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Diagnostic Classification and Genomic Analyses of Cancer
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Diagnostic classification of diseases is fundamental to disease diagnosis and treatment. Cancers have traditionally been classified based on histo-
pathology, but cancer is defined as a genetic disease. Emerging genetic knowledge and genomic techniques applied to cancer are changing the di-
agnostic paradigm. Successes with targeted drug treatments such as Imatinib for chronic myeloid leukemia and Herceptin for breast cancer are
accelerating the shift to the clinical genetic analysis of cancer. A recent cancer classification study using The Cancer Genome Atlas (TCGA) data
yielded better performance than traditional histopathology. Eventually, genomic analysis will thoroughly reform cancer classification and diagnostic

criteria.
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Z4-MESI—H(Chronic Myeloid Leukemia, CML): 2|
|E2t #MX|=H SE
AJuEr2 wiEy Fofl 19470 71&H, 7P WA
10 2 4 1960 tof] Nowella} Hungerford+= Ph &A1
1AL, 1973\ Rowley 5ol &Jal} 9¥1 G| < 229 A
A Apolol] 7t | AREE A E|9iet 17 aL, 1984 Eli Ca-
naani 5| &Il ber-abl G4 2K (fusion transcript)7} THd&=<=
ey Shape] Aol A EAfst= AE dA =tk 1A,
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[4]. o]2fgt A+ A& Higo = 1990““‘41 % ber-abl kinase ac- ber-abl A2} £4) ofFolck o] & A|Llgt o]H A A7
tiVitYE oAt SFghEoe] RHE AN E S AT 4 ot ol thA& o= §lom ber-abl -2 EAE Fvht A
= 745 & 4= 9)%1aL, Brian Drucker %—8— Ciba-GeigyAHEAY slA|, vlF7kA] Brkekes Ao Xdke] 7]Eo] Hrill. oA
NovartisAb2} @e{5}o] ber-abl FFHME AA|6}= S (ty- ber-abl § A F A5 bl A TKI SFAIE AHE-51A] =
rosine kinase inhibitor, TKI)2- 7H‘£’6‘} . 1831, 19969 o] 3} 31, o] AL stk X7 AALS 7giE 4= 917 wjlFo |tk & 1k
A o83 AWES ol i E A % Az gt Al S5 o) oo} A m A AES 50 Qi e ARt
o2 oA Aol S5 HASIAL, 199897 E /el AHE- Tl 7HA AL Qlek

o] AJZE|ITHS, 6l. o] BFgHEo] Imatinibo|tt. Imatinib% ol

A 109 Z1A] A8 (overall survival rate)©] 83.3%Z2A][7), o7} 2) Sdtot: 13{otol Al|

A AFEEIRE Heka(interferon alpha®} cytarabine)l T} € RS ol A Wel= M o Foke Wtk fet

gk A& AAS HITHS) o)7L okl fA Aol olof ]S Hl" 9] &

O 2 74 S 7Nkt 324 A=A o] A AR 0% EEL

[¢] =

[‘ll‘

1970 AT 71R] 22|51 A< (radical mastectomy)©]
2 7FE|9le) e, 1981 o] 2|7 FLARS] A (ran-

= glokA YAS ZE3k= 24d TKIQ! dasatinib [9], nilotinib domized clinical tria)o}| A}, 2 cm oW Q] Z7|¢tol| A ]G HFEA)

[10]-5-0] N0} Al 7t o] goll diet A= sfzitdds <3

R =<2 (breast preserving surgery) Aoo] x| & A&

A& dol U7kaL ltk(Fig. D. o] ato|7}h glth= Axr HuEick o] 5 7[Rk 2 fere] &
TS uER T} o2 Y E 4341 A8 Hmyeloprolifera- F 7182 ST 7140 vhe 2 g A KsE|RlrHi2, 13
tive neoplasm, MPN)& 3£5FoF Foll £k 28-S L= 7|2 1995 0] A 3582 7]7-(Early Breast Cancer Trialists” Col-
Dr. Bennett Discovery Identification Identification Similar find- Clinical Discovery Clinical
and Dr. Virchow Philadelphia for translocation || of BCR-ABL ings in mouse || application of non-random Approval
described the Chromosome of Philadelphia || fusion protein model with BCR-ABL TKI mutations at for 2nd TKI
disease indepen- || (Nowell & Hug- chromosome in CML patient BCR-ABL Abl kinase (dasatinib)
dently gerford) 22:9 (Rowley) fusion protein domain
1845 1960 1973 1984 1996 1998 2001 2007

Fig. 1. Advances in understanding chronic myeloid leukemia (CML) and strategies for its treatment. CML is the first described leukemia. Dr. Bennett
was the first researcher to report CML, but he had regarded it as an inflammation; Dr. Virchow suggested that it could be cancer.
Abbreviation: TKI, tyrosine kinase inhibitor.

