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Purpose: IMA901 is a cancer vaccine based on tumor-associated peptides. A positive association of survival with T-cell responses against IMA901 was observed in a previous phase 2 study in metastatic renal cell carcinoma (mRCC). Sunitinib is standard 1st line treatment in mRCC and has been suggested to exert favorable immunomodulatory effects.
Patients and Methods: HLA-A*02-positive 1st line mRCC patients were randomized 3:2 to receive sunitinib monotherapy or sunitinib plus up to 10 intradermal vaccinations of IMA901 plus GM-CSF; cyclophosphamide three days prior to first vaccination was given in the vaccination arm to reduce regulatory T cells. The primary endpoint was overall survival (OS).
Results: Three hundred thirty-nine patients were enrolled in the IMPRINT (IMA901 Multi-Peptide vaccine Randomized INTernational) study. No significant difference in OS was observed (median OS for sunitinib vs sunitinib plus vaccination: not reached [nr] vs 33.1 months; HR: 1.34; p=0.08). While comparable OS was found in favorable-risk pts (33.7 mo vs nr; HR: 0.82), a longer OS was observed for intermediate-risk sunitinib monotherapy patients (nr vs 27.8 months; HR: 1.52). PFS was comparable between arms in the blinded independent central review (15.1 vs 15.1 months; HR: 1.05; p=0.62). In contrast, investigator assessment showed a trend for longer PFS in the control arm (17.9 vs 15.1 mo HR: 1.18; p=0.19) resulting in more cycles (median: 11 vs 10 cycles) of sunitinib. A favorable safety profile of IMA901 was observed with similar rates of adverse events in both arms. Unexpectedly, IMA901-specific CD8 T-cell responses were 3-fold reduced when compared to phase 2 data, possibly due to a significant decrease in monocytic cells after the first cycle of sunitinib. 
Conclusions: IMA901 did not improve OS when added to sunitinib in 1st line mRCC. Methods to significantly improve the magnitude of immune responses are needed before further development of IMA901 in mRCC is indicated.
INTRODUCTION
The known immunogenicity of RCC has previously supported use of interferon-α (IFN-α) and interleukin-2 (IL-2) as immunotherapeutic agents in advanced RCC. High dose IL-2 was approved on the basis of leading to occasional durable complete responses {Fyfe, 1995 #95}. However, due to its toxicity, only a minority of patients is eligible for high-dose IL-2 therapy, and as few as 5% of patients experience a durable complete remission {Fyfe, 1995 #95}. Recent clinical trials have established the role of sunitinib, a tyrosine kinase inhibitor targeted against vascular endothelial growth factor (VEGF) receptor as standard first-line therapy in patients with metastatic RCC{Motzer, 2013 #4022}. 
IMA901 is a a multi-peptide-based therapeutic vaccine consisting of 9 different HLA class I-binding tumor-associated peptides (TUMAPs) and 1 HLA class II-binding TUMAP.


{Weinschenk, 2002 #6810} ADDIN EN.CITE  Simultaneous induction of CD8+ and CD4+ T-cell responses against several tumor-associated antigens elicits a broad, albeit tumor-specific, immune reaction against targets that are functionally relevant for malignant cells. Target genes covered by peptides contained in IMA901 have been chosen based on their strong over-expression on renal tumor cells when compared with normal cells (Figure S1).{Singh-Jasuja, 2004 #6811} Based on the selection of 10 different peptides, IMA901 is intended to induce expansion of multiple T cells of different antigen specificities. These multiple T-cell responses are expected to circumvent the ability of tumors to adapt to and thus evade a cytotoxic T-cell response. 
Further, co-application of immunological adjuvants with TUMAPs is crucial for eliciting a strong and sustainable immune response against tumor cells. GM-CSF indirectly stimulates T-cell responses against these TUMAPs by attracting and stimulating dendritic cells (DCs) in the skin that are loaded with TUMAPs upon vaccination. Several clinical trials, mostly using known melanoma peptides, have indicated that addition of GM-CSF results in better T-cell responses compared to the peptide alone or in combination with other immunomodulators. {Schaed, 2002 #111;Weber, 2003 #9} In addition, there is evidence from clinical studies that low-dose cyclophosphamide (CY) administered prior to vaccination is of benefit to cancer patients, most likely through inhibition of Tregs and subsequent enhanced immune responses and/or clinical response to vaccination{Berd, 1984 #64;Faries, 2005 #113;Ghiringhelli, 2007 #70;Greten, 2010 #115;Laheru, 2008 #75;Livingston, 1987 #114;Mitchell, 1988 #76}. More recently, positive immunomodulatory effects of CY on dendritic cells{Liu, 2010 #117;Nakahara, 2010 #116;Radojcic, 2010 #120;Salem, 2007 #118}, antigen presenting cells{Salem, 2007 #118}, tumor infiltrating cells{Ibe, 2001 #122;Liu, 2010 #117;Radojcic, 2010 #120} and myeloid-derived suppressor cells (MDSC) {Fuentes, 2010 #121;Pelaez, 2001 #119;Salem, 2007 #118} have been shown in in vitro experiments as well as in animal models.

