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In order to compare responses to different therapies among clinical trials and to differentiate between therapy-
induced changes and true tumor progression, reliable response parameters are crucial. MRI scans were evaluated
using MacDonald, RANO, Vol-RANO, mRANO, Vol-mRANO and iRANO criteria. Tumor volumes (T1 contrast-

enhancing as well as T2/FLAIR volumes) were calculated by semiautomatic segmentation.

radiologic response criteria immunotherapy glioblastoma

| 1. Introduction

Glioblastoma (GB) is the most frequent primary brain tumor in adults 2, Despite multimodal treatment, life
expectancy is still poor BBl Considering the enormous progress in cancer immunotherapy during the past few
years, a number of new immunologic treatment approaches, including personalized cell vaccines, are currently
under investigation for GB. Unfortunately, no significant improvement in overall survival (OS) or progression-free
survival (PFS) has been observed so far BIEIRILOMAZASIIA] To compare the treatment responses between
different therapies among clinical trials and to differentiate between therapy-induced changes and true tumor
progression, reliable response parameters are crucial. Magnetic resonance imaging (MRI) is the gold standard for
evaluating response and progression during treatment. However, different treatments, in particular radiotherapy
combined with temozolomide chemotherapy as well as immunologic strategies, challenge the current imaging
response criteria. Pseudoprogression (PsP), a subacute treatment-related phenomenon, results from a disruption
of the blood-brain barrier and presents an increased contrast enhancement on MRI, mimicking tumor progression
(151 psP was reported in up to 10-30% of GB patients following radiochemotherapy 187 Other than that, patients
treated with antiangiogenic therapies often show a decrease in contrast enhancement but without a true tumor
response, also referred to as a pseudoresponse (PrP). Frequently, progression is only observable as a non-
enhancing abnormality in T2-weighted or fluid-attenuated inversion recovery (FLAIR) image sequences in those
patients (18],

In recent years, several radiologic assessment tools have been proposed 9. In 1990 the MacDonald criteria were
introduced, using two-dimensional tumor measurements, as well as corticosteroid use and the clinical performance
of the patient for response assessment 29, Twenty years later, the Response Assessment in Neuro-Oncology
(RANO) criteria were proposed 2 utilizing T2-weighted or FLAIR image sequences to account for non-enhancing
tumor components and therapy-induced MRI changes such as PsP and PrP [2122 To better account for the

phenomenon of PsP, the modified RANO (mRANO) criteria were proposed in 2017, which require a confirmation
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scan to better capture the occurrence of true tumor progression or PsP in GB patients 23, With the advent of
immunotherapies, unique patterns of responses were observed during the treatment of systemic cancer. Especially
within the first weeks after starting immunotherapy the appearance of new local or distant lesions or an increase in
existing lesions may simply reflect an immune-mediated phenomenon rather than true tumor progression 24, In
consideration of such PsP during immunotherapy of GB, the Immunotherapy RANO (iRANO) criteria 23 were
developed. Interestingly, the IRANO criteria were developed before the true incidence of PsP during
immunotherapy was established, which in consecutive studies was found to range between 10-15% 2811271 So far,

only a few studies 281129 exist, which directly compare and evaluate currently available response criteria.

| 2. Progression-Free Survival and Postprogression Survival

All patients had undergone gross total tumor resection. No measurable tumor mass was detected on postsurgery

MRI, so the best possible response for every patient was SD.

PFS differed significantly between the individual response-assessment criteria. Overall, there was a significant
difference in median PFS between mRANO (8.6 months) and Vol-mRANO (8.6 months) compared to MacDonald
(4.0 months), RANO (4.2 months) and Vol-RANO (5.4 months). In the Audencel subgroup, there was a significant
difference in median PFS between mRANO (8.1 months) and Vol-mRANO (8.6 months) compared to MacDonald
(4.2 months). In Table 1, the specific p-values and median PFS with CI for all assessment criteria are listed.
Interestingly, there was no difference in PFS between SOC and SOC + Audencel using the different response-

assessment criteria.

