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ABSTRACT

Background: Using real-world (RW) data from registries to mimic or substitute a comparator arm of
clinical trials is increasingly investigated. The feasibility of using data sources for this purpose depends
on the source’s completeness of the wide spectrum of a disease characteristics and relevant endpoints,
which could allow for proper matching of important variables.

Materials and methods: This is a Norwegian study using data from three population-based registries,
the Cancer Registry (CRN), the National Patient Registry (NPR), and the Norwegian Prescribed Drug
Registry (LMR). We assessed if the registries contained the information necessary for selecting a RW
cohort of patients with characteristics that mimicked the inclusion and exclusion criteria from the con-
trol arm of the phase 3 trial (KeyNote-407) on patients with stage IV, squamous NSCLC. We did this
both on an aggregated - and individual data level. We also described the survival in the RW-cohorts
and compared it with the survival in the control arm of the KN-407 trial.

Results: Using aggregated data from the CRN allowed us to find the patients based on some clinically
relevant inclusion criteria, but only to a limited extent could we apply the exclusion criteria of KN-407.
When we used individual data from the CRN, NPR and the LMR we could create a patient cohort that
shared more criteria corresponding to the eligibility criteria from KN-407, including exclusion criteria.
Compared to the 11.3months (Cl 95% 9.5, 14.8) median survival in the control arm of KN-407, both
RW-cohorts had a shorter median survival, 7.07 months (Cl 95% 6.7, 9.5) (individual) and 8.0 months (Cl
95% 5.8, 10.5) (aggregated).

Conclusion: Even if we demonstrated that the registries contain clinically relevant information neces-
sary to mimic the eligibility criteria of a selected RCT, the survival is shorter for RW patients compared
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to their control arm counterpart in the RCT.

Background

In the current era of precision medicine, single-arm trials
(SATs) are becoming more common, because Randomized
Controlled Trials (RCTs) might be unethical due to an unmet
medical need, no defined standard treatment and/or too
small patient groups [1-3]. A growing scientific field is how
to use real-world data (RWD), e.g., registries and electronic
health records, to create the standard of care arm and use
that as an external comparator (EC) to SATs. As an example,
in a proof-of-concept study, Carrigan et al. (2019), investi-
gated how closely contemporaneous ECs derived from the
US-based Flatiron Health database, mirrored the overall sur-
vival observed in the control arms from non-small cell lung
cancer (NSCLC) trials. For 10 of the 11 analyses they con-
ducted, hazard ratio estimates using ECs were similar to
those from the original RCTs and they indicated that if ECs
consistently can replicate the results from RCT data, they
might serve as meaningful comparators to SATs [4]. While

Carrigan et al. (2019) used curated electronic health records,
Jemielita et al. (2021) used RWD from Swedish national
healthcare registries to replicate the comparator arm of two
previously published oncology RCTs. They concluded that
the sources lacked information on relevant variables to fully
match the comparator arm in the RCTs, and that overall sur-
vival was shorter in the RWD compared to the RCTs [5]. The
latter underscores the importance of more research on how
to maximize the usage of national health registries, especially
in the context of external control arms.

To potentially substitute a control arm in clinical trials, it
is important that the RWD source has sufficiently captured
the wide spectrum of the disease characteristics, treatments,
and relevant endpoints. In 2019/2020, the population-based
Cancer Registry of Norway (CRN) led a unique public-private
partnership project in Norway, called INSPIRE (INcreaSe
Pharmaceutical REporting). This was initiated to collect data
automatically and electronically on cancer medication from
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the hospital systems to the CRN, retrospectively back to
2008 [6]. With the INSPIRE-data in place, Norway has an over-
view of hospital-administrated cancer medications linked to
detailed clinicopathological features, in one registry. Few, if
any, publications have used Norwegian data as a source for
creating ECs, thus we know little about whether these sour-
ces are fit for this purpose. Both Carrigan et al. (2019) and
Jemielita et al. (2021) focused more on investigating if the
endpoints were the “same” in RWD as in the RCTs. We
focused on whether the CRN (including the INSPIRE data)
alone and the CRN plus the National Patient Registry (NPR)
and the Norwegian Prescribed Drug Registry (LMR) contain
the necessary information to mimic inclusion and exclusion
criteria from a recent phase 3 RCT (KeyNote-407 trial (KN-
407)) on patients with stage IV, squamous NSCLC, for the
proper identification of a real-world (RW) cohort. We asked
the questions, can we find the patients, and how does the
survival in the RW-cohorts that apply as many eligibility crite-
ria as possible, compare to the survival in the control arm of
KN-407.

