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Abstract

Background: Bone tissue decalcification is essential for histopathological evaluation, but
conventional methods using inorganic acids degrade nucleic acids, limiting molecular
testing. EDTA is known to better preserve DNA, but its suitability for next-generation
sequencing (NGS) in clinical settings remains to be validated. Methods: This retrospective
study evaluated 752 formalin-fixed paraffin-embedded (FFPE) tissue samples undergoing
NGS between January 2022 and October 2024. Of these, 31 were decalcified using EDTA
(Osteosoft, Merck, Germany). DNA was extracted using the Qiagen AllPrep® kit and
quantified using Qubit and NanoDrop. Libraries were prepared with a custom 30-gene
Ampliseq panel and sequenced on the Ion Torrent platform. Sequencing was deemed
suboptimal if <95% of target regions reached ≥250X depth. Results were compared to
721 non-decalcified FFPE samples. Results: Suboptimal sequencing occurred in 9.7%
of EDTA-decalcified and 9.0% of non-decalcified cases (p = 0.9). DNA concentration
(Qubit) and NanoDrop 260/280 ratios were not significantly different (p = 0.4 and p = 0.8,
respectively), though EDTA cases had lower DNA concentrations (NanoDrop, p = 0.006)
and 260/230 ratios (p = 0.002). Mutation detection in decalcified samples was consistent
with known mutation profiles for respective tumor types. Conclusions: EDTA-decalcified
FFPE bone tissues produce NGS results comparable to non-decalcified specimens, with
similar sequencing success rates and acceptable DNA quality. These findings support
the use of EDTA as a suitable decalcification method for molecular diagnostics, enabling
broader inclusion of bone specimens in clinical testing.

Keywords: Ethylenediaminetetraacetic Acid (EDTA); next-generation sequencing (NGS);
decalcification

1. Introduction
Bone tissue decalcification methods utilizing inorganic acids such as hydrochloric acid

are effective in removing calcium but compromise the integrity of DNA and RNA, which
are critical for molecular analyses [1]. This limitation restricts the diagnostic utility of bone
specimens in malignancies, where accurate genetic testing is essential for diagnosis and
therapeutic decision-making. EDTA is known to be superior in preserving nucleic acids,
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allowing for the feasibility of genetic studies [2]. With the advent of more complex NGS
testing, there is a greater need for good DNA quality and quantity to produce optimal
results. We endeavor to confirm that EDTA is a suitable agent for tissue decalcification that
is compatible with NGS testing in our laboratory by comparing the quality and quantity of
DNA and the rate of suboptimal NGS test results.

2. Methods
This is a retrospective study investigating formalin-fixed paraffin-embedded (FFPE)

bone tissue that has undergone EDTA decalcification (Osteosoft, Merck, Germany) and
subsequent NGS testing from January 2022 to October 2024. The duration of EDTA decal-
cification is not fixed and depends on the size of the specimen. This varies from a short
duration to overnight cycles.

Genomic DNA was extracted using the Qiagen AllPrep® DNA/RNA FFPE Kit (QI-
AGEN GmbH, Hilden, Germany). DNA quality and quantity were assessed using a
NanoDrop ND-2000 spectrophotometer and Qubit Quantification Assay (Thermo Fisher
Scientific Inc., Darmstadt, Germany). Libraries were prepared using the Ion Torrent Am-
pliseq 2.0 kit(Thermofisher, Carlsbad, CA, USA) with primer pairs targeting a locally
developed, customized NGS panel of around 30 genes, which includes all types of common
clinically relevant mutations detected in routine anatomical pathology departments includ-
ing Single-Nucleotide Variants (SNVs) and indels including those that result in MET exon
skipping. Template preparation and sequencing were performed on the Ion Torrent plat-
form. Sequencing was considered optimal if at least 95% of the regions covered obtained a
sequencing depth of at least 250X, while a value of 80–95% was considered suboptimal. The
results were compared with samples without decalcification that underwent NGS in 2024.

Statistical comparisons were performed using Pearson’s Chi-squared test for categori-
cal variables and the Wilcoxon rank-sum test for continuous variables.

3. Results
During the 3-year study period, 752 cases underwent NGS: 31 bone tissue with EDTA

decalcification and 721 without any decalcification. Amongst the 31 types of specimens,
22 were lung adenocarcinoma, 4 were breast carcinoma, 2 were melanoma, 1 was mastocyto-
sis, and 1 was carcinoma of unknown primary origin; all 30 were found in bone specimens,
and 1 case of GIST was heavily calcified (Table 1). The frequency of gene-specific muta-
tions was high and expected for decalcified specimens, with 19/22 lung adenocarcinomas
having mutations like EGFR, KRAS, TP53, and BRAF. All melanomas and GISTs had KIT
exon 11, and one breast carcinoma had a PIK3CA mutation. Finally, the mastocytosis had
KIT exon 17 (Table 1).