A previous phase I trial of IMA901 plus GM-CSF in 30 patients with metastatic RCC demonstrated the safety of this combination with 74% of evaluable (N=27) patients showing a T-cell response to at least one peptide.{Kirner, 2014 #6812}. Further, a correlation of immunological response against TUMAP and clinical outcome was observed: 75% of multi-TUMAP responders compared to 26% of non-multi-TUMAP responders had stable or responding disease. In contrast, no association was found between clinical benefit and T-cell responses to a co-administered viral marker peptide (HBV-001). In a subsequent randomized phase II trial in relapsed/refractory RCC, patients were treated with IMA901 plus GM-CSF with or without a single infusion of cyclophosphamide at 300mg/m2, T-cell responses were observed in 66% of subjects (including 27% multi-TUMAP responders).  Patients in the cyclophosphamide arm experienced a significant reduction in immunosuppressive T regulatory cells (identified as CD45+CD3+CD4+CD8−FOXP3+CD25hiCD127low cells). A significant association was found between overall survival benefit and development of a T-cell response against multiple peptides {Walter, 2012 #6432}.
Prior to the start of the IMPRINT trial, it was shown using in vitro and in vivo models that sunitinib concentrations comparable to those in the serum of sunitinib-treated patients do not interfere with the capacity of antigen-presenting cells to induce potent T cell responses and to stimulate T-cell proliferation {Finke, 2008 #53;Hipp, 2008 #49}. Moreover, levels of immunosuppressive regulatory T cells (Tregs) are reduced after treatment with sunitinib in mice {Hipp, 2008 #49} and in the peripheral blood of RCC patients.


{Finke, 2008 #1201} ADDIN EN.CITE  Thus, sunitinib was considered a suitable platform for immunotherapeutic combinations based on established anti-tumor effect in RCC and potentially favorable immunomodulatory properties.

Based on the above considerations, a phase III trial was undertaken to investigate the potential overall survival benefit of the addition of IMA901 vaccination to sunitinib as initial therapy in metastatic RCC patients.

