Cancer immunotherapy is accompanied by distinct metabolic patterns |n
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Supplementary Materials and Methods

Generation of tumor antigen-specific Th1 (Tag2-Th1) cells

Tumor antigen-specific Th1 cells were generated as previously described [1]. Briefly,
CD4" T cells were isolated from the spleens and lymph nodes of transgenic Tag2-
TCR mice and separated via magnetic-activated cell sorting (MACS) according to
the manufacturer’s protocol (Milteny Biotec GmbH, Bergisch Gladbach, Germany).
The cells were co-cultivated together with irradiated (30 Gy) antigen presenting cells,
CPG oligonucleotide (ODN1668; Eurofins Genomics Germany GmbH, Ebersberg,

Germany), anti-IL-4 mAbs (EMC Microcollections GmbH).

Immunotherapy in RIP1-Tag2 mice

The first cohort of ten- to eleven-week-old RIP1-Tag2 mice (n=5 per treatment
group) with advanced insular cell carcinomas was treated according to the treatment
scheme in Fig. 1A. Briefly, combo-treated mice received weekly injections (i.p.) of
1x10° Tag2-Th1 cells followed by anti-PD-L1 plus anti-LAG-3 mAbs (first injection:
500 pg/mAb, following: 200 ug/mAb; BioXcell, NH, USA) 24 h after whole-body
radiation (2 Gy). Control mice received either isotype-matched IgG (Iso) mAbs
(BioXcell, NH, USA) and/or PBS instead of T cells. (CIT: mAbs+PBS, Th1:
Iso+Tag2-Th1, sham: Iso+PBS).

A second cohort of 10- to 11-week-old RIP1-Tag2 mice mimicked the clinical
conditions and exclusively received anti-PD-L1 and anti-LAG-3 mAbs (i.p.),
importantly without the initial 2 Gy whole-body radiation (CIT, n=8) (Fig. 2A). Sham-

treated mice received Iso mAb-injections twice weekly (i.p.; n=8).



Supplementary Discussion

Although a nonessential organ, the spleen has important functions as a reservoir
and as a site of priming and proliferation for lymphocytes [2]. Additionally, the spleen
is involved in the induction of immune tolerance as well as in the removal of aged or
dysfunctional blood cells [2, 3]. Undoubtedly, the spleen is involved in the response
to systemic inflammatory stimuli, such as lipopolysaccharides or RNA vaccinations,
which is observable by the enhanced splenic ®F_FDG-PET uptake [4, 5]. In the
endogenous insular cell carcinoma model, we observed an elevated "®F_FDG tracer
uptake in the spleen in response to PD-L1 mAbs and LAG-3 mAbs with or without
Tag2-Th1 cells, which reflects the enhanced glucose metabolism (Fig. 1C, D and
2C, D). In addition, we observed a trend towards some patients with metastatic
melanoma having increased splenic glucose metabolism in response to CIT, but no
significant differences were found between responders and non-responders (Fig.
3D). The spleen is important for the immune tolerance of tumors as splenic myeloid-
derived suppressor cells (MDSCs) play a major role in suppressing the antitumoral
immune responses [3, 6]. However, little is known about how the spleen is involved
in overcoming immune tolerance by cancer immune therapy. Zhuang et al. revealed
an increase in the number of splenic effector memory T cells by applying an effective
combination therapy that consisted of local radiotherapy, intra-tumoral
cytosine-phosphorothioate-guanine, and systemic PD-1 mAb administration in an
experimental lung cancer model [7]. The activation of T cells requires sufficient
glucose uptake via GLUT1, which can be measured by ®F-FDG-PET uptake [8-12].
Using '"®F-labeled 2'-deoxycytidine, Radu et al. revealed significant uptake in the
spleen and lymph nodes as a consequence of an anti-tumoral immune response

[13].
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Supplementary Figures and Tables

Figure S1: Patient selection
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In total, the data from 39 patients with metastatic melanoma and their "®F-FDG-
PET/CT were available. For the analysis of the spleen, patients who had a second
malignant disease, surgical resections of metastasis, splenic metastasis and uveal
melanomas were excluded. In total, 23 patients with '®F-FDG-PET scans within 50
days before and 125 days after the start of therapy were identified for further

analysis. For the analysis of the bone marrow, we excluded patients with diffuse



bone metastases, bone marrow carcinosis and previous external beam radiation

therapy on bone marrow regions from the analysis of the bone marrow.



