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Supplementary Fig.S1. KM estimates of progression-free and overall survival for (a) all
tumours, (b) CNS tumours, (c) all solid tumours (CNS and non-CNS). (d) Progression

free survival for non-CNS solid tumours versus CNS tumours (p=0.01; 2-sided). The log-

rank test was used to compare between the groups.



Univariate analysis of clinical variables for response
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Univariate analysis of clinical variables for survival

Age 1

Sex 1

Germline

Ethnicity 1

Previous therapy 1
Disseminated disease 1

ICl agent 1

Additional therapy 1

*

Hazard Ratio (95% Cl)

2 3

p=0.36

p=0.64

p=0.86

p=0.06

p=0.6

p=0.68

p=0.08

p=0.48

(Male; reference=Female)

(Lynch; reference=CMMRD)

(Caucasian; reference=non-Caucasian)

(Surgery /chemo only; reference=multimodal therapy)
(Reference=localised disease)

(Nivolumab; reference=Pembrolizumab)

(Reference=None)

(Male; reference=Female)

(Lynch; reference=CMMRD)

(Caucasian; reference=Others)

(Surgery /chemo only; reference=multimodal therapy)
(Reference=localised disease)

(Nivolumab; reference=Pembrolizumab)

(Reference=None)

Supplementary Fig.S2. Univariable analysis of clinical predictors for (a) response and

(b) survival following ICI at recurrence for replication-repair deficient cancers. Univariable

logistic regression, estimated through generalized estimating equations, was fitted to

assess association between each clinical variable and response.

Univariable Cox

regression model with robust standard errors was fitted to assess association between

each clinical variable and survival. All p-values are 2-sided.
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Supplementary Fig.S3. Biomarkers for response to IClI in replication-repair
deficient cancers. (a) Spearman’s rank correlation coefficient for dependent and
independent variables. (b, c¢) Effects size (95% confidence intervals) for univariable
analyses for the independent predictors for (b) response (assessed using univariable
logistic regression) and (c) survival (assessed using univariable Cox regression model).
(d-g) Dual role of SNVs and MS-indels in predicting outcomes: Multivariable analyses
for (d) response (using logistic regression) and (e) survival (using Cox regression
model) showing effects size and 95% confidence intervals. Kaplan-Meier (KM) curves
for tumors with (f) both high and (g) both low SNVs and MS-indels (cut offs at the
median values). All p-values are 2-sided.
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Supplementary Fig.S4. (a) SNVs outhnumber MS-indels in tumors with MMRD+PPD
(Wilcoxon-Mann-Whitney test). Each bar represents the SNV count (black) and MS-indel
(grey) for each individual tumor with identifiers mentioned on the x=axis. (b) Overall
survival for MMRD tumors by SNVs/Mb (>=median). (c-f) Response and survival for MS-
indels in coding microsatellites in MMRD+PPD versus MMRD tumors. (g-h) Response
and survival for neoantigens generated by MS-indels in coding microsatellites in
MMRD+PPD versus MMRD tumors. For survival, median values were utilized to stratify
into ‘high’ and ‘low’ groups. For all box-plots for responders and non-responders, data are
represented as median +/- interquartile range. For statistical significance in comparing
responders and non-responders, the Wilcoxon-Mann-Whitney test was used. Survival
analysis was performed using the Kaplan-Meier method, and the log-rank test was used

to compare groups. All p values are 2-sided.
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Supplementary Fig.S5. Predictive Genomic and Immune Biomarkers for CNS
versus non-CNS solid tumors (excluding haematological malignancies). (a) SNVs
and (b) MS-indel burden were similar for CNS and non-CNS solid tumors. Responders
and non-responders stratified by (d) SNV and (e) MS-indel burden and tissue type
(Green- Non-CNS solid tumors, blue- CNS tumours). (e) CD8 and (f) PDL1 were
significantly higher for non-CNS solid tumors. Responders had higher levels of (g) CD8
T-cell infiltration and (h) PD-L1 staining as compared to non-responders in all tumours
(Green- Non-CNS solid tumors, blue- CNS tumours). Representative images from non-
CNS solid tumours, all of which demonstrated (i) high CD8 and (j) PD-L1 expression
(20X). All immunohistochemistry was analysed by two independent pathologists. For all
box-plots for responders and non-responders, data are represented as median +/-
interquartile range. For statistical significance in comparing responders and non-

responders, the Wilcoxon-Mann-Whitney test was used. All p values are 2-sided.
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Supplementary Fig.S6. (A) TCGA glioma dataset demonstrated 34 tumors (6.8%) with

