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CLAIMS

1. A computer-implemented method, comprising:

using at least one computer hardware processor to perform:

obtaining expression data obtained at least in part by sequencing a biological
sample of a subject having, suspected of having or at risk of having cancer, the expression
data comprising expression levels for a plurality of genes, the plurality of genes
comprising a set of genes;

ranking at least some genes in the set of genes, based on their expression levels in
the expression data to obtain a gene ranking; and

determining, using the gene ranking and a statistical model trained using training
data indicating a plurality of gene rankings of at least some of the genes in the set of
genes obtained, at least one characteristic of the biological sample, wherein each of the
plurality of gene rankings is obtained based on respective expression levels for the at least

some genes in the set of genes.

2. The method of claim 1, wherein the at least one characteristic of the biological sample is
a physiological characteristic of cells in the biological sample or a tissue from which the cells

originate.

3. The method of claim 1 or any other preceding claim, wherein the at least one
characteristic is selected from cancer grade for cells in the biological sample, tissue of origin for
cells in the biological sample, tissue type for cells in the biological sample, and cancer subtype

for cells in the biological sample.

4. The method of claim 1, wherein the method further comprises performing sequencing of

the biological sample using a gene expression microarray prior to obtaining the expression data.

5. The method of claim 1 or any other preceding claim, wherein the method further
comprises performing next generation sequencing of the biological sample prior to obtaining the

expression data.
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6. The method of claim 1 or any other preceding claim, wherein the at least one

characteristic includes cancer grade for cells in the biological sample.

7. The method of claim 1 or any other preceding claim, wherein the at least one

characteristic includes tissue of origin for cells in the biological sample.

8. The method of claim 1 or any other preceding claim, wherein the subject has, is suspected

of having, or is at risk of having breast cancer.

9. The method of claim 8 or any other preceding claim, wherein the set of genes is selected

from the group of genes listed in Table 1.

10. The method of claim 8, wherein the set of genes comprises at least 3 genes selected from

the group of genes listed in Table 1.

11. The method of claim 8, wherein the set of genes comprises at least 5 genes selected from

the group of genes listed in Table 1.

12. The method of claim 8, wherein the set of genes comprises at least 10 genes selected from

the group of genes listed in Table 1.

13. The method of claim 8, wherein the set of genes comprises at least 20 genes selected from

the group of genes listed in Table 1.

14. The method of claim 1, wherein the subject has, is suspected of having, or is at risk of

having kidney cancer.

15. The method of claim 1 or any other preceding claim, wherein the subject has, is suspected

of having, or is at risk of having clear cell kidney cancer.
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16. The method of claim 15 or any other preceding claim, wherein the set of genes is selected

from the group of genes listed in Table 2.

17. The method of claim 15, wherein the set of genes comprises at least 3 genes selected from

the group of genes listed in Table 2.

18. The method of claim 15, wherein the set of genes comprises at least 5 genes selected from

the group of genes listed in Table 2.

19. The method of claim 15, wherein the set of genes comprises at least 10 genes selected

from the group of genes listed in Table 2.

20. The method of claim 15, wherein the set of genes comprises at least 20 genes selected

from the group of genes listed in Table 2.

21. The method of claim 1 or any other preceding claim, wherein the subject has, is suspected

of having, or is at risk of having lymphoma.

22. The method of claim 21 or any other preceding claim, wherein the set of genes is selected

from the group of genes listed in Table 3.

23. The method of claim 21, wherein the set of genes comprises at least 3 genes selected from

the group of genes listed in Table 3.

24. The method of claim 21, wherein the set of genes comprises at least 5 genes selected from

the group of genes listed in Table 3.

25. The method of claim 21, wherein the set of genes comprises at least 10 genes selected

from the group of genes listed in Table 3.
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26. The method of claim 21, wherein the set of genes comprises at least 20 genes selected

from the group of genes listed in Table 3.

27. The method of claim 1 or any other preceding claim, wherein the subject has, is suspected

of having, or is at risk of having head and neck squamous cell carcinoma.

28. The method of claim 27 or any other preceding claim, wherein the set of genes is selected

from the group of genes listed in Table 6.

