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Figure 1 Using colorectal cancer as an example, a multi-step model of cancer development, starting from the loss of tumor suppressor genes in normal
intestinal epithelial cells on the left, activation of oncogenes, and loss of tumor suppressor environment leading to the development of colon polyps into

adenomas, further progressing into carcinomas
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Figure 2 Proportions of pathological classification and molecular subtypes of invasive breast cancer, along with corresponding therapeutic targets and

drugs
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Figure 3 Proportions of lung cancer classification based on histology and molecular subtypes based on genetic mutations
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Figure 4 Schematic representation of the changes in tumor-immune balance within the tumor microenvironment

RXPE R PR, MR HOR 2 — 2T, RS
FEUERS S PG TR T B00 5 A B 1 1R AR IR T e X
A BT AL I TS b BB, 2R XTIREE AN ok
B S IHIRI BRI b, R R, A Ak
VR, LA S 2878 f faf (tumor mutational burden-high, TMB-H)
f PR 48 2 Dby % PD-1 80P D-L 1 A kv iy .

5 W R s IRy AU e S R IR Y
LIPSl bl WSS T VRS DB )

B4, HLIARY TR SRR T I N S — U A T R
etk e, PO RS K RASTEASHE P =y ] 51 i)
Wk, A5, BiE N TR RER AR, L 25 Rit k2 kidlk
JEE. FRATX MR R B/D, MR AR T AC R
BT IAPEAN, 5 SR B A BT LA T Mok &
IR, DIAFE e KR AR R 2. MR sy il 281
Je AR A 2, it i AR DE 1. BRI UE, R
ST IR T LA S TR, WA T RE T XA A i
AR P BEPET AT T, AT © A e 4 i = 2,
ol AEWIR A M T B ok, R A e Tk AR
7, BE AT RIS SRR TR, SR R A
O VAT SZ #LATY, HIGETE—AF T A C AR R

GBEIRTT A JEe ) % B 4R B A 28T B R A B ) T
B, 4 T MUR RS R A e AN, R E RN ORI

HEAEAE BT YT 7 1 XAy Oy B AT AE A5 X
SRR ST IR B AL T M iy T T B sk, o ml Befig ok
iy i e L e vy DR 24 A TRD . AN X T RAS SR AR/
MSSHULRL (45 E i B, MulaE IR T AR, &
BWG 2, AAARTEE, AR = BB IR T —
TG RE KA S I S A i a8 AR B 24 9 D1 AR 3K bt lin Ca-
peOx(BIPFIFIA-RERAMNL) —ZRIBTT IR B DG RAF 5
(BBCAPX-IIH75) ) | 2024 ASCOKS: 14045 T i%MI5E 194
HEdE, e AIPFSH17.910H, IR B F 7
PFSH23.71 H, R R AT BT 7 RORT AT #3148 4 k.

6 JEl

X T e R VYA 7 SR 52 R e A% b ik W e AL e
G, AP ZAZAR Ao 1 — o A o 455 v o e 5 A 3 3
Tl A FRREY AR, A TFUIREMEE, B/ MEARE:
TEANZ L REAS BB A DU e ™. Role, Z4i2¢
TR BT AT 25 i 2 AR A R R B ARG o s A R R
KA. — T, A R 2 4 R OB I 2 4 2
AfLIfEDNA. RNA. M4, EAHSEZNER EAm%)
i iR (s L S . 53—, R SR A AR A T R A
JEHLGIATAIGE, T LUK TR 2 s e e oA B R, &
AR R BEIRYT LS, WA SRR, HEAEAT
BREHAR, Sl IR AT, A B SRS e s 2
HIZAR HAT.



gt FH SRR FE4(82172600, 82473478)% BY

) 15 SOk

10
11

12

13

14

15
16

17

19

20

21

22

23

24
25

26
27

28
29

Ronen G M, Kraus de Camargo O, Rosenbaum P L. How can we create osler’s “great physician”? Fundamentals for physicians’ competency in the
Twenty-first Century. MedSciEduc, 2020, 30: 1279-1284

Martincorena I, Campbell P J. Somatic mutation in cancer and normal cells. Science, 2015, 349: 1483—1489

Huebner R J, Todaro G J. Oncogenes of RNA tumor viruses as determinants of cancer. Proc Natl Acad Sci USA, 1969, 64: 1087-1094
Czernilofsky A P, Levinson A D, Varmus H E, et al. Nucleotide sequence of an avian sarcoma virus oncogene (src) and proposed amino acid
sequence for gene product. Nature, 1980, 287: 198-203

