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Abstract

Purpose To assess the eligibility of patients with advanced or recurrent solid malignancies presented to a molecular
tumor board (MTB) at a large precision oncology center for inclusion in trials with the endpoints objective response
rate (ORR) or duration of response (DOR) based on Response Evaluation Criteria in Solid Tumors (RECIST version 1.1).

Methods Prospective patients with available imaging at the time of presentation in the MTB were included. Imaging
data was reviewed for objectifiable measurable disease (MD) according to RECIST v1.1. Additionally, we evaluated the
patients with MD for representativeness of the identified measurable lesion(s) in relation to the overall tumor burden.

Results 262 patients with different solid malignancies were included. 177 patients (68%) had MD and 85 (32%) had
non-measurable disease (NMD) at the time point of MTB presentation in accordance with RECIST v1.1. MD was not
representative of the overall tumor burden in eleven patients (6%). The main reasons for NMD were lesions with
longest diameter shorter than 10 mm (22%) and non-measurable peritoneal carcinomatosis (18%). Colorectal cancer
and malignant melanoma displayed the highest rates of MD (> 75%). In contrast, gastric cancer, head and neck
malignancies, and ovarian carcinoma had the lowest rates of MD (< 55%). In case of MD, the measurable lesions were
representative of the overall tumor burden in the vast majority of cases (94%).

Conclusion Approximately one third of cancer patients with advanced solid malignancies are not eligible for
treatment response assessment in trials with endpoints ORR or DOR at the time of MTB presentation. The rate of
patients eligible for trials with imaging endpoints differs significantly based on the underlying malignancy and should
be taken under consideration during the planning of new precision oncology trials.
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Background

Next generation sequencing has (NGS) enabled the iden-
tification of molecularly guided treatment options for
patients with cancer [1]. In comprehensive cancer cen-
ters, patients with advanced cancer and upon progres-
sion on systemic therapy are increasingly presented in
a molecular tumor board (MTB) after NGS for possible
inclusion in clinical trials [2]. With targeted therapies on
the rise, MTBs serve as a central platform for allocating
personalized treatments [3]. For the assessment of the
safety and efficacy of such treatments, clinical trials are
critical. The evidence for efficacy of targeted treatment is
often based on non-randomized trials with the endpoints
such as objective response rate (ORR), disease-free sur-
vival (DFS) and progression-free survival (PES) [4-7].
Patient inclusion in trials is therefore very often depen-
dent on objectifiable tumor burden in oncologic imag-
ing. MTBs can and should serve as a platform to identify
patients for early clinical trials and trials investigating
targeted treatments [8].

The importance of objective tumor response assess-
ment led to the development of systems used to stan-
dardize the determination and communication of the
impact of a treatment on tumor burden. In the context of
evaluating solid tumor response or progression in clini-
cal trials, the prevailing standard are the Response Evalu-
ation Criteria in Solid Tumors (RECIST) [9]. RECIST was
developed with the objective of simplifying measurement
of tumor burden and to limit the potential for overes-
timation of response rates [9]. In 2009, revisions were
made (RECIST 1.1) incorporating major changes [9] fol-
lowed by an updated version with clarifications published
in 2016 from the RECIST committee [10]. These guide-
lines require serial imaging with protocol-specified fre-
quency and imaging modality [11].

The utilization of tumor regression as the primary end-
point in phase II trials, aimed at assessing novel agents
for indications of anti-tumor efficacy, is substantiated
by an extensive body of evidence over several years.
This evidence implies that, for numerous solid tumors,
agents capable of inducing tumor shrinkage in a subset
of patients exhibit a reasonable, albeit not flawless, likeli-
hood of subsequently revealing enhancements in overall
survival or other time-to-event metrics in randomized
phase III studies [12—14] with the caveat that the sur-
rogacy of ORR and PFS for overall survival (OS) differs
based on treatment and tumor [15, 16]. Moreover, to
advance drug development, clinical trials conducted in
advanced disease contexts are progressively incorporat-
ing time to progression (T'TP) or PFS as an endpoint for
deriving efficacy assessments at both the phase II and
phase III stages [17-19]. This approach is also founded
on anatomical measurements of tumor size.
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The oncology community should be cognizant of the
fact that trials with imaging-based endpoints only relate
to patients with measurable disease. Many targeted ther-
apy studies such as the KEYNOTE-158 study relied on
RECIST assessment for the inclusion of eligible patients
with measurable disease [20, 21]. So far, the proportion
of RECIST-eligible patients in MTB is unknown, and
there is no literature on the influence of tumor entity or
metastatic phenotype on the inclusion rate in trials with
targeted therapies. With targeted treatment trials on the
rise, we aimed to assess the eligibly of patients with solid
malignancies who presented to a large precision oncol-
ogy center based on RECIST version 1.1, and the influ-
ence of tumor-specific metastatic phenotypes.