TMB >5 mutations/Mb. (B) Extreme mutation burden in replication-repair deficient (RRD)

glioma responders (n=21) as compared to non-responders (n=10) and adult hypermutant

gliomas (n=34). (C) High MS-indel burden in replication-repair deficient (RRD) gliomas

(responder: n=21; non-responder: n=10) as compared to adult hypermutant gliomas

(n=34). For statistical significance in comparing responders and non-responders, the

Wilcoxon-Mann-Whitney test was used. All p values are 2-sided.
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Supplementary Fig.S7. Concordance between immunohistochemical analyses and

interpretation between two independent pathologists (CH/NA and OK) shown using (a)

Spearman’s rank correlation and (b) Bland-Altman plots.

(Red dotted lines: 95% confidence intervals)
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Supplementary Fig.S8. Immune inference of tumor microenvironment at baseline

and at flare. Deconvolution analyses of tumor samples of two patients (a) P31 and (b)
P33 using CIBERSORT_Absolute and EPIC (CD8+ T-cells are highlighted in red). (c)
and (d) Same tumors demonstrating the actual abundance of all cell populations.
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Supplementary Fig.S9. (a) Sequencing reads for two patients at diagnosis and at time

of flare (Data are presented as mean values +/- SEM). (b) TRB richness and diversity

measures at flare compared to baseline for P31 (sequencing had reached saturation for

both samples at pre-therapy and at flare). (¢) Complementary-determining regions

(CDR3) sequences of the major three clonotypes detected at flare in P33 (TRB: T cell

receptor beta).
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Supplementary Fig.S10. Immune responses in peripheral blood at flare. (a) 4-1BB+
CD4+ T-cells in blood from responders without flare, non-responders and flare. For the
box-plots, data are represented as median +/- interquartile range. For statistical
significance in comparing responders and non-responders, the Wilcoxon-Mann-Whitney
test was used. All p values are 2-sided. (b) TRB clonotypes were tracked in 3 patients at
baseline, time of flare, and following ICI continuation. Each box represents a distinct TRB
clonotype. Clonotypes detected multiple time-points are color-coded and tracked in serial

samples over time.
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Table S1. Summary of clinical features, outcomes and biomarkers (n=45 tumors in 38 patients)

