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The Problem

e Can outcomes based on small numbers of patients be trusted and how can
this be used to reliably address uncertainties in evidence?

« 748M population (2021 UN estimate)
* Avg population by country 15M
* And every country has its own health care system

 And real world data




Solution to a small data set problem: use the world
as your playground

e, It is routinely done for post-
authorization safety studies
(leverage US as benchmark

-
for safety signals in EU)
And...
. Can we equate looking for
© the safety signal with the
e assessment of clinical

outcomes?



Structure of our workshop

US Data as a Current Benchmark
Methods to Deal with Challenges of Comparability
Emerging RWD in China —is it the Future?

Polling questions




Real World Data

Using US data as a Benchmark for Outcome Evaluations in Europe?

Cytel



Coverage with evidence development-
opportunities and challenges



HTA uncertainty- coverage with evidence development the

solution?

Managed entry schemes
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Multiple sclerosis risk sharing scheme

Why was the scheme necessary?

A National Institute for Health and Clinical
Excellence (NICE) assessment in 2002
concluded that DMTs (see box overleaf), were
effective in the treatment of MS. However, it
was felt that it was not possible to extrapolate

the data available to evaluate their long-

term cost-effectiveness, particularly given

remitting condition and the potential for
subsequent disability. The effects of MS can

be devastating and its impact is life-long.

The data showed that the DMTs had reduced
the frequency and severity of MS relapses,
slowed the progression of disability, reduced
hospitalisations for MS and decreased the need
for other drugs such as high dose steroids.

For these reasons, NICE recommended that
the Department of Health (DH), National
Assembly for Wales and manufacturers
consider joint action to allow the drugs to be
secured in a cost-effective way. As a result of
this the scheme was set up to allow access

to treatment and care and to evaluate the
long-term cost-effectiveness of DMTs over ten
years.The DH in England has underpinned the
scheme with a statutory funding requirement
which applies to patients eligible for treatment
under the scheme, including those newly
diagnosed using the ABN’s 2001 guidelines,
which effectively puts the scheme on a par
with positive recommendations from NICE.

KEY ELEMENTS OF UK MULTIPLE SCLEROSIS RISK SHARING SCHEME?®

* Aim of scheme—To monitor outcomes of drug treatments in cohort of patients in order to adjust drug
prices if outcomes are worse than predicted

* Eligibility—All UK patients who meet Association of British Neurologists criteria for relapsing
remitting multiple sclerosis or secondary progressive disease in which relapses are the dominant

* Type of study—Prospective observational cohort

* Qutcomes—Score on extended disability status scale (EDSS), measured annually

* Outcome statistic—Change relative to baseline of weighted average of proportion of patients who
have progressed to disability scores of 4, 6, and 7

* Predicted outcome—EDSS score required to achieve £36 000/QALY based on the ScHARR model
[\

qaed m formal comparison
* Target dates—Start May 2002. Recruitment to end Nov 2003 (not achieved until 2005)
* Duration of scheme—10 years with price setting reviews every two years

* Stopping rule—Discontinue when no longer effective, intolerable adverse events, or preparing for
pregnancy

* Funding—NHS bodies to fund drug treatment. Monitoring study funded jointly by Department of
Health and four drug companies

* Governance—Steering group with representation from four participating companies, the Multiple
Sclerosis Society and Trust, Association of British Neurologists, Royal College of Nursing/Association
of Multiple Sclerosis Nurses, and four UK health departments. Adjudication panel with independent
chair, biostatistician, non-aligned industry figure, plus a representative from each of the health
departments, Multiple Sclerosis Society, Multiple Sclerosis Trust, and Association of British
Neurologists.



Multiple sclerosis risk sharing scheme: two year results of
clinical cohort study with historical comparator

Mike Boggild, consultant neurologist,' Jackie Palace, consultant neurologist,? Pelham Barton, senior lecturerin
mathematical modelling,® Yoav Ben-Shlomo, professor of clinical epidemiology,* Thomas Bregenzer,
director, biostatistics,> Charles Dobson, senior projects officer,® Richard Gray, director’
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Costly failure of a risk sharing scheme

The NHS is paying for thousands of patients with multiple sclerosis to receive drugs that
monitoring data suggest are not effective. James Raftery examines what went wrong with the
access scheme that facilitated their use

Results In the primary per protocol analysis, progression
in disability was worse than that predicted and worse

than that in the untreated comparator dataset (“deviation

0.28). In sensitivity analyses, however, the deviation
score varied from -72% (using raw baseline disability
status scale scores, ratherthan applying a “no
improvement” algorithm) to 156% (imputing missing data
for year two from progression rates for year one).



