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Simple Summary: Knowledge on the real-world outcomes of patients with advanced melanoma
and the value of different endpoints for evaluating survival benefits is limited. We investigated
the outcomes and different surrogate endpoints for overall survival (OS) in 664 pembrolizumab-
treated patients with advanced melanoma in Germany. Our findings support the effectiveness of
pembrolizumab in real-world clinical practice. The real-world time to next treatment was most
strongly correlated with OS, suggesting it as a valuable surrogate endpoint to assess treatment
effectiveness. Real-world studies assessing time to next treatment could support clinical and payer
decision making.

Abstract: Knowledge on the real-world characteristics and outcomes of pembrolizumab-treated
advanced melanoma patients in Germany and on the value of different real-world endpoints as
surrogates for overall survival (OS) is limited. A sample of 664 pembrolizumab-treated patients with
advanced melanoma from the German registry ADOReg was used. We examined OS, real-world
progression-free survival (rwPFS), real-world time to next treatment (rwTtNT), and real-world time
on treatment (rwToT). Spearman’s rank and iterative multiple imputation (IMI)-based correlation
coefficients were computed between the OS and the rwPFS, rwTtNT, and rwToT and reported for the
first line of therapy and the overall sample. The median OS was 30.5 (95%CI 25.0–35.4) months, the
rwPFS was 3.9 months (95%CI 3.5–4.9), the rwTtNT was 10.7 months (95%CI 9.0–12.9), and the rwToT
was 6.2 months (95%CI 5.1–6.8). The rwTtNT showed the highest correlation with the OS based on
the IMI (rIMI = 0.83), Spearman rank correlations (rs = 0.74), followed by the rwToT (rIMI = 0.74 and
rs = 0.65) and rwPFS (rIMI = 0.69 and rs = 0.56). The estimates for the outcomes and correlations were
similar for the overall sample and those in first-line therapy. The median OS was higher compared to
recent real-world studies, supporting the effectiveness of pembrolizumab in regular clinical practice.
The rwTtNT may be a valuable OS surrogate, considering the highest correlation was observed with
the OS among the investigated real-world endpoints.

Keywords: advanced melanoma; surrogate endpoint; real-world evidence; overall survival (OS);
time to next treatment (rwTtNT); pembrolizumab

1. Introduction

The last decade has seen a revolution in the treatment of advanced (unresectable stage
III and stage IV) melanoma with the advent of immunotherapies [1]. Immune checkpoint in-
hibitors, such as the programmed cell death protein 1 (PD-1) inhibitors, pembrolizumab and
nivolumab, have improved the overall survival (OS) of patients with advanced melanoma
compared to common chemotherapy regimens [2–5]. PD-1 inhibitors showed higher re-
sponse rates and lower toxicity levels than ipilimumab [6] and are now considered a
standard of care for advanced melanoma patients in the first-line setting [7,8]. Randomized
clinical trials (RCTs) on pembrolizumab have yielded extensive evidence of its efficacy in
advanced melanoma [4,9,10]. RCTs have high internal validity but are conducted on highly
selected populations and tightly controlled care settings [11,12], making their generalizabil-
ity limited with respect to real-world populations [13]. Real-world data sources, such as
electronic health records (EHR) and claims databases, can provide additional meaningful
insights into the outcomes of representative and heterogeneous patient populations, which
contribute to a better understanding of the clinical benefits in real-world patients [14,15].
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Real-world evidence (RWE) on pembrolizumab in US samples has shown median
OS rates between 19.4 and 30 months [16–19] and a median real-world progression-free
survival (rwPFS) of 4.2 months [19]. Recent RWE data on pembrolizumab from Slovenia
showed a comparable median OS of 25.1 months, with a median rwPFS of 10.7 months [20].
Improvements in OS have been reported after the introduction of PD-1 inhibitors in Ger-
many [21]; however, detailed insights on real-world outcomes related to pembrolizumab
are still lacking.