Rowley J D. A new consistent chromosomal abnormality in chronic myelogenous leukaemia identified by quinacrine fluorescence and giemsa
staining. Nature, 1973, 243: 290-293

Buchdunger E, Zimmermann J, Mett H, et al. Inhibition of the abl protein-tyrosine kinase in vitro and in vivo by a 2-phenylaminopyrimidine
derivative. Cancer Res, 1996, 56: 100-104

Druker B J, Talpaz M, Resta D J, et al. Efficacy and safety of a specific inhibitor of the BCR-ABL tyrosine kinase in chronic myeloid leukemia. N
Engl J Med, 2001, 344: 1031-1037

Longo D L. Imatinib changed everything. N Engl J Med, 2017, 376: 982-983

Malumbres M, Barbacid M. RAS oncogenes: the first 30 years. Nat Rev Cancer, 2003, 3: 459-465

Harvey J J. An unidentified virus which causes the rapid production of tumours in mice. Nature, 1964, 204: 1104-1105

Perucho M, Goldfarb M, Shimizu K, et al. Human-tumor-derived cell lines contain common and different transforming genes. Cell, 1981, 27: 467—
476

Shih C, Weinberg R A. Isolation of a transforming sequence from a human bladder carcinoma cell line. Cell, 1982, 29: 161-169

Vogelstein B, Papadopoulos N, Velculescu V E, et al. Cancer genome landscapes. Science, 2013, 339: 1546-1558

Huang J, Papadopoulos N, McKinley A J, et al. APC mutations in colorectal tumors with mismatch repair deficiency.. Proc Natl Acad Sci USA,
1996, 93: 9049-9054

Huang J, Zheng S, Jin S H, et al. Apc mutation analysis in sporadic colorectal cancer. Chin J Oncol, 1996, 18: 415418

Zheng S, Cao J, Geng LY, et al. Structure and expression of colorectal cancer related immunoglobulin novel gene snc73. Nat Med J China, 2001,
81: 485488

Cao J, Cai X, Zheng L, et al. Characterization of colorectal-cancer-related cDNA clones obtained by subtractive hybridization screening. J Cancer
Res Clin Oncol, 1997, 123: 447451

Zheng S, Cai X H, Cao J, et al. Application of subtractive hybridization in screening for colorectal cancer negatively related genes. Nat Med J
China, 1997, 77: 256-259

Mo Y Q, Zheng S, Shen D J, et al. Differential expression of Asul7714 gene in colorectal cancer and normal colonic mucosa. Chin J Oncol, 1996,
18: 241-243

Shao J M, Zheng S, Peng J. Preparation and identification of the monoclonai antibody against colorectal-cancer-related gene s¢/3. J Pract Oncol,
2001, 16: 304-306

Ge W, Hu H, Ding K, et al. Protein interaction analysis of ST14 domains and their point and deletion mutants. J Biol Chem, 2006, 281: 7406—7412
HuJ B, Deng Y C, Zheng S. Expression of novel immunoglobulin gene snc73 in human cancer and its significance. Chin J Oncol, 2002, 24: 38—40
Dow L E, O’Rourke K P, Simon J, et al. Apc restoration promotes cellular differentiation and reestablishes crypt homeostasis in colorectal cancer.
Cell, 2015, 161: 1539-1552

Sherr C J. Principles of tumor suppression. Cell, 2004, 116: 235-246

Goldhirsch A, Wood W C, Coates A S, et al. Strategies for subtypes—dealing with the diversity of breast cancer: Highlights of the st gallen
international expert consensus on the primary therapy of early breast cancer 2011. Annal Oncol, 2011, 22: 1736-1747

Koboldt D C, Fulton R S, McLellan M D, et al. Comprehensive molecular portraits of human breast tumours. Nature, 2012, 490: 61-70
Cerma K, Piacentini F, Moscetti L, et al. Targeting PI3K/AKT/mTOR pathway in breast cancer: From biology to clinical challenges. Biomedicines,
2023, 11: 109

Zhang B, Wang J, Wang X, et al. Proteogenomic characterization of human colon and rectal cancer. Nature, 2014, 513: 382-387

