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ABSTRACT 
Background: Despit e the demonstrat ed efficacy of pembrolizumab in KEYNOTE-024, effectiveness 
and safety in routine practice remain unclear. M etho ds: The authors identified first-line 
pembrolizumab or chemotherapy pa tien ts from April 2013 to March 2021. The primary out c ome 
w as overall surviv al; the secondary safety outcomes included rates of hospitalization, emergency 
department visits, specialist visits, and adv erse ev ents. Baseline differ ences w er e adjusted using 
pr opensity scor e matching (1:1). Results: The matched cohort included 2284 pairs. Median 
overall survival for pembrolizumab (13.0 months) was significantly longer than for chemotherapy 
(9.2 months), with a hazard ratio of 0.81 (95% CI: 0.71–0.92). Pembrolizumab patients reported 
significantly mor e adv erse ev ents and specialist visits, as well as a higher 1-year cumulative incidence 
of direct hospitalizations. Conclusion: The survival benefit of first-line pembrolizumab persists in the 
r eal w orld , although with incr eased toxicity and diminished benefit. 
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. Background 

he int eg ration of immune checkpoint blockade into
he therapeutic landscape for pa tien ts with metasta tic
on-small-c ell lung canc er (mNSCLC) has led t o sub-
tantial impr ov ements in patient survival and quality of
ife [ 1–12 ]. With significant clinical benefit demonstrated
n three phase III randomized, controlled trials (RCTs),
embrolizumab is now included as a standard- of- care,
rst-line trea tmen t for all pa tien ts with mNSCLC who

ack an actionable genomic alteration [ 1 , 2 , 7 , 8 , 10 , 12 , 13 ].
cross these trials, tumoral PD-L1 expression levels
 er e used to guide the use of pembrolizumab as
onotherapy or in combination with platinum-based

hemotherap y [ 1 , 2 , 7 , 8 , 10 , 12 ]. T he clinical benefit of pem-
rolizumab monotherapy among pa tien ts with tumoral
D-L1 expression level ≥50% was established in the piv-
tal KEYNOTE-024 phase III trial, in which pembrolizumab
onother apy demonstr at ed a sig nificant impr ov ement

n overall survival (OS) with a median OS of 26.3 months
95% CI: 18.3–40.4) as compared with 13.4 months (95%
I: 9.4–18.3) with platinum-based chemotherapy (hazard

atio [HR]: 0.62 [95% CI: 0.48–0.81]) [ 10 , 12 , 14 ]. 
Although the clinical efficacy of pembrolizumab for

D-L1 high-expressing mNSCLC has been demonstrated
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among these phase III trials, a growing body of literature
characterizing a gap in efficacy and r eal-w orld tr ea tmen t
effectiveness leads to uncertainty as to the expected
r eal-w orld clinical effectiveness of pembrolizumab in this
subpopulation of mNSCLC patients [ 15–18 ]. To date,
studies examining the r eal-w orld effectiv eness of pem-
brolizumab monotherapy in the first-line setting of PD-
L1 ≥50% mNSCLC have demonstrat ed c onflicting results
r egar ding the efficac y–effectiveness gap between RCTs
and r eal-w orld evidence [ 19–23 ]. In addition, data exam-
ining the r eal-w orld comparativ e effectiv eness of pem-
brolizumab to platinum-based chemotherapy among PD-
L1 high expressors have been limited [ 22 ]. Accordingly,
the authors performed a r eal-w orld , population-lev el ,
c ohort study t o examine the c omparativ e effectiv eness
and safety of pembrolizumab monotherapy for mNSCLC
pa tien ts with tumoral PD-L1 expression ≥50%, as com-
pared with first-line platinum-based chemotherapy. 

2. M etho ds 

2.1. Study cohort & design 

The authors c onduct ed a population-based , r etr ospec-
tive cohort study using linked administrative databases
in Ontario, Canada. All adult (age ≥18 years) pa tien ts
 14796694.2024.2342224 
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iagnosed with NSCLC, as identified through the Ontario
anc er Reg istry (OCR), w er e first iden tified using In ter-
a tional Classifica tion of Diseases for Oncology (ICD)
odes, inclusiv e of r elev an t non-small-c ell hist olog ies
 Supplementary Table S1 ). This cohort was then linked

ith the New Drug Funding Program database to iden-
ify pa tien ts who r eceiv ed first-line sy st emic trea tmen t
or mNSCLC between 1 April 2013 and 31 March 2021.
n Ontario, first-line pembrolizumab is only funded for
a tien ts without EGFR mutations or anaplastic lym-
homa kinase translocations. Cases w er e defined as
NSCLC pa tien ts who had r eceiv ed first-line pem-

rolizumab monotherapy between 17 January 2018 and
1 March 2021 (i.e., after the Ontario funding date for
embrolizumab). Ontario funding for pembrolizumab is

imit ed t o pa tien ts with tumoral PD-L1 expression ≥50%.
hus, cases w er e assumed to include only those with high
umoral PD-L1 expr ession lev els . C ontr ols w er e defined
s pa tien ts who had r eceiv ed first-line platinum-based
hemotherapy between 1 April 2013 and 17 January
018. P latinum-based chemother apy was identified as
he receipt of one of gemcitabine, paclitaxel, peme-
r exed , or vinor elbine with metasta tic in ten t, as cap-
ured in the New Drug Funding Prog ram database. A s
D-L1 expr ession-lev el data w er e not c ollect ed prior t o
7 January 2018, the c ontrol c ohort was not restricted
o pa tien ts with PD-L1 expression ≥50%. Ac c ording t o
 esults fr om the KEYNOTE-042 trial , PD-L1 expr ession lev-
ls do not significantly affect the prognosis of mNSCLC
a tien ts receiving only chemotherapy [ 5 ]. Pa tien ts were
xcluded if they w er e nonr esiden ts of On tario, had
nother canc er diag nosis, rec eived trea tmen t prior to the
CR diag nosis dat e, and rec eived pembrolizumab before

he funding date. 
Popula tion-level administra tive da tabases held a t ICES

 er e utilized to r etriev e r elev an t da ta for study cohort
den tifica tion, cov aria te and outcome assessment, and
ata analysis ( Supplementary Table S2 ). These datasets
 er e linked using unique encoded identifiers and ana-

yzed at ICES, an independent, nonprofit research insti-
ute funded by an annual grant from the Ontario Min-
stry of Health and Long-Term Care. As a prescribed entity
nder Ontario’s priv acy legisla tion, ICES is authorized to
ollect and use healthcare data for the purposes of health
y st em analy sis, ev alua tion, and decision support. Secure
c c ess t o these data is governed by policies and pro-
edures that are approved by the Information and Pri-
acy Commissioner of Ontario. To mitigate any risk for
e-iden tifica tion, small-c ell c ounts ( < 6 patients) are sup-
r essed her ein. This study was appr ov ed by the Sunny-
r ook Resear ch Ethics Boar d and was r eport ed in ac c or-
ance with the RECORD-PE and STaRT-RWE checklists
 Supplementary Tables S3 & S4 ) [ 24 , 25 ]. 
2.2. Study outcomes 

The primary out c ome was OS defined as the time from the
index date until death or censored if alive at the end of the
follow-up period (31 March 2022), at the loss of Ontario
Health Insurance Plan eligibility, or if alive 4 years follow-
ing the index date. The index date was defined as the first
trea tmen t da te with first-line pembrolizumab (for cases)
or first-line platinum-based chemotherapy (for controls).
R esource utilization dur ing trea tmen t, including hospi-
talization r ecor ds (fr om the Canadian Institute for Health
Information [CIHI] Discharge Abstract Database), emer-
gency department visits (from the CIHI National Ambu-
latory Care Reporting System database), and special-
ist visits, was examined as secondary safety out c omes.
Dir ect hospitalizations w er e defined as hospitalizations
without an emergency department visit . A ll hospitaliza-
tion r ecor ds w er e assessed for immunotherapy-r elated
complications using the admitting diagnostic ICD-10
codes, including car diac disor ders, cir culatory disor ders,
r espiratory disor ders, neur ologic disor ders, gastr ointesti-
nal disor ders, genitourinary disor ders, endocrine disor-
ders , metabolic disorders , skin disorders , and infections .
Specialist visits, including visits to ophthalmologists,
r espir olog ists, rheumat olog ists, gastroent erolog ists, and
endocrinologists, w er e identified from the Ontario Health
Insur ance P lan physician claims database. 

2.3. Study covariates 

Linked administrative datasets w er e used to assess base-
line study cohort cov aria tes. Pa tien t demographic da ta,
including age and sex, w er e assessed using the Reg ist ered
Persons Database. Neighborhood-level income quintile,
health region of residence (Local Health In tegra ted Net-
work), and rurality status were assessed using Canadian
2016 census data using the patients’ reg ist ered postal
c odes. Baseline c omorbidities w er e assessed using the
Char lson Comor bidity Index (CCI) and Adjusted Clini-
cal Groups (ACG 

® sy st em Agg regat ed Diag nosis Groups
[ADGs], John Hopkins ACG 

® sy st em, version 10.0) ADG
score [ 26 ]. For both methods of comorbidity assessment,
a lookback window of 2 years from the index date was
used. The CIHI Discharge Abstract Database and National
Ambulatory Care Reporting System w er e used to ascer-
tain comorbid status for calculation of both CCI and ADG.
Specific comorbidities of asthma, chr onic obstructiv e pul-
monary disease, dementia, hypertension, diabetes mel-
litus, congestive heart failure, and rheumatoid arthritis
w er e also assessed. The assessed cov aria tes tha t w er e
specific to the diagnosis of mNSCLC included year of
OCR diagnosis, y ear of tr ea tmen t, and time from diag-
nosis to trea tmen t . S tage of NSCLC at diagnosis, histol-
ogy (squamous vs nonsquamous), and history of lung
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r nonlung cancer diagnosis w er e assessed using data
rom OCR. Receipt of prior trea tmen t inclusive of prior
urgical resection of primary lung cancer, receipt of adju-
 an t chemotherapy, and receipt of radiation therapy w er e

dentified using CIHI Discharge Abstract Database, New
rug Funding Program, Activity Level Reporting and
ntario Health Insurance Plan databases ( Supplementary

able S2 ). 

