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Poll Question #1

What does a change of line of
therapy mean to you?

a) Progression of cancer on one or
more treatments

b) Change of treatment following an
adverse effect

c) Treatment change from curative to
palliative disease

d) Two of the above
e) All of the above




Among 166 responses....

Question#1:What does a change of line of therapy mean
to you?

11%

Progression

of cancer on
one or more
treatments

52% 33%

All of the above Two of the above
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Selective History of Chemotherapy and
Recommendations

Nitrogen mustard
(Lymphoid depleting)

Antifolates

(Starve tumor)

Antitumor Abx
(DNA Interference)

MOPP
(Combination CTX)

1943
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1948

1959

1970

Davita et al Cancer Res (2008); Falzon et al Font Pharmacol (2018)



First successful use of multi-agent
chemotherapy

Article | 1 December 1970

Combination Chemotherapy in the Treatment of Advanced
Hodgkin's Disease

Authors: VINCENT T. DEVITA JR., M.D,, F.A.C.P,, ARTHUR A. SERPICK, M., F.A.C.P, and PAUL P. CARBONE, M.D.  AUTHOR, ARTICLE, &
DISCLOSURE INFORMATION

Publication: Annals of Internal Medicine « Volume 73, Number & » https://dol.org/10.7326/0003-4819-73-5-88]

MOPP: Mechlorethamine, Vincristine [Onvorin], Procarbazine, Prednisone)

J THE JOURNAL of the

American Medical Association
July 17,1972 Vol 221, No 3

Combination Chemotherapy of

[ ] ’ L] L] L L]
Hodgkin’s Disease in Private Practice i, ot atannal M 170;
IR [ruters lorsl . G, 1. s g M e P B, 4 Greenberg et al JAMA 1972



Selective History of Chemotherapy and
Recommendations

. NCCN Guidelines
Nitrogen mustard

. : Antitumor Abx (1s*National)

Lymphoid depletin ituti

(Lymp PIEtiNg)  HNA Interference) Institutional
Guidelines

_ MOPP
Antifolates (Combination CTX)
(Starve tumor)
1943 1948 1959 1970 1980s 1996

R ‘ RUTGERS Davita et al Cancer Res (2008); Falzon et al Font Pharmacol (2018);
NCCN, 30 Years of NCCN Guidelines- https://www.nccn.org/home/about/nccn-history/30-years-of-nccn



NCCN Guidelines

8 Guidelines: Acute 88 Guidelines developed by
Leukemia, Breast, Lung, 63 panels with input from
Ovarian, Pediatric, 1,900 multidisciplinary
Prostate, Colon, and Rectal members from 33 cancer
Cancers centers in the US

-----

- =
.........

1995 2025

R ‘ RUTGERS NCCN, 30 Years of NCCN Guidelines- https://www.nccn.org/home/about/nccn-history/30-years-of-nccn



Selective History of Chemotherapy and
Recommendations

NCCN Guidelines

Nitrogen mustard o mor Abx (15t National) Guidelines

(Lymphoid depleting) (DNA Interference) Inst.ituti.onal Increasingly
MOPP Guidelines ESMO Complex
Antifolates (Combination CTX) Guidelines
(Starve tumor)
1943 1948 1959 1970 1980s 1996 1999 Present Day

Davita et al Cancer Res (2008); Falzon et al Font Pharmacol (2018);
NCCN, 30 Years of NCCN Guidelines- https://www.nccn.org/home/about/nccn-history/30-years-of-nccn;
Pavlidis Ann Onc 2011
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https://www.nccn.org/home/about/nccn-history/30-years-of-nccn

Increasing complexity and individualization of therapies

2010 (prlor) Metastatlc NSCLC

cal practice guidelin

Metastatlc non-small-cell lung cancer:
ESMO Clinical Practice Guidelines for 4 Pages
diagnosis, treatment and follow-up

2023 (most recent) - Oncogene-Addicted Metastatic NSCLC 16 Pages
Oncogene-addicted metastatic non-small-cell lung cancer: ESMO Clinical
Practice Guideline for diagnosis, treatment and follow-up*

2023 (most recent) - Non-Oncogene-Addicted Metastatic NSCLC 16 Pages
Non-oncogene-addicted metastatic non-small-cell lung cancer: ESMO

Clinical Practice Guideline for diagnosis, treatment and foIIow-up*
IR [rureees D’Addario et al Ann Onc 2010; Hendriks et al Ann Onc 2023




