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Abstract 

Background: Various conditions with cellular decay are associated with elevated cell-free DNA (cfDNA). This study 
aimed to investigate if perioperatively measured cfDNA levels were associated with the surgical approach, complica-
tions, or recurrence.

Methods: Plasma was obtained from patients who underwent surgery for colon cancer at admission and at the time 
of discharge. Quantitative measurement of cfDNA was performed by amplifying two amplicons of 102 base pairs (bp) 
and 132 bp of Beta-2-Microglobulin (B2M) and Peptidyl-Prolyl cis–trans Isomerase A (PPIA), respectively.

Results: cfDNA was measured in 48 patients who underwent surgery for colonic cancer. Sixteen patients had 
recurrence during the follow-up period, fifteen developed a postoperative complication, and seventeen patients 
developed neither, acting as the control group. Postoperative cfDNA levels were significantly elevated from baseline 
samples, across all groups, with a median preoperatively B2M level of 48.3 alleles per mL and postoperatively of 220 
alleles per mL and a median preoperatively level PPIA of 26.9 alleles per mL and postoperatively of 111.6 alleles per 
mL (p < 0.001 for B2M and p < 0.001 for PPIA). Postoperative levels of PPIA, but not B2M, were significantly higher in 
patients experiencing complications than in the control group (p = 0.036). However, a tendency towards an asso-
ciation between the surgical approach and the changes in cfDNA levels was found for PPIA (p = 0.058), and B2M 
(p = 0.087).

Conclusions: Plasma cfDNA was increased after surgery in all patients with colon cancer. Postoperative PPIA levels 
were significantly higher in patients experiencing surgical complications but not in B2M levels.
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Background
Curative treatment of localized colorectal cancer (CRC) 
remains to be surgery. However, following curative 
surgery, patients with stage three cancer still have a 

thirty-three percent risk of recurrence, the leading cause 
of morbidity and mortality of CRC [1]. Surgery can also 
cause detrimental complications for the patients, with 
long-term side effects and readmissions, and prolonged 
time to adjuvant chemotherapy reducing the impact of 
the chemotherapy on oncological outcomes [2].

Identifying which patients are at high risk of recur-
rence in the perioperative period would enable targeting 
adjuvant chemotherapy at patients with an increased risk 
of recurrence, and patients with a low risk of recurrence 
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could be spared of adjuvant chemotherapy. In addition, 
identifying patients at high risk of developing compli-
cations to surgery could enable targeted perioperative 
regimes with increased patient surveillance. Thus, an 
accurate biomarker of surgical stress that could predict if 
patients have an increased risk of complications or recur-
rence would be valuable.

Nucleic acids found in the plasma are a promising 
biomarker for the recurrence of disease in patients with 
malignant disease. They can be measured as cell-free 
DNA (cfDNA), found in various body fluids, such as 
stool, urine, cerebrospinal fluid, and pleural effusion 
[3–6]. Previous studies have shown that cfDNA levels are 
elevated in patients with CRC than healthy individuals 
[7]. A subset of cfDNA derived from mitochondria has 
been demonstrated to act as damage-associated molecu-
lar patterns [8]. This is of particular interest because the 
release of damage-associated molecular patterns helps 
promote post-traumatic immunosuppression [9]. This, in 
turn, potentially increases the risk of relapse for patients 
undergoing surgery for malignant diseases [10].

We have previously shown that acute trauma increases 
cfDNA concentration in blood and is correlated with 
mortality and severity of trauma [11]. We have also dem-
onstrated that cfDNA increases following curative sur-
gery for colorectal cancer [12]. In this exploratory study, 
we investigate if different surgical approaches, surgical 
complications, or later recurrence influenced periopera-
tive cfDNA concentration in patients with colon cancer.

Subjects and methods
Patients
Repository samples from 48 patients undergoing sur-
gery for colon cancer were analyzed in a case–control 
designed setting. The samples originated from patients 
admitted to the Department of Surgery of Zealand Uni-
versity Hospital, Denmark, with a histologically con-
firmed adenocarcinoma. The inclusion criteria were 
histologically confirmed adenocarcinoma, age ≥ 18, 
no prior radio- or chemotherapy, and written consent 
to participate in the study. All patients consented, and 
the inclusion period was between September 2006 and 
May 2012. During this period, laparoscopic surgery for 
colon cancer was introduced at the Department of Sur-
gery at Zealand University Hospital, Denmark. In addi-
tion, standard postoperative care for the patients at the 
department included an enhanced recovery after surgery 
program.