.4. St atistical analy sis 

 escr iptive statistics were used to summarize the base-
ine study cohort character istics. Categor ical var iables
 er e described with frequencies (N) and percentage (%).
on tinuous v ariables w er e described using means with
tandard deviations or medians with interquartile ranges.
omparisons of baseline characteristics between cases
nd contr ols w er e performed using standar dized differ-
nce of the mean, median of numer ic var iables, and
roportion of each category of ca tegorical v ariables. In
ddition, p-values w er e c omput ed fr om chi-squar ed tests
or binary and categorical cov aria tes , the Kruskal–Wallis
est for median and interquartile r ange, one- way analy-
is of variance for continuous variables, and the Cochran–
rmitage trend test for ordinal variables. 

Pr opensity scor e ma tching w as used to adjust for dif-
erences in baseline cov aria tes between the case and con-
rol c ohorts. A log istic reg ression model was used to cal-
ulate the propensity scores inclusive of the following
ov aria tes: age a t index da t e; sex; canc er stage at diag no-
is; time from diagnosis to first trea tmen t; income quin-
ile; rurality; Local Health Int eg rat ed Network; CCI; ADG;
iagnosis of asthma, chronic obstructive pulmonary dis-
ase, dementia, hypertension, diabetes mellitus, conges-
iv e heart failur e, or r heumatoid arthr itis; r esour ce uti-
ization band; receipt of adjuvant chemotherapy; receipt
f r adiother apy to the br ain; receipt of r adiother apy to

he lung; prior surgical resection; and prior cancer diag-
osis (lung and any cancer diagnosis) within 5 years of

he index dat e. Hist ology (squamous versus nonsqua-
ous) w as hard-ma t ched. U sing the log it of the propen-

ity scores, cases and comparators w er e matched 1:1 with
 caliper width equal to 0.1-times the standard devia-
ion of the pr opensity scor e. Standar dized differ ences
etween the adjusted cov aria tes tha t w er e less than or
qual to 0.1 w er e consider ed to r epr esent acceptable bal-
nces [ 27 ]. 

The Kaplan–Meier method was used to assess OS, with
edian OS estimated among the living and differences in

urviv al calcula ted using the log-rank test. HRs w er e com-
uted using Cox pr oportional hazar ds r egr ession models.
or the safety end points, the absolute risk of safety was
stima ted a t 1 year after the index date using the cumu-
lative incidence function and summarized using descrip-
tive statistics. With mortality ac c ount ed for as a compet-
ing risk, the gr oups w er e compar ed using Fine–Gray com-
peting risk models [ 28 ]. A sensitivity analysis examining
OS by histology subgroups (squamous versus nonsqua-
mous) was also c onduct ed. A p-value of < 0.05 using a
two-sided test was used to denote statistical significance.
All statistical analyses w er e conducted using SAS, version
9.3 (SAS Institute, Inc., NC, USA). 

3. Results 

3.1. Study cohort & baseline demo gra phics 

Of the 44,049 pa tien ts diagnosed with mNSCLC between
1 April 2013 and 31 March 2021, 9723 pa tien ts w er e
treated with first-line pembrolizumab or platinum-based
chemotherapy in the metastatic setting. Following
application of the inclusion/exclusion cr iter ia and the
remov al of pa tien ts who had missing da ta on can-
c er stage, inc ome quin tile or rurality sta tus, a total of
4815 pa tien ts w er e included in the our final cohort.
In this cohort, 1190 pa tien ts r eceiv ed first-line pem-
brolizumab in the metastatic setting (i.e., cases) and
3625 pa tien ts r eceiv ed platinum-based chemother-
ap y (i.e., controls). T he pr opensity scor e-matched cohort
included 2284 pa tien ts ( Figure 1 ), with all baseline pa tien t
and disease characteristics well balanced between the
mat ched g roups ( Table 1 ). Baseline demog raphics of the
cohort befor e pr opensity scor e matching ar e detailed in
Supplementary Box S1 . 

3.2. Overall survival 

T he median follo w-up time for the pr opensity scor e-
mat ched c ohort w as 10.7 mon ths (pembrolizumab:
12.8; platinum-based chemotherapy: 9.2 months). In
the pr opensity scor e-ma tched cohort, pa tien ts trea ted
with pembrolizumab monotherapy were found to have
longer OS than pa tien ts trea ted with platinum-based
chemotherapy (median OS: 13.0 months; 95% CI: 11.8–
14.6 vs 9.2 months, 95% CI: 8.0–10.0, r espectiv ely); 1-, 2-
, 3- and 4-year survival estimates ar e r eported in Table 2 .
The HR for mortality for the r eal-w orld pr opensity scor e-
mat ched c ohort was 0.81 (95% CI: 0.71–0.92). Figure 2
depicts the survival curves of pa tien ts trea ted with pem-
brolizumab and platinum-based chemotherapy from the
pr opensity scor e-matched cohort. 

3.3. Sensitivity analysis 

Overall survival by histology subgroups (squamous
vs nonsquamous) was examined through sensitiv-
ity analyses in the propensity sc ore-mat ched c ohort.
Supplementary Figure S1 depicts the Kaplan–Meier
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44 049 Patients diagnosed with malignant non-small cell lung cancer from Ontario Cancer Registry
between April 1, 2013 to March 31, 2021

9, 723 Patients received treatment with pembrolizumab or platinum-based chemotherapya

Patients excluded (n = 4 908)

• Age <18 or >105 years

• Non-resident of Ontario

• Death before index date

• Other cancer diagnosis before index
treatment

• Treatment receipt before diagnosis date

• Missing data on cancer stage, income
quintile, rurality status

4 815 Patients included in final cohort

1 190 Cases received pembrolizumab
3 625 Controls received platinum-based

chemotherapy

2 284 Patients included in propensity-matched cohort

Figure 1. Cohort creation. 
a Platinum-based chemotherapy defined as receipt of one of gemcitabine, paclitaxel, pemetrexed, or vinorelbine with metastatic in ten t, 
as identified in the New Drug Funding Prog r am database. 
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ur vival cur ves. Among pa tien ts with squamous his-
ology (n = 484), median OS for pa tien ts trea ted with
embr olizumab, as compar ed with platinum-based
hemotherapy, w as significan tly longer a t 10.7 mon ths
95% CI: 9.1–12.8) versus 7.2 months (95% CI: 5.9–
.8); p = 0.03. Similarly, among pa tien ts with non-
quamous histology (n = 1800), OS was found to be
ignificantly longer among patients treated with pem-
rolizumab (median OS: 14.2 months; 95% CI: 12.5–
6.7) as compared with platinum-based chemotherapy

median OS: 9.8; 95% CI: 8.8–10.6; p < 0.0001). The HRs for
ortality w er e 0.77 (95% CI: 0.56–1.07) and 0.81 (95% CI:

.70–0.94) for pa tien ts with squamous and nonsquamous
istology, r espectiv ely. 

.4. Sa fet y outcomes 

or all hospitaliza tion, emergency departmen t visit,
dv erse ev en t, and specialist visit end poin ts, r esour ce uti-

iza tion w as much grea ter among pa tien ts who r eceiv ed
embr olizumab compar ed with pa tien ts who r eceiv ed
hemotherapy ( Table 3 ). The 1-year cumulative inci-
dence of all-cause hospitalizations (42.4 vs 32.1%), direct
hospitalizations (11.5 vs 6.8%), and emergency depart-
ment visits leading to hospitalizations (35.7 vs 27.7%)
w as significan tly higher in the pembr olizumab gr oup,
whereas emergency department visits not leading to
hospitalization w er e not significantly different (37.1 vs
36.5%). The cumulative incidence curves of these end
points within 180 days of the index date are depicted
in Supplementary Figure S2 . Compared with chemother-
apy pa tien ts, pembrolizumab pa tien ts w er e also signifi-
cantly more likely to visit a specialist and report cardiac
disor der, cir culatory disor der, r espiratory disor der, and
infection. 

4. Discussion 

In this population-based study, the authors compared
the r eal-w orld effectiv eness and safety of pembr olizumab
monotherapy with tumoral PD-L1 expression ≥50%
with those of first-line platinum-based chemotherapy
for pa tien ts with mNSCLC in Ontario, C anada. T hey
found that pembrolizumab monotherapy was associ-
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Table 1. Baseline characteristics for matched and unmatched cohorts. 

