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Abstract The growing interest in the molecular

subclassification of colorectal cancers is increasingly

facilitated by large multicenter biobanking initiatives.

The quality of tissue sampling is pivotal for successful

translational research. This study shows the quality of

fresh frozen tissue sampling within a multicenter

cohort study for colorectal cancer (CRC) patients.

Each of the seven participating hospitals randomly

contributed ten tissue samples, which were collected

following Standard Operating Procedures (SOP)

using established techniques. To indicate if the amount

of intact RNA is sufficient for molecular discovery

research and prove SOP compliance, the RNA

integrity number (RIN) was determined. Samples with

a RIN\ 6 were measured a second time and when

consistently low a third time. The highest RIN was

used for further analysis. 91% of the tissue samples

had a RIN C 6 (91%). The remaining six samples had

a RIN between 5 and 6 (4.5%) or lower than 5 (4.5%).

The median overall RIN was 7.3 (range 2.9–9.0). The

median RIN of samples in the university hospital

homing the biobank was 7.7 and the median RIN for

the teaching hospitals was 7.3, ranging from 6.5 to 7.8.

No differences were found in the outcome of different

hospitals (p = 0.39). This study shows that the

collection of high quality fresh frozen samples of

colorectal cancers is feasible in a multicenter design

with complete SOP adherence. Thus, using basic

sampling techniques large patient cohorts can be

organized for predictive and prognostic (bio)marker

research for CRC.
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Introduction

Colorectal cancer (CRC) is the second most common

malignancy in the Western World (DeSantis et al.

2014). As in all cancer research, there is a strong trend

towards molecular subclassification of CRC (Guinney

et al. 2015). The studies conducted to identify these

molecular and clinically relevant markers demand

large numbers of patients with accurate long-term

clinical data combined with high quality tissue

samples to be able to use state of the art techniques

(Riegman et al. 2007, 2008). Subsequently, the

standard enclosed formalin-fixed paraffin-embedded

tissue can be used to develop assays for daily clinical

practice. Therefore, large multicenter biobanking

initiatives are needed to facilitate these research
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efforts (Burbach et al. 2016; Rose 2016). However,

10% of the fresh frozen tissue samples collected for

research purposes are unsuitable for molecular anal-

yses. This is due to multiple non-modifiable factors

such as tissue type, intrinsic patient factors, warm

ischemia time (extraction of the resection specimen

after ligation of the large vessels) and modifiable

factors such as cold ischemia time (tissue transport

from the operating theatre to the pathology lab), the

conservation (fixation/stabilization) method, subse-

quent transport and the storage of the tissue samples

(Boudou-Rouquette et al. 2010; Qualman et al. 2004).

The RNA Integrity Number (RIN), first described in

2006, is currently a common standard used to assess

tissue quality (Schroeder et al. 2006). This method

became well accepted to measure the SOP adherence

of quality in tissue banking (Morente et al. 2006).

The current study assessed the tissue quality of the

MATCH study, a multicenter cohort study in the

region of Rotterdam, the Netherlands, enrolling

patients with CRC and obtaining fresh frozen tissue

samples in one university hospital with experience in

tissue sampling and storage by dedicated personnel,

and in six non-university teaching hospitals that are

not used to nor standardly equipped and staffed for

routine fresh frozen tissue sampling.

Materials and methods

MATCH-study design

The MATCH-study is an ongoing multicenter cohort

study including adult patients with CRC undergoing

curative surgery. The participating centers include one

university hospital (Erasmus University Medical

Center) and six non-university teaching hospitals

(Elisabeth-Tweesteden hospital, IJsselland hospital,

Ikazia hospital, Maasstad hospital, Reinier de Graaf

Hospital, Franciscus Gasthuis). The MATCH study

was approved by the Medical Ethical Board of the

Erasmus University Medical Center, Rotterdam, the

Netherlands (MEC-2007-088). All patients provide

written informed consent for the collection of long-

term clinical data and storage of tissue samples. The

study is an integrated approach using clinical patient

care in non-university hospitals with university-based

facilities for tissue and data storage. The rationale of

this study was to identify subtypes of colorectal

cancer, related prognostic markers and outcome of

treatment. Liver metastases was defined as primary

outcome defining a good or dismal outcome of disease

progression as liver involvement has been demon-

strated to be the main factor to determine long term

outcome.