All 48 patients had localized disease at the time of 
surgery. Sixteen patients had disease recurrence dur-
ing the follow-up and no surgical complications. Fifteen 
patients developed surgical complications defined as 

Clavian-Dindo Class III or greater [13] but had no recur-
rence during the follow-up. A control group of seventeen 
patients with neither recurrence of disease during fol-
low-up or surgical complications were selected from the 
cohort to match the event groups on variables sex, stage, 
age, and time to a blood test. Blood samples were drawn 
into EDTA tubes preoperatively the day before surgery 
and at the time of discharge from the ward. Samples were 
centrifuged once and stored in a − 80 degree freezer until 
analysis. cfDNA analysis was performed in July 2017 
using ddPCR. Medical information was obtained from 
the patients’ medical records. Patients had a preopera-
tive assessment with either a combined CT scan of the 
thorax and abdomen or a CT of the abdomen and a tho-
rax X-ray. Patients were followed until recurrence, death 
from any cause, discontinuation in the postoperative 
follow-up program, or for a maximum of 5  years. The 
study was approved by the Danish National Committee 
on Biomedical Research Ethics (Protocol no.: Ø-2006-1-
11G and SJ-373) and the Danish Data Protection Agency 
(approval no. 2014-41-2670).

cfDNA
Plasma was stored at − 80  °C until analysis. cfDNA was 
isolated from 1  ml plasma on Magna Pure Compact 
Instrument (Roche Denmark, Denmark) using MagNA 
Pure Compact Nucleic Acid Isolation Kit I—Large Vol-
ume (cat.no.: 03730972001) according to manufacturer 
description. Droplet digital polymerase chain reaction 
(ddPCR) (QX200 instrument and reagents from Bio-Rad 
Laboratories, Inc. Hercules, CA, USA, droplet Genera-
tor Oil, Droplet Reader Oil, ddPCR Supermix) were used 
to measure genomic Peptidyl-Prolyl cis–trans Isomerase 
A (PPIA) (primer set from TAG Copenhagen A/S, probe 
from LGC Biosearch Technologies with 3′-BHQ1 and 
5′-Fam) [14] and beta-2 microglobulin (B2M) (primer 
set from TAG Copenhagen A/S, probe from LGC Bio-
search Technologies with 3′-BHQ1 and 5′-Fam) [15]. 
Primers and probes were combined in a multiplex ddPCR 
reaction and used to measure cfDNA. The DNA copy 
numbers obtained from ddPCR were converted to copy 
numbers/alleles per 1 ml plasma. Some samples did not 
contain sufficient plasma, and TE-buffer from Thermo 
Fisher Scientific cat.no.: 12090015 was added up to a total 
volume of 1000 µl. The dilution was corrected during the 
analysis. All samples were analyzed as duplicates with 
ddPCR.

Statistical analysis
The mean of the ddPCR duplicates was used as the con-
centration of cfDNA. Due to the right-skewed distribu-
tion of cfDNA data non-parametric test was used to test 
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the difference between the groups. A Wilcoxon signed-
rank test was used for paired data between two groups, 
a Wilcoxon rank-sum test when testing for two groups 
with non-paired data, and a Kruskal Wallis rank-sum test 
when comparing more than two groups with non-paired 
data. The median and the corresponding 95% confidence 
interval (CI) of cfDNA concentration was calculated by 
bootstrapping with 5000 replications. The clinical param-
eters and visualization were analyzed using R (version 
3.5.0, Vienna, Austria) and Rstudio (version 1.1.453, Bos-
ton, MA, USA), packages tidyr [16], dplyr [17] and plyr 
[18], for data manipulation. The package boot [19, 20] 
was used to calculate bootstrapped confidence inter-
vals. The packages ggplot2 [21], cow plot [22], ggsinginf 
[23], ggpubr [24], and grid [25] were used for visualiza-
tion. Lubridate [26] was used for calculations between 
dates. In this study, p values below 0.05 were considered 
significant.

Results
We included 48 patients, of which 69% were male. Most 
patients had either stage II or III disease (46% and 48%). 
A laparoscopic procedure was the most common surgical 
approach (71%). In four patients, procedures started as 
laparoscopic but were converted to open surgery; in three 
of these, an open resection was considered more suit-
able, and in one of these, the change was done because 
of insufficient hemostasis during the laparoscopic proce-
dure. The 48 patients were in three groups; patients who 
had a surgical complication, defined as a Clavien-Dindo 
classification of IIIb or greater (n = 15) [13], a recurrence 

in the study period (n = 16), or a control group without 
relapse or surgical complications (n = 17). The cohort had 
a median follow-up time of 48 months, ranging between 
1 and 60 months. The end of the follow-up was January 
the 11th, 2017. Table 1 shows summarized patient demo-
graphics. A single patient had great variance between 
the concentration of B2M with the two preoperative 
measurements of 52.0 and 7680.0 alleles per mL plasma, 
respectively. The preoperative measurements of PPIA 
for the same patient were 24.4 and 28.0 alleles per mL 
plasma. The measurement of 7680 was notably above the 
range of other preoperative B2M observations. This was 
properly due to contamination with lymphocyte DNA 
during plasma preparation. Therefore, the sample was 
omitted for further analysis and replaced with the value 
of the other duplicate of 52.0 alleles per mL.

