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ABSTRACT 
Aim: Compar e healthcar e costs for pa tien ts with epidermal growth factor receptor mutated (EGFRm) 
metastatic non-small-cell lung cancer (mNSCLC) with and without pr ogr ession and estimate costs of 
pr ogr ession. 
M aterials & metho ds: Retr ospectiv e claims analysis (2015–2020) from adults with EGFRm mNSCLC 
initiating EGFR tyrosine kinase inhibit ors. Adjust ed c osts for 12 months w er e compar ed (with 
v s without prog ression) and cumulative costs for early versus lat e prog ression were predict ed over 
36 months. 
Results: A total of 228 pa tien ts with EGFRm mNSCLC w er e included . Pa tien ts with pr ogr ession 
within 12 months incurred significantly higher t otal c osts despit e low er tr ea tmen t c osts (v s without 
pr ogr ession). Medical costs w er e significantly higher among early versus late pr ogr essors. 
Conclusion: These data may aid providers aiming to administer quality care in a cost-efficient way. 

PL AIN L ANGUAGE SUMMARY 
Lung cancer is the leading cause of cancer death among both men and women in the US. Among 
US pa tien ts with adenocarcinoma hist ology, approximat ely 17% have epidermal growth factor 
activ a ting muta tions (EGFRm) tha t include exon 19 deletions or L858R muta tions. These common 
mutations make up approximately 85% of all EGFR mutations. The aim of this study was to compare 
healthcar e r esour c e utilization and c osts for pa tien ts with EGFRm metasta tic non-small-cell lung 
cancer with and without disease pr ogr ession within the first 12 months following first-line trea tmen t 
initiation using data from insurance claims. The results suggest that patients with EGFRm metastatic 
non-small-c ell lung canc er with disease prog ression in the first 12 months (after trea tmen t initia tion) 
have significantly higher costs compared with pa tien ts without disease pr ogr ession in the first 
12 months (and highest in the first 6 months). These data may help inform oncology providers aiming 
t o administ er high quality canc er care in a c ost-efficien t w ay. 
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. Background 

ung cancer is the leading cause of cancer death among
oth men and women in the US [ 1 ]. Of pa tien ts with
on-small-c ell lung canc er (NSCLC), more than half are
iag nosed aft er the disease has metastasized, and their 5-
ear survival rate is estimated to be approximately 5% [ 2 ].
mong US pa tien ts with adenocarcinoma histology,
ppr oximately 17% hav e epidermal gr owth fac tor ac ti-
 a ting muta tions (EGFRm) tha t include exon 19 deletions
r L858R mutations. These common mutations make up
pproximately 85% of all EGFR mutations [ 3–6 ]. 

The recommended first-line trea tmen t for pa tien ts
ith common EGFR mutations include the EGFR-targeted

yrosine kinase inhibitors (TKI) osimertinib , erlotinib ,
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afatinib and gefitinib which have been shown to extend
pr ogr ession-fr ee survival (PFS) when compared with a
platinum doublet [ 7–10 ]. How ev er, most patients even-
tually develop resistance to targeted therapies and upon
disease pr ogr ession, subsequent tr eatment with sy st emic
chemotherapy is recommended [ 1 , 11 ]. 

Metastatic NSCL C (mNSCL C) is not only burdensome
for the pa tien t, but also the healthcare sy st em. Canc er
trea tmen t and care is the fast est g rowing healthcare
sector in the US, and it is estimated that lung cancer
has the highest last year of life costs [ 10 , 12 , 13 ]. In a
study of pa tien ts with mNSCLC, costs in pa tien ts with
pr ogr ession w er e sig nificantly higher c ompared with
similar pa tien ts with stable disease, and the authors

noted that these incremental costs affect healthcare bud- 
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ets within a short period of time postpr ogr ession [ 14 ].
n a more recent study using data through 2014, the
ncremental costs of metastatic lung cancer pr ogr ession
 er e estimated over 3 years and varied markedly by the
eriod of time elapsed prior to pr ogr ession. Pa tien ts who
r ogr essed in the first month had costs 82.1% higher

han nonpr ogr essors, compar ed with 28.0% higher costs
n pa tien ts who pr ogr essed in month 24 versus non-
r ogr essors [ 15 ]. These data highlight the benefits of
elaying disease pr ogr ession, although data examining

he economic impact of pr ogr ession ar e limited . 
The current analysis uses Real World Data to expand

n prior r esear ch by focusing specifically on an EGFRm
NSCLC population who r eceiv ed targeted therapy as

rst-line trea tmen t. In addition, w e utilize mor e r ecent
ata (January 2015 through December 2020) to capture

he current trea tmen t paradigm and reflect increased
nc ology c osts. The aim of this study was t o c ompare
ealthcar e r esour ce utilization (HCRU) and costs for
a tien ts with EGFRm mNSCLC with and without disease
r ogr ession within the first 12 months following first-line

rea tmen t initia tion and to estima te the incremen tal costs
f early (months 0–12) and late pr ogr ession (13–36) for up

o 36 months after first-line trea tmen t initia tion. 
These data will increase understanding on the total

ost of care in this targeted lung cancer population and
ow delaying disease adv ancemen t may impact medical
osts. 