Characteristics Full cohort Pr opensity scor e-matched cohort 

Chemotherapy 
(N = 3625) 

Pembrolizumab 
(N = 1190) 

p-value Chemotherapy 
(N = 1142) 

Pembrolizumab 
(N = 1142) 

Standardized 
difference 

Age at treatment initiation 
(mean ± SD) 

66.5 (9.5) 65.6 (9.5) < 0.001 68.7 (8.6) 68.8 (8.9) 0.02 

Female (%) 1763 (48.6) 587 (49.3) < 0.001 566 (48.7) 566 (49.6) 0.02 
Histology (%) 

Nonsquamous 
Squamous 

2 853 (78.7) 
772 (21.3) 

929 (78.1) 
261 (21.9) 

0.643 
900 (78.8) 
242 (21.2) 

900 (78.8) 
242 (21.2) 

0 
0 

Cancer stage at diagnosis (%) 
I 
II 
III 
IV 

142 (3.9) 
146 (4.0) 

694 (19.1) 
2643 (72.9) 

68 (5.7) 
68 (5.7) 

217 (18.2) 
837 (70.3) 

0.004 61 (5.3) 
57 (5.0) 

201 (17.6) 
823 (72.1) 

57 (5.0) 
58 (5.1) 

207 (18.1) 
820 (71.8) 

0.02 
0 

0.01 
0.01 

Prior any cancer diagnosis † (%) 28 (0.8) 9 (0.8) 0.956 9 (0.8) 9 (0.8) 0 
ADG ‡ (mean + /- SD) 8.4 (3.0) 8.7 (3.0) 0.002 8.8 (3.2) 8.7 (3.1) 0.02 
ADG category ‡ (%) 

0–5 
6–9 
10 + 

601 (16.6) 
1759 (48.5) 
1265 (34.9) 

182 (15.3) 
551 (46.3) 
457 (38.4) 

0.086 178 (15.6) 
511 (44.7) 
454 (39.7) 

176 (15.4) 
534 (46.8) 
432 (37.8) 

0 
0.04 
0.04 

Charlson Comorbidity Index (%) 
No hospitalization 
0 
1 
2 + 

570 (15.7) 
2144 (59.1) 
580 (16.0) 
331 (9.1) 

159 (13.4) 
682 (57.3) 
208 (17.5) 
141 (11.8) 

0.008 157 (13.7) 
665 (58.2) 
197 (17.3) 
123 (10.8) 

152 (13.3) 
657 (57.5) 
201 (17.6) 
132 (11.6) 

0.01 
0.01 
0.01 
0.03 

Rural (%) 520 (14.3) 194 (16.3) 0.099 192 (16.8) 184 (16.1) 0.02 
Income quintile (%) 

1 (lowest) 
2 
3 
4 
5 (highest) 

784 (21.6) 
821 (22.6) 
761 (21.0) 
670 (18.5) 
589 (16.2) 

283 (23.8) 
282 (23.7) 
220 (18.5) 
228 (19.2) 
177 (14.9) 

0.0174 268 (23.5) 
273 (23.9) 
211 (18.5) 
228 (20.0) 
162 (14.2) 

265 (23.2) 
272 (23.8) 
217 (19.0) 
217 (19.0) 
171 (15.0) 

0.01 
0 

0.01 
0.02 
0.02 

Prior lung surgery § (%) 259 (7.1) 104 (8.7) 0.071 94.8 (8.2) 95 (8.3) 0 
Prior lung radiation (%) 782 (21.6) 337 (28.3) < 0.001 306 (26.8) 305 (26.7) 0 
Prior brain radiation (%) 449 (12.4) 169 (14.2) < 0.001 154 (13.5) 165 (14.4) 0.03 
Months from diagnosis to 
sy stemic treatmen t (mean ± SD) 

4.9 (6.9) 7.0 (11.9) < 0.001 6.3 (8.4) 6.0 (9.4) 0.04 

†Any cancer diagnosis in the 5 years before the index date (i.e., date of first treatment with either pembrolizumab or platinum-based chemotherapy in the 
metastatic setting). 

‡ADG assessed in the 2 y ears befor e the index date. Assessment of ADG did not include ADG 31 (pr ev ention/administrativ e), ADG 33 (pr egnancy), and ADGE 34 
(dental). 

§Lung surgeries included complete surgical resection, as classified by the Canadian Institutes for Health Information Canadian Classification of Health In terven tion 
codes ( Supplementary Table S1 includes lung surgical resection Charlson Comorbidity Index codes). 

ADG: A ggr egated Diagnosis Gr oup; SD: Standar d deviation. 

Table 2. Survival outcomes. 

Chemotherapy Pembrolizumab 

Real-world cohort † KEYNOTE-024 Real-world cohort † KEYNOTE-024 

Median overall survival 
(95% CI, months) 

9.2 (8.5–10.0) 13.4 (9.8–18.3) 13.0 (11.8–14.6) 26.3 (18.3–40.4) 

1-year survival rate (%) 39.1 54.8 52.4 70.3 
2-year survival rate (%) 21.3 34.5 34.1 51.5 
3-year survival rate (%) 12.7 24.7 24.9 35.8 
4-year survival rate (%) 9.8 19.8 20.6 35.8 
†Median follow-up time and survival outcomes reported for the propensity-matched cohorts. 
Survival outcomes reported from the KEYNOTE-024 trial [ 12 , 14 ]. 
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ted with impr ov ed survival compared with platinum-
ased chemotherapy in the r eal-w orld pr opensity scor e-
at ched c ohort (median OS: 13.0 vs 9.2 months, respec-

ively), although the difference in median OS and the HR
or mortality w er e notably less fav orable when compar ed

ith those reported in KEYNOTE-024 (r eal-w orld differ-
ence in median OS was 3.8 months with HR: 0.81 and
95% CI: 0.71–0.92; trial-based difference in median OS was
12.9 months with HR: 0.62 and 95% CI: 0.48–0.81) [ 14 ].
The higher rates of hospitalization, emergency depart-
men t visits, trea tmen t-rela ted adverse even ts, and spe-
cialist visits that the authors observed among pa tien ts
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Figure 2. Over all surviv al curv es fr om pr opensity-ma tched c ohort . Kaplan–Meier sur vival cur v es for patients tr eated with 
pembrolizumab (cases, depicted in blue) and patients treated with platinum-based chemotherapy (controls, depicted in red). 
RCT: Randomized controlled trial; RWE: Real world evidence. 

Table 3. Safety outcomes. 

Outcome Number of events (%) p-value 1-y ear cumulativ e incidence, % p-value 

Pembrolizumab 
(N = 1142) 

Chemotherapy 
(N = 1142) 

Pembrolizumab 
(N = 1142) 

Chemotherapy 
(N = 1142) 

All-cause hospitalization 549 (48.1) 360 (32.3) < 0.001 42.4 32.1 < 0.0001 
Direct hospitalization 153 (13.4) 79 (6.9) < 0.001 11.5 6.8 0.0002 
ED visit leading to hospitalization 465 (40.7) 319 (27.9) < 0.001 35.7 27.7 < 0.0001 
ED visit not leading to hospitalization 465 (40.7) 419 (36.7) 0.048 37.1 36.5 0.61 
Hospital and ED visits with immunotherap y-relat ed t oxicity diagnosis 

Cardiac 166 (14.5) 93 (8.1) < 0.001 – – –
Circulatory 20 (1.8) 9 (0.8) 0.04 – – –
Respiratory 12 (11) < 6 0.002 – – –
Neurologic < 6 6 1 – – –
Gastrointestinal 125 (10.9) 110 (9.6) 0.302 – – –
Genitourinary < 6 < 6 0.563 – – –
Endocrine < 6 0 0.157 – – –
Metabolic 123 (10.8) 104 (9.1) 0.184 – – –
Skin < 6 < 6 0.179 – – –
Infection 242 (21.2) 162 (14.2) < 0.001 – – –
Any immunotherap y-relat ed t oxicity 468 (41.1) 352 (30.8) < 0.001 – – –

Specialist visits during treatment 
Ophthalmologists 124 (10.9) 64 (5.6) < 0.001 – – –
Respirologists 302 (26.4) 196 (17.2) < 0.001 – – –
Rheumatologists 52 (4.6) 19 (1.7) < 0.001 – – –
Gastr oenter ologists 114 (10.0) 43 (3.8) < 0.001 – – –
Endocrinologists 124 (10.9) 29 (2.5) < 0.001 – – –
Visited at least one of the above 

specialists 
530 (46.4) 308 (27.0) < 0.001 – – –

ED: Emergency department. 
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ho r eceiv ed pembr olizumab indicated a w orse safety
rofile than expected from the trial. Nonetheless, the
 esults fr om the sensitivity analy sis c onfirmed the survival
enefit of pembrolizumab monotherapy over platinum-
ased chemotherapy in the real world regardless of his-

ology, albeit of smaller magnitudes of absolute and rela-
ive survival benefit. 