Methods
Data sources

This is a study using nationwide data from three population-
based registries in Norway. The unique, 11-digit personal
identification number (PIN) each citizen living in Norway has,
allows for linkage between them. We used data on both an
aggregated - and individual level and created two RW-
cohorts; an aggregated RW-cohort (data only from the CRN)
and an individual-linked RW-cohort (with data from the CRN,
NPR and the LMR). Reporting and interpretation of these
data is done by the authors. No endorsement of any state-
ments made in this paper by the CRN, NPR, or LMR is
intended, and should not be inferred.

The Cancer Registry of Norway

The Cancer Registry of Norway (CRN) was established in
1951 and all health institutions involved in cancer care are
required by law to report all cases of malignant neoplasm.
The main sources of information for the CRN are clinical noti-
fications from the oncologist, pathology reports and death
certificates. It has 12 Clinical Registries for specific cancers
(including lung cancer), which provide a comprehensive
overview of cancer-specific diagnostics, treatment modalities
(surgery, radiation, and medical treatment) and follow-up [7].

The National Patient Registry

The National Patient Registry (NPR) has data from 2008
onwards, and information on all patients who have been
referred to or have received specialized healthcare at any
specialist healthcare service in Norway, including private
institutions. It contains ICD-10 codes for diagnostic data and
includes administrative -, demographic-, and reimbursement
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information, in addition to information on surgical, medical
treatment and radiological procedures [8].

The Norwegian Prescribed Drug Registry

The Norwegian Prescribed Drug Registry (LMR) contains
information on dispensed drugs (by prescription) from phar-
macies. In summary, it contains information about the person
receiving the drug(s), the prescriber, the pharmacy, and the
product (name, dose, ATC-code, generic name [9]. In 2021,
LMR replaced the Norwegian Prescription Database (NorPD),
which has collected information since 2004.

Design and study selection

Patient selection from the CRN was based on the eligibility
criteria of the KN-407 trial [10]. See the full list of eligibility
criteria for KN-407 in the Supplementary material, Table S1.
This is a phase 3 RCT comparing first-line (1L) treatment
with  pembrolizumab + chemotherapy to chemotherapy
alone, in patients with stage IV squamous NSCLC. We
assessed one by one the eligibility criteria in the trial against
the availability of the “corresponding” information in our
data sources. The overall aim was that our cohorts should be
made up of patients that have as many similar characteristics
to the patients making up the control arm of KN-407 as pos-
sible. Note that we added “1L treatment with any regime
containing chemotherapy” as an eligibility criterion to the
RW-cohorts, to mimic the control arm of KN-407. With few
exceptions, laboratory values are not reported to the CRN
and are thus not taken into consideration in this study.

Aggregated RW-cohort

We reviewed the eligibility criteria of KN-407 and compared
it with the information registered in the CRN, available for
aggregated data extraction. The aggregated RW-cohort was
made up of patients diagnosed between 2014 to 2016.
Follow-up was defined as the time from diagnosis, from 1
January 2014, to death or emigration, or up to 2 May 2022,
for patients who were alive at that date. For the estimation
of relative survival, the CRN uses a method based on the
age-standardized Pohar-Perme method. For a detailed
description of other statistical methods and requirements set
out by the CRN, please see the Cancer in Norway-report,
Statistical methods [11]. The use of aggregated data is not in
scope for regional ethics approval.

Individual RW-cohort

The patients who had a diagnosis of lung cancer were identi-
fied using the CRN. Then the individual CRN data was linked
with data from the NPR and the LMR based on the PIN-ID.
Patient-level data were de-identified to guarantee the protec-
tion of individual patient integrity. The individual RW-cohort
was made up of patients diagnosed between 2015 to 2021,
to death or emigration, or up to 31 December 2021, for
patients who were alive at that date. Ethical approval was
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obtained from the Regional Ethical Committee, ID number
108024. Median survival estimates with 95% confidence
intervals were computed, as well as descriptive statistics.

