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RARE CANCERS

2 Questions

• Randomised or Uncontrolled Trials?

• Conventional or alternative statistical 

approaches?



Contents

1. Statistics in Medicine: The rules of the 

game 

a) Unpredictability in the individual patient 

b) Unpredictability at the group level

c) Conventional Statistics

2. Rare tumors

a) Problems with conventional statistics

b) Alternative (i.e. Bayesian) Statistics
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Frequentist Probability

Definitions and implications



Probability

Definitions (Wikipedia, from Merriam Webster)

…the measure of the likeliness that an event

will occur



Probability = measure of the 

likeliness that an event will occur?

• Probability that next number from a roulette 

will be red =18/37 ≈ 50%

• Probability that a man has a cancer in his

prostate ≈ 25/100 =25%

• Probability that my home team (Genoa) had

won last game = <1/million ≈ 0



Probability = measure of the 

likeliness that an event will occur?

• Probability that next number will be red

• Next Number: red = event

• Likeliness =18/37 ≈ 50%

Theory: 

Red Numbers / Total Numbers = Proportion

Experiment

Red Numbers/Plays = Frequency



Probability = measure of the 

likeliness that an event will occur?

Probability of an event = proportion

Estimation =  frequency = events/plays 



Probability = measure of the 

likeliness that an event will occur?

• Probability that next number from a 

roulette will be red =18/37 ≈ 50%

• Probability that a man has a cancer in his 

prostate ≈ 25/100 =25%

– Proportion: 25 prost.c./100 adult men

– Estimation: Frequency of examined men in 

whom I do find a prostate c.: 

1 every 4 men (25%)



Probability = measure of the 

likeliness that an event will occur?

• Probability that next number from a 

roulette will be red =18/37 ≈ 50%

• Probability that a man has a cancer in his

prostate ≈ 25/100 =25%

• Probability that my home football team 

(Genoa) had won last game= <1/million ≈ 0

Proportion? Frequency? 



Probability = measure of the 

likeliness that an event will occur?

• If my home football team (Genoa) could

play again the last game a million times it

would not win once

• Theoretical Proportion

• Theoretical Frequency
= Hypothesis



Probability = measure of the 

likeliness that an event will occur?

• Probability that next number from a roulette 

will be red =18/37 ≈ 50%

IF (Hypothesis)...

…the roulette works fine 

(TRUE Frequency = 50%)



Probability = measure of the 

likeliness that an event will occur?

• Probability that next number from a 

roulette will be red =18/37 ≈ 50%

• Probability that a man has a cancer in his

prostate ≈ 25/100 =25%

IF (Hypothesis)…the true prevalence of

prostate cancer in Western adult men is

25%



FREQUENTIST 

PROBABILITY

The expected frequency

of the observation

given a hypothesis (IF…)



FREQUENTIST TEST OF 

HYPOTHESIS

The expected frequency

of the observation

Given a hypothesis (IF…)

compute

If it is not  a 

rare event
If it is too 

rare

REJECT 

THE

HYPOT

HESIS



Other examples of frequentist 

probabilities

• If the roulette works fine (reds = 50%):

– Probability that next 3 numbers are red =12%

– Probability that 1/5 numbers are red=19%

– Probability that 1/10 numbers are red = 1%



TESTS of HYPOTHESIS

• Does the roulette work fine (reds = 50%)?

– Next 3 numbers are all red P=12%  ?

– 1/5 numbers are red P=19%  ?

– 1/10 numbers are red  P = 1% (2% if 2-sided)

Too rare: I reject the hypothesis that the roulette 

works fine



Statistical Foundations of RCT

1. Starting Hypothesis (H0): The 2 treatments 

being compared are “identical”

2. Randomizations ensures that differences 

between groups are due to chance

3. Double blind prevents bias in assessment

4. Are observed results compatible with H0? 



Are observed results compatible 

with H0? 