Patients and Methods

Patients

Key eligibility criteria were histologically confirmed advanced clear cell RCC, HLA-A*02-positive (as assessed by a central laboratory), no prior systemic treatment for metastatic disease, Karnofsky performance status ≥ 80% at least one measurable lesion per Response Evaluation Criteria for Solid Tumors (RECIST) version 1.1 and adequate organ function. Patients were required to be favorable or intermediate risk according to the risk criteria developed in patients treated with VEGF-targeted agents.{Heng, 2009 #86} and eligible for a first-line therapy with sunitinib. Patients were excluded if they had central nervous system metastasis, autoimmune disease, active infection, pregnancy, known HIV or clinically significant cardiovascular disease. Prior nephrectomy was not required. 
All patients provided written informed consent and the study was conducted according to the declaration of Helsinki, current ICH guidelines and all applicable regulatory and ethical requirements.  ClinicalTrials.gov Identifier: NCT01265901
Study Design and Treatments
Informed consent was obtained from patients for HLA typing. HLA-A*02-positive patients then signed a separate informed consent to the remaining screening examinations and participation in the study. All patients underwent a CT/MRI scan of the chest, abdomen and pelvis (with contrast if possible) at screening, within the off-phase of the second sunitinib cycle and then at day 28 ± 5 of every second sunitinib cycle, i.e. every 12 weeks. CT or MRI of the brain and a bone scan was done at baseline in all patients and thereafter if abnormal at baseline or if clinically-relevant signs/symptoms developed. Patients fulfilling all eligibility criteria started sunitinib monotherapy according to the label (50 mg orally once daily, 4 weeks on treatment followed by 2 weeks off). Patients eligible for continued sunitinib treatment (i.e. no clinical disease progression, no adverse events preventing further treatment after the first 4 weeks on sunitinib) were then randomized approximately 5 weeks after the first sunitinib dose at a ratio of 3:2 to the vaccination arm (arm 1; 10 vaccinations with IMA901 plus GM-CSF with cyclophosphamide 300mg/m2 administered once prior to the first vaccination plus continued sunitinib therapy.) or the control arm (arm 2; continued sunitinib therapy). (Figure S2). Sunitinib was provided as continued study treatment until progression of disease was determined by the investigator. 
Study Endpoints and Statistical Considerations
The primary endpoint of the study was overall survival, comparing patients receiving sunitinib alone or in combination with IMA901 vaccination therapy. The primary efficacy analysis for OS was performed in the intention to treat (ITT) population and counted from randomization onwards until death of any cause. Because of one planned interim analysis conducted by an independent data and safety monitoring committee when all patients completed the interventional study period, the alpha spending approach of Lan-DeMets with boundaries according to O’Brien-Fleming was implemented to control type I error. Anticipating that the information rates are 71% and 100% at the planned interim and final analysis, the nominal two-sided significance level was adjusted to 0.0452, resulting in an overall significance level of α=0.05, for the final analysis (pre-planned for approximately 27 months after the randomization of the last patient). A stratified log-rank test was used testing the rejection of the null hypothesis (i.e., equal treatment effects on OS in favor of the vaccination arm). Planned stratification factors included risk group (favorable vs. intermediate), region (US vs. Central and Eastern Europe (CEE) vs Western Europe (WEE) vs. Asia) and nephrectomy (yes vs. no). The Kaplan-Meier method was used to estimate the survival functions by treatment arm. The 1-, 2-, and 3-years survival rates together with their 95% confidence intervals (95%-CIs) were retrieved from the survival functions. A Cox regression model was used for OS that included the treatment effect and the risk group as factors. 
The primary efficacy analysis was also performed for the Per-Protocol (PP) population serving as a sensitivity analysis to the primary analysis in the ITT population. A further sensitivity analysis analyzed the overall survival, defined as time from start of sunitinib treatment until death of any cause in the ITT and PP population.
Additional secondary endpoints included progression-free survival (PFS), safety and tolerability of IMA901 (and the immunomodulators GM-CSF and cyclophosphamide) when added to first-line therapy with sunitinib, and cellular immunomonitoring (in a subset of patients recruited at pre-selected sites) including description of T-cell responses to peptides contained in IMA901 (percentage of immune responders). Adverse events (AE) were evalu​ated according to National Cancer Institute’s Clinical Trials Common Terminology Criteria for Adverse Events Version (CTCAE) v4.0.
results

Patients

1,171 patients were screened, of which 575 (49.1%) were HLA-A*02 positive. 366 patients started the first cycle of sunitinib treatment (4/2 schedule) of which 339 patients were eventually randomized in the off-phase during the first sunitinib cycle (204 allocated to vaccination arm and 135 allocated to sunitinib monotherapy control arm).  Among the 27 non-randomized patients, the most common reasons for not being randomized were "AE requiring a permanent stop of sunitinib therapy" (8 patients), "other" (6 patients), "withdrawal of consent for study specific treatment and procedures" (4 patients), and "death" (4 patients) (Figure S3 CONSORT diagram). 
Patients were typical of an advanced RCC population with a median age of approximately 60, mostly male and the vast majority having undergone prior nephrectomy (Table 1). Approximately 25% of patients were favorable risk by Heng criteria and 71% intermediate risk with typical organ sites of metastases. Characteristics were generally well balanced with the exception of the vaccination arm patients being slightly older (62.2y vs. 59.8y), with fewer patients with a Karnofsky performance status of 100 (46% vs. 52%) and a greater percentage of patients with more than three organ sites of metastases (48% vs. 42%).
Efficacy 