Increasing complexity and individualization of therapies

Stage IV mNSCLC, molecular tests positive (EGFR/ALK/R0S1/BRAF/RET/NTRK/MET/HER2/EGFRex20ins/KRAS G12C)

2023- Oncogene-
Addicted
Metastatic
NSCLC

Treatment
recommendations
for each oncogene
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v
WV

EGFR mutation
(refer to Figure 2)

Osimertinib
[1, A; MCBS 4; ESCAT |-A]bed
Gefitinib
[I, B; MCBS 4; ESCAT I-A]*¢
Erlotinib
[1, B; MCBS 4; ESCAT I-A]2¢
Erlotinib—bevacizumab
[1, B; MCBS 2; ESCAT |-A]3¢®
Erlotinib—ramucirumab
[1, B; MCBS 3; ESCAT I-A]>¢
Afatinib
[1, B; MCBS 5; ESCAT [-AJ*<¢
Dacomitinib
[1, B; MCBS 3; ESCAT I-AJ>¢
Gefitinib—carboplatin—
pemetrexed [l, B

1

i

1!

i

A

ALK translocation
(refer to Figure 3)

Alectinib [I, A; MCBS 4;
ESCAT I-A]*b¢
Brigatinib [I, A; MCBS 4;
ESCAT I-AJ2b¢
Lorlatinib I, A; MCBS 4;
ESCAT [|-A]20¢
Crizotinib [I, B; MCBS 4;
ESCAT [-A]*©
Ceritinib [I, B; MCBS 4;
ESCAT [-A]2¢

1

AV N
RET translocation NTRK/HER2/ _ lV_IETex14 _
EGFR ex20ins skipping mutation

AV hvd
ROS1 BRAFV600
translocation mutation
(refer to Figure 4) (refer to Figure 5)

Crizotinib [Ill, A;
MCBS 3; ESCAT I-BJ**
Entrectinib [l A;

MCBS 3; ESCAT |-B]2<9
Alternative:
Repotrectinib [lIl, B;
ESCAT I-B]'

Dabrafenib—
trametinib
[, A; MCBS 2;

ESCAT I-B]2°

MCBS 3; ESCAT I-C]**

Pralsetinib [Ill, A;

Selpercatinib [lll, A;
MCBS 3; ESCAT I-C]>*

Platinum-doublet
ChT = ICI IV, B]

!

AV

NTRK
translocation

Entrectinib [lll, A;
MCBS 3; ESCAT I-C]>="

Larotrectinib [lll, A;
MCBS 3; ESCAT |-C]>¢i

Il

!

N
HERZ2 mutation

|

Trastuzumab—deruxtecan
[, B; ESCAT II-B]*

l

A

EGFR ex20ins
mutation

!

Amivantamab [lll, B;
MCBS 3; ESCAT I-B]2¢

Mobocertinib [lll, C;
MCBS 2; ESCAT I-BJ*

Hendriks etal Ann Onc 2023

Platinum-doublet ChT +
ICI [IV, B]
Capmatinib [Ill, A;
MCBS 3; ESCAT I-B]2¢!
Tepotinib [Ill, A; MCBS 3;
ESCAT I-B]2¢i

Capmatinib [lIl, A;
MCBS 3; ESCAT I-BJ*©

Tepotinib [lll, A; MCBS 3;
ESCAT I-B]*¢

KRAS G12C
mutation

Refer to ESMO
CPG on non-
oncogene-addicted
mNSCLC™ [lll, A]

Sotorasib [l, B;
MCBS 3; ESCAT I-B]2¢
Adagrasib [lll, B;
MCBS 2;

ESCAT I-BJ2¢!
Alternative: if ICl
monotherapy given
in first line: platinum-
doublet GhT [l A]




Increasing complexity and individualization of

2023- Oncogene-
Addicted
Metastatic
NSCLC

Treatment
recommendations
for EGFR
activating
oncogene

Hendriks et al Ann Onc 2023

therapies

Stage IV mNSCLC with EGFR-activating mutation

v
PS 0-2 [I,A]
PS 3-4 for all following options [lll, A]

v
N\~
Osimertinib [I, A; MCBS 4; ESCAT |-AJ*<d
Gefitinib [I, B; MCBS 4; ESCAT I-A]*¢
Erlotinib [I, B; MCBS 4; ESCAT |-A]*¢
Erlotinib—bevacizumab [I, B; MCBS 2; ESCAT I-AJac¢

