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Introduction

Combined immune checkpoint inhibition (ICI) with ipilimumab and nivolumab is a widely used treatment regimen for metastatic melanoma with non-resectable metastases. Nevertheless, the standard dose of ipilimumab 3 mg/kg bw and nivolumab 1 mg/kg bw is associated with a high rate of treatment-related adverse events (trAEs) (59% grade 3–4). In the CheckMate 511 study, it could be shown that flipped dosing with ipilimumab 1 mg/kg bw and nivolumab 3 mg/kg bw resulted in a significant reduction of trAE.





Methods

We have also used this regimen in the clinical setting and report the trAE, progression-free survival, and overall survival for 79 patients with metastatic melanoma who started combined ICI in the flipped dosing between March 2019 and April 2020.





Results

in total, 40 patients started first-line, 50% of whom had an elevated lactate dehydrogenase level at baseline. The disease control rate of these patients was 50%. The 2-year overall survival rate 67%. Moreover, 33% of the patients suffered grade 3 or 4 treatment related adverse events. 





Discussion

The results of our study correspond very well to the results of the CheckMate 511 study (2-year OS: 65%, grade 3-4 immune-related side effects: 35%). Combined ICI with ipilimumab 1 mg/kg bw and nivolumab 3 mg/kg bw seems to be an equally effective but better-tolerated therapy regimen for metastasized melanoma patients, also in a real-world cohort.
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1 Introduction

Immune checkpoint inhibitors (ICI) like ipilimumab (a monoclonal antibody against cytotoxic T-lymphocyte antigen 4) and nivolumab (monoclonal antibody against programmed cell death 1) have changed the treatment landscape of advanced melanoma in the last decade (1). In the CheckMate 067 study, 59% of adverse events grades 3 and 4 occurred in the combined ICI arm with nivolumab 1 mg/kg bw and ipilimumab 3 mg/kg bw. In the nivolumab monotherapy arm, the rate of treatment-related adverse events (trAEs) was 21% and in the ipilimumab monotherapy arm 28%. The median overall survival was 72 months after a minimum follow-up of 6.5 years for the combined ICI arm, 37 months for the nivolumab, and 20 months for ipilimumab monotherapy arm (1–3). Despite the high efficacy, many patients suffer trAE such as hepatitis, colitis, pneumonitis, or endocrinological side effects (4). The clinical symptoms of trAE can be unspecific and hard to detect; on the other side, the immediate treatment of trAE can be lifesaving (5). In the literature, trAEs are described in approximately 60% of the patients with combined ICI (6–9).

In the CheckMate 511 study, the flipped dosing with ipilimumab 1 mg/kg bw and nivolumab 3 mg/kg bw resulted in a significant reduction of trAE without significant differences in progression-free survival (PFS) and overall survival (OS) between the two cohorts. The median PFS was 9.9 months in the flipped dose regime (nivolumab 3 mg/kg bw and ipilimumab 1 mg/kw bw), and the grades 3 and 4 trAE was approximately 34% compared to 8.9 months in the standard dosing (nivolumab 1 mg/kg bw and ipilimumab 3 mg/kg bw) and 48% of adverse events (10). The flipped dosing with ipilimumab 1 mg/kg bw and nivolumab 3 mg/kg bw was associated with a significant reduction in trAE (10). Nevertheless, the CheckMate 511 study included only patients that met the inclusion criteria (e.g., no active brain metastasis, no uveal melanoma, ECOG 0 or 1), which does not represent our daily clinical setting.

In the following study, the aim was to evaluate the efficacy, which means response rates, progression-free and overall survival as well as frequency of trAE in melanoma patients receiving ipilimumab 1 mg/kg bw plus nivolumab 3 mg/kg bw in daily clinical routine.




2 Materials and methods

In this study, all advanced melanoma patients who started combined ICI with ipilimumab (1 mg/kg bw) and nivolumab (3 mg/kg bw) at the University Dermatological Clinic of Tübingen in the period from March 2019 to April 2020 were included. The initial tumor stage was evaluated at the beginning of treatment in accordance with the 8th edition of the American Joint Commission on Cancer (AJCC) staging manual. The cutoff date for evaluating the data was at least 24 months after the combined ICI treatment initiation (April 2022).