RESEARCH PAPER

Assessing the long-term effectiveness of interferon-
beta and glatiramer acetate in multiple sclerosis: final
10-year results from the UK multiple sclerosis risk-
sharing scheme

Jacqueline Palace,” Martin Duddy,? Michael Lawton,? Thomas Bregenzer,* Feng Zhu,’
Mike Boggild,® Benjamin Piske,* Neil P Robertson,’ Joel Oger,” Helen Tremlett,”
Kate Tilling,? Yoav Ben-Shlomo,? Richard Lilford,® Charles Dobson®
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Results 4862 patients with MS were eligible for the
primary analysis (mean and median follow-up times 8.7
and 10 years). EDSS worsening was reduced by 28%
(MLM), 7% (Markov) and 24% time-adjusted Markov in
the total cohort, and by 31% (MLM) and 14% (Markov)
for relapsing remitting patients. The utility worsening
was reduced by 23%—24% in the total cohort and by

used. All sensitivity analyses showed a treatment effect.
There was a 4-year (Cl 2.7 to 5.3) delay to EDSS 6.0. An

apparent waning of treatment effect with time was seen.

those treated earlier and with lower EDSS scores.
Conclusions This study supports a beneficial effect on
long-term disability with first-line MS disease-modifying
treatments, which is clinically meaningful. However the
waning effect noted requires further study.



A changing situation in Germany

G-BA can impose RWD collection
(possible for orphan drugs, drugs with conditional approval or approval under exceptional circumstances)

G-BA
has to involve German regulatory bodies (PEI, BfArm) before deciding on a request for data collection
defines details of data collection (duration, extent, type of analysis)
verifies implementation regularly (at least every 18 months)
can restrict reimbursement to prescribers participating in data collection

Additional price negotiation after end of RWD collection
New decision on additional benefit
Orphan drugs: price decrease if additional benefit is still not quantifiable after RWD collection

Price negotiation before prespecified end of RWD collection is possible:
if G-BA concludes that data collection is not being done properly or if there are other reasons why data
collection will not provide useful data for a new benefit assessment




Zolgensma - first request from G-BA (decision published Feb 2021)

Long term benefit and safety (> 2 years)
Comparative data vs. current treatment options
Data on subpopulations

Existing registry SMArtcare

Comparative effectiveness study vs comparators in registry

Mortality, Morbidity (e.g. motor function, respiratory function)
Safety (SAE, SAE leading to hospitalization, AESI)

~ 500 patients

Observation time: motor development until 36 months, long term effects 60 months

Monitoring (every 18 months): number of patients, treatment

Submission of interim data: at 18 months (only sample size calculation), 36 months and 60 months
Final submission of results for benefit assessment: July 1st, 2027



Zolgensma- will there be a conclusive answer?

What will Zolgensma uptake be like?
* How will that impact any comparison?

What confounders will need to be controlled for?
* Are they available in the data?

What about data missingness?
* Given the mandate Zolgensma data may be more
complete as compared to other treatments.

What type of analytical methods for the comparison would be
acceptable?

These questions are even more important for cases like
Zolgensma (as compared to multiple sclerosis), where patient
numbers are much smaller

-

What happens if the
conclusion is not clear as a
result of these
data/methodological issues

\_




Additional data from the US?

N I c E National Institute for
Health and Care Excellence

Entrectinib for treating NTRK fusion-positive solid tumours
Technology appraisal guidance [TA644] Published: 12 August 2020

e Flatiron data (a US database of real-world clinical outcomes from cancer patients) and the
Foundation Medicine genomic database (a US database of genetic data from samples of cancer tissue
and blood) may provide data to further explore the heterogeneity in response to treatment and data
to explore a matched cohort analysis to construct a comparator arm. It may also provide data to

inform the decision about the end-of-life criteria.