Methods

Study design and population

All patients with solid malignancies included in this ret-
rospective single-center study were presented in the
molecular tumor board at the Comprehensive Cancer
Center Miinchen-LMU (CCCMMV), In 2019, in-house
diagnostics were changed to a 161-gene panel (Onco-
mine™ Comprehensive Assay v3 (OCAv3), ThermoFisher
Scientific) and the Oncomine Tumor Mutational Load
Assay (ThermoFisher Scientific) was added to the diag-
nostic repertoire [22]. For the present analysis, we only
included patients that received the 161-gene panel and
Tumor Mutational Analysis. Inclusion criteria was cur-
rent cross-sectional imaging within the clinical routine
no longer than three months prior to case presentation
in the MTB. The study was conducted in accordance with
the principles of the Declaration of Helsinki and Interna-
tional Council for Harmonisation Good Clinical Practice
guidelines. All patients gave written informed consent,
and the study protocol was approved by the Ethics Com-
mittee of the medical faculty of the Ludwig Maximilians
University Munich. Furthermore, all molecular diagnos-
tic tests were conducted in accordance with the medical
treatment contract signed by each patient.

Evaluation of tumor burden

Overall tumor burden assessment was performed in a
sequential manner by two radiologists with extensive
experience in cross sectional oncological imaging based
on RECIST version 1.1 [23]. Computed tomography (CT)
and magnetic resonance imaging (MRI) were evaluated
for the presence or absence of measurable disease (MD)
in the scan with closest to the time point prior of case
presentation at the MTB. Furthermore, in cases with
simultaneous MD and non-measurable disease (NMD),
the MD cohort was also assessed in regards of represen-
tativeness of overall tumor burden.
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Definition of measurable disease

MD is defined by the presence of at least one measur-
able lesion. Measurable lesions were accurately measured
in at least one dimension (longest diameter in the plane
of measurement is to be recorded) with a minimum size
of 10 mm by CT scan (slice thickness no greater than
5 mm). Malignant lymph nodes were classified as mea-
surable when pathologically enlarges with 215 mm in
short axis when assessed by CT scan (slice thickness no
greater than 5 mm). The distribution of MD based on the
underlying solid tumor entity is shown in Fig. 1.

Definition of non-measurable disease

All other lesions, including small lesions which did not fit
the above-mentioned criteria and truly non-measurable
lesion like leptomeningeal disease, ascites, pleural or
pericardial effusion etc. were categorized as non-mea-
surable. Tumor lesions subjected to local treatment or
in an area subjected to other loco-regional therapy were
usually not considered measurable unless there has been
demonstrated progression in the lesion. Blastic bone
lesions were also considered non-measurable.

Evaluation of representativeness of MD in regards to the
overall tumor burden

Patients with limited measurable lesion(s) and simul-
taneous presence of unequivocal extensive NMD such
as advanced peritoneal carcinomatosis or disseminated
osteoblastic metastases were classified as MD non-repre-
sentative of the overall tumor burden. An exemplary case
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of MD which was not representative of the overall tumor
burden at the time of MTB is displayed in Fig. 2. In this
case of resected thyroid cancer with a solitary measur-
able cervical nodal metastasis on the left side, extensive
small nodular lung metastasis which are non-measurable
due to small lesion size less than 10 mm are observed.

Results

Patient population

Imaging data of 302 patients with solid malignancies pre-
sented at the molecular tumor board (MTB) at the Com-
prehensive Cancer Center Miinchen-LMU (CCCM"MV)
in the years 2019 to 2021 was reviewed. 262 patients
with a median age of 55 years (19-83) and imaging less
than three months prior to case presentation to the MTB
(Median of 48 days) were included (Table 1). 177 (68%)
patients had MD and 85 NMD (32%). No significant dif-
ferences in age and sex were observed between the MD
and NMD cohorts. As seen in Figs. 1 and 2, the solid
tumor entities were summarized in 15 categories. The
most common solid tumor entity included was breast
cancer (n=55, 20%). Analysis of previous therapy prior
to MTB revealed that the patients in MD-cohort had
significantly higher median of lines of systemic therapy
compared to NMD-cohort (p=0.005). In contrary, the
NMD-cohort had a significantly higher median of surgi-
cal tumor resection prior to case presentation (p=0.015).
24 (9%) of the patients were included in clinical trials
based on the recommendation of MTB.
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Fig. 1 Distribution of measurable based on the underlying tumor entity with highest rate of MD from left to right. MD = measurable disease; NMD =non-

