.37333
0.62477
0.32998
0.41497
0.55195
0.54017
0.34474
0.64337
0.32299
0.64152
0.61795
0.44981
0.34619
0.16277
0.49203
0.53344
0.35207
0.20676
0.29203
0.34194
0.38218
0.38845
0.25449
0.31278
0.28149
0.20289
0.55385
0.47707
0.47591
0.59042
0.37616
0.49441
0.52827
0.21406
0.56459
0.41088
0.42214

0.278
0.101
0.118
0.228
0.053
0.286
0.233
0.159
0.075
0.217
0.422
0.071
0.139
0.390
0.109
0.172
0.305
0.292
0.119
0.414
0.104
0.412
0.382
0.202
0.120
0.026
0.242
0.285
0.124
0.043
0.085
0.117
0.146
0.151
0.065
0.098
0.079
0.041
0.307
0.228
0.226
0.349
0.141
0.244
0.279
0.046
0.319
0.169
0.178

0.0097
0.1392
0.1082
0.0212
0.2894
0.0086
0.0196
0.0596
0.2049
0.0250
0.0008
0.2176
0.0793
0.0014
0.1241
0.0490
0.0063
0.0078
0.1072
0.0009
0.1328
0.0010
0.0017
0.0313
0.1056
0.4580
0.0171
0.0088
0.0994
0.3439
0.1763
0.1103
0.0719
0.0670
0.2413
0.1462
0.1932
0.3532
0.0061
0.0213
0.0217
0.0030
0.0769
0.0165
0.0096
0.3267
0.0050
0.0515
0.0448

<0.01
n.s.
n.s.
n.s.
n.s.
<0.01
n.s.
n.s.
n.s.
n.s.
<0.001
n.s.
n.s.
<0.01
n.s.
n.s.
<0.01
<0.01
n.s.
<0.001
n.s.
<0.001
<0.01
n.s.
n.s.
n.s.
n.s.
<0.01
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
<0.01
n.s.
n.s.
<0.01
n.s.
n.s.
<0.01
n.s.
<0.01
n.s.
n.s.



Tumor-specific trisomy signatures

SQC H&N Mal mel 0.69944 0.489 0.0002 <0.001
SQC H&N Mal fibr 0.62525 0.391 0.0014 <0.01
SQC H&N Mal myo 0.50954 0.260 0.0130 n.s.
SQC H&N SA syn 0.23125 0.053 0.2884 n.s.
SQC H&N SA chondr 0.45499 0.207 0.0291 n.s.
SQC H&N SA ost 0.48010 0.230 0.0204 n.s.
SQC H&N SA Ewing 0.31053 0.096 0.1493 n.s.
SQC H&N MNG 0.32715 0.107 0.1276 n.s.
CA ad colon GCT 0.39060 0.153 0.0654 n.s.
CA ad colon Astcyt 0.74372 0.553 0.0000 <0.001
CA ad colon NB 0.34764 0.121 0.1041 n.s.
CA ad colon PNET 0.51421 0.264 0.0121 n.s.
CA ad colon Mal mel 0.66428 0.441 0.0005 <0.001
CA ad colon Mal fibr 0.38075 0.145 0.0731 n.s.
CA ad colon Mal myo 0.46074 0.212 0.0269 n.s.
CA ad colon SA syn 0.28803 0.083 0.1826 n.s.
CA ad colon SA chondr 0.53585 0.287 0.0084 <0.01
CA ad colon SA ost 0.66194 0.438 0.0006 <0.001
CA ad colon SA Ewing 0.15885 0.025 0.4691 n.s.
CA ad colon MNG 0.29330 0.086 0.1744 n.s.
GCT Astcyt 0.43224 0.187 0.0394 n.s.
GCT NB 0.25723 0.066 0.2361 n.s.
GCT PNET 0.27888 0.078 0.1975 n.s.
GCT Mal mel 0.54773 0.300 0.0068 <0.01
GCT Mal fibr 0.37951 0.144 0.0741 n.s.
GCT Mal myo 0.36418 0.133 0.0876 n.s.
GCT SA syn 0.70025 0.490 0.0002 <0.001
GCT SA chondr 0.53622 0.288 0.0084 <0.01
GCT SA ost 0.59493 0.354 0.0027 <0.01
GCT SA Ewing 0.56624 0.321 0.0049 <0.01
GCT MNG 0.18301 0.033 0.4033 n.s.
Astcyt NB 0.45940 0.211 0.0274 n.s.
Astcyt PNET 0.73759 0.544 0.0001 <0.001
Astcyt Mal mel 0.68803 0.473 0.0003 <0.001
Astcyt Mal fibr 0.42711 0.182 0.0421 n.s.
Astcyt Mal myo 0.37694 0.142 0.0762 n.s.
Astcyt SA syn 0.29293 0.086 0.1749 n.s.
Astcyt SA chondr 0.71563 0.512 0.0001 <0.001
Astcyt SA ost 0.78315 0.613 0.0000 <0.001
Astcyt SA Ewing 0.11295 0.013 0.6079 n.s.
Astcyt MNG 0.28707 0.082 0.1841 n.s.
NB PNET 0.62685 0.393 0.0014 <0.01
NB Mal mel 0.37529 0.141 0.0776 n.s.
NB Mal fibr 0.27267 0.074 0.2081 n.s.
NB Mal myo 0.25530 0.065 0.2397 n.s.
NB SA syn 0.31102 0.097 0.1486 n.s.
NB SA chondr 0.33381 0.111 0.1196 n.s.
NB SA ost 0.32822 0.108 0.1263 n.s.
NB SA Ewing 0.17276 0.030 0.4305 n.s.