Results

For a detailed description of how we assessed the corres-
pondence between the trial eligibility criteria and the RW-
data sources, see the Supplementary Material, Table S1.

Aggregated RW-cohort

By using only aggregated data from the CRN, we were able
to identify relevant patients in terms of sex, age, stage, can-
cer-specific ICD-code, histology, treatment, and survival out-
come. Table 1 presents the eligibility criteria that made up
the aggregated RW-cohort.

Regarding criteria number 5 “Information on systemic can-
cer treatment available” we experienced that the medical
information (INSPIRE)-data between 2014-2016 to the CRN
were incomplete and approximately (=43%) were excluded
due to this. The CRN does not have information on co-
morbidities, nor any other pre-existing (non-cancer) condi-
tions or co-medications for those. We were unable to
exclude patients from the cohort, based on the “non-cancer"
exclusion criteria of KN-407.

Individual RW-cohort

Compared to aggregated data, we were able to select a
patient cohort that shared more criteria corresponding to
the eligibility criteria from KN-407, by using individual CRN
data linked with data from the NPR and LMR. In addition to
the criteria from the aggregated cohort, we could select
ECOG status and exclude patients based on variables sug-
gesting the presence of comorbidities. The eligibility criteria
for the individual RW-cohort are summarized in Table 2.
Table 3 compares the baseline characteristics of the
aggregated-, and individual RW-cohort with those of the
control arm in KN-407. The aggregated cohort was the small-
est with 76 patients. Patients were included regardless of
ECOG status due to low data quality between 2024 - 2014,
and 47.4% had ECOG 2, unknown or missing ECOG status. A
total of 119 patients made up the individual RW- cohort, of
which the majority had an ECOG status = 1 (66.4%), which
was comparable to the 68% of patients having ECOG status
= 1 in the control arm of KN-407. Although PD-L1 score was

Table 1. Eligibility criteria (inclusion and exclusion combined) of the RW-cohort.

not an inclusion criterion in KN-407, we demonstrate the
opportunity for PD-L1 stratification like the KN-407 trial. A
higher proportion of patients in the KN-407 control arm had
a high PD-L1 score, compared to the RW-cohort (in addition,
the RW-cohort had a larger proportion of patients with miss-
ing PD-L1 information). It was not standard practice to meas-
ure PD-L1 scores in 2014-2016, thus we don't have that
information on the aggregated cohort. The median age in
the individual RW-cohort was five years older than in the
control arm of KN-407 (70years vs 65years), while it was
68 years in the aggregated cohort. The proportion of patients
in the RW-cohorts that were under 65 years old, was lower
than in the KN-407 control arm (31.8%, 22.7% vs. 45.2%,
respectively). All cohorts had mostly males (72.4%, 73.9%
and 83.9%, respectively the aggregated, individual and the
KN-407 control arm.

Survival of the RW-cohorts compared to the survival in
the control arm of KN-407

A secondary objective was to describe the survival in the
two RW-cohorts and compare them to each other, and to
the control arm of KN-407. Figure 1 shows the median sur-
vival of the respective cohorts. Compared to the control arm
of KN-407 (11.3 months), both the RW-cohorts had a shorter
median survival. The RW-cohort derived from the linked, indi-
vidual data had a shorter median survival (7.07 months) than
the RW-cohort derived from the aggregated data
(8.0 months). This is a naive comparison, and interpretations
must be done with caution.

Discussion

The aims of this study were to apply the eligibility criteria of
the KN-407 trial to the Norwegian population-based regis-
tries CRN, NPR and the LMR and investigate if we could cre-
ate RW-cohorts of squamous NSCLC patients, who had been
treated with chemotherapy, to mimic the cohort in the trial
control arm. We also wanted to assess how the RW survival
compared to the survival in the control arm of KN-407. First,
using aggregated data from the CRN for this purpose
allowed us to select patients based on some clinically rele-
vant inclusion criteria, but only to a limited extent could we
apply the exclusion criteria of KN-407 to the CRN. When we
used individual data from three, linked registries we could
select a patient cohort that shared more criteria correspond-
ing to the eligibility criteria from KN-407, including exclusion

