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Simple Summary: Immunotherapy has strongly improved outcomes of patients with metastatic
melanoma in recent years, but previous studies have shown that survival of older patients often lacks
behind. In this study, we investigated treatment prescription of immunotherapy over time in relation
to age and survival. We showed that overall survival has improved in patients with synchronous
metastasised melanoma aged <75 years, but not in patients aged 75 years or older. This might be
explained by lower prescription rates of immunotherapy in this age group.

Abstract: Around 45% of patients with melanoma are older than 65 years. In recent years, im-
munotherapy has proven very effective for metastasised melanoma. The aim of this study was to
investigate the time trends in treatment strategies and survival in older versus younger patients with
synchronous metastasised melanoma. We included all patients diagnosed between 2000 and 2019
from the Netherlands cancer registry. We analysed changes in first-line systemic treatment using
multivariable logistic regression models, stratified by age (<65, 65–75, and ≥75). Changes in overall
survival were studied using multivariable Cox regression analysis. A total of 2967 patients were
included. Immunotherapy prescription increased significantly over time for all age groups (<65 years:
11.8% to 64.9%, p < 0.001; 65–75 years: 0% to 68.6%, p < 0.001; >75 years: 0% to 39.5%, p < 0.001). In
multivariable analyses, overall survival improved for patients aged <65 and 65–75 (HR 0.96, 95% CI
0.92–1.00 and HR 0.95, 95% CI 0.89–1.00, respectively), but not in patients over 75 (HR 0.98, 95% CI
0.91–1.05). In conclusion, overall survival has improved in patients with synchronous metastasised
melanoma aged <75 years, but not in patients aged 75 years or older. This might be explained by
lower prescription rates of immunotherapy in this age group.

Keywords: melanoma; older adults; geriatric oncology; immunotherapy; survival

1. Introduction

In recent years, the incidence of melanoma has strongly increased in the Nether-
lands [1]. Due to the ageing of Western populations, the number of older adults with
melanoma will continue to rise. Currently, around 45% of patients with melanoma are
aged 65 years or older at diagnosis. Older patients comprise a heterogeneous group due to
differences in concomitant diseases and ageing-related factors such as reduced physical
functioning, cognitive status and social support system [2–4]. These factors may decrease
treatment tolerability, thereby complicating oncological treatments [5].
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The survival of patients with metastasised melanoma has dramatically improved in
the past decade thanks to new treatments that have become available, including targeted
treatments (especially BRAF/MEK inhibitors) and immunotherapy via checkpoint inhibi-
tion [6,7]. A recent Young SIOG review showed that trials that investigated these treatments
did not find any differences in efficacy nor toxicity outcomes in older patients compared to
younger patients [8]. However, there were relatively few older patients included in these
trials, and the trial populations were generally highly selected with few comorbidities and
a good performance status [8–10]. Therefore, it remains unclear if these outcomes can be
extrapolated to the general older population, with frequent disabilities or concomitant
diseases that make them less fit than the populations that were included in the pivotal trials.

The aim of this nationwide registry study was to assess how treatment strategies of
patients with synchronous metastasised melanoma have changed in the past two decades in
older compared to younger patients, and to evaluate changes over time in overall survival
for age groups, using population-based data from the Netherlands Cancer Registry.

2. Materials and Methods

For this study, we used data from the Netherlands Cancer Registry. This registry
includes data of all patients in the Netherlands who are diagnosed with cancer, through
notification of the national pathology database (PALGA). The national hospital discharge
databank, which receives discharge diagnoses of admitted patients from all Netherlands
hospitals, completes case ascertainment. Survival status is retrieved by linkage with the
municipal population registries and was complete up to December 2019. The study was
approved by the review board of the Netherlands Cancer Registry.

Importantly, the Netherlands Cancer Registry only includes information on the pri-
mary tumour presentation, which means that patients with metastases after a primary
localised melanoma are not registered. Therefore, in the current study, we included patients
with synchronous metastasised melanoma.

All patients who were diagnosed with synchronous metastasised melanoma between
2000 and 2019 were included (with any N and T stage). Patients were divided into three
age groups (<65, 65–75 and ≥75 years) in order to provide information on the different
groups of older adults compared to younger patients. This classification based on age was
used in several previous publications as well [11–13]. Baseline variables that were available
included gender, primary tumour localisation (if known), the number of metastatic sites at
presentation, the localisation of metastases, the BRAF mutation of the tumour (registered
from 2018 onwards), the number of positive lymph nodes, and the Breslow Thickness of
the primary tumour.