No significant difference in overall survival was observed for the primary analysis in the ITT population, however a trend for longer OS from randomization was observed in the control arm (median OS for sunitinib vs sunitinib plus vaccination: not reached [nr] vs 33.1 months; HR: 1.34; p=0.08; Figure 1). Pre-specified subgroup analysis by prognostic risk group was also performed. While a comparable OS was found in favorable-risk pts between both treatment arms (33.7 months vs nr; HR: 0.82; p=0.59), a longer OS was observed for intermediate-risk patients in the control arm (nr vs 27.8 months; HR: 1.52; p< 0.05; Figure 1). No relevant difference in findings was observed in the various sensitivity analyses, ie. OS analysis in the PP population and analyses from start of sunitinib treatment.
PFS was 15.1 months (starting from the time of randomization, ie. after approximately 5 weeks post start of first sunitinib dose) in both arms shown by blinded, independent central review (HR: 1.05; p=0.62). In contrast, investigator assessment showed a trend for longer PFS in the control arm (17.9 vs 15.1 months, HR: 1.18; p=0.19; Figure 2). As a result, patients in the control arm received more cycles (median: 11 vs 10 cycles) (Table S1) with comparable average doses per day in both treatment arms (Mean: 46.9 mg vs 46.8 mg).
Safety and Tolerability
An overall favorable safety profile of IMA901 was observed with similar rates of treatment-emergent adverse events in both arms (Table 2). Transient injection-site reactions (e.g. erythema, pruritus) were the most frequent IMA901-related side effect. There were no significant differences between the arms in any adverse event with a frequency of greater than 5%. Approximately 53% of patients overall experienced a grade 3 or higher adverse event, with more grade 3 or higher AEs in the vaccination arm (57% vs 47%). A trend to higher treatment-related discontinuations of sunitinib was observed for patients treated in the control arm (17% vs 13% in vaccinated patients). Serious adverse events leading to death were observed in 12 patients, 4 in the vaccination arm and 8 in the sunitinib arm (Table S2). No significant differences between the treatment groups in investigated laboratory values were detected.
Immunological Correlates
At the pre-selected sites for immunomonitoring, 111 Arm 1 and 83 Arm 2 patients were recruited. A total of 783 PBMC isolations were performed by 35 qualified laboratories with a success rate of 99.4 %. 108 Arm 1 patients were analyzed for immune responses to the peptides contained in IMA901. Non-evaluability was due to PBMC sampling issues in all 3 non-evaluable patients.
IMA901-specific CD8+ T-cell responses were 3-fold reduced in magnitude when compared to phase 2 data (Figure S4). Also, in contrast to the prior phase 2 mRCC trial, no clear association of T-cell responses with clinical outcome was observed (data not shown). Finally, it was observed that sunitinib led to a significant decrease in monocytic cells after the first cycle (Figure 3). 
discussion
Immunotherapy has had a historic role in the treatment of advanced renal cell carcinoma, largely with cytokines interleukin-2 and interferon-alpha. As VEGF-targeted therapy has emerged as an initial standard of care and has been postulated to exert favorable immunomodulatory effects, integration of novel immunotherapeutics with VEGF-targeted therapy has undergone clinical testing. This phase three trial hypothesized that sunitinib’s clinical effect could be synergistically augmented with IMA901, a multipeptide vaccine, by enhancing anti-tumor T-cell responses and improving survival.
The study did not meet its primary efficacy endpoint and failed to demonstrate that the vaccination regimen with IMA901 plus GM-CSF in addition to first-line sunitinib in patients with mRCC prolonged overall survival when compared to sunitinib alone. Interestingly, the observed median overall survival in both arms was prolonged compared to historical sunitinib monotherapy data,