Bradford-Hill to the rescue?

“We have, therefore, the somewhat paradoxical position that the different results of a different inquiry certainly cannot
be held to refute the original evidence; yet the same results from precisely the same form of inquiry will not invari-
ably greatly strengthen the original evidence. I would myself put a good deal of weight upon similar results reached
in quite different ways, e.g. prospectively and retrospectively.” p. 296-297

Can/should we borrow outcomes from other countries? For example China?



Real World Data

Methodological Approaches

Cytel
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Selection of external control real-world data ’%‘g"

Sufficient
information to
estimate the

“Minimal®
External
Dataset

Received
SOC,BSC or

similar. Maielfs

counterfactual
outcome

» Cherry-picking of a “favorable” historical control group in which the outcome of comparator treatment is
artificially poor is a threat to internal validity.

 Minimize the risk of bias.
Historical control groups should be identified from a systematic, transparent, and reproducible review.
Wherever possible, more than one control cohort should be selected from different sources.

Ideally the control group(s) should be established before patients are enrolled in the prospective,
single-arm trial of the experimental treatment, and agreement was sought with regulators and other
decision-makers.

cvtel Eichler, H-G., et al. “Threshold-crossing”: a useful way to establish the counterfactual in clinical trials?." Clinical Pharmacology & Therapeutics 100.6 (2016): 699-712.



Methodological approaches

« RWD are
increasingly being
used to provide
insight and inform
decisions across the
drug development
and reimbursement
process.

* Several biases may
be introduced when
using RWD.

Regression
adjustment
Marginal
structural Parametric
model with g-formula
IPTW
Approaches to
account for
_ measured
Propensity confounders -
score - Restriction
methods
Stratification Matching

Confounding bias is the
systemic error introduced when
there is an imbalance in
baseline prognostic factors
between two groups of interest

No single method is preferable
over all others. Different
situations favour one approach
over the other.



Methodological approaches
Propensity Score Matching (PSM)

Distributional Balance for "age” * Propensity score is the probability of treatment
assignment conditional on the distribution of

m_ z‘{[ i measured baseline characteristics.
- y Ii—r = | Treatrl:ent

Proportion

| « Estimated by regressing treatment assignment on
. measured baseline characteristics

70

—

Figu'[)e ]j Distrgbu;iona' ba'am?te for the CO\t'ar:i_ate’ « Everyone with the same propensity score will have

: re an r propen re matchin g . . _
795, DETDTE ANG STIET pIopEnSiy SEOrs MEEhing the same distribution of baseline characteristics
The age of patients on treatment A is significantly
lower than patients on treatment B. Following o : :
propensity score matching, the distribution of age Hence, when you match ea.Ch patlent in the treatment
of patients in both arms is effectively the same. arm to one or more patient in the control arm, the

distribution of baseline characteristics would be
similar in both arms.



Methodological approaches
Propensity Score Matching (PSM)

 Number of events is « Allows you to separate * Not feasible when the
low, fair number of the design from the degree of overlap in
covariates need to be analysis phase of the distribution of baseline
adjusted, and the study characteristics is
sample size is large minimal
« Does not account for
unmeasured
confounders



Methodological approaches
Inverse Probability of Treatment Weighting (IPTW)

Table 1. Formula for weights « IPTW - outcome is weighted by the inverse of the
Type of Weights Treatment Control probability of receiving treatment conditional on

il il measured confounders to create a pseudopopulation in
Average freatment effect 1 1_1 _ which the treatment is independent from measured
Pi (1=7) confounders
Average treatment effect 1 Di
among the treated (1-7)
Average treatment effect pi 1 . Probabillity of receiving treatment (p;) estimated by
among the untreated (1-17p) regressing treatment assignment on measured
confounders
Before Weighting After Weighting

reatment  *  |PTW weights can be calculated using the formulas
o o 0. o 202 302 ig summarized in Table 1.

< T
R « Weighted effect size can be estimated using a

Figure 2. Inverse probability of treatment weighting regression model and the calculated IPTW Weights.




