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Precision Medicine and Immunotherapy
The next step in cancer care? 

Ugwuji N. Maduekwe, MD MMSc MPH
Associate Professor of Surgery
Medical College of Wisconsin

November 10th, 2023
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“A systematic investigation, including development, 
testing, and evaluation, designed to develop or contribute 

to generalizable knowledge”

Centers for Disease Control 
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“Doctors have always recognized that every patient is unique, and doctors 
have always tried to tailor their treatments as best they can to individuals. 
You can match a blood transfusion to a blood type — that was an important 
discovery. What if matching a cancer cure to our genetic code was just as 
easy, just as standard? What if figuring out the right dose of medicine was as 
simple as taking our temperature?”

- President Obama, January 30, 2015

https://obamawhitehouse.archives.gov/precision-medicine
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January 20th, 2015 – Precision Medicine Initiative 
$216 million to sign up a million person cohort

December 13th, 2016 – Congress passed the 21st 
Century Cures Act allocating $1.5 billion over 10 years 
for the program
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http s ://ghr.n lm .n ih .go v/p rim e r/ge n o m icre se arch/

http s ://ghr.n lm .n ih .go v/p rim e r/b as ics/ge n e

DNA:  deoxyribonucleic acid, is the hereditary material in humans and almost all other 
organisms.

Gene: basic physical/functional unit of heredity, made up of DNA.  Each chromosome 
contains many genes.  The Human Genome Project estimated humans have 20,000 – 
25,000 genes

SNPs:  Single nucleotide polymorphism, most common type of 
genetic variation. Each SNP is a difference in a single DNA 
nucleotide. They occur almost once in every 1,000 nucleotides on 
average, which means there are roughly 4 to 5 million SNPs in a 
person's genome. These variations may be unique or occur in many 
individuals; scientists have found more than 100 million SNPs in 
populations around the world. 

GWAS: Genome-wide association studies – searches genome for 
SNPs seem to be more frequent in people with a disease.  Can 
evaluate hundreds or thousands of SNPs at a time 

Glossary
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Video Example 
Grey’s Anatomy 

S9:E15
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Precision Oncology Therapeutic 
Advances

Chronic Myeloid Leukemia

23

Random assignment
553 imatinib
553 interferon alfa plus low-dose cytarabine
to receive imatinib (553 patients) or interferon alfa plus low-dose cytarabine 

After a median follow-up of 19 months, the estimated rate of a major 
cytogenetic response (0 to 35 percent of cells in metaphase positive for the 
Philadelphia chromosome) at 18 months was 87.1 percent (95 percent 
confidence interval, 84.1 to 90.0) in the imatinib group and 34.7 percent (95 
percent confidence interval, 29.3 to 40.0) in the group given interferon alfa plus 
cytarabine (P<0.001).
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Precision Oncology Advances
Chronic Myeloid Leukemia

These data are consistent with data from several registries such as the Surveillance, Epidemiology, and End Results (SEER) database and show the extent to which 
imatinib reduced CML mortality and improved prognosis .  The impact of imatinib treatment on CML survival observed in the ILTE study is probably greater than 
estimated. 
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Precision Oncology Therapeutic 
Advances

Breast Cancer

26

Trimboli RM, Giorgi Rossi P, Battisti NML, Cozzi A, Magni V, Zanardo M, Sardanelli F. Do we still need breast 
cancer screening in the era of targeted therapies and precision medicine? Insights Imaging. 2020 Sep 
25;11(1):105. doi: 10.1186/s13244-020-00905-3. PMID: 32975658.
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https://doi.org/10.1093/jnci/djr060
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Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton V, Bajamonde A, Fleming T, Eiermann W, Wolter J, Pegram M, Baselga J, Norton L. Use of chemotherapy 
plus a monoclonal antibody against HER2 for metastatic breast cancer that overexpresses HER2. N Engl J Med. 2001 Mar 15;344(11):783-92. 