The baseline and follow-up data as well as clinical characteristics were collected from the patients’ electronic records. The baseline data included sex, age, type of melanoma and date at initial diagnosis, initiation of therapy, and the reasons for choosing the flipped dose instead of the standard dose. Furthermore, histological tumor type and mutation status were recorded. Data on laboratory parameters such as tumor marker Protein S100, lactate dehydrogenase (LDH) level, and differential blood count were collected. The type and number of metastases, history of autoimmune diseases, and follow-up therapies after combined ICI were documented. In addition, it was assessed whether the patients had already been pre-treated before or whether combined ICI was initiated in a first-line setting. The tumor response was evaluated based on the clinical and radiologic reports after approximately 12 weeks of the initiation of therapy. The response to ICI was classified according to the revised Response Evaluation Criteria in Solid Tumors (RECIST) guidelines (version 1.1) with complete response (CR), partial response (PR), stable disease (SD), or progressive disease (PD) as possible outcomes. The overall response rate was defined as the sum of CR and PR. The disease control rate was defined as the sum of CR, PR, and SD. All cases were discussed before the initiation of combined ICI and again with the staging results in the interdisciplinary tumor board of the University of Tübingen. The patients received staging with brain, neck, thoracic, abdomen, and pelvic computed tomography scheduled every 3 months. Treatment-related adverse events were classified according to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) (version 4.0) based on the patient’s electronic file. We considered trAE that had been reported in the CheckMate 511 study and added further trAEs when necessary. Where the patient’s record was not clear enough about the CTCAE grade, we classified it as grade 3 if the patient had received oral corticosteroids (inpatient or outpatient), and we classified it as grade 4 if the patient had to be hospitalized or received intravenous corticosteroids.

We used descriptive statistics for the patients’ characteristics. Overall survival was defined from the beginning of ICI to death or the last date of follow-up. Progression-free survival was calculated as the time from initiation of ICI to death or disease progression or the last date of follow-up. Kaplan–Meier curves and log rank test were used to calculate and visualize potential survival differences. The level of significance was 0.05 (two-sided) in all analyses. Adjustment for multiple testing was not performed. The analyses were performed with SPSS version 27 and STATA version 17. Microsoft Excel Version 16.72 was used to produce tables.

All patients had given their consent for their data to be used for research purposes. Furthermore, approval has been obtained with project number 899/2021BO2 by the Ethics Committee of Eberhard-Karls-University of Tübingen from 14.12.2021.




3 Results



3.1 Characteristics of all patients

We identified 79 patients with advanced unresectable melanoma who started combined ICI therapy with the flipped dose regime. All of them started with ipilimumab 1 mg/kg bw plus nivolumab 3 mg/kg bw every 3 weeks for normally four doses, followed by nivolumab 480 mg monotherapy afterwards. The baseline patient characteristics of the total cohort are summarized in Table 1 (left side).


Table 1 | Baseline patient characteristics total cohort and first-line cohort.





3.1.1 Efficacy total cohort

Table 2 (left side) displays the response of the first staging after ICI treatment initiation of the total cohort. The overall response rate was 23%, and the disease control rate was 38%. Seven out of 40 patients had died before staging.


Table 2 | Response of total cohort (left side) and first-line cohort (right side).



The main reason why 37 patients could not receive all four cycles as scheduled was severe trAE (Table 3).


Table 3 | Reasons for discontinuation total cohort.



However, nearly one-third (32%) of the patients with premature discontinuation of combined ICI were able to continue with nivolumab monotherapy and more than one third (35%) received no further therapy  (Table 4).


Table 4 | Subsequent therapy total cohort.






3.1.2 Overall survival total cohort

In the total cohort, the median OS was 18 months (95% CI, 5.5–30.3). The 2-year overall survival was 47% (95% CI, 44.9–48.92). In view of the BRAF mutation status, patients with BRAF V600 mutation had a significantly improved OS compared to patients with BRAF wild-type tumors (p < 0.001). The 2-year overall survival was 64% (95% CI, 62.04–65.97) in BRAF V600 mutant patients compared to 40% (95% CI, 37.8–41.7) in the BRAF wild-type cohort.

Patients with normal LDH at the start of ICI had a significantly improved OS compared to patients with elevated LDH at baseline (p < 0.001). The normal LDH baseline resulted in a 2-year OS of 74% (95% CI, 72.03–75.95). Furthermore, the OS was significantly better with Protein S100 normal at ICI start (p = 0.02). The 2-year OS of these patients was 66% (95% CI, 64.3–68.3) compared to 34% (95% CI, 32.0–35.94) in patients with elevated S100. Higher AJCC stages had a significantly negative impact on OS (p = 0.002). Figure 1 shows the impact of patients’ characteristics on overall survival.