• Answer: Test of the null hypothesis

• The probability is computed to observe a 

difference as rare or rarer than that observed 

if H0 (the null hypothesis) is true

• If probability is low-> reject H0 -> the two 

treatments are not identical 

• How low? 5%

• If probability>5% Do not reject H0



Statistically Signficant Difference 

• Difference that is observed by chance, with a 

FREQUENCY < 5% if the two treaments are 

identical 

• 5% = Probability to reject H0 when it is true 

(called also ALFA ERROR)

• 5/100 studies comparing identical treatments 

will show a “significant” difference = 

Frequency of false positive results 

• IT IS NOT THE PROBABILITY THAT H0 

IS TRUE (see later)



And when H0 is false?

I can observe a statistically significant

difference (true positive result)

I can fail to observe a statistically significant

difference (false negative result)



Power of a study

• Probability to observe a statistically

signficant difference if H0 is false and 

another hypothesis is true (alternative 

Hypothesis, H1)

• Necessary to specify the alternative 

hypothesis: Minimal Clinically Worthwhile

Difference (MCWD)



Power a study

Power increases:

• With increasing sample size (n)

• With increasing minimal target difference 

• (with decreasing variance of the parameter 

under study – only for continuous variables) 



Sample size of a study

Number of patients/events required

- For having a given probability(power)

- To observe a significant difference 

- If H0 is false

- And another hypothesis (H1) is true 

- Representing the minimal effect of the 

experimental treatment of clinical interest



Elements for the Computation

Number of patients/events required

- For having a given probability(power)

- To observe a significant difference 

- If H0 is false

- And another hypothesis (H1) is true 

- Representing the minimal effect of the 

experimental treatment of clinical interest

Power

Type I Error

Delta



:

For survival analyses: 

N = Not important -> Number of events

Delta = Hazard Ratio (Odds Ratio) 

N. Events = [(Z+Z) x (HR+1)/(HR-1)]2



Contents

1. Statistics in Medicine: The rules of the 
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Statistical Mantra

• A study must have an adequate size

– To warrant an adequate “power” to the study 

(i.e. to reduce the risk of a false negative result 

false negative: an effective treatment is not 

recognised)

– To obtain precise estimates of the effects of the 

experimental therapy



Conventional Statistical Rules

• A study must have an adequate size

• Required Size, based on: 

– Significance level (usually 5%)

– Power (usually 80-90%)

– Minimal clinically worthwhile difference



Minimal Clinically Worthwhile Difference (MCWD)

N. of events needed for α = 5% and Power = 80%

Risk Reduct. (1 –HR)  Required N. of Events 

-10% 2830

- 20% 635

- 30%                                  252

- 40%                                  125

- 50% 71

- 60% 43



Sample Size needed in cancer  

trials for <breakthrough dugs

In trials in early disease, cumulative mortality 

from 10% to 70%: 500-5000 pts

In trials in advanced disease, cumulative 

mortality from 50% to 90%: 300-1000 pts



Conventional Statistical Rules

• A study must have an adequate size

• Required Size: Usually Hundreds/Thousands

of patients

• In many rare cancer conditions: NOT 

POSSIBLE

– Site 

– Histology

– Stage

– Biology



Rarity: General problem in  

cancer research

• Rare Tumors

• Rare Cancer Conditions

• Rare presentations (e.g. skin metastases)

• Molecular Variants (of common tumors)



Rare Tumors

• Rare histologies in frequent sites (e.g. breast 

cancer with a squamous histology)

• Rare sites (e.g. uveal melanoma)

• Both (e.g. astrocytomas, most sarcomas)



Statistical Mantra

• A study must have an adequate size

Unjustified Implication

• If an adequate size cannot be attained,  (RARE 

CANCERS) no methodological ties

Small size Poor quality



Poor Quality?

• (Study protocol)

• Classified as  Phase II trials

• No Randomised controls

• Opaque selection of cases

• Primary endpoint: Objective response

• No statistical plan



Classical report on a treatment 

for a rare tumor (‘80-’90)

• Small size (10-30 pts)

• Prospectively designed? Classified as  a 

Phase II trial (?!?)