The r eal-w orld median OS was found to be 13.3
nd 4.2 months shorter in the pembrolizumab (real-
or ld: 13.0 months; tr ial: 26.3 months) and chemother-

py groups (real-world: 9.2 months; trial: 13.4 months),
 espectiv ely, with the HR observ ed in this study (HR: 0.81)
iffering significantly from that of the pivotal trial (HR:
.62) [ 14 ]. These OS estimates are c ong ruent with pre-
ious single-arm, r eal-w orld studies that have charac-
erized an efficac y–effectiveness gap f or first-line pem-
rolizumab [ 20 , 22 , 23 ]. In addition, the current real-world
afety results showed a g reat er risk for hospitalization
nd/or emergency department visits while receiving
embrolizumab despite the fact that both groups in this
tudy had comparable comorbidities based on the CCI
nd ADG. These findings are not c onsist ent with the
EYNOTE-024 trial , wher e pembr olizumab demonstrated
 reat er mag nitudes of survival benefit and a bett er
afety profile compared with chemotherapy (trial-based
ncidenc e of g rade 3–5 adv erse ev ents: 31.2 vs 53.3%,
 espectiv ely) [ 14 ], illustrating an efficac y–effectiveness
ap between RCT and real-world evidence [ 15 ]. How-
ver, it is worth noting that most of the adverse events
bserved in the chemotherapy arm of the KEYNOTE-024

rial w er e hemat olog ical t oxicities, which may not be well
aptur ed in curr en t administra tive da tabases unless they
esult in clinically relev an t even ts such as emergency
epartment visits or hospitalizations. While this approach
ay not facilitate direct comparisons with the initial trial

nd may in part explain why pembrolizumab was associ-
ted with a worse safety pr ofile, the curr en t assessmen t
f toxicities ensures the clinical meaningfulness and rele-
ance of these events. 

The authors find that the observed efficacy–
ffectiveness gap may in part be explained by the highly
electiv e natur e of RCTs, giv en the higher r epr esen ta tion
f older pa tien ts (r eal-w orld median age: 69.0 y ears; trial
edian age: 65.3 years) and pa tien ts with trea ted brain
etastases (r eal-w or ld: 14.0%; tr ial: 9.2%) in the current

 eal-w orld c ohort c ompar ed with the KEYNOTE-024 trial .
s w ell , r eal-w orld pa tien ts fr om the curr ent study likely
ad higher baseline comorbidities and less stable disease
s compared with the initial trial, where pa tien ts were
elected and generally free of comorbidities. Further-

or e, smokers tr eated in r eal-w orld practice ar e mor e
ikely than smokers in the initial trial to have a higher
urden of comorbidities, including chronic obstructive
pulmonary disease, emphysema, and cer ebr ovascular
disease. Considering that the majority of pa tien ts in
the current study progressed and received subsequent
therapies such as nivolumab, these differences in pa tien t
characteristics may have also impacted the tolerability
of subsequent therapies and explain the observed dif-
ferences in survival. For the control pa tien ts who did
r eceiv e niv olumab, how ev er, PD-L1 sta tus w as neither
routinely c ollect ed nor r equir ed , as the clinical trials and
funding for immunotherapy in the second-line are not
dependent on PD-L1 status. Finally, though not cap-
tured in the present study, prior research has also shown
how differing Eastern Cooperative Oncology Group
performanc e status sc or es betw een r eal-w orld and RCT
popula tions can con tribute to an efficac y–effectiveness
gap [ 29 ]. Ther efor e, the findings of this study ar e mor e
relev an t and generalizable to pa tien ts in routine practice
and can be used to support shared decision-making
among pa tien ts and physicians by providing evidence
of the r eal-w or ld r isks and benefits of trea tmen t with
pembrolizumab. 

Notably, these findings indicate the presence of an
early cr ossov er in OS betw een the pembr olizumab and
chemotherapy groups, similar to what was observed in
not only the PD-L1 ≥50% subgroup of the KEYNOTE-
042 trial but in the PD-L1 ≥20, ≥1, and 1–49% sub-
gr oups as w ell [ 5 ]. While this early cr ossov er in OS was not
observed in the original KEYNOTE-024 trial, this finding
suggests that there may be a subgroup of pa tien ts who do
not benefit fr om upfr ont pembr olizumab monotherapy.
Future studies investiga ting alterna tive biomarkers for
immunotherapy response may assist with future pa tien t
trea tmen t stra tifica tion. 

While PD-L1 expression levels are a known prognos-
tic factor for mNSCLC pa tien ts r eceiving pembr olizumab
monotherapy [ 5 , 12 ], its prognostic impact on pa tien ts
receiving chemotherapy has not been investigated as
thor oughly. In the piv otal KEYNOTE-042 trial , the median
OS of mNSCLC pa tien ts receiving chemotherapy did not
significantly differ between subgroups of varying tumoral
PD-L1 expression. The median OS for the chemotherapy
group was 12.2 months (95% CI: 10.4–14.2), 13.0 months
(95% CI: 11.6–15.3), and 12.1 (95% CI: 11.3–13.3) months
in the PD-L1 ≥50%, ≥20%, and ≥1% groups, respec-
tively [ 5 ]. Further, pa tien ts in the chemotherapy group
with PD-L1 1–49% presented OS values comparable to
those of the PD-L1 ≥50% population with overlapping
CIs (median OS: 12.1 months and 95% CI: 11.0–14.0 vs
12.2 months and 95% CI: 10.4–14.2) [ 5 ]. Together, these
findings suggest that the current study’s use of a control
c ohort unrestrict ed t o PD -L1 ≥50% mNSCLC – as PD -L1
testing was not conducted routinely historically prior to
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he funding of pembrolizumab – would likely not con-
ound the comparisons. 

Ther e ar e some limitations t o c onsider in this study.
irst, the r etr ospectiv e, nonrandomized design of this
tudy inherently subjects the results to potential con-
ounding. Though the use of propensity score match-
ng ensured that measured characteristics were well bal-
nced between the trea tmen t groups, residual confound-

ng owing to unmeasured variables ma y ha v e r emained .
econd, secular changes in trea tmen t practices or sup-
ortiv e car e ma y ha ve affected the use of a histor-

cal c omparat or and c onfounded the results, such as
he incr eased awar eness of early palliativ e car e man-
gemen t [ 30 ], which migh t hav e biased the r esults in
avor of pembrolizumab. Despite these limita tions, how -
ver, this is the largest study to make r eal-w orld compar-

sons between the effectiveness and safety of first-line
embrolizumab monotherapy for mNSCLC pa tien ts with

umoral PD-L1 expression ≥50% and platinum-based
hemotherap y. T he OS results were found to be, in gen-
ral, c onsist ent with the estimat es report ed by existing
nalyses r egar ding the diminished effectiv eness of pem-
rolizumab in the real world [ 31–34 ], though some stud-

es have also reported estimates closer in magnitude to
he KEYNOTE-024 trial findings [ 35 , 36 ]. Nonetheless, this
tudy’s use of popula tion-based administra tive da tabases
nabled the authors to capture all pa tien ts trea ted with
embrolizumab in Ontario, Canada, providing this study
ith the adv an tages of a large sample size and includ-

ng populations that are often underrepresented in RCTs.
hus, the use of r eal-w orld data confers greater external
alidity to these findings. 

. Conclusion 

he r eal-w orld use of first-line pembrolizumab monother-
py among mNSCLC pa tien ts with tumoral PD-L1 expres-
ion ≥50% offers a survival benefit over platinum-based
hemother apy, though the real- world safety and magni-
ude of benefit w er e w orse than an ticipa t ed c ompared
ith the pivotal phase III RCT findings. In light of this

fficac y–effectiveness gap, our study demonstrates the
mportance of r eal-w orld evidence for the re-ev alua tion
f a drug’s comparative effectiveness that can inform
linical decision-making with data more relev an t to rou-
ine practice. The absolute and r elativ e r eal-w orld sur-
ival benefit could also be used as updated input to cost–
ffectiveness models to help payers and health technol-
gy assessment agencies such as the UK National Insti-

ute for Health and Care Excellence and the Institute for
linical and Economic Review to reassess the actual real-
orld value for money to allow for life- c y cle r eassessment
f drugs and t echnolog ies [ 37 , 38 ]. 
Summary points 

• Pr evious literatur e examining the r eal-w orld effectiv eness of 
first-line pembrolizumab for metastatic non-small-cell lung cancer 
has produced conflicting results regarding the potential for 
differ ences betw een clinical trial efficacy and r eal-w orld 
effectiveness. 

• In this population-based study of 2284 propensity score-matched 
patients, pembrolizumab was associated with a median overall 
survival impr ov emen t of 3.8 mon ths compared with 
chemotherapy but resulted in higher rates of hospitalization, 
emergency department visits, tr eatment-r elated adv erse ev ents, 
and specialist visits. 

• This study demonstrates an efficacy–effectiveness gap for 
pembrolizumab. When compared with the initial KEYNOTE-024 
trial , pembr olizumab r esult ed in lo wer magnitudes of absolut e and 
r elativ e survival benefit. 

• The r eal-w orld safety pr ofile of pembr olizumab was also w orse 
than anticipated from the trial. 

• The findings of this study can be used by clinicians to counsel 
patients on the magnitude of risks and benefits of treatment with 
pembrolizumab in routine practice. 

• Additionally, the safety results support a need for more proactive 
and multidisciplinary approaches to the management of toxicities. 

• This study demonstrates the importance of reassessing safety and 
effectiveness using real-world data to provide patients and 
decision-makers with evidence that reflects actual practice. 
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Michael Birnbaum is an associate professor in the Department of
Biological Engineering at MIT and a member of the Koch Institute for
Integrative Cancer research. He trained as an immunologist – he
completed his PhD at Stanford in Chris Garcia’s lab, where he worked
to create tools that allowed them to take an unprecedentedly
extensive look at how TCRs recognize their peptide-MHC antigens,
and how the immune system balances its need for antigen specificity
and cross-reactivity. Since starting his lab at MIT in 2016, they have
continued to build tools for characterizing and manipulating T cell
recognition and signaling. They use these methods to understand and
predict natural immunity, and to create new cancer immunotherapies.