Erlotinib—ramucirumab [l, B; MCBS 3; ESCAT I-A]*©
Afatinib [I, B; MCBS 5; ESCAT I-AJ*°¢
Dacomitinib [I, B; MCBS 3; ESCAT I-AJ**
Gefitinib—carboplatin—pemetrexed [I, B]'

A4
Disease progression®

1

Change in line of therapy
based on the extent of
disease progression,
reassessment of
oncogene status, and the
original choice of first-
line treatment

N
Oligoprogression

Systemic progression ]

v

Local treatment Systemi Rebiopsy or cfDNA plasma testing (at least T790M for progression
(surgery or RT) _ ystemic on first/second-generation TKI [I, A], NGS for progression on
and continue targeted systemic progression osimertinib [Ill, C], with rebiopsy if plasma test is negative)

treatment [IV, C]

\ 7
A4
[ If first-line osimertinib ]

I
\J +

Resistance No resistance
mechanism identified mechanism identified

-

Clinical trial [Ill, B] or refer to Aﬂiﬁ'.?z"ﬁ'fngﬁsﬁﬂggzﬂi :,1
i i rogression 5 2
flo fesistance mechanism prog paclitaxel—carboplatin [Il, B; MCBS 3J°

A4
[If first-line first- or second-generation TKI ]
1

- -

Vv

Exon 20 T790M
mutation positive

negative or rebiopsy indicated

AV
[ Exon 20 T790M mutation ]

but not feasible

+

Systemic Platinum-based ChT [lll, A]
progression Atezolizumab—bevacizumab-
paclitaxel—carboplatin [lll, B; MCBS 3]*




Increasing complexity and individualization of therapies
2023- Non-Oncogene-Addicted Metastatic NSCLC

ICI Eligible

ICI Ineligible

Stage IV NSqNSCC, molecular tests negative (EGFR/ALK/ROS1/BRAF/RET/MET/EGFR ex20ins/KRAS G12C/NTRK/HER2) * without contraindication for immunotherapy

!

NV
[ ECOG PS and PD-L1 expression level ]
|

Oligometastatic

vV
Systemic PS 0-2 and l PS 0-1 and any expression of PD-L1 ]
therapy & LRT PD-L1250%

il ] 1

Pembrolizumab
[I, A; MCBS 5]
Atezolizumab
(also for ICs =10%)
[I, A; MCBS 5]
Cemiplimab
[I, A; MCBS 4]
(for PS 2 for all drugs:
{111, B])

Disease progression®

Pembrolizumab-platinum-pemetrexed (4 cycles) followed by
pembrolizumab-pemetrexed [I, A; MCBS 4]
Atezolizumab~—carboplatin—nab-paclitaxel (4-6 cycles) followed by atezolizumab (I, A; MCBS 3¢]
Atezolizumab-bevacizumab-carboplatin-paclitaxel (4-6 cycles) followed by
atezolizumab-bevacizumab [I, A; MCBS 3¢
Nivolumab-ipilimumab + 2 cycles of platinum-doublet ChT followed by
nivolumab~ipilimumab [I, A; MCBS 4¢]
Cemiplimab-platinum-doublet ChT (4 cycles) followed by
cemiplimab + pemetrexed maintenance' [I, A]
Durvalumab-tremelimumab-platinum-doublet ChT (4 cycles) followed by
durvalumab-tremelimumab (tremelimumab one additional dose) + pemetrexed maintenance'
[I,A; MCBS 49
Nivolumab-ipilimumab (only for PD-L1 21%)' [I, A; MCBS 4¢']

B4
Disease progression?

1
-

Platinum-doublet ChT [l, A] (pemetrexed preferred)
[II, A; MCBS 4¢] followed by pemetrexed maintenance
[I, A; MCBS 4°] if pemetrexed switch
maintenance [I, B]

PS 2 and
PD-L1 <50%

Platinum-doublet ChT
[carboplatin preferred:
I, A; pemetrexed
preferred: I, A]
Maintenance
pemetrexed if
improvement to PS 0-1
[MCBS 4°]
Single-agent ChT
[pemetrexed: |1
B; gemcitabine,
vinorelbine or
docetaxel: |, B]

