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Burden of Disease

All ages; Both sexes;Canada

Leading causes of death 2012 2013 2014 2015 2016

Malignant neoplasms
Rank 1 1 1 1 1

# of deaths 74,361 75,112 77,059 77,054 79,084

Diabetes mellitus
Rank 6 6 6 7 6

# of deaths 6,993 7,045 7,071 7,172 6,838

Alzheimer's disease
Rank 7 8 8 8 7

# of deaths 6,293 6,345 6,410 6,587 6,521

Diseases of heart
Rank 2 2 2 2 2

# of deaths 48,681 49,891 51,014 51,534 51,396

Cerebrovascular diseases
Rank 3 3 3 3 3

# of deaths 13,174 13,400 13,573 13,795 13,551

Influenza and pneumonia
Rank 8 7 7 6 8

# of deaths 5,694 6,551 6,597 7,630 6,235

Chronic lower respiratory diseases
Rank 5 4 4 4 5

# of deaths 11,130 11,976 11,876 12,573 12,293

Chronic liver disease and cirrhosis
Rank 11 11 10 10 10

# of deaths 2,882 2,961 3,126 3,176 3,385

Nephritis, nephrotic syndrome and 

nephrosis

Rank 10 10 11 11 11

# of deaths 3,327 2,978 3,098 3,129 3,054

Accidents (unintentional injuries)
Rank 4 5 5 5 4

# of deaths 11,290 11,452 11,724 11,833 12,524
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Global Burden of Disease

Bray et al; CACancer J Cl 0:1; 2018



Global Burden of Disease
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Asian Immigrants in the United States, 
by Region of Birth, 1960-2014

Migration Policy Institute; Jan 6, 2016
JieZongand Jeanne Batalova



Top Metropolitan Destinations for Asian 
Immigrants in the United States, 2009-13

Migration Policy Institute; Jan 6, 2016
JieZongand Jeanne Batalova



Hanahan & Weinberg; Cell 100:57; 2000

Hallmarks of Cancer
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Cancer Care Ontario

Cancer Journey



Pathology



Lung cancer, small cell. Contrast-enhanced CT scan of the abdomen. Axial section 

through the liver shows multiple hypo attenuating areas in the liver. Poorly defined 

margins, attenuation greater than that of water, and scattered distribution in a 

patient with known lung cancer is most consistent with metastatic disease.

LIVER METS

CT Scans



Bone Scans



MRI Scans



Cancer Staging

Chen et al; PLoS One; July 24, 2015

Colon Cancer



Management & Treatment



.ƛƎ άпέ /ŀƴŎŜǊǎ ƛƴ bƻǊǘƘ !ƳŜǊƛŎŀ

Canadian Cancer Statistics 2017 

96% alive at 5 yrs
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Cancer Distribution



Specific Cancers

1. Breast Cancer

2. Lung Cancer

3. Liver Cancer

4. Nasopharyngeal Cancer (NPC)



ωMost common cancer in women 
(including Chinese women)

ωEstimated 26,500 new breast 
cancers in 2018

Canadian Cancer Statistics 2018

Epidemiology



Incidence In Ontario

Shuldiner et al; BMC Cancer 18:537, 2018

Close to 1.1B residents in Ontario



ω>80% are diagnosed at an early 
stage (stage I or II)

ωLikely attributed to early detection 
through screening programs

ω<5% are diagnosed at stage IV

Canadian Cancer Statistics 2018

Epidemiology (2011-2015)



ωSurgery 

ωSystemic: chemotherapy, endocrine therapy, 
targeted therapy (anti-HER2) 

ωRadiotherapy (RT) 

Multimodality Treatment



Surgery



ÅBreast conserving therapy

ÁNot new!