Clinical data

Medical specialists of departments of Surgery, Pathol-

ogy, Gastroenterology, Radiology and Medical oncol-

ogy were consulted. Clinical data included reports of

colonoscopy, radiology and pathology, as well as

surgical reports and postoperative complications. A

standard case record was created in a web based

multicenter access database. The follow-up of these

patients was standardized in all hospitals following an

intensive follow-up schedule according the national

CRC guidelines (Lochhead et al. 2013).

Tissue sampling

All tissue samples were handled following a Standard

Operation Procedure (SOP) provided by the study

team at the start of the study. In short, resection

specimens were transported (at room temperature

without any conservation fluids) from the operating

theatre to the pathology department, immediately

following removal of the specimen from the patient.

At the pathology department the specimen was

handled at room temperature and within two hours

after resection samples were snap-frozen as described

below. When the 2 h time limit was exceeded, no

tissue samples were taken.

Macroscopically, one to four tumor samples and

one to two healthy colon tissue samples of 0.5–1 cm3

were taken by the pathologist. Tissue sampling for the

MATCH study was not allowed to interfere with the

standard pathology routine needed for clinical prac-

tice. Tumor and normal tissue were stored in labeled

cryovials and snap frozen in liquid nitrogen or dry-ice

(Mager et al. 2007). Samples were then stored at low-

temperature refrigerators (-80 �C) in the hospital of

primary surgery and in batches transported to the

central tissue bank (-196 �C liquid nitrogen barrels)

at the university hospital. Of all new tissue specimens

stored in the central bank, on a yearly base 2% is tested

for quality, by determining the RNA integrity (Chi

et al. 2016; Morente et al. 2006).
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Tissue quality assessment

To assess the tissue quality of the samples collected in

the MATCH-study, we randomly selected 10 tissue

samples per participating hospital, representing about

4% of the entire collection. Samples that were exposed

to neoadjuvant chemotherapy and/or radiotherapy

were excluded as this may damage tissue resulting in

failure of analysis.

RNA quality was determined by measuring of the

RIN (Schisterman et al. 2008; Schroeder et al.

2006). For RNA isolation, 10–20 tissue slides of

10 lm were cut. One slide was colored by hema-

toxylin and eosin (H&E) stain for morphological

confirmation of the diagnosis. For RNA extraction,

the slides were put in a Qiazol Lysis buffer and

shaken for ten seconds to homogenize the tissue.

RNA was then extracted using the miRNeasy Mini

Kit (Qiagen, Hilden, Germany) according to the

method suggested by the manufacturer. The integ-

rity of RNA was measured by the Bioanalyser

(Agilent Technologies, Santa Clara, CA, USA)

using the lab-on-a-chip, RNA 6000 nano assay.

This is an automated system based on elec-

trophoretic separation. The RIN is directly calcu-

lated by applying an algorithm on the ratio of 18S/

28S ribosomal RNA bands. A tissue sample with a

RIN of C 6 is believed to be of good quality

(Fig. 1a) (Strand et al. 2007). Samples with a

RIN\ 6 (Fig. 1b) were measured a second and if

consistently low a third time. When the RIN was

still low, the case was discussed with the technician

to see if any deviation from protocol (e.g. during

the freezing procedure or sample preparation) could

explain the low RIN. When samples were measured

multiple times, the highest RIN was used for further

analysis.

Statistical analysis

Statistical analyses was performed using SPSS (IBM

Corp. Released 2012. IBM SPSS Statistics for Win-

dows, Version 21.0. Armonk, NY: IBM Corp.).

Categorical date were described as frequencies with

percentages and continuous data as median with the

range. The Chi square test was used to compare

categorical data, for continuous date the One-way

ANOVA test was used. A p value less than 0.05 was

considered to be statistically significant.