Table 1. Advances in biological knowledge and changes in treatment methods in breast cancer

Year Key achievements Significance and follow-up results
-1970  Radical mastectomy is standard in the treatment of breast cancer.
1981 In a randomized clinical trial, it was confirmed that there was no difference in treat-  Facilitations of the biological research of breast cancer.
ment outcomes between radical mastectomy and breast-preserving surgery (within
2 cm of the tumor tissues) for early cancer.
1995  The efficacy of Tamoxifen drug in 37,000 breast cancer patients in 55 clinical trial Afterwards, aromatase inhibitors and CDK4/6 inhibitors were developed
groups was confirmed in estrogen receptor-positive (ER+) breast cancer patients. and used clinically.
2001  The discovery of the amplification of the human epidermal growth factor receptor 2 Confirmed that targeted therapy is effective in breast cancer. (about 20%
(HER2) gene (1987) and confirmation of the effect of the inhibitor (Trastuzumab) of breast cancer patients) - Successful cases of targeted therapy for sol-
id cancer
2017 In the presence of BRCA1/2 variants, poly ADP-ribose polymerase (PARP) inhibitors  Confirmed effectiveness in patients with hereditary breast cancer. Proof
are effective. that targeted therapy is possible depending on the mechanism even in
gene function loss (5-10% of breast cancer patients).
Now  Subclassification, exploration of new targets and trial of immunotherapeutic agents  TNBC: Approximately 12% of breast cancers.

in triple negative breast cancer (TNBC)
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HHE01A 19901 o]3dof AR 557 A4 A
At 37,0009 FHF S S HopA AR AatoA] 7=
A Ao, i A=, 77 ofF-et WA§lo] Tamoxifen 2FA|7} o] A
E 27 484 9FAl(estrogen receptor positive, ER+) -5-F ZHA;
oM A& &P} rk= Zlo] BHRIESITHI4]. Bl%0], Tamoxifen
o] o]ojA] aromatase A|A], CDK 4/6 AAA] -] 7=} 2=
d218] A|&A] o] o] FofA| AL Qlek(Table D [15]
a5l 4] human epidermal growth factor receptor 2 (HER2)2]
AL 012 40 & 3= trastuzumab (herceptin) QFA| S 7k
= A717F EAL, o]% Her2/neu GRS ZE 0] 9= Qxfok
A} Zo]| A trastuzumab 2FA|7} X2 A& 0] FFAFS Hol= A}
BE et $AF S0l A Her2/neu F&-2 Hol= b=
20%S Z}A|SFCH15-18).
Z o= BRCA1/2 7R o}
3R}l A poly ADP-ribose polymerase (PARP) 24|47 =
Hol= Flo] gRlEo], BRCAL/2 EAMO] AFI} fFHetollA 5
8%t 7} 71Ee] Hal QIeH19L
wheba], AR R ere] AW AdolA Fast AEe A=A A

Blo]| FFE T oL ERA 5 T2 p8A|19] U o, Her2/
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ARe AT T B 94
o2l
=]

s
B AL =514 E]o] The Cancer Genome Atlas (TCGA) A2
_;‘F_

2E 2ol et MAIXQ! RHH| 24 TCGA Atglel =3
TCGA AF-E 20064 1= Z+2] 2 719
Health)2] 91 o2l 2& o, i 9 w WA Z50] 9 4217 £
AL AAste] ARl ATE A T 2000W 9HE HA|R 3
tfato] 337) AFEoll A 11,000 Z ol i3t
o] Akl &S theke] AR G714 B4 T AR, chan)
o= T F HolHE Ak, o 2eshe WolEY] H|
O[E|E B o1, Bz} ke BE ARJolth Bl o9} 7+
2 golel g ne Avle Ackihynt Xz e] AT ool of
RS A o 2 319IrH21). ©] AFYo A= mRNA sequencing, mi-