Patenti | Study D Sex | Gemine | Gene Tumour Type [Ageat 1 (ears) Progression PDIICI | FinaTumorResonse | Plintstatus | _Tumor RRD status TotalMutatons (NVsandindels) | THBMb | TotdS\Vs | SNVsMb | Totaindes | indelsMb | TotaWSindels
F [ CMMRD [ PuS2 Colore Ao No Savediseass No Responsr Aive MURD:PPD 24319 X 1650 06 07 )
Giclasiona No No Responsr MURD:PPD 2510 2] 5757 3153 [ 62
3 V| cwiRD | i Gictlsiona 45 No Partal resorse Yes Aive MURD:PPD 5% at a7 ane
126 F | CWMRD | WSHb Cdovect Aden [ Yes No Responcr Aive MNRD:PPD 7468 16417 e 1o 674 3
A W [Lyneh (dgenic)| PMS2 MSH Colorectal Adencce 42 Yes Partial response No Responder Aive MMRD 356 2] 0 564 21 k)
67 M| CMMRD | WsH6 dorectal Aden Sugey o 17 No No Responsr Aive ot Mot e aie Notavaiele Notvaile Notavaiabe Notaviabe Nt aviabe
No Yes Nanrespondr NHRD 7 0 5 X
168 Pl G MUHT drect Aderee Sugery ) 168 No No Responr Aive MURD a7 [ 818
a3 M| CMWRD | Pus2 Gictsona 92 No No Responssr Aive MURD:PPD W5 753
[ w| P POLE Cdaect Aderer 175 Yes No Responsr Aive MUAD:PPD a7 i
[ M| CWWRD | Pus2 Gicdsona 15 Yes Yos Responsr Dead MURD:PPD 2418 18458
5 F | CWMRD | PuS2 Gidasioma 55 No No Responcr Aive MHRD:PPD 5% %2
138 M| CMMRD | PuS2 Giddlsiona 15 No Pentraizunad Yes Reinadaion Nonesponte Dead MMRD:PPD 3160 1% 4156 1% 3%
Colovel Aderec Sugeryaly Yes Pentraizun No No MNRD:PPD ) 50 [EE) 10 2
a9 W[ P POLE Gicdlsiona 312 No Pentraizunad No Responsr Aive MURD:PPD 81 a9 278 7501 4585
" W[ Lyeh VsH2 Gictasiona 17 No No Respondr Hve ol e Mol e ie Notvaiele Notvaile Noaviable | Notavalsbe | Notavalae
9 F | CMMRD | WSHe Giddasiona 92 No Yes Responsr Aive MNRD:PPD it ) 9182 5119
106 | CWMRD | PuS2 Gicbstona 113 No Ve [piimumad s Re Naresponds Dead MNRD:PPD EI
93 M| CHMFD | PuS2 Gicdlesiona 95 No No Alve MNRD:PPD 4569 1% 00
F | CWMRD | PuS2 Gictsona 78 Yes Yes Nonrespont Dead Nolavaiate Notavaiee Notavaiaie Netaldie | Noaaide | Notavaable
F | CuMRD | Pus2 Gicdasona X No Par esorse Yes Dexd MURD:PPD 4167 “n o
M| CMWRD | Pus2 Gictsona a2 No No Responsr Aive MUAD:PPD 1 660 18
M| CMMRD | Pus Gictsona 95 No No Responsr Ave ot e Notvaiele Notavaiabe Notaviabe
F | b SH2 Giddsiona 121 No Yes Nonesponte Dead MURD “ 268 4
F | CMMRD | WisH6 Gremoterzgy 113 Nolgplcle Notagpictle Ves Narespondr Dead NHRD % 29 1%
Gicdlsiona No Yos Tglimumad Flare and sipped MWRD e T Za8
108 M| CMMRD | wste Coloreta Adrec Sugeryoly 113 No No No Responsr Dexd MURD ) 25 582
Gichsiona No Yos No Flare ad sipped MWRD 5 2% 00
169 W[ e MLHT Cdoect Aden 12 Yes Yes No Dexd MURD 8 59 %1
29 M| CMWRD | Pus2 Chemateragy 12 ol gpicale ot gpicale Yos No Dead ) 197 104 )
o F | owmRD | Puse Gictasona v o7 No Yes No Flreandstogped Dead MNRD:PPD 28 092
i M| PS2 23 Yes Yes No Flaroandsiopped Dead MURD 0 R ET)
28 F | CMMRD | WSk Gictasiona No Yes No Flreandstoed Dead MNRD:PPD 5 304 EE)
2 F | CMMRD | PuS2 NS Entryord o No Yes No Nonesponte Dead MURD:PPD 65 10606
5 F_| CMRD | WisH6 No Nocenvl revien Yes No Norrespont Dead MMRD 116 1574 %
Giddasiona No Nocenv e o No Responsr MNRD:PPD o757 £ 02 00 0 [
16 M| CHMRD | WSH6 e No Yes No Flaroand sipped Dead MMRD 5 157 " 148 1% i3 ot
74 F | CMMRD | WSHe Gicdasioma A1 No No No Flreandsogped Dea MURD:PPD 881 4% 467 03 2 % @
7 M| [E7 a5 No Yes No Nonrespont Dead MMRD Py 1 & 15 100 12 2