Disease progression

l PS 0-2¢ I l PS 3-4 I

PS 3-4

regardless
of PD-L1

If 4 cycles of gemcitabine—cisplatin: gemcitabine
continuation maintenance [l, C]
Platinum-doublet ChT [I, A] (pemetrexed preferred)
[I1, A; MCBS 47
Carboplatin-paclitaxel-bevacizumab followed
by bevacizumab maintenance [I, A; MCBS 2] Or
platinum-pemetrexed-bevacizumab followed by
pemetrexed-bevacizumab maintenance [, A]
Re-challenge ICI [Ill, B]

Pemetrexed [I, B]
cetaxel [I, B]

Ninted docetaxel [II, B]
Ramucirumab-docetaxel [I, B; MCBS 1¢]

Re-challenge ICI [lIl, B]®

v
PS 34

Other options are the same as for second-line

s

Nivolumab [I; A; MCBS 5]
Atezolizumab [, A; MCBS 5¢]
Pembrolizumab (PD-L1 21%) [I, A; MCBS 5¢]

treatment for PS 0-2 after ChT-ICI°

14 E BSC alone [11, A] E:
*

Stage IV NSqNSCC, molecular tests (EGFR/ALK/ROS1/BRAF/RET/MET/EGFR ex20ins/
KRAS G12C/NTRK/HER2) negative®®, with contraindication for immunotherapy

!

N
Oligometastatic

‘ RUTGERS

il

Systemic therapy and LRT [Il, B]

!

N
[ ECOG PS ]

Platinum-doublet ChT [I, A] (pemetrexed preferred)
[II, A; MCBS 4] followed by pemetrexed maintenance
[I, A; MCBS 4¢]; if pemetrexed switch maintenance
[I, B]; if 4 cycles of gemcitabine—cisplatin: gemcitabine
continuation maintenance [|, C]
Platinum-doublet ChT [I, A] (pemetrexed preferred)
[II, A; MCBS 4]
Carboplatin—paclitaxel-bevacizumab followed by
bevacizumab maintenance [l, A; MCBS 2°4]

Or platinum-pemetrexed-bevacizumab followed by
pemetrexed-bevacizumab maintenance [l, A]

Platinum-doublet ChT [carboplatin preferred: I,
A; pemetrexed preferred: II, A]
Maintenance pemetrexed if improvement to
PS 0-1 [MCBS 4°]

Single-agent ChT (pemetrexed, gemcitabine,
vinorelbine, docetaxel) [I, B]

!

A
Disease progression

(
+

Pemetrexed [l, B]
Docetaxel [I, B]

Nintedanib—docetaxel [I1, B]
Ramucirumab-docetaxel [I, B; MCBS 1°]

BSC alone [IIl, A] <€

]
l

PS 3-4

Hendriks etal Ann Onc 2023




Increasing complexity and individualization of

therapies

Treatment
recommendations
for ICI-eligible
patients who are
oncogene negative

Stage IV NSqNSCC, molecular tests negative (EGFR/ALK/ROS1/BRAF/RET/MET/EGFR ex20ins/KRAS G12C/NTRK/HER2F* without contraindication for immunotherapy

r N
ECOG PS PD-L1 expression level
\

Oligometastatic

Line of
therapy
choice based
on the extent

i !

!

therapy & LRT
[Il, B]

J

Pembrolizumab-platinum-pemetrexed (4 cycles) followed by
pembrolizumab-pemetrexed [I, A; MCBS 4°]
Atezolizumab—carboplatin—nab-paclitaxel (4-6 cycles) followed by atezolizumab [l, A; MCBS 3¢]
Atezolizumab-bevacizumab-carboplatin—paclitaxel (4-6 cycles) followed by
atezolizumab-bevacizumab [I, A; MCBS 3¢
Nivolumab~ipilimumab + 2 cycles of platinum-doublet ChT followed by
nivolumabipilimumab [l, A; MCBS 4¢]
Cemiplimab—-platinum-doublet ChT (4 cycles) followed by
cemiplimab + pemetrexed maintenance' [I, A]
Durvalumab-tremelimumab-platinum-doublet ChT (4 cycles) followed by
durvalumab-tremelimumab (tremelimumab one additional dose) + pemetrexed maintenance'
[I,A; MCBS 4°]

Nivolumab-ipilimumab (only for PD-L1 =1%)' [I, A; MCBS 4]

Pembrolizumab
[I, A; MCBS 5¢]
Atezolizumab
(also for 1Cs =10%)
[I, A; MCBS 5¢]
Cemiplimab
[I, A; MCBS 4°]
(for PS 2 for all drugs:
(11, B])