29. The method of claim 27, wherein the set of genes comprises at least 10 genes selected

from the group of genes listed in Table 6.

30. The method of claim 1 or any other preceding claim, wherein the at least one

characteristic includes human papillomavirus status for cells in a biological sample.

31. The method of claim 30 or any other preceding claim, wherein the set of genes is selected

from the group of genes listed in Table 8.

32. The method of claim 30, wherein the set of genes comprises at least 10 genes selected

from the group of genes listed in Table 8.

33. The method of claim 1 or any other preceding claim, further comprising:

ranking at least some genes in a second set of genes based on their expression levels in
the expression data to obtain a second gene ranking; and

determining, using the second gene ranking and a second statistical model trained using
second training data indicating a plurality of rankings for the at least some of the genes in the

second set of genes, at least one second characteristic of the biological sample.

34. The method of claim 33 or any other preceding claim, wherein the at least one second

characteristic includes cancer grade for cells in the biological sample.
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35. The method of claim 33 or any other preceding claim, wherein the at least one second

characteristic includes tissue of origin for cells in the biological sample.

36. The method of claim 1 or any other preceding claim, wherein determining the gene
ranking comprises determining a relative rank for each gene in the set of genes based on the

expression levels.

37. The method of claim 1 or any other preceding claim, wherein determining the at least one
characteristic further comprises providing the gene ranking as input to the statistical model and

obtaining an output indicating the at least one characteristic.

38. The method of claim 1 or any other preceding claim, wherein the statistical model

comprises a gradient boosted decision tree classifier.

39. The method of claim 1 or any other preceding claim, wherein the statistical model
comprises a classifier selected from the group consisting of: a gradient boosted decision tree
classifier, a decision tree classifier, a gradient boosted classifier, a random forest classifier, a
clustering-based classifier, a Bayesian classifier, a Bayesian network classifier, a neural network

classifier, a kernel-based classifier, and a support vector machine classifier.

40. The method of claim 1 or any other preceding claim, wherein the set of genes includes at

least 5 genes.

41. The method of claim 1 or any other preceding claim, wherein the set of genes consists of

5-50 genes.

42. The method of claim 1 or any other preceding claim, wherein the set of genes consists of

5-300 genes.

43. The method of claim 1, further comprising presenting, to a user, an indication of the at

least one characteristic.
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44. The method of claim 43, wherein presenting the indication of the at least one characteristic
further comprises displaying the at least one characteristic to the user in a graphical user interface

(GUI).

45. A system comprising:

the at least one computer hardware processor; and

at least one non-transitory computer-readable storage medium storing processor-
executable instructions that, when executed by the at least one hardware processor, cause the at

least one hardware processor to perform the method of any one of claims 1-44.

46. At least one non-transitory computer-readable storage medium storing processor-
executable instructions that, when executed by the at least one computer hardware processor,
cause the at least one computer hardware processor to perform the method of any one of claims

1-44.

47. A method, comprising:

using at least one computer hardware processor to perform:

obtaining expression data for cells in a biological sample of a subject having,
suspected of having, or at risk of having cancer;

ranking at least some genes in at least one set of genes based on their expression
levels in the expression data to obtain at least one gene ranking; and

determining, using the at least one gene ranking and at least one statistical model
trained using training data indicating a plurality of rankings for at least some genes in the
at least one set of genes, tissue of origin for at least some of the cells in the biological
sample, wherein each of the plurality of gene rankings is obtained based on respective

expression levels for the at least some genes in the at least one set of genes.

48. The method of claim 47, wherein the expression data was obtained using a gene

expression microarray.
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49. The method of claim 47 or any other preceding claim, wherein the expression data was

obtained by performing next generation sequencing.

50. The method of claim 47 or any other preceding claim, wherein the tissue of origin is
selected from the group consisting of lung tissue, pancreas tissue, stomach tissue, colon tissue,
liver tissue, bladder tissue, kidney tissue, thyroid tissue, lymph node tissue, adrenal gland tissue,
skin tissue, breast tissue, ovary tissue, prostate tissue, urothelial tissue, cervical tissue, esophagus

tissue, brain tissue, soft tissue, connective tissue, head tissue, and neck tissue.