• No Randomised controls

• Lack of planned comparisons with historical 

controls

• Primary endpoint: Objective response

• No statistical plan



How to establish therapeutic 

standards  in very rare 

tumors/conditions?
a) No trials 

1. “Expert” opinion (based on what?) 

2. Indirect evidence

b) “Small” trials



“Small” trials

How to design them?



Efficacy trial in a Rare Condition 

CHOICE

Internal validity

Randomised Trial

Feasibility

Uncontrolled trial



Efficacy trial in a Rare Condition 

CHOICE

Feasibility

Uncontrolled trial

Pro’s: More patients on new treatment 

(Activity, Toxicity) - Easier to recruit patients

Larger historical (control) group

Con’s: BIAS!?!?!



Efficacy trial in a Rare Condition 

CHOICE

Internal validity

Randomised Trial

Pro: Unbiased estimates of treatment effects

Con’s: More difficult to enroll patients 

Less Patients on new treatment 

(Ethical Problems?)



Efficacy trial in a VERY Rare Condition 

CHOICE

Internal validity

Randomised Trial

Feasibility

Uncontrolled trial

? BiasRandom error



QUESTION 1

• Are there situations in which we CAN forego

(avoid) the Randomized Controlled Trial?

Good Reasons?

- Sample Size (see later)?

- Organization?

- Patient Consent?

- Ethical Reasons?



BETTER QUESTION 

• Are there situations in which we MUST forego

(avoid) the Randomized Controlled Trial?

Good Reasons?

- Sample Size?

- Organization?

- Patient Consent?

- Ethical Reasons?



Randomization: acceptable?

• Prognosis with standard therapy (no therapy)

• Toxicity of experimental therapy 

• Plausible Efficacy of Experimental Therapy

– Uncontrolled Trials in same cancer

– RCT in different stages same cancer

– RCT’s in other cancers with similar biology

– (dramatic effects in other cancers)



If a new drug…

- with a weel-identified molecular target  

- present in different tumors

- shows strong beneficial clinical effects in 

one of these (usually the most frequent one)   

…is it always necessary/acceptable/possible

to conduct a RANDOMISED TRIAL OF 

ADEQUATE SIZE in each one of the other 

tumors? 



GLEEVEC

CML -> Large RCT

GIST -> Large uncontrolled trial

Other rare indications -> Case Series

(dermatofibrosarcoma protuberans, 

plexiform neurofibromas, chordomas)



New paths to drug use 

Large RCT in a frequent cancer with the 

target - Proof of principle – Toxicity 

Uncontrolled  (but formal) trial(s) in other 

(rare) cancers with the target

Off label use in individual cases with 

the target

?



New paths to drug use

Large RCT in a frequent cancer with the 

target - Proof of principle – Toxicity 

Uncontrolled  (but formal) trial(s) in other 

cancers with the target

Off label use in individual cases with 

the target



Lung cancer that harbors an HER2 mutation: 

epidemiologic characteristics & therapeutic 

perspectives . Mazières J et al, 

JCO April 2013 

HER2 mut. in 65 (1.7%) /3,800 –NSCLC  

22 Anti-HER2 treatments in 16 patients pretreated 

with CTX. 

4 PD, 7 SD,  11 PR  (RR= 50%),  DCR = 82%

Median PFS = 5.1 months. 

Median OS  = 22.9 months for stage IV patients.





“This nonrandomized, open-label, multicenter, 

Italian-Swiss, phase II study was designed to 

prospectively confirm the antitumor activity of 

imatinib in a formal setting.  All patients provided 

written informed consent. The study was registered 

with ClinicalTrials.gov and approved by the ethics 

committees of all centers.”



Chordomas

• Prior Evidence in support of Imatinb: Quite 

Strong

• Disease characteristics (beside rarity): Slow 

Growth, No control treatment

• Better to have 28 pts on Gleevec and 28 

untreated controls or 56 pts with chordoma 

on Gleevec?