. Materials & methods 

.1. Study design & data source 

his r etr ospectiv e study utilized US administrative claims
ata from the Merative M arketS can 

R ©
Commercial Claims

nd Enc ount ers and Medicare Supplemental and Coor-
ination of Benefits (Medicare) Databases [ 16 ]. The
atabases include the inpatient, outpatient and prescrip-

ion drug experiences of employees, dependents and
 etir ees cov er ed under a variety of f ee-f or-service and

anaged care health plans. Additionally, the National
eath Index (NDI) database from the National Center for
ealth Sta tistics w as linked to the M arketS can databases.
he NDI data include all deaths in the US from 1979
orwar d and pr ovide da tes and cause(s) of dea th for
ersons who have died. Institutional Review Board (IRB)
 aiver of authoriza tion approv al w as obtained from WCG

RB (IRB study #: 1324891; IRB prot oc ol #: 20217016)
n 23 December 2021. All variables w er e defined using

n terna tional Classifica tion of Diseases, 9th and 10th
evision, Clinical Modification (ICD -9- CM and ICD -10- CM)
odes, Curr ent Pr ocedural Terminology 4th edition (CPT-
) codes, Healthcare Common Pr ocedur e Coding Sy st em

HCPCS) codes and National Drug Codes (NDCs). 
2.2. Patient selection 

Pa tien ts (age 18 + ) with an elig ible diag nosis of
lung cancer (two nondiagnostic medical claims
at least 30 days apart with an ICD -9- CM [162.2–
162.9] or ICD -10- CM [C34.x] code for the condition)
during 1 January 2015 through 31 December 2020,
w er e initially selected. Pa tien ts were further required to
have at least one medical claim with a diagnosis code
for sec ondary malig nancy suggesting the presenc e of
metastatic disease (ICD -9: 196.x-198.x; ICD -10: C77.x-
C79.x) during the 30 days prior or anytime following
the earliest lung cancer diagnosis date (first claim was
defined as the metastatic lung cancer diagnosis date).
Pa tien ts w er e r equir ed t o initiat e first-line trea tmen t with
erlotinib , afatinib , gefitinib , dacomitinib or osimertinib
monotherapy (index date) on or following the metastatic
lung canc er diag nosis dat e. U se of an EGFR TKI was also
used as a proxy identifier for common EGFR mutations
(i.e., exon 19 deletion or L858R mutation) and non-small-
c ell hist ology. 

Eligible pa tien ts w er e r equir ed to hav e continuous
enrollment with medical and pharmacy benefits from
index date for a minimum of 60 days following the
index date (except if a death). The follow-up period was
variable in length until death, database disenrollment,
a maximum of 36 months, or study end (31 December
2020) ( Figure 1 ). Pa tien ts with evidence of other primary
cancers (not including lung) during the 6 months prior to
diagnosis of metastatic disease (baseline period) through
the day prior to index w er e excluded . Pa tien ts w er e
excluded if they had any claims for the prescription or
administration of any sy st emic antineoplastic therapy
(other than the index EGFR TKI) from the metastatic
diag nosis dat e t o the day prior t o the index dat e. The final
cohort included eligible pa tien ts with linkage to the NDI. 

Demogr aphic char acteristics w er e r eported on the
index date and included age, sex, payer and index year.
T he National C anc er Institut e (NCI) adapt ed Charlson
Comorbidity Index [ 17 ] calculated as an agg regat e mea-
sure of pa tien t comorbidity w as measured during the
baseline period and first line EGFR-TKI drug type was
reported on the index date. 

2.3. Disease progression 

A trea tmen t-based claims algorithm was applied to
iden tify an tineoplastic lines of therapy (LOT) after the
metastatic lung cancer diagnosis da te. Combina tion
r egimens w er e defined as any new drug tha t w as
filled/administered within 45 days of a previous drug fill
or administra tion. Termina tion of a LOT w as defined as the
discon tinua tion of all agents in a regimen for ≥60 days, or
when a new agent was added (tr igger ing advancement
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Index date = start of

first-line EGFR-TKI

therapy after

metastatic diagnosis

1/1/2015
12/31/2020

Baseline period: 6-month prior to index date

Metastasis

DiagnosisLung cancer diagnosis

Variable length follow-up (60-day minimum 

and up to 36 months)

Figure 1. Study design. 
EGFR: Epidermal growth factor receptor; TKI: Tyrosine kinase inhibitor. 
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o a new LOT). A switch between chemotherapy agents
ithin the same medication class did not advance the