Crucially, RWE is sourced from information collected for routine clinical practice.
Therefore, challenges in data completeness and frequency of assessments to capture clinical
endpoints may exist in real-world data. Research has shown that real-world effectiveness is
comparable to RCT-based treatment efficacy when OS is used as an endpoint [22]. Yet, there
can be gaps in real-world death data as EHRs and claims data do not routinely capture
death date or cause [23]. Moreover, the timing of progression and progression-free survival
may be difficult to assess precisely in the real-world setting because it can only be measured
at evaluations of clinical parameters, such as imaging, biomarkers, or patient-reported
outcomes, and these evaluations may occur at irregular intervals based on a range of
factors, for example, patient availability [24,25]. The unavailability of the precise date of
progression in structured EHRs and in tumor registries, the lack of consistent timing of
tumor assessments, along with subjective assessment, pseudo-progression, and a lack of
high-quality structured data are all potential limitations that may be encountered with
respect to measuring progression in real-world data sources. Due to these limitations, we
separately refer to real-world outcomes with the prefix “rw” to distinguish them from the
stringent outcomes measured in clinical trials. Because OS can be definitively assessed, the
real-world prefix is not applied.

Furthermore, rwPFS may not comprehensively reflect the outcomes with PD-1 in-
hibitors, where treatment beyond progression can be important for preserving tumor con-
trol and ensuring long-term efficacy [26,27]. For immunotherapies, such as pembrolizumab,
proxy measures such as real-world time to next treatment (rwTtNT) and real-world time
on treatment (rwToT) might, therefore, offer valuable alternative endpoints that can often
be derived with higher certainty. The rwTtNT captures the interval from the initiation of
a therapy to the commencement of the next line of therapy, thereby indicating the period
of therapeutic benefit. rwToT captures the time interval between the index date and the
date of the last dose of a therapy [28]. Evidence for the applicability of rwTtNT and rwToT
to evaluate the real-world efficacy of PD-1 inhibitors in advanced melanoma patients is
emerging [16]. However, more evidence for the associations between different surrogate
endpoints for treatment effectiveness and OS is needed [29], including a better understand-
ing of how time on treatment or treatment discontinuation rates correlate with OS [27].
It is, therefore, important that RWE studies systematically consider different real-world
endpoints and their correlations, as recently proposed by the Friends of Cancer Research
(FoCR) group [27].

ADOReg is the largest clinical registry in Germany in the field of dermatological
oncology. It is maintained by the German Working Group on Dermatological Oncology
(ADO), also known as the German Dermatologic Cooperative Oncology Group (DeCOG),
and IQVIA. It comprises high-quality data and is, therefore, well suited for a comparative
investigation of different real-world endpoints. The objectives of this study were to examine
real-world clinical outcomes and to evaluate the performance of rwPFS, rwToT, and rwTtNT
as surrogate endpoints of OS associated with pembrolizumab treatment in advanced
melanoma patients in the German ADOReg database.

2. Materials and Methods
2.1. Study Design and Data Source

This observational retrospective study used the data of eligible patients from the skin
cancer registry ADOReg of the German Dermatologic Cooperative Oncology Group [30].
The ADOReg platform was developed in 2014 and collects healthcare data on melanoma
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patients from 59 geographically diverse skin cancer centers or practice-based dermato-
oncologists certified by the German Cancer Society (DKG), 35 of which contributed to the
current study. Details on the treatment of dermatological oncology in everyday clinical
practice were recorded in an unidentifiable, pseudonymized form at the patient level. The
median lag time for clinical updates to the data was approximately 3 to 6 months. The
ADOReg registry was approved by the ethics committee of the University Duisburg-Essen
(14-5921-BO). Patient consent was obtained for inclusion in the registry, and institutional
review board (IRB) approval for the ADOReg database includes the use of data for re-
search purposes.