Figure S2: Retrospective analysis of the bone marrow excluding the patients

with bone metastases
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(A) TBRs after excluding the five responders and three non-responders with bone

metastases at the baseline scan. (B) TBRs in the axial and appendicular bones of

patients who responded or did not respond to CIT. (C) % change between the

baseline and follow-up PET/CT scans in the whole-body TBR. (D) % change of the

TBR after the separate analysis of the axial and appendicular bones. Data are

expressed as the mean £ SEM (responder n=8; non-responder n=4). Each data

point represents one patient (*P<0.05, ns = not significant).



Figure S3: Retrospective analysis of the blood parameters
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(A) The % change of the malignant melanoma tumor markers LDH (5.8+11.3 %
vs. 63.2431.4) and S100 (2.9+22.6 % vs. 307.9+165.7 %) in the blood of
responders and non-responders between the baseline and follow-up PET/CT
scans. (B) Relative eosinophil counts (24.4+23.2 % vs. 106.9+101.3 %) and
relative lymphocyte counts in responders and non-responders (-15.2+9.6 % vs. -
7.846.0 %); Data are expressed as the mean £ SEM (LDH responders n=11
non-responders n=8; S100 responders n=13 non-responders n=8§;
eosinophils/lymphocytes responders n=10 non-responders n=7). Each data point

represents one patient (ns = not significant).



Table S1: Clinical '®F-FDG-PET/CT data from patients with metastatic

melanoma
Responder Age Sex Checkpoint inhibitor basel?naez)zs-:ti::::; start thera[?; Sa?&tfgglrllowup
1 50 m Nivolumab 28 96
2 77 m Nivolumab 19 121
3 52 m Ipilimumab 1 77
4 62 m Ipilimumab 6 43
5 74 m Pembrolizumab 5 86
6 75 f Pembrolizumab 13 96
7 94 f Pembrolizumab 26 88
8 66 m Ipilimumab 13 66
9 84 m Pembrolizumab 20 83
10 62 f Ipilimumab 50 89
11 60 m Pembrolizumab 7 84
12 75 m Pembrolizumab 20 90
13 85 f Nivolumab 5 85
w | s | o | b : o
Non-
responder
15 59 f Ipilimumab 14 55
16 77 m Ipilimumab 23 104
17 75 f Ipilimumab 35 74
18 80 f Pembrolizumab 35 88
19 75 m Pembrolizumab 5 87
20 35 m Nivolumab 8 81
21 72 f Ipilimumab 14 58
22 76 m Pembrolizumab 27 91
23 59 f Ipilimumab 21 82
e
24 73 m Ipilimumab 20 131 Follow up too late
25 58 f Pembrolizumab 13 76 Primary lung cancer
26 68 f Ipilimumab 104 108 Baseline too early
27 66 m Nivolumab 89 76 Baseline too early
28 21 f Ipilimumab 13 70 Eqifae;t;os?;fr:;gﬁon
29 59 f Ipilimumab 24 317 Follow up too late
30 39 m Ipilimumab 35 191 Follow up too late




31 51 Nivolumab 112 376 Follow up too late

32 56 Pembrolizumab 16 91 Lymph node resection

33 77 Pembrolizumab 17 168 Follow up too late

34 71 Nivolumab 34 267 Follow up too late

35 43 Pembrolizumab 74 93 Baseline too early

36 72 Pembrolizumab 30 91 Uveal melanoma, Bone
metastasis, radiatio

37 74 Pembrolizumab 23 98 Splenic metastasis

38 67 Pembrolizumab 1 86 Uveal melanoma, B-cel
lymphoma

39 61 Pembrolizumab 76 103 Baseline too early

m, male; f, female
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Table S2: Clinical splenic '®F-FDG-PET/CT data
Responder Checkpoint inhibitor basel?n?grtit(‘e’:::; start thera;?yaztsa?tit:f;?ow up Sbsssr::]aen gﬁl\‘l):el;'; OS/OU?:\:gﬁ

