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[bookmark: _Toc77930500]Synopsis
	Study number:
	PTF202

	Study title:


	A prospective, international, multi-centre, open-label, single-arm phase II study investigating the predictive value of [68Ga]Ga‑PentixaFor PET imaging in primary and isolated secondary CNS lymphoma patients

	[bookmark: _Toc387122783]Short title:
	[68Ga]Ga-PentixaFor PET imaging in CNS lymphoma patients

	[bookmark: _Toc387122786]Study objectives:
	[bookmark: _Toc387122787]Primary objective:
	1.	To evaluate the negative predictive value (NPV) of [68Ga]Ga-PentixaFor (PTF)‑PET at interim examination (after 6 ± 2 weeks of induction chemotherapy) for progression-free survival (PFS). 

	
	Secondary objectives:
	2.	To evaluate the positive predictive value (PPV) of PTF‑PET at interim examination (after 6 ± 2 weeks of induction chemotherapy) for PFS.
	3.	To evaluate the safety and tolerability of PTF‑PET imaging.
	4.	To evaluate the predictive values of PTF‑PET at the end of induction chemotherapy for PFS.
	5.	To evaluate the predictive values of PTF‑PET at interim examination (after 6 ± 2 weeks of induction chemotherapy) and end-of-chemotherapy-treatment for complete response (CR).
	6.	To evaluate the predictive values of pre-treatment PTF‑PET imaging parameters for PFS and CR.
	7.	To evaluate the predictive values of interim (after 6 ± 2 weeks of induction chemotherapy) PTF‑PET imaging parameters for PFS and CR.
	8.	To evaluate the predictive values of changes between pre-treatment and interim (after 6 ± 2 weeks of induction chemotherapy) PTF‑PET imaging parameters for PFS.
	9.	To determine the sensitivity of pre-treatment PTF‑PET for CXCR4-positivity in the fraction of patients from whom biopsy tissue is available, by using histopathology (CXCR4 overexpression by immunohistochemistry, IHC) as the reference standard on a patient basis.
	10.	To evaluate the diagnostic agreement between PTF‑PET and MRI at baseline imaging on a patient level.
	11.	To evaluate the observer agreement of PTF‑PET (inter- and intra-reader agreement).

	Phase of trial:
	II

	[bookmark: _Toc387122784]Study design:



	This will be an open, single-arm, international, multicentre, phase II imaging study to assess the predictive value of [68Ga]Ga‑PentixaFor PET imaging in primary and isolated secondary central nervous system lymphoma (CNSL) patients scheduled to undergo induction chemotherapy.
At each of three time points, each patient will receive two scans, a CXCR4-directed PTF‑PET scan and an MRI scan. The time points are baseline (before the initiation of induction chemotherapy), an interim scan (Week 6 ± 2 after the inception of induction chemotherapy) and a final scan in Week 12–18 (after the completion of induction chemotherapy).
After the three pairs of scans (PTF‑PET and MRI) have been performed the patients will enter the follow-up phase of the study. This will comprise four further MRI imaging procedures at 3‑month intervals.
This is an imaging-only study, and the study procedures do not include any therapeutic measures or decisions. Patients will be treated according to “standard of care”.

	[bookmark: _Toc387122788]Study population:
	Approximately 50 patients will be recruited at approximately 8 study centres in EU countries and the USA.

	
	Adult patients of either sex with histologically confirmed primary or secondary CNSL based on cytology/flow cytometry of cerebrospinal fluid (CSF) or brain biopsy will be recruited. Their disease must be previously untreated and located exclusively in the CNS, with at least one measurable parenchymal lesion, morphologically measurable according to the International PCNSL Collaborative Group (IPCG) criteria. Patients are to be scheduled to undergo induction chemotherapy. They must have an acceptable ECOG performance status and life expectancy.