Stacchiotti JCO 2012
Phase II of Imatinib in Chordoma

- Uncontrolled, 14 centers

- 56 patients in 18 mos

- PD > 30 events (Median PFS = 9 months

- OS ≈ 25 events (Median OS = 35 months

• Response Rate 

– CR: 0

– PR: 1/50 (2%),

– SD: 35 (70%) 



Stacchiotti JCO 2012
Phase II of Imatinib in Chordoma

Conclusions: “…confirms that imatinib has 

some antitumor activity in chordoma.  … The 

lack of RECIST responses and the potentially 

slow natural course of the disease … do not 

allow us to affirm that this treatment is 

effective”

HISTORICAL CONTROLS?



First point to stress

The organization of a trial of small size 

requires more care in 

– Protocol preparation

– Study design/methodology

– Statistical design

– Addressing Clinical Organizational issues

…than a standard size trial



Modern Phase II-III Trials without 

a randomised control group 

Rare Variants

+ 

External Evidence

Need of accepted methodologies!



Clinical Trial with no 

randomized control group 

• Identification of study aim(s)

• Explicit selection criteria

• CONSECUTIVE ELIGIBLE PATIENTS 

WITH PLANNED COMPARISONS 

WITH HISTORICAL CONTROL 

GROUPS 



Prospective Population-based Registries to 

provide Historical Controls for trials?

Prognosis New treatment 

is introduced

LARGE EFFECTS LOOKED FOR



“…phase 2, single group, 
Simon’s two-stage…”
Response Rate: 14/25 (56%)
(Historical RR: 50-60%)

Median PFS:  9 months
(Historical: 3 months)



Kaufmann HL Lancet Oncology 2016

Response Rate: 28/88 
(32%)
Target 20%
Historical : 50-60% in 1st

line

Median PFS: 2.7 months
(Historical ?)



Reck M et al. N Engl J Med 2016. DOI: 10.1056/NEJMoa1606774

Overall Survival in the Intention-to-Treat Population.

mNSCLC 



Reck M et al. N Engl J Med 2016. DOI: 10.1056/NEJMoa1606774

Overall Survival in the Intention-to-Treat Population.

mNSCLC 



Reck M et al. N Engl J Med 2016. DOI: 10.1056/NEJMoa1606774

Overall Survival in the Intention-to-Treat Population.



Uncontrolled trials

Historical Controls

– Well Kown Biases

– May be sufficient if outstanding benefit

– Necessary if control group unethical

Careful and transparent methodology

Need of guidelines/research

PRUDENCE!!!



Study Design in rare cancers

• Uncontrolled trial/Historical controls

• Randomised Controls

WHY NOT?



Efficacy trial in a Rare Condition 

CHOICE

Internal validity

Randomised Trial

Pro: Unbiased estimates of treatment effects

Con’s: More difficult to enroll patients 

Less Patients on new treatment : POWER?



RCT vs Uncontrolled trial 

in a rare cancer

Hypothesis: it is possible to recruit a group of 

patients in whom, in a reasonable time, you

expect to observe 30 events

2 Options: 

a) RCT (Randomization 1:1)

b) All patients receive the exper. therapy: are 

compared to an historical control group of 

similar size (+ 30 events)



RCT vs Historical Controls

RCT Historical

Controls

Events 30 30+(30)

80% power vs HR = 0.33 0.47

For HR = 0.66 Power = <30% 30-35%

For a HR  = 0.5 (1/2) power = 45% 60%

Minimal HR with p<0.05 = 0.48 0.6



RCT vs Historical Controls

RCT Historical

Controls

Events 30 30+(30)