ÅSentinel node biopsy

ÁScreen out those who do not need an 
axillary dissection

ÅNeoadjuvantchemotherapy (NAC)

ÁTo shrink un-resectablelocal disease

Advances in Surgery



ÅҨ ƭȅƳǇƘŜŘŜƳŀ

ÅFalse negative 
rate 5- 10%

ÅNegative 
predictive value 
96%

Sentinel lymph node biopsy



Advances in Chemotherapy



NeoadjuvantChemotherapy

ωEquivalent to post-operative chemotherapy

ωAdvantages:

ςAssessment of in vivo tumor response

ςEarlier identification of resistant disease

ςDown-staging 

ωPatients who achieve pathologic complete 
response have significantly superior outcomes



Chemotx& NAC vs. Race

Killelea et al; J Clin Oncol 33:4267, 2015



OncotypeςGenomic Assay to Predict Recurrence Risk



OncotypeDx

Oncotype Dx Recurrence Score

Low risk

0-10

Endocrine 

treatment

High risk

Ó 26

Chemo-

therapy

Intermediate risk

11-25

? Endocrine 

therapy or 

Chemotherapy



Adjuvant Chemotherapy Guided by OncotypeDx

ωER/PR+Her2-, node 
negative

ωRS 11-25

ωRandomized to 
chemoendocrinevs. 
endocrine therapy 
alone

ωNo difference in DFS 
or OS

Sparano et al; NEJM 379:111. 2018



Radiotherapy



Active Breathing Control Technique to Minimize 
Cardiac Toxicity



Technique to minimize cardiac toxicity

Free-

breathing

NEJM 368:978-998, 2013

Active

Breathing

Control

IJROBP 82(1):386-93, 2012



QuickStartProgram at Princess Margaret

CT Simulation
Image 
Import

Target 
Definition

Planning
Plan 

Approval
QA

1st RT 
Treatment

One-day 



Age-Standardized Mortality Rates



1. Overall incidence of breast cancer is increasing.

2. Slight protection in incidence amongst recent 
immigrants from Asia, but declines over time.

3. Overall outcome is improving significantly.

4. No obvious differences in tumour biology 
amongst the Chinese population.

Breast Cancer Summary



Specific Cancers

1. Breast Cancer

2. Lung Cancer

3. Liver Cancer

4. Nasopharyngeal Cancer (NPC)



64%

13%

13%

10%

Adenocarcinoma Small Cell Squamous Other

Lung Cancer ςmore than just one disease

Adenocarcinoma: 

CK7, TTF-1, Napsin A+

Squamous carcinoma:

CK5/6, p63/p40+

http://respiratory-research.com/content/6/1/1/figure/F1
http://respiratory-research.com/content/6/1/1/figure/F1
http://respiratory-research.com/content/6/1/1/figure/F1
http://respiratory-research.com/content/6/1/1/figure/F1


Lung Cancer ςmore than just one disease

http://respiratory-research.com/content/6/1/1/figure/F1
http://respiratory-research.com/content/6/1/1/figure/F1
http://respiratory-research.com/content/6/1/1/figure/F1
http://respiratory-research.com/content/6/1/1/figure/F1


Treatment Advances

Å Screening

ÅNLST RCT low dose CT v CXR over 2 yrs

Å30 pk yr smoking; 55-75 years, quit<=15 yrs

ÅĎ20% lung cancer mortality, Ď7% all cause

Å Video Assisted ThoracoscopicSurgery

Å Stereotactic Radiotherapy (SBRT)

Å Adjuvant Chemotherapy

Åč5 year survival by 8-12%

ω Targeted therapy ςbetter quality, survival

ω Immunotherapy ςbetter quality, survival

ω Supportive Care ςbetter quality, survival

NLST  Research Team  NEJM 2011; Winton et al. NEJM 2004; Mok et al. NEJM 2010; 
Brahmer et al NEJM 2015; Borghaei et al NEJM 2015;  Temel et al. NEJM 2010



Many patients may have a potentially targetable 
alteration (up to 70%) with the hope of better outcomes

Suh et al. Oncologist 2016; Kris et al WCLC 2013
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5.4% multiple mutations



First-line ( incl combination)

Second-line and beyond

Maintenance chemotherapy

Molecularly targeted agents

1970 1980 1990 2000

Erlotinib
2004

Docetaxel
1999

GefitinibÀ

2003

2010

Pemetrexedÿ

2004

Erlotinib
2010

Pemetrexedÿ

2009

Crizotinib§

2011 (US)/2012 (EU)