Progression free survival Overall survival

Precision oncology advances 
Breast cancer
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Precision Oncology Therapeutic 
Advances

Melanoma

29

Chapm an PB, Hauschild A, Robert C, Haanen JB, Ascierto P, Larkin J, Dum m er R, Garbe C, Testori A, M aio M , Hogg D , Lorigan P, Lebbe C, Jouary T, Schadendorf D , R ibas A, 
O 'Day SJ, Sosm an JA, K irkwood JM , Eggerm ont AM , Dreno B, Nolop K, Li J, Nelson B, Hou J, Lee RJ, F laherty KT, M cArthur GA; BRIM -3 Study Group. Im proved survival w ith 
vem urafenib in m elanom a with BRAF V600E m utation. N  Engl J M ed. 2011 Jun 30;364(26):2507-16. 

Precision Oncology Advances 
Melanoma 

30
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C ancer s ta tis tics  for A frican  Am ericans, 2 0 1 9

C A: A  C ancer Journa l fo r C lin ic ians , V o lum e: 6 9 , Issue: 3 , Pages: 2 1 1 -2 3 3 , F irs t pub lished : 1 4  February  2 0 1 9 ,

There is a persistent racial disparity in cancer mortality rate 

31

Trimboli RM, Giorgi Rossi P, Battisti NML, Cozzi A, Magni V, Zanardo M, Sardanelli F. Do we still need breast 
cancer screening in the era of targeted therapies and precision medicine? Insights Imaging. 2020 Sep 
25;11(1):105. doi: 10.1186/s13244-020-00905-3. PMID: 32975658.
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Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton V, Bajamonde A, Fleming T, Eiermann W, Wolter J, Pegram M, Baselga J, Norton L. Use of chemotherapy 
plus a monoclonal antibody against HER2 for metastatic breast cancer that overexpresses HER2. N Engl J Med. 2001 Mar 15;344(11):783-92. 

Progression free survival Overall survival

Precision oncology advances 
Breast cancer

33
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Litvak A, Batukbhai B, Russell SD , Tsai HL, Rosner GL, Jeter SC, Arm strong D , Em ens LA, Fetting J, W olff AC, S ilhy R, Stearns V, Connolly RM . Racial disparities in the rate of cardiotoxicity of 
HER2-targeted therapies am ong wom en w ith early breast cancer. Cancer. 2018 M ay 1;124(9):1904-1911

Precision oncology advances
Differential burden of adverse effects of targeted therapy for breast cancer
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Equity
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“Doctors have always recognized that every patient is unique, and doctors 
have always tried to tailor their treatments as best they can to individuals. 
You can match a blood transfusion to a blood type — that was an important 
discovery. What if matching a cancer cure to our genetic code was just as 
easy, just as standard? What if figuring out the right dose of medicine was as 
simple as taking our temperature?”

- President Obama, January 30, 2015

https://obamawhitehouse.archives.gov/precision-medicine

36
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The strong push for inclusion also stems from the 
significant concern that underrepresented 
populations will be left behind as precision 
medicine research advances.

Callier SL. The Use of Racial Categories in Precision Medicine Research. Ethn Dis. 
2019;29(Suppl 3):651-658. Published 2019 Dec 12. 

37

Over the past decade, GWAS have been the preferred tool for 
discovering the genetic factors involved in common diseases. Tens 
of thousands of significant associations between genetic variants 
and biological traits have

Together, individuals of African and Latin American ancestry, 
Hispanic people (individuals descended from Spanish-speaking 
cultures in central or South America living in the United States) and 
native or indigenous peoples represent less than 4% of all samples 
analysed. Collectively, these are the most vulnerable and 
traditionally underserved population

Popejoy AB, Fullerton SM. Genomics is failing on diversity. Nature. 2016 
Oct 13;538(7624):161-164. doi: 10.1038/538161a. PMID: 27734877; 
PMCID: PMC5089703.

now been found, and many of these asso-
ciations have helped geneticists to uncover 
biological mechanisms underpinning con-
ditions from diabetes to schizophrenia. 