{Motzer, 2013 #4022;Motzer, 2007 #1211} ADDIN EN.CITE  and the less favorable OS in the vaccination arm compared to the control arm seemed to be promoted by an exceptionally good outcome in the control arm, especially in intermediate-risk patients. Consistent with the analyses of overall survival, analyses of the remaining clinical efficacy variables did not point to clinically meaningful differences between treatment arms. It is noteworthy that the investigators assigned a 3 months longer median PFS to the control patients (in contrast to identical PFS as assessed by the independent radiologist), which possibly has resulted in longer on-study sunitinib treatment. While the reasons for this observation remain speculative, this may well have confounded the overall survival analysis, specifically in regions with limited access to effective follow-on therapies; noteworthy, the trend for longer PFS assigned by the investigators was almost exclusively observed in intermediate-risk patients in Eastern Europe (CEE). Unlike preceding IMA901 studies, no robust associations between immune response and clinical outcomes could be established in the current study. Exploratory immunomonitoring analyses pointed to a significantly diminished magnitude of CD8-positive T-cell responses in the current study as compared to the prior phase 2 study, which might have resulted from a sunitinib-induced adverse inhibition of T cell priming, as exemplified by significant reduction of monocytes after the first sunitinib cycle. Additional analyses of immunomodulatory cells including analysis of myeloid-derived cells, regulatory T cells and pDCs from patients treated in this trial are ongoing to hopefully lend insight into the effect of sunitinib on the immune system, and thus elucidate if and how sunitinib plus immunomodulator combinations should be clinically developed.
The adverse event pattern in either treatment arm was mainly shaped by the established side effect profile of sunitinib. Typical vaccination-related events, such as transient injection-site reactions were the most frequent IMA901-related side effects observed in this study. No serious adverse events with suspected relationship to IMA901 and/or GM-CSF were reported. 
Several hypotheses can be generated to explain the lack of OS benefit. The vaccine produced weak immunologic effects in this trial, and thus augmentation of clinical activity was unlikely Although the significant reduction of vaccine-induced immune responses in this trial compared to a number of previously conducted trial implies that the diminution of immunologic affect was a result of sunitinib, this is not fully clear and other factors (e.g. a different patient population compared to the previous trials) may play a role. Further, the trend for a shorter overall survival in the vaccination arm may be due to imbalances in baseline characteristics favoring the control arm and longer sunitinib exposure in control-arm patients. However, these considerations are derived partly from exploratory post hoc analyses and thus remain speculative. 
In summary, IMA901 plus sunitinib did not improve any clinically-relevant outcome measures over sunitinib alone when given to previously-untreated advanced RCC patients. Methods to significantly improve the magnitude of immune responses would need to be identified before further development of IMA901 in mRCC is indicated.
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	Table 1: Baseline Patient Characteristics

	
	IMA901+sunitinib 
(N=204)
	Sunitinib monotherapy
(N=135)
	Total 
(N=339)

	Age (years)

(N obs.) mean ± STD

median [range]
	62.2 ± 8.92

61 [37-81]
	59.8 ± 9.56

60 [30-81]
	61.2 ± 9.24

61 [30-81]

	Sex (n, %)

Male

Female
	142 (69.6)

62 (30.4)
	88 (65.2)

47 (34.8)
	230 (67.8)

109 (32.2)

	BMI (kg/m2)

(N obs.) mean ± STD

median [range]
	27.6 ± 4.79

27 [17-44]
	28.2 ± 4.64

28 [18-50]
	27.8 ± 4.73

27 [17-50]

	KPS (n, %)
60-70%

80-90%

100%
	0

110 (54.5)

92 (45.5)
	2 (  1.5)

62 (47.0)

68 (51.5)
	2 (  0.6)

172 (51.5)

160 (47.9)

	Heng risk group (n, %)
Favorable

Intermediate

Poor
	56 (27.5)

145 (71.1)

3 (  1.5)
	35 (25.9)

96 (71.1)

4 (  3.0)
	91 (26.8)

241 (71.1)

7 (  2.1)

	Nephrectomy (n, %)
Yes

No
	183 (89.7)

21 (10.3)
	123 (91.1)

12 (  8.9)
	306 (90.3)

33 (  9.7)

	Region (n, %)
Western Europe

Central and Eastern Europe

United States
	55 (27.0)

128 (62.7)

21 (10.3)
	36 (26.7)

88 (65.2)

11 (  8.1)
	91 (26.8)

216 (63.7)

32 (  9.4)

	No. of organs with lesions at Baseline, (n, %)
Radiologist
0
1
2

≥3

Investigator

0
1
2

≥3
	0

45 (22.1)

62 (30.4)

97 (47.5)
0

39 (19.1)

72 (35.3)

93 (45.6)
	1 (  0.7)

35 (25.9)

43 (31.9)

56 (41.5)

0

36 (26.7)

55 (40.7)

44 (32.6)
	1 (  0.3)

80 (23.6)

105 (31.0)

153 (45.1)
0

75 (22.1)

127 (37.5)

137 (40.4)

	No. of lesions at Baseline, n

Radiologist

mean ± STD

median [range]

Investigator

mean ± STD

median [range]
	 3.9 ± 1.92

   4 [1-11]