51. The method of claim 47 or any other preceding claim, further comprising:
determining, using the at least one gene ranking and the at least one statistical model,

tissue type for at least some of the cells in the biological sample.

52. The method of claim 51 or any other preceding claim, wherein the tissue type is selected
from the group consisting of adenocarcinoma, squamous cell carcinoma, carcinoma,

cystadenocarcinoma, sarcoma, and glioma.

53. The method of claim 51 or any other preceding claim, wherein a combination of the tissue
of origin and the tissue type is selected from the group consisting of lung adenocarcinoma, lung
squamous cell carcinoma, melanoma, breast carcinoma, colorectal adenocarcinoma, ovarian
serous cystadenocarcinoma, phenochromocytoma, bladder urothelial carcinoma, cervical
squamous cell carcinoma, glioblastoma multiforme, head squamous cell carcinoma, neck
squamous cell carcinoma, kidney renal clear cell carcinoma, kidney renal papillary cell
carcinoma, liver hepatocellular carcinoma, lung adenocarcinoma, pancreatic adenocarcinoma,
paraganglioma, prostate adenocarcinoma, sarcoma, stomach adenocarcinoma, thyroid carcinoma,

and uterine corpus endometrial carcinoma.

54. The method of claim 47 or any other preceding claim, wherein the subject has, is

suspected of having, or is at risk of having lymphoma.
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55. The method of claim 54, wherein the subject has, is suspected of having, or is at risk of

having Diffuse Large B-Cell Lymphoma (DLBCL).

56. The method of claim 55, wherein the tissue of origin is a cell of origin selected from the

group consisting of germinal center B-cell (GCB) and activated B-cell (ABC).

57. The method of claim 54 or any other preceding claim, wherein a set of genes of the at

least one set of genes is selected from the group of genes listed in Table 3.

58. The method of claim 54, wherein a set of genes of the at least one set of genes comprises

at least 3 genes selected from the group of genes listed in Table 3.

59. The method of claim 54, wherein a set of genes of the at least one set of genes comprises

at least 5 genes selected from the group of genes listed in Table 3.

60. The method of claim 54, wherein a set of genes of the at least one set of genes comprises

at least 10 genes selected from the group of genes listed in Table 3.

61. The method of claim 47 or any other preceding claim, wherein a set of genes of the at

least one set of genes includes at least 5 genes.

62. The method of claim 47 or any other preceding claim, wherein a set of genes of the at

least one set of genes consists of 5-100 genes.

63. The method of claim 47 or any other preceding claim, wherein a set of genes of the at

least one set of genes consists of 10-200 genes.

64. The method of claim 47 or any other preceding claim, wherein a set of genes of the at

least one set of genes consists of 20-100 genes.
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65. The method of claim 47 or any other preceding claim, wherein a set of genes of the at

least one set of genes consists of 50-100 genes.

66. The method of claim 47 or any other preceding claim, wherein the expression data
includes values, each representing an expression level for a gene in the at least one set of genes,
and determining a gene ranking of the at least one gene ranking comprises determining a relative

rank for each gene in one of the at least one set of genes based on the values.

67. The method of claim 47 or any other preceding claim, wherein determining the at least
one characteristic further comprises using the at least one gene ranking as an input to the at least

one statistical model and obtaining an output indicating the tissue of origin.

68. The method of claim 47 or any other preceding claim, wherein the at least one statistical

model comprises a gradient boosted decision tree classifier.

69. The method of claim 47 or any other preceding claim, wherein the at least one statistical
model comprises at least one classifier selected from the group consisting of: a gradient boosted
decision tree classifier, a decision tree classifier, a gradient boosted classifier, a random forest
classifier, a clustering-based classifier, a Bayesian classifier, a Bayesian network classifier, a

neural network classifier, a kernel-based classifier, and a support vector machine classifier.

70. The method of claim 47, wherein the at least one set of genes comprises a first set of
genes associated with predicting a first type of tissue and a second set of genes associated with

predicting a second type of tissue.