The most comprehensive, publicly acces-
sible summary of human genetic association 
research is the GWAS Catalog (www.ebi.
ac.uk/gwas) produced by the US National 
Human Genome Research Institute in part-
nership with the European Bioinformatics 
Institute. Every week, the curators of the 
catalogue receive automatic alerts of any 
new English-language GWAS reported in 
PubMed. These studies are then put through 
two rounds of data extraction and validation 
before being added to the catalogue. Among 
the data extracted from each study are the 
race, ethnicity or ancestry (as described 
by the authors of the study) of the subjects 
whose samples were analysed. 

DATA GATHERING
To determine ancestry, we analysed the sam-
ple descriptions included in the GWAS Cat-
alog with an approach similar to that used 
in 2009 (see Supplementary Information; 
go.nature.com/2dv2faf). 

As of August, 2,511 studies involving nearly 
35 million samples were included in the 
GWAS Catalog. This is a more than 2,000% 
increase in sample number from the 2009 
analysis (which looked at roughly 1.7 million 
samples across 373 independent studies1.) 

We found considerable heterogeneity in 
descriptions. For example, 26 terms, includ-
ing ‘black cases’ and ‘sub-Saharan African’, 
were used to describe people of African 
ancestry. The most geographically specific 
and informative descriptions were those 
used for samples of European origin, as 
previous studies have shown3.

During the past seven years, the propor-
tion of samples used in catalogued GWAS 
from participants who are not of European 
descent has increased fivefold (see ‘Persistent 
bias’). Yet nearly 78% of this growth is due 
to an increase in the number of samples 
from Japan, China, Korea, India and other 
populations from east Asia, south Asia and 
southeast Asia. 

Together, individuals of African and Latin 
American ancestry, Hispanic people (indi-
viduals descended from Spanish-speaking 
cultures in central or South America living 
in the United States) and native or indig-
enous peoples represent less than 4% of all 
samples analysed. Collectively, these are the 
most vulnerable and traditionally under-
served populations in many of the world’s 
richest nations.

The proportion of samples from individu-
als of African ancestry has increased by 2.5%, 
and the proportion of people of Hispanic or 
of Latin American ancestry by around 0.5%. 
In the case of indigenous peoples (including 
Native Americans, Australian Aboriginals 

4% Non- 
European 
ancestry

19% Non- 
European 
ancestry

0.57%

3%
of all 2009

samples

0.06%

0.06%
0.15%

3% 

14%
of all 2016
samples

0.54% 
0.28% 
0.05% 

0.08% 

1% 

PERSISTENT BIAS 

BREAKDOWN

2009
373 studies

1.7 million samples

2016
2,511 studies

35 million samples

Over the past seven years, the proportion of participants in genome-wide 
association studies (GWAS) that are of Asian ancestry has increased. 
Groups of other ancestries continue to be very poorly represented.

Proportion of non-European 
ancestry samples

96%
European  
ancestry

81%
European  
ancestry

Pacific
Islander

Native
Peoples

Hispanic & Latin
American ancestry

Asian
ancestry 

Asian

Other non-
European

Arab & Middle
Eastern

Mixed
ancestry

African
ancestry

Terms for ethnicity are those used in the GWAS Catalog. Some have changed between 2009 and 2016 as sampling has increased. 
Samples of European origin have the most specific descriptions of population ancestry.
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N e e d  A C , G o ld ste in  D B . N e xt g e n e ratio n  d isp aritie s  in  h u m an  g e n o m ics: 
co n ce rn s an d  re m e d ie s. T re n d s G e n e t. 2 0 0 9  N o v;2 5 (1 1 ):4 8 9 -9 4 . d o i: 
1 0 .1 0 1 6 /j.tig .2 0 0 9 .0 9 .0 1 2 . P M ID : 1 9 8 3 6 8 5 3 .
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Martin AR, Kanai M, Kamatani Y, Okada Y, Neale BM, Daly MJ. Clinical use of current polygenic risk 
scores may exacerbate health disparities. Nat Genet. 2019 Apr;51(4):584-591. 