Deciphering the T-cell receptor
cancer-recognition code

Interview

What are the main aims of the MATCHMAKERS project?

The goals of MATCHMAKERs are to (first) be able to computationally predict pairings between T-cell
receptor sequences from tumor-infiltrating lymphocytes with the cancer antigens they recognize,
and (second) to be able to computationally design T-cell receptors specific for cancer antigen targets
to create next-generation immunotherapies.

Could you explain the importance of T-cell receptors (TCRs) and peptide-major
histocompatibility complexes (MHCs) in immuno-oncology?

T cells patrol our bodies for infection or cell dysfunction by using their T-cell receptors (TCR) to
recognize short peptide antigens bound to MHC molecules. 

Cancer Grand Challenges is a trailblazing research funding initiative taking on some of the
toughest challenges in oncology by uniting a global network of oncologists. In this interview, we
discuss the MATCHMAKER project with team lead Michael Birnbaum (Massachusetts Institute of
Technology, MIT, MA, USA) to uncover how they’re seeking to better understand and predict how
T cells recognize tumors, paving the way for personalized immunotherapies.

https://web.mit.edu/
https://ki.mit.edu/
https://ki.mit.edu/
https://med.stanford.edu/garcialab.html
https://www.oncology-central.com/deciphering-the-t-cell-receptor-cancer-recognition-code/
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https://www.oncology-central.com/deciphering-the-t-cell-receptor-cancer-recognition-code/
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https://cancergrandchallenges.org/teams/matchmakers


Interview
To effectively recognize any possible antigen, each developing T cell recombines a unique TCR,
creating a repertoire of millions of TCR specificities in each of us. While the central role of T cells in
infection has been well appreciated for decades, the potential for T cells to recognize and eliminate
cancer cells has become increasingly apparent over the last several years. In fact, checkpoint
blockade therapy, which has provided durable responses to countless patients with melanoma and
lung cancer among many others, works by reinvigorating T cells that can recognize and eliminate
tumor cells. 

Given the molecular diversity of T-cell receptors, what challenges do you anticipate
in identifying the antigens recognized by T cells, particularly in different cancer
types and patient subsets?

The same molecular diversity that makes T cells such powerful potential cancer treatments
complicates their study. It is extremely labor-intensive to find an antigen target for T cells isolated
from a patient, especially because there are usually many T cell reactivities per tumor, every cancer
has different mutations, and we all have different MHC molecules. This is why the goal of
MATCHMAKERS is to develop computational approaches that can eventually supplement or replace
experiments, and be done at much larger scale. Our biggest challenge will be generating enough
training data to create computational approaches that can work regardless of a patient’s MHCs,
cancer type or antigen target. The astounding progress in machine learning for biology in the last
few years has shown how important large amounts of high-quality data are for enabling progress –
to that end, we are developing and implementing multiple cutting-edge approaches to generate as
much data about a wide range of TCR-pMHC interactions, including their 3D structures, as possible.

What impact do you hope this project will have on personalized immunotherapy
approaches?

If successful, our team will enable three distinct advances for cancer immunotherapy. First, our
computational approaches would let a clinician predict what antigens are being recognized in a
tumor just by sequencing the T cells. This can guide whether immune checkpoint blockade therapies
are likely to work. Second, this knowledge can be used to design personalized antigen vaccines to
optimally expand a patient’s tumor-specific T cells. Finally, our team spans both prediction and
design – we hope to be able to design synthetic TCRs that can specifically and potently recognize a
patient’s tumor antigens even if their natural immune system cannot. Such an advance would pave
the way for the development of personalized protein or cellular immunotherapies.

The opinions expressed in this interview are those of the author and do not necessarily reflect the
views of Oncology Central or Taylor & Francis Group.
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ABSTRACT 
Artificial int elligenc e (AI) has rapidly advanc ed in the past y ears, particularly in medicine for impr ov ed 
diag nostics. In clinical cyt ogenetics, AI is bec oming crucial for analyzing chromosomal abnormalities 
and impr oving pr ecision. How ev er, existing softwar e lack learning capabilities from experienced 
users. AI int eg ration ext ends t o genomic data analy sis, personalized medicine and r esear ch, but 
ethical c onc er ns ar ise . In this article , we discuss the challenges of the full automation in cytogenetic 
t est int erpretation and focus on its importance and benefits. 
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lthough the c onc ept of artificial int elligenc e (AI) was ini-
ially introduced in the 1950s, the past 15 years have wit-
essed c onsiderable advanc ements in the field. AI has
v olv ed into a valuable tool, facilitating data process-

ng and yielding bett er out c omes. This t echnology c on-
ects the power of c omput er sy st ems t o emulat e human

nt elligenc e, show casing r emar kable attr ibutes such as
apid learning, sophisticated analysis, pr edictiv e capabili-
ies, self-correction and proficient decision-making [ 1 ]. 

R ecently, AI algor ithms have become integral in the
ealm of medicine, particularly in the analysis of med-
cal images. This application aids healthcare providers
n ac curat ely identifying and diagnosing diseases. The
ngoing AI r ev olution is significantly enhancing medi-
al diagnostics by refining predictive capabilities, enhanc-

ng accuracy, expediting processes and boosting overall
fficiency in the diagnostic journey [ 2 ]. The future of AI-
ased medical diagnostics is reportedly characterized by
ontinuous expansion and dev elopment. Mor e advanced
I-t echnolog ies are being introduced and tested in the
 esear ch field , with the ultima te goal of implemen ting
hese cutting-edge tools into medical diagnostics. 

Clinical cytogenetics is a branch of medical genet-
cs allowing the diagnosis of constitutional and can-
er chromosomal abnormalities by several techniques,
ainly conventional karyotyping, FISH (fluorescent in situ

ybridization) and microarray analy sis. Canc er cyt oge-
etic testing serves as a crucial tool for detecting and

dentifying chromosomal abnormalities and molecular
ig natures. This diag nostic appr oach not only pr ovides
ONTACT Alain Chebly Tel.: 00961 3 560 098; alain.chebly@usj.edu.lb 
2024 Informa UK Limited, trading as Taylor & Francis Group 
insigh ts in t o the presenc e of genetic ir regular ities but also
enhances our understanding of cancer initiation, pr ogr es-
sion and ongoing monitoring of the disease [ 3 ]. 

Nowaday s, c onv entional kary otyping is pr edomi-
nantly employed in samples from pa tien ts with hema to-
log ical malig nancies, alongside with FISH and microarray
testing. How ev er, when it comes to solid tumors, the
primary cytogenetic methods utilized are FISH and
micr oarrays. This pr efer ence stems fr om the numerous
limita tions associa t ed with c onv entional kary otyping
in solid tumor samples [ 4 ]. Irr espectiv e of the type of
sample, the analysis and in terpreta tion of da ta gener-
ated by these cytogenetic techniques continue to pose
significant challenges. 

Undoubtedly, a primary challenge in clinical cytoge-
netics lies not in the techniques themselves but in the
precise iden tifica tion and in terpreta tion of chromoso-
mal anomalies . C onv entional cytogenetic pr ocedur es ar e
known for being labor-intensive and time-consuming,
oft en nec essitating highly skilled t echnolog ists and sci-
en tists for accura te analysis and in terpreta tion of results.
Notably, a significan t limita tion in conven tional cyto-
genetic analysis is the capacity to correctly identify all
chromosomal abnormalities, including small anomalies
and complex rearrangements. For example, following the
ex trac tion of chromosomes from metaphase images, they
may present as individual entities or, in most of the cases,
in contact with one another; exhibiting bends or over-
lapping, leading to the formation of clustered chromo-
somes [ 5 ]. The delicate task of separating these chro-
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osomes for analysis adds an additional layer of com-
lexity to the pr ocess. Mor eov er, the success of this
r ocedur e hinges on the quality and quantity of the
btained metaphases, further emphasizing the crucial

ole and skills of the cytogeneticist’s experience in nav-
ga ting these in tr icacies. R ecently, optical genome map-
ing technique w as in troduced aiming to face all these

imitations and to replace all known cytogenetic tools; it
as been t est ed in the setting of germinal and somatic
nomalies [ 6 , 7 ]. Despite the r emarkably pr omising r esults
bserv ed , sev eral limitations w er e noted particularly in

he cases of balanced Robertsonian translocation and the
ases of mosaicism [ 7 ]. Hence, classical karyotyping is still
eeded in many cases. 