Figure 1 | Impact of patient characteristics (total cohort) on overall survival. (A) BRAF mutant vs. wild-type tumors (p < 0.001). (B) LDH at start normal vs. elevated (p < 0.001). (C) Protein S100 at start normal vs. elevated (p = 0.02). (D) M-stage at start M0-M1d (p = 0.002).






3.1.3 Progression-free survival total cohort

The median PFS of the total cohort was 3 months (95% CI, 2.6–3.4). The 2-year PFS was 20% (95 CI%, 0.09–4.0). We found improved PFS for patients with BRAF V600 mutant tumors compared to BRAF wild-type tumors (p = 0.047). The 2-year PFS was 17% (95% CI, 14.7–18.6) in patients with BRAF V600 wild-type tumors compared to 28% (95% CI, 26.4–30.36) in patients with BRAF V600 mutant tumors. The elevated LDH at the start of combined ICI was associated with a significantly reduced PFS compared to patients with normal LDH at the start (p < 0.001). The 2-year PFS was 34% (95% CI, 31.9–35.85) for patients with normal LDH and 8.5% (95% CI, 6.6–10.5) in the case of elevated LDH. PFS was significantly reduced when Protein S100 was elevated at the ICI start compared to those with normal S100 baseline (p = 0.047). The 2-year PFS was 26.5% (95% CI, 24.6–28.5) compared to 15% (95% CI, 13.9–16.91) in patients with increased S100 at the beginning of the combined ICI. Patients with AJCC stage M1c or M1d had a significantly reduced PFS compared to AJCC stage M0-M1b (p < 0.001). The 2-year PFS for patients with M1a/M1b was improved with 61.5% (95% CI, 59.7–63.6) compared to patients with M1c or M1d at ICI initiation. Figure 2 displays the impact of patients’ characteristics on progression-free survival.




Figure 2 | Impact of patient characteristics (total cohort) on progression-free survival. (A) BRAF mutant vs. wild-type tumors (p < 0.001). (B) LDH at start normal vs. elevated (p < 0.001). (C) Protein S100 at start normal vs. elevated (p = 0.047). (D) M-stage at start (p < 0.001).






3.1.4 Safety total cohort

In our study, 261 trAE had been reported in the patients’ files. In total, 33% of these were mild, 36% were moderate, 16% were grade 3, and 15% were grade 4 trAEs. The most common adverse event was fatigue, followed by colitis and pain. The most common grades 3 and 4 trAEs were colitis and hepatitis. There was one case of myocarditis (grade 4). In Table 5, the trAEs are reported.


Table 5 | Treatment-related adverse effects total cohort.







3.2 First-line cohort

A total of 40 patients started ICI in the first-line setting. The baseline patients’ characteristics of the first-line cohort are summarized in Table 1 (right side).



3.2.1 Efficacy first-line cohort

In Table 2 (right side), the response rate to combined ICI with ipilimumab 1 mg/kg bw and nivolumab 3 mg/kg bw for the first-line cohort is reported in detail. The overall response rate was 32.5%, and the disease control rate was 50%.




3.2.2 Overall survival first-line cohort

In the cohort of first-line patients, the median OS was not reached. The 2-year overall survival was 67% (95% CI, 51.3–82.3). Regarding the BRAF V600 mutation status, patients with BRAF V600 mutant tumors had a significantly better OS than patients with BRAF V600 wild-type tumors (p = 0.038). The median OS in BRAF V600 wild-type patients was 12 months (95% CI, 0–30.6 months). The 2-year OS was 58% (95% CI, 40.1–76.5) in BRAF V600 wild-type tumors. In contrast, all of the patients with BRAF V600 mutant tumors were still alive.

Furthermore, OS was significantly (p < 0.001) lower in patients with elevated LDH at the beginning of the combined ICI. The median OS was 12 months (95% CI, 6.2–16.86). The 2-year OS was 100% in patients with normal LDH at the start of ICI compared to 40% (95% CI, 17.3–62.7) in patients with elevated LDH. There was a trend towards reduced OS in patients with elevated Protein S100 at the start of ICI compared to those with normal S100 (p = 0.154). The 2-year OS was 81% (95% CI, 62.1–100) in patients with normal S100 and 54.5% (95% CI, 32.2–76.8) in patients with elevated S100. Higher AJCC stages had a significantly negative impact on OS (p < 0.001). Figure 3 shows the impact of patients’ characteristics of the first-line cohort on overall survival.




