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The sacred pyramid of evidence-based medicine

Analysis

Randomised
Control Trials

Cahaort Studien

Case Controd Studias

Qm Senos/Aeports

- RCT represents the basis for the clinical decision-making process

- Non randomized and observational studies should not be used for
defining evidence based medical care

“If you find that a study was not randomized, we’d suggest that you stop
reading it and go to the next article ”

( Sackett DL et al. Evidence-based medicine: how to practice and teach EBM. New York: Churchill Livingstone, 1997)



Limitations of RCTs: external validity

Narrowly defined selection criteria may
limit the generalizability of the results of
RCTs (external validity)

- As compared to those in the general
population, enrolled patients are:
- younger
- more often male
- more motivated
- with fewer comorbid conditions

- In some cases (NSCLC), up to two-thirds of
real-world patients are not represented
by current RCTs

Comis et al. J Clin Oncol 2003, 21:830-835
Burstein et al. J Clin Oncol 2017, 35:1341-1367
Antman et al. J Clin Oncol 1985, 3:1142-1147
Yoo SH et al. Thoracic Cancer 2018, 9:736-744



Efficacy vs Effectiveness

(from “evidence-based practice” to “practice-based evidence”)

EFFICACY
Refers to the performance of an intervention under ideal and highly controlled
circumstances.

Comparative efficacy research maximizes the likelihood of observing an intervention
effect if one exists

EFFECTIVENESS
Refers to the performance of an intervention under circumstances more closely
approaching “real-world” practice, with more heterogeneous populations and less-
standardized treatment protocols.

Comparative effectiveness research is focused on research conducted in settings and
populations that reflect everyday care. Therefore, it is more relevant for health-care
decisions

Revicki DA, Frank L. Pharmacoeconomics 1999, 15: 423-434.
Treweek S, Zwarenstein M. Trials 2009; 10: 37.
Singal et al. Clin Translat Gastroeneterol 2014, 5:e45



Number of publications

Comparative effectiveness research (CER)

Compares risks and benefits of a given
approach in a “real-life” heterogeneous
_ population.

Temporal trends in publication of studies using real-world data
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Booth et al. Nature Rev Clin Oncol 2019, 16:312-325



Observational studies

Investigations where the researcher observes but does not interact with the study
population, i.e. those where the investigator does not assign exposure to an
intervention.

Mainly represented by:

e Cohort-study: individuals exposed or not to the factor under investigation (i.e. a
treatment) are prospectively followed to the occurrence of a specific endpoint

e Case-control study: individuals showing a specific outcome are retrospectively
indagated to verify the exposition to the factor under investigation

Revicki DA, Frank L. Pharmacoeconomics 1999, 15: 423-434.
Treweek S, Zwarenstein M. Trials 2009; 10: 37.



Factors boosting observational studies

Availability of “big data” derived from the integration of informations from different
sources (SEER, Medicare, National Cancer Database, electronic health records, patient-
generated data, etc) through learning health care systems (such as ASCO’s
CancerlLinQ)

Publications of FDA recommendations to enhance the role of observational research
in clinical decision making

Updated ASCO’s guideline development process allows the inclusion of well
conducted observational studies

Development of tools (numeric scales, checklists, etc) to assess the quality of
observational studies (i.e. the GRACE checklist)

FDA. Use of Real-World Evidence to Support Regulatory Decision-Making for Medical Devices: Guidance for Industry and FDA Staff. August 2017
Visnanathan et al. J Clin Oncol 2017, 35:1845-1854

Loblaw et al. J Clin Oncol 2012, 30:3136-3140

Sanderson et al. Int J Epidemiol 2007, 36:666-676

Dreyer et al. Am J Manag Care 2010, 16:467-471



Limitations of observational studies

- Risk of bias: selection, performance, detection and attrition bias

- Confounding: due to factors correlating with both the independent (treatment) and the
dependent (outcome) variable. These variables may be recorded or not in the dataset
(i.e. physician or patient preferences)