For these reasons, the int eg ration of AI tools, includ-
ng both machines and software with learning and evolv-
ng capabilities, holds the potential to surmount the
imita tions inheren t in traditional cyt ogenetic analy sis.
hrough the automation of chromosomal data, these AI-
riv en solutions hav e the capacity to deliv er mor e pr e-
ise cytogenomic r esults. Pr esently, the majority of cyto-
enetic software packages, whether for G-banding or R-
anding, help in classifying chromosomes by utilizing

nc orporat ed data and predefined formulas [ 5 ]. Indeed,
he curren t situa tion r equir es users to r ectify softwar e-
enerat ed errors, c omplet e classifications, and ultimat ely
r ovide the interpr etation. Notably, these existing soft-
are solutions lack the ability to learn from the experi-

nce of skilled users, a feature that could undoubtably
itigate errors and enhance overall outcomes. 
While some efforts have been made in the develop-

ent of robust classifiers in this domain, the existing work
as enc ount er ed sev eral limitations, particularly c onc ern-

ng the in terpreta tion of metaphase images, the quality of
he chromosomes, and the challenges posed by severely
ent or touching chromosomes [ 8 ]. Also, the work was
one using only normal metaphases from healthy indi-
iduals which r epr esents a notew orthy limitation, espe-
ially in the c ont ext of canc er cyt ogenetics where many
hromosomal alterations can be found within a single
etaphase. 
Mor eov er, the incorporation of AI tools into cytoge-

etic laboratories can significantly enhance the anal-
sis of large-scale genomic data, providing valuable

nsights for treatment guidance in the era of personalized
edicine. Indeed, it has been reported that AI can assist

recision medicine in the field of cancer and genomics
nd that it can help impr ov e a series of clinical applica-
ions against cancer [ 9 ]. Certainly, some limitations exist
nd need to be addressed by future research, including
he lack of standar dized pr ot oc ols, insufficien t da ta over-
ight and low trust in AI among some clinicians [ 9 , 10 ]. 
Also, AI can play a piv otal r ole in quality control pro-
cesses, ensuring that both the analysis and reporting
adhere to required cr iter ia. Importan tly, the in tegra tion
of AI in cytogenetics extends benefits to r esear chers
and instructors. It has the potential to expedite r esear ch
efforts, facilitating the discovery of novel cytogenomic
associations. Additionally, AI serves as a valuable r esour ce
for students and practitioners, offering opportunities to
impr ov e their skills in cytogenetics 

On the other side, it is crucial to take int o ac c ount the
data, the storage and protection of this data [ 11 ]. It is
important to acknowledge that the c omplet e int eg ration
of AI into cytogenetics presents ethical and privacy con-
c erns pertaining t o data handling. In this c ont e xt , it had
been reported that with big data, generated by AI and
machine-learning t echniques, c omes many big risks and
challenges including significant questions about pa tien t
privacy, ethical and legal issues [ 12 , 13 ]. As we delve into
this transformativ e appr oach, it becomes imperativ e to be
mindful of possible negative aspects that could poten-
tially outweigh all the benefits. To overcome this prob-
lem, new regulations and laws will need to be placed in
order to protect individual’s privacy and genetic data in
the future. 

Also, the application of AI in cytogenetics presents
challenges for training the next generation of cytogeneti-
cists. It can potentially limit opportunities for developing
essential skills in cytogenetics, based on the current stan-
dards and practices in the field of “today’s cytogenetics”. 

In the era of molecular biology, substantial effort
is direct ed t ow ard the in tersection of AI and molecu-
lar tools, especially focusing on AI-based next genera-
tion sequencing t echnolog ies. Despit e this emphasis, the
field of cytogenetics remains relev an t in con temporary
medicine. A lso, the “A ll in one technology”, capable of
identifying all molecular and cytogenetic anomalies dur-
ing a single pr ocedur e, is still not available. Achieving full
automation in the interpretation and reporting of cyto-
genetic tests, including karyotype, FISH and microarrays,
poses a formidable challenge. Nonetheless, AI is poised
to play a pivotal role in the future of cancer cytogenet-
ics, influencing various facets of this clinical science. More
efforts and r esear ch ar e needed for the full automation of
the cytogenetic analyzing tools capable of self-learning,
analyzing and int erpreting cyt ogenetic data. Addressing
challenges and innov a ting with AI solutions will undoubt-
edly pave the way for an ac c elerat ed workflow, optimal
results and a transformative paradigm in cytogenetics. 
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ABSTRACT 
Aim: Aim of this explorative pilot study was to evaluate the capability of an electronic nose (aeoNose, 
the eNose Company) to classify healthy individuals and pa tien ts with chondr osar coma, based on 
their volatile organic compound profiles in exhaled breath. Materials & methods: Fifty-seven 
pa tien ts (25 healthy controls, 24 chondrosarcoma and 8 different benign lesions) were included 
in the study from 2018 to 2023. An artificial neural network was used as classifier. Results: The 
developed model had a sensitivity of 75%, and a specificity of 65% with an AUC of 0.66. Conclusion: 
Results show that there is not enough evidence to include the aeoNose as diagnostic biomarker for 
chondr osar coma in daily practice. How ev er, the aeoNose might play an additional role alongside 
MRI, in questionable chondr osar coma cases. 
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. Background 

hondr osar coma is a rare malignant neoplasm, originat-
ng from cartilaginous tissue and accounts for approxi-

ately 20% of all primary malignant bone tumors [ 1 ]. The
rognosis and outcomes depend on chondr osar coma
ubtype , grade , tumor location, timely and ac curat e iden-
ification and surgical treatment [ 2 , 3 ]. 

Most pa tien ts with high-grade chondr osar coma
resent with pain at night and local swelling, while
enign or atypical cartilaginous tumors are most often
oincidental findings [ 2 , 4 , 5 ]. The diagnostic pa thw ay
or chondr osar c oma c onsists of plain radiog raph y, f ol-
o wed b y mag netic resonanc e imag ing (MRI). In some
ases, or based on c ent er pr efer ences, a biopsy may be
erformed, although biopsies of cartilaginous lesions
r e notoriously unr eliable because of a substantial risk of
ampling error and has the potential risk of seeding along
he biopsy tract. Mor eov er, pa thological assessmen t has
 onsiderable int er observ er variability [ 2 , 6 , 7 ]. 

The diag nostic ac curacy of MRI f or the differentia-
ion between a benig n cartilag inous lesion and a high-
rade chondr osar coma is appr oximately 90% [ 8 ]. How-
v er, ther e ar e still cases in which the diagnosis remains
ebatable [ 9 ]. The importance of an accurate preopera-

ive diagnosis lies in the potential consequences of the
rea tmen t. High-g rade chondrosarc omas require resec-
ion with clear sur gical mar g ins and oft en subsequent
econstruction, carrying a substantial risk of complica-
ions and considerable morbidity. On the other hand,

ONTACT Richard Eduard Evenhuis r.e.evenhuis@lumc.nl 
2024 Informa UK Limited, trading as Taylor & Francis Group 
benig n cartilag inous lesions may be followed with MRI,
or treated with less aggr essiv e surgery, in other w or ds,
intralesional curettage [ 3 , 10–13 ]. Therefore, there is a
need for an additional diagnostic tool to differen tia te
between the two entities. 

Pr omising r esults hav e been r eported for using an elec-
tronic nose (eNose) in detecting various tumor types,
including head and neck cancer, lung cancer, colorec-
tal cancer and soft tissue sarcoma [ 14–17 ]. eNoses
analyze volatile organic compounds (VOCs) in exhaled
breath [ 16 , 18 ]. VOCs are degradation products of bio-
chemical processes in the human body. Their composi-
tion can be influenced by the presence of specific patho-
log ical proc esses within the body and can be det ect ed in
body fluids such as urine, feces, saliva or blood [ 14 , 16 , 19 ].
To date, there is no literature on the detection of chon-
dr osar coma using VOC profiles. 

Ther efor e, the objectiv e of this explorative study is to
ev alua te if the aeoNose can be used to distinguish healthy
individuals from pa tien ts with chondr osar coma, based on
their VOC profiles in exhaled breath. 

2. Materials & methods 

2.1. Design, setting & pa rticipa nts 

Materials and methods w er e pr eviously described in
a similar study, employing the aeoNose (aeoNose, the
eNose Company, Zutphen, The Netherlands) to detect
soft-tissue sarcoma, during the same period [ 15 ]. This
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ingle-c ent er pr ospectiv e pilot study was c onduct ed at
he Leiden University Medical Center, The Netherlands
LUMC), a tertiary referral center for bone tumors. Pa tien ts
 er e included betw een 2018 and 2023. A t our outpa-

ient clinic , w e asked all pa tien ts who w er e suspected
f having a high-grade chondr osar coma to participate

n this study. Pa tien ts w er e enr olled betw een 2018 and
023. Minimum age was 18 years. Pa tien ts with any his-
ory of cancer, chronic respiratory disease and chemo- or
 adiother apy w er e excluded . Furthermor e, w e excluded
a tien ts in whom metastases w er e found within 3 months

ollowing primar y surger y, as we theorized that these
 er e easier to identify. The goal was to identify patients
ith localized disease who could be considered for cura-

iv e tr ea tmen t. The brea th test w as performed in parallel
ith the regular diagnostic wor k up. A s a c ontrol g roup,
e invited people who visited the outpa tien t clinic for
ther (non-onc olog ical) c onditions, people who ac c om-
anied a pa tien t to our outpa tien t clinic, and depart-
ent emplo yees. T he c ontrol g roup underwent an eligi-

ility check through an interview on their medical history,
ithout additional diagnostic tests such as r adiogr aphy.

uspected chondr osar coma cases that turned out to be
enign w er e excluded fr om the primary analysis (model
) but w er e included in the sec ondary analy sis as c ontrols

model 2), to increase the number of pa tien ts. The con-
r ol gr oup w as ma t ched t o our chondr osar coma popu-
ation based on age and sex in a 1:1 ratio. Both controls
nd chondr osar coma cases adher ed to the same in- and
xclusion cr iter ia. The pa tien t r ecor ds w er e r eview ed by
he investigator to obtain baseline characteristics, medi-
al history and tumor characteristics. 