 4.6 ± 2.36

   4 [1-14]
	  3.6 ± 1.90

    3 [0-10]

  4.2 ± 2.03

    4 [1-10]
	    3.8 ± 1.91

4 [0-11]

    4.4 ± 2.24

4 [1-14]


BMI = Body mass index; KPS = Karnofsky performance scale; N obs = Number of observations; STD = Standard deviation

	Table 2:
Common Treatment-emergent Adverse Events (TEAE)* 
IMA901+sunitinib
N=202
n (%)

Sunitinib monotherapy
N=132
n (%)

Total
N=334
n (%)

All Grades
Grade 3-5
All Grades
Grade 3-5
All Grades
Grade 3-5
Any TEAE
179 (88.6)
116 (57.4)
115 (87.1)
62 (47.0)
294 (88.0)
178 (53.3)
Hypothyroidism

63 (31.2)

8 (  4.0)

35 (26.5)

5 (  3.8)

98 (29.3)

13 (  3.9)
Diarrhoea

55 (27.2)

3 (  1.5)

38 (28.8)

4 (  3.0)

93 (27.8)

7 (  2.1)

Palmar-plantar erythrodysaesthesia syndrome

55 (27.2)

8 (  4.0)

38 (28.8)

5 (  3.8)

93 (27.8)

13 (  3.9)

Hypertension

51 (25.2)

24 (11.9)

31 (23.5)

7 (  5.3)

82 (24.6)

31 (  9.3)

Fatigue

42 (20.8)

4 (  2.0)

30 (22.7)

5 (  3.8)

72 (21.6)

9 (  2.7)

Nausea

40 (19.8)

2 (  1.0)

25 (18.9)

2 (  1.5)

65 (19.5)

4 (  1.2)

Neutropenia

39 (19.3)

17 (  8.4)

19 (14.4)

7 (  5.3)

58 (17.4)

24 (  7.2)

Decreased appetite

34 (16.8)

4 (  2.0)

19 (14.4)

0 (  0.0)

53 (15.9)

4 (  1.2)

Asthenia

35 (17.3)

10 (  5.0)

16 (12.1)

4 (  3.0)

51 (15.3)

14 (  4.2)

Dysgeusia

29 (14.4)

0 (  0.0)

20 (15.2)

1 (  0.8)

49 (14.7)

1 (  0.3)

Stomatitis

26 (12.9)

0 (  0.0)

22 (16.7)

0 (  0.0)

48 (14.4)

0 (  0.0)

Anaemia

32 (15.8)

12 (  5.9)

15 (11.4)

 6 (  4.5)

47 (14.1)

18 (  5.4)

Vomiting

28 (13.9)

2 (  1.0)

18 (13.6)

3 (  2.3)

46 (13.8)

5 (  1.5)

Weight decreased

30 (14.9)

3 (  1.5)

16 (12.1)

2 (  1.5)

46 (13.8)

5 (  1.5)

Thrombocytopenia

29 (14.4)

8 (  4.0)

16 (12.1)

5 (  3.8)

45 (13.5)

13 (  3.9)

Leukopenia

24 (11.9)

5 (  2.5)

20 (15.2)

2 (  1.5)

44 (13.2)

7 (  2.1)

Oedema peripheral

23 (11.4)

0 (  0.0)

12 (  9.1)

1 (  0.8)

35 (10.5)

1 (  0.3)

Blood creatinine increased

18 (  8.9)

2 (  1.0)

16 (12.1)

3 (  2.3)

34 (10.2)

5 (  1.5)

Back pain

24 (11.9)

1 (  0.5)

9 (  6.8)

0 (  0.0)

33 (  9.9)

1 (  0.3)

Mucosal inflammation

16 (  7.9)

2 (  1.0)

15 (11.4)

1 (  0.8)

31 (  9.3)

3 (  0.9)

Cough

19 (  9.4)

0 (  0.0)

11 (  8.3)

0 (  0.0)

30 (  9.0)

0 (  0.0)

Dyspepsia

14 (  6.9)

0 (  0.0)

14 (10.6)

0 (  0.0)

28 (  8.4)

0 (  0.0)

Epistaxis

18 (  8.9)

0 (  0.0)

10 (  7.6)

0 (  0.0)

28 (  8.4)

0 (  0.0)

Pain in extremity

17 (  8.4)