No difference in preoperative cfDNA concentration
We found no difference in the preoperative cfDNA 
concentration across all groups (B2M: p = 0.71, PPIA: 
p = 0.66) or when comparing them individually with the 
control group (B2M: p = 0.47 and p = 0.68 for complica-
tion and recurrence groups, respectively. PPIA: p = 0.58 
and p = 0.86 for complication and recurrence groups, 
respectively) (Fig.  1). No difference was likewise noted 
when stratifying for the UICC stage (B2M: p = 0.29, 
PPIA: p = 0.26).

cfDNA concentration increases in postoperative samples
The median concentration of B2M was 48.3 alleles per 
mL (95% CI 40.06–57.30 alleles per mL) preoperatively 

Table 1 Baseline characteristics

UICC Union of International Cancer Control

Group Patients (48)

Complication (n = 15) Recurrence (n = 16) Control (n = 17)

Median Age (range), years 71 (53–82) 70 (56–88) 71 (46–87)

Sex (%)

Male 12(80.0) 10 (62.5) 11 (64.7)

Female 3 (20.0) 6 (37.5) 6 (35.3)

UICC stage (%)

I 2 (13.3) 0 (0.0) 1 (5.9)

II 10 (66.7) 3 (18.8) 9 (52.9)

III 3 (20) 13 (81.2) 7 (41.2)

Median time to postoperative blood sample 
(range), days

4 (2–10) 4 (1–18) 4 (2–14)

Procedure (%)

Open 7 (46.7) 2 (12.5) 5 (29.4)

Laparoscopic 8 (53.3) 14 (87.5) 12 (70.6)
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and 220 alleles per mL (95% CI 151.9–289.1 alleles per 
mL) postoperatively. For PPIA, the median concentra-
tions were 26.9 alleles per mL (95% CI 21.71–32.05 alleles 
per mL) preoperatively and 111.6 alleles per mL (95% 
CI 71.0–145.4 alleles per mL) postoperatively (Fig.  2). 
cfDNA concentration was significantly elevated postop-
eratively for both PPIA and B2M in all groups (p < 0.001 
for B2M and p < 0.001 for PPIA).

Complications and surgical approach
When comparing the change of cfDNA in the periopera-
tive period, we found a median change of 211.4 alleles 
B2M per mL (95% CI − 78.5 to 422.0) and 137.6 (95% 
CI 12.3–240.6) alleles PPIA per mL for the complica-
tion group, 144.7 alleles B2M per mL (95% CI − 10.2 to 
251.4) and 65.2 alleles PPIA per mL (95% CI − 8.73 to 
110.17) for the relapse group and 117.4 alleles B2M per 
mL (95% CI − 22.7 to 216.2) and 61.0 alleles PPIA per mL 
(95% CI 2.21–101.83) for the control group. No statisti-
cal difference between the groups was found for PPIA or 

B2M (p = 0.265 for PPIA and p = 0.497 for B2M), respec-
tively. However, when comparing the groups individually, 
we noted a trend towards significance in PPIA levels for 
patients with complications (p = 0.071) (Fig. 3).

The median change in B2M concentration was 124.1 
alleles per mL (95% CI 37.9–194.3) for patients who 
underwent a laparoscopic procedure and 246.1 alleles per 
mL (95% CI − 122.3 to 484.6) for patients who underwent 
an open procedure. The median change in PPIA was 71.1 
alleles per mL (95% CI 31.30–107.56) for patients who 
underwent a laparoscopic procedure and 135.9 alleles per 
mL (95% CI − 43.5 to 252.5) for patients for underwent an 
open procedure. This showed that patients who under-
went the open procedure had a borderline significantly 
elevated cfDNA concentration compared with patients 
who underwent a laparoscopic procedure (p = 0.058 for 
PPIA and p = 0.087 for B2M) (Fig. 3).

When comparing postoperative levels of cfDNA, we 
noted that although there was no significant difference 
across all groups (p = 0.29 and p = 0.12 for B2M and PPIA 

Fig. 1 The difference in preoperative levels of PPIA and B2M, stratified for patient group and UICC. cfDNA levels depicted as boxplot showing 
median, upper and lower quartiles. Whiskers extend into a max of 1.5 times the interquartile range. Observations outside this are displayed as 
outliers. Wilcoxon rank-sum test was used for analyzing the difference between groups, Kruskal–Wallis test for difference across groups. A shows the 
difference in B2M levels across and in-between patient groups. B shows the difference in PPIA levels across and in-between patient groups. C and 
D depict the difference in B2M and PPIA levels stratified for the UICC stage. PPIA: Peptidyl-Prolyl cis–trans Isomerase A, B2M: Beta-2-microglobulin, 
cfDNA: cell-free DNA, UICC: Union for International Cancer Control
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levels, respectively), patients with complications had a 
significantly higher level of PPIA compared with controls 
(Fig. 4). No significance was noted for B2M levels.

