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1. Additional Data
Detailed radiotherapy description
During the first cycle of pembrolizumab treatment, stereotactic body radiation therapy (SBRT) will be delivered to one index lesion. A total dose of 24 Gy will be delivered in three fractions of 8 Gy, with each fraction 48h apart. A lesion causing symptoms or discomfort to the patient is preferred to be chosen as index lesion, a bony lesion is to be avoided if other lesions are amenable. All patients will be immobilized in a comfortable and appropriate position to irradiate the index lesion. Support and/or immobilization devices can be used to increase patient comfort or to ensure set-up reproducibility. The planning CT scan should be acquired with the patient in the same position and using the same immobilization/support device(s) as for treatment. Planning CT scan (with IV contrast, unless contraindicated) will be done at ≤ 3 mm intervals encompassing the region of interest with sufficient margin for treatment planning, a typical scan length should extend at least 10 cm superior and inferior beyond the treatment field borders. Lung and liver tumor sites will be simulated with 4D-CT or a similar established technique, taking into account breathing-motion. For abdominal or pelvic tumor sites bowel contrast should be used for planning CT scan. The Gross Tumor Volume (GTV) is defined as all known gross disease encompassing the selected index lesion. The GTV will consist of the index lesion as visualized on CT. No Clinical Target Volume (CTV) will be delineated. The Internal Tumor Volume (ITV) is defined for mobile index lesions (lung or liver) at the discretion of the treating physician. A 4-D CT scan should be acquired in order to account for the motion of the lesion during respiration. The ITV will be defined as the union of the visualized index lesion on all gated CT data sets. The Planning Target Volume (PTV) will be created by using a 3-dimensional margin on the GTV or ITV (if available) to allow for daily set-up variance and organ motion. Margins depend on the site irradiated with typically 2 mm margins for bony lesions and 5 mm for other sites. Organs at risk (OAR) are contoured as visualized on the planning CT with IV-contrast. The OAR depend on the localization of the metastasis and should at least include all OAR (lying within the scanned range on the planning CT scan) for which dose constraints are described in the report of the AAPM task group 101[1]. A Planning Organ at Risk Volume (PRV) expansion of typically 2 mm will be added to the OAR for setup uncertainty or organ motion. For mediastinum, liver, heart and kidney a PRV margin of 5mm should be used. All dose constraints apply to this PRV. It is strongly recommended that dose constraints be not exceeded. If a dose constraint cannot be achieved due to overlap of the target with an OAR, the target coverage can be compromised in order to meet the constraint. Treatment will be prescribed to the periphery of the target, i.e. 80% of the dose (=24 Gy), should cover 90% of the PTV. The OAR dose constraints will be in accordance with the recommendations from the report of the AAPM task group 101. In case of violation of dose constraints to the surrounding OARs, the prescription can be adapted accordingly. A dose inhomogeneity in the PTV overlapping with a PRV is allowed but 90% of the GTV should receive at least 24 Gy. Maximum PTV dose up to 160% is allowed but all dose > 105% (31.5 Gy) should lie within the PTV. Dose falloff outside the PTV extending into normal tissue structures must be rapid in all directions and one should target a dose fall-off of 50% off the prescribed dose (12 Gy) within 3 cm outside the PTV.
Biomarker study ancillary to the PRIMMO trial 
Objectives
The main objectives of this translational research study are to (1) unravel the contribution of each treatment component to therapeutic efficacy and (2) identify predictive biomarkers for this novel therapeutic combination.
To this end, we plan to investigate:
· Immune response biomarkers
· Extracellular vesicles
· Cell death biomarkers
· Gut microbiome composition