1 (  0.5)

11 (  8.3)

0 (  0.0)

28 (  8.4)

1 (  0.3)

Abdominal pain upper

20 (  9.9)

1 (  0.5)

6 (  4.5)

1 (  0.8)

26 (  7.8)

2 (  0.6)

Aspartate aminotransferase increased

15 (  7.4)

1 (  0.5)

10 (  7.6)

2 (  1.5)

25 (  7.5)

3 (  0.9)

Blood thyroid stimulating hormone increased

13 (  6.4)

0 (  0.0)

11 (  8.3)

0 (  0.0)

24 (  7.2)

0 (  0.0)

Dyspnoea

14 (  6.9)

2 (  1.0)

10 (  7.6)

1 (  0.8)

24 (  7.2)

3 (  0.9)

Abdominal pain

17 (  8.4)

3 (  1.5)

6 (  4.5)

0 (  0.0)

23 (  6.9)

3 (  0.9)

Dry skin

15 (  7.4)

0 (  0.0)

7 (  5.3)

0 (  0.0)

22 (  6.6)

0 (  0.0)

Injection site erythema

21 (10.4)

0 (  0.0)

0 (  0.0)

0 (  0.0)

21 (  6.3)

0 (  0.0)

Blood lactate dehydrogenase increased

17 (  8.4)

0 (  0.0)

3 (  2.3)

0 (  0.0)

20 (  6.0)

0 (  0.0)

Headache

12 (  5.9)

0 (  0.0)

8 (  6.1)

2 (  1.5)

20 (  6.0)

2 (  0.6)

Platelet count decreased

13 (  6.4)

1 (  0.5)

7 (  5.3)

0 (  0.0)

20 (  6.0)

1 (  0.3)

Rash

15 (  7.4)

1 (  0.5)

5 (  3.8)

0 (  0.0)

20 (  6.0)

1 (  0.3)

Yellow skin

13 (  6.4)

0 (  0.0)

7 (  5.3)

0 (  0.0)

20 (  6.0)

0 (  0.0)

Hair colour changes

10 (  5.0)

0 (  0.0)

9 (  6.8)

0 (  0.0)

19 (  5.7)

0 (  0.0)

Pyrexia

11 (  5.4)

0 (  0.0)

8 (  6.1)

0 (  0.0)

19 (  5.7)

0 (  0.0)

Constipation

9 (  4.5)

0 (  0.0)

9 (  6.8)

0 (  0.0)

18 (  5.4)

0 (  0.0)

Erythema

11 (  5.4)

0 (  0.0)

7 (  5.3)

0 (  0.0)

18 (  5.4)

0 (  0.0)

Lymphopenia

11 (  5.4)

5 (  2.5)

7 (  5.3)

1 (  0.8)

18 (  5.4)

 6 (  1.8)

Skin discolouration

12 (  5.9)

0 (  0.0)

6 (  4.5)

0 (  0.0)

18 (  5.4)

0 (  0.0)

Dry mouth

6 (  3.0)

1 (  0.5)

10 (  7.6)

0 (  0.0)

16 (  4.8)

1 (  0.3)

Gastrooesophageal reflux disease

11 (  5.4)

0 (  0.0)

5 (  3.8)

0 (  0.0)

16 (  4.8)

0 (  0.0)

Neutrophil count decreased

10 (  5.0)

3 (  1.5)

6 (  4.5)

4 (  3.0)

16 (  4.8)

7 (  2.1)

White blood cell count decreased

8 (  4.0)

2 (  1.0)

7 (  5.3)

0 (  0.0)

15 (  4.5)

2 (  0.6)

Alopecia

6 (  3.0)

0 (  0.0)

8 (  6.1)

0 (  0.0)

14 (  4.2)

0 (  0.0)

Bone pain

10 (  5.0)

0 (  0.0)

4 (  3.0)

1 (  0.8)

14 (  4.2)

1 (  0.3)

Face oedema

10 (  5.0)

0 (  0.0)

4 (  3.0)

1 (  0.8)

14 (  4.2)

1 (  0.3)

*incidence of ≥5.0% at preferred term level in either treatment arm; severity graded according to NCI-CTCAE