Erlotinib**
2013Median OS, months

12+

~8ï10
~6

~2ï4

13+

Carboplatin*
1989

Gemcitabine
1996

Vinorelbine
1994

Docetaxel
2002

Bevacizumabÿ

2006

Pemetrexedÿ

2008

Paclitaxel
1998

Nab-Paclitaxel
2012

Cisplatin*
1978

Accelerating Progress: 
FDA approvals in advanced lung cancer

*Not approved in NSCLC, but commonly used; ÀRestricted to patients participating in a clinical trial or continuing to benefit from treatment already initiated; 
ÿNon-squamous NSCLC only; §ALK-positive NSCLC only; **EGFR exon 19 deletions or exon 21 (L858R) substitution mutations only;
#Afatinib is approved for the treatment of patients with activating EGFR mutations but only PFS data have been published (May 2014).

U.S. Food and Drug Administration. Available at www.fda.gov. Accessed September 2014; European Medicines Agency. 

Available at http://www.ema.europa.eu. 
Accessed September 2014; NCCN Guidelines. Non-small cell lung cancer. v3.2014.

+ EGFR T790M mutation only; ++ PDL-1 positive (; +++ ROS-1 positive only;@ BRAF V600E only

Afatinib**,#

2013

Nivolumab
2015

Ceritinib§

2014

Alectinib§

2015

Osimertinib
2015+

Crizotinib
2016+++

Pembrolizumab
2015++

Gefitinib**
2015

Atezolizumab
2016

Pembrolizumab
1L 2016++

Brigatinib§

2017

Pembrolizumab
+ Pem/Platinum

1L 2017

Dabrefenib + 

Trametinib@

2017

Clinical 
development 
of TKI begins

Nivolumab 

SCLC 2018

Durvalumab

St III 2017

http://www.fda.gov/
http://www.ema.europa.eu/


Lung Cancer ςNever Smokers (LCNS)

Korpanty et al; Oncotarget 9:22599, 2018



EGFRmutations in ~50% of never smokers

Korpanty et al; Oncotarget 9:22599, 2018



Differences with Ethnicity

Korpanty et al; Oncotarget 9:22599, 2018



EGFR Mutations Response to EGFR TKI

ÅMutations more common in 
women, never smokers, 
Asians, adenocarcinoma

Å These patients live longer and 
do better on EGFR TKI 
(replaced chemotherapy)

Inoue JCO 2006; Rosell NEJM 2009; Okamato, Sutani, Morikawa Proc ASCO 2006; Sequist Proc ASCO 2007



Relative Potency of TKIs

Adapted from Cross D, et al. Cancer Discovery 2014; 2014;4:1046ï106 Table S1; Li D et al. Oncogene 2008;27:4702ï4711; Ranson M et al. J Thorac Oncol 2013;8:(suppl 2 abstract; 

Moyer JD et al Cancer Res. 1997;57;4838-48; Kancha RK et al. Clin Cancer Res. 2009;15;460-67

Image is used for educational purpose only. AstraZeneca is not responsible for data and copyrights.

EGFRm- Epidermal growth 
factor receptor mutation; 
IC50- concentration of an 
inhibitor where the response 
(or binding) is reduced by 
half; Wt-Wild type; 



LCNS with Mutations - Better Outcome

Korpanty et al; Oncotarget 9:22599, 2018



EML4ςALKFusion Oncogene is a Key Driver 
in 2-5% of NSCLC 

1.Soda M, et al. Nature 2007;448:561-6
2. Kwak EL et al. N Engl J Med 2010;363:1693-1703

ÅMore common in 
adenocarcinoma, Asians, 
nonsmokers

ÅPatients do better on ALK 
TKI than chemotherapy

ALK: anaplastic lymphoma kinase; EML4: echinoderm microtubule-associated protein like 4

Side effects can include diarrhea, 
nausea, visual changes



Targeted therapy vs. Chemotherapy (PROFILE 1014)
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ALEX: Alectinibvs.Crizotinib
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Peters et al; N EnglJ Med 377:829, 2017 