Figure 3 | Impact of patient characteristics (first-line cohort) on overall survival. (A) BRAF mutant vs. wild-type tumors (p = 0.038). (B) LDH at start normal vs. elevated (p < 0.001). (C) Protein S100 at start normal vs. elevated (p = 0.154). (D) M-stage at start M0-M1b vs. M1c vs. M1d (p < 0.001).






3.2.3 Progression-free survival first-line cohort

The median PFS was 5 months (95% CI, 1.8–8.07). The 2-year PFS rate was 31% (95 CI%, 15.5–46.1). BRAF V600 mutated tumors were associated with a trend towards improved PFS compared to BRAF wild-type tumors (p = 0.069). The 2-year PFS was 57% (95% CI, 20.4–93.8) in patients with BRAF V600 mutant tumors and 25% (95% CI, 9.3–40.7) in patients with BRAF V600 wild-type tumors. The elevated LDH at the start of combined ICI was associated with a significantly reduced PFS compared to patients with normal LDH at the start (p < 0.001). The 2-year PFS was 53% (95% CI, 27.2–79.0) for patients with normal LDH and 10% (95% CI, 0–23.1) in the case of an elevated LDH. There was a trend likewise towards reduced PFS in patients with elevated Protein S100 at the start of ICI compared to those with normal S100 at the start (p = 0.165). The 2-year PFS rate was 40% (95% CI, 16.0–64.2) compared to 24% (95% CI, 5.0–42.6) in patients with increased S100 at the beginning of the combined ICI. Patients with higher AJCC stages (M1c or M1d) at the beginning of the combined ICI had a significantly reduced OS compared to patients with M0-M1b (p < 0.001). The 2-year PFS for patients with M1a/M1b was 87.5 (95% CI, 64.6–100), whereas that for patients starting with M1c was 15.5 (95% CI, 0–31.0) and that with M1d was 17% (95% CI, 0–46.5). Figure 4 displays the impact of patients’ characteristics of the first-line cohort on progression-free survival.




Figure 4 | Impact of patient characteristics (first-line cohort) on progression-free survival. (A) BRAF mutant vs. wild-type tumors (p = 0.069). (B) LDH at start normal vs. elevated (p < 0.001). (C) Protein S100 at start normal vs. elevated (p = 0.165). (D) M-stage at start M0-M1b vs. M1c vs. M1d (p < 0.001).






3.2.4 Safety first-line cohort

In Table 6, the trAE of the first-line cohort is described. In total, 154 trAEs were reported. The most common treatment-related adverse event was fatigue, which occurred in more than 60% of the patients. The second most frequent trAE was diarrhea in about a third of the patients. Pain, nausea, and eczema occurred in approximately 25% of the patients. More than 10% of the patients had hepatitis or hypophysitis, while for trAEs like dry mouth or myositis only very few patients suffered. There was no case of myocarditis. In our study, 33% of the patients suffered grade 3 or 4 trAE. There was no grade 5 trAE, thus no death from trAE. The most common grade 3 and grade 4 adverse event was diarrhea, followed by hepatitis and hypophysitis.


Table 6 | Treatment-related adverse effects first-line cohort.








4 Discussion

This study reports on advanced melanoma patients with flipped dosing of combined ipilimumab and nivolumab therapy in a real-world cohort with a large proportion of advanced M1c/d stages, elevated LDH levels, or challenging tumors such as mucosal or ocular melanoma. First of all, our results need to be compared to the CheckMate 511 trial. About 50% of our patients were older than 65 years, whereas in the CheckMate 511 study 64% of the patients were younger than 65 years, and approximately half of the patients in this trial were classified as metastatic stage M0/1a/1b at the beginning of the systemic treatment. In our cohort, only 20% of the patients were at one of these lower M stages; 80% had M1c/d. Concerning the LDH levels at the beginning of the combined ICI, in the CheckMate 511 cohort, 57% of the patients had normal LDH levels compared to 45% in our study population.

