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Abstract

Introduction Patient derived organoids (PDOs) are 3D in vitro models and have shown to better reflect patient and tumor
heterogeneity than conventional 2D cell lines. To utilize PDOs in clinical settings and trials for biomarker discovery or drug
response evaluation, it is valuable to determine the best way to optimize sample selection for maximum PDO establishment.
In this study, we assess patient, tumor and tissue sampling factors and correlate them with successful PDO establishment in
a well-documented cohort of patients with head and neck squamous cell carcinoma (HNSCC).

Methods Tumor and non-tumorous adjacent tissue samples were obtained from HNSCC patients during routine biopsy or
resection procedures at the University Medical Center Utrecht. The tissue was subsequently processed to establish PDOs.
The sample purity was determined as the presence of epithelial cells in the culture on the day of organoid isolation as visu-
alized microscopically by the researcher. PDO establishment was recorded for all samples. Clinical data was obtained from
the medical records and was correlated to PDO establishment and presence of epithelial cells.

Results Organoids could be established in 133/250 (53.2%) primary tumor site tissues. HNSCC organoid establishment
tended to be more successful if patients were younger than the median age of 68 years (74/123 (60.2%) vs. 59/127 (46.5%),
p=0.03). For a subset of samples, the presence of epithelial cells in the organoid culture on the day of organoid isolation
was recorded in 112/149 (75.2%) of these samples. When cultures were selected for presence of epithelial cells, organoid
establishment increased to 76.8% (86/112 samples).

Conclusion This study found a trend between age and successful organoid outgrowth in patients with HNSCC younger than
68 years and emphasizes the value of efficient sampling regarding PDO establishment.

Keywords Head and neck cancer - Patient derived organoids - Head and neck squamous cell carcinoma organoids -
Clinicopathological parameters

Introduction
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The 5-year survival rates of head and neck squamous cell
carcinoma (HNSCC) have only modestly improved over the
past three decades from 55 to 66% [1]. Numerous predictive
and prognostic biomarkers have been investigated to pre-
dict survival and guide treatment decisions [2—4]. However
many of these biomarkers have been investigated using tradi-
tional 2D cell line models, which do not harbor the complex
genetic and phenotypic heterogeneity that exists in these
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tumors in vivo. Therefore, there is a need to improve in vitro
models to validate biomarkers that better reflect patient and
tumor heterogeneity more accurately. Patient derived orga-
noids (PDO) may fill this gap.

Organoids are microscopic 3D structures that can be
grown from patient derived stem cells of healthy or tumor
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tissues [5]. Organoids were first established from intestinal
epithelium, and replicated the morphology of the crypt-vil-
lus structures present in vivo, demonstrating the ability to
recapitulate the native tissue pathophysiology in vitro [6-8].
For several tumor types, living biobanks of PDO’s have been
established [9—14] and correlations between patient— and
PDO drug response have been reported [6, 15-19].

Although PDOs have promising potential for personalized
medicine, establishing PDOs can be laborious and costly.
PDO establishment is more time-consuming compared
to conventional 2D cell lines, and technically more diffi-
cult, requiring trained personnel [20, 21]. To utilize PDOs
in clinical trials, it is important to know the success rates
of establishing PDOs and if this correlates to clinical fac-
tors associated with the patient they are derived from. The
reported pooled success rates for PDO establishment from
multiple tissue and tumor types varies from 56.5 to 78.5%
[16]. Herein, we assessed the correlation of patient tissue
sampling and tumor-factors to PDO establishment in a previ-
ously published cohort of HNSCC patients [6, 15].

Methods
Patients and Clinical Data

This study analyzed organoids derived from a prospective
cohort of patients with cancers of the head and neck area in
the University Medical Center Utrecht (UMCU) as described
in previously [6, 15]. The study protocol was approved by
the Biobank Research Ethics Committee of the University
Medical Center Utrecht (12-093 HUB-Cancer). All donors
participating in this study signed informed-consent forms
and could withdraw their consent at any time. Informed con-
sent was obtained before tissue acquisition, patients were
given a minimum of 24 hours to consider participation.