PS 0-2¢ PS 3-4

Platinum-doublet ChT
|Ca, ~~nlatin preferred:
I, A; per.~trexed
preferred: II, m,
Maintenance
pemetrexed if
improvement to PS 0-1
[MCBS 4°]
Single-agent ChT
[pemetrexed: I,

B; gemcitabine,
vinorelbine or
docetaxel: |, B]

Disease progression

A4
Disease progression?

vV A4 vV
Systemic PS 0-2 and [ PS 0-1 and any expression of PD-L1 PS 2 and PS 3-4
PD-L1 250% PD-L1 <50% regardless

-1

|
‘ s il ! !
Platinum-doublet ChT [l, A] (pemetrexed preferred) \/ V.
[II, A; MCBS 4°] followed by pemetrexed maintenance [ PS 0-2¢ ] [ PS 3-4
[I, A; MCBS 4] if pemetrexed switch
maintenance [l, B]
If 4 cycles of'gem‘citabing—cisplatin: gemcitabine Pemetrexed [I, B] Nivolumab [ A; MCBS 5]
Platinum-sgﬂg::el:a(?I:)Tn [Ti\llnt(%rmgfr&e%]preferred) Docetaxel [1, B] Atezolizumab [, A; MCBS 5°]
(I, A; MCBS 4 Nintedamb—docetaxel [II, B] Pembrolizumab (PD-L1 =1%) [I, A; MCBS 5¢]
CarbopIatin—pacli'ta);el—bevacizumab ollowen Ramucirumab—docetaxel [l, B; MCBS 1¢] Other options are the same as for second-line
by bevacizumab maintenance [1, A: MCBS 2] Or Re-challenge ICI [lII, B]® treatment for PS 0-2 after ChT-ICI°
platinum-pemetrexed-bevacizumab followed by

pemetrexed-bevacizumab maintenance [l, A]
Re-challenge ICI [Ill, B]

—p E BSC alone [lIl, A] E:
?

of disease
progression,
"performance
status, and
% PDLA1
expression

Hendriks et al Ann Onc 2023



Clinical Practice Varies from Trials

o e—

POPULATIONS " Comorbidities

— excluded from
CLINICAL REAL-WORLD | clinical trials
TRIALS PATIENTS r y | Patient-Health

Multimorbidity - Fact
> actors

Younger or older age

& &
& L
*iwm Higher frailty
( Incomplete data

] J | Health System
Resource limitations Factors
__| clinicianorpatient | | Clinician/Patient
_ preference | Preference
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Variations in Care Enable Opportunities for
Comparison

* After progression on treatment Cancer Dx
regimen A, should a patient

. . Regimen A
receive treatment regimen B or C?

Progression

R ‘ RUTGERS



Variations in Care Enable Opportunities for
Comparison

m m

Regimen A Regimen B

Progression Progression

* Should the order of treatment
regimens be Athen B or Bthen A? Regimen B

Regimen A

R ‘ RUTGERS



Variations in Care Enable Opportunities for
Comparison

Cancer Dx

Regimen A
Drug B

Progression

* Should drug B be
Initiated/continued and for how
long following the completion of
treatment regimen A?

R ‘ RUTGERS




Lines of Therapy Concept is Imperfect and
Not Standardized in the Clinical Setting

* Areas of agreement * Areas of uncertainty
* Predicts Prognosis * Localized/curative vs.
* No universal definition metastatic/palliative
* Progression is a new LOT * Treatment breaks
* Intraclass change = same LOT  *Addition/continuation of
treatments

* Change due to adverse effect

R ‘ RUTGERS Falchetto BMC Research Notes (2024); Falchetto BMC Cancer (2025)



Real World Data to Identify Line of Therapy-
Varying Data Points and Populations

Electronic Health
Records (EHR)

Claims Data

Cancer Registry

R ‘ RUTGERS



45 M- Initial Diagnosis Caring-For-Your-Community Health System

DM-A1c 6.5 - Metformin/GLP1 Pathologist

PCP HTN -BP (130s/80s) - Llsmoprll
Overweight— BMI 28 CEETErTEeLoy llgnant CRC- Stage 2

Screening Colonoscopy Radiologist

Central Cancer Registr
Cancer CRC
Stage 2

Intent Curative
Surgery Yes

Chemotherapy Yes
Caring-For-Your-Cancer Health System

Surg ,
Partial Colectomy
Onc

Immunotherapy No

Hormonal therapy No

Radiation therapy No

CAPEOX
- Capecitabine
- Oxaliplatin




45 M- Initial Diagnosis Caring-For-Your-Community Health System

DM -A1c 6.5 - Metformin/GLP1 Pathologist

E H R PCP HTN - BP (130s/80s) - Llsmoprll
Overweight— BMI 28 Gastroenterology llgnant CRC- Stage 2
RWD Screening Colonoscopy Radiologist