Results

In total, 70 random samples were selected for analysis

out of the 1700 samples collected in the study period

1st October 2007–1st January 2013. During the work-

up and data quality check, three samples were

excluded leaving a total sample size of n = 67. Two

tissue samples were exposed to neoadjuvant radiation

therapy and one tissue sample was too small.

Out of the 67 samples, two samples were analyzed

two times (3.0%) and seven samples three times

(10.4%). The median overall RIN of all samples was

7.3 (range 2.9–9.0). The majority (n = 61) of the

Fig. 1 a Image intact RNA (RIN 9.0), obtained from the

electropherogram and virtual gel. b Image partially degraded

RNA (RIN 3.3), obtained from the electropherogram and virtual

gel
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tissue samples had a RIN C 6 (91%). The remaining

six samples had a RIN between 5 and 6 (4.5%) or

lower than 5 (4.5%) (Figs. 2, 3). Three of the seven

samples that were measured three times had a

RIN\ 5 and were discussed with the technician.

However, the low RIN could not be attributed to

protocol deviations. The median RIN for a center

specialized in tissue sampling (university hospital)

was 7.7 and the median RIN for teaching hospitals

without a wide experience in this field ranged from 6.5

to 7.8 (Table 1). The overall median RIN of the non-

university teaching hospitals (median RIN = 7.3) did

not differ significantly with the median RIN of the

university hospital (p = 0.39) (Fig. 4). When using

the specialized university hospital as a reference, the

median RIN of one non specialized teaching hospital

(hospital 6) had a significantly lower median RIN than

the university hospital (p = 0.02). However, a median

RIN of 6.5 is still well above the cut-off of 6.

Interestingly, the range of RIN for the non-university

teaching hospitals tended to be larger than the range of

RIN if the university hospital (Fig. 3).

Discussion

This study shows that the collection of high quality

fresh frozen samples of CRC is feasible in a

multicenter design including hospitals for which fresh

frozen tissue sampling is not part of the daily routine.

In our study, 91% had a RIN C 6 and thus can be used

for highly demanding gene array assays.

The RIN was developed and published in 2006 to

meet the need for a reliable standard to estimate the

integrity of RNA samples (Schroeder et al. 2006). A

comparison study comparing a subjective evaluation

of the electropherogram, the 28S–18S peaks ratio and

the RIN showed a superior result for the manual and

RINmethod over the ratio method (Strand et al. 2007).

Nowadays, the RIN is widely used to quantify the

RNA quality of samples and select samples for

expression analyses. However, the cut-off used to

select ‘high quality’ samples varies in literature,

ranging from a RIN of 5–7. These cut-offs can be

based on the recommendations in a manufacturer

manual or on the experience of a lab (Asterand 2006;

Bao et al. 2013; Hong et al. 2010; Viana et al. 2013).

At our hospital, we use a RIN of C6 as the cut-off

which qualified 91% of the samples as high quality

samples. When samples repeatedly have a RIN\ 6,

they may be excluded to prevent a transcript specific

bias, or analytical or bioinformatics steps specifically

dealing with the low quality samples should be

included in the methodology (Lauss et al. 2007;

Viljoen et al. 2013). Furthermore, samples with a

RIN\ 6 can still be used for RT-qPCR applications in

which only short amplicons are analyzed.

Fig. 2 The RIN

distribution in 67 samples

Fig. 3 Box plot with the RIN per hospital
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The quality of RNA expression in tissue samples is

dependent on multiple factors such as tissue type,

intrinsic patient factors, warm and cold ischemia time,

thefixationmethodand the storage of the tissue samples.

While tissue type and intrinsic patient factors cannot be

modified, other factors (i.e. ischemia time, fixation

method and the storage of samples) can be influenced.