NB

PNET
PNET
PNET
PNET
PNET
PNET
PNET
PNET
Mal mel
Mal mel
Mal mel
Mal mel
Mal mel
Mal mel
Mal mel
Mal fibr
Mal fibr
Mal fibr
Mal fibr
Mal fibr
Mal fibr
Mal myo
Mal myo
Mal myo
Mal myo
Mal myo
SA syn
SA syn
SA syn
SA syn
SA chondr
SA chondr
SA chondr
SA ost
SA ost
SA Ewing

MNG
Mal mel
Mal fibr
Mal myo
SA syn

SA chondr

SA ost
SA Ewing

MNG
Mal fibr
Mal myo
SA syn

SA chondr

SA ost
SA Ewing

MNG
Mal myo
SA syn

SA chondr
SA ost
SA Ewing

MNG

SA syn
SA chondr

SA ost
SA Ewing

MNG

SA chondr
SA ost
SA Ewing

MNG
SA ost
SA Ewing

MNG
SA Ewing

MNG

MNG
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0.42399
0.62640
0.50810
0.40513
0.23170
0.53387
0.60351
0.28939
0.27628
0.65918
0.62053
0.44883
0.70166
0.76785
0.49781
0.27252
0.70812
0.37646
0.59185
0.51925
0.64517
0.43673
0.60193
0.67763
0.70608
0.65962
0.37241
0.53755
0.56206
0.75999
0.28252
0.81712
0.39880
0.56241
0.44532
0.33450
0.27836

0.180
0.392
0.258
0.164
0.054
0.285
0.364
0.084
0.076
0.435
0.385
0.201
0.492
0.590
0.248
0.074
0.501
0.142
0.350
0.270
0.416
0.191
0.362
0.459
0.499
0.435
0.139
0.289
0.316
0.578
0.080
0.668
0.159
0.316
0.198
0.112
0.077

0.0438
0.0014
0.0133
0.0551
0.2874
0.0087
0.0023
0.1805
0.2019
0.0006
0.0016
0.0317
0.0002
0.0000
0.0156
0.2084
0.0002
0.0766
0.0029
0.0111
0.0009
0.0372
0.0024
0.0004
0.0002
0.0006
0.0801
0.0082
0.0052
0.0000
0.1915
0.0000
0.0594
0.0052
0.0332
0.1187
0.1984

n.s.
<0.01
n.s.
n.s.
n.s.
<0.01
<0.01
n.s.
n.s.
<0.001
<0.01
n.s.
<0.001
<0.001
n.s.
n.s.
<0.001
n.s.
<0.01
n.s.
<0.001
n.s.
<0.01
<0.001
<0.001
<0.001
n.s.
<0.01
<0.01
<0.001
n.s.
<0.001
n.s.
<0.01
n.s.
n.s.
n.s.