80% power vs HR = 0.33 0.47

For HR = 0.66 Power = <30% 30-35%

For a HR  = 0.5 (1/2) power = 45% 60%

Minimal HR with p<0.05 = 0.48 0.6



RCT’s in rare cancers

• Loss of power /Precision

Available events : 30     HR = 0.5

RCT (30):       HR */÷ 2         95%  CL 0.24-1.02

Uncont. Trial  HR */÷ 1.66    95%  CL 0.3 - 0.83 

(Histor. Controls = 30 x2)



RCT’s in rare cancers

• Loss of power /Precision

Available patients : 100

RCT (50 x2): Difference +/- 15% 

Uncontrolled tr.  Difference +/- 11%

(Histor. Controls)



RCT’s in rare cancers

Pro’s

• VALIDITY

• CREDIBILITY

Con’s

• Moderate loss in power

• Often no standard 

(untreated control 

group?)

– Ethics?

– Acceptance?



SUGGESTION

If the expected (or necessary) treatment effect 

is large but not outstanding, 

a RANDOMIZED CLINICAL TRIAL, 

IF ETHICALLY ACCEPTABLE, 

is the best way to assess it even in rare 

diseases



Trials in Rare Cancers

If, despite International cooperation/prolonged 

accrual

• it is possible to assemble  (in a reasonable time) 

only a limited number of patients,

• and the EXPECTED effect of the new treatment 

is not  large…



Efficacy trial in a VERY Rare Condition 

CHOICE

Internal validity

Randomised Trial

Feasibility

Uncontrolled trial

?Statistical Uncertainty



What can be done?

Recent developments 

- Bayesian Statistics 

- Surrogate endpoints

- New types of systematic reviews

- Adaptive trials



Contents

1. Statistics in Medicine: The rules of the 

game 

a) Unpredictability in the individual patient 

b) Unpredictability at the group level

c) Conventional Statistics

2. Rare tumors

a) Problems with conventional statistics

b) Alternative (i.e. Bayesian) Statistics



Common beliefs

Frequentist probability

• Objective

• «Hard»

• Useful to analyse 

experiments

• Scientific

Bayesian Probability

• Subjective

• «Soft»

• Inappropriate to analyse 

experiments 

• Not scientific



Differences between 

Conventional (Frequentist) and 

Bayesian Statistics

• Meaning of probability

• Use of prior evidence



Frequentist Probability

Probability of an observation

(given a hypothesis)

Bayesian Probability

Probability that a hypothesis is true

(given observation and prior knowledge)



Frequentist Probability

Probability of the observed difference (if the 

experimental therapy does not work)

Bayesian Probability

Probability that the experimental therapy

works/doesn’t work (given observed

difference and prior knowledge)



Conventional Statistical 

Reasoning in Medicine 

1. Starting Hypothesis = Null Hypothesis, H0):

New treatment  = Standard (no treat.)

2. To demonstrate that new treatmt is effective

H0 must be rejected

3. To reject H0

Only the results of the trial can be used 

-> Trials of large size



Scientific Method in Medicine

Standard Therapy

Laboratory  

or trials in

other diseases

New Standard? 



Scientific Method in Medicine

Standard Therapy

Laboratory  Clinical TRIAL

or trials in

other diseases



Scientific Method in Medicine

Standard Therapy

Laboratory  Clinical TRIAL

or cl. studies

H0: Exp. No better than 

standard



Scientific Method in Medicine

Standard Therapy

Laboratory  Clinical TRIAL

or cl. studies

New Standard Th.

H0?

H1: Exp better



Scientific Method in Medicine

Standard Therapy

Laboratory  Clinical TRIAL

or cl. studies

New Standard Th.

H0?

H1?



Scientific Method in Medicine

Standard Therapy

Laboratory  Clinical TRIAL

or cl. studies

New Standard Th.

H0?

H1?



Scientific Method in Medicine

Standard Therapy

Laboratory  Clinical TRIAL

or cl. studies

New Standard Th.

H1?

H0?



Scientific Method in Medicine

Standard Therapy

Laboratory  Clinical TRIAL

or cl. studies

New Standard Th.

H1?

H0?