The treatment information in the Netherlands Cancer Registry was categorised into
receiving treatment registered as a yes/no variable, meaning that there is no detailed
information on the types of treatment available for this study. In addition, only the first-
line treatment is registered. The following treatments were registered: surgical treatment,
radiotherapy, chemotherapy, immunotherapy, and targeted therapy.

Statistical Analyses

First, we used descriptive statistics (using Chi-Square tests) to describe differences in
the baseline characteristics between the three age groups. For variables that included some
small subgroups (including primary tumour, the number of metastases, and the number
of positive lymph nodes), we performed Fisher exact tests instead of Chi-Square as this is
more reliable for these analyses. Second, we depicted changes in the (first-line) treatments
per age group over time in graphs and assessed these changes statistically using logistic
regression models with the treatment of interest as the outcome, and the year of inclusion
as the independent variable. Next, we calculated the overall survival per age group using
life tables calculated by the Kaplan–Meier Method. Overall, survival was censored at 1 year
in order to account for possible bias that could be the cause of a shorter follow-up in most
recent years. Overall survival was depicted in Figure 2. We tested the changes in overall
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survival over time using Cox Regression Models. Analyses were additionally adjusted for
baseline tumour characteristics, including sex, the number of metastases, the number of
positive lymph nodes, and the Breslow thickness.

Finally, as sensitivity analyses, we tested whether there was an age-specific effect by
adding gender as a covariate in the above-mentioned overall survival analyses.

3. Results
3.1. Patient Characteristics

Overall, 2967 patients were included. Baseline characteristics are presented in Table 1.
The majority of patients were male, especially patients aged 65–74 (60.1% of patients
aged <65, 66.0% of patients aged 65–74 and 57.4% of patients aged 75 years or older,
p < 0.001). In the majority of cases, the location of the primary tumour was not specified
(70.7% of patients <65, 68.0% of patients aged 65–74 and 64.8% of patients aged 75 years or
older, p < 0.001).

Table 1. Patient, tumour, and treatment characteristics by age (<65 vs. 65–74 vs. ≥75).

Patient Characteristics

<65 65–74 ≥75 p-value

n (%) n (%) n (%)

Gender
Male 871 (60.2) 458 (66.0) 330 (56.7) 0.002

Female 575 (39.8) 236 (34.0) 252 (43.3)
Year of inclusion

2000–2004 307 (21.2) 113 (16.3) 120 (20.6) <0.001
2005–2009 475 (32.8) 177 (25.5) 143 (24.6)
2010–2014 319 (22.1) 173 (24.9) 138 (23.7)
2015–2018 345 (23.9) 231 (33.3) 181 (31.1)

Primary tumour
Skin: head 56 (3.9) 36 (5.2) 53 (9.1) <0.001
Skin: trunk 190 (13.1) 95 (13.7) 60 (10.3)

Skin: extremities 150 (10.4) 80 (11.5) 86 (14.8)
Skin: overlay 8 (0.6) 5 (0.7) 0 0

Skin: not specified 9 (0.6) 2 (0.3) 3 (0.5)
Female genitals 7 (0.5) 7 (1.0) 7 (1.2)
Male genitals 0 0 0 0 4 (0.7)

Unknown 1026 (71.0) 469 (67.6) 369 (63.4)
Number of metastases

1 422 (29.2) 184 (26.5) 212 (36.4) <0.001
2 297 (20.5) 176 (25.4) 137 (23.5)
3 386 (26.7) 179 (25.8) 104 (17.9)
4 52 (3.6) 38 (5.5) 21 (3.6)
5 42 (2.9) 18 (2.6) 9 (1.5)
6 29 (2.0) 8 (1.2) 6 (1.0)
7 5 (0.3) 11 (1.6) 6 (1.0)
8 6 (0.4) 4 (0.6) 0 0
9 2 (0.1) 2 (0.3) 0 0

10 1 (0.1) 0 0 0 0
11 0 0 1 (0.1) 0 0

Unknown 204 (14.1) 73 (10.5) 87 (14.9)
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Table 1. Cont.