- Quality of data, including its completeness and accuracy is often a concern (“garbage in,
garbage out” principle)

- Missing data can be problematic if they are not missing at random

These limitations may distort results and make observational studies unreliable



How to overcome bias in the analysis of observational data

Careful study design: protocol and analysis plan should be created before retrieveing
data and should cover the same elements of a traditional trial protocol

Matching: investigator attempt to create relatively equal groups of patients based on
known covariates. It cannot adjust for unmeasured confounders

Multivariable regression analysis: to adjust for known confounders. It cannot adjust for
unmeasured confounders

Propensity-score analysis: for each patient the probability (score) of receiving the
intervention is calculated. This score can be entered in the regression model or used for
matching. It cannot adjust for unmeasured confounders

Instrumental variable analysis: patients are grouped according to an instrumental
variable, that is one strongly correlated with the treatment but not with outcome. A
limitation is the difficulty to individuate an appropriate instrumental variable

These methods cannot remove all possible confoundings!!

Rubin DB. Ann Intern Med 1997, 127:757-763
Stukel et al. JAMA 2007, 297:278-285
Hershman DL and Wright JD. J Clin Oncol 2012, 30:4215-4222



Are RCTs always feasible and necessary?

Hazardous journeys

Parachute use to prevent death and major trauma related
to gravitational challenge: systematic review of
randomised controlled trials

Cordon C S Smith, Jill P Pell

s e L2 N LD

Parachute use to prevent death and major trauma when jumping
from aircraft: randomized controlled trial

Robert W Yeh,' Linda R Valsdottir," Michael W Yeh,” Changyu Shen,' Daniel B Kramer,’
Jordan B Strom,’ Eric A Secemsky,' Joanne L Healy," Robert M Domeier,” Dhruv S Kazi,'
Brahmaijee K Nallamothu® On behalf of the PARACHUTE Investigators

BMJ 2018;363:k5094 ) o
“We feel assured that those who advocate evidence based medicine

and criticise use of interventions that lack an evidence base will not
hesitate to demonstrate their commitment by volunteering for a double
blind, randomised, placebo controlled, crossover trial”



Investigations on risk factors

(randomization is unethical, impossible, and often unnecessary)

Cigarette smoking and pancreatic cancer: an analysis
from the International Pancreatic Cancer Case-Control

Consortium (Panc4)
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Cancer incidence and mortality in relation to body mass

index in the Million Women Study: cohort study

Gillian K Reeves, statistical epidemiologist, Kirstin Pirie, statistician,' Valerie Beral, director,’

Jane Green, clinical research scientist,' Elizabeth Spencer, nutritionist,’ Diana Bull, senior statistician,’ for the

Million Women Study Collaborators
Br Med J 2007;335(7630):1134-1139
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Populations of patients under-represented in RCTs

Older patients are under-represented in trials of adjuvant chemotherapy for
stage |l CRC
In the absence of ad hoc designed RCTs, current practice is largely

dictated by results of population-based observational studies (although
pooled analyses of RCT are also available)

- Adjuvant chemotherapy (5FU/LV) for colon cancer offers a survival
benefit to older patients (>65 yrs) ¢ro.60-0.70)

- The addition of oxaliplatin is associated with a marginal, non-significant

benefit (pts >75 yrs) (these results are challanged by those of a pooled analysis of
4 RCTSs)

“ The benefit and toxicities of 5SFU/LV as adjuvant therapy seems to be similar
in older and younger patients... benefit for the addition of oxaliplatin to
5FU/LV in patients 270 years has not been proven”

Hanna et al. Colorectal Dis 2012 Jan;14(1):48-55
Sanoff et al. J Clin Oncol 2012, 30:2624-2634
McCleery et al. J Clin Onco 2013, 31:2600-2606
Haller et al. Ann Oncol 2015, 26:715-724

NCCN guidelines 2018



Rare cancers

(RCT unlikely to accrue a sufficient number of patients)

Current treatment guidelines for male breast cancer are predominantly guided
by female-only clinical trials.

