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ABSTRACT

Background. Synchronous colorectal carcinomas (CRC)

occur in 1–8% of patients diagnosed with CRC. This study

evaluated treatment patterns and patient outcomes in syn-

chronous CRCs compared with solitary CRC patients.

Methods. All patients diagnosed with primary CRC

between 2008 and 2013, who underwent elective surgery,

were selected from the Netherlands Cancer Registry. Using

multivariable regressions, the effects of synchronous CRC

were assessed for both short-term outcomes (prolonged

postoperative hospital admission, anastomotic leakage,

postoperative 30-day mortality, administration of neoad-

juvant or adjuvant treatment), and 5-year relative survival

(RS).

Results. Of 41,060 CRC patients, 1969 patients (5%) had

synchronous CRC. Patients with synchronous CRC were

older (mean age 71 ± 10.6 vs. 69 ± 11.4 years), more

often male (61 vs. 54%), and diagnosed with more

advanced tumour stage (stage III–IV 54 vs. 49%) compared

with solitary CRC (all p\ 0.0001). In 50% of the syn-

chronous CRCs, an extended surgery was conducted

(n = 934). Synchronous CRCs with at least one stage II–

III rectal tumour less likely received neoadjuvant

(chemo)radiation [78 vs. 86%; adjusted OR 0.6

(0.48–0.84)], and synchronous CRCs with at least one

stage III colon tumour less likely received adjuvant

chemotherapy [49 vs. 63%; adjusted OR 0.7 (0.55–0.89)].

Synchronous CRCs were independently associated with

decreased survival [RS 77 vs. 71%; adjusted RER 1.1

(1.01–1.23)].

Conclusions. The incidence of synchronous CRCs in the

Dutch population is 5%. Synchronous CRCs were associ-

ated with decreased survival compared with solitary CRC.

The results emphasize the importance of identifying syn-

chronous tumours, preferably before surgery to provide

optimal treatment.

In the western world, colorectal cancer (CRC) is the

third and second most common cancer among men and

women, and it is the second and third most common cause

of cancer death.1 Patients with primary CRC can have more

than one lesion at the time of initial presentation.2 Previous

studies report a frequency of synchronous CRCs varying

from 1 to 8%2–7 Part of this variation can be explained by

differences in definitions, selection criteria, patient popu-

lations, and time periods studied. Risk factors for

developing synchronous CRCs are largely unknown,

although familial polyposis and ulcerative colitis with

dysplasia have been suggested to influence synchronous

CRC development.8,9

For stage I–III CRC patients, surgery of the primary

treatment is the cornerstone of curative treatment.
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Neoadjuvant (chemo)radiation is recommended in Dutch

and American treatment guidelines for patients with stage

II–III rectal cancer, whereas adjuvant chemotherapy is

recommended for patients with stage III colon cancer.10,11

A preoperative diagnosis of synchronous CRCs may

modify the type of surgical procedure and influence clinical

decision making on the use of additional treatments.

Moreover, synchronous CRCs more often may require

extended surgery and, if overlooked, may be diagnosed as

early metachronous cancers, possibly at a more advanced

stage.

Conflicting evidence exists about whether synchronous

CRCs have the same prognosis in survival as solitary CRC

patients.2,6,12,13 Many clinical series have been based on

single-centre numbers and the analysis of less than 50

patients.4,5,14 The objectives of this study were to investi-

gate, in depth, the various clinicopathological features of

synchronous CRC patients compared with solitary CRC

patients and its association with treatment patterns, short-

term postoperative outcomes, and long-term survival.

PATIENTS AND METHODS

Data Source

Data from the nationwide population-based Netherlands

Cancer Registry (NCR), managed by the Netherlands

Comprehensive Cancer Organisation (IKNL), were used.

Information on patient and tumour characteristics, diag-

nosis, and treatment is routinely extracted from the medical

records. The quality of the data is high due to thorough

training of the registration team and computerised consis-

tency checks at regional and national level.