2.2. Study Population

The study included the data of adults aged ≥18 years with a confirmed diagnosis
of advanced melanoma and who received ≥1 dose of pembrolizumab at the index date.
The index date was defined as the date of pembrolizumab treatment initiation in a study
period between 1 August 2015 and 30 June 2019. The data cut-off date was September 2019.
Patients were excluded if they received pembrolizumab in a clinical trial, simultaneously
received any other systemic therapy, or were treated with pembrolizumab for an indication
other than advanced melanoma.

2.3. Study Variables

We included patient demographics (i.e., age, gender) and clinical characteristics (i.e.,
melanoma stage III or IV, Eastern Cooperative Oncology Group (ECOG) score, presence
of brain metastasis, lactate dehydrogenase (LDH) level, chronic steroid use, autoimmune
diseases, and BRAF status) at the index date to describe the study population. The time-
to-event endpoints that were computed for this study were the OS, rwPFS, rwTtNT, and
rwToT. Additional secondary endpoints, the real-world tumor response rate (rwTRR) and
the real-world tumor control rate (rwTCR), were also examined and are reported in the
Supplementary Materials. The definitions of the endpoints are presented in Table 1.

2.4. Statistical Analysis

The data were analyzed using the SAS v9.3 (SAS Institute Inc., Cary, NC, USA) and
R v3.3 software packages. The descriptive statistics calculated included the frequencies
and percentages of categorical variables, while the means, medians, standard deviations
(SD), and ranges of continuous variables were determined for the demographic and clinical
characteristics. The median follow-up times were estimated overall and by line of treatment
using the reverse Kaplan–Meier estimator [31].

The time-to-event endpoints (OS, rwPFS, rwTtNT, and rwToT) were examined using
the Kaplan–Meier (KM) method, and the OS and rwPFS rates at 6, 12, 18, and 24 months
of follow-up were estimated. The OS and rwPFS were estimated in patients with at least
6 months of follow-up post-index or a survival and/or progression event if less than
6 months of follow-up. In addition, for the rwTtNT estimated rates for “not on subsequent
treatment” are reported at 6, 12, 18, and 24 months. For rwToT, the restricted mean at 24,
30, and 36 months and estimates for being on treatment at 12, 24, 30, and 36 months of
follow-up are reported. For rwTRR and rwTCR, the percentage response is reported. We
report these endpoints for the overall sample in the main manuscript and separately by the
first, second, and third+ lines of therapy in the Supplementary Materials, Tables S2–S5 and
Figure S1a–c.

To investigate the relationship between the real-world endpoints, correlations of the
rwTtNT, rwPFS, and rwToT to the OS were assessed at the patient level by estimating the
Spearman rank correlation coefficients (0 = no association and 1 = perfect association) and
the corresponding 95% CIs [23]. Spearman rank correlations are frequently used but do
not take into account censoring, which can lead to biases in the estimated correlations.
We, therefore, additionally applied a copula-based approach with an iterative multiple
imputation method for the estimation of the correlation coefficients to account for censor-



Cancers 2022, 14, 1804 5 of 14

ing [32,33]. Correlations are reported for the overall sample and for the first line of therapy
only, as there were only slight differences in terms of outcomes by therapy line.

Table 1. Definition of real-world endpoints used in this study.

Endpoint Definition
Primary

Overall survival (OS) The time interval from index date to date of death.
Patients alive at the date of last contact were censored.

Real-world progression-free
survival (rwPFS)

The time interval from index date to physician-reported date of
progression, death date or start date of a new treatment due to
progression of disease (whichever came first). Patients without
a progression event or date of death were censored at the date
of last contact.

Real-world time to next
treatment (rwTtNT)

The time interval between index date and date of

(i) start date of a new treatment/regimen or
(ii) death.

Patients who did not initiate new treatment nor died were
censored at the date of last recorded encounter in the database.