With scarce research, it is unclear whether breast-conserving therapy (BCT)
IS equivalent to mastectomy in men.

- Retrospective analysis of 8445 stage I-Il (T1-2 NO-1 MO) patients from
the National Cancer Database (2004—-2014). Patients were grouped
according to surgical and radiation therapy (RT). BCT was defined as
partial mastectomy followed by RT.

- Partial mastectomy alone, total mastectomy alone, and total mastectomy
with RT were associated with worse OS compared with BCT (p <0.001
all). Ten-year OS was 73.8% for BCT and 56.3, 58.0 and 56.3% for other

treatment approaches.

Bateni et al. Ann Surg Oncol 2019, 26: 2144-2153



Timeliness between diagnosis and therapy

(too many intervals to be tested in a RCT)

The influence on outcome of the interval between surgery and adjuvant therapy
is largely determined through observational studies.

- A retrospective study of 7794 stage llI-Ill colon cancer patients from the
National Cancer Database found that a delay of >6 weeks reduced survival
after adjusting for other factors (HR 1.14; Cl 1.05-1.24)

- A restrospective study of 6620 stage Il colon cancer patients also found a
reduced OS for intervals > 8 weeks (HR 1.4 ; CI 1.21-1.68)

Current guidelines recommend that adjuvant chemotherapy in colon
cancer should be initiated within 6-8 weeks from surgery

Sun et al. Dis Colon Rectum 2016, 59(2):87-93
Bos et al. Eur J Cancer 2015, 51:2553-2561
AIOM Linee-guida tumori del colon 2018



System-level analysis of quality of care
(RCTs often impossible)

For complex surgical procedures, observational studies have described the
association between the number of patients treated by a surgeon and/or
hospital volume and the outcome

- In a Swedish population-based cohort (N=1411) a 51% and 23% reduction
in short- and long-term mortality for those undergoing esophagectomy
by surgeons with the highest annual-volume have been shown

- An ltalian population-based study including all patients undergoing surgery
for pancreatic cancer showed that the operative mortality rates is
inversely related to the hospital volume (very low: 1.5/year ; very high:
91/year; mortality rate: 11.7% vs 3.8%)

Derogar et al. J Clin Oncol 2013, 10:551-557
Balzano et al. HPB 2016, 18:470-478



Long-term complications of treatment

(RCTs have insufficient duration)

Administrative data sources are well suited for the study of long-term complications of
cancer treatment

RCTs do not usually have sufficient follow-up times to evaluate late outcomes

- In a population-based cohort androgen deprivation therapy for prostate
cancer increases the risk of diabetes (HR 1.44), cardiovascular
complications coronary heart disease (HR, 1.16), myocardial infarction
(HR, 1.11), and sudden cardiac death (HR, 1.16).

- A case-control study of ~ 4000 women treated with RT for Hodgkin’s
disease at age <30 years, showed that the a dose of more than 40 Gy
increases by 8-fold the risk of secondary breast cancer and this lasted
> 25 years

These data justify programs of clinician and patient awareness,
lifetime surveillance, and possible prevention strategies.

Keating et al. J Clin Oncol 2006, 24:4448-4456
Trevis et al. JAMA 2003, 290:465-475



Real-world external controls data as supportive evidence

The use of external controls derived from populations treated in a real-
world setting may reduce trial size, duration and costs.

Randomization of patients for standard of care may be difficult especially in
rare diseases

— AVELUMAB as second-line therapy for patients with metastatic
Merkel cell carcinoma:
— a single-arm, open label phase Il study on 88 pts showing 31.8%
ORR, lasting >1 year and good tolerability
— Aretrospective study after applying elegibility criteria similar to the
previous trial retrieved 67 pts with ORR 28.6% lasting 1.7
months

— BLINATUMOMAB for relapsed or refractory B-cell precursor acute
lymphoblastic leukemia.