Patients were eligible for inclusion if (1) patients gave
consent for the 12-093 HUB-cancer protocol, (2) patients
had a type of HNSCC, (3) tissue acquisition was successful
during biopsy for diagnostic histopathology or resection, (4)
the laboratory of the Hubrecht institute tried to establish
organoids for the sampled tissues.

Tissue Acquisition

Primary tumor and/or lymph node metastatic tissue and
tumor adjacent non-malignant tissue was obtained from
HNSCC patients during either biopsy or resection proce-
dures as part of their routine diagnostic or treatment regi-
men. For tissue acquisition during diagnostic biopsies, an
extra biopsy of suspected malignant tissue was taken for
this study during the procedure. For resection specimens,
a small piece of tissue was sampled from the resected
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specimen at the tissue facility in the department of pathol-
ogy. Tissue samples were immediately collected in +/4+/+
organoid medium which consisted of advanced DMEM/F12
(AADMEM/F12: Life Technologies, cat # 12634-034), sup-
plemented with: 1x GlutaMAX (Thermofisher; Gibco, cat
# 35050061), Penicillin—streptomycin (Life Technologies,
cat # 15630-056), 10 mM HEPES (Life Technologies, cat
# 15630-056) (+/+/+ medium) and 100 mg/mL Primocin
(Invivogen, cat # ant-pm1). After transportation to the labo-
ratory, organoid isolation was mostly performed on the same
day as the tissue sampling, however in some cases isolation
was performed within 3 days with an outlier of 10 days.

Organoid Isolation

The PDO culturing in this study has been described previ-
ously [6, 15]. In short, tissue samples were mechanically cut
into pieces (1-3 mm?) and digested for 20—40 min in 0.125%
Trypsin (Sigma, cat # T1426) in +/+/4+ medium supple-
mented with 10 uM Y-27632 (Abmole Bioscience, cat. no.
M1817) at 37 °C. During incubation, mechanical force was
used every 10 min to aid digestion by triturating the tissue
pieces with a p1000 pipette. Tissue was subsequently tritu-
rated using a flame-sterilized pipette with a p10 tip on the
end. Once pieces of tissue appeared macro- and microscopi-
cally dissociated, 4+/4/+ medium was topped up to 15 mL
and the suspension was filtered through a 70 mM filter
(Corning, cat # CLS431751-50EA). Tubes were centrifuged
at 300 g, 5 min and the supernatant was aspirated. Using
ice-cold 70% 10 mg/mL cold Cultrex growth factor reduced
basement membrane extract (BME) type 2 (Trevigen, cat #
3533-010-02) in 4+/4-/4+ medium, the pellet was resuspended.
BME/organoid suspension was plated in 10-20 mL droplets
on the base of a preheated 48-well suspension culture plate
(Greiner, cat # M9312). Plates were inverted and incubated
at 37 °C for at least 15-30 min to allow solidification of
BME. After solidification, pre-warmed culture medium sup-
plemented with 10 pM Y-27632 and caspofungin (0.5 mg/
mL, Sigma Aldrich) was added to the plates and they were
incubated in a 37C/5% CO2 incubator. Two types of culture
media were used for HNSCC organoids: a head neck (HN)
cancer medium [6] or cervical squamous cell medium(M7)
as previously described [22].

Organoid Culturing

Organoids were subsequently grown from the primary mate-
rial in culture media. All primary material was established
on both HN and M7 medium to determine which medium
was optimal for each organoid line. If an organoid line had
an improved growth on a particular medium, this medium
was subsequently used. HN and M7 medium were both
supplemented with 0.5 mg/mL caspofungin for the first
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week of organoid culture and then removed. HN medium
was also supplemented with 10 pM of Y-27632 for the first
week of organoid culture and was then removed. However
M7 medium was constantly supplemented with 10 pM of
Y-27632. Medium was changed every 2-3 days and orga-
noids were passaged between approximately 7 and 14 days
after plating, depending on their growth rate.