Immune response biomarkers
Due to the revival of cancer immunotherapy, monitoring the immune response as well as tumor responses following these therapies is of utmost important to the advancement of this field, and the identification of predictive biomarkers as well as early markers of response to new treatments are important goals of ongoing research in order to broaden the impact of these therapeutics [2]. At present no definitive biomarkers have been validated that can be used to predict which patients are most likely to have a clinical benefit. A major complicating factor is the site where immune monitoring should be performed: peripheral blood is readily accessible but the relationship between the peripheral immune system and immune responses in the TME is not well understood [3]. Moreover, even between primary tumors and metastatic sites, the employed immunological mechanisms have been suggested to be distinct [4, 5]. Next, the immune response is highly dynamic in nature, which poses a significant challenge to immunomonitoring approaches. Therefore, timing of the collection of biological samples for immune response monitoring is of high importance. According to the PRIMMO protocol, blood for immune response biomarkers is collected at screening, during treatment cycle 2 and after treatment cycle 6 (end of treatment). Thereafter, for patients that continue on treatment, yearly follow-up samples will be collected or at time of progression. In patients where it is technically feasible, tumor biopsies will be collected at screening and during treatment cycle 2, see also figure 2 (main manuscript) and supplementary additional table S1. Sampling at baseline would allow the identification of predictive or prognostic biomarkers for patient stratification. The sampling during cycle 2 is based on (1) the hypothesis that at this time point T cells would have infiltrated the irradiated lesion and (2) previously published findings that immune profiling in early on-treatment biopsies is highly predictive of response to PD-1 blockade in melanoma [6]. The blood sampling at end of treatment serves to assess the effect of treatment on the induced immune response and to correlate findings with clinical outcome.
[bookmark: _GoBack]From blood, serum, plasma, RNA, DNA and peripheral blood mononuclear cells will be isolated and a broad set of immunological analytes (summarized in supplementary additional table S2, with their rationale) will be measured together with immunophenotyping of immune cells and T cell functional assays. 
The fresh tumor biopsies, depending on the available amount of tumor material, will be divided for embedding in paraffin, RNA/DNA isolation, TIL culture and single-cell suspension preparation for flow cytometric analyses. On these samples, we will perform longitudinal analysis of the immune infiltrate [7], PD-L1 expression [8], TCR repertoire [8], mutational load [9] and T cell functional assays. An archival tumor biopsy from all patients will be used to assess immune cell infiltration, PD-L1 status, PTEN status, ER/PR expression, MSI status and POLE status because it has been shown previously that these could potentially correlate with efficiency of PD-1 blockade.
These data will allow us to identify whether the treatment has an impact of the intratumoral immune response diversity and whether these changes are reflected in the blood. Moreover, by correlating immunological changes with known clinical findings, we hope to find predictive biomarkers for patient selection in future trials.

Extracellular vesicles (EVs)
Cells communicate with each other by secreting a range of different components. On the one hand soluble factors (e.g. hormones, growth factors) but also complexes composed of proteins, lipids and/or nucleic acids (e.g. protein complexes, lipoproteins, extracellular vesicles (EVs)). EVs are nanovesicles, secreted in high number by cancer cells, with a diameter of 50-1000 nm and can be subdivided in microvesicles and exosomes on the basis of their cellular origin [10]. They are composed of a double layered lipid membrane, some specific lipids, membrane as well as intraluminal proteins and nucleic acids [11, 12]. In this way they can be seen as packages filled with information that can be transported from donor cell to recipient cell. Donor and recipient cells can be located close to each other, e.g. in the same organ, but EVs can also end up in the blood stream and can be transferred to distant organs where they can support the development of a pre-metastatic niche [13]. As EVs are secreted by cancer cells in high numbers and their composition reflects the parent cell, characterization of EVs may provide valuable information about the tumor. EVs entering the bloodstream have shown promising predictive or prognostic value for patient follow-up in different cancer types [14-17]. As EVs contain proteins, lipids and nucleic acids, each of these classes of components can lead to a completely different way of using EVs as a biomarker [18]. EVs also have the advantage that they can be obtained in a noninvasive way, by liquid biopsy sampling, as EVs can be found in blood, urine, breast milk, saliva, sperm, amniotic fluid etc. [19]. 
According to the PRIMMO protocol, blood for extracellular vesicle analysis is collected at six time points: at screening, three times during treatment cycle 1: within one hour after the first radiotherapy treatment, within one hour before the second and before the third radiotherapy treatment, at day 1 of treatment cycle 2 and at day 1 of cycle 6. EVs will be isolated from platelet free plasma by our in house created protocol using size exclusion chromatography and OptiPrep density gradient to end up with pure EVs. Isolated EVs will be analyzed for numbers and alterations on the level of transcriptome and proteome. After biostatistical and bioinformatical analysis a correlation of EV profiles with corresponding known therapy specific changes will be carried out. In this way we would like to identify a biomarker that could predict the response of the patient with cervical carcinoma, endometrial carcinoma or uterine sarcoma before or early during treatment. Ultimately, leading to exclusion of patients not benefitting from the treatment.