Discussion
The present study confirmed previous findings of eleva-
tion of cfDNA after surgical procedures in patients with 
colon cancer. In addition, we could show that the PPIA 
level after surgery was significantly elevated in patients 
with complications compared with controls.

Changes in the concentration of cfDNA following 
surgery have been described previously in a study that 
investigated the changes in cfDNA concentration perio-
peratively for patients who underwent liver transplan-
tation either as a donor or recipient or patients with 
colorectal cancer [12, 27]. Similarly, a randomized clini-
cal study investigated inflammatory markers in patients 
who underwent liver resection for liver metastases 
and randomized patients to either an open or laparo-
scopic procedure. Here the authors showed a significant 

increase in cfDNA in serial measurements as the area 
under the curve [28]. We have previously shown in a sys-
tematic review that acute trauma also induces increased 
cfDNA concentration [11]. With this study, we can con-
firm previous findings of the impact of surgery on cfDNA 
concentration and show a borderline significant differ-
ence between patients undergoing an open versus lapa-
roscopic procedure. However, we could not show the 
influence of stage on cfDNA, which others previously 
have shown [29].

cfDNA is associated with inflammation [30], which 
might make cfDNA a viable marker to monitor surgi-
cal stress. Interestingly, we noted a significant difference 
between PPIA levels in patients experiencing surgical 
complications compared with controls.

In animal models, surgical stress is associated with 
increased tumor growth [31], making cfDNA a poten-
tial biomarker for surgical stress-induced tumor 
growth in some patients. In addition, a recent study 
showed that cfDNA was originating from the nucleus 

Fig. 2 Change in cfDNA alleles per mL in pre-and postoperative samples. cfDNA levels depicted as boxplot showing median, upper and lower 
quartiles. Whiskers extend into a max of 1.5 times the interquartile range. Observations outside this are displayed as outliers. Y-axis scaled as log10. 
p values were calculated with Wilcoxon signed-rank test. A Shows the difference between B2M levels in pre-and postoperative samples. B Shows 
the difference between PPIA levels in pre-and postoperative samples. cfDNA: cell-free DNA, PPIA: Peptidyl-Prolyl cis–trans Isomerase A, B2M: 
Beta-2-microglobulin
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of cells corresponded with immunosuppression in 
trauma patients, while mitochondrial DNA did not 
[32]. This finding might explain some of the mecha-
nisms seen in animal models between tumor growth 
and cfDNA.

However, we could not find a correlation between later 
development of recurrence and perioperative cfDNA.

A small study population limited this study which could 
explain why we could not confirm previous findings of 
higher cfDNA levels proportional with higher UICC 
stage. In addition, the distribution between patients 
undergoing open or laparoscopic surgery was different 
in the groups. Likewise, others have shown that age and 
comorbidities influence cfDNA concentration, which 
could impact our results [33]. The association between 
laparoscopic versus open surgery was thus only border-
line significant, but we found a significant difference in 
PPIA levels for patients experiencing a surgical compli-
cation compared with controls. The difference between 

B2M and PPIA in our analysis could be affected by either 
gain or loss of PPIA or B2M alleles, which we previously 
have discovered in another study [34]. This data was not 
available for the current study.

Conclusions
The present study found cfDNA to be statistically signifi-
cantly elevated after surgery compared to the baseline. 
Even though a trend was evident in perioperative changes 
of cfDNA when comparing patients experiencing com-
plications with controls, and a significant difference in 
postoperative PPIA levels, this study is limited due to its 
reduced number of patients. However, a borderline sta-
tistically significant association between changes in the 
cfDNA concentration and operation type was found. 
Further analyzing the implications of cfDNA on surgical 
stress with established markers of inflammation in more 
extensive studies are warranted.

Fig. 3 Change in cfDNA in alleles per mL vs. group and operation type. cfDNA levels depicted as boxplot showing median, upper and lower 
quartiles. Whiskers extend into a max of 1.5 times the interquartile range. Observations outside this are depicted as outliers. Wilcoxon rank-sum test 
was used for analyzing the difference between groups, Kruskal–Wallis test for difference across groups. A shows the relationship between changes 
in PPIA levels and patient group. B shows the relationship between changes in B2M levels and the patient group. C shows the relationship between 
changes in PPIA levels and operation procedure. D shows the relationship between changes in B2M levels and operation procedure. cfDNA: 
cell-free DNA, PPIA: Peptidyl-Prolyl cis–trans Isomerase A, B2M: Beta-2-microglobulin
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