Defining the Aggregated RW- cohort

. Adult patients (18 years and older) diagnosed from 2014- 2016, in Norway
. Squamous cell carcinoma, NSCLC (ICD10 C33-34)

. Histologically verified

. Stage IV /metastatic

. Information on systemic cancer treatment available

. 1L treatment with any regime containing chemotherapy

coONOULT A WN =

. Excluding patients with active brain metastasis

. Excluding patients with any other malignancy with regional disease or more advanced, including unknown status before primary lung cancer diagnosis
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Table 2. Eligibility criteria (inclusion and exclusion) of the individual RW-cohort.

Inclusion
1. Adult patients (18 years and older) with NSCLC (ICD10 C33-34) diagnosed from 2015-2021, in Norway
2. Histology: Squamous cell carcinoma, NSCLC
3. Stage |V/metastatic at the time of diagnosis
4. Treated with systemic chemotherapy in 1L setting (all chemo-regimes allowed)
5. ECOG status 0 or 1
6. Adequate organ function, see details in the Supplementary material
Exclusion
7. Patients who had received radiation, 6 months before treatment start.
8. Before chemotherapy treatment for metastatic NCSCL who:
(a) had received systemic anti-cancer treatment, including any anti-programmed cell death 1 (anti-PD-1), or programmed cell death ligand 1 (PD-L1) or
PD-L2 agent, or an antibody or a small molecule targeting other immuno-regulatory receptors or mechanisms.
(b) had major surgery (<3 weeks prior to first chemotherapy dose)
9. Patients with other malignancies registered, within 5 years prior to metastatic squamous NSCLC diagnosis
10. Patients who had active central nervous system (CNS) metastases and/or carcinomatous meningitis.
11. Patients who had a pre-existing peripheral neuropathy diagnosis
12. Patients who had pre-existing Crohns disease and/or ulcerative colitis
13. Patients with a known history of HIV
14. Patients with hepatitis B or C

Table 3. Selected (based on available data) baseline characteristics of the aggregated- and individual RW cohort compared with the corresponding characteris-
tics of the control arm in KN-407.

Characteristic Aggregated RW-cohort Individual RW-cohort Control arm of KN-407(10)
Age
Median (range) - yr 68 (42,83) 70 (42,83) 65 (36,88)

Age < 65 - no (%)
Male sex — no (%)
ECOG status — no (%)
0
1

24 (31.8%)
55 (72.4%)

12 (15.8%)
28 (36.8%)

27 (22.7%)
88 (73.9%)

40 (33.6%)
79 (66.4%)

127 (45.2%)
235 (83.6 %)

90 (32.0%)
191 (68.0%)

2 12 (15.8%) - -
Unknown 1 (1.3%) - -
Missing (not reported) 23 (30.3%) - -
Histologic features—no (%)
Squamous 76 (100%) 117 (98.3%) 274 (97.5%)
Adenosquamous - 2 (1.7%) 7 (2.5%)
Brain metastases— no (%) 0 (0%) 8 (6.7%) 24 (8.5%)
PD-L1 tumor proportion score -
<1 - 31 (26.1%) 99 (35.2%)
>1 - 42 (35.3%) 177 (63.0%)
1-49 % - 37 (31.1%) 104 (37%)
>50% - 5 (4.2%) 73 (26.0%)
Could not be evaluated/missing - 46 (38.7%) 5 (1.8%)
Median survival (months) 8.0 months [5.8, 10.5 95%Cl] 7.07 months [6.7, 9.5 95% Cl] 11.3 months [9.5,14.8 95% Cl]
Number of patients in the cohort (no) 76 119 281

Median survival, RW cohorts and the control arm of KN-407

RW - individual cohort

b
o
<

RW-aggregated cohort

(0]

o
N

4 6 8 10 12
Median survival (months)

Figure 1. Median survival (months) of the RW-cohorts (individual and aggregated, respectively) (sex- and age groups combined), as well as the control arm from
KN-407 (10).
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criteria. Second, both RW- cohorts displayed a shorter sur-
vival than the control arm of KN-407. In summary, even if we
can demonstrate that the registries contain clinically relevant
information necessary to mimic the eligibility criteria of a
selected RCT, the survival is shorter for RW-patients com-
pared to their control arm counterpart in the RCT. Following,
we discuss some key considerations of our findings.