H(National Institutes of

4]

ZBE|EH20),

croRNA sequencing, array-based DNA methylation sequencing,
reverse-phase protein array (RPPA), structural copy-number alter-
ations (SCNA), somatic mutations 5 67| HHol| 7|4k3} go|g]
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o] 0] 4 = ol MHERIZICH22), 12, B9 o 4 A}
(Pan Cancer Analysis project)& 20124 AJ2}s}] 11,0007 &5
o] B ATE 20189 HHESFATH20L

4. TCGA Afeim} otol xict g2
]_

O] A A4S o83t oFe] Ak 2 AL E
TCGA AH39] 528 ERGTE A& TCGA AL ote] 4414 2
A g EoH 7Htﬂ 01'501]/\‘1 ;ﬂiﬂ Oob%:.]—ol 1—4"1‘2: ‘;ﬂ‘; <

Aok Wtk 12z, o2 %*’Z\
= oF tﬂﬂ

o] %w st ofo}ch Hoadley S TCGAOW A
H HolEE 7Hhe = 1271 ol 35278419 F%E =76
Ak A FEAolA] AR ESE (platform)-> mRNA sequenc-
ing, microRNA sequencing, array-based DNA methylation sequenc-
ing, reverse-phase protein array (RPPA), structural copy-number
ol g3ick: o]
= & AMIE Sl (somatic mutation)F AH|L] gt 57§ EE
A R0 2 BeldusenE A2 F, ol5e] Bl thA) 2444
© 2 B8 A2 F group R30S o] WS COCA
(clustering of cluster algorithm)& 3} c) o] A} BA}-q-718}
2 257k EA Welsky Biel o 10% BEoIA] Hol7t 9l
Qlon ol BExlGAskA Bny| 2Ho] o4 EXS Hr) 2k
IS 4= Qlohs A2 AARITE TCGA7H B B2 Aol Hiet b
O[EE Aol whet 20189 3371 FE2] 10,5227 HAE dAF
O F F4 4]0 ZeE = JMA| o]4=A@neuploidy), DNA HEl
SHDNA methylation), mRNA2} miRNA expression} 4+ 73]
(7,858/10,522)°]| 4] RPPA TH jo]E| S AJALSHe] B 7] A% Wi
082 BRE A=skilrhFg 2) 24]. o5& 57 EES o183t
T A Eelulo] gl B o ukogatr] ek A COcA

alterations (SCNA), somatic mutations2] oI41 7[x] &

7 e 53 3371 58 287 o2 BFE st ol
S T =it B2 Al el A7t FR3]E 8t
L, of7lo] F4e] &l ARl 891 ohghe AoleH24].
£ 29 22 A7|oIA freliet erolztal stk vheh A
o] 2250 S Hole ARl 3lem, v Aol
Rt frolete 22 MEet S Kol Al B9t Qirk 28
7N < el tisl] EAla Hol= ZA| ERolA 47%, AR &

T,—(mRNAQ} miRNA)7} 42%, DNA HE37} 11%2] 7]o]xS 1Y
CH2Al )52 o) QA T APALS A AL E S papillary re-
nal cell Carc1noma)4—} EA| 3L AlA| 329 (clear renal cell carcinoma)
SR Fol= Pan-Kidney w0 2 H27} E|0[25], A%}o] Ak
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In 33 cancer types, 10,522 samples

acute myeloid leukemia, lymphoid neoplasm, diffuse large B cell
lymphoma, thymoma, ovarian, uterine corpus endometrial carcinoma,

cervical squamous cell carcinoma, endocervical adenocarcinoma,

breast invasive carcinoma, bladder urothelial carcinoma, prostate
adenocarcinoma, testicular germcell tumors, renal clear cell carcino-
ma, kidney chromophobe, kidney renal papillary cell carcinoma, thy-

roid carcinoma, adrenocortical carcinoma, esophageal carcinoma,
stomach adenocarcinoma, colon adenocarcinoma, rectum adenocar-
cinoma, hepatocellular carcinoma, pancreatic adenocarcinoma, chol-
angiocarcinoma, head and neck squamous cell carcinoma, lung ade-
nocarcinoma, lung squamous cell carcinoma, mesothelioma, glioblas-

toma multiforme, brain lower-grade glioma, soft tissue sarcoma,

uterine carcinosarcoma, pheochromocytoma and paraganglioma,

skin cutaneous melanoma, uveal melanoma

4

Data analysis from each platform*
1. structural copy-number alterations
2. mRNA sequencing
3. microRNA sequencing
4. array-based DNA methylation sequencing
5. reverse-phase protein array (RPPA)