In total, 57 pa tien ts w er e included (35 males, 61%). The
edian age for the entire cohort was 51 years (interquar-

ile range [IQR] 48–70; Table 1 ). Among them, 24 pa tien ts
42%) had a hist olog ically pr ov en high-grade chondr osar-
 oma (g rade 2, 3 or dedifferen tia ted), while eigh t (14%)
ad a benign bone tumor (atypical cartilaginous tumor

n = 3, one distal femur, two of the hand], chordoma
n = 2], fibrous dysplasia [n = 1], hemangioendothelioma
n = 1], or Langerhans cell histiocytosis [n = 1]). There
 er e 25 (44%) healthy controls ( Table 2 ). 

.2. Materials & procedure 

he eNose used in this study is a portable, ba ttery -
ow er ed device designed to analyze VOCs. The study
articipants w er e instruct ed t o abstain from food, drinks

except for w a ter), and smoking at least 3 h prior to the
r eath test. They w er e instruct ed t o br eathe thr ough a
isposable c onnecting mouthpiec e, which included a car-
on filter equipped with high- efficienc y particulate air fil-

ers and one-w ay v alves to pr ev ent viral or bacterial con-
tamination of the device, for 5 min. Furthermore, a nose
clip was applied to pr ev ent the entry of unfiltered air
during measurements, minimizing ext ernal influenc es on
VOCs (see appendix for setup, Figure 1 ). The breathing
t est c onsist ed of 5 min of br eathing follow ed by 10 min
of aeoNose regeneration, thus a total of 15 min. The ini-
tial 2 min w er e used to clean the lungs with filtered air,
t o eliminat e ext er nal VOCs. Dur ing the subsequent 3 min,
exhaled brea th in teracts with three hotpla te metal-oxide
sensors with distinct material properties. These sensors
are periodically heated between 260 and 340 ◦C, simu-
la ting multiple iden tical sensors, functioning a t v arious
temperatures. This triggers a redox reaction at the sur-
face, resulting in changes in conductivity over time. The
alt erations in c onduc tivity form a distinc tiv e VOC pr ofile,
or breath print for each patient. Detailed information on
the aeNose technology was previously published else-
where [ 20 ]. 

2.3. St atistical analy sis 

D escr iptive statistics were used to report baseline char-
act eristics. Cat egorical data ar e pr esented as contingency
tables (frequencies and percentages). Medians includ-
ing interquartile range (IQR) were reported for contin-
uous data. To assess differences in baseline characteris-
tics between pa tien ts and the con tr ol gr oup, the Mann–
Whitney U test, or the Chi-square test was performed for
con tinuous and ca tegorical v ariables, r espectiv ely. No for-
mal sample size calculation was performed, since this is a
pilot study with 25 chondr osar coma pa tien ts. Da ta analy -
sis was performed using SPSS version 25.0. (IBM Corp., NY,
USA). The level of sig nificanc e was set at a p-value < 0.05.

The breath test resulted in an aeoNose measurement,
or brea th prin t, with a unique time-series of conductivity
values for every sensor. Developing an algorithm for dis-
tinguishing exhaled-brea th pa tterns inv olv ed training an
artificial neural network (ANN), with data analysis carried
out using the proprietary software called ‘Aethena’ (The
eNose Company, Z uthpen, T he Netherlands). Data com-
pression was performed using a TUCKER3-like solution, as
Waltman et al. described previously [ 21 ]. Subsequently,
the ANN served as a classifier for the created models,
ranked by the area under the curve (AUC) through the
leav e-10%-out cr oss v alida tion method (LOCV). The LOCV
method divides data into subsets, each containing 10%
of pa tien ts, allowing classifica tions based on 10 separa te
models. The v alida tion technique assesses how results
of a pr edictiv e model will be generalized to an indepen-
den t da taset. Thus, participan ts w er e classified in 10 steps
based on 10 separate models, resulting in an ROC based
on unseen training data. Optimal AUC results, along with
the corresponding sensitivity and specificity (including
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Table 1. Study population. 

Model 1 Model 2 

Chondr osar coma 
(n = 24) 

Controls (n = 25) p-value Chondr osar coma 
(n = 24) 

Controls (n = 33) p-value 

Age, median (IQR) 51 (40–58) 54 (41–61) 0.99 51 (40–58) 54 (45–61) 0.82 
Sex, male 16 (67%) 15 (60%) 0.63 16 (67%) 19 (58%) 0.49 

IQR: Interquartile range. 

Table 2. Tumor details. 

Diagnosis Model 1 Model 2 

Chondr osar coma (n = 24) 
Chondr osar coma g r ade 2 12 (50%) 12 (50%) 
Chondr osar coma g r ade 3 6 (25%) 6 (25%) 
Periosteal chondr osar coma 5 (21%) 5 (21%) 
Dediffer entiated chondr osar coma 1 (4%) 1 (4%) 
Benign lesions (n = 8) 

Atypical cartilaginous tumor – 3 (38%) 
Chordoma – 2 (25%) 
Fibrous dysplasia – 1 (13%) 
Hemangioendothelioma – 1 (13%) 
Langerhans cell histiocytosis – 1 (13%) 

Tumor location 
Axial skeleton (including head) 16 (67%) 2 (25%) 
Upper extremity 2 (8%) 3 (38%) 
Low er extr emity 6 (25%) 3 (38%) 
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5% CI), w er e r eport ed for each analy sis. The predict ed
esponse values f or health y controls and chondrosar-
oma pa tien ts w er e pr esen ted in a sca tterplot. A detailed
escription of the statistical method used by aeoNose,
an be found in the article of Kort et al. [ 22 ]. 

.4. Study ethics 

his study was appr ov ed by our institutional review board
P19.046). All study participants signed an informed con-
ent form, prior to participation. 

. Results 

.1. Model 1 

he primary analysis consisted of 24 pa tien ts with a chon-
r osar coma, and 25 healthy controls. This model pre-
icted the correct diagnosis in 34/49 pa tien ts, yielding an
ccuracy of 70%. A threshold of -0.22 was used, to maxi-
ize sensitivity and specificity; 18 out of 24 chondrosar-

oma pa tien ts w er e corr ectly identified by the aeoNose,
nd six false negativ e r esults w er e observ ed . Sixteen out
f 25 healthy controls were correctly identified, and nine

alse positive results were observed. This resulted in a sen-
itivity of 75% (95% CI: 53–89%), and a specificity of 64%
95% CI: 43–81%). The corresponding ROC curve for the
est fit of model 1 comprised of an area under the curve

AUC) of 0.66 ( Figure 2 A). The scatterplot shows the pre-
icted value of each measurement ( Figure 2 B). 
3.2. Model 2 

The sec ond analy sis was performed using an expanded
study population. The same 24 chondr osar coma and 25
con trol pa tien ts were included. However, eigh t pa tien ts
who w er e initially suspected of having a chondr osar coma
(but turned out to have a benign bone tumor), w er e
added to the contr ol-gr oup. This model predicted the
diag nosis c orrectly in 39/57 pa tien ts, yielding an accuracy
of 68%. Eighteen out of 24 chondr osar coma pa tien ts w er e
correctly identified by the aeoNose, and six false nega-
tiv e r esults w er e observ ed . Tw en ty -one out of 33 con-
tr ols w er e corr ectly identified , and 12 false positiv e r esults
w er e observ ed . This r esulted in a sensitivity of 75% (-95%
CI: 53–89%), and a specificity of 64% (95% CI: 45–79). The
corr esponding ROC curv e for the best fit of model 2 com-
prised of an AUC of 0.69, with a threshold of -0.22 ( Figure
3 A). The scatterplot shows the predicted value of each
measur ement ( Figur e 3 B). 

4. Discussion 

Electronic noses potentially offer a noninv asive, easy -to-
use method for the diagnosis of various cancer types by
analyzing volatile organic compounds in exhaled air. This
is the first pilot study exploring the potential of electronic
noses in the diag nostic proc ess of chondrosarcoma of
bone. Our model shows an AUC of 0.66 with a 75% sen-
sitivity and a 64% specificity. 

Oxidativ e str ess, inflammation and cell death can
change VOC profiles. An electronic nose, as well as gas
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Figure 1. Model 1: (A) ROC curve (AUC: 0.66). (B) Scatter plot of individual predicted values based on the cross-validated model 1. The 
r ed squar es r epr esen t patien ts with chondr osar coma, the gr een cir cles r epr esen t healthy con trols. 
AUC: Area under the curve; ROC: Receiver operating characteristic. 
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hromat og raphy-mass spectrometry (GC-MS), can detect
hanges in these VOC profiles. Metabolic VOC profiling
ould ther efor e be a pot ential t ool for diag nostic pur-
oses, since it reflects the metabolic state of cells or
ven organisms [ 23 ]. GC-MS is a standardized method
hich is suitable for the detection of individual VOC pro-

les based on molecular w eight. How ev er, this method
s expensive and requires trained personnel [ 24 ]. The
eoNose uses VOC profile pattern rec og nition and needs
o be trained by a training dataset. Accuracy of the diag-
ostic tool depends among other things on the size
f the training dataset, and the r epr esen ta tiveness of

he sample population [ 25 ]. Mor eov er, this instrument
s user-friendly, inexpensiv e, and , once trained and vali-
ated, capable of real-time analysis for chondrosarcoma
et ection. This t echnique holds pot ential as a screening
method to achieve a higher pretest probability, upon val-
idation and availability of other models. 