Table 1. Median progression-free survival with the corresponding confidence interval for the different assessment
criteria. Calculated p-values (Kruskal-Wallis test) and corrected for multiple testing (Bonferroni’'s adjustment) for

difference in PFS between assessment criteria.

oSS BRSOl acponad rano V0 mmano VO mano
Months RANO mRANO
SOC and SOC + Audencel Patients (n = 76)
MacDonald 4.0 5.2-8.8 - 1.000 1.000 0.001 0.000 -
RANO 4.2 5.3-8.6 1.000 - 1.000 0.003 0.001 -
Vol-RANO 5.4 5.4-8.2 1.000 1.000 - 0.022 0.008 -
mMRANO 8.6 9.1-14.0 0.001 0.003 0.022 - 1.000 -
Vol-mRANO 8.6 9.7-14.9 0.000 1.000 0.008 1.000 - -

SOC + Audencel patients (n = 36)
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Response Median Difference of PFS (p-Value)
i PFS, 95% CI Vol- Vol- .

Criteria Months MacDonald RANO RANO MRANO MRANO iRANO
MacDonald 42 4.2-103 - 1.000 1.000 0.034  0.020  1.000

RANO 47 4.6-106 1.000 : 1.000 0105 0066  1.000
Vol-RANO 54 45-9.0 1.000 1.000 : 0154 0095  1.000

MRANO 8.1 8.6-17.8 0.034 0105 0.154 : 1.000  1.000
VO-mRANO 8.6 9.4-19.1 0.020 0066 0154  1.000 : 1000 ©fer A

rative
iRANO 6.2 57-11.7 1.000 1.000 1.000  1.000  1.000 S

2. Ostrom, Q.T.; Patil, N.; Cioffi, G.; Waite, K.; Kruchko, C.; Barnholtz-Sloan, J.S. CBTRUS
PFStatistiessiRefiestsirvinerg BeanfidandOtitev €HB@] NenrvausoSyatem: Tumboes ddizajivotse Signtmant p-
vallgsiteed Beaked Witk 0o@-chaisttédsuro Oncol. 2020, 22, ivl-iv96.

'eSH’lliQe[%ér%é %aégg }J/\e/t\llj\iéevna%ger%s%%ﬂéb!\:/la's‘%és\évrﬁe"n r’c'r\ﬂé.rilezlis\’/\k/]a%r’ a s'é) 'Ié&%gtlﬁs?iggﬂy I\Ai?gé.re%?lqrq qgerz eKri"[ire
congBMREY G xR a’t uRBRHRE T Yie GhA' pRAAIRINSLAPHRAISS QB EOMIIARY 2R AN M KN (8.7
morIIPZ3I9MIAS for pliolasiomas - Fodhs): MEN2RA0s 3R6iRS ams Vol-RANO (10.8 months). In the
Audsngsh sRhgiaifiberreSwasamsamifcAnt KFseancs. rSteddlser,FS. Wetwegnsy & ARARIdL. 2. Ponths) and
mRANPerhfamomhsgibramared FikadDonakt @6 Raiondrsardedidrerds/ bV ithl-TiRANOT @ tingnFisl de P hlso
sigmiéeaothy leimitky o Meaied dlo AN IGAS foraBlishlagtoRfdN A Randomizbs) @lidicBAN@I(1BXMMRonths).
In T2a0162 304 spB3tc-2Yy4Bies and median PPS with Cl for all assessment criteria are listed.

P E DR ol AR RusTon MAGK Al war HRPAF b riamy G dRterda MR MrdhlAtrEre U0t
critbhik B SRANED Rro SR A S G DRI IAR SR AR B AR R RUR RN for
gi temozol%@%t erapy in atieqts ith newly diagnosed glioblastoma with methylated MGMT
ifference in etwee ssessment criteria.
promoter (CeTeG/NOA-09): A randomised, open-label, phase 3 trial. Lancet 2019, 393, 678-688.