OT. Moving to a next line therapy was defined the intro-
uction of a new agent (that was not included in the prior
OT). Disease pr ogr ession w as defined as adv ancing to a
ext line of therapy, having medical claims with evidence
f hospice care, or death. If multiple events occurred
uring follow -up, the da t e of prog ression was set to the
ate of the earliest event. Time to first pr ogr ession was
alculated from index date to the earlier of pr ogr ession
among those with pr ogr ession). Follow -up w as censored
 t disenrollmen t or end of study period (among those
ithout pr ogr ession). The pr ogr ession tr igger ing event

adv ancemen t to a subsequent line of therapy, hospice
are or death) was r eported . Patients with pr ogr ession
t anytime during follow-up w er e stratified by early
months 0–12 for first pr ogr ession tr igger ing event) and
at e prog ression (months 13–36 for first progression
r igger ing event). 

.4. Outcomes 

ealthcar e costs w er e identified based on paid amounts
f adjudicated claims, including insurer and health plan
ayments as well as patient cost-sharing in the form
f copayment, deductible and coinsurance. All dollar
stimates w er e inflat ed t o 2020 dollars using the Medical
are Component of the Consumer Price Index. HCRU and
osts w er e measur ed per-pa tien t per mon th (PPPM) dur-
ng the first 12 months of follow-up for patients with and

ithout pr ogr ession (stratified by those with pr ogr ession
uring months 0–6 and months 7–12). HCRU and costs
 er e r eport ed by type of servic e (inpa tien t, outpa tien t

emergency room, offic e administ ered trea tmen t, office
isits, laboratory, radiology inclusive of diagnostic and
her apeutic r adiology services, other] and pharmacy).
n addition, healthcare costs were ev alua ted with and

ithout the costs of an tineoplastic trea tmen t (both
edical and pharmacy trea tmen t costs). 
2.5. St atistical analy sis 

D escr iptiv e analyses w er e c onduct ed using the lat est ver-
sion of World Programming System, which is a software
platf orm f or working with data and statistics. Categorical
variables w er e pr esent ed as the c ount and perc entage
of pa tien ts in each ca t egory, and c on tinuous v ariables
w er e summariz ed b y mean and standard deviation (SD ).
General linear r egr ession models w er e used to adjust
PPPM costs for pa tien ts with versus without disease
pr ogr ession during the first 12 months post index. 

Weight ed marg inal effects generalized estimating
equations (GEE) (nor mal distr ibutions with identity link)
with r obust standar d err ors adjusting for within pa tien t
corr elations ov er month for the pa tien t level parameter
estimates w er e used to pr edict adjusted cumulativ e
monthly costs (total, medical and antineoplastic) for
pa tien ts with early vs late pr ogr ession ov er 36 months.
The GEE model was utilized as it provides individual
month costs (allowing for a clearer graphical r epr esen-
tation of the data) for each month and extending out
over 36 months over a more simplified regression model
that provides a single estimate of cumulative costs at
36 months. The individual patient’s weights w er e calcu-
lated as the inverse of the probability of disenrollment for
a pa tien t’s mon th of disenrollmen t. Post the fitting of the
GEE model , cumulativ e observ ed and pr edicted monthly
costs w er e calculated fr om the summed observ ed and
pr edicted (fr om the fitt ed model) monthly c osts. 

Baseline cov aria tes included in all adjusted analyses (to
ac c ount for known pot ential c onfounding of the relation-
ship betw een healthcar e costs and disease pr ogr ession)
w er e: age, sex, r eg ion, insuranc e plan t ype, urbanicit y,
payer type, index year, NCI score and first-line TKI drug
type. Diagnostics w er e assessed t o examine the varianc e
inflation fact or t o measure the impact of collinearity
among the variables included in the models. All variables
had a variance inflation factor of 1–4 suggesting no to
moderat e c orr elation and ther efor e coefficien t estima tes
and p -values estimates in the r egr essions ar e r eliable. 
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. Results 

.1. Patient characteristics 

her e w er e 286 pa tien ts with EGFRm mNSCLC who met
he study elig ibility crit eria and of those 228 (79.7%)
 er e linked to the NDI and comprised the final sample

or analysis ( Figure 2 ). After first-line EGFR-TKI initiation,
her e w er e 152 (66.7%) pa tien ts with disease pr ogr ession
uring follow-up, with a mean (SD) time to pr ogr ession
f 311.1 (219.2) days. Of the pa tien ts with pr ogr ession

n = 152), 66.4% (n = 101) pr ogr essed early (first
2 months) while 34.2% (n = 51) pr ogr essed late (13–
6 months). The mean number of LOT during follow-up
as 2.2 (median 2.0) for both early and late pr ogr essors.
mong pa tien ts with pr ogr ession in the first 12 months

n = 101) 59.4% pr ogr essed due to line of therapy
dv ancemen t, follo wed b y 24.8% having hospice care and
5.8% with dea th. Pa tien ts who pr ogr essed most quickly

n months 0–6, had a larger proportion with pr ogr ession
ue t o hospic e and death (32.6 and 17.4% r espectiv ely,
ersus those who progressed in months 7–12 (18.2% with
ospice and 17.4% with death Figure 3 ). 