Methodological approaches
Inverse Probability of Treatment Weighting (IPTW)

* Number of events is low, fair  Allows you to separate the « Variance often
number of covariates need to design from the analysis underestimated when the
be adjusted, and the sample phase of the study sample size is small
size is large » Unlike propensity score  Sensitive to propensity score
* Small ESS when performing matching, where some model misspecification
propensity score matching patients are discarded, IPTW « Does not account for
retains most patients. unmeasured confounders

« Results can be driven by few
patients with extreme weights



Methodological approaches

While these approaches account for measured confounders, they do not account for:
1) unmeasured confounding;
2) imperfect measurement of exposure, outcome and other covariates;

3) bias introduced by incorrectly specifying the mechanism of missingness; and

4) differences in follow-up

Quantitative Bias Analyses (QBA) are a series of methods that quantify how
drastic the range of assumptions about missing data and
unmeasured/residual confounding must be for the conclusions to be reversed.



Methodological approaches
Quantitative Bias Assessment (QBA)

 Bias plots * Tipping point analysis
« E-value

. Platcjj_st_ibility of the tipping point is then assessed using prior knowledge about the
condition

« If the tipping point is unlikely, then we can be more confident about the treatment effect

« If the tipping point is likely, then further sensitivity may be needed using external data, for
example



Methodological approaches

Approach to Quantify Robustness of Estimate to Unmeasured/Residual
Confounding

ARR significantly >1
(conclusions reversed)

Bias Plots: a plot of the relative risk of
unmeasured confounder in the outcome
vS. no outcome group against the relative
risk of unmeasured confounder in the
treatment vs. control group.

ARR significantly <1
(conclusions hold)

< Lower 95% CI

Confounder-outcome association (RR)

The conclusion is reversed for any area above the
curve (i.e. orange to red area).

HR point estimate

Upper 95% CI (closest to null)

1 2 4 6 8 10

The conclusion is not reversed for any area below the Confounder-exposure association (RR)
curve (i.e yellow to green area). Figure 3. Bias plot




Methodological approaches

Approach to Quantify Robustness of Estimate to Missing data for

Confounders RWD vs. RWD

Atezolizumab vs. Docetaxel

Tipping point analysis for
missing data: missing data are

A | Atezolizumab vs docetaxel

Mean Favors : Favors

imputed using multiple imputation ECOG shift HR (95% CI) atezolizumab ~ docetaxel
under range of assumptions for 34 0.7 (0.65:0.92) ——
: : d the tl in Oint +0.00 0.78 (0.66-0.93) ——
mlssmgness _an PpINg p +0.38 0.80 (0.67-0.95) ——
(i.e. the 6-adjustment where the +0.81 0.81 (0.67-0.97) —
conclusion is reversed) is +0.15 0.82 (0.68-0.99) S—
identified +1.43 0.83 (0.69-1.00) ——
0.5 1

HR (95% Cl)
Average shift in ECOG score of

+1.43 in atezolizumab group

Cvtel Ramagopalan S, Gupta A, Arora P, Thorlund K, Ray J, Subbiah V. Comparative Effectiveness of Atezolizumab, Nivolumab, and Docetaxel in Patients With Previously Treated Non—Small Cell Lung Cancer. JAMA Netw

Open. 2021;4(11):e2134299. doi:10.1001/jamanetworkopen.2021.34299




Methodological approaches

Importance of Quantitative Bias Analyses for FDA submissions

On September 29, 2021, FDA released a draft guidance for assessing

electronic health records (EHR) and medical claims data to support
regulator decisions.

“FDA recommends including a quantitative bias analysis in the protocol as a sensitivity analysis
to demonstrate whether and how outcome misclassification might affect study results. The
protocol should prespecify the indices (e.g. sensitivity, specificity, PPV, NPV) that will be used for
quantitative bias analysis and describe how the selected indices will be measured in outcome
validation.”



Poll 1

Cytel



Real World Data

China Case Study — Rare Disease

Cytel
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RET Rearrangement Positive NSCLC Patient Characteristics:

US, Europe, and China

m RET fusions are found in up to 2% of people with Non-Small Cell Lung Cancer (NSCLC) in US 1

R E T - m RET rearrangements in 0.7% of European patients with adenocarcinomas 2

m Screening results of RET fusions showed that the prevalence of RET fusions was less than 2% in unselected
Chinese NSCLC patients, ranging from 1.3% to 1.9%3

Patient characteristics in US

m Younger, non-smoking patients with
adenocarcinoma histology 4

m Associated with a high risk of
metastasis to the brain 5

Res. 2017;23(8):1988-1997.