Cell death biomarkers
Since some time, it has become clear that the therapeutic potential of RT does not only exist of local and direct cytotoxicity but also indirect local and long-range abscopal (systemic) effects [20, 21]. Hereby RT turns the tumor into an “in-situ vaccine” through the mechanism of ICD [22]. Induction of ICD by RT is dependent on radiation dose and fractionation. RT used at immunogenic doses leads to accumulation of cytosolic double-stranded DNA (dsDNA) in cancer cells, which activates type I IFN via the cGAS/STING pathway. Radiation doses per fraction above 10-12 Gy induce TREX1 upregulation in the irradiated tumor cells and a concominant degradation of IFN-stimulatory cytosolic dsDNA [23, 24]. Immunogenic cell death implicates the release of damage-associated molecular patterns (DAMPs) and tumor antigens through a disintegrated cell plasma membrane [25, 26], linking ICD with necrosis rather than apoptosis (a programmed cell death in which the cell membrane remains intact). Necrosis, which for long had been considered as a purely accidental cell death mode, can be programmed or induced by finely regulated signal transduction pathways, called regulated necrosis (RN). Necroptosis and ferroptosis are, amongst others, 2 forms of RN [27]. Necroptosis, recently described to be involved in radiation induced programmed cellular death can be present in apoptotic/caspase-deficient conditions and may compensate for the resistance to apoptosis (a major cause of therapy resistance) [28]. Ferroptosis is a regulated form of iron-dependent cell death genetically, biochemically, and morphologically distinct from other cell death modalities and is driven by loss of activity of the lipid repair enzyme glutathione peroxidase 4 (GPX4) and subsequent accumulation of lipid-based reactive oxygen species (ROS), particularly lipid hydroperoxides [29]. Secondary necrosis (SN) occurs in apoptotically dying cells which cannot be properly and timely engulfed by neighboring cells or professional (macro)phagocytes in case of massive apoptosis [20].
Key question from immuno-radiotherapeutic point of view is how to achieve optimal cell death required for ICD and if cell death related products could be used as biomarker for response prediction. However, first of all we need to explore which cell death modalities are involved in ICD, since this is most probably NOT apoptotic (together with mitotic catastrophe and senescence considered to be the principal mechanism of radiation induced cell death for years) [20, 30] but rather a regulated or secondary necrotic cell death. 
According to the PRIMMO protocol, blood for cell death biomarkers is collected at the same time as EVs blood collection, being at screening, 3 times during treatment cycle 1 (within 1 hour after the first and within one hour before the 2nd and 3rd RT treatment) and at day 1 of treatment cycle 2 and 6. 
We will investigate the impact of treatment on release of danger signals (HMGB-1, CRT, mtDNA) and cell death related proteins (cytochrome C, IL1, cytokeratin-18, phosphorylated mixed lineage kinase domain-like protein, activated caspase-3, drop in GPX4 expression) to distinguish between apoptosis, SN and several kinds of regulated necrosis. We hypothesize that response to treatment will be associated with presence or change of danger signals and/or cell death markers in the blood, this will allow us to predict response to treatment soon after start of the RT treatment.

Gut microbiome
The intestinal epithelial barrier hosts a broad range of commensal bacteria, other microorganisms and their genomes, collectively referred to as the gut microbiome (GM) [31, 32]. Factors reported to influence the composition of the GM include age [33], host genetics [34], tobacco smoking [35], systemic antibiotic therapy [36] and nutrition [37]. In most cases the GM is beneficial for the development, health and survival of the organism [38]. These microbes contribute to a broad range of physiological functions including nutrient metabolism, enteric and systemic antimicrobial protection, hematopoiesis and other functions systemically [39, 40]. A growing body of literature, however, underscores the association between the GM and cancer initiation, invasion and metastasis both at colonized and sterile tissues [40-42]. 
Interestingly, the relation between the GM and response to cancer therapy is being increasingly recognized [43]. Overall, the evidence from human, mouse and in vitro studies supports an intimate relationship between the GM and the response to chemotherapy including cyclophosphamide [44], oxaliplatin [45], 5-fluorouracil [46], gemcitabine [47, 48], irinotecan [49] and methotrexate [50, 51]. More recently, it has been shown that commensal bacteria control cancer response to immune checkpoint therapy such as PD-L1 and CTLA-4 blockade by modulating the host immune response [52-54]. In a pivotal multi-institutional study, Gopalakrishnan and colleagues [55] evaluated the composition of the GM in 43 patients treated with PD-1 blockade for metastatic melanoma. According to RECIST criteria, participants were classified as either responders or non-responders. The study team demonstrated significantly different enterotypes in the gut of responders versus non-responders. Of interest, responders harbored a significantly higher bacterial diversity (p<0.01) and had increased concentration of the Ruminococcaceae bacteria (p<0.01) when compared with their non-responding counterparts. Other results from patients receiving checkpoint inhibitors for metastatic renal cell carcinoma have revealed that broad-spectrum antibiotics have a significant negative effect on progression-free survival. As the authors concluded [56], additional research is warranted to determine whether the alteration of the GM is responsible for this finding. In brief, this large number of preclinical and clinical studies suggests that, however significant progress in the field of the oncomicrobiome has been made, this area of research is nascent and the research is preliminary.
According to the PRIMMO protocol, fecal samples are collected at three different time points to explore connections between the composition of the GM and therapy response. Their relevance is twofold. First, only a minority of patients typically responds to PD-1 blockade [57, 58], at the expense of high treatment costs. Therefore, patient selection based on the gut signature holds great promise as a tool to identify patients that are most likely to respond to PD-1 blockade. Second, manipulation of the GM could prove to be a future actionable strategy to enhance therapeutic responses to immune checkpoint blockade [59, 60]. 