To passage organoids, BME droplets were disrupted by
resuspending the entire well content using a P1000 pipette.
This was transferred to 15 mL Falcon tube, where up to
15 mL of +/4/+ was added and then centrifuged (300 g,
5 min). After centrifugation, the organoid pellet was resus-
pended in 1-3 mL TrypLE Express (Life Technologies,
Carlsbad, CA, USA, cat. no. 12605-010) and incubated for
3—10 min at 37 °C. The digestion was constantly monitored
by checking the tube under the microscope. Organoids were
sheared mechanically using a P1000 pipette with an extra
P10 tip placed on the tip. After organoids were disrupted
into single cells, tubes were topped up to 15 mL of +/+/+
to inhibit the TrypLE digestion, and centrifuged. Superna-
tant was removed down to the pellet and cells were resus-
pended in 70% BME in +/+/4. The density of organoids
were checked under the microscope before plating, if orga-
noids were too dense, more 70% BME in +/+/+ was added.
Multiple domes of 10-20 mL were plated on pre-heated
suspension culture plates (Greiner, cat # M9312). Plates
were inverted and incubated at 37C for at least 15 min for
BME solidification. After solidification, pre-warmed HN or
M7 media supplemented with 10 pM Y-27632 was added to
the plates and they were incubated in a 37C/5% CO2 incu-
bator. For cultures growing on HN media, Y-27632 was
removed from the medium after 2-3 days and organoids
were subsequently cultured in media without Y-27623. For
M7 medium, Y-27632 was constantly in the media, and was
therefore not removed after passaging.

To show that organoids contain tumor cells, the organoid
cultures are exposed to nutlin-3a as described in Millen et al.
[15] Nutlin-3a is an MDM2 antagonist that ceases growth of
TP53 wildtype cells (non-tumor epithelial cells) but leaves
TP53 mutant cells (tumor epithelial cells) unaffected. Cul-
tures are exposed to nutlin-3a for a period of 7-10 days and
it is determined to be a tumor-derived organoid if growth
continues in the presence of nutlin-3a and normal-derived
organoid if it dies in the presence of nutlin-3a.

Clinical Data

Clinical data was extracted from the medical records. The
following clinical parameters were collected: sex, age, prior
cancer treatment status (defined as chemo- and/or radio-ther-
apy). For tissue sampling details: type of sampling (biopsy
or resection), date of sampling (i.e. time in days between
sampling and organoid isolation), and for tumor details:

tumor type, tumor location, TNM-stage [23] (if available
pTNM otherwise cTNM), tumor diameter in centimeters,
HPV-status, histopathological grade (Grade 1 well, Grade
2 moderately and Grade 3 poorly differentiated), presence
of bone invasion, presence of angio-invasion, presence of
perineural growth and growth pattern (cohesive vs. non-
cohesive). HPV status was positive if it was pathologically
confirmed. Bone invasion was positive if it was stated posi-
tive in the pathological report.

Analysis

For the analysis, each organoid line was analyzed as a sepa-
rate case. For 15 patients, more than one HNSCC tissue
specimen was collected. For example: a biopsy was initially
collected for diagnosis, a resection of the primary or recur-
rent tumor was subsequently performed. The primary out-
come was organoid establishment (yes/no) and was defined
as ‘successful’ (or ‘yes’) if organoids reached Passage 1 (P1)
and as ‘no’ if they did not grow and could not be passaged.
P1 was defined as organoids that grew from isolation (P0O)
of primary tissue and were large enough to passage. Group
differences were assessed for organoid establishment regard-
ing the collected clinical variables on patient data, sampling
data and tumor data.

The presence of epithelial cells in the organoid culture at
PO was available from the samples of 2019 onwards. After
tissue processing, and upon plating the organoids (P0), the
researcher recorded presence of epithelial cells with micro-
scopic examination and presence was defined as ‘yes’ if
either single cells or clumps of epithelial cells were present
in the culture. If these were not observed, these were defined
as “no epithelial cells present”.