Anatomical site of the tumour is registered according to

the International Classification of Disease–Oncology (ICD-

O).15 The TNM (tumour-node-metastasis) classification is

used for stage notification of the primary tumour, according

to the edition valid at time of cancer diagnosis.16 Further-

more, detailed information was available on: emergency

resection (\ 24 h after presentation) and anastomotic

leakage as a surgical complication. Anastomotic leakage

was recorded as such if a surgical intervention or read-

mission was necessary within 2 months after primary

anastomosis. Data on prolonged postoperative hospital

admission ([ 14 days; yes/no) were available for patients

diagnosed in 2012–2013. Prolonged postoperative hospital

admission after surgery served as a proxy for a complicated

postoperative period.

Definition of Synchronous Colorectal Cancer

A slightly modified version of the Warren and Gates

criteria were used to define multiple CRC.17 Synchronous

CRC was defined as two or more invasive tumours that are

diagnosed simultaneously or within 6 months. Multiple

independent tumours in the same segment of the colon and

rectum are regarded as different malignancies and are

counted as two or more primary cancers. For every syn-

chronous CRC patient, the most extensive tumour

according to TNM stage was designated as the index

tumour in the analyses. When synchronous CRC patients

were diagnosed with at least one of the lesions as stage IV,

all tumours were classified as stage IV.

Study Population

All patients diagnosed with primary CRC between 2008

and 2013 were included (Fig. 1). Patients for whom tumour

stage was unknown (n = 2379), who were not treated by

resection (n = 9017), who underwent local tumour treat-

ments (e.g., TEM, polypectomy; n = 1904), or who

underwent emergency resection (n = 2709) were exclu-

ded. Synchronous CRC patients were excluded from the

analyses if the dates of resection differed for the tumours

(n = 130).

Patients were categorized into two groups accordingly:

solitary or synchronous CRC. Patients were divided into

age groups:\ 65, 65–74, 75–84, and C 85 years. Disease

stage was based on the pathological TNM classification.

Tumour localization was categorised into anatomical sub-

sites: colon ascendens (C18.0–18.2); colon transversum

(C18.3–18.5); colon descendens (C18.6–18.7); unknown or

overlapping subsites of the colon (C18.8–18.9); and rectum

(C19–20).

Patients’ vital status was obtained by linking the NCR to

the Municipal Personal Records Database (GBA). Follow-

up was completed until January 1, 2017.

Statistical Analyses

Differences in patient and tumour characteristics were

evaluated using v2. A priori outcomes of interest were type

of surgical procedure, prolonged postoperative hospital

admission, anastomotic leakage, postoperative 30-day

mortality, and administration of neoadjuvant or adjuvant

treatment and were analysed between synchronous and

solitary CRC patients using univariable (v2 tests) and

multivariable analyses (logistic regression models).

Survival was defined as the time from the date of

resection to death or last follow-up date for patients who

were still alive. Relative survival (RS) was defined as the

ratio of the survival observed among the cancer patients
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and the survival that would have been expected based on

the corresponding (age, gender, and year) general popula-

tion. RS was calculated using the Pohar Perme method.18

Relative excess risks of death (RER) were estimated using

a multivariable generalized linear model with a Poisson

distribution, based on collapsed relative survival data,

using exact survival times, adjusting for age, gender, period

of diagnosis, stage (most advanced tumour in sCRC),

location of tumour (most advanced tumour in sCRC), type

of surgical procedure, and (neo)adjuvant treatment.

P values\ 0.05 were considered statistically signifi-

cant. SAS/STAT� statistical software (SAS system 9.4,

SAS Institute, Cary, NC) and STATA (version 13.0, Stat-

corp LP, College Station, TX) were used for all analyses.

RESULTS

From 2008 to 2013, 41,060 patients were diagnosed

with primary CRC and underwent elective surgery. Of

these, 1969 (4.8%) patients met the definition for syn-

chronous CRC. Patient and tumour characteristics are

presented in Table 1. Synchronous CRC patients were

slightly older (mean age 71 ± 10.6 vs. 69 ± 11.4 years),

more often male, and diagnosed with more advanced

tumour stage (stage III–IV) compared with solitary CRC

patients (all p\ 0.0001).