Vasaikar S, Huang C, Wang X, et al. Proteogenomic analysis of human colon cancer reveals new therapeutic opportunities. Cell, 2019, 177: 1035—


https://doi.org/10.1007/s40670-020-01003-1
https://doi.org/10.1126/science.aab4082
https://doi.org/10.1073/pnas.64.3.1087
https://doi.org/10.1038/287198a0
https://doi.org/10.1038/243290a0
https://doi.org/10.1056/NEJM200104053441401
https://doi.org/10.1056/NEJM200104053441401
https://doi.org/10.1056/NEJMe1700833
https://doi.org/10.1038/nrc1097
https://doi.org/10.1038/2041104b0
https://doi.org/10.1016/0092-8674(81)90388-3
https://doi.org/10.1016/0092-8674(82)90100-3
https://doi.org/10.1126/science.1235122
https://doi.org/10.1073/pnas.93.17.9049
https://doi.org/10.1007/BF01372549
https://doi.org/10.1007/BF01372549
https://doi.org/10.1074/jbc.M510687200
https://doi.org/10.1016/j.cell.2015.05.033
https://doi.org/10.1016/S0092-8674(03)01075-4
https://doi.org/10.1038/nature11412
https://doi.org/10.3390/biomedicines11010109
https://doi.org/10.1038/nature13438
https://doi.org/10.1016/j.cell.2019.03.030

30
31
32

33

34

35

36

37
38

39

40

41

4

43

44

1049.e19

Cao L, Huang C, Cui Zhou D, et al. Proteogenomic characterization of pancreatic ductal adenocarcinoma. Cell, 2021, 184: 5031-5052.e26
Werner H M J, Mills G B, Ram P T. Cancer Systems Biology: A peek into the future of patient care? Nat Rev Clin Oncol, 2014, 11: 167-176
Ettinger D S, Wood D E, Aisner D L, et al. NCCN guidelines® insights: Non—small cell lung cancer, version 2.2023. J Natl Compr Cancer Netw,
2023, 21: 340-350

Hegde P S, Chen D S. Top 10 challenges in cancer immunotherapy. Immunity, 2020, 52: 17-35

Chen L, Han X. Anti-PD-1/PD-L1 therapy of human cancer: past, present, and future. J Clin Invest, 2015, 125: 3384-3391

Reck M, Bondarenko I, Luft A, et al. Ipilimumab in combination with paclitaxel and carboplatin as first-line therapy in extensive-disease-small-cell
lung cancer: Results from a randomized, double-blind, multicenter phase 2 trial. Ann Oncol, 2013, 24: 75-83

Brahmer J R, Tykodi S S, Chow L Q M, et al. Safety and activity of anti—-PD-L1 antibody in patients with advanced cancer. N Engl J Med, 2012,
366: 2455-2465

Topalian S L. Targeting immune checkpoints in cancer therapy. JAMA, 2017, 318: 1647-1648

Chamoto K, Yaguchi T, Tajima M, et al. Insights from a 30-year journey: Function, regulation and therapeutic modulation of PD1. Nat Rev
Immunol, 2023, 23: 682-695

Pérez-Gonzalez A, Bévant K, Blanpain C. Cancer cell plasticity during tumor progression, metastasis and response to therapy. Nat Cancer, 2023, 4:
1063-1082

Mempel T R, Lill J K, Altenburger L M. How chemokines organize the tumour microenvironment. Nat Rev Cancer, 2024, 24: 28-50

Zhao G, Zhang Y, Xu C F, et al. In vivo production of CAR-T cells using virus-mimetic fusogenic nanovesicles. Sci Bull, 2024, 69: 354-366
Yao R, Gao X, Yu J, et al. Tumor deposits in colorectal and gastric cancers. Med Plus, 2024, 1: 100025

Fang X, Zhu N, Zhong C, et al. Sintilimab plus bevacizumab, oxaliplatin and capecitabine as first-line therapy in RAS-mutant, microsatellite stable,
unresectable metastatic colorectal cancer: An open-label, single-arm, phase II trial. eClinicalMedicine, 2023, 62: 102123