Similar onset age as Asian population 2

The frequency of history of tobacco
use was higher compared to Asian
population 2

More common in those with
adenocarcinoma histology 2

in European patients. Journal of Thoracic Oncology, 11(1), 122-127.

non-small cell lung cancer in the United States.

2018;13:1595-601.

Patient characteristics in China

Young never-smokers with early
lymph node metastases 3

More common in those with
adenocarcinoma histology 3

. Kato S, Subbiah V, Marchlik E, Elkin SK, Carter JL, Kurzrock R. RET aberrations in diverse cancers: next-generation sequencing of 4,871 patients. Clin Cancer

. Michels, S., Scheel, A. H., Scheffler, M., Schultheis, A. M., Gautschi, O., Aebersold, F., ... & Wolf, J. (2016). Clinicopathological characteristics of RET rearranged lung cancer

. Zhou, C. (2014). Lung cancer molecular epidemiology in China: recent trends. Translational lung cancer research, 3(5), 270.
. Sireci, A., Hess, L. M., Han, Y., Zhu, Y. E., Bhandari, N. R., & Martinez, R. (2020). Clinical outcomes between patients with and without RET fusions in advanced/metastatic

. Drilon A, Lin JJ, Filleron T, et al. Frequency of brain metastases and multikinase inhibitor outcomes in patients with RET-rearranged lung cancers. J Thorac Oncol.
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Treatment Guidelines for RET Rearrangement Positive NSCLC

- US NCCN

National
Comprehensive
IV(e{®8 Cancer
Network®

NCCN Guidelines Version 7.2021
Non-Small Cell Lung Cancer

NCCN Guidelines Index
Table of Contents
Discussion

RET REARRANGEMENT POSITIVE™™

RET rearrangement
discovered prior to
first-line systemic
therapy

RET
rearrangement
positive

RET rearrangement
discovered during
first-line systemic
therapy

FIRST-LINE THERAPYPP

Preferred

Selpercatinib |

or |
Pralsetinib

Useful in Certain Circumstances

Cabozantinib |

o
-

or
Vandetanib (category 2B) |

Other Recommended

See Initial systemic therapy options
Adenocarcinoma (NSCL-K 1 of 5)
or Squamous Cell Carcinoma
(NSCL-K 2 of 5)

Complete planned
systemic therapy, including
maintenance therapy,

or interrupt, followed by
selpercatinib (preferred),
pralsetinib (preferred),
cabozantinib,

or vandetanib (category 2B)

Y

ProgressionYY —

ProgressionY —

Progression—»

—— Progression"" —=|

SUBSEQUENT THERAPYPP

See Initial systemic therapy
options

Adenocarcinoma

(NSCL-K 1 of 5) or

Squamous Cell Carcinoma
(NSCL-K 2 of 5)

Preferred
Selpercatinib
or
Pralsetinib

Useful in Certain Circumstances
Cabozantinib

or
Vandetanib (category 2B)

See Initial systemic therapy
options

Adenocarcinoma

(NSCL-K 1 of 5) or
Squamous Cell Carcinoma
(NSCL-K 2 of 5)
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Treatment Guidelines for RET Rearrangement Positive NSCLC
— Europe ESMO

Targeting RET can be recommended if selpercatinib or

GOOD SCIENCE
m FRE S pralsetinib is available in late lines of treatment [lll, B];

however, recruitment into open trials is encouraged*

*Updated version published 15 September 2020 by the ESMO Guidelines Committee

33
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Treatment Guidelines for RET Rearrangement Positive NSCLC
— China CSCO

E’ : hEISERINEES (Ccsco) CSCO I/MAMISMISTTIRR 2021 BRHES
- =AY (= I F4%, RETEAK Mg I 9% A% | SEM%; 1~ BA W NSCLC A5 E#H EGFR
3LIJ\2EE ﬁ@ﬁﬁ%lpﬁ}a@ ORI 1 SRR L T8 T i
2021 2 TA. IBM. TFAMNA %N MELH NSCLC 35, &MIH “WHETFAARE