Patient Characteristics

<65 65–74 ≥75 p-value

BRAF mutation *
Yes 51 (3.5) 22 (3.2) 14 (2.4) <0.001
No 21 (1.5) 31 (4.5) 26 (4.5)

Unknown 1374 (95.0) 641 (92.4) 542 (93.1)
Positive lymph nodes **

0 126 (8.7) 69 (9.9) 56 (9.6) 0.314
1 to 5 166 (11.5) 94 (13.5) 65 (11.2)
6 to 10 14 (1.0) 7 (1.0) 4 (0.7)

11 to 25 10 (0.7) 7 (1.0) 0 0
>25 12 (0.8) 2 (0.3) 4 (0.7)

Unknown 1118 (77.3) 515 (74.2) 453 (77.8)
Breslow thickness **

<1 38 (2.6) 22 (3.2) 18 (3.1) 0.001
1–2 49 (3.4) 24 (3.5) 10 (1.7)
2–4 61 (4.2) 28 (4.0) 16 (2.7)
>4 116 (8.0) 84 (12.1) 83 (14.3)

Unknown 1182 (81.7) 536 (77.2) 455 (78.2)
Immunotherapy

Yes 209 (14.5) 110 (15.9) 51 (8.8) <0.001
No 1237 (85.5) 584 (84.1) 531 (91.2)

Targeted therapy
Yes 166 (11.5) 76 (11.0) 28 (4.8) <0.001
No 1280 (88.5) 618 (89.0) 554 (95.2)

Chemotherapy
Yes 278 (19.2) 66 (9.5) 23 (4.0) <0.001
No 1168 (80.8) 628 (90.5) 559 (96.0)

Surgery
Yes 732 (50.6) 319 (46.0) 252 (43.3) 0.006
No 714 (49.4) 375 (54.0) 330 (56.7)

Radiotherapy
Yes 456 (31.5) 182 (26.2) 139 (23.9) 0.001
No 990 (68.5) 512 (73.8) 443 (76.1)

* BRAF mutation in patients diagnosed in 2018/2019. ** Patients with a known primary tumour.

3.2. Changes in Treatments over Time

Changes in treatment strategies that were given in the first line are depicted in Figure 1
and Supplemental Tables S1 and S2.
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Figure 1. Treatment strategies over time.

Immunotherapy was increasingly prescribed in all age groups, but patients aged ≥75
received immunotherapy as first-line treatment less frequently than the two younger age
groups (patients <65: increase from 11.8% in 2000 to 64.9% in 2019, 65–74: increase from
0% in 2000 to 68.6% in 2019 and ≥75: increase of 0% in 2000 to 39.5% in 2019, p < 0.001
in all age-groups). Similarly, targeted therapy was increasingly prescribed as first-line
treatment in all age-groups, but the largest increase was observed in the youngest patients
(patients <65: increase from 0% in 2000 to 34% in 2019, p < 0.001, 65–74 years: change from
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0% in 2000 to 25.4% in 2018 and 7.1% in 2019, p < 0.001, and patients ≥75 increase from 0%
in 2000 to 11.8% in 2019, p < 0.001).

Chemotherapy prescription as first-line treatment strongly decreased in all age-groups
(patients <65: decrease from 29.8% in 2001 to 0% in 2019, p < 0.001, 65–74: decrease from
11.5% in 2001 to 0% in 2019, p < 0.001 and ≥75: decrease from 13.6% in 2001 to 0% in 2018
and 1.3% in 2019, p = 0.028).

3.3. Survival Outcomes per Age-Group

Overall survival improved significantly over time in patients <65 years (HR 0.97,
95% C.I. 0.97–0.98, p < 0.001 unadjusted, and HR 0.96, 95% 0.92–1.00, p = 0.029, Table 2
and Figure 2). In patients aged 65–74, survival did improve (HR 0.97, 95% C.I. 0.96–0.98,
p < 0.001 unadjusted, and HR 0.95, 95% 0.89–1.00, p = 0.046). In patients aged 75 years or
older, overall survival did not improve during the evaluated time period (HR 0.99, 95% C.I.
0.98–1.00, p = 0.073 unadjusted, and HR 0.98, 95% C.I. 0.91–1.05, p = 0.556).

Table 2. Overall survival by age (<65 vs. 65–74 vs. ≥75). Adjusted analyses were adjusted for gender,
tumour location, number of metastases, number of positive lymph nodes, and Breslow thickness.