71. A system comprising:

at least one computer hardware processor; and

at least one non-transitory computer-readable storage medium storing processor-
executable instructions that, when executed by the at least one computer hardware processor,
cause the at least one computer hardware processor to perform the method of any one of claims

47-70.
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72. At least one non-transitory computer-readable storage medium storing processor-
executable instructions that, when executed by at least one computer hardware processor, cause

the at least one computer hardware processor to perform the method of any one of claims 47-70.

73. A method, comprising:

using at least one computer hardware processor to perform:

obtaining expression data for cells in a biological sample of a subject having,
suspected of having, or at risk of having cancer;

ranking at least some genes in a set of genes based on their expression levels in
the expression data to obtain a gene ranking; and

determining, using the gene ranking and a statistical model trained using training
data indicating a plurality of rankings for at least some genes in the set of genes, cancer
grade for at least some of the cells in the biological sample, wherein each of the plurality
of gene rankings is obtained based on respective expression levels for the at least some

genes in the set of genes.

74. The method of claim 73, wherein the expression data was obtained using a gene

expression microarray.

75. The method of claim 73 or any other preceding claim, wherein the expression data was

obtained by performing next generation sequencing.

76. The method of claim 73 or any other preceding claim, wherein the cancer grade is

selected from the group consisting of at least Grade 1, Grade 2, and Grade 3.

77. The method of claim 73 or any other preceding claim, wherein the cancer grade is

selected from the group consisting of Grade 1, Grade 2, Grade 3, Grade 4, and Grade 5.

78. The method of claim 73 or any other preceding claim, wherein the subject has, is

suspected of having, or is at risk of having breast cancer.
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79. The method of claim 78 or any other preceding claim, wherein the set of genes is selected

from the group of genes listed in Table 1.

80. The method of claim 78, wherein the set of genes comprises at least 3 genes selected from

the group of genes listed in Table 1.

81. The method of claim 78, wherein the set of genes comprises at least 5 genes selected from

the group of genes listed in Table 1.

82. The method of claim 78, wherein the set of genes comprises at least 10 genes selected

from the group of genes listed in Table 1.

83. The method of claim 73 or any other preceding claim, wherein the subject has, is

suspected of having, or is at risk of having kidney cancer.

84. The method of claim 73 or any other preceding claim, wherein the subject has, is

suspected of having, or is at risk of having clear cell kidney cancer.

85. The method of claim 84 or any other preceding claim, wherein the set of genes is selected

from the group of genes listed in Table 2.

86. The method of claim 84, wherein the set of genes comprises at least 3 genes selected from

the group of genes listed in Table 2.

87. The method of claim 84, wherein the set of genes comprises at least 5 genes selected from

the group of genes listed in Table 2.

88. The method of claim 84, wherein the set of genes comprises at least 10 genes selected

from the group of genes listed in Table 2.
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89. The method of claim 73 or any other preceding claim, wherein the subject has, is

suspected of having, or is at risk of having lung adenocarcinoma.

90. The method of claim 89 or any other preceding claim, wherein the set of genes is selected

from the group of genes listed in Table 6.

91. The method of claim 89, wherein the set of genes comprises at least 10 genes selected

from the group of genes listed in Table 6.

92. The method of claim 73 or any other preceding claim, wherein the set of genes includes at

least 50 genes.

93. The method of claim 73 or any other preceding claim, wherein the set of genes consists of

10-100 genes.

94. The method of claim 73 or any other preceding claim, wherein the set of genes consists of
10-30 genes.
95. The method of claim 73 or any other preceding claim, wherein the expression data

includes values, each representing an expression level for a gene in the set of genes, and
determining the gene ranking comprises determining a relative rank for each gene in the set of

genes based on the values.
96. The method of claim 73 or any other preceding claim, wherein determining that at least
one characteristic further comprises using the gene ranking as an input to the statistical model

and obtaining an output indicating the cancer grade.

97. The method of claim 73 or any other preceding claim, wherein the statistical model

comprises a gradient boosted decision tree classifier.
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98.  The method of claim 73 or any other preceding claim, wherein the statistical model
comprises a classifier selected from the group consisting of: a gradient boosted decision tree
classifier, a decision tree classifier, a gradient boosted classifier, a random forest classifier, a
clustering-based classifier, a Bayesian classifier, a Bayesian network classifier, a neural network

classifier, a kernel-based classifier, and a support vector machine classifier.