KRy EGFRERSCEHERE, R RAHR (WELTE) dURTHICMRNIAT" 1% | 3%,
GUIDELINES OF CHINESE SOCIETY OF CLINICAL ONCOLOGY (CSCO) 3. EGFR %075 [H¥E 698805 NSCLC 1497, EGFR BUBRZIEE iRy ibsr. Wil "I R¥R"
% IHEN: EGFR WUSSUEIRAEII IS LM “WRIE" T | A (32), B "R
{5 I % EGFR20 S48 FHA TR, 8 “Amivantamab” 0 W RHEX.
4, ALK WS4 RIFERYMIN NSCLC 97 . —SRIGTTABAN BN “SRFIE" 0 | RHERF, “Lorlatinib™
R MENER. FRATES: il B RE" BN 1RE%.

FHEFRESSENIASERAS: SRES

098D

|3

SLERT Y S 5. BRAF V600E 37 NSCLC —#R377, LMl "BhudEie + W™ E 18, y

T 6. Wi MET 14 4 B TBEIR%E NSCLC i57F. —&iGs7 8418 “Capmatinib/Tepotinib™ fk _"’

.. . y NG E. GBI BRI %, ?
Selpercatinib (not on the market) is 7. RET W& NSCLC 77, —ERiffF RIGRIATFHN “Selpercatinid” 15X N RHH: FRGIT !
recommended as first line or later line B BRI N I . ‘ f
treatment (Level lll recommendation). 5. KRAS G12C % NSCLC 1T, JRERTIT AN “Sotorasi>” {0 MALRETE. :
Pralsetinib is recommended as the 9. HER-2 56 NSCLC Hif7. [EERAIFE ek i2” 0 I M2, "

second-line treatment for RET fusion
NSCLC (Level Il recommendation).
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A Example from a China EMR System: Complete Information on

dj_b Happy Life Tech

Diagnosis and Treatment Pathway

Initial treatment
Surgery + adjuvant chemotherapy

w 2017456 H20 HEARRITSE 2 VATSIE B8] FLAY
PEREERBRAR, Z ERMHYIRE AR IMNPE R E LS

BEHEAR, RIENRF

Follow—up

progressed disease, and chemotherapy: Pemetrexed +
Bevacizumab

NGS: RET+, and maintenance therapy

» REEZRITEHARBEIUTTAR, REFIERS

E N

W 20184F5F TCRRis Wi R fNAR, MieE#s, ATIERmER ST+
LREHURTTONR

B TSR R IMRNGSEFERT MR RROS1. METRRM, TMBIX,
RETE: &AM (RET fusion+)

B RIS TR ER S NIRRT 16E 8, SEHA3E

Confirmed diagnosis
NSCLC

B 201756 AT R I A ERvEET, 6B17HTA

FRZPET/CTHZE /R Z Bt _EATAH47 (Left lung upper
lobe mass), 2HAREE %A% (peripheral lung
cancers), 4L, SHHEFRITMERK, =042
B RERIE: £ LRIAMHERE (Invasive
adenocarcinoma of left upper lung)
m EFEZETRM: EGFR(-), ALK (-), PD-
L1(sp142)

Follow-up Follow-up
progressed disease, and RET+ NSCLC (stage IVB), and Pemetrexed +
radiotherapy Bevacizumab as maintenance therapy
— B 202042F17HEE RE—HLEEIDRI TSRS, BUAL
= 20188 F L R HBRAL, E R ER IS 5 & RS A5 F5(rTON2M G IVBHA)(RET+)
BRx{TY7)i67T, BHITRIEFIE (Left upper lung adenocarcinoma with multiple meninges
TiF and brain metastases after surgery rTON2M1c IVB stage)
B SRR R ERITYI)IATT (RET+))

B 2020218 HAFI1EEMHMZEIO0Mgd1, DUXkIRE T
500mgd14#aTr. WIRIRF, BELFRAEETR
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Process of Seeking Health Care in China and Data
Collection from Hospitals

Check in : \ !

Department waiting area

Visit doctor

Outpatient, inpatient,
Cashier ER visits and
hospital pharmacy
data were all
hospital information
system along with

Inpatient procedure/ costs information.
surgery etc.