In the full cohort, mean (SD) age was 63.0 (12.4)
 ears, 66.2% w er e female, and the mean (SD) NCI scor e
as 0.4 (0.4). The average duration of follow-up was

51.0 days and was shorter for pa tien ts with (with-
ut) disease pr ogr ession in the first 12 months (444.5
 s 563.9 day s, p = 0.004 Table 1 ). The most common EGFK-
KI prescribed in first-line was erlotinib (43.4%, n = 99),
ollo wed b y osimertinib (33.8%, n = 77), afatinib (21.5%,
 = 49) and gefitinib (1.3%, n = 3 Table 1 ). Pa tien ts

nitia ting trea tmen t on erlotinib or afatinib w er e mor e
ikely to pr ogr ess during the first 12 months (58.6 and
6.9%) compared with pa tien ts starting their first-line of
herapy with osimertinib (26.0% Figure 4 ). 

.2. Healthcare resource utilization & costs 

a tien ts with pr ogr ession in the first 12 months of
ollow-up had g reat er utilization of healthcare resources
ompared with those with no pr ogr ession during the
ame time period. Pa tien ts with pr ogr ession (vs without
r ogr ession) w er e significantly mor e likely to have at

east one inpa tien t admission (54.5 vs 18.1%, p < 0.0001)
nd at least one ER visit (61.4 vs 32.3%, p < 0.0001).

n addition, pa tien ts with pr ogr ession had a significantly
 p < 0.001) higher mean number of inpa tien t admissions,
R visits, radiology services and other outpa tien t services
ompared with pa tien ts without pr ogr ession ( Table 2 ).
a tien ts without pr ogr ession (vs with pr ogr ession) had
 larger mean (SD) number of pharmacy prescriptions
or an tineoplastic trea tmen ts PPPM (1.1 [0.2] vs 0.8 [0.3],
 < 0.001) during the first 12 months of follow-up due to
longer con tinua tion on their index EGFR-TKI. Utiliza tion
of offic e-administ er ed antineoplastic tr ea tmen ts w er e
ther efor e higher among those with pr ogr ession (vs with-
out pr ogr ession) due t o line of therapy advanc ement
(i.e., either adding or swit ching t o infused agents in the
second line for ∼40% of pa tien ts Table 2 ). 

Adjusted mean (SD) total healthcare costs PPPM w er e
significantly higher for patients with (vs without) pr ogr es-
sion in the first 12 months of follow-up ($19,927 [$5,885]
vs $17,527 [$5,737]; p = 0.002). The cost difference
was more pronounced after excluding antineoplastic
trea tmen t costs ($11,480 [SD $4,752] vs $4,996 [SD
$1,974]; p < 0.001 Figure 5 ). Unadjust ed c osts w er e
significantly higher among patients with pr ogr ession
across most services categories (vs without pr ogr ession)
with those pr ogr essing in months 0–6 the most costly
( Table 3 & Figure 6 ). Inpa tien t admissions w er e the
most notable driver of c ost differenc es with mean (SD)
costs PPPM $808 ($2872) for nonpr ogr essors, compar ed
with $7508 ($19,080) and $3,882 ($9792) for those
who pr ogr essed in months 0–6 and 7–12, r espectiv ely
( Table 3 & Figure 6 ). 

Adjust ed monthly predict ed cumulative c osts for
medical services (excluding antineoplastic costs) w er e
significantly higher among patients who pr ogr essed early
(months 0–12) compared with patients who pr ogr essed
la te (mon ths 13–36). Total c osts (medical servic es + anti-
neoplastic trea tmen t costs) trended higher for early pro-
gr essors ( Figur e 7 ), how ev er, betw een gr oup differ ences
w er e a ttenua ted by the higher trea tmen t costs among
those with late pr ogr ession who r emained on first-line
EGFR TKIs for a more extended period of time. 