Table 1. Summary of bone tissue with EDTA.

No. Diagnosis Tumor
Content %

Tumor
Area/mm

No. of Days
in EDTA Mutations Identified

1 Metastatic lung
adenocarcinoma 30 15 2

EGFR exon 20 T790M, EGFR exon 19
deletion p.(Glu746_Ala750del), TP 53,

exon 6, p. (Leu194Arg)

2 Metastatic breast
carcinoma 70 20 3 Wild type for PIK3CA

3 Metastatic lung
adenocarcinoma 50 78 2 EGFR exon 19, p.(Glu746_Ser752delinsVal)
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Table 1. Cont.

No. Diagnosis Tumor
Content %

Tumor
Area/mm

No. of Days
in EDTA Mutations Identified

4 Metastatic lung
adenocarcinoma 40 60 1 MET exon14, p.(Asp1010Asn), TP53, exon 6,

p.(Arg196 *)

5 Metastatic lung
adenocarcinoma 60 28 2 EGFR exon21, p.(Leu858Arg), TP53 exon7,

p.(Arg248Gln), MET exon2, p.(Asn375Ser)

6 Metastatic lung
adenocarcinoma 40 64 3 Suboptimal run

7 Metastatic lung
adenocarcinoma 80 7 3 No variant detected in EGFR, BRAF,

KRAS, MET

8 Metastatic lung
adenocarcinoma 30 8 3

EGFR exon 20, p.(Pro772_773dup), TP53,
exon 5, p.(Gln136Pro), MET exon2,

p.(Asn375Ser)

9 Metastatic breast
carcinoma 50 18 2 KRAS, exon2, p.(Gly12Asp), PIK3CA,

exon 21, p.(His1047Leu)

10 Metastatic lung
adenocarcinoma 20 11 2 No variants in EGFR, MET, KRAS, BRAF

11 Acral melanoma 70 32 3 KIT, exon 13, p.(Lys642Glu), KIT exon 8,
p.(Asp419del)

12 Systemic
mastocytosis 50 4 2 KIT, exon 17, p.(Asp816Val)

13 Metastatic lung
adenocarcinoma 30 163 2 TP53, exon 6, p.(His193Arg)

14 Metastatic lung
adenocarcinoma 30 54 5

EGFR, exon21, p.(Leu858Arg), CTNNB1,
exon3, p.(Ser33Cys), TP53, exon4,

p.(Phe113Cys)

15 Metastatic lung
adenocarcinoma 50 83 2 BRAF, exon15, p.(Val600Glu)

16 Metastatic lung
adenocarcinoma 20 18 2 EGFR, exon 21, p.(Leu858Arg), TP53, exon8,

p.(Val272Leu)

17 Metastatic
melanoma 40 44 3 KIT exon 11, p.(Tyr578_His580dup)

18 Metastatic lung
adenocarcinoma 40 35 2 EGFR exon 21, p.(Lys860Ile), EGFR exon21,

p.(Leu858Arg)

19 Metastatic breast
carcinoma 50 300 3 Wild type for PIK3CA

20 Metastatic lung
adenocarcinoma 30 9 2 EGFR, exon19, p.(Pro753_Ile759delinsGly),

CTNNB1, exon3, p.(Gly34Glu)

21 GIST 50 168 3 KIT exon 11, p.(Leu576Pro)

22 Metastatic lung
adenocarcinoma 80 88 1 TP53, exon7, p.(Cys238Phe), BRAF, exon15,

p.(Asn581Ile)

23 Metastatic lung
adenocarcinoma 30 131 2 EGFR exon 18, p.(Glu709Val), EGFR,

exon18, p.(Gly719Cys)

24 Metastatic lung
adenocarcinoma 70 52 2 EGFR exon 21, p.(Leu858Arg)

25 Metastatic lung
adenocarcinoma 20 6 2 EGFR, exon 20, p.(His773dup), TP53, exon8,

p.(Arg273Cys)
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Table 1. Cont.

No. Diagnosis Tumor
Content %

Tumor
Area/mm

No. of Days
in EDTA Mutations Identified

26 Metastatic lung
adenocarcinoma 20 50 4

EGFR, exon18,
p.(Gly719_Ser720delinsAlaTyr), TP53,

exon7, p.(Ile255Thr), MET, exon2,
p.(Asn375Ser)

27 Metastatic lung
adenocarcinoma 30 213 2

EGFR, exon19, p.(Glu746_Ala750del),
CTNNB1, exon3, p.(Ser37Cys), TP53, exon6,

p.(Pro223fs)

28 Metastatic lung
adenocarcinoma 35 261 2 EGFR, exon21, p.(Leu858Arg), TP53, exon6,

p.(Leu194Arg)

29 Metastatic breast
carcinoma 20 16 2 Suboptimal run

30 Metastatic lung
adenocarcinoma 25 75 1 EGFR, exon21, p.(Leu858Arg), TP53,

exon10, p.(Ala347Val)

31

Metastatic
carcinoma of

unknown
primary origin

15 20 4 Suboptimal run

* deletion in mutation annotations.