Statistics

The outcome variables are reported dichotomously. The con-
tinuous variables, age at surgery and tumor diameter, were
split into two groups based on the median. The continuous
variable ‘number of days between sampling and isolation’
was split into two groups (day O versus day 1 onwards). All
of the other variables were nominal. Group differences per
variable regarding organoid establishment and epithelial cell
presence were assessed using the test of two proportions
with a chi-square test of homogeneity. Bonferroni correction
for multiple comparisons was executed. Statistical signifi-
cance was considered if p <0.0167 for patient factors (three
comparisons), if p <0.025 for sampling factors (two com-
parisons) and if p <0.0083 for tumor factors (six compari-
sons).In case of an insufficient sample size, Fisher’s exact
test was used. Statistical analysis was performed with SPSS
Statistics (IBM Corp. Released 2020. IBM SPSS Statistics
for Windows, Version 27.0. Armonk, NY: IBM Corp).
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Results

521 collected tissue samples for which organoid establish-
ment was attempted were included in this study. Tissues
that were not derived from squamous cell carcinoma were
excluded from this analysis (n =24) and organoid cultures
that had a microscopically visible fungal or bacterial infec-
tion between isolation (P0O) and P1 (n=12). Tissues from
250 samples originated from primary tumor site (primary
tumor n =200, recurrent n= 17, second primary n =26,
third primary n =6 and fifth primary n=1), 27 originated
from SCC-containing metastatic lymph nodes and 208
originated from normal mucosa adjacent to the HNSCC
tumor. Patient characteristics are displayed in Table 1.

HNSCC Organoid Establishment and Sample Purity

Organoids could be established in 133/250 (53.2%) primary
tumor site tissues (Table 1). For the samples from 2019
onwards (n = 149) data about the presence of epithelial cells
was confirmed. This was done on the day of isolation where
epithelial cells were observed in the culture by bright-field
microscopy in 112/149 (75.2%) of these samples. If there
were epithelial cells present at PO, organoid establishment
success rate increased to 76.8% (86/112 samples).

HNSCC Organoid Establishment Correlation Factors
Patient Factors

PDO establishment tended to be more successful in patients
who were younger than the median age of 68 years (74/123
(60.2%) vs. 59/127 (46.5%), p=0.03) Table 2 and Fig. 1.
There was no difference in successful establishment of orga-
noids between males and females (93/170 (54.7%) vs. 40/80
(50.0%), p=0.49) nor for patients that received previous
anti-cancer treatment compared to patients without prior
treatment (11/208 (52.9%) vs. 23/42 (54.8%), p=0.82).

Tissue Sampling Factors

The majority of resection tumor specimens originated from
the oral cavity, while the biopsy specimens were mostly
derived from oropharyngeal, hypopharyngeal and laryngeal
samples. There were no significant differences in PDO estab-
lishment between biopsy- and resection-specimens: 42/75
(56.0%) vs. 91/175 (52.0%), p=0.56 nor between the orga-
noids isolated at the day of surgery or later: 96/169 (56.8%)
vs. 29/54 (53.7%), p=0.69 (Table 2, Fig. 1).
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Clinical Parameters

Of the 250 SCC samples, 151/250 (60.4%) tumor tissues
originated from the oral cavity, 22/250 (8.8%) from the
oropharynx, 22/250 (8.8%) from the hypopharynx, 48/250
(19.2%) from the larynx, and 7/250 (2.8%) from other tumor
sites documented in Table 1. There were no differences
regarding PDO establishment for: Tumor location, HPV-
status, T-stage, N-stage, Bone invasion, perineural invasion,
angioinvasion, tumor grade, growth pattern and tumor diam-
eter (Table 2, Fig. 1).

Primary Tumor Site SCC vs Metastatic SCC

For SCC tissues from the primary tumor site, PDO estab-
lishment was slightly more successful compared to meta-
static SCC, (133/250 (53.3%) vs. 12/27 (44.4%), p=0.39).
However, differences in proportions were not statistically
significant.