The RIN can be used to determine large influences

during the pre-analytical phase. Smaller differences can

be assessed based onRNAexpression analyses (Gallego

Romero et al. 2014). For fresh frozen samples, the most

important factor appears to be the ischemia time and

freeze thawing effects after freezing. A recent review

specifically addressing the effect of cold ischemia on

RNA stability concluded that in most studies only

minimal changes in the RIN were observed (B10%)

during a cold ischemia times of 1–6 h (Grizzle et al.

2016). One outlier reported a significantly decreased

RIN of 44% in samples with a cold ischemia time of

1.5 h compared to samples with a cold ischemia time of

10 min (Hong et al. 2010). However, the 28S:18S ratios

did not significantly differ (Hong et al. 2010). Impor-

tantly, the definition of cold ischemia time differed

between studies and often the cold ischemia time in the

operating theatre was not taken into account. Further-

more, the effects of warm ischemia time are often

ignored while they most likely interact with the effects

of cold ischemia time. Thismay be explained by the fact

that this factor is hard to reliably score and is considered

to be a non-modifiable factor since attempts tominimize

warm ischemia time may affect patient care. Such non-

modifiable influences can only be documented to obtain

a tool for determination of this influence (Riegman et al.

2015). Although we did not specifically assessed the

association between ischemia time and the RIN in our

study, the maximum cold ischemia time was 2 h since

this was included in the SOP. Thus, the high percentage

of high quality samples in our study is in line with the

current literature. For the few samples with consistently

low RIN values, no protocol deviations were found

suggesting the low RIN was caused by non-modifiable

factors.

Our study shows that SOP compliance was positive

in all the cooperating hospitals and high quality fresh

frozen tissue sampling is possible in a multicenter

setting including both university and non-university

hospitals. These findings support the feasibility of

emerging large-scale ‘fit-for-purpose’ biobanks to

facilitate the increasingly complex field of fundamen-

tal and translational cancer research (Burbach et al.

2016; Kap et al. 2014; Rose 2016).

In conclusion, our study shows that the collection of

high quality fresh frozen samples of CRC is feasible in

a multicenter design and using basic sampling tech-

niques. Thus, large patient cohorts can be organized

for predictive and prognostic (bio)marker research for

CRC.

Fig. 4 Box plot with the RIN for the university hospital and

non-university hospitals

Table 1 Median RNA

integrity number per

hospital

Hospital Number of samples Median RIN Range p value

1: University hospital 10 7.7 6.8–9 0.391

2 9 7.3 5.9–8.1

3 10 7.2 4.3–8.2

4 10 7.8 5.8–8.7

5 10 7.4 3.3–8.7

6 9 6.5 6–7.8

7 9 7.5 2.9–8.1

All samples 67 7.3 2.9–9

Cell Tissue Bank (2017) 18:425–431 429

123



Acknowledgements The authors thank de MATCH study

group consisting of: Peter-Paul L.O. Coene, M.D., Ph.D.,

Department of Surgery, Maasstad Hospital, Rotterdam, the

Netherlands; JanWillem T. Dekker, M.D., Ph.D., Department of

Surgery, Reinier de Graaf Hospital, Delft, the Netherlands;

David D.E. Zimmerman, M.D., Ph.D., Elisabeth-Tweesteden

Hospital, Tilburg, the Netherlands; Geert W.M. Tetteroo, M.D.,

Ph.D., Department of Surgery, IJsselland Hospital, Capelle a/d

IJssel, the Netherlands; Wouter J. Vles, M.D., Ph.D.,

Department of Surgery, Ikazia Hospital, Rotterdam, the

Netherlands; and Wietske W. Vrijland, M.D., Department of

Surgery, Sint Franciscus Hospital, Rotterdam, the Netherlands.

Compliance with ethical standards

Conflict of interest The authors declare that they have no

conflict of interest.

Human participants and/or animals Research includes

human subjects.

Informed consent Informed consent was obtained from all

participating patients and the study was approved by the Med-

ical Ethical Committee (MEC-2007-088).

Open Access This article is distributed under the terms of the

Creative Commons Attribution 4.0 International License (http://

creativecommons.org/licenses/by/4.0/), which permits unre-

stricted use, distribution, and reproduction in any medium,

provided you give appropriate credit to the original

author(s) and the source, provide a link to the Creative Com-

mons license, and indicate if changes were made.