Community System EHR: Cancer
treatments may not be present;
details about non-cancer conditions,
including health concerns leading to
cancer




45 M- Initial Diagnosis

EHR
RWD

Caring-For-Your-Cancer Health System

Surg
Colectomy
Onc

CAPEOX Cancer System EHR: Treatment
- gapl?Clita_bine present; nuanced details about non-
- Xatlp atin

cancer treatment less documented




45 M- Initial Diagnosis Caring-For-Your-Community Health System

DM Metformin/GLP1 Pathologist

Cla IMS PCP HTN Llsmoprll
Overweight Gastroenterology l|gnant CRC
RWD Screening Colonoscopy Radiologist

Care across the healthcare systems
are present, though missing some
aspects of clinical care (e.g, vitals, lab
values, mutations, treatment intent)

Caring-For-Your-Cancer Health System

Surg

Colectomy
Onc

Med CAPEOX
- Capecitabine

Onc - Oxaliplatin




45 M- Initial Diagnosis

Registry
RWD

Central Cancer Registr

Cancer

Patient-level data that has standardized
collection across the population for incident
cancer diagnosis; less detailed healthcare
data, further disease progression/treatment
may not be documented

Stage

Intent Curative
Surgery Yes
Chemotherapy Yes

Immunotherapy No

Hormonal therapy No

Radiation therapy No



Summary & Interpretation of Example

* No RWD data source provides a comprehensive picture of the
care for every patient diagnosed and treated for cancer

* |nvestigators utilizing RWD must make reasonable
assumptions in the choice of RWD and be attentive in
addressing and relaying potential misclassifications and
biases




ldentifying LOT for Metastatic Disease Using
RWD- An ISPE Cancer SIG Initiative

 |ISPE Cancer SIG initiative to review RWD literature on initiation of
LOT for breast, lung, or CRC metastatic disease

* Among 273 original studies screened, 24 studies described
algorithms to identify a new LOT among patients with metastatic
disease

* Twenty-three (96%) studies required a metastasis-free lookback
period followed by an incident metastatic disease diagnosis plus
new systemic anti-cancer treatment

* Only three (12.5%) of these studies conducted validation studies

R ‘ RUTGERS Onasonya ISPE Annual Meeting (2025)



Standardization of LOT

* Proposing a new framework and standardized language

* LOT N (CLoT + PLoT)
* Clinical Progression of Disease (cPD) vs. PD

R ‘ RUTGERS

Bl C www.nature.com/bjc

British Journal of Cancer

PERSPECTIVE
Determining lines of therapy in patients with solid cancers:

a proposed new systematic and comprehensive framework

Kamal S. Saini'? and Chris Twelves (7

Saini KS, Twelves C. BrJ Cancer (2021)



Standardization of LOT

* Proposing a new framework and standardized language

* ESMO Adaptation of Line of Systemic Therapy (EnLiST)
EnLiST — ESMO Adaptation of Line of Systemic Therapy

A project seeking to open a dialogue to facilitate the treatment of
neoplasia and associated clinical research hy proposing a systematic

and comprehensive framework to determine Line of systemic Therapy
uniformly across solid malignancies.

R ‘ RUTGERS Saini KS, Twelves C. BrJ Cancer (2021); EnLiST- ESMO Adaptation of Lines of Therapy: https://www.esmo.org/guidelines/enlist-esmo-
adaptation-of-line-of-systemic-therapy/enlist-esmo-adaptation-of-line-of-systemic-therapy



Integration of Real World Data Across Europe

* DARWIN EU
* Data Analysis and Real World Integration Network

* Collaboration between the European Medicines Agency
and the European Medicines Regulatory Network

* Establishes a coordination center to provide RWE by
utilizing RWD from health systems across the European
Union

* At least two initiatives utilize the concept of LOT



Initiatives to Standardize and Utilize RWD LOT
Across Data

Treatments must be started within 6 months of initial NSCLC diagnosis
* DARWIN-EU
* Overall survival in | : |
patients with advanced Index

date

or metastatic non-
small cell lung cancer
treated with selected
immunotherapies as