1 Nivolumab 28 96 2,01 1,95 -2,99
2 Nivolumab 19 121 1,71 1,97 15,20
3 Ipilimumab 1 77 1,51 1,41 -6,62

4 Ipilimumab 6 43 1,86 1,86 0,00

5 Pembrolizumab 5 86 2,11 1,05 -50,24
6 Pembrolizumab 13 96 2,16 1,69 -21,76
7 Pembrolizumab 26 88 1,59 1,41 -11,32
8 Ipilimumab 13 66 1,57 1,74 10,83
9 Pembrolizumab 20 83 1,73 1,5 -13,29
10 Ipilimumab 50 89 1,48 1,86 25,68
11 Pembrolizumab 7 84 1,04 2,16 107,69
12 Pembrolizumab 20 90 2,05 1,75 -14,63
13 Nivolumab 5 85 1,89 1,95 3,17

14 ponmumabt 4 82 1,62 2,86 32,00

Non-
responder

15 Ipilimumab 14 55 1,96 1,63 -16,84
16 Ipilimumab 23 104 1,51 1,51 0,00

17 Ipilimumab 35 74 1,55 1,63 5,16

18 Pembrolizumab 35 88 1,67 2,08 24,55
19 Pembrolizumab 5 87 1,46 1,38 -5,48
20 Nivolumab 8 81 1,57 1,73 10,19
21 Ipilimumab 14 58 1,48 1,65 11,49
22 Pembrolizumab 27 91 1,86 1,47 -20,97
23 Ipilimumab 21 82 2,21 2,16 -2,26

SUV, standard uptake value
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Table S3: Clinical bone marrow ®F-FDG-PET/CT data

TBR TBR TBR TBR TBR TBR % % %
R Baseline Baseline Baseline Follow up | Follow up | Follow up change change change
esponder . . .
whole axial appen- whole axial appen- wholebody axial appen-
Body dicular Body dicular dicular
1 2,37 3,16 1,29 1,64 2,27 1,00 -30,91 -28,03 -22,45
Bone
2 1,20 1,50 0,40 1,10 1,50 0,30 -8,33 0,00 -25,00 metastasis
5 2,46 2,98 0,75 3,00 3,44 1,38 22,07 15,20 85,29
Bone
4 2,83 3,33 2,17 3,83 4,47 2,98 35,17 34,04 | 3748 | | otastasis
Bone
5 1,52 1,92 1,21 1,50 2,25 0,63 -1,00 17,24 -48,44 i —
6 1,16 1,58 0,13 1,85 2,15 0,85 59,72 35,94 551,54
7 0,74 1,37 0,32 1,05 1,74 0,47 42,03 27,46 47,29
Bone
8 1,80 2,46 0,82 1,94 2,54 0,75 7,60 3,18 -8,96 metastasis
9 2,15 2,83 0,58 2,13 2,93 0,80 -0,78 3,53 37,14
10 0,84 2,31 0,25 1,12 2,77 0,29 33,25 19,70 15,94
11 1,61 1,64 0,41 2,12 2,21 0,58 31,30 34,10 40,33
Bone
12 1,60 2,00 0,67 2,14 2,53 1,14 33,93 26,43 71,43 metastasis
bone
13 marrow
carcinosis
14 1,74 2,10 0,75 2,14 2,71 0,96 22,94 28,75 27,73
Non-
responder
Diffuse
15 bone
metastases
16 Radiation
17 0,87 1,06 0,44 0,70 1,02 0,39 -18,72 -3,77 -12,11
18 0,47 1,62 0,33 0,54 1,40 0,35 14,94 -13,87 6,25
19 2,05 2,18 1,02 1,76 1,62 0,88 -13,73 -25,86 -13,73
Bone
20 1,00 1,36 0,41 0,88 1,23 0,34 =iIZ2AH -9,98 15,71 | o ctastasis
21 1,04 1,30 0,23 0,88 1,35 0,16 -15,53 3,76 -29,09
Bone
22 1,02 1,31 0,27 1,00 1,37 0,67 -1,90 4,70 146,54 TeEsEss
Bone
23 1,46 1,88 1,54 1,54 1,50 1,07 6,00 -20,23 -30,38 metastasis

TBR, target-to-background ratio
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