If 

P<5%



Scientific Method in Medicine

Standard Therapy

Laboratory  Clinical TRIAL  

or cl. studies

New Standard Th.

H1?

H0?



Scientific Method in Medicine

Standard Therapy

Laboratory  Clinical TRIAL

or cl. studies

New Standard 

Therapy

H0?



Advancement of knowledge in  

Medicine (conventional statistics)

• Dominant theory is true (=standard therapy 

is better) until sufficient evidence becomes 

available against it

• To this purpose, only evidence collected 

within one or more trials aimed at falsifying 

it can be used

• No use of 

– External evidence

– Evidence in favor of…



The 2 Reasons why large 

numbers of patients are needed in 

clinical trials

• Outstanding efficacy seldom observed 

• Any knowledge outside the primary 

analysis of the clinical trial is ignored in 

the design and analysis of the trial



Hypothetical Example

• As a statistician, I’m asked to design 2 

separate trials in the same rare disease, 

squamous gastric cancer (no standard treat.)

• Study A:

Experimental therapy: Radiochemotherapy

– Effective in squamous cancers of other sites

– Phase II trial; Response Rate 60% 

• Study B

• Experimental therapy: Intercessory prayer



Squamous gastric cancer

Planning a trial of

RT+CTX

Analysing its results 

(p value)



Squamous gastric cancer

Planning a trial of

RT+CTX Intercessory prayer

Analysing its results 

(p value)



Squamous gastric cancer

Planning a trial of

RT+CTX Intercessory prayer

Analysing its results 

(p value)



Squamous gastric cancer

Results of the 2 trials

RT+CTX Intercessory prayer 

20% reduction 

in deaths P=0.06

Treatment x next patient with SGC?

20% reduction 

in deaths =0.06



Frequentist P

Probability of the observed difference if  

either therapy does not work = 6%

Bayesian Probability
Probability that either therapy works a 

lot/works a little/does not work ?

Is it the same for the two treatments?



Differences between 

Conventional and Bayesian 

Approaches

• Meaning of probability

• Use of prior evidence



Conventional P

Probability of the observed difference (if the 

experimental therapy does not work)

Bayesian Probability

Probability that the experimental therapy

works/doesn’t work (given observed

difference and prior knowledge)



Conventional (frequentist) 

statistical reasoning

Experimental evidence

Conventional (frequentist) 

statistical reasoning

Bayesian statistical reasoning

Experimental evidence + Previous Knowledge



Example

Mortality

Tumor   X            Nil vs A   15% vs 10%

N=2000                          P = 0.0001

H0 Rejected: A is effective in X



Example

Mortality

Tumor   X               Nil vs A   15% vs 10%

N=2000                          P = 0.0001

Tumor Y Nil vs A     15% vs 7.5%

N= 240                              P=0.066

H0 not rejected: A not shown effective in y



Prior Information:

X and Y are BRAF+

Mortality

Tumor   X               Nil vs A   15% vs 10%

N=2000                          P = 0.0001

Tumor Y Nil vs A     15% vs 7.5%

N= 240                              P=0.066



Prior Information:

X and Y are BRAF+

A = Anti BRAF Mortality

Tumor   X               Nil vs A   15% vs 10%

N=2000                          P = 0.0001

Tumor Y Nil vs A     15% vs 7.5%

N= 240                              P=0.066

INTERPRETATION?



Interpretation of the two trials 

CONVENTIONAL

Tumor X: P = 0.0001 

Tumor Y : P= 0.066

Efficacy of treatment A 

proven in X

undemonstrated in Y 



Interpretation of the two trials 

CONVENTIONAL

Efficacy of treatment A is proven in X, 

undemonstrated in Y 

BAYESIAN

(Posterior) Probability that treatment A 

significantly (HR<0.8) lowers mortality

in tumor X: 90%

in tumor Y:  90%



Disadvantages of Bayesian 

Statistics

• It is (felt as) 

– Subjective

– Arbitrary

– Amenable to manipulations 

(pharma companies?)  