Using aggregated data from the CRN for this purpose
conforms to the simplest design that may be suggested for
use in practice, but it is a realistic scenario for secondary use
of data. The general conception is that aggregated data
have limited applicability, but we find it meaningful to inves-
tigate the extent of information that can be extracted with
this method, which could be done quickly as these data are
publicly available without the need for ethical approval. Even
though we on a group level showed that we can create a
cohort of patients that shares many similar clinical character-
istics as those in the study arm of KN-407, we don't know
the characteristics of each individual and we could not
exclude patients based on other pre-existing (non-cancer)
conditions. It's also not possible to follow the treatment tra-
jectory of each patient. Thus, we argue that it is not suffi-
cient to use this method if the aim is to act as a formal
external control arm to a clinical trial. Somewhat surprisingly,
our data showed that the survival of the aggregated cohort
was longer (8.0 months) than the survival in the individual
cohort (7.07 months). Our data don’t support any causal
explanation for this, but we are highlighting some plausible
explanations. A considerable proportion of patients (=43%)
were excluded from the aggregated cohort due to the
incomplete medication data in the period 2014-2016. We
believe that more patients could have been identified in the
aggregated cohort if the medical data were complete in this
period. This could have introduced a skewed patient popula-
tion in our aggregated cohort. In addition, it is known that
ECOG performance status is one of the most important inde-
pendent prognostic factors in multiple tumors, including
advanced NSCLC [12,13], and ECOG performance status of 0-
1 was a requirement in KN-407. However, the baseline
description in Table 3 shows that the aggregated cohort had
47.4% of patients with ECOG 2, unknown or missing, thus
we don't know if the aggregated cohort has a high propor-
tion of patients with favorable ECOG status. Both the lower
median age (68years vs. 70years) and the proportion of
patients younger than 65 years (31.8% vs. 22.7%) in respect-
ively the aggregated vs. the individual RW cohort could also
imply favorable survival data for the aggregated cohort. We
cannot conclude that these are the sole reasons for the lon-
ger survival seen in the aggregated cohort vs. the individual
cohort. Both patient numbers and survival benefits are rela-
tively small, so we should be careful in interpreting too
much the underlying reasons.

In all aspects, the individual RW-cohort should theoretic-
ally be more similar to the control arm of KN-407 since we
both could use ECOG status (individual cohort was selected
from the period 2015-2021) and co-morbidities as exclusion
variables. But again, even if they shared similar clinical char-
acteristics, the survival was lower in the RW-individual cohort

compared to the KN-407 control arm (7.07 months vs.
11.3 months). Taking the baseline characteristic into account,
the RW-cohort was both older (70years vs. 65 years) and had
a lower proportion of patients with high PD-L1 tumor pro-
portion score (including missing PD-L1 information), com-
pared to the KN-407 control arm, respectively. To our
knowledge, there is limited documentation on survival out-
comes of RW patients mimicking as many trial eligibility cri-
teria as possible, but when Cramer-van der Welle et al.
(2018) assessed the difference between outcomes in meta-
static NSCLC clinical trials and the “real world”, they showed
that the survival of patients treated with chemotherapy or
targeted therapy in RW practice was nearly one quarter
shorter than for patients included in clinical trials [14]. We
also know that 31.7% of the patients in the control arm of
KN-407 crossed over to receive pembrolizumab after the
occurrence of disease progression [10] which is also likely to
contribute to the longer survival seen in the trial, compared
to the individual RW-cohort. Although we cannot conclude
that it is due to disease progression, a comparable propor-
tion to KN-407, of the RW individual cohort has been treated
with PD-1/PD-L1 inhibitors as 2L treatment (data not
shown).