4

In-Silico analysis

Apply cluster- COCA (Cl

: - uster-

ing algorithm - ing of Cluster

at each plat- Algorithm)
form

A

Classification of 33 cancer
types to 28 molecular
subtypes

Fig. 2. The progress of cancer classification of TCGA program. *Somatic
mutations were included when 12 cancer types were classified using
other platforms (besides the 5 platforms) but were excluded when 33
cancer types were classified. Moreover, because the RPPA platform
was used for a few specimens (7,858/10,522), only four platforms
were used to analyze all specimens.

(colon adenocarcinoma), Z21&+2] Aek(rectum adenocarcinoma),
2]9] A9t(stomach adenocarcinoma), 2% 9] A1¢H(esophageal ad-
enocarcinoma)< ¥36l= A3517] 9FH52 miRNA, mRNA, RPPA
A& BRIk DNA TS AL A Afolol SHH 0.2
Zpo) 7} Aeh20]. #H2] HEA) =L (lung squamous cell carcinoma),
TR HHA| 3z head and neck squamous cell carcinoma),
Aggel ARAEY B AR 4
mous cell carcinoma and endocervical adenocarcinoma), 2]%=Q¢
(esophageal carcinoma), B33 2 Q @AM 9H(bladder urothelial

A (cervical squa-
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carcinoma)S E§}el= HFAEZ 7 A(Squamous histology can-
cenS miRNA, mRNA, RPPA SFANS GAlsh, SAlA] o|=Alx}
DNA &3} oFAfo] A= th2eH27]. Ha-4 FrGinvasive breast
cancen ¥} WA ZFolLFAIQFE(high-grade ovarian serous cystade-
nocarcinoma), A-g-Uj2FQH(uterine corpus endometrial carcinoma,
UCEQ), A& HEA| 3= (cervical squamous cell carcinoma, endo-
cervical adenocarcinoma, CESC), AFg-2-3-Z(uterine carcinosar-
coma, UCS) E33}= Pan-Gynecologic QF&a-of| A= whillA]]
=20 A= BA}EHE miRNA, mRNA, DNA W2 3}FARS A7)0
wfe} chErls), o o) QO ol M ok 1) 88
o eI 1 U543 AU o1
[e]

9F(spermocytoma)ojj A= "‘aé‘ﬁl ol=4Jo] %‘EIE} 1111 OIT
3t 7 Z Aol 9] ot Wil PAIS Helou, of=
crosatellite instability (MSI-FH)o]| Tjgt thAle), A-gdujete] g 3}o)
a1, o]egh BHEAMel(hypermutation) FF-2 A 251, 014“
I EAHol= HEEAE Elth o] Ado] & F
T FAi-(eukocyte infiltrate)o] Yo} HAX G A EE2] ‘Q?ﬁ_l’}%
W] A BT E EAEEAAE B 3p 220]
9] wrAElgichol. 22 Wel ARt Fag FF AR M2
Sl e} wel ol 954 H5ohe, A S wound
healing), QTEJ#| & 7Hab -LJFUFN-y dominant), ¥5&(inflam-
matory), WX 377 (lymphocyte depleted), MY & (im-
munologically quiet W 2F44212} WIEFH(TGF-3 dominant)
T 07l o2 Yol FTH30l COCA HE o] 83t BF= Uk
QA HIBH M7k ok 9 4 glout, 71 9] 4
HEH H]#@EE’H coca ‘?ﬁr% -3t A EFHe] 4
H

high mi-

cAuo] o] ézﬂ% FAA A9 thato] Hl1L, o5 A
A=A o el Bake 7l Jeie e A
ARelA B4 o] o] f-7 A9l o] AtolA] Fagt
XS ARz 20199 T 71202 157 EolA 8074e] A

& oo = 1657 A=A b dAIRlo] MAE L QIEH32) TCGA
ollA] 10,0007H oF A &4 AhE B, %4 A m2A] Q

X—]o] E]
£ 3049 01 Zpla g O Al 4 ) o s
st 5 7) olAe] TH9] Belulo] S AT ok o AAE
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