P<0.001



Slide 12

Christine Lovly, ASCO 2018

Crizotinib
Special access: 
alectinib

Second Line Therapy for ALK+ Lung Cancer

Data from post Crizotinib



Immuno-oncology:Blocking CTLA-4 and PD-1 
Pathways with Monoclonal Antibodies 

Tumour cell

- - -

CTLA-4 pathway PD-1 pathway

Anti-CTLA-4

Anti-PD-1/PD-L1

+++

Anti-PD-1

- - -

- --

Priming Phase 
Periphery

Effector Phase
Tumour microenvironment 

T- cell activation
(cytokines, lysis, proliferation, 

migration to tumour)

Dendritic
cell +++ T cell

T cell

+++
CD28B7

B7

MHC
TCR

TCR MHC

PD-L1PD-1

PD-L2PD-1

CTLA-4

CTLA-4=cytotoxic T-lymphocyte antigen-4; PD-1=programmed cell death 1;PD-L1/2=PD ligand 1/2; TCR=T cell receptor.
Adapted from Wolchock J, et al. Oral presentation at ASCO 2013 (Abstract 9012).



Immuno-oncology:Blocking CTLA-4 and PD-1 
Pathways with Monoclonal Antibodies 

Tumour cell

- - -

CTLA-4 pathway blockade PD-1 pathway blockade

Anti-CTLA-4

Anti-PD-1/PD-L1

+++

Anti-PD-1

- - -

- --

Priming Phase 
Periphery

Effector Phase
Tumour microenvironment 

T- cell activation
(cytokines, lysis, proliferation, 

migration to tumour)

Dendritic
cell +++ T cell

T cell

+++
CD28B7

B7

MHC
TCR

TCR MHC

PD-L1PD-1

PD-L2PD-1

CTLA-4

CTLA-4=cytotoxic T-lymphocyte antigen-4; PD-1=programmed cell death 1;
PD-L1/2=PD ligand 1/2; TCR=T cell receptor.
Adapted from Wolchock J, et al. Oral presentation at ASCO 2013 (Abstract 9012).

Ipilumumab, Tremelimumab
Nivolumab, Pembrolizumab
(MEDI0680, PDR001, CT-011)



Immuno-oncology:Blocking CTLA-4 and PD-1 
Pathways with Monoclonal Antibodies 

Tumour cell

- - -

CTLA-4 pathway blockade PD-1 pathway blockade

Anti-CTLA-4

Anti-PD-L1

+++

Anti-PDL-1/2

- - -

- --

Priming Phase 
Periphery

Effector Phase
Tumour microenvironment 

T- cell activation
(cytokines, lysis, proliferation, 

migration to tumour)

Dendritic
cell +++ T cell

T cell

+++
CD28B7

B7

MHC
TCR

TCR MHC

PD-L1PD-1

PD-L2PD-1

CTLA-4

CTLA-4=cytotoxic T-lymphocyte antigen-4; PD-1=programmed cell death 1;
PD-L1/2=PD ligand 1/2; TCR=T cell receptor.
Adapted from Wolchock J, et al. Oral presentation at ASCO 2013 (Abstract 9012).

Atezolizumab, Durvalumab, Avelumab
(AMP224 ςFcRPDL2)

Ipilumumab, Tremelimumab



Key End Points

Primary: PFS (RECIST v1.1 per blinded, independent central review)

Secondary: OS, ORR, safety

Exploratory: DOR

KEYNOTE-024 Study Design (NCT02142738) 

Key Eligibility Criteria

ÅUntreated stage IV NSCLC

ÅPD-L1 TPS Ó50% 

ÅECOG PS 0-1

ÅNo activating EGFR mutation or 

ALK translocation

ÅNo untreated brain metastases

ÅNo active autoimmune disease 

requiring systemic therapy

ÅStratification: ECOG 0 or 1, 

pathology squamous or non, 

country East Asia or other

Pembrolizumab 

200 mg IV Q3W
(2 years)