Hospital departure

Discharge

36
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EMR-Based Real-World Data Provides Integrated Data for

Research

Data aggregation

Project-based
RWD hub

Data QC and algorithm -
RWE research

v

Aggregated and de-

identified information
Standardization

Real-time data cleansing and structing

T Integration
Multi-source interfaces technology to
| assemble all available data types

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Main Hospital Information Management System

s || EwRs J Pacs ——mmm—

80-200 different information systems More than 300 500 different data forms from multiple vendors

1.Data Process and Application platform

Note: HIS: Health Information System; EMRS: Electronic Medical Record System; PACS: Picture Archiving and Communication Systems; LIS: Laboratory Information System;
CIS: Clinical Information System; NIS: Nursing Information System; UIS: Ultrosonography Information System; RIS: Radiology Information System

Copyright 2021 HLT All Rights Reserved. 2
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Usually Both Raw Diagnosis and ICD-10 Codes Are Used to

Identify Disease

Mapping rules:

Standardized coding

m The original m Split the raw string m Medical experts = Diagnosis is
diagnosis comes and identify individual develop initial rules standardized by
from the EMR diagnosis based on m Use machine mapping data to ICD-
system in hospital the separator learning technology 10 (Beijing Clinical
to further develop Edition)
m The diagnosis field, m  NLP technique is and apply rules
usually a long string, applied = Sampling and
may contain more accuracy
than one diagnoses assessment

To be conservative, those diagnoses written in a very non-standard format are not mapped to an ICD-10 code.
Both raw diagnosis and ICD-10 codes are used to identify disease.
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Comparison of EMR Databases — China, UK, and US

Demographic characteristics (age,
sex, weight, height)

Disease characteristics at diagnosis
and follow-up (e.g., diagnosis date,
indication, disease stage)
Biomarker data

Patient medical history and
comorbidities

Systemic therapy information
(therapy type, dose, number of
cycles, therapy line)

Radiotherapy

Laboratory data

Treatment response

Disease progression

Death

Adverse events

Healthcare resource use and costs

Well captured (BMI to be derived)

Partially captured (may be impacted by patient
moving sites)

Well captured (may vary by indication)
Partially captured (may be impacted by patient
moving sites)

Partially captured (may be impacted by patient
moving sites; oral targeted therapies not
captured)

Partially captured (may be impacted by patient
moving sites)

Partially captured (may be impacted by patient
moving sites)

Partially captured

Partially captured

~20% deaths captured
Partially captured

Well captured

Well captured (BMI to be derived)

Well captured (from treatment initiation
rather than diagnosis)

Not captured

Partially captured (comorbidities not captured)
Well captured (also includes treatment
intent, administration route and concomitant

prophylaxis e.g., antiemetics)

Not captured

Not captured

Not captured

Not captured

100% deaths captured
Not captured

Not captured

Well captured (BMI to be derived)

Partially captured (may be impacted by patient
moving sites)

Not captured in database but can be obtained in
charts

Poorly captured

Well captured as long as treatment occurred
in clinic; cycle information not available

Not captured in database but can be obtained in
charts

Well captured for labs taken in cancer clinic,
otherwise missing

Not captured in database but can be obtained in
charts

Not captured in database but can be obtained in
charts

Well captured

Not captured

Not captured
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Chinese RWD - the Future of Rare Conditions

Large population base in China - over 4 times of US.
China has an estimated population of 20 million people with rare diseases, that is likely an underestimate

Treatment guidelines in China are quickly adapted following US and Europe.

Top hospital and top KoLs are managing large portion of the patients with rare diseases,
while in US patients are scattered all over the country.

Healthcare, particularly high-quality healthcare, is unevenly distributed across the country
Traveling long distances for diagnosis and treatment are common in China

Complete medical information are collected in top hospitals and data quality has largely
improved in recent years.

With high-level of digitalization and social media integration to people’ daily life, patients
with rare condition are easier to be approached and managed longitudinally.

Rapidly growing patient advocacy groups also provide great opportunities to collect data
from patients with rare conditions.

Like CARD (China alliances for rare diseases), CORD (Chinese organization for rare disorders), and other
patient advocacy groups
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