First-line treatment regimen

first line of treatment "tmthsatc. | Ay scitonsl n;s
(EUPAS1000000112) diagnosis | ) | |

Y
First-line treatment regimen includes all treatments initiated within 42 days
of index date (first NSCLC treatment prescribed)

Figure 1. Timeline from NSCLC diagnosis, to index date, and first-line treatment definition.
R ‘ RUTGERS

Darwin EU: NSCLC- https://catalogues.ema.europa.eu/node/4013/administrative-details



Initiatives to Standardize and Utilize RWD LOT
Across Data

* DARWIN-EU

* Multiple myeloma:
patient characterisation,
treatments, and survival
In the period 2012—
2024
(EUPAS1000000757)

Eve 1t B

Event A Event A+B Event B

2X* days overlap

Figure 2. Graphical depiction of treatment combination definition.

*minimum number of days overlap to be decided after results of running the R package DrugExposureDiagnostics

R ‘ RUTGERS Darwin EU: Multiple Myeloma - https://catalogues.ema.europa.eu/node/3794/administrative-details



Summary

* Use of systemic treatment and the concept of lines of therapy
(LOT) in oncology have developed organically over time

* Reflects advancements in cancer treatment and improving
care to survivors

* The concept of LOT in the clinical setting is not yet standardized

* |dentifying and differentiating between LOTs when using RWD is
even more complex

* There are ongoing initiatives to use LOT in RWD to advance RWE



Poll Question #2

Have you ever used real
world data to define any
LOT for research purposes?

a) Yes
b) No




Among 101 responses...

Question #2: Have you ever used real world data to define
any LOT for research purposes?




Poll Question #3

Which type of data sources do you
most commonly use in your research
to define LOT?

a) Claims

) EHR

) Registries

) Two of the above
) All of the above

) Never previously used RWD to define
LOT for research

2> ® O O T




Among 98 responses...

Question #3:Which type of data sources do you most com-
monly use in your research to define LOT?

18% e
Never previously

used RWD to

define LOT for
3 3 C’/0 research

Claims

Two of the above

13%

All of the above
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Clinical Care & Lines of Therapy

e How do clinicians think about LOT?

“‘Sequence of treatment regimens a patient receives over time. Each "line" is
essentially a different stage or round of treatment, typically started when the previous
treatment stops working, and the cancer returns or progresses.”

o Referenced in Guidelines (National/Local/Oncology societies)
o Oncology treatments are multi-modal & patient journeys are complex
o Patient-centred

" flatiron © Flatiron Health



A cancer journey in a Health System

Patient

Prostate cancer as an example:
deteriorates,
Androgen Progression Progresses leading to
Diagnosed Undergoes Recurs w/ metastatic ~ deprivation on ADT Starts 1st line on 1st line Starts 2nd line Starts 3rd line hospitalisation /
w/ disease prostatectomy disease therapy 1mcRpC) therapy therapy therapy therapy death

© Flatiron Health




A cancer journey and Real World Data

Prostate cancer as an example: Patient
deteriorates,
Androgen Progression Progresses leading to
Diagnosed Undergoes Recurs w/ metastatic ~ deprivation on ADT Starts 1st line on 1st line Starts 2nd line Starts 3rd line hospitalisation /
.-lvl disease lprostatectomy iisease tlherapy IncRpC) therapy iherapy iherapy iherapy feath
v v v v
© Date of surgery = Regimen name A Duration of therapy @ Date of death
© Gleason score v ®= Duration of A Treatment © Date of death
o Stage of © Sites of therapy characteristics A Consensus
disease metastases = Dosage © Date of progression date of death
A Time to = Concomitant (radiological/clinical)
recurrence meds © Response
A Reason for
: : : . discontinuation
v v v v
= Patient age o PSA & = Duration of therapy © Progression free
= Gender doubling time = Treatment survival
= Ethnicity o Sites of Mets characteristics o Evidence for

= PSA, other Bloods
A Comorbidities

" flatiron

A Time to recurrence

Legend:

@ Structured EHR data

© Date of progression
(radiological/clinical)
© Response

© Unstructured EHR data

progression seen in
the chart

© Date of progression
(w/ scan or lab result
to confirm)

A Derived Data

© Flatiron Health



Using RWD for LOT

RWD & LOT considerations

- RWD sources - Claims, EHR, Cancer Registries

- Data Access - Patient-level data vs Aggregate tables
- Business LOT Rules & Logic
- Quality Assurance: Underlyi

Questions from researchers & HTA/Regulatory

Processes bodies:
How do treatments compare to current SOC in
- Use-cases Line 1/2/3/etc?