Polygenic risk scores (PRS)

- predict complex traits using genetic data
- are of burgeoning interest to the clinical community as researchers demonstrate their growing power to improve 

clinical care, genetic studies of a wide range of phenotypes increase in size and power, and genotyping costs 
plummet to less than US$50. 

- Many earlier criticisms of limited prediction power are now recognized to have been chiefly an issue of insufficient 
sample size, which is no longer the case for many outcome

Underrepresentation of the people of African descent in the development 
cohorts mean that they are much less accurate in those patients. This is a major 
concern globally and especially in the U.S., which already leads other middle-and 
high-income countries in both real and perceived healthcare disparities

Polygenic risk scores are not as applicable to 
underrepresented groups

39
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- knowledge of precision health is low in the racial/ethnic minority communities included

- some groups were enthusiastic about the approach, especially in as much as precision health considers influences on health in 
addition to genes (eg, environmental, behavioral, social factors). 

- Significant concern was expressed by African American and American Indian participants about precision health practices and 
research based on past abuses in biomedical research

100 community members who self-reported their race/ ethnicity as American Indian (n=17), African American (n=13), Chinese (n=17), Latino (n=27), and Viet-namese (n=26), 
completed the survey and participated in the focus group discussions 

Five cross-cutting themes were identified: 1) familiarity and attitudes toward precision health; 2) familiarity and attitudes toward genetic testing; 3) familiarity and attitudes 
toward precision medicine research; 4) concerns, sources of distrust and challenges; and 5) cultural norms and beliefs. 

Rosas LG, Nasrallah C, Park VT, Vasquez JJ, Duron Y, Garrick O, Hattin R, 
Cho M, David SP, Evans J, McClinton-Brown R, Martin C. Perspectives on 
Precision Health Among Racial/Ethnic Minority Communities and the 
Physicians That Serve Them. Ethn Dis. 2020 Apr 2;30(Suppl 1):137-148. 
doi: 10.18865/ed.30.S1.137. PMID: 32269455; PMCID: PMC7138446.

Trust is an 
issue

40

41
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Can we use precision medicine to PREVENT cancer?

43

44

Video Example 
Grey’s Anatomy 

S5:E17
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Blair VR, M cLeod M , Carneiro F, Coit DG, D 'Addario JL, van D ieren JM , Harris KL, Hoogerbrugge N , Oliveira C, van der Post RS, Arnold J, Benusiglio  PR, 
Bisseling TM , Boussioutas A, Cats A, Charlton A, Schreiber KEC, Davis JL, P ietro M D, Fitzgerald RC, Ford JM , Gam et K, Gullo I, Hardwick RH, Huntsm an 
DG, Kaurah P, Kupfer SS, Latchford A, M ansfield PF, Nakajim a T, Parry S , Rossaak J, Sugim ura H, Svrcek M , Tischkowitz M , Ushijim a T, Yam ada H, Yang 
HK, Claydon A, F igueiredo J, Paringatai K , Seruca R, Bougen-Zhukov N , Brew T, Busija S , Carneiro P, DeGregorio L, F isher H, Gardner E, Godwin TD, Holm  
KN, Hum ar B, Lintott CJ, M onroe EC, M uller M D, Norero E, Nouri Y, Paredes J, Sanches JM , Schulpen E, R ibeiro AS, Sporle A, W hitworth J, Zhang L, Reeve 
AE, Guilford P. Hereditary diffuse gastric cancer: updated clinical practice guidelines. Lancet Oncol. 2020 Aug;21(8):e386-e397

Hereditary diffuse gastric cancer (HDGC) is an 
autosomal dominant cancer syndrome that is 
characterised by a high prevalence of diffuse 
gastric cancer and lobular breast cancer. It is 
largely caused by inactivating germline mutations 
in the tumour suppressor gene CDH1, although 
pathogenic variants in CTNNA1 occur in a minority 
of families with HDGC.

Prophylactic total gastrectomy remains the recommended 
option for gastric cancer risk management in 
pathogenic CDH1 variant carriers.