HR 95% CI p-value

<65
year of inclusion 0.98 0.97–0.99 <0.001

adjusted for baseline
characteristics 0.95 0.91–0.99 0.015

65–74
year of inclusion 0.98 0.96–0.99 0.003

adjusted for baseline
characteristics 0.96 0.90–1.01 0.112

>75
year of inclusion 1.00 0.99–1.02 0.876

adjusted for baseline
characteristics 0.96 0.89–1.04 0.301
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There was no age-specific effect on overall survival (HR 1.19, 95% C.I. 0.90–1.57,
p = 0.219 for female versus male patients).

4. Discussion

This study showed that the survival of older patients (≥75) with synchronous metas-
tasised melanoma has not improved between 2000 and 2019 in contrast to younger patients
and an increased prescription of targeted treatments and immunotherapy.

These findings may be explained by several reasons. First, our data show that a
smaller proportion of older patients receive immunotherapy or targeted therapy as first-
line treatment compared to younger patients. This may suggest the undertreatment of
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older adults with metastasised melanoma. However, we did not have data on treatments
that were given after the first line, meaning that we were not able to assess differences in
treatment strategies in more detail.

Second, it is possible that ageing-related deficits (such as poor physical function,
malnutrition, comorbidity, and cognitive impairments) may have a stronger effect on
survival outcomes than melanoma. It is well-known that the risk of dying from other
causes than cancer increases with age [14], although the proportion of so-called competing
mortality is not very high in patients with metastasised melanoma with a high cancer-
related mortality rate.

Another explanation for the differences in survival gains between age groups might
be that ageing-related deficits may increase the risk of treatment toxicity, which may have
resulted in early treatment withdrawal in the frailest patients. Again, we were not able to
test these hypotheses in our data. Several previous observational studies showed that the
incidence of severe adverse events (grade III or higher) seems to be comparable to younger
patients [15–17], but a recent French study did show that older patients had more grade
II adverse events, which led more often to treatment discontinuations [18]. However, in
contrast with chemotherapy, it is possible that patients who discontinue treatment early
still derive a similar response, as immunotherapy may have an ongoing “on-effect” of the
immune system in which its efficacy is not directly related to dosage.

Furthermore, our patient population was different than in previous studies, as we
were only able to include patients with synchronous metastasised melanoma. According
to the Dutch Melanoma Treatment Registry (DMTR) in which all patients with melanoma
who were treated in melanoma treatment centres were included, 28.5% of all patients with
metastasised melanoma present with synchronous metastasised disease. Based on data
from the DMTR, patients with synchronous metastases do not have a different prognosis
compared to patients with metastases during follow-up [11]. Additionally, we would still
expect that immunotherapy and BRAF/MEK inhibition should have improved outcomes
for these patients as well, which we did not observe in our data.

So far, there is no evidence for a different chance of treatment response in older patients
compared to younger patients. Some data even suggest that older patients may have a
larger chance of responding to immunotherapy with checkpoint inhibitors, but this has yet
to be confirmed [19]. Therefore, we believe that the combination of ageing-related factors
and possible undertreatment may have resulted in the lack of survival improvement in the
oldest age groups.

Interestingly, our study showed that a high percentage of patients received surgi-
cal treatment, although this strongly decreased in all age groups. This was most likely
explained by a group of patients who were initially locally treated for a skin melanoma,
who had positive sentinel lymph nodes and received additional staging postoperatively
in which distant metastases were identified (hence defined as synchronous metastasised
disease despite the initial “curative” intent of the treatment). In addition, around 30%
received radiotherapy, most likely with palliative intent.

These data are, to our knowledge, the first to compare changes over time in the survival
outcomes of younger and older patients with synchronous metastasised melanoma [20].
Compared with previous pivotal immunotherapy trials [20], our data show that the benefits
of immunotherapy in a real-world population were limited. These trials obviously only
included patients who were selected for treatment and who were “fit” enough to travel to
specialised melanoma treatment centres, while our real-life data show that for the general
(or not selected) older population, survival did not improve. Furthermore, patients who
were included in these trials all had an ECOG performance status of 0 or 1, meaning that
they were likely much “fitter” than patients in real life, which may explain the poorer
outcome of our study population [8].

In order to further investigate the outcomes of older adults with metastasised melanoma,
it is important to study predictors of outcome using geriatric assessment data. We are cur-
rently establishing a prospective cohort of older adults with metastasised melanoma who
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are treated with immunotherapy, in which all patients undergo a geriatric assessment at
baseline, and in which we will not only study disease-related endpoints but also investigate
the quality of life and physical functioning after diagnosis.