measurable disease
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Fig. 2 Rate of MD representative of the overall tumor burden across the included solid tumor entities. In most cases, measurable disease (MD) accurately
represents the overall tumor burden; however, in 6% of cases, it is not representative due to concomitant extensive non-measurable disease (NMD), as
demonstrated in a thyroid cancer case in Fig. 3. MD=measurable disease; NMD =non-measurable disease

Measurable disease

Non-measurable disease

Fig. 3 Example of MD non-representative of the overall tumor burden in contrast enhanced CT

A female patient with resected thyroid cancer and a solitary measurable cervical lymph node metastasis on the left side (Level Ilb) measuring 15,5 mm
in the short axis (left image, white arrow). The CT-scan of the thorax in lung window (right image) of the same patient shows presence of extensive small
nodular pulmonary metastases classified as non-measurable due to small tumor size of less than 10 mm

Measurable disease

Most of the included solid tumor entities (10 out of
15) displayed MD within the range of 50-75% (Fig. 1).
Colorectal cancer (#=32), malignant melanoma (n=5)
and neuroendocrine tumors (7=13) had the highest rates
of MD (91%, 80% and 77%, respectively). Solid tumor
entities with the lowest rate of MD included were ovar-
ian carcinoma, head and neck tumors and gastric can-
cer (<55% MD). Information regarding the number of

RECIST available lesions, mean lesion size and location
are summarized per tumor entity in Table 2.

Non-measurable disease

The most common cause of NMD was a lesion size less
than 10 mm (22%). Non-measurable peritoneal carci-
nomatosis (18%) and post-therapeutic changes to target
lesions resulting in non-measurability (15%) were the
second and third most common reason, respectively.
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Table 1 Patient characteristics

MD NMD p-val-
(n=177)' (n=85)" ue’
Age 56 (48,64)  55(47,63) 06
Sex 0.13
Female 110 (62%) 61 (72%)
Male 67 (38%) 24 (28%)
Previous therapy before MTB
Lines of systemic therapy 200(1.00, 200(1.00, 0.005*
4.00) 3.00)
Surgery 123 (69%) 71 (84%) 0.015*
Radiation therapy 77 (44%) 1(48%) 05
First diagnosis to MTB (months) 28(10,55)  28(10,50) 0.8
Last imaging to MTB (days) 48 (33,75)  47(27,80) 04
Included tumor entities
Breast cancer 35 (64%) 20 (36%)
Colorectal 29 (91%) 3 (9%)
Hepatopancreaticobiliary 8 (67%) 9 (33%)
Ovarian carcinoma 2 (55%) 10 (45%)
Urologic cancers 2 (67%) 6 (33%)
Sarcoma 2 (71%) 5 (29%)
Thyroid cancer 1 (65%) 6 (35%)
Other 0(67%) 5(33%)
Neuroendocrine 0 (77%) 3(23%)
Endometrial and cervical cancer 9 (69%) 4(31%)
Cancer of unknown primary 7 (64%) 4 (36%)
Gastric cancer 3 (38%) 5(62%)
Head and neck 3 (50%) 3(50%)
Malignant melanoma 4 (80%) 1 (20%)
Pulmonary 2 (67%) 1 (33%)

NMD, non-measurable disease; MD, measurable disease; MTB, molecular tumor
board

"Median (IQR); n (%)
2 Wilcoxon rank sum test; Pearson’s Chi-squared test

* Indicates a p-value lower than 0.05

Some cancer entities presented with more frequent met-
astatic pattern of non-measurability. This was the case for
non-measurable peritoneal carcinomatosis commonly
observed in cases of advanced ovarian cancer (n=6/22,
27%). Osteoblastic metastases were also a common rea-
son for NMD (14% overall) with most cases observed in
patients with breast cancer (n=13/55, 24%). Eight of all
patients with breast cancer (15%) had only osteoblastic
metastases and therefore were classified as NMD.