Prophylactic gastrectomy is recommended for CDH1 
variant carriers

46
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N asim  M avaddat, S usan  P e o ck , D e bra  F ro st, S te ve  E llis , R adka  P la tte , E le n a  F in e be rg , D . G are th  E van s, Lo u ise  Iza tt, R o sa lin d  A . E e le s , Ju lian  A d la rd , R o se m arie  D av idso n , D ian a  E cc le s , 
T re vo r C o le , Jack ie  C o o k , C aro le  B re w e r, M arc  T ischko w itz , F io n a  D o ug las , S h irle y  H o dgso n , L isa  W alke r, M ary E . P o rte o us, P atrick  J. M o rriso n , Lucy E . S ide , M . Jo hn  K e n n e dy, C athe rin e  
H o ughto n , A lan  D o n a ldso n , M ark  T . R o ge rs , H uw  D o rk in s , Z o s ia  M ie dzyb ro dzka , H e le n  G re go ry , Jacq ue lin e  E aso n , Ju lian  B arw e ll, E m m a M cC an n , A le x  M urray, A n to n is  C . A n to n io u , 
D o ug las  F . E asto n , o n  b e ha lf o f E M B R A C E , C an ce r R isks  fo r B R C A 1 an d B R C A 2 M utatio n  C arrie rs : R e su lts  F ro m  P ro sp e ctive  A n a lys is  o f E M B R A C E  , JN C I: Jo u rn a l o f th e  N a tio n a l C a n ce r 
In s titu te , Vo lum e  1 0 5 , Issue  1 1 , 5  Jun e  2 0 1 3 , P age s 8 1 2 – 8 2 2

Ludw ig  K K , N e un e r J, B u tle r A , G e urts  JL , K o n g A L . R isk  re ductio n  an d  surv iva l b e n e fit o f p ro p hylactic  su rge ry  in  
B R C A  m utatio n  carrie rs , a  syste m atic  re v ie w . A m  J S urg . 2 0 1 6  O ct;2 1 2 (4 ):6 6 0 -6 6 9 .

BRCA1

55% risk of ovarian cancer

BRCA2

16.5% risk ovarian cancer
Increased risk of pancreatic cancer

Increased risk of male breast 
cancer

60 – 80% lifetime risk of breast cancer

Mastectomy  decreases breast cancer risk  95 - 99%

Oophorectomy  decreases ovarian cancer risk   72 - 88%

Risk reducing surgery should be considered for BRCA 
carriers

52

H a rtm a n n  L C , L in d o r  N M . N  E n g l J  M e d  2 0 1 6 ;3 7 4 :4 5 4 -4 6 8 .

Suggested Approaches to Care of Patients with Hereditary 
Breast and Ovarian Cancer Syndrome.
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W an g X , S te e n sm a JT , B a ile y  M H , F e n g Q , P adda  H , Jo hn so n  K J. C haracte ris tics  o f The  C an ce r G e n o m e  
A tlas  case s  re la tive  to  U .S . ge n e ra l p o p u la tio n  can ce r case s . B r J C a n ce r. 2 0 1 8 ;1 1 9 (7 ):8 8 5 -8 9 2 . 

Spratt DE, Chan T, W aldron L, Speers C, Feng FY, Ogunwobi OO, Osborne JR. Racial/Ethnic D isparities in 
Genom ic Sequencing. JAM A Oncol. 2016 Aug 1;2(8):1070-4

82.1% White,  8.5% Black,  9.4% Other
 (<0.5% Native Hawaiian, Pacific Islander, Alaskan Native, American Indian) 

~3% Hispanic
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PROCLAIM 
PROmoting CLinicAl TrIal EngageMent for 

Pancreatic Cancer App Study
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PROCLAIM

What do our patients need?

01
DEVELOPMENT 

Does this help achieve the goal?

02
TESTING

58

PROCLAIM: STUDY SCHEMA

59

DEPARTMENT OF SURGERY
Division of Surgical Oncology

Thank you!
60
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Thank you!
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