In addition, only 2% of the patients in the CheckMate 511 study had a history of brain metastasis compared to 15% patients with active brain metastasis in our population. Most of the patients in our cohort (67%) had BRAF V600 wild-type tumors, whereas in CheckMate 511 the BRAF V600 Status was nearly equal in both arms (48% vs. 43%). Only 13% of the patients in CheckMate 511 had had another systemic therapy before, which is markedly lower than in our population with approximately half of the patients having received another treatment before (10). In the CheckMate 511 study, the PD-L1 status was also raised. This was not the case in our study. PD-L1 is not determined as standard at the Tübingen Dermatology Clinic and could not be collected retrospectively, so no comparison can be made with the CheckMate 511 study (10). Concerning the results, the overall response rate in our cohort was 33%, and the disease control rate was 50%. Compared to the CheckMate 511 study, these rates are lower. In the CheckMate 511 study, the response rate was 46%, but in this study a much higher proportion of first-line patients had been included. Another reason could be the high proportion of BRAF V600 wild-type tumors in our cohort. These tumors are known to be not as responsive to ICI as BRAF V600 mutated tumors (11, 12). Another explanation could be the fact that we included also patients with mucosal or uveal melanoma and patients with active brain metastases, where the ICI response rates, in general, are lower (13–15). Furthermore, normal LDH and Protein S100 at the therapy start are known to be associated with an improved outcome (16).

When we look at the first-line patients of our cohort, the results of our real-world cohort correspond very well to the CheckMate 511 cohort—for example, the 2-year survival rate was approximately 66% in our cohort, and the median OS was not reached and is therefore very similar to that of the CheckMate 511. In the CheckMate 511 study, the 2-year survival rate was 65%, and the median OS was not reached as well (10). Particularly noteworthy is the result of the side effects observed. The most common side effects in our study were diarrhea, fatigue, and pruritus, which are very similar to other studies (17–19).

Several studies report that ICI are commonly associated with gastrointestinal, endocrinological, and dermatologic adverse events, while the cardiotoxicity is very raw (3, 5, 10, 20). This distribution of side effects corresponds to what we found in our cohort. In our study, 82.5% of the patients suffered with any treatment-related side effect. In the CheckMate 511 study, it was approximately 86%. The grade 1 and grade 2 trAEs are not further broken down in the CheckMate 511 study.

However, the grades 3 and 4 adverse events in our cohort occurred less frequently compared to the combined ipilimumab and nivolumab standard dose of the CheckMate 067 study. The frequency of grades 3 and 4 adverse events with 33% in our cohort corresponds well to the reported 34% in patients of the CheckMate 511 study. In that trial, the liver and colon were the most frequently involved organs with hepatitis and colitis (21). Therefore, our results fit well not only in terms of the absolute percentages but also in terms of involved organs with those of Lebbé et al. Although the rate of trAE is much lower with the flipped dosing of ipilimumab and nivolumab, patients still need to be closely monitored (22).

Nevertheless, this retrospective study has a few limitations. Adverse events were collected in the patients’ files retrospectively as documented by the treating physicians. This documentation is almost certainly complete if the trAE resulted in specific procedures such as discontinuation of ICI or treatment initiation with immunosuppressive drugs. If the treatment regime was continued unchanged either because the AE was so mild or because it was still uncertain whether it was an AE at all, it may have happened that the documentation was not as thorough. The results of our study should be confirmed in other cohorts with more real-world melanoma patients. On the other side, we have the strength of a large cohort treated by one single center with the same staging and laboratory surveillance procedures for all patients—for example, all patients were discussed by the same tumor boards and the same radiologists. This ensures a high-quality standard despite a real-world setting.




5 Conclusion

In this study, we found that combined immune checkpoint inhibition with ipilimumab and nivolumab in flipped dosing is an effective and safe treatment schedule in advanced melanoma in daily clinical use. The percentage of grade 3 or 4 side effects with the flipped dosing corresponds well to that of the CheckMate 511 study population that had a significantly lower rate compared to the standard dosing. In addition, the overall survival and progression-free survival for the first-line patients were equal in our study cohort compared to the cohort of CheckMate 511. For this reason, we consider the flipped dosing to be a regimen that can be used in everyday clinical practice, especially in patients who have the greatest concerns about potential side effects with the standard dose. Nevertheless, it has to be considered that flipped dosing has not been approved for melanoma and should be reserved for selected cases.
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