Measurable disease non-representative of tumor burden

Eleven patients (6%) had MD that was not representa-
tive of the overall tumor burden (Fig. 2). The patients
were categorized in this group in the case of solitary
measurable target lesions according to RECIST and
simultaneous presence of extensive NMD such as exten-
sive non-measurable peritoneal carcinomatosis or dis-
seminated small metastases (pulmonary or hepatic). The
majority of these patients presented either with prostate
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or breast cancer with solitary measurable target lesions
and extensive non-measurable osteoblastic metastases
(n=8). Two patients had progressive ovarian cancer with
solitary liver metastases as MD and extensive peritoneal
carcinomatosis as NMD. Patient examples are provided
in Figs. 4 and 3.

Discussion

Although presenting with measurable disease at base-
line, pretreated patients with disease progression, may
not always be eligible for inclusion in clinical trials with
targeted therapies due to NMD. The aim of this analysis
was to evaluate patients with different solid malignan-
cies from a large precision oncology center MTB regard-
ing their eligibility for inclusion in clinical trials based on
RECIST v1.1.

We discovered that approximately one third of cancer
patients with advanced solid malignancies are not eligi-
ble for treatment response assessment in trials with the
endpoints ORR or DOR due to NMD at the time of MTB
presentation. Furthermore, we observed a high variabil-
ity in the rate of eligibility at the time of case presenta-
tion based on the underlying solid malignancy as certain
tumor-specific patterns were observed in several tumor
entities affecting the assessment.

Specifically, several solid tumor entities like colorectal
cancer presented with a high rate of MD (>90%). This
can be explained by the fact that high stage, recurrent or
progressive colorectal cancer often affects the liver, thus
presenting with well measurable liver metastases (69% of
all colorectal cancer patients included in this study). In
contrast, gastric cancer, head and neck tumors and ovar-
ian cancer displayed the lowest rates of MD (<55%). One
explanation is the high rate of non-measurable peritoneal
carcinomatosis in advanced ovarian or gastric cancer [24,
25]. Analysis of previous lines of therapy revealed a sig-
nificantly higher rate of surgical treatment prior to MTB
in the NMD-cohort. This can pose as a possible explana-
tion for NMD, as post-surgical changes or even complete
resection result in the tumor no longer being measurable.
We also discovered that a small percentage of the MD
cohort had measurable lesion(s) that were however not
representative of the overall tumor burden (6%). This was
determined for cases with isolated MD and predominant
NMD.

Endpoints which rely on anatomical measurements
such as ORR and DOR in patients with solid malignan-
cies are important in the assessment of the tumor bur-
den after treatment as they often serve as a primary or
secondary end-point in clinical trials in order to gener-
ate evidence regarding efficacy [5, 26]. It has been shown
that subjective assessment of tumor response may over-
estimate benefit and limit the potential role of real-world
evidence [11, 27]. This highlights the importance of
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Table 2 Characteristics of measurable lesions

Tumor entity MD (n=177)"  Patients with > 10 Patients with 1-9 Number of Lesionsize & Number of
RECIST available  RECIST available  lesions &2 (mm)?2 affected sites
lesions ! lesions ! ot

Breast cancer 35 (64%) 12 (34%) 23 (66%) 3(24) 21(9.5) 2(0.5)

Colorectal 29 (91%) 15 (52%) 14 (48%) 4(2.6) 28(12.9) 2(0.7)

Hepatopancreaticobiliary 18 (67%) 9 (50%) 9 (50%) 2(1.3) 28 (15.5) 2(1.1)

Ovarian carcinoma 12 (55%) 3 (25%) 9 (75%) 4(23) 34(17.6) 2 (0.6)

Urologic cancers 12 (67%) 3 (25%) 9 (75%) 3(1.5) 27(12) 2(0.9)

Sarcoma 12 (71%) 5(42%) 7 (58%) 32 47 (19.5) 3(1.3)

Thyroid cancer 11 (65%) 3(27%) 8 (73%) 4(2.7) 22(5.7) 3(1.1)

Other 10 (67%) 1 (10%) 9 (90%) 3(20) 31(20.7) 2(0.9)

Neuroendocrine 10 (77%) 7 (70%) 3 (30%) 1(0.5) 33(29) 3(0.8)

Endometrial and cervical cancer 9 (69%) 1(11%) 8 (89%) 4(2.7) 29(17.2) 2(0.8)

Cancer of unknown primary 7 (64%) 3 (43%) 4 (57%) 6(2.7) 24 (5.0 2(1.3)