FIGURE LEGENDS

Fig 1. OS analysis in the overall ITT population („all patients“, left figure) and in pre-defined subgroups according to Heng risk criteria („favorable risk “, upper right and „intermediate risk“, lower right)
Fig 2. PFS analysis in the overall ITT population as per independent and blinded radiologist/oncologist review („central review“, left figure) and as per investigator assessment „investigator analysis“, right figure)
Fig 3. Analysis of absolute monocyte numbers pre-treatment (time point VB (visit baseline)) and following start of sunitinib treatment (time points VD (visit D) – V9 (visit 9)) 
figures
Figure 1: Overall Survival
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Figure 2: Progression-free Survival
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Figure 3: Effect of sunitinib treatment on monocytes
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Figure S1: Selection of IMA901 peptides (9 HLA-A2, 1 pan-DR) based on over-expression of peptides in tumors and proof of immunogenicity
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Figure S2: Overview of study procedures
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Figure S3: CONSORT diagram
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Figure S4: Immune response magnitudes
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	Table S1:
Exposure to sunitinib 

	
	IMA901+sunitinib
N=202
	sunitinib monotherapy
N=132
	Total
N=334

	Duration of exposure (days)

mean ± STD

median (range)
	379.1 ± 205.0

406.0 (28-777)
	416.7 ± 202.4

458.0 (48-757)
	394.0 ± 204.5

414.5 (28-777)

	No. of started cycles

mean ± STD

median (range)
	9.3 ± 4.8

10.0 (1.0-18.0)
	10.2 ± 4.7

11.0 (2.0-18.0)
	9.6 ± 4.8

10.0 (1.0-18.0)

	No. of days with sunitinib

mean ± STD

median (range)
	253.2 ± 133.9

273.5 (28-504)
	279.8 ± 134.6

305.5 (28-544)
	263.7 ± 134.6

280.0 (28-544)

	Sunitinib dose per day with 

mean (mg)
median (mg) 
	46.87 
50.00
	
46.81
50.00
	46.85
50.00

	Total dose (g)

mean ± STD

median (range)
	11.71 ± 6.26

11.20 (1.40-24.85)
	12.95 ± 6.37

13.69 (1.40-26.86)
	12,20 ± 6.33

12.46 (1.40-26.86)

	


	Table S2:
Overview of serious treatment-emergent adverse events with fatal outcome

	Patient-
	
Fatal event
	Days
	Relationship to

	Number
	
(Preferred term)
	since VDa
	IMA901
	GM-CSF
	CY
	SUN

	IMA901+sunitinib
	

	2009003
	1) Myocardial infarction
	277
	UR
	UR
	UR
	UR

	2110006
	1) Circulatory collapse

2) Respiratory failure
	198

198
	UL

UL
	UR

UR
	UR

UR
	POS

POS

	2207005
	1) Oesophageal varices haemorrhage
	435
	UR
	UR
	UR
	POS

	3001016
	1) Cardiac arrest
	80
	UR
	UR
	UR
	POS

	Arm 2
	
	
	
	
	
	

	1217012
	1) Sepsisb
2) Pulmonary embolismb
3) Deep vein thrombosis
	36

36

36
	-

-

-
	-

-

-
	-

-

-
	UR

UR

UR

	2011009
	1) Ileus
	515
	-
	-
	-
	UR

	2106010
	1) Renal failure
	77
	-
	-
	-
	UR

	2118004
	1) Circulatory collapse
	67
	-
	-
	-
	UL

	2204007
	1) Multiple injuries
	290
	-
	-
	-
	UR

	2207001
	1) Death
	81
	-
	-
	-
	UR

	2224024
	1) Cerebrovascular accident
	284
	-
	-
	-
	POS

	2224033
	1) Pulmonary embolism

2) Oncologic complicationc
	40

40
	-

-
	-

-
	-

-
	UL

UL

	POS=Possible; UL=Unlikely; UR=Unrelated

a: Duration from Visit D to start date of the event in days.

b: Characterized as "suspected" in the verbatim report.

c: Specified as "cancer intoxication" in the verbatim report.

Source: Section 14.3, Table 14.3.2.4.2.2
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Monocytes [Mio/ml blood]

VB VD V5 V6 V7 V9

0.0

0.5

1.0

1.5

2.0

95 96

0.5300 0.2650

Median

n 102 100 97 88

0.3100 0.2650 0.3000 0.2800

Wilcoxon matched-pairs signed rank test

p

****

p

****

< 0.0001

< 0.0001