4. Discussion 

This r eal-w orld analy sis is among the first t o examine the
economic burden of early disease pr ogr ession among US
pa tien ts with EGFRm NSCLC who r eceiv ed an EGFR TKI
as first-line trea tmen t for metasta tic disease. This study
augments prior litera ture tha t included a broad cohort of
pa tien ts with metasta tic lung cancer, irr espectiv e of dis-
ease histology or genomic mutational status, with more
recen t da ta specific to pa tien ts with a common EGFR
muta tion and trea t ed with target ed therapy [ 2 , 15 , 18 ].
In addition, by linking our population to the NDI to
ac curat ely capture patient mortality in the r eal-w orld
setting this analysis further highlights the importance
of PFS beyond what is available from clinical trials. Of
the 228 pa tien ts with EGFRm mNSCLC, 66.7% (n = 152)
experienced disease pr ogr ession ov er 36 months, and
(n = 101) 44.3% pr ogr essed within 12 months of initiating
trea tmen t with an EGFR TKI. This is c onsist ent with clinical
trials which have shown that first-line trea tmen t with
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With an ICD diagnosis code for secondary malignancy during the 30 days prior or anytime following the lung cancer diagnosis 

(earliest = metastasis date)
N = 42,453 (57.2%)

At least 18 years old on the metastasis diagnosis date with 6 months of continuous enrollment prior to metastasis diagnosis (baseline)
N = 32,447 (76.5%)

and with continuous enrollment from metastasis date to index date and at least 60 days of continuous enrollment following the index date
N = 1,226 (88.1%)

and without evidence of other (i.e. other than lung) primary cancer during the 6 months prior to index
N = 535 (99.4%)

and without use of antineoplastics from the metastatic diagnosis date to the day prior to index date and receive first-line

EGFR TKI monotherapy
N = 286 (96.9%)

Patients in MarketScan Commercial or Medicare Database with ≥2 claims at least 30 days apart with an ICD diagnosis code   
for lung cancer in any position between 1/1/2015 and 12/31/2020

N = 74,274 (100.0%)

and linkable to the National Death Index for mortality data 

N = 228 (79.7%)

Without metastasis during baseline period and with ≥1 claim for an EGFR TKI on or following the metastatic diagnosis 
(earliest claim for EGFR TKI = index date)

N = 1,404 (6.1%)

Figure 2. Patien t iden tification. 
EGFR: Epidermal growth factor receptor; ICD: International classification of diseases; TKI: Tyrosine kinase inhibitor. 

Progression 
Months 0-6:
N = 46
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32.6%
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Figure 3. First pr ogr ession ev en t in first 12 mon ths of follow -up among patien ts with metasta tic non-small-c ell lung canc er epidermal 
gro wth fact or recept or activa ting muta tion following initia tion of first-line trea tment on an epidermal gro wth fact or recept or tyrosine 
kinase inhibitor. 
EGFRm: Epidermal growth factor receptor activating mutation; mNSCLC: Metastatic non-small-cell lung cancer; TKI: Tyrosine kinase 
inhibitor. 
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GFR-TKIs (osimertinib , erlotinib , afatinib and gefitinib)
xtend PFS to 10–18 months [ 7–10 ]. 

In the adjusted analysis, our results showed a signifi-
ant increase in t otal PPPM c osts for pa tien ts with pro-
ression in the first 12 months after first-line trea tmen t

nitiation, compared with those with no progression.
How ev er, the cost difference was att enuat ed by the
an tineoplastic agen ts pr escribed . All pa tien ts without
pr ogr ession w er e tr eated with EGFR TKIs, wher eas upon
pr ogr ession, infused agents w er e incorpora ted in to trea t-
ment regimens. When antineoplastics w er e excluded
from the analy sis, c osts for medical services w er e mor e
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Table 1. Characteristics of patients with metastatic non-small cell lung cancer epidermal growth factor receptor activating mutation 
with and without disease pr ogr ession in the first 12 months following initiation of first-line of an epidermal growth factor receptor 
tyrosine kinase inhibitor. 

All patients (n = 228) No disease pr ogr ession in the 
first 12 Months (n = 127) 

With disease pr ogr ession in 
the first 12 months (n = 101) 

p -value 1 

Age: mean, SD 63.0 12.4 61.6 11.6 64.7 13.2 0.062 
Female: n, % 151 66.2% 81 63.8% 70 69.3% 0.381 
Payer: n, % 

Commercial insurance 140 61.4% 84 66.1% 56 55.4% 0.099 
Medicare supplemental insurance 88 38.6% 43 33.9% 45 44.6% 

Insurance plan type: n,% 

Compr ehensiv e/indemnity 38 16.7% 17 13.4% 21 20.8% 0.084 
EPO/PPO 123 53.9% 69 54.3% 54 53.5% 

POS/POS with capitation 11 4.8% 4 3.1% 7 6.9% 

HMO 24 10.5% 14 11.0% 10 9.9% 

CDHP/HDHP 31 13.6% 23 18.1% 8 7.9% 

Other/Unknown 1 0.4% 0 0.0% 1 1.0% 

Index year: n, % 

2015–2017 154 67.5% 70 55.1% 84 83.2% 0.000 
2018–2020 74 32.5% 57 44.9% 17 16.8% 0.000 