Gastric cancer 3(38%) / 3 (100%) 3(0.8) 17 (2.2) 1(0.5)

Head and neck 3(50%) / 3 (100%) 2(0.5) 23 (6.6) 2(0.9)

Malignant melanoma 4 (80%) 1 (25%) 3 (75%) 4(0.9) 39(22.5) 3(0.5)

Pulmonary 2 (67%) 1 (50%) 1 (50%) 7 (n.a) 23 (n.a) 2 (n.a)

MD, measurable disease; NMD, non-measurable disease; SD, standard deviation

"'n (%); 2 n (SD); Mean number of lesions and mean lesion size were calculated in patients with 1-9 RECIST available lesion; T The number of affected sites was
documented for MD and NMD and was listed as followed; liver, lung, lymphatic system, bone, local recurrence (non-liver or pulmonary), or other (e.g. peritoneal)

Measurable disease hepatic

Measurable disease pulmonary

Fig. 4 Exemplary cases of MD representative of the overall tumor burden in contrast enhanced CT

Left image: Patient with recurrent colorectal cancer after surgery with multiple metachronous liver metastases. An axial CT-image of the liver in soft tissue
window displays a well-defined liver metastasis in liver segment VIIl is measured (white arrow). Right image: Axial CT image in pulmonary window in a
patient with resected sarcoma and well-defined measurable pulmonary metastases. A well-defined measurable lesion in the right upper pulmonary lobe

is displayed (red arrow, 15 mm)

standardized objective response criteria such as RECIST.
Although imperfect, RECIST carry a body of evidence
greater than any other biomarker supporting its utility.
Multidisciplinary tumor boards (MDT) consist of a
team of experts which are required to manage a patient
from diagnosis to treatment and to discuss patients’ eligi-
bility for clinical trials [28—37]. A recent study exploring
the impact of MDTs for the inclusion of patients in two
large comprehensive cancer centers in Munich (CCCM)
has shown that MDTs result in increased inclusion of
patients in oncological clinical trials [38]. The core com-
position of MDTs may vary depending on the cancer
type, but it generally includes clinical oncologists, sur-
geons, pathologists, palliative care physicians, radiation

oncologists and diagnostic and interventional radiolo-
gists [29]. A systematic review of MTBs in clinical prac-
tice has reviewed multiple studies of global MTBs. It has
shown that radiologists were only present in the MTB in
five of the 25 studies (20%) [3].

Of note, all patients in this study had progressive
advanced-stage cancer with a low inclusion rate in clini-
cal trials (9%). This aligns with data from other cancer
centers, emphasizing the need for closer collaboration
with early clinical trial programs to maximize benefits
for patients undergoing comprehensive genomic profiling
[22]. The low inclusion rate in trials can be attributed to
various reasons. As reported, 32% of the patients lacked
measurable target lesions during the Molecular Tumor
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Board (MTB) evaluation. From a clinical standpoint, the
primary reason for disqualifying patients from clinical
trials was the absence of druggable mutations or insuffi-
cient evidence supporting certain therapies. Additionally,
patients often did not receive experimental treatment
due to rapid clinical deterioration and advanced disease
progression in end-stage cancer.

This study underscores the pivotal role of imaging in
RECIST-eligibility assessment, given that most therapy
trials require measurable lesions as an inclusion criterion.
For tumor entities with a higher rate of non-measurable
disease, new serological, pathological or imaging bio-
markers are essential. The oncologic community should
be cognizant of the significant variability in RECIST-eli-
gibility based on tumor entity and metastatic phenotype,
posing a potential limiting factor for trial inclusion.

Limitations

The data is limited to a single-center with limited sample
size, hence the representation of tumor entities may dif-
fer in larger cohorts.

Conclusion

A substantial proportion of patients with refractory or
progressive solid malignancies do not qualify for treat-
ment trials with the endpoints ORR, DFS or PFS at the
time of case presentation in MTB due to NMD. The
underlying malignancy and tumor-specific metastatic
phenotype affect the rate of RECIST-eligibility with a
high level of variance. If MD is present, there is a high
rate of it being representative of the present total tumor
burden. These findings should be taken into consider-
ation during the planning of new precision oncology
trials.
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cT Computed tomography

DOR Duration of response

MD Measurable disease

MDT Multidisciplinary tumor board

MRI Magnetic resonance imaging
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NMD Non-measurable disease

ORR Objective response rate

PFS Progression-free survival

RECIST Response Evaluation Criteria in Solid Tumors
TTP Time to progression
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