R (1:1)

N = 305

PDa Pembrolizumab  

200 mg Q3W 

for 2 years

Platinum-Doublet 

Chemotherapy*
(4-6 cycles)

aTo be eligible for crossover, progressive disease (PD)  had to be confirmed by 

blinded, independent central radiology review and all safety criteria had to be met.
*Nonsquamousςpemetrexedor paclitaxel/platinum
Squamous ςpaclitaxel or gemcitabine/platinum

Pemetrexed maintenance in non-squamous allowed



Keynote 024: Pembrolizumabimproves overall survival 
1st line in PDL1 >50% vs. Platinum Doublet

Data cut-off: May 9, 2016.
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72%
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P

Pembro 44 NR
0.60 

(0.41-0.89)
0.005

Chemo 64 NR

DMC recommended stopping the trial because of 

superior efficacy observed with pembrolizumab

50% crossover to 
PD1 inhibitor

RR 45% v 28%

Recket al; N EnglJ Med 375:1823, 2016



EGFR/ALK/ROS-
1/BRAFV600EΧ

1L TKI

2L TKIΧ

Platinum doublet

Docetaxel OR 
nivolumab, 

pembrolizumab, 
atezolizumab

PDL-м ¢t{җрл҈

Pembrolizumab +/-
pemetrexed/platinum

*

Platinum doublet or 
trials (IO-IO; IO-CT)

Docetaxel

PDL-1 <50%

Adenocarcinoma

1L pemplatinum 
doublet +/-

pembrolizumab*

Maintenance (pem)

2L nivolumab, 
pembrolizumab 

(PDL1+), atezolizumab

Docetaxel

PDL-1 <50%

Squamous

1L platinum doublet 
+/- pembrolizumab

2L nivolumab, 
pembrolizumab 

(PDL1+), atezolizumab

Docetaxel

pem, pemetrexed; TKI, tyrosine kinase inhibitors; TPS, tumor proportion score;* 

pemetrexed/carboplatin + pembrolizumab approved in US

Advanced Non-Small Cell Lung Cancer



PACIFIC: Phase 3, Randomized, Double-blind, Placebo-
controlled, Multi -center, International Study1

*Using the Ventana SP263 immunohistochemistry assay
ÀDefined as the time from randomization until the date of objective disease progression or death by any cause in 
the absence of progression. BICR, blinded independent central review; cCRT, concurrent CRT; PFS2, time to 
progression; RECIST, Response Evaluation Criteria in Solid Tumors; TTDM, time to death or distant metastasis. 
ClinicalTrials.gov number: NCT02125461

Antonia et al; N Engl J Med 377:1919, 2017

ÅPatients with unresectable, 

Stage III NSCLC without 

disease progression following 

definitive platinum-based 

cCRT (Ó2 cycles)

Å18 years or older

ÅWHO PS score 0 or 1

ÅArchived tumor tissue 

obtained before cCRT (if 

available) provided for PD-L1 

testing*

All-comers population 

(i.e. patients enrolled 

irrespective of 

PD-L1 expression status)

N=983 screened 

Durvalumab

10 mg/kg q2w for

up to 12 months

N=476

Placebo

10 mg/kg q2w for 

up to 12 months

N=237

2:1 randomization,

stratified by age, sex, and 

smoking history

N=713

Key secondary 

endpoints 

Å ORR by BICR

Å DoR by BICR

Å TTDM by BICR

Å PFS2 per 

investigator

Å Safety and 

tolerability 

Å PROs

Primary 

endpoints
Å PFS by BICR 

using RECIST 

v1.1À

Å OS

R

1ï42 days 

post-

cCRT



Overall Survival* (ITT)

*Median duration of follow-up for OS was 25.2 months (range 0.2ï43.1)

No. of 
events / 
No. of 

patients

Median OS
(95% CI)
months

12-mo OS
(95% CI)

%

24-mo OS
(95% CI)

%

Durvalumab 183/476 NR 
(34.7ςNR)

83.1 
(79.4ς86.2)

66.3 
(61.7ς70.4)