Kaufman et al. Lancet Oncol 2016, 17:1374-1385
Cowey et al. Future Oncol 2017, 13:1699-1710
Topp et al. Lancet Oncol 2015, 16:57-66



Conclusions

RCTs still represent the gold-standard to evaluate the efficacy of a given treatment versus
the standard-of-care

However, RCTs are not suited to address effectiveness
RCTs may be either unnecessary, unfeasible or unethical
Large electronic databases has boosted population-based observational studies

These studies have intrinsic limitations that can be partially addressed by advanced
statistical methods

These studies, when rigorously conducted, may gain insights into prevention, diagnosis,
management of the disease and patient outcome in routine practice, thus leading to
improvement of patient care, outcome and use of resources

It follows that it is probably time to adopt a more flexible model of hierachy of medical

eV|denceS (Murad et al. New evidence pyramid Evid Based Med 2016, 21:125-127)

“There always be an argument for new more research and for better data, but
waiting for more data is often an implicit decision not to act or to act on the
basis of past practice rather than best available evidence”

(Frieden TR. Evidence for health decision making- Beyond randomized, controlled trials. New Engl J Med 2017, 377:465-475)



STRENGTHS of RCT

* Provides an unbiased allocation of treatment through an even
distribution of known and unknown factors among control and
intervention groups

* Guarantees that even if the groups under study will not be
identical in terms of prognostic factors, such differences will be

due to chance

* Narrow elegibility criteria establish a homogeneous sample, so
that effect of treatment is roughly consistent across the cohort

“Internal Validity”



Limitations of RCTs

Although variable, the cost of conducting an RCT can be as high as 1 billion S,
which limit their feasibility for every health care intervention

RCTs can take many years to complete, which reduce their ability to keep pace
with clinical innovation

As a consequence, RCTs increasingly use surrogate endpoints which may not
correlate well with the outcome of interest

However, RCTs usually do not have sufficient study periods or size to assess rare
but serious adverse events of treatment, which often become evident years
after study completion

RCTs are prone to “sponsorship bias”: industry-funded RCTs are more likely to
be reported as positive than those non sponsored by industry

Rosenblatt M. New Engl J Med 2017, 376:52-60 Zhao F. J Clin Oncol 2016, 34:1436-1437
Frieden TR. New Engl J Med 2017, 377:465-475 Peppercorn et al. Cancer 2007, 109:1239-1246



Can observational data replace randomized trials?

- Impact of complementary radiotherapy on OS in breast cancer women treated with
breast-conserving surgery or mastectomy from the SEER data set

- Results were compared with those of the Early Breast Cancer Trialists’ Collaborative
Group metanalyses of RCT of radiotherapy versus not

EBCTCG SEER

.b.

| e

0105101520

AT Better - RT Warse AT Better : RT Worse

“We conclude that nonrandomized comparisons are liable to provide misleading
estimates of treatment effects. Therefore, they need careful justification every time they
are used”

McGale et al. J Clin Oncol 2016, 34:3355
EBCTCG. Lancet 2005, 366:2087-2106
EBCTCG. Lancet 2014, 383:2127-2135



Regulatory role in post-approval studies

Regulatory Agencies requires real-world evidences that the efficacy demonstrated in
clinical trials will translate into effectiveness when the drug is used in routine practice

- Drugs are increasingly approved through the Breakthrough Therapy Designation
Pathway

- Use of “surrogate” endpoints (to speed up time to market and reduce research costs)
which are not always true indicators or signs of how well a treatment works

- Cross-over from one arm of a study to another, should one treatment demonstrate
superior activity, can dilute estimation of clinical endpoints.

For example:

- In 2015 OSIMERTINIB received fast-track approval for EGFR TKI refractory
NSCLC with T790M after 2 phase Il single-arm studies assessing ORR (57 and
61% ORR)

- FDA required post-marketing assessment: “Provide data on overall response rate
with osimertinib from one or more “realworld” cohorts of a minimum of 100
patients who have been selected for treatment on the basis of an EGFR T790M
mutation positive result from plasma (ctDNA) using the cobas® EGFR Mutation

Test v2. Provide tissue EGFR T790M status on these patients, where available”.