Primary Tumor vs Secondary (or More) Primary
and Recurrent

PDO establishment was not more successful for primary
SCC tissues, compared to secondary (or more) or recurrent
SCC, (108/200 (54%) vs. 25/50 (50%), p=0.61).

Normal Mucosa Organoid Establishment

Normal mucosa organoids could be established in 141/208
(67.8%) samples of tumor-adjacent epithelium. In this
cohort, there were no differences in the success rate of PDO
establishment for: sex, median age, pre-treated vs. untreated
tumors and isolation on day of surgery or later (Table 3).
There was a strong trend towards an improved success rate
of PDOs from resection samples as compared to biopsies:
136/196 (69.4%) vs. 5/12 (41.7%), p =0.06 (Table 3).

Tissue Sample Purity

In biopsies, there were significantly more epithelial cells pre-
sent in the culture on the day of organoid isolation compared
to resection specimens (45/52 (86.5%) vs. 67/97 (69.1%),
p=0.02, Table S1). Likewise, in the primary/local recurrent
HNSCC samples, there were significantly more epithelial
cells present in the culture on the day of isolation compared
to the metastatic HNSCC samples (112/149 (75.2%) vs. 15/27
(55.6%), p=0.04). There was a strong trend that cultures from
patients below the median age of 68 years had more epithelial
cells present in the culture on the day of isolation (82.6% vs
68.8%, p=0.05, Table S1). The other clinical factors revealed
no differences in presence of epithelial cells in the culture on
the day of isolation, neither for SCC tissues nor for normal
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Table 1 Patient and

- Characteristics SCC tumor lines N=250 Normal
tumor chargcterlstlcs f.or mucosa lines
corresponding organoid cultures N=208

Organoids Established 133 (53.2) 141 (67.8)
Organoids Established if epithelial cells 86/112 (76.8)
present (n=112)
Tumor nature Primary 200 (80.0)
2nd primary onwards 33(13.2)
Recurrent 17 (6.8)
Age (year) Median (range) 68 (22-92) 69 (22-92)
Sex Males 170 (68.0) 135 (64.9)
Females 80 (32.0) 73 (35.1)
Pre treatment No 208 (83.2) 168 (80.8)
Yes m Chemotherapy 1(0.4) 2(1.0)
m Radiotherapy 27 (10.8) 27 (13.0)
m Radiotherapy+Chemo 12 (4.8) 10 (4.8)
m Radiotherapy+Cetuximab 2(0.8) 1(0.5)
m Total 42 (16.8) 40 (19.2)
Sampling Biopsy 75 (30.0) 12 (5.8)
Resection 175 (70.0) 196 (94.2)
Organoid isolation day Day 0 169 (75.8) 127 (70.9)
after surgery Day 1 47 (21.1) 47 (26.3)
Day 2-10 7@3.1) 5(2.8)
Tumor location Oral cavity 151 (60.4)
Oropharynx 22 (8.8)
Hypopharynx 22 (8.8)
Larynx 48 (19.2)
Other® 7(2.8)
HPV status Positive 12 (4.8)
Negative / not determined 238 (95.2)
T-stage T1 26 (10.4)
T2 88 (35.2)
T3 56 (22.4)
T4 80 (32.0)
N-stage NO 132 (52.8)
N1 28 (11.2)
N2 49 (19.6)
N3 41 (16.4)
Boneinvasion No / Not reported 195 (78.0)
Yes 55 (22.0)
Peri neural invasion No 102 (53.1)
Yes 90 (46.9)
Angio invasion No 152 (85.4)
Yes 26 (14.6)
Tumor differentia-tion Well 11 (10.8)
Moderately 74 (72.5)
Poor 17 (16.7)
Growth pattern Cohesive 63 (36.4)
Non-Cohesive 110 (63.6)
Tumor diameter Median (range cm) 3.0 (0.7-9.50)