Na tional Canc er I nstitute I ndex (NCI): 
mean, SD 

0.4 0.4 0.4 0.4 0.5 0.5 0.090 

Duration of follow-up (days): mean, SD 551.0 316.4 563.9 335.0 444.5 279.1 0.004 
First line TKI (N, %) 

Erlotinib 99 43.4% 41 32.3% 58 57.4% 0.000 
Osimertinib 77 33.8% 57 44.9% 20 19.8% 0.000 
Afatinib 49 21.5% 26 20.5% 23 22.8% 0.675 
Gefitinib 3 1.3% 3 2.4% 0 0.0% 0.120 

Bolded indicates p < 0.05. 
CDHP: Consumer-driven health plan; EGFRm: Epidermal growth factor receptor activa ting muta tion; EPO: Exclusiv e pr ovider organization; HDHP: High deductible 

health plan; HMO: Health maintenanc e organiza tion; mNSCLC: Metasta tic non-small-c ell lung cancer; POS: Point of service; PPO: Pr eferr ed pr ovider organization; 
SD: Standard deviation; TKI: Tyrosine kinase inhibitor. 
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Figure 4. First-line epidermal growth factor receptor tyrosine kinase inhibitor by pr ogr ession status in the first 12 months. 
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han two-times higher for pr ogr essors v ersus nonpr o-
ressors within 12 mon ths. Inpa tien t stays accoun ted for
.7% of total PPPM costs for pa tien ts with no pr ogr ession,
nd 27.4/32.8% for those with pr ogr ession in the first
2/6 months of follo w-up. T hese data are c onsist ent
ith prior studies among pa tien ts with adv anced NSCLC

hat have shown that hospitalization and anticancer
rea tmen t together account for the majority of total mean

onthly costs [ 19 ]. The reduced number of hospitaliza-
ions, shorter length of inpa tien t stays, and lower hospi-
alization costs during first-line TKI therapy (e.g., prior to
r ogr ession vs following pr ogr ession) suggest trea tmen ts
that delay pr ogr ession may offer impr ov ed quality of
care for lower medical costs for pa tien ts with EGFRm
NSCLC. 

Pa tien ts with pr ogr ession in months 0–6 after first-line
trea tmen t initia tion had higher PPPM medical costs than
those who pr ogr essed in months 7–12, pr imar ily dr iven
by inpa tien t stays. It is possible tha t these individuals had
more advanced disease upon metastatic diagnosis or a
poor response to first-line EGFR TKIs compared with those
who pr ogr essed later [ 20 ]. A poor prognosis is suggested
by our data. Among pr ogr essors in the first 6 months, 50%
of the events were attributable to hospice care or death
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Figure 5. Adjust ed t otal healthcar e costs measur ed per patien t per mon th among patien ts with metasta tic non-small-c ell lung canc er 
epidermal growth factor receptor activating mutation with and without disease pr ogr ession within 12 months after first-line initiation 
on an epidermal growth factor receptor activating tyrosine kinase inhibitor. 
*Comparison p ≤ 0.05 versus no disease progression. 
+ Total costs include medical costs (inpatient and outpatient services) as well as pharmacy costs. 
++ Both medical (for office administrated treatments) and pharmacy (for treatments filled at a pharmacy) costs for antineoplastic 
therapy are removed. 
EGFRm: Epidermal growth factor receptor activating mutation; mNSCLC: Metastatic non-small-cell lung cancer; PPPM: Per patient per 
month; TKI: Tyrosine kinase inhibitor. 

Table 3. Unadjusted healthcare costs measured per patient per month among patients with metastatic non-small-cell lung cancer 
epidermal growth factor receptor activating mutation with and without disease pr ogr ession within 12 months after first-line initiation 
on an epidermal growth factor receptor tyrosine kinase inhibitor. 

PPPM healthcare costs; Mean (SD) No disease 
pr ogr ession in the first 
12 months (n = 127) 

Disease pr ogr ession in 
the first 12 months 

(n = 101) 

Disease pr ogr ession in 
months 0–6 (n = 46) 

Disease pr ogr ession in 
months 7–12 (n = 55) 

Inpatient $808 ($2872) $5533 ($14,795) § $7508 ($19,080) § $3882 ($9792) §

Outpatient medical † $3923 ($4299) $6633 ($7004) § $7374 ($6518) § $6,013 ($7387) §

Emergency room $56 ($160) $362 ($1146) § $485 ($1548) § $259 ($642) §

Office administered antineoplastics $2 (22) $1106 ($2482) § $1205 ($2847) § $1024 ($2152) §