Zheng S. Translational research of metastatic colorectal cancer. Chin J Colorec Dis, 2013, 2: 2-5


https://doi.org/10.1016/j.cell.2021.08.023
https://doi.org/10.1038/nrclinonc.2014.6
https://doi.org/10.6004/jnccn.2023.0020
https://doi.org/10.1016/j.immuni.2019.12.011
https://doi.org/10.1172/JCI80011
https://doi.org/10.1093/annonc/mds213
https://doi.org/10.1056/NEJMoa1200694
https://doi.org/10.1001/jama.2017.14155
https://doi.org/10.1038/s41577-023-00867-9
https://doi.org/10.1038/s41577-023-00867-9
https://doi.org/10.1038/s43018-023-00595-y
https://doi.org/10.1038/s41568-023-00635-w
https://doi.org/10.1016/j.scib.2023.11.055
https://doi.org/10.1016/j.medp.2024.100025
https://doi.org/10.1016/j.eclinm.2023.102123

43 &

Summary for “JJRiAE kB2 2 i AL

The evolution of precision oncology
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Precision medicine was conceived with the birth of modern clinical medical sciences, epitomizing the progress of
contemporary medicine. Precision oncology has emerged as the pinnacle of cancer diagnosis and treatment rather than a
subspecialty. This evolution can be traced to the discovery of oncogenes and tumor suppressor genes, which provided
precise targets for cancer diagnosis and treatment. Initially, oncogene discovery provided a genetic basis for cancer
development, leading to the concept of precision oncology, though effective targeted therapies were not yet available. The
progression of precision oncology has hinged on advancements in cancer treatment, especially targeted therapies and
immunotherapies. These therapies, designed to attack specific molecular mechanisms within cancer cells or their
microenvironment, have refined our understanding of cancer subtypes, enabling more precise diagnosis and treatment. The
concept of precision medicine extends beyond merely matching treatments to genetic mutations. It includes recognizing the
unique genetic landscape of each patient’s tumor, informed by advances in genomic sequencing and molecular diagnostics.
This has allowed for more sophisticated cancer subtyping, leading to personalized treatment plans. Despite this, the journey
has not been without challenges. For example, while RAS gene mutations were identified early on, effective inhibitors for
these mutations remained elusive for decades, stalling progress in some cancer types. Precision oncology also
acknowledges the multi-stage, multi-gene model of solid tumor development, which underscores the necessity for
individualized treatment. Discoveries like the tumor suppressor genes RB, p53, and BRCA1/2 highlighted the complex
interplay of genetic factors in cancer development and the need for targeted therapeutic strategies. Recent years have seen
significant milestones in precision oncology. The identification of biomarkers such as microsatellite instability (MSI) and
homologous recombination deficiency (HRD) has provided new targets for immunotherapies and PARP inhibitors,
respectively. These biomarkers have enabled the application of targeted therapies across different cancer types, furthering
the reach of precision oncology. Additionally, the development of KRAS inhibitors represents a new frontier in targeting
previously “undruggable” mutations. The field has also shifted towards integrating patient-specific factors into treatment
plans, recognizing that effective cancer treatment must consider the patient’s overall biology, including their immune
system’s role in combating cancer. The advent of immune checkpoint inhibitors, such as PD-1/PD-L1 antibodies,
revolutionized cancer therapy by enhancing the body’s immune response against tumors. These treatments have extended
patient survival and underscored the importance of treating the patient, not just the disease. Looking ahead, the future of
precision oncology lies in further refining these approaches and overcoming current limitations. For cancers lacking
effective targeted therapies or immunotherapy sensitivity, ongoing research into the tumor microenvironment and host
interactions holds promise. Interventions that modify the tumor microenvironment to enhance treatment response are an
area of active investigation, potentially unlocking new therapeutic avenues. Precision oncology continues to evolve, driven
by advancements in genomics, molecular biology, and immunology. The ultimate goal is to tailor cancer treatment to each
patient’s unique genetic and biological profile, maximizing therapeutic efficacy and minimizing adverse effects. This
personalized approach represents the true essence of precision medicine, aligning with the historical vision of treating the
patient as an individual.

precision medicine, oncogenes, tumor suppressor genes, tumor-targeted therapy, tumor microenvironment,
immunotherapy

doi: 10.1360/TB-2024-0081


https://doi.org/10.1360/TB-2024-0081

	肿瘤精准医学的演化
	癌基因的发现开启了肿瘤精准医学 精准医学
	实体肿瘤的多阶段多基因发展模型支持个体化治疗的必要性 的必要性
	肿瘤精准医学的概念转变由治疗药物的进步而驱动 步而驱动
	肿瘤精准医学从治疗肿瘤向治疗病人转化 病人转化
	如何在对免疫治疗不敏感也缺少靶向治疗的靶点的肿瘤上取得精准医学的突破 学的突破
	展望 � 展望