The main strength of our study is the fact that the data were derived from the Nether-
lands Cancer Registry, meaning that all consecutive patients with synchronous metastasised
melanoma in the Netherlands were included, and the data were well-registered by trained
personnel. Our study has some important limitations. First, we were only able to include
patients with synchronous metastasised disease. Second, treatment data were limited to
yes/no variables, and only first-line treatments were available in the registry. However,
despite the fact that we are not able to show detailed changes in all lines of treatment, the
lack of improvement in survival still indicates that the oldest patients have not benefited
from therapy improvements in general. Additionally, there was quite a large proportion of
missing data on some of the baseline characteristics (such as Breslow thickness or BRAF
status), partly explained because the primary tumour was unknown, and BRAF status was
registered only after 2017. Finally, we did not have information on comorbidity or geriatric
assessment parameters, nor was the cause of death available.

5. Conclusions

In conclusion, overall survival has improved in patients with synchronous metas-
tasised melanoma aged <65 years and 65–75 years, but not in patients aged 75 years or
older. This might be explained by factors associated with ageing such as frailty or by lower
prescription rates of immunotherapy and targeted therapy in this age group. More research
is needed to find suitable treatment strategies and tools for optimal treatment selection for
the oldest patients.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers14194904/s1, Table S1: numbers of patients treated with
immunotherapy; Table S2: numbers of patients treated with targeted therapy.

Author Contributions: Conceptualisation, N.A.d.G. and J.E.A.P.; methodology, N.A.d.G., D.v.d.Z.,
M.G.M.D. and E.B.; formal analysis, D.v.d.Z., M.G.M.D. and N.A.d.G.; investigation, D.v.d.Z.,
N.A.d.G., J.E.A.P. and M.L.; writing—original draft preparation, D.v.d.Z. and N.A.d.G.; writing—
review and editing, D.v.d.Z., M.G.M.D., E.K., E.B., M.L., F.v.d.B., S.P.M., J.E.A.P. and N.A.d.G.; visual-
ization, D.v.d.Z.; supervision, J.E.A.P., E.K. and N.A.d.G.; project administration, D.v.d.Z.; funding
acquisition, N.A.d.G. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by a personal grant of the last author by the Dutch Research
Council (NWO-ZonMW 2019, grant number 09150161810003).

Institutional Review Board Statement: The study was approved by the scientific committee of the
Netherlands Cancer Registry (K19.268, 11 December 2019).

Informed Consent Statement: Not applicable as this is a registry study.

Data Availability Statement: Data were provided by the Netherlands Cancer Registry: www.
cijfersoverkanker.n (accessed on 22 December 2021).

Acknowledgments: The authors would like to thank the Netherlands Cancer Registry.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Kankerregistratie, N. Cijfers over Kanker. Available online: www.cijfersoverkanker.nl (accessed on 2 August 2017).
2. Kenis, C.; Bron, D.; Libert, Y.; Decoster, L.; Van Puyvelde, K.; Scalliet, P.; Cornette, P.; Pepersack, T.; Luce, S.; Langenaeken, C.; et al.

Relevance of a systematic geriatric screening and assessment in older patients with cancer: Results of a prospective multicentric
study. Ann. Oncol. 2013, 24, 1306–1312. [CrossRef] [PubMed]

3. Li, D.; de Glas, N.A.; Hurria, A. Cancer and Aging: General Principles, Biology, and Geriatric Assessment. Clin. Geriatr. Med.
2016, 32, 1–15. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/cancers14194904/s1
https://www.mdpi.com/article/10.3390/cancers14194904/s1
www.cijfersoverkanker.n
www.cijfersoverkanker.n
www.cijfersoverkanker.nl
http://doi.org/10.1093/annonc/mds619
http://www.ncbi.nlm.nih.gov/pubmed/23293115
http://doi.org/10.1016/j.cger.2015.08.003
http://www.ncbi.nlm.nih.gov/pubmed/26614857


Cancers 2022, 14, 4904 9 of 9

4. Loh, K.P.; Soto-Perez-de-Celis, E.; Hsu, T.; de Glas, N.A.; Battisti, N.M.L.; Baldini, C.; Rodrigues, M.; Lichtman, S.M.; Wildiers, H.
What Every Oncologist Should Know About Geriatric Assessment for Older Patients With Cancer: Young International Society of
Geriatric Oncology Position Paper. J. Oncol. Pract. 2018, 14, 85–94. [CrossRef]