Values are numbers with (%) unless otherwise stated

4Other comprises: Parotis (n= 1), Nasopharynx (n=1), Nasal cavity (n=5). Pathological TNM-status was
used if possible otherwise the clinical TNM-stage was used
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Table 2 HNSCCC group: analysis of organoid establishment per clinical factor

Factor with total number ~ Number of organoid lines established Propor-tion p value
of cases available — Differ-ence
Groups (% of total within group) Total (%)
Patient factors
Sex Males Females
n=250 93 (54.7) 40 (50.0) 133 (53.2) 0.047 0.49
Age (split median) < 68 years > 68 years
n=250 74 (60.2) 59 (46.5) 133 (53.2) 0.137 0.03
Pretreatment No Yes
n=250 110 (52.9) 23 (54.8) 133 (53.2) 0.019 0.82
Sampling factors
Method Biopsy Resection
n=250 42 (56.0) 91 (52.0) 133 (53.2) 0.04 0.56
Days to org isolation 0 1-5
n=223 96 (56.8) 29 (53.7) 125 (56.0) 0.031 0.69
Tumor factors
Tumor location® Oral Cavity Oropharynx Hypopharynx Larynx
n=243 80 (53.0) 14 (63.6) 9 (40.9) 27 (56.3) 130 (53.5) NA 0.48
HPV status Negative Positive
n=250 126 (52.9) 7 (58.3) 133 (53.2) 0.054 0.72
T stage Tl T2 T3 T4
n=250 12 (46.2) 53 (60.2) 28 (50.0) 40 (50.0) 133(53.2) NA 0.42
N stage NO N1 N2 N3
n=250 66 (50.0) 16 (57.1) 28 (57.1) 23 (56.1) 133 (53.2) NA 0.76
Bone invasion No Yes
n=250 108 (55.4) 25 (45.5) 133 (53.2) 0.099 0.19
Peri neural invasion No Yes
n=192 52 (51.0) 48 (53.3) 100 (52.0) 0.023 0.74
Angio invasion No Yes
n=178 78 (51.3) 14 (53.8) 92 (51.7) 0.028 0.81
Differentiation Grade [ Grade II Grade 111
n=102 6 (54.5) 36 (48.6) 10 (58.8) 52 (51.0) NA 0.73
Growth pattern Cohesive Non-Cohesive
n=173 35 (55.6) 55 (50.0) 90 (52.0) 0.056 0.48
Tumor diameter <3cm >3 cm
n=184 45 (50.6) 49 (51.6) 94 (51.0) 0.016 0.89

Tests of proportions used were the chi-square tests of homogeneity. Statistical significance after Bonferroni correction was considered if
p<0.0167 for patient factors (three comparisons), if p<0.025 for sampling factors (two comparisons) and if p <0.0083 for tumor factors (six
comparisons) NA: Not applicable as there are several proportion differences between more than two groups

*Excluding location tumor ‘other’ (n=7)

mucosa tissues (Table S1+ S2). Figure 2 displays H&E stain- Discussion
ing’s of four sampled tumor tissues before the start of organoid
culturing. For Fig. 2A and B epithelial cells were present at [t is relevant to know if there are patient- and/or tumor-fac-

PO, for Fig. 2C and D epithelial cells were not present in the  tors in tissue sampling that influence PDO establishment,
culture at PO.
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Fig.1 HNSCC group: organoid
establishment correlating to

clinical-, sampling- and tumor-
parameters. X-axis shows num-

ber of patients. Y-axis shows Male
different clinical parameters. Sex Female
*indicates a trend towards a

statistical significant difference Age < 68 years
using the test of two propor- 2 68 years
tions with a chi-square test of

homogeneity. Pretreatment was Pretreatment No

defined as: patient received Yes

radiotherapy anywhere on the
body and/or chemotherapy
ever. Isolation day means: days
between surgery and organoid
isolation. Tumor and nodal
stage according to the TNM
criteria