Real-world time on treatment
(rwToT)

The time interval between index date and the date of last dose
of pembrolizumab within the same line of therapy (last dose
date minus first dose date +1 day) at or before decision to
discontinue * treatment or date of death if the patient died
during treatment.
Patients with ongoing pembrolizumab treatment or lost to
follow-up were censored at the date of last contact.

Secondary

Real-world tumor response
rate (rwTRR)

The proportion of patients with a complete response or partial
response based on real-world response assessments# relative to
all patients initiating treatment.
(The best therapy response using both the clinical assessments
in the medical record and the radiological assessment in the
staging findings are captured within the ADOReg database).

Real-world tumor control rate
(rwTCR)

The proportion of patients who had a complete response,
partial response, or stable disease based on real-world
response assessments †.
(The best therapy response using both the clinical assessments
in the medical record and the radiological assessment in the
staging findings are captured within the ADOReg database).

Note. * Complete discontinuation refers to a treatment discontinuation for at least 120 days or if subsequent
therapy line was initiated. † Complete response: complete resolution of all visible disease; partial response:
disease still present, with partial reduction in size of visible disease in some or all areas without any areas of
increase in visible disease; stable disease: no change in overall size of visible disease or mixed response.

3. Results
3.1. Patient Characteristics

Data were abstracted for 664 eligible patients (Table 2). The majority of patients
were male (59.9%), and more than 90% of all enrolled patients had stage IV melanoma,
assessed according to the 2018 (Eighth Edition) American Joint Committee on Cancer
(AJCC) Melanoma staging criteria [34]. The median patient age was 70 years (range
22 to 96), and ECOG scores of 0 and 1 were reported for 40.8% and 21.4% of patients,
respectively. Nearly a quarter (23.0%) of all included patients had a history of brain
metastases. Furthermore, 39.0% of the patients had elevated LDH levels, with 6.5% of
patients with LDH values greater than or equal to twice the upper limit of normal (ULN).
Of those with available data, only 3.2% were on long-term steroid treatment, and 0.9% of
patients had an autoimmune disease at the index date. A BRAF mutation was present in
32.4% of the patients. Sixty-four percent of the patients received pembrolizumab as the first
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line of therapy, 21.5% in the second line, and 18.1% in the third or higher lines of therapy.
Regarding treatment history, 35.7% of the patients in the second line and 47.5 of patients in
the third or higher lines were previously treated with BRAF/MEK inhibitors. Furthermore,
prior treatment with ipilimumab was observed in 44.1% of patients in the second line and
60.8% of patients in the third or higher lines (Supplementary Materials, Table S1). The
median (95% CI) follow-up time was 36.1 (33.5 to 38.3) months, 32.8 (29.4 to 38.3) months,
36.1 (32.8 to 40.2) months, and 46.4 (41.5 to 49.6) months, for overall, and the first, second,
and third or higher lines of therapy, respectively.

Table 2. Baseline characteristics of patients (N = 664) at the index date (initiation of pembroli-
zumab treatment).

Characteristic

Age (years)
Mean (SD) 67.4 (13.2)

Median (min–max) 70 (22–96)
Gender, n (%)

Male 398 (59.9)
Female 266 (40.1)

Stage (2018 AJCC Melanoma
Staging), n (%)

Stage III 62 (9.3)
Stage IV 602 (90.7)

Origin of primary melanoma, n (%)
Cutaneous 537 (80.9)

Mucosal 17 (2.6)
Ocular 30 (4.5)

Unknown primary 80 (12.0)
ECOG score, n (%)

0 271 (40.8)
1 142 (21.4)
2 30 (4.5)
3 7 (1.1)

Missing 214 (32.2)
Line of therapy, n (%)

1st 401 (60.4)
2nd 143 (21.5)
3rd+ 120 (18.1)

Brain metastasis, n (%)
Present 154 (23.2)
Absent 510 (76.8)

LDH level, n (%)
WNL 402 (60.5)

>1-2X ULN 216 (32.5)
>2X ULN 43 (6.5)
Missing 3 (0.5)