A lthough A lhumaid et al. demonstrated an adequate
efficacy of MRI in differen tia ting between ACTs and
high-grade chondr osar coma, the SLICED study group
found a r elativ ely low r eliability in g rading cartilag inous
neoplasms (benig n, low-g rade malig nant or high-grade
malignant) in the long bones. The inter observ er r eliabil-
ity for pathologists was 0.443, and for radiologists, it was
0.345, judging the reliability as fair to moderate reliabil-
ity in differen tia ting between benig n and malig nant car-
tilaginous lesions [ 8 , 26 ]. Again, this emphasizes the need
for an additional diag nostic t est t o enhanc e the diag-
nostic wor k up and pr ev ent unnecessary ov ertr ea tmen t
or undertrea tmen t. While the diag nostic ac curacy of the
aeoNose, as observed in this explorative study, is currently
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Figure 2. Model 2: (A) ROC curve (AUC: 0.69) (B) Scatter plot of individual predicted values based on the cross-validated model 2. The 
r ed squar es r epr esen t patien ts with chondr osar coma, the gr een cir cles r epr esen t healthy con trols. 
AUC: Area under the curve; ROC: Receiver operating characteristic. 
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nsufficient for a reliable diagnosis or exclusion of chon-
r osar coma of bone, it could potentially serve as an addi-

ional diagnostic tool in addition to MRI, particularly in
ases involving uncertain high-grade chondr osar coma.
ow ev er, the question remains whether the accuracy of

he aeoNose can be impr ov ed in the future with a larger
tudy population. 

To date, there are no studies on the use of VOC profiles
n exhaled breath for the diagnosis of high-grade chon-
r osar coma. Pr evious studies hav e shown that eNoses
re capable to differen tia te between healthy controls and
onditions such as; head and neck cancer, lung cancer,
reast cancer, gastric cancer, colorectal cancer, prostate
ancer and soft tissue sarcoma with an AUC ranging from
9 to 90% [ 15 , 17 , 21 , 27–31 ]. The lower AUC observed in
ur study, might be attributed to the heterogeneity of
 

chondr osar coma, which includes various subtypes such
as periosteal chondr osar coma, chondr osar coma grade 2
and 3 and dedifferen tia ted chondr osar coma, each dis-
tinguished by unique characteristics [ 32 ]. The develop-
ment of a model that encompasses VOCs from all these
div erse chondr osar c oma subtypes might pot entially lead
t o reduc ed diag nostic ac curacy. 

4.1. Limitations 

This study has a number of limitations. First, our model
ma y ha ve been affected by artifacts unrelated to chon-
dr osar coma, r esulting fr om exogenous VOCs, pr imar ily
due to the limited sample size. We attempted to over-
come this limitation by employing a mouth-piece with
carbon-filt ers t o eliminat e exogeneous VOCs, and by per-
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Figure 3. Setup aeoNose. 
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orming all measurements in the same room. Future
arger study populations are needed to explore the true
iffer ences in VOC pr ofiles. Second , the population of
hondr osar coma pa tien ts is heter ogenous with r egar d
o gender, age, BMI, diet, smoking behavior and medi-
al history, while these factors may influence VOC pro-
les [ 21 , 33 , 34 ]. We tried to ov er come this limitation
y matching our control group to the chondr osar coma
roup by age and gender. How ev er, the limited sample
izes hampered us from matching for the other poten-
ial influencing factors. Furthermor e, w e instructed par-
icipants to abstain from food, drinks and smoking 3 h
rior t o t esting and only included pa tien ts without a his-

ory of chemo- and r adiother apy, which causes oxida-
iv e str ess. Thir d , our model w as in ternally cross-v alida ted,
imiting its reliability and generalizability to a broader
tudy population in diverse clinical settings. Acknowledg-
ng the necessity for future larger, externally v alida ted
tudies t o enhanc e the reliability and ac curacy of the

odel , this explorativ e pilot study might offer direction
or futur e mor e compr ehensiv e r esear ch on this topic .
urthermor e, it w ould be of particular inter est to study
hether the diagnostic accuracy can be impr ov ed by

ombining information from the aeoNose and MRI in
ebatable cases. 

. Conclusion 

his pilot study c ontribut es t o the growing body of
 esear ch inv estiga ting noninv asive diagnostic methods
or chondr osar coma. While the r elativ ely low observ ed
ccuracy is currently insufficient to introduce VOC anal-
ysis as a diagnostic biomarker in daily practice, it might
play a future role as an additional diag nostic t ool in
combination with MRI features to guide in questionable
high-grade chondr osar coma cases. Futur e r esear ch based
on larger cohorts, with external v alida tion is w arran ted
before the aeoNose can be considered a reliable diagnos-
tic tool for chondr osar coma of bone. 

Article highlights 

• It is important to differentiate between high-g r ade 
chondr osar coma and benign cartilaginous lesions, due to the 
potential c onsequenc es of the trea tment . 

• Diag nostic accur acy on high-g r ade chondr osar coma can be 
challenging. 

• This explorative study aimed to assess the feasibility of the 
aeoNose to differentiate between high-g r ade chondrosarcoma, 
and healthy controls. 

• 24 high-g r ade chondr osar c oma pa tients, 25 c ontrols and 8 benign 
cartilaginous lesions w er e included for breath analysis, and were 
matched on age and gender. 

• The aeoNose uses volatile organic compound profile pattern 
recognition, and an artificial neural network appeared to be the 
most optimal classifier. 

• This pilot study contributes to the growing body of r esear ch 
in vestigating nonin v asive diag nostic methods for high-g r ade 
chondr osar coma. 

• The current accuracy is not sufficient to include the aeoNose as 
diagnostic biomarker for high-grade chondr osar coma in daily 
practice, although the aeoNose might play an additional role in 
questionable high-g r ade chondr osar coma cases. 

• Future larger externally validated studies are w arr anted to impr ov e 
the reliability, accuracy and t o det ermine the role of the aeoNose in 
high-g r ade chondr osar c oma pa tients. 
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The more the better? Quadruplets in
newly diagnosed multiple myeloma

Dr Carl Ola Landgren is a Professor of Medicine, Chief of the Myeloma
Division, and Co-Leader of the Translational and Clinical Oncology
(TCO) Program at NCI-designated Sylvester Comprehensive Cancer
Center (Sylvester). As a Cancer Center Support Grant member, he
participates in research activities as an independent investigator, as a
leader of research governance committees, and serves on multi-
disciplinary research teams. He is a frequent speaker and faculty
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hematologic malignancies.

Interview

What were the key takeaways from the discussion on quadruplet therapy
approaches in multiple myeloma presented at this years ASCO?

By adding a fourth drug to an existing backbone with three drugs, it provides a higher degree of
efficacy (more MRD negativity and longer progression free survival (PFS)) than the three drugs alone.
This is true for both younger, fit (so-called transplant eligible) and older, frail (so-called transplant
ineligible) patients. We are seeing higher and higher rates of deep treatment responses (i.e., MRD
negativity) and longer PFS with novel 4-drug combinations “quadruplets”, independent of transplant
status. It raises the question of whether it is time to retire the more than 40-year old terminology
“transplant eligible/ineligible” and instead just use the terminology “newly diagnosed multiple
myeloma”.

Dr Ola Carl Landgren from Sylvester Comprehensive Cancer Center (FL, USA) recently presented
at the 2024 ASCO Annual Meeting (May 31–June 4, IL, USA) about the potential of quadruplet
therapies in newly diagnosed multiple myeloma. In this interview, he provides a breakdown of key
takeaways from his talk and discusses challenges and opportunities in this area.
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Interview
What are the challenges of using quadruplet therapies?

Adding more drugs always comes with adverse events. Adding immunotherapy may increase the
risk of infection, which is all manageable. Adding the proteasome inhibitor bortezomib to a 3-drug
combination with an IMiD, a CD38 targeted antibody, and dexamethasone, bortezomib increases the
risk of peripheral neuropathy. Bortezomib has a quite high rate of peripheral neuropathy that is
clinically relevant (grade 2 or higher), somewhere around 50% of all patients treated with
bortezomib have peripheral neuropathy. Alternative strategies, to avoid bortezomib, include the use
of newer proteasome inhibitors, such as carfilzomib; or potentially using bispecific monoclonal
antibodies, which is currently being investigated in ongoing clinical trials. The field is moving fast
forward..

What elements of multiple myeloma make it a good candidate for this and what
other cancer types could this approach be used for?

As stated above, by adding a fourth drug to an existing backbone with three drugs – a quadruplet,
provides a higher degree of efficacy (more MRD negativity and longer PFS) than the 3 drugs alone.
Also, it raises the question if transplants are truly needed in the modern era. Large randomized
studies done in the modern era show that transplants do not prolong overall survival. Perhaps, using
more effective four-drug combinations (quadruplets) is the new way going forward, and – overall –
transplants will have more of a role in the relapse setting? Importantly, CAR T cell therapy was
recently US FDA approved in the setting of a first replace in multiple myeloma. As previously
mentioned, the field is moving fast forward.

What are you most looking forward to at ASCO this year?

I look forward to hearing all the presentations on new therapies on multiple myeloma. I also look
forward to giving my talk as a discussant, summarizing and discussing the talks on novel
quadruplets in the setting of newly diagnosed multiple myeloma. I also look forward to networking
with colleagues in the field.

The opinions expressed in this interview are those of the author and do not necessarily reflect the
views of Oncology Central or Taylor & Francis Group.
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