99. A system comprising:

at least one computer hardware processor; and

at least one non-transitory computer-readable storage medium storing processor-
executable instructions that, when executed by the at least one computer hardware processor,
cause the at least one computer hardware processor to perform the method of any one of claims
73-98.

100. At least one non-transitory computer-readable storage medium storing processor-
executable instructions that, when executed by at least one computer hardware processor, cause

the at least one computer hardware processor to perform the method of any one of claims 73-98.

101. A method, comprising:

using at least one computer hardware processor to perform:

obtaining expression data for cells in a biological sample of a subject having,
suspected of having, or at risk of having cancer;

ranking at least some genes in at least one set of genes based on their expression
levels in the expression data to obtain at least one gene ranking; and

determining, using the at least one gene ranking and at least one statistical model,
a subtype of peripheral T-cell lymphoma (PTCL) for at least some of the cells in the

biological sample.

102.  The method of claim 101, wherein the at least one statistical model was trained using
training data indicating a plurality of rankings of expression levels for at least some genes in the

at least one set of genes.
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103.  The method of claim 101 or any other preceding claim, wherein each of the plurality of
gene rankings is obtained based on respective expression levels for the at least some genes in the

at least one set of genes.

104.  The method of claim 101 or any other preceding claim, wherein the expression data was

obtained using a gene expression microarray.

105.  The method of claim 101 or any other preceding claim, wherein the expression data was

obtained by performing next generation sequencing.

106.  The method of claim 101 or any other preceding claim, wherein the expression data was

obtained using a hybridization-based expression assay.

107.  The method of claim 101 or any other preceding claim, wherein the subtype of PTCL is
selected from the group consisting of: anaplastic large cell lymphoma (ALCL),
angioimmunoblastic T-cell lymphoma (AITL), natural killer/T-cell lymphoma (NKTCL), and
adult T-cell leukemia/lymphoma (ATLL).

108.  The method of claim 101 or any other preceding claim, wherein the subtype of PTCL is
selected from the group consisting of: Peripheral T-Cell Lymphoma, Not Otherwise Specified
(PTCL-NOS), anaplastic large cell lymphoma (ALCL), angioimmunoblastic T-cell lymphoma
(AITL), cutaneous T-cell lymphoma (CTCL), Natural killer/T-cell lymphoma (NKTCL), Sezary
syndrome, adult T-cell leukemia/lymphoma (ATLL), enteropathy-type T-cell lymphoma, nasal
NK/T-cell lymphoma, hepatosplenic gamma-delta T-cell lymphoma, T-cell lymphomas of
Follicular T-cell (TFH) origin, T-cell lymphomas of the gastrointestinal tract, and cutaneous T-

cell lymphomas.

109.  The method of claim 101 or any other preceding claim, wherein a set of genes of the at

least one set of genes is selected from the group of genes listed in Table 10.

136
RECTIFIED SHEET (RULE 91) ISA/EP



WO 2021/113784 PCT/US2020/063503

110.  The method of claim 101, wherein a set of genes of the at least one set of genes comprises

at least 3 genes selected from the group of genes listed in Table 10.

111.  The method of claim 101, wherein a set of genes of the at least one set of genes comprises

at least 5 genes selected from the group of genes listed in Table 10.

112.  The method of claim 101, wherein a set of genes of the at least one set of genes comprises

at least 10 genes selected from the group of genes listed in Table 10.

113.  The method of claim 101, wherein a set of genes of the at least one set of genes comprises

at least 50 genes selected from the group of genes listed in Table 10.

114.  The method of claim 101 or any other preceding claim, wherein a set of genes of the at

least one set of genes includes at least one up-regulated in AITL gene.

115.  The method of claim 101 or any other preceding claim, wherein a set of genes of the at

least one set of genes includes at least one down-regulated in AITL gene.

116.  The method of claim 101 or any other preceding claim, wherein a set of genes of the at

least one set of genes includes at least one MF profile gene.

117. The method of claim 101 or any other preceding claim, wherein the subject has, is

suspected of having, or is at risk of having lymphoma.