Chronic Steroid use, n (%)
Yes 21 (3.2)

History of autoimmune disease
at index, n (%)

Yes 6 (0.9)
BRAF status, n (%)
Wildtype (negative) 360 (54.2)

Positive 215 (32.4)
Missing/Unknown 89 (13.4)

Note. AJCC: American Joint Committee on Cancer; ECOG: Eastern Cooperative Oncology Group; LDH: lactate
dehydrogenase; SD: standard deviation; ULN: upper limit of normal; WNL: within normal limit.
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3.2. Clinical Outcomes

The median (95% CI) OS for the overall sample was 30.5 (25.0 to 35.4) months, and the
estimated probabilities of survival at 6, 12, 18, and 24 months after treatment initiation were
84.3%, 71.0%, 62.2%, and 55.4%, respectively (Supplementary Materials Figure S1a and
Table S2). The median (95% CI) rwPFS for all included patients was 3.9 (3.5 to 4.9) months
from the date of initiation of pembrolizumab. The estimated probability of remaining
progression-free at 6, 12, 18, and 24 months was 42.8%, 30.7%, 24.5%, and 22.5%, respectively
(Supplementary Materials, Figure S1b and Table S2). The median rwTtNT was 10.7 months
(95% CI, 9.0 to 12.9) for the overall study population treated with pembrolizumab. The
estimates for rates of not on subsequent treatment were 65.5%, 47.6%, 37.5%, and 33.8% at
6, 12, 18, and 24 months (Supplementary Materials, Figure S1c and Table S3). For OS, the
rwPFS and rwTtNT outcomes were comparable for patients in the first and third+ therapy
lines and slightly shorter in the second line compared to the first and third+ lines (e.g., first,
third+, and second therapy line OS medians were 30.9, 33.5 and 26.5 months, respectively).

Across the entire study population, the median rwToT was 6.2 months (95% CI,
5.1 to 6.8) (Supplementary Materials, Figure S1d and Table S4), and the 2-year restricted
mean rwToT was 9.3 months. The estimates for the restricted mean rwToT at 30 and 36 months
were 9.9 and 10.4 months, respectively. The estimates for the restricted mean rwToT
by line of therapy at 24 to 36 months ranged from 9.4 to 10.5 months for the first line,
8.2 to 9.2 months for the second line, and 10.2 to 11.5 months for the third+ lines of therapy.

The results for the secondary clinical endpoints of rwTRR and rwTCR are presented
in the Supplementary Materials, Table S5. For the overall study population, the rwTRR
(95% CI) was 24.4% (21.1 to 27.7), with 24.9% (20.7 to 29.2), 21.0% (14.3 to 27.7), and 26.7%
(18.8 to 34.6) for the first, second and third+ lines of therapy, respectively. The rwTCR
(95% CI) was 40.2% (36.5 to 43.9) for the overall study population and 43.4% (38.5 to 48.2),
35.0% (27.1 to 42.8), and 35.8% (27.3 to 44.4) for those in the first, second and third+ lines of
therapy, respectively.

3.3. Correlations among Real-World Endpoints
3.3.1. Spearman’s Rank Correlations

All real-world endpoints (rwTtNT, rwToT, rwPFS) showed significant correlations
with the OS in the complete study population and the first line of therapy. Across the entire
sample, the highest correlation (95% CI) with OS was present for rwTtNT (0.74 (0.70 to 0.78))
followed by rwToT (0.65 (0.61 to 0.70)). The rwPFS showed the lowest correlation with
the OS (0.56 (0.50 to 0.61)) (Supplementary Materials, Figure S2a–c). Correlations were
marginally lower for the first line of therapy (Supplementary Materials, Figure S3a–c)
compared to the overall sample (see Table 3).

Table 3. Correlations among real-world outcome endpoints.