2. 


1

3. Additional tables
Additional file 1: Table S1 Trial flowchart
	Trial Period:
	Screening 
	Treatment 
	Follow-up

	Scheduling Window 
	Week -4 - 0
	Week 1 D-14
	Week 1 D-13
	Week 1 D-12
	Week 1D-11
	Week 1 D-10
	Week 1 D-9 – D0
	Week 2
	Week 3 D1 
	Week 3 D3
	Week 3 D5
	Week 3-5
	Week 6 D1
	Week 7 D8
	Week 6-8
	Week 9 D1
	Week 9-11
	Week 12 D1 
	Week 12-14
	Week 14 D15
	Week 15 D1
	Week 15-17
	Week 18 D1
	Week 18-20
	Week 21 D1
	Week 21-25
	Week 26 / discontinuation

	30 days post discon
	12 weeks post discon
	Every 3 months 

	Treatments
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	Endoxan
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	Food supplement

	CurcuPhyt
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	Administrative Procedures
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	Inclusion/Exclusion Criteria
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	Demographics and Medical History
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	Cancer history 
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	Prior Medication
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	Concomitant Medication
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	Patients diary
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	Post-study anticancer therapy status
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	Survival Status
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	Clinical Procedures/Assessments

	Review Adverse Events 
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	Physical Examination
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	Vital Signs & Weight
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	CT scan to plan radiotherapy
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	Radiotherapy Toxicity 
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	Laboratory Procedures/Assessments: analysis performed by LOCAL laboratory

	Pregnancy Test 
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	CA125 
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	Efficacy Measurements

	Tumor Imaging 
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	QoL questionnaire
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	Tumor Biopsies/Archival Tissue Collection/Correlative Studies Blood

	Archival or Newly Obtained biopsy
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	Immune Monitoring Blood 
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	Biomarkers Blood 
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	Feces sample 
	X
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Additional file 1: Table S2 Planned immunological analyses
	Analyte
	Rationale
	Site of assessment

	TCR repertoire analysis
	T cell response
	PBMCs and tumor

	Tumor-specific T cells (intracellular cytokines, perforin, granzyme, CD107)
	T cell function
	PBMCs 

	T cell phenotype
	T cell memory/activation status
	PBMCs and tumor

	Cytokine/chemokine assessment
	Humoral response
Systemic cytokine response
	Blood – serum or plasma

	Kynurenine, Tryptophan
	IDO1 status
	Blood – serum or plasma

	IDO1 expression
	IDO1 status
	Tumor

	CD3, CD8, CD45RO, CD68, CD163, FoxP3, granzyme B, NKp46
	TIL infiltration
	Tumor

	sPD-L1
	Potential checkpoint blockade biomarker
	Blood – serum or plasma

	sMICA
	Radiation-induced T and NK activation
	Blood – serum 

	MDSC
	MDSC frequency
	Blood and tumor

	Arginase-1, PGE2, TGF
	MDSC function
	Blood – serum or plasma

	COX-2
	COX-2-driven inflammation
	Tumor

	DC phenotype
	DC subsets
	PBMCs and tumor

	NK cell phenotype
	NK cell subsets
	PBMCs and tumor

	RNA sequencing
	Tumor mutational burden
Differential gene expression
	PBMCs and tumor

	MSS/MSI
	MMR status
	Tumor

	PTEN
	PTEN status
	Tumor

	PD-L1
	PD-L1 status
	Tumor

	POLE
	POLE status
	Tumor

	HPV
	HPV infection
	Tumor

	Hormone receptors (ER, PR)
	Hormone receptor expression
	Tumor
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