References

Asterand (2006) RNA quality assurance using RIN (internet).

Asterand plc, Detroit (cited 2010 Oct 3). http://www.

asterand.com/asterand/human_tissues/Asterand_RIN.pdf

Bao WG, Zhang X, Zhang JG, Zhou WJ, Bi TN, Wang JC, Yan

WH, Lin A (2013) Biobanking of fresh-frozen human colon

tissues: impact of tissue ex vivo ischemia times and storage

periods on RNA quality. Ann Surg Oncol 20:1737–1744

Boudou-Rouquette P, Touibi N, Boelle PY, Tiret E, Flejou JF,

Wendum D (2010) Imprint cytology in tumor tissue bank

quality control: an efficient method to evaluate tumor

necrosis and to detect samples without tumor cells. Vir-

chows Arch 456:443–447

Burbach JP, Kurk SA, Coebergh van den Braak RR, Dik VK,

May AM, Meijer GA, Punt CJ, Vink GR, Los M,

Hoogerbrugge N, Huijgens PC, Ijzermans JN, Kuipers EJ,

de Noo ME, Pennings JP, van der Velden AM, Verhoef C,

Siersema PD, van OijenMG, Verkooijen HM, KoopmanM

(2016) Prospective Dutch colorectal cancer cohort: an

infrastructure for long-term observational, prognostic,

predictive and (randomized) intervention research. Acta

Oncol 55:1273–1280

Chi Y, Zhou D (2016) MicroRNAs in colorectal carcinoma–

from pathogenesis to therapy. J Exp Clin Cancer Res 35:43

DeSantis CE, Lin CC, Mariotto AB, Siegel RL, Stein KD,

Kramer JL, Alteri R, Robbins AS, Jemal A (2014) Cancer

treatment and survivorship statistics, 2014. CA Cancer J

Clin 64:252–271

Gallego Romero I, Pai AA, Tung J, Gilad Y (2014) RNA-seq:

impact of RNA degradation on transcript quantification.