All patients in the RW-cohorts were treated with chemo-
therapy as their 1L treatment, and the most common
chemotherapy regime in Norway was a combination of vinor-
elbine + carboplatin (VC). This was not similar to the chemo-
therapy regimen used in the control arm of KN-407, which
used carboplatin + paclitaxel or nab-paclitaxel [10]. To our
knowledge, no randomized study has evaluated the efficacy
between all combinations of chemotherapy regimens for
squamous NSCLC, and the treatment guidelines state that
physicians often must choose one chemotherapy regimen
over another based on other factors, including drug schedule
and adverse events [15]. Features such as dosing, frequency,
combinations, and treatment sequence were not assessed in
our study. Few studies have investigated the RW efficacy of
VC, but a study from 2008 showed that treatment with VC,
(NSCLC stage llIB and IV) had a median survival of
7.3 months, demonstrating that our survival data are consist-
ent [16].

We argue that for a trial like KN-407, the CRN in combin-
ation with NPR and LMR has sufficient information on the
crucial, clinically relevant variables to select a patient popula-
tion with stage IV, squamous NSCLC treated with chemother-
apy. However, a study like KN-407 is not the type of trial
that would require an external comparator (EC) in the future,
as this is an RCT with a large patient population.
Interestingly, one out of the 11 analyses that Carrigan et al.
(2019) conducted had a discordant result, the authors pro-
posed that the likely explanation was that the EHR data used
for creating the EC lacked information on a prognostic bio-
marker (mesenchymal-to-epithelial transition (MET)). This led
the EHR-cohort to have fewer MET-positive patients com-
pared with the MET-positive-enriched RCT, thereby skewing
the EC to have a longer OS than the RCT population it was
trying to replicate [4]. The future use of ECs in oncology is
evolving and Mishra-Kalyani et al. (2022) discuss that with



formal analysis, it might be possible that comparative effect-
iveness between an intervention- and an external control
arm would provide the primary evidence to support regula-
tory approval in oncology [17]. Regardless of the future use
area, if there are key issues with the comprehensiveness and
validity of the data source, the source will fail in its attempt
to create an EC.

Although on a side note, estimates for clinical trial partici-
pation for adults with cancer in the US are 5% or lower [18].
One of the largest external validity studies on RCTs was
done by Yi Tan et al. (2022) who demonstrated that overly
stringent RCT exclusion criteria do not appropriately account
for the heterogeneity of characteristics observed in RW-pop-
ulations [19]. The American Society of Clinical Oncology
(ASCO), Friends of Cancer Research, and the US Food and
Drug Administration voice for modernizing criteria related to
comorbidities used to exclude patients from cancer clinical
trials, to improve clinical trial participation [18]. This empha-
sizes the need for RWD sources to be comprehensive, as it
becomes even more obvious that RWE and RCTs should be
considered mutually complementary.

The present study is descriptive, focusing on the qualita-
tive aspects of the availability of data variables in the regis-
tries, and it has some limitations. Our approach applies to
the stage IV NSCLC disease setting, and it may not generalize
to other cancer types in the registries. Importantly, even
though we were able to select patient groups who shared
many traits with the control arm of KN-407, in terms of sur-
vival, the RW cohort(s) had shorter survival than the control
arm of KN-407. The baseline characteristics showed that the
groups differed in terms of age, ECOG status and PD-L1
tumor proportion score, which likely influenced the outcome.
We cannot exclude that it can also be because of fundamen-
tal differences between the populations that are unknown.
An important note is also that our RW-cohort consisted of all
patients matching as many of the eligibility criteria as pos-
sible. We did not perform any adjustments to make the
patients comparable on a 1-1 individual basis, i.e. with pro-
pensity score matching, since this study did not have access
to the individual data from KN-407. If one wants to formally
assess the comparability between a control arm and that of
the EC from an RWD source, one should apply relevant stat-
istical methods to address any bias influence on the treat-
ment effect estimation.

In conclusion, even if the RW-cohorts have similar clinical
characteristics as those in the control arm of KN-407, we
did not end up with the same survival as in the published
study. As we have discussed, this might be due to reasons
other than that the registries are unfit for this purpose. We
have limited knowledge about the use of Norwegian health
data in this setting and this study highlights important fac-
tors to consider when moving forward in this field. The
comprehensiveness and full population coverage of the
CRN, linked to other nation-wide registries in Norway,
should attract the interest of the academic, regulatory, and
global pharmaceutical industry, to further evaluate whether
its RWD can be used for the purpose of creating external
comparator arms.
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