Placebo 116/237 28.7 
(22.9ςNR)

75.3 
(69.2ς80.4)

55.6 
(48.9ς61.8)

Stratified hazard ratio for death, 0.68 (99.73% CI, 0.469ï0.997)

Two-sided P=0.00251
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Durvalumab 476 464 431 415 385 364 343 319 274 210 115 57 23 2 0 0

Placebo 237 220 198 178 170 155 141 130 117 78 42 21 9 3 1 0

Durvalumab

Placebo

Antonia et al; N Engl J Med 377:1919, 2017



1. Lung cancer remains a significant cause of 
cancer death.

2. Definitely a difference in biology as a 
function of ethnicity.

3. This difference leads to variation in 
management using molecular targeted 
therapies ςsignificant evolution in recent 
years.

Lung Cancer Summary



Specific Cancers

1. Breast Cancer

2. Lung Cancer

3. Liver Cancer

4. Nasopharyngeal Cancer (NPC)



ω3rd cause of global 
cancer death 
(~700,000/year)
ω5 year survival <10% 

globally 
ω#1 increasing cause of 

cancer death in USA & 
Canada

WHO, Cancer Care Ontario, and American Cancer Society Statistics; 

http://seer.cancer.gov

Liver Cancer - An important Cause of Cancer Death



Regional variations in HCC mortality rates
Åcategorized by age-adjusted mortality rates
Å reported per 100,000 persons.

Hashem B.  ElïSerag , K. Lenhard Rudolph

Gastroenterology 132(7):2557, 2007

HCC Age-Adjusted Mortality Rates



ωHighest incidence 
in countries 
endemic in 
Hepatitis B & C 

ωDecreasing in Asia

ω Increasing in N. 
America

WHO 2006

Figure 1

Hepatocellular Carcinoma Incidence Distribution



Canadian Cancer Statistics, 2012; Cancer Care Ontario 2018 

HCC Rising Incidence in Canada

Annual Percent Change, CCO

In Ontario, 5 year survival 
22% vs. 8% 30 years ago



1. Chronic HepB: 0.46% annual HCC incidence 

2. Hepatitis C; now curable with new ($$) anti-virals, 
which will reduce HCC risk

3. HIV

4. Cirrhosis:  1% - 6% annual risk of HCC

5. Non-alcoholic steatohepatitis(NASH)/metabolic 
syndrome

6. Alfa-toxin

NIH PDQ 2015

Hepatocellular Carcinoma Risk Factors



HCC Treatment: A Challenge

Two diseases: 
Malignancy and chronic liver disease
Åa virulent cancer and a dysfunctional liver

Heterogeneity: etiology & prognosis
Åboth tumour and liver factors
(e.g. cirrhosis, Hepatitis B, Hepatitis C, 
alcohol)  will impact survival



Child-Pugh-Turcotte
Assessing Severity of Cirrhosis

Lab 1  2 3
INR (N<1.2) <1.7 1.7-2.2 >2.2

Albumin (N>40) >35 28-35 <28

Bilirubin (N<17) <34 34-54 >54

Clinical
Ascites none mild severe

Encephalopathy none mild severe

ChildôsCPT score Surgical Mortality Survival

A 5-6 ~10% 10-15 yrs

B 7-9 ~30% 5 yrs

C 10-15 ~80% 2 yrs

Most HCC treatments only studied in 

Child Pugh A or B7 patients



1920 1940                            1960                          1980                       2000

1967 transplant 2000 RFA1949 resection

Timeline for HCC treatment

2002 TACE

2002 sorafenib



HCC Barcelona Clinic (BCLC) System

Pons, Varela & Llovet, 2005



Standard Local HCC Therapies

1. Resection: 5 year survival 24 - 70% 

ÅSmall % eligible - Child A, no cirrhosis

2. Transplant: 5 year survival 50 - 80% 

ÅMany patients develop PD while on the wait list

3. RFA: 5 year survival 10 - 50% 

Åproven for < 3cm, ¬recurrences if > 4cm

<30% of all HCC are suitable for these therapies



Trans Hepatic Arterial Chemo Embolization (TACE)