Can | match a study to IE criteria of an RCT for
a particular line?

Which Lines are there currently unmet needs
and what are current outcomes?

" flatiron

bn Health



How can we approach LOT rules within RWD?

Nine categories of rules are applied to group drug orders and administrations in order to create LOTs
1. Therapies eligible for inclusion in lines of therapy
2. Index date
3. Startof 1L therapy
4. Definition of a line of therapy
5. Maintenance
6. Gapintherapy
7. Changes permitted within a line of therapy
8. Changes not permitted within a line of therapy

9. Line oftherapy end date

" flatiron © Flatiron Health



Key variables in LOT for Oncology

Line of Therapy (LOT) applies a set of disease-specific rules to summarize the sequence of anticancer therapies based on
structured and abstracted treatment information (drug_name, start_date, end_date etc).

Line name - the list of drugs/regimens given as part of a single line (e.g. FOLFOX + Bevacizumab)

Line number - e.g. 1L, 2L

Line setting - e.g. NEOADJUVANT, ADJUVANT, ADVANCED, LOCOREGIONAL, METASTATIC, mCRPC, nmCRPC, mHSPC
Start date & End date
Is maintenance therapy - Yes/No for whether therapy is given as maintenance for the main line treatment

" flatiron © Flatiron Health



LOT Example: metastatic Prostate Cancer

® Example of a LOT, with eligible therapies being captured as lines beginning at CRPC date

® Theindex date isthe first of either metastatic diagnosis date or CRPC date

Treatment Treatment Treatment
initiation initiation initiation
Line setting: mCRPC mCRPC mCRPC

1L-Drug A& B 2L-DrugC 3L-DrugD

A A A A A A

Patient Index date: Patient Patient diagnosed Treatment change Treatment change Death
diagnosed with diagnosed with CRPC
early-stage with metastatic disease

prostate cancer

" flatiron © Flatiron Health



Additional Complexities

e Source data

o LOT quality depends on input data - often messy, imperfect & across clinical systems

o Structured data: how reliable are orders & admins? Can we leverage cancellation status? Drug names
need to be harmonised upstream

o Unstructured data: are end dates well documented?

e Quality Assurance
o Evaluation of Lol sequences that not in keeping with local clinical expectations
o Patient-level data access important to validate
o Disease-specific validation

e Rapidly advancing medical landscape
o Newly approved anti-cancer therapies
o Anti-cancer therapies shifting from metastatic to earlier stage disease

" ﬂati?onMultl—modaltheraples © Flatiron Health



LOT across borders

e Accounting for in-country nuance, while maintaining a consistent set

of business rules

o Are there drugs only approved in certain countries? Are guidelines different?
o Do we choose different input data source per country? In-country pre-processing & local
clinical knowledge are Critical!

Presented at ISPOR RWE Summit 2025

" flatiron

R e 19 (1 %)

Advancing Colorectal Cancer (CRC) Research in Japan: Insights

from Electronic Health Record (EHR)-Derived Data in Japan

Bomay o oo mrad
- et b hw bt — B e e s e L
® = o ——

o w— 5. DU R OV

i et a4 w4 b
I - oy o 1 -] —
T ——— — — ) W S— - g

o ey s o s g et o

Arti-VEGF-based therapies; n«143 (14%)

Other therapies; n=23 2%)
Cn apy only singie-agent or combok: n«=39 (4%)




Takeaway Messages

LOT is a key clinical consideration but is only one part of the
patient journey and experience

LOT is dynamic and a critical RWD variable enabling multiple
use-cases.

Implementing LOT globally is possible but complex, requiring
cross-functional expertise & local health system knowledge.

There are opportunities to standardise approaches and provide a
framework for relevant stakeholders.

" flatiron © Flatiron Health



Regulatory Perspective

Denise Umubhire
European Medicines Agency



Health Technology
Assessment Perspective

Karen Facey
RWE4Decisions

4Decisions



Discussion

* Moderator: Seyed Hamidreza Mahmoudpour, Merck Healthcare
KGaA, Germany

 Panelists:
* Benjamin Bates, Rutgers University, United States
* Arun Sujenthiran, Flatiron Health, UK
* Denise Umuhire, European Medicines Agency, Netherlands
 Karen Facey, RWE4Decisions, UK
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