Infusion costs (i.e., administration costs for 
antineoplastics) †

$0.3 ($3) $60 ($153) § $75 ($193) § $48 ($108) §

Office visits $310 ($253) $265 ($177) $254 ($196) $273 ($161) 
Radiology services $1689 ($2658) $2498 ($5240) $2838 ($3966) § $2213 ($6128) 
Laborator y ser vices $238 ($378) $324 ($564) $383 ($736) $274 ($365) 
Other outpatient services ‡ $1630 ($1936) $3185 ($3488) § $3414 ($3796) § $2993 ($3231) §

Total medical (inpatient + outpatient 
services + outpatient treatment) 

$4731 ($5333) $12,167 ($16,944) § $14,883 ($20,152) § $9895 ($13,480) §

Outpatient pharmacy $12,639 ($5077) $8017 ($4593) § $7990 ($5233) § $8040 ($4030) §

Antineoplastic pharmacy prescription costs $12,319 ($5,080) $7652 ($4522) § $7718 ($5214) § $7597 ($3899) §

Other pharmacy prescription costs $319 ($433) $365 ($778) $271 ($373) $443 ($996) 
Total (medical + pharmacy) $17,370 ($8285) $20,184 ($18,068) $22,872 ($21,848) § $17,936 ($13,982) 

Total (excluding all antineoplastic treatment costs 
both medical and pharmacy) 

$5049 ($5401) $11,425 ($16,810) § $13,949 ($20,004) § $9314 ($13,410) §

†Pr ocedur e codes for antineoplastic administration. 
‡Inclusive of all other outpatient services not reported out individually. 
§Comparison p ≤ 0.05 versus no disease progression. 
EGFRm: Epidermal growth factor receptor activating mutation; mNSCLC: Metastatic non-small-cell lung cancer; PPPM: Per patient per month; SD: Standard 

deviation; TKI: Tyrosine kinase inhibitor. 
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ompared with only 33% for pr ogr essors in months 7–
2. In the analysis of early versus late pr ogr ession ov er
6 months, r esults r emained c onsist en t. Pa tien ts with
arly pr ogr ession had significan tly higher cumula tive
redict ed medical c osts each month c ompared with

hose with late pr ogr ession. The inv erse was true for
n tineoplastics with la t e prog ressors having higher drug
c osts attributable t o a longer dura tion of trea tmen t with
EGFR TKIs. 

These da ta highligh t the need for better trea tmen t
options to delay pr ogr ession. Rey es et al. conducted a
similar analysis reporting the costs of disease pr ogr ession
among pa tien ts with metasta tic br east, color ectal and
lung cancer using data from 2007–2014. Metastatic
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Figure 6. Unadjusted healthcare costs by service category measured per patient per month among metastatic non-small-cell lung 
cancer epidermal growth factor receptor activating mutation patients with and without disease pr ogr ession within 12 months after 
first-line initiation on an epidermal growth factor receptor tyrosine kinase inhibitor. 
EGFRm: Epidermal growth factor receptor activating mutation; mNSCLC: Metastatic non-small-cell lung cancer; PPPM: Per patient per 
month; TKI: Tyrosine kinase inhibitor. 
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ung cancer was shown to have the highest rate of
r ogr ession within 12 months (compared with breast
nd colorectal). The current analysis identified a specific
ohort of EGFRm mNSCLC pa tien ts with pr ogr ession in
onths 0–6, 7–12 (early pr ogr essors) compar ed with

hose who pr ogr essed later (months 13–36) and found
hat those who pr ogr essed in the earliest months had
he highest costs providing further support suggesting
hat delaying disease advancement (through availability
f more effective trea tmen t options) may reduce medical
osts. These findings are relev an t both for payers (as lower
edical costs incurred by delaying disease adv ancemen t
ay offset trea tmen t costs) and for clinicians of whom
any of their pa tien ts are covered under Medicare

lans. The Enhancing Oncology Model announced in
une 2022 (from the Center of Medicare and Medicaid
nnov a tion) provides financial incentives for employing
ost -effective pr actic es. Understanding c osts overtime
and the impact of early pr ogr ession) may help payers
n ticipa te their annual budgets and help providers
articipating in value-based programs manage the total
ost of care for their pa tien ts [ 21 ]. New trea tmen t options
re needed for pa tien ts with EGFRm mNSCLC that have
 longer duration of disease control both in the first line
etting and also in later line settings where options are
urther limited. 