ωTACE improves survival, does not cure 

ωPatients: Child-Pugh A & no portal vein thrombus

Lo, Hong Kong
(HBV)

Llovet, Barcelona 
(HCV)

2 yr survival of 31% vs 11 %2 yr survival 63% vs 27%

Llovetet al; 2002 Lo et al; 2002



Sorafenibis the systemic standard of care

ωSorafenibimproves survival, does not cure 

ωPatients: Child-Pugh A

Asian-Pacific (HepB)
Median survival:

6.6 vs. 4.2 months

SHARP (HepC)
Median survival:

10.7 vs. 7.9 months
Llovetet al; 2002 Lo et al; 2002



Radiation Therapy

ÅRadiation therapy should lead to improved 

outcomes in liver cancer patients who are not 

candidates for standard local therapies:

Á Symptom improvement

Á Quality of life

Á Local control

Á Cure

Palliative

Radical



Stereotactic Body Radiotherapy, SBRT

ωVery conformal dose distribution

ωMany beams or arc(s)

ωPotent doses

ωMotion management

ωLƳŀƎŜ ƎǳƛŘŀƴŎŜ όΨǎǘŜǊŜƻǘŀŎǘƛŎέύ

ωHigh dose per fraction

ωFew number of fractions (3 - 6)

ωWidely available



Why SBRT?

ωMore efficient for department

ωIncreased acceptance by patients

ωHigher throughput

ωHigh dose per fraction specific 
effects 

SBRT techniques can be used in any 
fractionation



1995 2003                                                    2010    2011   

Timeline for HCC SBRT

1995 1-3# 

Blomgren

2001 1# phI

Herfarth

2001 3# Wulf

2006 3# phI Hoyer

2006 3# phI Mendez

2008 HCC 6# 

phI PMH

2010 1# phI 

Stanford

HCC, 3# Cardenes

HCC, 3# Seo é



Liver Cancer Summary

ωSurvival is improving

ωMulti -disciplinary management key

ωStrong role for HepB vaccination and screening of 

high risk patients

ωLocal, regional and systemic therapies available

ωTrials ongoing at Princess Margaret Cancer Centre



Specific Cancers

1. Breast Cancer

2. Lung Cancer

3. Liver Cancer

4. Nasopharyngeal Cancer (NPC)



Clinical Challenges

Å ~80,000 newly-
diagnosed cases; 
~50,000 deaths

Å 5-yr OS ~70%

Å Excellent LRC with 
IMRT, but DM remains 
major cause of death

Å EBV DNA titre is sole 
biomarker, but not 
universally utilized



Jemalet al; CA Cancer J Clin61:69, 2011



Patient Distribution

PMH Data
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Incidence of NPC: Global Distribution



Mortality of NPC: Global Distribution



Background: PMH NPC Treatment 

ÅTreat ~45 new NPC patients annually

ÅStarted IMRT for NPC since 2000

ÅIMRT became standard of care in 2004

ÅCurrent standard treatment: 

ÅRT alone: T1N0

ÅCCRT + ACT for most LA-NPC

ÅICT + CCRT: for very advanced T4 or N3 NPC 

(since 2018)

ÅClinical trial: 

ÅNRG-HN001 trial for EBER+ NPC with detectable 

pre-RT EBV DNA



Current IMRT



Current IMRT



Clinical Characteristics

IǳŀƴƎΣ ²ŀƭŘǊƻƴΣ IŀƴǎŜƴΣ hΩ{ǳƭƭƛǾŀƴΣ 9{¢wh нлмт

Characteristics NPC (n=369)
Age: Median (Range) 52 (16-89)

Gender                                 

Female

Male

121 (33%)

248 (67%)

Ethnicity                                 

Asian

Non-Asian

277 (75%)

89 (25%)

T Category                                  

T1-T2

T3-T4

158 (43%)

211 (57%)

N Category             

N0

N1

N2

N3

56 (15%)

89 (24%)

174 (47%)

50 (14%)

Stage

I-II 

III-IV

71 (19%)

298 (81%)