118.  The method of claim 117, wherein the subject has, is suspected of having, or is at risk of

having peripheral T-cell lymphoma (PTCL).

119.  The method of claim 101 or any other preceding claim, wherein a set of genes of the at

least one set of genes includes at least 5 genes.
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120.  The method of claim 101 or any other preceding claim, wherein a set of genes of the at

least one set of genes consists of 5-100 genes.

121.  The method of claim 101 or any other preceding claim, wherein a set of genes of the at

least one set of genes consists of 10-200 genes.

122.  The method of claim 101 or any other preceding claim, wherein a set of genes of the at

least one set of genes consists of 20-100 genes.

123.  The method of claim 101 or any other preceding claim, wherein a set of genes of the at

least one set of genes consists of 50-100 genes.

124.  The method of claim 101 or any other preceding claim, wherein the expression data
includes values, each representing an expression level for a gene in the at least one set of genes,
and determining a gene ranking of the at least one gene ranking comprises determining a relative

rank for each gene in one of the at least one set of genes based on the values.

125.  The method of claim 101 or any other preceding claim, wherein determining the subtype
of PTCL further comprises using the at least one gene ranking as an input to the at least one

statistical model and obtaining an output indicating the subtype of PTCL.

126.  The method of claim 101 or any other preceding claim, wherein the at least one statistical

model comprises a gradient boosted decision tree classifier.

127.  The method of claim 101 or any other preceding claim, wherein the at least one statistical
model comprises at least one classifier selected from the group consisting of: a gradient boosted
decision tree classifier, a decision tree classifier, a gradient boosted classifier, a random forest
classifier, a clustering-based classifier, a Bayesian classifier, a Bayesian network classifier, a

neural network classifier, a kernel-based classifier, and a support vector machine classifier.
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128.  The method of claim 101 or any other preceding claim, wherein the at least one statistical

model includes a multi-class classifier.

129.  The method of claim 128 or any other preceding claim, wherein the multi-class classifier

has at least four outputs each corresponding to a different subtype of PTCL.

130. The method of claim 129, wherein the at least four outputs include a first output
corresponding to anaplastic large cell lymphoma (ALCL), a second output corresponding to
angioimmunoblastic T-cell lymphoma (AITL), a third output corresponding to natural killer/T-
cell lymphoma (NKTCL), and a fourth output corresponding to adult T-cell leukemia/lymphoma
(ATLL).

131.  The method of claim 101 or any other preceding claim, wherein the at least one statistical

model comprises a plurality of classifiers corresponding to different subtypes of PTCL.

132, The method of claim 131, wherein the plurality of classifiers includes a first classifier, a
second classifier, a third classifier, and a fourth classifier, wherein the first classifier corresponds
anaplastic large cell lymphoma (ALCL), a second classifier corresponds to angioimmunoblastic
T-cell lymphoma (AITL), a third classifier corresponds to natural killer/T-cell lymphoma
(NKTCL), and a fourth classifier corresponds to adult T-cell leukemia/lymphoma (ATLL).

133, The method of claim 131, wherein the at least one set of genes includes a first set of
genes associated with a first classifier of the plurality of classifiers and a second set of genes

associated with a second classifier of the plurality of classifiers.

134, The method of claim 101 or any other preceding claim, wherein the subject has, is

suspected of having, or is at risk of having lymphoma.

135.  The method of claim 101 or any other preceding claim, wherein the subject has, is

suspected of having, or is at risk of having PTCL.
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136.  The method of claim 101, further comprising presenting, to a user, an indication of the

subtype of PTCL.

137. The method of claim 136, wherein presenting the indication of the subtype of PTCL further
comprises displaying the subtype of PTCL to the user in a graphical user interface (GUI).

138. A system comprising:

at least one computer hardware processor; and

at least one non-transitory computer-readable storage medium storing processor-
executable instructions that, when executed by the at least one computer hardware processor,
cause the at least one computer hardware processor to perform the method of any one of claims

101-137.

139. At least one non-transitory computer-readable storage medium storing processor-
executable instructions that, when executed by at least one computer hardware processor, cause

the at least one computer hardware processor to perform the method of any one of claims 101-

137.
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