5. Wildiers, H.; Heeren, P.; Puts, M.; Topinkova, E.; Janssen-Heijnen, M.L.; Extermann, M.; Falandry, C.; Artz, A.; Brain, E.; Colloca,
G.; et al. International Society of Geriatric Oncology consensus on geriatric assessment in older patients with cancer. J. Clin. Oncol.
2014, 32, 2595–2603. [CrossRef]

6. Chapman, P.B.; Robert, C.; Larkin, J.; Haanen, J.B.; Ribas, A.; Hogg, D.; Hamid, O.; Ascierto, P.A.; Testori, A.; Lorigan, P.C.; et al.
Vemurafenib in patients with BRAFV600 mutation-positive metastatic melanoma: Final overall survival results of the randomized
BRIM-3 study. Ann. Oncol. 2017, 28, 2581–2587. [CrossRef] [PubMed]

7. Schachter, J.; Ribas, A.; Long, G.V.; Arance, A.; Grob, J.-J.; Mortier, L.; Daud, A.; Carlino, M.S.; McNeil, C.; Lotem, M.; et al.
Pembrolizumab versus ipilimumab for advanced melanoma: Final overall survival results of a multicentre, randomised, open-
label phase 3 study (KEYNOTE-006). Lancet 2017, 390, 1853–1862. [CrossRef]

8. Bastiaannet, E.; Battisti, N.; Loh, K.P.; de Glas, N.; Soto-Perez-de-Celis, E.; Baldini, C.; Kapiteijn, E.; Lichtman, S. Immunotherapy
and targeted therapies in older patients with advanced melanoma; Young International Society of Geriatric Oncology review
paper. J. Geriatr. Oncol. 2018, 10, 389–397. [CrossRef] [PubMed]

9. Donia, M.; Kimper-Karl, M.L.; Hoyer, K.L.; Bastholt, L.; Schmidt, H.; Svane, I.M. The majority of patients with metastatic
melanoma are not represented in pivotal phase III immunotherapy trials. Eur. J. Cancer 2017, 74, 89–95. [CrossRef] [PubMed]

10. Elias, R.; Karantanos, T.; Sira, E.; Hartshorn, K.L. Immunotherapy comes of age: Immune aging & checkpoint inhibitors. J. Geriatr.
Oncol. 2017, 8, 229–235. [CrossRef]

11. de Glas, N.A.; Bastiaannet, E.; van den Bos, F.; Mooijaart, S.P.; van der Veldt, A.A.M.; Suijkerbuijk, K.P.M.; Aarts, M.J.B.; van den
Berkmortel, F.W.P.J.; Blank, C.U.; Boers-Sonderen, M.J.; et al. Toxicity, Response and Survival in Older Patients with Metastatic
Melanoma Treated with Checkpoint Inhibitors. Cancers 2021, 13, 2826. [CrossRef]

12. Jochems, A.; Bastiaannet, E.; Aarts, M.J.B.; van Akkooi, A.C.J.; van den Berkmortel, F.; Boers-Sonderen, M.J.; van den Eertwegh,
A.J.M.; de Glas, N.G.; de Groot, J.W.B.; Haanen, J.; et al. Outcomes for systemic therapy in older patients with metastatic
melanoma: Results from the Dutch Melanoma Treatment Registry. J. Geriatr. Oncol. 2021, 12, 1031–1038. [CrossRef] [PubMed]

13. Bastiaannet, E.; Liefers, G.J.; de Craen, A.J.; Kuppen, P.J.; van de Water, W.; Portielje, J.E.; van der Geest, L.G.; Janssen-Heijnen,
M.L.; Dekkers, O.M.; van de Velde, C.J.; et al. Breast cancer in elderly compared to younger patients in the Netherlands: Stage at
diagnosis, treatment and survival in 127,805 unselected patients. Breast Cancer Res. Treat. 2010, 124, 801–807. [CrossRef]

14. Berry, S.D.; Ngo, L.; Samelson, E.J.; Kiel, D.P. Competing risk of death: An important consideration in studies of older adults. J.
Am. Geriatr. Soc. 2010, 58, 783–787. [CrossRef]