Difference of PPS (p-Value)

Response  Median PPS, helor
C 95% CI Vol- Vol- . '
Criteria Months MacDonald RANO [ \n o MRANO o, o RANO, . .
SOC and SOC + Audencel Patients (n = 76) current
11.8-
MacDonald 12.0 =5 - 1.000  1.000 0.013 0.001
' Salacz,
11.8- al of an
RANO 11.4 159 1.000 - 1.000 0.019 0.002 -
: -6, 142.
11.7-
Vol-RANO 10.8 16.2 1.000 1.000 - 0.046 0.005 - rry,
mMRANO 8.8 7.8-11.2 0.013 0.019  0.046 - 1.000 - ith

Glioblastoma. Clin. Cancer Res. 2019, 25, 5799-5807.
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Response  Median PPS, o .. leferensgl?f PPS (p-VaIue\)IOI H
Criteria Months MacDonald RANO RANO mRANO MRANO IRANO apy and
Vol- ncer
MRANO 8.7 7.1-10.4 0.001 0.002 0.005 1.000
1 SOC + Audencel patients (n = 36) maerel,
MacDonald 5% 11.9- - 1.000 1.000 0.030 0.002 1.000
' 17.2 ' ' ’ ’ ’ 1Istoma:
e 044.
RANO 12.3 ’ 1.000 - 1.000 0.104 0.011 1.000
17.0
1 Wang,
11.4- .
Vol-RANO 12.1 18.8 1.000 1.000 - 0.137 0.015 1.000
1 MRANO 7.3 6.6-11.6 0.030 0.104 0.137 - 1.000 0.351
I\?/le;lo 6.2 5.6-10.5 0.002 0.011 0.015 1.000 - 0.048 ous
m | newly
. 10.6—
iIRANO 13.0 16.2 1.000 1.000 1.000 0.351 0.048
L iy vty ety — ey ey iy e ey ey ey ¢ ery ety reny gyt e e v s el €0

controlled phase Il trial of vaccination with lysate-loaded, mature dendritic cells integrated into

standard radiochemotherapy of newly diagnosed glioblastoma (GlioVax): Study protocol for a

PP%Ra%tH{%asggﬁtrso rl\éléatlrigf.: ‘f?fglgefﬁ‘ié?ti@?kégc standard of care, n: Number of patients. Significant p-
values are marked with bold characters.
14. Buchroithner, J.; Erhart, F.; Pichler, J.; Widhalm, G.; Preusser, M.; Stockhammer, G.; Nowosielski,

%\ Iseder Freys ’!f , C.F, %b'@\lr,ndorf ranatiJ:Audenfe!thmunoth apéBBased
| endrmc% ﬁq-%s veraIF ProgreSS|on ree gurvwa |V\Newl |agnosed
|obYas oma: A Phase Il Randomized Trial. Cancers 2018, 10, 372.

1B eHhehcereeBian, he@edr. AREdARIES |WaSorsiagEEsioR \O! TRANAr ditg, E49) SuteMEANA.G.= 0.65,
Spes@ad dpFogre SR0A 1 el paed iy dapopad Ihading) cRANSh es Qrf the/asBEsEe mt bf Poutt EMer(t
= 04l PRremIRRIZSh 13 NePdbradiol. 2011, 32, 1978-1985.

1|6 Wick, W.; Chinot, O.L.; Bendszus, M.; Mason, W.; Henriksson, R.; Saran, F.; Nishikawa, R.; Reuvil,

4:- ka‘%mam((ﬁ%!‘yﬁfsévaluatlon of pseudoprogression rates and tumor progression

patterns in a phase lll trial of bevacizumab plus radiotherapy/temozolomide for newly diagnosed

Res o se status or PD d ed for eac tient at the 4- and 8-month landmark time. In total, at the
lastoma. Sf\?euro dnco f&) (T rléj f4§2 qﬂﬂi
4—month landmark 75 (98.7%) patients and at the 8-month landmark 71 (93.4%) patients were included. For iIRANO