PMH Data (IMRT for NPC: 2004-2014)

OS Events / 

Total

3 years 5 years

Total 63 / 369 90% (86-93) 87% (83-91)

I 3 / 29 100% (100-100) 95% (87-100)

II 7 / 42 92% (85-100) 92% (85-100)

III 15 / 152 93% (89-97) 92% (88-97)

IV 38 / 146 83% (77-90) 78% (71-85)

DFS Events / 

Total

3 years 5 years

Total 107 / 369 78% (74-82) 74% (70-79)

I 7 / 29 93% (83-100) 88% (76-100)

II 10 / 42 88% (78-98) 85% (75-97)

III 30 / 152 86% (80-92) 84% (78-90)

IV 60 / 146 64% (56-73) 58% (50-68)



6

Local 

(n=35, 9%)

Regional 

(n=21, 6%)
Distant 

(n=51, 14%)

23

39

7 4

1

7

Patterns of Failure in the IMRT Era (PMH 2004-2014)

Huang, OôSullivan at al, ESTRO 2017Radiother Oncol. 123 (Suppl 1): S263, 2017

PMH NPC (n=369)



PMH Data Compared to Published Literature

DM is the main form of failure for NPC in the IMRT era

Institution # Pts 

(% stage III-IV)
LC / RC / LRC DC OS

RTOG 0225 
(Lee, et al. JCO 2009)

68 

(Stage III-IV: 59%)

2-year:

LC: 93%; RC: 91%
2-year: 85% 2-year: 80%

Guangzhou, China
(Mao, Ma, et al. Chin J C, 2016)

749 

(Stage III-IV: 66%)

5-year:

LC: 95%; RC: 97%
5-year: 83% 5-year: 82%

Hubei, China
(Zhao, et al. Oncotarget, 2016)

527 

(Stage III-IV: 76%)

5-year: 

LC: 92%; RC: 96%
5-year: 83% 5-year: 81%

Nanjing, China
(Wu, et al. Oral Oncol, 2017)

614 

(Stage III-IV: 75%)

5-year:

LC: 91%; RC: 97%
5-year: 82% 5-year: 83%

Taiwan, China
(Chen, et al. Oncotarget, 2017)

481 

(Stage III-IV: 76%)

5-year LRC: 

ÅI-II:    93%; 

ÅIII-IV: 86%

5-year:

ÅI-II: 96%

ÅIII-IV: 81%

5-year: 

ÅI-II: 96%

ÅIII-IV: 82%

PMH, Canada
(Huang, et al. ESTRO, 2017)

369

(Stage III-IV: 81%)

5-year:

LC: 91%; RC: 94%
5-year: 88% 5-year: 87%



Á Median FU 6.6 years
Á No difference in RFS, OS, LRC, DC

Á Comment: 
ï Small sample size: 73% undetectable post-tx EBV DNA

ï Non-uniform initial treatment (some RT alonĕsome CRT)

RFS

OS
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Who Needs Adjuvant Chemotherapy?

TÓ2b 

or 

N+ 

WHO I-III          

CDDP 

+ 5FU x3

IMRT 
(70 Gy/33f) 

+ 

CDDP
(40 mg/m2 x 6) 

Gemcitabine

+ Paclitaxel x 4

R2

R1
EBV 

DNA 

Negative

Observe

Pre-Treatment EBV DNA Post-Treatment EBV DNA

Quynh Le & Nancy Lee (PI)

EBV 

DNA 

Positive

NRG HN-001 NPC Phase III



Long Term Toxicity

McDowell et al; Int J RadiatOncolBiol Phys102:340, 2018



1. Infrequent in North America.

2. Clinical outcome has improved 
significantly with RT alone, or combined 
modality treatments.

3. Focus is on distant metastasis; and 
reducing long term toxicity of treatment.

Nasopharyngeal Cancer Summary



Outline

1. Background

2. Management

ÅGeneral approaches

ÅSpecific cancers

3. Future Strategies

4. Conclusion



4-D integration of data to derive a
precision personalized cancer care

Personalized & Precision Medicine



Future State