The time treated with EDTA ranges from 1 to 5 days with an average of 2.4 days.
Suboptimal sequencing coverage was observed in 3 (9.7%) of the EDTA-decalcified cases
and 65 (9.0%) of the non-decalcified cases (Figure 1). The three cases with suboptimal
sequencing coverage were treated in EDTA for 2, 3, and 4 days, respectively.

 
Figure 1. Comparison of the frequency of suboptimal sequencing results in EDTA-treated cases to
that in non-decalcified cases.
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There was no significant association between the presence or absence of EDTA de-
calcification and the quality of sequencing results (p = 0.9). Notably, no cases with poor
sequencing coverage were observed in either group (Figure 1).

For EDTA-decalcified cases, the DNA concentration measured by Qubit showed a
median of 31.60 ng/µL (IQR: 16.09–60.50). NanoDrop measurements for these cases re-
vealed a higher median concentration of 116.80 ng/µL (IQR: 63.70–178.05). The NanoDrop
260/280 ratio for EDTA-decalcified cases had a median of 1.89 (IQR: 1.86–1.93), while the
260/230 ratio had a median of 1.86 (IQR: 1.53–2.06). The results are shown in Table 2 and
Figures 1 and 2.

Table 2. Summary of results.

Characteristic EDTA, N = 31 Non-EDTA, N = 721 p-Value 1

Suboptimal Sequencing, n (%) 3 (9.7) 65 (9.0) 0.9

DNA Concentration (ng/µL): Qubit 0.4

Median (IQR) 31.60 (16.09, 60.50) 37.00 (18.14, 66.80)

Mean (SD) 40.68 (32.36) 44.30 (32.39)

Minimum–Maximum 0.11–130.00 0.99–368.00

DNA Concentration (ng/µL): NanoDrop 0.006

Median (IQR) 116.80 (63.70, 178.05) 180.40 (88.30, 343.60)

Mean (SD) 141.04 (107.82) 241.66 (223.68)

Minimum–Maximum 13.20–421.20 9.50–2326.20

NanoDrop 260/280 Ratio 0.8

Median (IQR) 1.89 (1.86, 1.93) 1.90 (1.87, 1.92)

Mean (SD) 1.90 (0.09) 1.97 (2.17)

Minimum–Maximum 1.76–2.20 1.66–60.10

NanoDrop 260/230 Ratio 0.002

Median (IQR) 1.86 (1.53, 2.06) 2.02 (1.72, 2.21)

Mean (SD) 1.75 (0.34) 1.99 (2.20)

Minimum–Maximum 1.05–2.16 0.52–60.10
1 Pearson’s Chi-squared test, Wilcoxon rank-sum test.

In comparison, non-decalcified cases showed slightly higher DNA concentrations.
Qubit measurements had a median of 37.00 ng/µL (IQR: 18.14–66.80), which was not
significantly different from EDTA-treated cases (p = 0.4). NanoDrop measurements for
these cases were notably higher, with a median of 180.40 ng/µL (IQR: 88.30–343.60),
significantly different from EDTA-treated cases (p = 0.006). The NanoDrop 260/280 ratio for
non-decalcified cases was comparable (median 1.90; IQR: 1.87–1.92; p = 0.8 vs. EDTA-treated
cases). In contrast, the 260/230 ratio was significantly higher for non-decalcified cases
(median 2.02; IQR: 1.72–2.21; p = 0.002 vs. EDTA cases). Of note, the lower 260/230 ratio
in EDTA-decalcified cases did not result in more library preparation failure or required
sample repetition.

The median tumor content and tumor area were also compared between optimal
and suboptimal cases (Table 3). Although optimal cases showed higher median tumor
content and tumor area, this difference did not reach statistical significance, likely due to
low statistical power from the small number of suboptimal cases (n = 3), rather than a true
lack of difference between the groups.
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Table 3. Comparing median tumor content and tumor area.

Characteristic Suboptimal, N = 3 Optimal, N = 28 p-Value 1

Tumor content (%), median (IQR) 20 (15, 40) 40 (30, 50) 0.091

Tumor area (mm2), median (IQR) 20 (16, 64) 47 (17, 86) 0.6
1 Pearson’s Chi-squared test, Wilcoxon rank-sum test.

Figure 2. (A) DNA concentration measured by Qubit (ng/µL); (B) DNA concentration measured by
NanoDrop (ng/µL); (C) log of NanoDrop 260/280 ratio; (D) log of NanoDrop 260/230 ratio.