1(h- Se8) 0 ndhinE S8EY 9% 253 paabrs iaysTIRdISd &t AN \at I8 intHRE SO (8.9 de R PtiKni Va8 Yn £l dERRO,
M.N. Pseudoprogression following chemoradiotherapy for glioblastoma multiforme. Can. J.
By NgogoC & cpr@itiordy h@gad?models, a correlation between progression status (PD or SD) at the specific
landmark time 0OS, was detected. H values and thejr corres ndin Is for the 4- and 8-month
g%ﬂ son, @WI éhu 8 C[S e, %\/% oxerman, Katﬁ) manﬂ 9[5\{ seu opr ressmn
landmark time are su marlzed in Table 3, The hlghest HR for P% vxias observed for mRAN F% g
radionecrosis, Inflammation or true tumor ngESSIOI’l enges associated WI lio Iastom

response assessment in an evolving therapeutic landscape. J. Neurooncol. 2017, 134, 495-504.
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1900l Va0 i ®lskin RANDY/ ERR - 2. 190 i @ .C0itE ta the euootb nacdogyk SeerimoNewsn th20diBe@8cdbeRileen
Zﬁ%ggd%)ﬁg Idr,effﬂq.;spc'%séséel?\%r? .t.c;rgecrﬁlo c?‘,%.%f'%rr].";c'@gltr c?o%é,GZJ.G. Response criteria for phase I
Tabslteug.lﬁ%gr l’rlgtriggev'\‘/ll%ﬁrtlzglrrrgs%lcl) g%rgl;tc%l}l i@e%'cg'ir%gp\iaﬂgf Szla'ti%rglt%%bit i &r%gr%_s%%g%isease at the 4- and 8-
2homrelapBvayMiaedonald, D.R.; Reardon, D.A.; Cloughesy, T.F.; Sorensen, A.G.; Galanis, E.;

Degroot, J.; Wick, W.; Gilbert, M.R.; Lassman, A.B.; et al. Updated response assessment criteria
Response Criteria 4-Month Landmark 8-Month Landmark

oncol.
HR 95% CI p-Value HR 95% CI p-Value
MacDonald 1.30 0.79-2.13 0.310 2.29 1.34-3.91 0.002
2 or
RANO 1.41 0.86-2.33 0.175 2.04 1.18-3.55 0.011
Vol-RANO 1.30 0.78-2.15 0.312 1.81 1.06-3.10 0.031
2
mRANO 1.69 0.96-2.96 0.068 2.57 1.48-4.46 0.001
5 Vol-mRANO 1.82 1.01-3.27 0.045 2.79 1.59-4.89 0.001 ,.
iRANO 2.07 0.98-4.37 0.057 1.20 0.88-4.53 0.098 solid

tumors: Immune-related response criteria. Clin. Cancer Res. 2009, 15, /412—/420.

25. Okada, k- h WalEadd, A UaRBudR ccfiacaiafshifantiRaiie MaR mAEs Wiin BANERAacRM

Hashimoto, N.; Pollack, I.F.; Brandes, A.A.; et al. Inmunotherapy response assessment in neuro-
Theoingelogy: Foreppd of iedRANS satkingagiD8 M drain eldanolad0iculde e 234 ised2n Table 6. There
2T RS8R SBGLEBERHRE B RIESLA A, o RRURLS VSRR Y8, ABeRghivs HeLgy fggponse
2SSBERTR I PR WR N RIRBB ALSPE AT SPRES SLRIRASE 51 8 15, ) median OS was
most distinct for mMRANO, Vol-mRANO and iRANO, and at the 8-month landmark time for mRANO and Vol-

ZhrRMR0Y oM fide QritdnaNGheQredldRNaeréMA W IS BRNLR LIS SRIIBE ASRUAQRIY RERINRM UM HES
obJdRkQggiession in cancer patients treated with immunotherapy. Am. J. Cancer Res. 2019, 9, 1546—

1553.
IR dnd R O RAMIN TR BAIRIGHROVS HRRRTE € ARICPEEHR SIRIMBIIR gs AN BT NItk
t'mft\évét,hé?@.e;s,gg?qufgﬁ'qggféen@,e E’.‘";‘l'et al. The Impact of T2/FLAIR Evaluation per RANO Criteria

An DAacrrnAan~A ANn~nmcrannt Af DAaniiveAan + N hicnhlactAarmaa NDatinnta Trantad wnth DAaviaAaisiimaalh Clln

Response Criteria Median OS, Months (95% CI)