BMC Biol 12:42

Grizzle WE, Otali D, Sexton KC, Atherton DS (2016) Effects of

cold ischemia on gene expression: a review and commen-

tary. Biopreserv Biobank 14:548–558

Guinney J, Dienstmann R, Wang X, de Reynies A, Schlicker A,

Soneson C, Marisa L, Roepman P, Nyamundanda G,

Angelino P, Bot BM, Morris JS, Simon IM, Gerster S,

Fessler E, De Sousa EMF, Missiaglia E, Ramay H, Barras

D, Homicsko K, Maru D, Manyam GC, Broom B, Boige V,

Perez-Villamil B, Laderas T, Salazar R, Gray JW, Hanahan

D, Tabernero J, Bernards R, Friend SH, Laurent-Puig P,

Medema JP, Sadanandam A, Wessels L, Delorenzi M,

Kopetz S, Vermeulen L, Tejpar S (2015) The consensus

molecular subtypes of colorectal cancer. Nat Med

21:1350–1356

Hong SH, Baek HA, Jang KY, Chung MJ, MoonWS, Kang MJ,

Lee DG, Park HS (2010) Effects of delay in the snap

freezing of colorectal cancer tissues on the quality of DNA

and RNA. J Korean Soc Coloproctol 26:316–323

Kap M, Oomen M, Arshad S, de Jong B, Riegman P (2014) Fit

for purpose frozen tissue collections by RNA integrity

number-based quality control assurance at the ErasmusMC

tissue bank. Biopreserv Biobank 12:81–90

Lauss M, Vierlinger K, Weinhaeusel A, Szameit S, Kaserer K,

Noehammer C (2007) Comparison of RNA amplification

techniques meeting the demands for the expression pro-

filing of clinical cancer samples. Virchows Arch

451:1019–1029

Lochhead P, Kuchiba A, Imamura Y, Liao X, Yamauchi M,

Nishihara R, Qian ZR, Morikawa T, Shen J, Meyerhardt

JA, Fuchs CS, Ogino S (2013)Microsatellite instability and

BRAF mutation testing in colorectal cancer prognostica-

tion. J Natl Cancer Inst 105:1151–1156

Mager SR, Oomen MH, Morente MM, Ratcliffe C, Knox K,

Kerr DJ, Pezzella F, Riegman PH (2007) Standard oper-

ating procedure for the collection of fresh frozen tissue

samples. Eur J Cancer 43:828–834

Morente MM, Mager R, Alonso S, Pezzella F, Spatz A, Knox K,

Kerr D, Dinjens WN, Oosterhuis JW, Lam KH, Oomen

MH, van Damme B, van de Vijver M, van Boven H,

Kerjaschki D, Pammer J, Lopez-Guerrero JA, Llombart

Bosch A, Carbone A, Gloghini A, Teodorovic I, Isabelle

M, Passioukov A, Lejeune S, Therasse P, van Veen EB,

Ratcliffe C, Riegman PH (2006) TuBaFrost 2: standardis-

ing tissue collection and quality control procedures for a

European virtual frozen tissue bank network. Eur J Cancer

42:2684–2691

Qualman SJ, France M, Grizzle WE, LiVolsi VA, Moskaluk

CA, Ramirez NC, Washington MK (2004) Establishing a

tumour bank: banking, informatics and ethics. Br J Cancer

90:1115–1119

Riegman PH, Dinjens WN, Oosterhuis JW (2007) Biobanking

for interdisciplinary clinical research. Pathobiology

74:239–244

430 Cell Tissue Bank (2017) 18:425–431

123

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.asterand.com/asterand/human_tissues/Asterand_RIN.pdf
http://www.asterand.com/asterand/human_tissues/Asterand_RIN.pdf


Riegman PH, Bosch AL, Consortium OT (2008) OECI TuBa-

Frost tumor biobanking. Tumori 94:160–163

Riegman PH, de Jong B, Daidone MG, Soderstrom T, Thomp-

son J, Hall JA, MendyM, Ten Hoeve J, Broeks A, ReedW,

Morente MM, Lopez-Guerrero JA, Collins VP, Rogan J,

Ringborg U (2015) Optimizing sharing of hospital biobank

samples. Sci Transl Med 7:297fs231

Rose S (2016) Huge Data-Sharing Project Launched. Cancer

Discov 6:4–5

Schisterman EF, Faraggi D, Reiser B, Hu J (2008) Youden Index

and the optimal threshold for markers with mass at zero.

Stat Med 27:297–315

Schroeder A, Mueller O, Stocker S, Salowsky R, Leiber M,

GassmannM, Lightfoot S, Menzel W, GranzowM, Ragg T

(2006) The RIN: an RNA integrity number for assigning

integrity values to RNAmeasurements. BMCMol Biol 7:3

Strand C, Enell J, Hedenfalk I, Ferno M (2007) RNA quality in

frozen breast cancer samples and the influence on gene

expression analysis–a comparison of three evaluation

methods using microcapillary electrophoresis traces. BMC

Mol Biol 8:38

Viana CR, Neto CS, Kerr LM, Palmero EI, Marques MM,

Colaiacovo T, de Queiroz Junior AF, Carvalho AL,

Siqueira SA (2013) The interference of cold ischemia time

in the quality of total RNA from frozen tumor samples. Cell

Tissue Bank 14:167–173

Viljoen KS, Blackburn JM (2013) Quality assessment and data

handling methods for Affymetrix Gene 1.0 ST arrays with

variable RNA integrity. BMC Genom 14:14

Cell Tissue Bank (2017) 18:425–431 431

123


	Multicenter fresh frozen tissue sampling in colorectal cancer: does the quality meet the standards for state of the art biomarker research?
	Abstract
	Introduction
	Materials and methods
	MATCH-study design
	Clinical data
	Tissue sampling
	Tissue quality assessment
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References