	[bookmark: _Toc387122790]Study treatment:
	The study product is [68Ga]Ga-PentixaFor, otherwise referred to as PTF. It is a positron emitter and is used in this study as a PET tracer. It will be administered to each patient by bolus injection shortly before PET scanning. In all, three PTF‑PET scans will be performed. The short decay half-life of 68Ga will ensure an appropriately short exposure of the patients to radiation.

	[bookmark: _Toc387122795]Study evaluations:
	[bookmark: _Toc387122796]The primary efficacy endpoint will be the NPV of [68Ga]Ga-PentixaFor (PTF)‑PET at interim examination (after 6 ± 2 weeks of induction chemotherapy, PTF-PET2) for the prediction of 16 (±1)‑month PFS.
Major secondary efficacy endpoints will be the PPV of PTF‑PET at interim examination (PTF-PET2) for prediction of 16 (±1)‑month PFS; NPV and PPV of PTF-PET at end-of-chemotherapy (PTF‑PET3) for prediction of 16 (±1)‑month PFS; NPV and PPV of PTF-PET2 and PTF-PET3 for the prediction of complete response. Exploratory analyses of the association between PTF‑PET variables (standardised uptake value, tumour-to-background ratio, metabolic tumour volume) and PFS and CR will be performed. Sensitivity of PTF-PET to detect CXCR4 overexpression will be assessed. Agreement between PTF-PET and MRI concerning CNSL-suspicion will be determined, and inter- and intra-reader agreement will be checked.

	
	Safety criteria will be Frequency, system organ class categories, and severity of adverse events; clinical laboratory values (haematology, serum chemistry, urine analysis and changes therein); 12‑lead ECG; vital signs and changes therein; findings in physical examination.

	Statistical methods:
	Descriptive statistics will be used to summarise the data. Two‑sided 95% confidence intervals will be provided as appropriate.
Categorical data will be summarised using absolute and relative frequencies. Cross-tabulations will be provided where appropriate. Continuous variables will be summarised using the following descriptive summary statistics: number of observations, arithmetic mean, standard deviation, minimum, lower quartile, median, upper quartile, maximum. The same descriptive summary statistics will be used to summarise changes from screening or from baseline for continuous variables. Time to event data will be summarised using survival analysis methodology like Cox proportional hazard models or Kaplan-Meier methods. 
Details will be described in the Statistical Analysis Plan.

	Inclusion Criteria
	All study patients must meet all the following criteria:
1. Written informed consent obtained according to international guidelines and local laws by patient (or legally acceptable representative if the patient is temporarily legally not competent owing to his/her disease). [Note: No invasive study-specific procedures may be carried out until this consent has been given.]
2. Patient aged 18 years or above (either sex).
3. Histologically confirmed primary or secondary CNSL based on cytology/flow cytometry of cerebrospinal fluid (CSF) or brain biopsy.
4. Disease exclusively located in the CNS (primary CNSL or secondary CNSL with isolated CNS relapse). Subjects who had undergone allogeneic stem cell transplant > 12 months prior to first dose of study drug, have no evidence of active graft versus host disease, and are not on systemic immunosuppressive therapy are allowed to participate in the study.
5. At least one measurable parenchymal lesion. [Note: parenchymal CNSL is a “must”, and additional locations such as leptomeningeal disease are permitted.]
6. Previously untreated CNS disease.
[Note: Previous or ongoing steroid treatment is permitted. Prophylaxis chemotherapy is not necessary, as induction chemotherapy will start within 72 hours after PTF-PET.]
7. At least one morphologically measurable lesion according to the IPCG criteria (Appendix 1).
8. Patients scheduled to undergo induction chemotherapy based on one of the following: High-dose methotrexate (HD-MTX)-based chemotherapy,ICE/DeVIC or High-dose cytarabine (HD-AraC)-based chemotherapy.
9. ECOG performance status ≤ 2 for patients aged ≥65 years;
ECOG performance status ≤ 3 for patients aged <65 years.
10. Life expectancy of at least 3 months, as estimated by the investigator.
11. For women of child-bearing potential: negative pregnancy test.
12. For sexually active female patients of child-bearing potential: The patient agrees to take adequate contraceptive measures during study participation and also agrees to continue use of this method for the duration of the study and for 6 months after the last dose of PTF.
13. For male patients whose partner is of child-bearing potential: The patient is willing to ensure that he and his partner use effective contraception during the study and for 6 months after the last dose of PTF.