MacDonald

RANO

Vol-RANO

mMRANO

Vol-mRANO

iRANO

4-Month Landmark

SD
20.5 (18.5-26.9)

21.5 (19.6-27.7)
20.7 (19.3-27.1)
20.4 (19.0-25.4)
20.6 (19.1-25.4)

21.7 (19.1-31.0)

PD
18.6 (15.8-22.8)

15.0 (14.8-21.8)
15.0 (14.6-21.8)
13.6 (12.5-22.0)
12.8 (11.2-21.5)

12.7 (11.0-20.9)

8-Month Landmark

SD
23.7 (21.4-30.7)

24.1 (22.5-33.7)
23.5 (21.8-31.4)
22.8 (21.4-28.6)
23.1 (22.1-29.3)

23.4 (19.2-40.5)

PD
18.0 (15.5-20.9)

18.1 (15.9-21.0)
17.9 (16.1-22.4)
13.7 (13.1-19.0)
12.0 (12.5-17.9)

17.3 (15.0-22.7)

v

Xin
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SD: stable disease, PD: progressive disease, OS: overall survival.

| 5. Non-Enhancing Abnormalities

In 16 patients (21.1%) volumetric T2/FLAIR changes (Vol-RANO), and in 13 patients (17.1%) a significant increase
in T2/FLAIR changes (RANO), were seen prior to detection of a contrast-enhancing lesion on postgadolinium T1-
weighted MRI scans. In those patients, T2/FLAIR changes appeared for Vol-RANO 10.5 months (median, range
1.4-39.3 months) and for RANO 9.8 months (median, range 2.0-32.6 months) prior to the T1 contrast-enhancing
lesion. Moreover, 11/16 (Vol-RANO) and 8/13 (RANO) patients showed a disease progression on postgadolinium

T1l-weighted MRI scans later in the disease course.

In Figure 1, five follow-up MRI scans of a representative patient (VAX_0066, Audencel-arm) are displayed. In this
patient, tumor progression was observed only as a non-enhancing abnormality, thus the addition of T2-weighted

sequences was beneficial in this case.

50 MacDonald

e PD RANG

5D Val-FANG ST HoERa]
S0 mRANG PO IRAND
50 Vol-mRAND

S0 ERAND

Post OF 1. follow-up 2. fallow-up 3. follow-up 4 Tollow-up 5. follow-up

Figure 1. Post-OP and follow-up MRI scans of patient VAX 0066 (Audencel-arm): T2- (b,d.fh,j,l) and
postgadolinium T1-weighted MRI sequences (a,c,e,g,i,k) are displayed. This figure illustrates the progression of
non-enhancing abnormalities. At the first follow-up MRI (c,d) non-enhancing abnormalities are decreased and no
contrast-enhancing tumor mass is seen compared to post-OP (a,b) where no measurable disease is seen. Hence,
the patient is defined as stable disease (SD) by all assessment criteria.Therefore, the first follow-up MRI (c,d) is
used as baseline MRI, as it shows the best response. The second follow-up MRI (e,f) still shows SD compared to
baseline (c,d). At the third follow-up MRI (g,h) an increase in non-enhancing abnormalities (corpus callosum, (h))

compared to T2-weighted sequence of the first follow-up (d) is seen. On the fourth- (i,j) and fifth follow-up scans
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(k,I), T2-changes are further increased (j,I). On T1l-weighted MRI scans from first to fifth follow-up (c,e,g,i,k), no
measurable contrast-enhancing tumor mass is seen, including the last T1-weighted follow-up MRI scan (k).

| 6. Pseudoprogression

By applying mRANO and Vol-mRANO criteria 19 (25.0%) and 23 (30.3%) patients had confirmed PsP, respectively.
When iRANO was applied to patients treated with SOC + Audencel, 4 (11.1%) patients had confirmed PsP. The
median OS for patients with confirmed PsP by mRANO was 23.4 months (95% CI, 19.0-31.1), for Vol-mRANO
21.2 months (95% CI, 18.1-28.7), and for patients without PsP 17.9 months (95% CI, 16.2—22.8). No significant
difference in median OS between patients with confirmed PsP (MRANO and Vol-mRANO) and patients without

PsP was seen.
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