15. Ridolfi, L.; De Rosa, F.; Petracci, E.; Tanda, E.T.; Marra, E.; Pigozzo, J.; Marconcini, R.; Guida, M.; Cappellini, G.C.A.; Gallizzi, G.;
et al. Anti-PD1 antibodies in patients aged >/= 75 years with metastatic melanoma: A retrospective multicentre study. J. Geriatr.
Oncol. 2020, 11, 515–522. [CrossRef] [PubMed]

16. Chiarion Sileni, V.; Pigozzo, J.; Ascierto, P.A.; Grimaldi, A.M.; Maio, M.; Di Guardo, L.; Marchetti, P.; de Rosa, F.; Nuzzo, C.;
Testori, A.; et al. Efficacy and safety of ipilimumab in elderly patients with pretreated advanced melanoma treated at Italian
centres through the expanded access programme. J. Exp. Clin. Cancer Res. 2014, 33, 30. [CrossRef]

17. van Holstein, Y.; Kapiteijn, E.; Bastiaannet, E.; van den Bos, F.; Portielje, J.; de Glas, N.A. Efficacy and Adverse Events of
Immunotherapy with Checkpoint Inhibitors in Older Patients with Cancer. Drugs Aging 2019, 36, 927–938. [CrossRef] [PubMed]

18. Baldini, C.; Martin Romano, P.; Voisin, A.L.; Danlos, F.X.; Champiat, S.; Laghouati, S.; Kfoury, M.; Vincent, H.; Postel-Vinay,
S.; Varga, A.; et al. Impact of aging on immune-related adverse events generated by anti-programmed death (ligand)PD-(L)1
therapies. Eur. J. Cancer 2020, 129, 71–79. [CrossRef] [PubMed]

19. Kugel, C.H., 3rd; Douglass, S.M.; Webster, M.R.; Kaur, A.; Liu, Q.; Yin, X.; Weiss, S.A.; Darvishian, F.; Al-Rohil, R.N.; Ndoye, A.;
et al. Age Correlates with Response to Anti-PD1, Reflecting Age-Related Differences in Intratumoral Effector and Regulatory
T-Cell Populations. Clin. Cancer Res. 2018, 24, 5347–5356. [CrossRef] [PubMed]

20. Betof, A.S.; Nipp, R.D.; Giobbie-Hurder, A.; Johnpulle, R.A.N.; Rubin, K.; Rubinstein, S.M.; Flaherty, K.T.; Lawrence, D.P.; Johnson,
D.B.; Sullivan, R.J. Impact of Age on Outcomes with Immunotherapy for Patients with Melanoma. Oncologist 2017, 22, 963–971.
[CrossRef] [PubMed]

http://doi.org/10.1200/JOP.2017.026435
http://doi.org/10.1200/JCO.2013.54.8347
http://doi.org/10.1093/annonc/mdx339
http://www.ncbi.nlm.nih.gov/pubmed/28961848
http://doi.org/10.1016/S0140-6736(17)31601-X
http://doi.org/10.1016/j.jgo.2018.06.009
http://www.ncbi.nlm.nih.gov/pubmed/30025821
http://doi.org/10.1016/j.ejca.2016.12.017
http://www.ncbi.nlm.nih.gov/pubmed/28335891
http://doi.org/10.1016/j.jgo.2017.02.001
http://doi.org/10.3390/cancers13112826
http://doi.org/10.1016/j.jgo.2021.04.006
http://www.ncbi.nlm.nih.gov/pubmed/34020909
http://doi.org/10.1007/s10549-010-0898-8
http://doi.org/10.1111/j.1532-5415.2010.02767.x
http://doi.org/10.1016/j.jgo.2019.12.012
http://www.ncbi.nlm.nih.gov/pubmed/31928943
http://doi.org/10.1186/1756-9966-33-30
http://doi.org/10.1007/s40266-019-00697-2
http://www.ncbi.nlm.nih.gov/pubmed/31317421
http://doi.org/10.1016/j.ejca.2020.01.013
http://www.ncbi.nlm.nih.gov/pubmed/32143106
http://doi.org/10.1158/1078-0432.CCR-18-1116
http://www.ncbi.nlm.nih.gov/pubmed/29898988
http://doi.org/10.1634/theoncologist.2016-0450
http://www.ncbi.nlm.nih.gov/pubmed/28476944

	Introduction 
	Materials and Methods 
	Results 
	Patient Characteristics 
	Changes in Treatments over Time 
	Survival Outcomes per Age-Group 

	Discussion 
	Conclusions 
	References