Comparison Spearman’s Rank Correlation (95% CI) IMI Correlation (95% CI)

Overall 1st Line Overall 1st Line

OS vs. rwPFS 0.56 (0.50, 0.61) 0.52 (0.44, 0.59) 0.69 (0.62, 0.74) 0.68 (0.59, 0.74)
OS vs. rwTtNT 0.74 (0.70, 0.78) 0.70 (0.65, 0.75) 0.83 (0.79, 0.86) 0.83 (0.77, 0.87)
OS vs. rwToT 0.65 (0.61, 0.70) 0.62 (0.55, 0.68) 0.74 (0.69, 0.79) 0.75 (0.68, 0.80)

Note. IMI: iterative multiple imputation; CI: confidence interval; OS: real-world overall survival; rwPFS: real-
world progression; rwToT: real-world time on treatment; rwTtNT: real-world time to next treatment.

3.3.2. Iterative Multiple Imputation (IMI) Correlation

All real-world endpoints (rwPFS, rwTtNT, rwToT) showed higher IMI correlations
with the OS compared to those derived with the Spearman rank method. The highest
correlation with OS emerged for rwTtNT (0.83 (0.79 to 0.86)), followed by rwToT (0.74
(0.69 to 0.79)), and rwPFS with the lowest correlation (0.69 (0.62 to 0.74)) (see Figures 1–3).
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Correlations were only slightly lower for patients in the first line of therapy than for the
overall sample (see Table 3).
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first-line pembrolizumab.

Correlations between the OS and the rwPFS, rwTtNT, and rwToT for both methods in
the overall study population and for patients who received pembrolizumab as first-line of
therapy, along with their 95% CIs, are reported in Table 3.
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4. Discussion

This study reported real-world clinical outcomes for advanced melanoma patients
receiving pembrolizumab treatment and examined the associations between the OS and the
rwPFS, rwTtNT, and rwToT in advanced melanoma patients treated with pembrolizumab
in Germany to evaluate the outcomes and different surrogate endpoints for OS in real-
world clinical practice. The median survival was 30.5 months for the overall patient sample.
Consistently, the highest correlations were found between the OS and rwTtNT using both
the IMI and Spearman rank-based methods, suggesting that rwTtNT may be a useful
surrogate endpoint.

4.1. Clinical Outcomes

The median OS (30.5 months) and 2-year survival rate (55.4%) were found to be
higher in this study compared to previous reports of the median OS, ranging from
19.4 to 30 months [16,18,20], and the 2-year survival rates (48% and 44%) reported by oth-
ers [16,18]. A lower proportion of patients with a poor ECOG score in the present study
may explain these differences from RWE studies with poorer OS outcomes. However,
when compared to RCTs, the median OS in the present study is substantially shorter [10].
The more advanced illness of patients in our real-world sample (e.g., ECOG score >1,
prevalence of brain metastases), some of whom would have been excluded from RCTs,
could explain this difference. Moreover, the RWE sample was substantially older than the
sample included in the RCT (median age 70 vs. 61).

The median rwPFS in the current study is comparable to the median rwPFS (3.9 vs.
4.2 months) reported by a recent US RWE study [18]. In addition, the result for the rwTtNT
in the current study is similar to what has recently been reported for advanced melanoma
of cutaneous origin patients in a US sample (10.7 vs. 11.2 months) [16]. The median rwToT
of 6.2 months (2-year restricted mean rwToT of 9.3 months) in the current study is slightly
longer than the previously reported rwToT by others (median rwToT of 4.9 months, 2-year
restricted mean treatment duration of 8.0 months) [16].