This study is subject to several limitations. While
dministra tive claims da ta provide detailed cost

nf ormation f or a div erse gr oup of r eal-w orld pa tien ts,
ot all clinical information is r ecor ded . Biomarker

esults and lung cancer histology w er e not available,
ther efor e, tr ea tmen t with afatinib , erlotinib , gefitinib or
osimertinib was used as a proxy to identify EGFRm NSCLC.
Although afatinib , erlotinib , gefitinib and osimertinib
are most often prescribed to address common EGFR
mutations, using these targeted agents as a proxy for
the iden tifica tion of pa tien ts with an exon 19 deletion
or L858R mutation may result in some misclassification.
Metastatic disease was determined based on claims
evidence of a secondary neoplasm and may be subject
t o c oding inac cur acies. P hy sician document ed disease
pr ogr ession was unavailable, ther efor e, an algorithm
comprised of line of therapy adv ancemen t, evidence
of hospice care coded on medical claims, and death
was used to identify disease pr ogr ession. Of note,
some pa tien ts who adv anc ed t o a subsequent line
of therapy may have done so for reasons other than
disease pr ogr ession and ther efor e ma y ha ve been
misclassified. In addition, the M arketS can commercial
and Medicare databases are c onvenienc e samples of
employ ees, r etir ees and dependents with US commercial
and Medicare health insuranc e c overage. Future analy ses
in alterna tive da tasets and with a larger sample size
are needed to augment study findings and impr ov e
generalizability to pa tien ts with other insurance types
(e.g., Medicaid) or who lack healthcare coverage needs to
be confirmed in future studies. 

5. Conclusion 

Given that the cost of oncology care has been increasing
dramatically over the past decade and with increases
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Figure 7. A djusted* cumulativ e w eighted pr edicted c osts for among pa tients with metasta tic non-small-c ell lung canc er epidermal 
gro wth fact or recept or activa ting muta tion tha t pr ogr ess early (months 0–12) v ersus lat e (months 13–36) aft er initiation on a first-line 
epidermal growth factor receptor tyrosine kinase inhibitor. (A) Medical services healthcare costs (excluding antineoplastic treatment 
costs). (B) Total healthcare costs (medical services + antineoplastic treatment). (C) Antineoplastic treatment costs. 
*Models adjusted for age, gender, region, health plan type, year of first line treatment initiation, comorbidity index score and first line 
EGFR TKI. 
**Sta tistical significanc e reported for each month has some varia tion, p - values are less than 0.05 for all mon ths in model a. 
EGFRm: Epidermal growth factor receptor activating mutation; mNSCLC: Metastatic non-small-cell lung cancer; TKI: Tyrosine kinase 
inhibitor. 
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xpect ed t o c ontinue [ 13 ] the need for da ta quan tifying
ow costs for both medical services and trea tmen ts
re impacted by disease progression is paramount. The
 esults fr om this analysis suggest that patients with
GFRm mNSCLC with disease pr ogr ession in the first
2 months following initiation of an EGFR TKI incurred
ignificantly higher total costs despite having lower
rea tmen t c osts c ompared with pa tien ts without disease
r ogr ession in the first 12 months . C ost burden was high-
st among those with pr ogr ession in the first 6 months,
r iven pr imar ily by hospitaliza tions substan tia ting the
eed for impr ov ed tr ea tmen t options to delay disease
dv ancemen t. These da ta may help inform oncology
roviders aiming to administer high quality cancer care

n a cost-efficient way. 

Article highlights 

• Patients with non-small-cell lung cancer face a high burden of 
healthcare costs, especially when the disease progresses. 

• This was a r etr ospectiv e study using administrative claims data of 
228 adult patients with epidermal growth factor receptor mutated 
(EGFRm) metastatic non-small-cell lung cancer (mNSCLC) that 
initiated a first-line EGFR tyrosine kinase inhibitor (TKI) between 
2015 and 2020. 

• Healthcare costs were captured during the first 12 months after 
trea tment initia tion in pa tients with and without disease 
pr ogr ession, and cumulative costs w er e pr edict ed o ver 36 months 
for patients with early (post initiation months 0–6) versus late (post 
initiation months 7–12) disease pr ogr ession. 

• Ther e w er e 152 (66.7%) patients whose disease pr ogr essed at any 
time during the 12 months after treatment initiation; 101 (66.4%) 
patients had early pr ogr ession and 51 (34.2%) had late pr ogr ession. 

• Patients with any disease pr ogr ession had greater healthcare 
r esour c e utiliza tion c ompared with pa tients whose disease did not 
pr ogr ess during follow-up. 

• Adjusted mean total healthcare costs were statistically significantly 
higher for patients with any pr ogr ession compar ed with those 
without pr ogr ession, mainly driv en by inpa tient c osts. 

• Adjusted monthly predicted cumulative costs were significantly 
higher among patients who pr ogr essed early compared with those 
that pr ogr essed late. 

• Study limitations include lack of biomarker and histology data 
from claims data, misclassification of metastatic disease status and 
specific EGFR mutations based on coding errors and limited 
generalizability. 

• This studies provides real-world costs of patients with EGFRm 

mNSCLC tha t initia te a TKI whose disease pr ogr esses in a 12-month 
time period; the cost burden was highest among patients with 
disease pr ogr ession in the first 6 months after tr ea tment initia tion. 

• This study highlights the importance of delaying EGFRm mNSCLC 
disease pr ogr ession in a timely manner. 
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