Conceptual Advantages of 

Bayesian Statistics

• Reflects human reasoning (“common 

sense”)

• It is focused on estimates of effect

• Provides a conceptual framework for 

medical decision making

• IT IS TRANSPARENT



Practical Advantages of Bayesian 

Statistics in rare tumors

1. No need to set the sample size in advance

Adaptive designs: enrol patients until sufficient 

evidence in favour or against efficacy

2. When strong a priori evidence is available

and trial results are in agreement with it 

Smaller sample size is necessary – You can 

stop any time 



Prior evidence in Bayesian statistics

Note: The difference between Bayesian and 

conventional statistics decreases with 

increasing strength of the empirical 

evidence

Rare Tumors!



Prior evidence in Bayesian 

statistics

• Needed in order to compute posterior 

probability



Prior evidence in Bayesian 

statistics

• Needed in order to compute posterior 

probability

• It must be transformed into a probability 

distribution  (mean, median, standard 

deviation, percentiles, etc)



Prior evidence in Bayesian 

statistics

• Needed in order to compute posterior 

probability

• It must be transformed into a probability 

distribution

• Based on

– Objective information

– Subjective beliefs

– Both



Prior evidence in Bayesian 

statistics

No special way to elicit/obtain prior 

information

No special way to summarize information

- Meta-analytic techniques

Frequentist - Bayesian



Sources of prior evidence

- Randomised Trials

- Biological & Preclinical Studies 

- Case-reports

- Uncontrolled studies

- Studies with surrogate endpoints

- Studies on other similar cancers

- Studies on the same cancer in different 
stages

- Others?



Meta-analyses in frequent tumors

- Randomised Trials

- Biological & Preclinical Studies 

- Case-reports

- Uncontrolled studies

- Studies with surrogate endpoints

- Studies on other similar cancers

- Studies on the same cancer in different 
stages

- Others?



Meta-analyses in frequent tumors

- Randomised Trials 

Weighted exclusively based on their size

(and quality)



Rare Tumors

- Randomised Trials

- Biological & Preclinical Studies 

- Case-reports

- Uncontrolled studies

- Studies with surrogate endpoints

- Studies on other similar cancers

- Studies on the same cancer in different 
stages

- Others?



Meta-analyses in rare tumors

Need to use information from studies

• <100% valid 

• <100% pertinent to the question of interest  

– Different cancers 

– Different treatments 

– Different endpoints



Prior evidence and clinical trials

Need to develop and validate new (meta-

analytic) approaches to summarize prior 

information  in rare tumors

Requirements

– Explicit

– Quantitative

– Reproducible



Differences between the present and 

the proposed approach

• Present :

– Rational but informal integration of the 

available knowledge

• Proposed (Bayesian)

– Formal, explicit and quantitative 

integration of the available knowledge 

• Verifiable quantitative methods

• Sensitivity analyses

• Focus on summary effect estimates





FDA Approves XXX (Immunotherapy) 

for Microsatellite Instability-High and 

Mismatch Repair Deficient Cancers

The FDA has granted an accelerated approval to XXX 
for the treatment of adult and pediatric patients 
with unresectable or metastatic, microsatellite 
instability-high (MSI-H) or mismatch repair 
deficient (dMMR) solid tumors that have 
progressed after prior treatment and who have no 
satisfactory alternative treatment options, as well as 
for patients with MSI-H or dMMR colorectal cancer 
following progression on a fluoropyrimidine, 
oxaliplatin, and irinotecan.



The approval was based on 

• data from 149 patients with MSI-H or dMMR 
cancers 

• enrolled across 5 single-arm clinical trials.

• Ninety patients had colorectal cancer (CRC) 
and the remaining 59 patients had 1 of 14 
other tumor types.



The objective response rate (ORR) with XXX was 
39.6% (95% CI, 31.7-47.9), including 

11 (7.4%) complete responses (CRs)

48 (32.2%) partial responses (PRs).