The clinical outcomes identified in this sample appear to be similar among lines of
therapy, which may be due to the relatively short length of follow-up in some patients. An
update of the clinical outcomes will be completed in a larger sample with longer follow-up
in the near future.
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4.2. Evaluation of Relationships among Real-World Outcome Endpoints

In real-world practice, capturing outcomes such as OS and rwPFS can be challenging
due to, for example, recording mechanisms or treatment that continues beyond progression
to preserve tumor control. For the purpose of this study, we have, therefore, evaluated the
correlation between different possible surrogate endpoints and the OS in alignment with
the FoCR group’s framework to evaluate real-world endpoints [27]. The FoCR framework
used Spearman’s rank correlation coefficient, which is among the most often used statis-
tical methods in medical research. However, it ignores censoring, thus leading to biased
estimates, particularly if censoring is prevalent. We, therefore, additionally used the IMI
method, which iteratively augments normal deviates related to censored times [32,33]. We
found high correlations between all the investigated surrogate endpoints and OS. Correla-
tions were higher with the copula-based IMI than the more widely used Spearman rank
method, indicating that accounting for censoring using the IMI-based method may affect
correlation estimates. The rwTtNT had a higher correlation with OS (rIMI = 0.83) than the
rwPFS (rIMI = 0.69) and rwToT (rIMI = 0.74). The magnitude of the correlations differed
only slightly by line of therapy. The findings suggest that rwTtNT as defined (initiation of
next line of therapy or death) in this study is a reliable reflection of OS and clinical benefit
in this setting, supporting its application as a clinically meaningful surrogate endpoint.
Using the rwTtNT as the endpoint has additional advantages. It can be estimated with
shorter follow-up than OS and avoids challenges associated with pin-pointing the exact
date of progression. It also offers an assessment of the duration of therapeutic benefit as
well as a better reflection of the patients’ treatment experiences than more conventional
endpoints, such as rwPFS [28].

4.3. Strengths and Limitations of the Study

Our study also provides novel insights into the surrogate endpoints for OS and
the outcomes observed in pembrolizumab-treated patients with advanced melanoma in
Germany. We used a copula-based approach that accounts for censoring, thus yielding more
robust results than the more widely used Spearman rank correlations. The well-maintained
ADOReg database allowed for the inclusion of a large sample of a heterogeneous patient
population. Patients with a poor ECOG score (>1), primary melanoma of other than
cutaneous origin, and co-morbidities, who are generally excluded or under-represented
in RCTs, were included in this study, making it possible to present a more comprehensive
picture of real-world clinical outcomes. Most patients were male and elderly and had an
ECOG score between 0 and 1. Almost one-third of all evaluated melanomas were positive
for a BRAF mutation. The demographic and clinical characteristics of patients in this study
are in line with earlier published real-world advanced melanoma studies [16,18,19].

While novel and important, this study’s findings need to be interpreted in light of
several important methodological considerations. First, while the ADOReg database is
the largest and most complete melanoma registry in Germany, the data for this observa-
tional retrospective study was not primarily recorded for research purposes but based on
physician reports from clinical practice. As a result, the dataset was not always complete,
with missing data on real-world outcomes for some individuals (e.g., ~9% for OS and ~6%
for rwPFS). Second, the generalizability of the results beyond Germany and those being
treated with immunotherapy may be limited due to differing prescribing practices, ap-
proaches to routine treatment, and treatment effects. Additional prospective investigations
of pembrolizumab and advanced melanoma real-world outcomes are, therefore, needed to
corroborate and extend our findings.

5. Conclusions

Our study yielded important new insights into the outcomes of patients with advanced
melanoma and surrogate endpoints for OS for real-world studies. Our findings support
the effectiveness of pembrolizumab in patients with advanced melanoma and that all
investigated real-world endpoints are suitable surrogates for OS. However, rwTtNT had
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the highest correlation with OS information, suggesting it as the most reliable indicator of
OS among the investigated endpoints.
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treated with pembrolizumab by line of therapy; Figure S2: Scatter plots depicting correlations
between rwOS and rwPFS (a), rwOS and rwTtNT (b), and rwOS and rwToT (c) of patients with
advanced melanoma treated with pembrolizumab, irrespective of therapy line; Figure S3: Scatter
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rwToT (c) of patients with advanced melanoma treated with first-line pembrolizumab. Table S1:
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