Biopsies
Resections
0

> 1

Sampling method

Isolation day

Negative
Positive

HPV

Oral Cavity
Oropharynx
Hypopharynx
Larynx

T1
T2
T3
T4

NO
N1
N2
N3

No
Yes

Tumor
location

Tumor stage

Nodal stage

Bone invasion

Perineural ivasion

No

Yes

Angioinvasion No
Yes

Differentiation Grade |
Grade Il

Grade I

Growth pattern Cohesive
Non-Cohesive

Tumor < 3.00cm
Diamater >3.00cm

as this could help future researchers navigate organoid
biobanks. However, to date, there have been no studies
in HNSCC to assess such factors. This study assessed
clinical factors regarding PDO establishment and found
a trend of PDO establishment being more successful in
younger patients with HNSCC, below the median age of
68 years, although this was just not statistically significant

Organoid establishment
B Yes

No

100
Number of patients

(p=0.03). This could be explained by the fact that cell
division rates decrease with age [24]. The study of Larsen
et al. published their supplemental data on age of 77
HNSCC organoids of which 12 were biobankable [25].
The mean age in deciles for the biobankable organoids
was 6.67 and the mean age in deciles for the 65 non-
biobankable organoids was 7.09. These findings are in

@ Springer



59 Page 8 of 11 Head and Neck Pathology (2024) 18:59
Table?.a Normal mucosa: Factor with total number of Number of organoid lines established Proportion p value
analys.ls of 0rgan01d. . cases available — Difference
establishment per clinical factor Groups (% of total within group) Total (%)
Patient factors
Sex Males Females
n=208 91 (67.4) 50 (68.5) 141 (67.8) 0.011 0.87
Age (split median) <69 years >69 years
n=208 73 (70.2) 68 (65.4) 141 (67.8) 0.048 0.46
Pretreatment No Yes
n=208 118 (70.2) 23 (57.5) 141 (67.8) 0.127 0.12
Sampling factors
Method Biopsy Resection
n=208 5(41.7) 136 (69.4) 141 (67.8) 0.277 0.06*
Days to org isolation” 0 1-5
n=179 86 (67.7) 39 (75.0) 125 (69.8) 0.073 0.35

Tests of proportions used were the chi-square tests of homogeneity. Statistical significance after Bonferroni
correction was considered if p<0.0167 for patient factors (three comparisons) and if p <0.025 for sam-
pling factors (two comparisons). NA: Not applicable as there are several proportion differences between

more than two groups

“Fisher exact test because of low sample size biopsies

®Data of this parameters was not available for all tissues

line with our trend. In the whole cohort, which consisted
of several organoid tumor types, age was not different for
the biobankable and non-biobankable organoids [25]. For
future HNSCC organoid studies, this could be considered,
as this may support successful organoid outgrowth. This
seems clinically applicable as elderly patients with comor-
bidities are already often refrained from chemotherapy
[26]. As this cohort of patients only contained HNSCC,
the median age associated with successful organoid out-
growth, may vary between other tumor types. Therefore,
age as a factor for successful organoid culture should also
be explored in other types of cancer.

There was no difference in PDO establishment between
patients that received chemo—and/or radiotherapy com-
pared to untreated patients. This is reassuring, as many can-
cer regimens include surgery as well as adjuvant systemic
therapy, highlighting that the use of systemic therapy in
HNSCC has no impact on organoid outgrowth. In line with
this, Ooft et al. (colorectal cancer), Larsen et al. (several
tumortypes) and Sharick et al. (pancreatic cancer) also did
not find a correlation between previous chemotherapy and
PDO outgrowth [18, 25, 27]. Interestingly, another study on
colorectal cancer found a reduced PDO outgrowth if patients
had received neoadjuvant chemoradiotherapy prior to tissue
sampling compared to non-adjuvant and chemotherapy-only
groups [28]. We did not find differences in PDO establish-
ment between primary/locally recurrent tumors and meta-
static tumors, which is in line with two other studies [17,
24]. Again, this is reassuring for future organoid studies that
plan to establish organoids from metastatic tissue, as this
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may not affect outgrowth. Like Larsen et al. we did not find
differences in PDO establishment based on tumor size [25].