	Exclusion Criteria
	Any patient meeting one or more of the following criteria will not be included:
1. Known hypersensitivity to [68Ga]Ga-PentixaFor or its components.
2. Contraindication for contrast-enhanced MRI as set out in the relevant institutional guidelines (e.g., pacemaker, defibrillator, aneurysm clip, metal in the body, renal insufficiency, severe claustrophobia etc.).
3. Contraindication for the use of gadolinium contrast for MRI.
4. Contraindication for PET according to institutional guidelines (weight-based, e.g. weight > 180 kg).
5. Inability to lie still for the entire imaging time.
6. Systemic lymphoma manifestation (outside the CNS).
7. Presence of active infection at screening or history of serious infection within the previous 6 weeks (except HIV infection: patients with HIV-associated primary CNSL are considered eligible).
8. Administration of another investigational medicinal product within the 30 days (or 5 excretion half-lives, whichever period is the longer) before first treatment with PTF.
[Note: Re‑screening may be performed to accept washout of prior agents.]
9. Current toxicity of Grade >2 from previous standard or investigational therapies (grade according to the NCI Common Terminology Criteria for Adverse Events, version 5.0 (CTCAE 5.0).
10. For female patients: Pregnancy (existing or intended) or breast-feeding.
11. Renal impairment: Both of the following:
   Estimated glomerular filtration rate (eGFR) < 30 ml/min/1.73 m2
   Creatinine clearance < 60 ml/min
12. Hepatic impairment: Both of the following:
   Aspartate aminotransferase (AST) > 3´ upper limit of normal
   Alanine aminotransferase (ALT) > 3´ upper limit of normal
13. Presence of any unstable systemic disease (including, but not limited to, active infection, uncontrolled hypertension, unstable angina, congestive heart failure, serious cardiac arrhythmia requiring medication, hepatic, renal or metabolic disease.
14. Presence of psychiatric disease, alcohol abuse or any other medical condition(s) that, in the opinion of the investigator, makes the patient unable to comply with study procedures and visits.
15. Patient Weight ≤ 48 kg
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	Screening phase
	Treatment phase
	Follow-up

	
	Visit 1
Screening 
1–14 day(s) before Day 1)
	Visit 2
(Day 1)
	Visit 3
(Day 2)
	Visit 4
(6 ± 2 weeks after
commencement of
induction chemotherapy)
	Visit 5;
(at end of of
induction chemotherapy, Week 12–18)
	Visits 6, 7, 8, 9
(starting 3 months after Visit 5 and then every 3 months)

	
	At clinical research unit (a)
	At nuclear med. dept.
	At radiology dept.
	At CRU (a)
	At nuclear med. dept.
	At radiology dept.
	At nuclear med. dept.
	At radiology dept.
	At radiology dept.

	Patient's informed consent (b)
	X
	
	
	
	
	
	
	
	

	Inclusion/exclusion criteria
	X
	
	
	
	
	
	
	
	

	Demographic data
	X
	
	
	
	
	
	
	
	

	Pregnancy test (c)
	X
	
	
	
	
	
	
	
	

	Medical history
	X
	
	
	
	
	
	
	
	

	Height
	X
	
	
	
	
	
	
	
	

	Weight
	X
	X
	
	
	X
	
	X
	
	

	Concomitant med. checked (d)
	X
	X
	
	
	X
	
	X
	
	

	Sampling for laboratory (e)
	X
	X
	
	X
	X
	
	X
	
	

	Blood sample for genetics (f)
	(X)
	(X)
	
	
	(X)
	
	(X)
	
	(X) (Visit 7 only)

	Physical examination (g)
	X
	X
	
	X
	X
	
	X
	
	

	CSF cytology (h)
	(X)
	
	
	
	if clin. ind.
	
	if clin. ind.
	
	if clin. ind.