Median duration of response not yet reached 
(range, 1.6+ months to 22.7+ months). 

Among patients who responded, 78% had 
responses that lasted for at least 6 months.



Responses observed in 
• CRC
• endometrial cancer (n = 5)
• biliary cancer (n = 3)
• gastric or GE junction cancer (n = 5)
• pancreatic cancer (n = 5)
• small intestinal cancer (n = 3)
• breast cancer (n = 2)
• prostate, esophageal, retroperitoneal adk and 

SCLC (n = 1 each).



On July 31, 2017, the U.S. Food and Drug Administration granted 
accelerated approval to nivolumab for the treatment mismatch repair 
deficient (dMMR) and microsatellite instability high (MSI-H) 
metastatic colorectal cancer that has progressed following 
treatment …

The approval was based on data from Study CA209142  a 
multicenter, open-label, single arm study conducted in 53 
patients with locally determined dMMR or MSI-H CRC, ..
This was a subset of the 74 patients who received at least one prior 
regimen for treatment of metastatic disease containing a 
fluoropyrimidine with oxaliplatin or irinotecan for treatment of 
metastatic disease. 

The objective response rate (ORR) as assessed by independent 
radiographic review committee using RECIST 1.1 was 28% (n=15) (95% 
CI: 17, 42) in the 53 patients who received prior fluoropyrimidine, 
oxaliplatin, and irinotecan. Responses lasted 6 or more months for 
67% (95% CI: 38, 88) of patients. 



On September 22, 2017, the Food and Drug Administration granted 
accelerated approval to pembrolizumab for patients with recurrent 
locally advanced or metastatic, gastric or gastroesophageal junction 
adenocarcinoma whose tumors express PD-L1 as determined by an 
FDA-approved test. Patients must have had disease progression on or 
after two or more prior systemic therapies, including fluoropyrimidine-
and platinum-containing chemotherapy and, if appropriate, HER2/neu-
targeted therapy.

Approval is based on the results of KEYNOTE 059 (NCT02335411), an 
open-label, multicenter, non-comparative, multi-
cohort trial that enrolled 259 patients with gastric or 
gastroesophageal junction adenocarcinoma. Among the 259 patients, 
55% (n=143) had tumors expressing PD-L1 and either microsatellite 
stable (MSS), or undetermined microsatellite instability (MSI) or 
mismatch repair (MMR) status.



August 30, 2017 - The U.S. Food and Drug Administration issued a historic 
action today making the first gene therapy available in the United States, …
The FDA approved  tisagenlecleucel for certain pediatric and young adult 
patients with a form of acute lymphoblastic leukemia (ALL).

XXX is a genetically-modified autologous T-cell immunotherapy. Each dose of 
XXX is a customized treatment created using an individual patient’s own T-cells, 
a type of white blood cell known as a lymphocyte. The patient’s T-cells are 
collected and sent to a manufacturing center where they are genetically 
modified to include a new gene that contains a specific protein (a chimeric 
antigen receptor or CAR) that directs the T-cells to target and kill leukemia cells 
that have a specific antigen (CD19) on the surface. Once the cells are modified, 
they are infused back into the patient to kill the cancer cells.

The safety and efficacy of XXX were demonstrated in one multicenter 
clinical trial of 63 pediatric and young adult patients with 
relapsed or refractory B-cell precursor ALL. The overall remission 
rate within three months of treatment was 83 percent.



September 28, 2017; FDA granted accelerated 
approval to nivolumab for patients with 
hepatocellular carcinoma (HCC) following prior 
treatment with sorafenib (Nexavar). The approval 
was granted for patients regardless of their PD-L1 
status. 

The approval is based on 154 patients enrolled 
in the phase I/II CheckMate-040 trial, in which 
the overall response rate (ORR) by blinded 
independent central review (BICR) was 18.2% per 
mRECIST criteria for patients who had previously 
been treated with sorafenib. Additionally, 3.2% of 
patients experienced a complete response.