We found a significantly higher presence of epithelial
cells in biopsies compared to surgical resection specimens
for HNSCC PDOs (86.5% vs 69.1%, p=0.02), although
there was no difference in PDO establishment itself. For
prostate cancer, sampling with radical prostatectomy com-
pared to transurethral resection of the prostate resulted in
an improved PDO establishment for the radical prostatec-
tomy group [29]. Likewise, for colorectal cancer, the rate of
successful PDO culture was lower for endoscopic biopsies
compared to surgical resection specimen [28]. Similar to
our findings, differentiation grade did not influence PDO
establishment in prostate cancer [29].

The influence of efficient sampling of the tumor on orga-
noid establishment may be bigger than the influence of the
clinical factors themselves. Here we show an increase in
PDO establishment from 53.2% to 76.8% if organoid cul-
tures were found to have epithelial cells present in the cul-
ture at PO. Moreover, in a subset analysis, we previously
found an increase in the success rate of HNSCC organoids
from 33.3% to 85.5% in cases where epithelial cells were
present in the collected tissues, assessed by H&E staining
of the tissue sample (n="77, Fisher’s exact test, proportion
0.522, p <0.001) [15]. For metastatic gastro-intestinal can-
cer organoids Vlachochiannis et al. also describe that the
establishment rate strongly correlated with tumor cellular-
ity in the original tissue biopsy [17]. Likewise in prostate
organoids, a significant correlation between tumor cell per-
centage in the original tissue sample and prostate organoid
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Fig.2 Hematoxylin and eosin stain of 4 tumor samples before orga-
noid culturing; A tumor sample of Larynx; B tumor sample of oro-
pharynx; C tumor sample of lymph node metastasis; D tumor sample

establishment was reported [29]. This indicates that efficient
sampling is important for optimizing PDO establishment.
Figure 2 emphasizes the importance for efficient sampling.

Interestingly, in this analysis, we showed a statistically
significant difference between biopsies and resections, with
biopsy-derived organoid cultures typically having more
epithelial cells present on the day of isolation compared
to resections specimens. For biopsies, the sample is taken
directly by the surgeon whereas for surgical resections, the
tissue is removed from the body whereupon it is sampled at
a later point by the pathology department. This difference
in presence of epithelial cells on the day of isolation could
be due to difficulty to recognize tumor versus normal tissue

of Oral Cavity; For A and B epithelial cells were present in the cul-
ture at PO; for C and D epithelial cells were not present in the culture
at PO

during sampling of the resected specimen vs. a tumor that is
in situ in the body during a biopsy procedure. Additionally,
we found epithelial cells more frequently in the culture at
PO for primary tumor tissues compared to metastatic tumors
in lymph nodes (75.5% vs 55.6%, p=0.03). A tendency that
the success rate of PDO establishment is better for primary
tumor site samples, suggests sampling efficiency is better
at the primary tumor site compared to HNSCC lymph node
metastasis.

In this study, organoids were deemed successful if they
reached P1, and most organoids included in the analysis were
started on both HN and M7 media types to determine the opti-
mal media for each organoid line. Therefore, the effect of the
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media composition on successful outgrowth is not a factor in
our analysis, and it is more important if a culture has epithelial
cells present on day of isolation or not. Larsen et al. have inves-
tigated the effect that various growth factors have on functional
growth and phenotypes in tumor organoids derived from vari-
ous tumor types. They found that although EGF stimulated
proliferation in most cultures, there was no significant differ-
ence in growth between the five various media conditions that
were tested. In particular, they assessed the success rate of
head and neck organoids when established on complete versus
minimum media type, and found no difference.

In conclusion, this study found a positive trend between age
and successful organoid outgrowth in patients with HNSCC
younger than 68 years and emphasizes the value of efficient
tumor sampling to achieve successful PDO establishment.
This study highlights the importance of future organoid stud-
ies to evaluate clinical factors that may influence organoid out-
growth, and to investigate this in other tumor types.
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