	Slit-lamp eye examination (h)
	(X)
	
	
	
	if clin. ind.
	
	if clin. ind.
	
	if clin. ind.

	Whole-body FDG-PET/CT (i)
	(X)
	
	
	
	
	
	
	
	

	Blood pressure and pulse
	X
	See Table 2
	
	X
	See Table 2
	
	See Table 2
	
	

	12‑lead ECG
	X
	
	
	X
	
	
	
	
	

	Adverse events recorded
	X
	
	
	X
	
	
	
	
	

	Administration of IMP
	
	
	
	
	
	
	
	
	

	PET scan
	
	
	
	
	
	
	
	
	

	MRI
	
	
	X
	
	
	X
	
	X
	X
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Table 1: Study visits and procedures
     Footnotes: see next page

Footnotes to table1 
Clin. ind., clinically indicated; med., medical; dept., department.
End of study: At the end of the 4th follow-up visit or upon determination of relapse/progression/death, whichever occurs earlier.
If the patient withdraws or is withdrawn prematurely (i.e., before Visit 9) then the reason(s) is/are to be documented; for procedures see section 8.3.1.
a)	Clinical research unit (CRU): Oncology or haematology unit.
b)	No invasive study procedures are to be conducted before the patient’s informed consent has been given in writing.
c)	If applicable (female patient of child-bearing potential). Measured by urine or serum according to local practice and as frequently as required by local regulations.
d)	At Visit 1, all concomitant medications are to be recorded; at subsequent visits, the patient is to be asked to report any changes.
e)	Blood and urine samples for haematology, serum chemistry and urinalysis; details are given in section 10.3.
f)	Only performed, if patient gave written informed consent to take part in the accompanying substudy; details in section 10.8.
g)	Details in section 10.5.
h)	Only to be performed at Visit 1, if not performed during diagnosis set-up or within 4 weeks before screening (Visit 1); on visit 4, 5 and follow-up visits only if clinically indicated
i)	Only to be performed at Visit 1, if not performed during diagnosis set-up or within 4 weeks before screening (Visit 1); FDG-PET/CT is preferred, however,if not possible a CT with contrast agent or an MRI will also be accepted
[bookmark: _Ref77930022][bookmark: _Toc77505723][bookmark: _Toc77505755][bookmark: _Toc77505788]Table 2: Administration of PTF and PTF-PET imaging.
	(Detailed schedule within Visits 2, 4 and 5)
	Step
	Time point
	Action (at Visit 2 only)
	Action (at Visits 4 and 5 only)

	1
	First step
	Blood pressure and pulse rate measured; any adverse events recorded
ECG 
	Any adverse events recorded

	2
	thereafter
	Placement of i.v. cannula
	Placement of i.v. cannula

	3
	thereafter
	Blood pressure and pulse rate measured; any further adverse events recorded
	Any further adverse events recorded

	4
	thereafter
	Administration of PTF
	Administration of PTF

	5
	Immediately after administration
	Blood pressure and pulse rate measured; any further adverse events recorded
	Any further adverse events recorded

	6
	40–60 min after administration
	Blood pressure and pulse rate measured; any further adverse events recorded
	Any further adverse events recorded

	7
	60 min after administration
	PTF‑PET imaging
	PTF‑PET imaging

	8
	2–3 hours after administration
	Blood pressure and pulse rate measured.
ECG and physical examination. Any further adverse events recorded
	Any further adverse events recorded

	9
	thereafter
	Discharge from nuclear medicine dept.
	Discharge from nuclear medicine dept.
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