4. Discussion
As molecular profiling becomes increasingly integrated into cancer diagnosis and

treatment planning, the preservation of genetic material through optimal decalcification
methods is paramount. This would be important in bone biopsies from metastases and
primary bone tumors, especially if this was the only site of metastasis or the only place
accessible. However, it is time-consuming and adds 1 to 5 days to the delivery of the results.

EDTA has emerged as a preferred agent for decalcifying FFPE tissue due to its abil-
ity to preserve nucleic acid integrity for molecular studies [2]. Studies have compared
different decalcification agents such as formic acid, hydrochloric acid, and EDTA. EDTA
and formic acid were shown to have significantly more DNA yield than hydrochloric
acid [3]. In our study, we sought to find out if EDTA-decalcified FFPE tissue was indeed
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suitable for molecular NGS testing and compared its DNA quality/quantity and sequenc-
ing results against non-calcified tissue. We found that EDTA-treated FFPE tissue had
significantly lower DNA concentrations as measured by NanoDrop and lower 260/230 nm
ratios compared to non-decalcified tissue. However, the DNA concentrations measured
by Qubit and NanoDrop 260/280 nm ratios in EDTA-treated tissue were not significantly
different from non-decalcified tissue. EDTA-treated tissue also had a similar rate of subop-
timal NGS results compared to non-decalcified tissue. Similarly, Miquelstorena-Standley
et al. found that DNA concentration was lower in EDTA-decalcified samples (96.7 ± 35.6,
p = 0.009) than in non-decalcified samples (237.4 ± 57.6 ng/µL) [1]. Comparable with our
results, their NanoDrop 260/280 nm ratios were not significantly different (1.7 ± 0.07) in
non-decalcified tissue compared to 1.6 ± 0.13 (p = 0.017) in EDTA-decalcified tissues [1].

Miquelstorena-Standley et al. showed that the use of EDTA and short-term formic acid
decalcification did not alter antigenicity for the detection of gene mutations, amplifications,
or fusions using Pyrosequencing, PyroMark PCR kit (Qiagen, Hilden, Germany), and RT-
PCR; DNA was sequenced using the Truseq FFPE DNA Library Prep QC Kit (Illumina) [1].
However, these technologies were only used to detect six genes in total, compared to NGS,
where hundreds of genes are sequenced and read simultaneously, and the amount and
quality of DNA required are higher. Boureille et al. looked at 26 cases of EDTA-treated and
8 cases of formic acid-treated non-small-cell lung carcinoma samples and performed NGS
and Idylla™ EGFR assays. However, the results are limited as Idylla only covers EGFR,
while only nine of the samples contained EGFR mutations according to NGS. Furthermore,
the authors mentioned that NGS failed in 58.8% of cases and required Sanger sequencing
but did not elaborate as to why the NGS failed, whereas we demonstrated comparable
success rates between EDTA-decalcified samples compared with non-decalcified samples
using the same NGS platform.

They only performed NGS on seven DNA samples; unfortunately, none of the samples
could be qualified in theory as they failed to achieve a quality control DCt score of more
than 6, and they required a cover of 100% with a 600x depth read. Of the seven cases, four
samples were decalcified using EDTA and had a quality score of up to 95.4%, and two of
the cases had 100% interpretable regions. Comparatively, out of our 31 EDTA cases, only
3 (9%) were suboptimal.

Other studies have compared various decalcification agents and focused on multi-
ple ancillary studies such as immunohistochemistry, in situ hybridization, comparative
genomic hybridization, and RT-PCR [3–5]. Our study, however, focuses on nucleic acid
yield and quality and compares the rate of suboptimal NGS results against the standard
of non-decalcified cases. One limitation of our study was that we did not look at RNA
concentration and quality, nor did we investigate the effect of EDTA decalcification on
other types of molecular diagnostic assays like hybridization-based methods. It was also
important to note that other factors such as small sample size compared to the total cohort,
formalin fixation, and tissue block size could impact DNA quality and quantity. Finally, it
is not possible to obtain paired non-bone specimens from the same tumor.

5. Conclusions
We found that EDTA-treated FFPE bone tissue did not have a significantly higher rate

of suboptimal sequencing results on NGS compared to non-decalcified tissue. Although
there were some quality parameters where EDTA-treated tissue fared poorer, there were
others (such as DNA concentration as measured by Qubit and NanoDrop 260/280 nm
ratios) where EDTA-treated tissue was not significantly different from non-decalcified
tissue. These factors, coupled with the non-inferior sequencing results obtained, showed
that EDTA is a suitable decalcification agent for tissue that is needed for downstream NGS
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testing. This would also provide evidence to support the inclusion of patients who only
have decalcified specimens in clinical trials. Future potential validation of these findings
could be performed using other sequencing platforms, like long-read sequencing.
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