Patients with Two Synchronous CRCs

Of the synchronous CRC patients, the majority

(n = 1865, 95%) had two tumours. Table 2 gives an

overview of the anatomical and stage distribution of the

first and second tumour of patients with two synchronous

CRCs.

Most of the synchronous CRC patients were diagnosed

with at least one stage III/IV tumour (n = 1009, 54%). Of

these patients, 451 (43, 24% of total) were diagnosed with

Colorectal cancer patients diagnosed
between 2008-2013 in the

Netherlands
n=57199

Solitary colorectal cancer patients
n=54588

Synchronous colorectal cancer patients
n=2611

Exclusion:
*
*
*
*

Stage unknown (n=2295)
Patients without resection (n=8751)
Patients undergoing local tumordestruction (n=1832)
Emergency resection (n=2619)

Exclusion:
*
*
*
*
*

Stage unknown (n=84)
Patients without resection (n=266)
Patients undergoing local tumordestruction (n=72)
Emergency resection (n=90)
Patients resected on different dates (n=130)

Solitary colorectal cancer patients who
underwent elective surgical resection

n=39091

Synchronous colorectal cancer patients
who underwent elective

surgical resection
n=1969

FIG. 1 Overview of patients included in the study
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two stage III tumours and 241 (23, 13% of total) were

diagnosed with two stage IV tumours.

Half of the synchronous tumours were located in similar

segments of the large bowel (n = 922, 50%). In 1222

(66%) patients, both tumours were localized in the colon,

of which 729 (60; 39% of total) were in one colon segment.

In 193 (10%) patients, both tumours were situated in the

rectum.

Figure 2 shows the type of surgical procedures for the

different anatomical sites in patients with two synchronous

CRCs compared with solitary CRC patients. As expected,

(sub)total (proto)colectomy was most often performed if

synchronous tumours were located in different segments of

the colon. Extended surgery (e.g., (sub)total colectomy,

proctocolectomy, or combined resections) was performed

in 50% (n = 934) of the patients with two synchronous

CRCs compared with 2% (n = 577) in solitary CRC

(p\ 0.0001).

Treatment Variables and Short-term Outcomes

Table 3 presents observed proportions and adjusted odds

ratios of surgical approach, prolonged postoperative

hospital stay, presence of anastomotic leakage, postopera-

tive mortality, and administration of neoadjuvant or

adjuvant treatment among solitary and synchronous CRC.

Synchronous CRC patients with at least one stage II–III

rectal tumour (index tumour) were less likely to receive

neoadjuvant treatment compared with solitary CRC

patients (Table 3a). Of the synchronous CRC patients

receiving neoadjuvant treatment, the majority (n = 185,

57%) was diagnosed with stage III rectal tumour as index

tumour. In 88 patients (49%) with stage III rectal tumour as

index tumour, both tumours were situated in the rectum. Of

these patients, 45 patients (52%) were treated with

neoadjuvant radiotherapy, and 42 patients (48%) received

neoadjuvant chemoradiation. In 97 patients (51%) with

stage III rectal tumour as index tumour, one tumour was

located in the rectum and the other tumour was located in a

colon segment. Of these patients, the majority (n = 56,

61%) was treated with neoadjuvant radiotherapy, whereas

41 patients (39%) received neoadjuvant chemoradiation.

The administration of adjuvant chemotherapy was lower in

synchronous CRC patients with at least one stage III colon

tumour (index tumour), even after case-mix adjustment

(Table 3f).

TABLE 1 Patient and tumour characteristics of patients with solitary or synchronous CRC (n = 41,060)

Solitary CRC Synchronous CRC p value

2 sCRC [2 sCRC

n (%) n (%) n (%)

Total 39091 1865 104

Gender \ 0.0001*

Male 20945 (54) 1132 (61) 65 (63)

Female 18146 (46) 733 (39) 39 (37)

Age \ 0.0001*

\ 65 (years) 13284 (34) 430 (23) 26 (25)

65–74 (years) 12576 (32) 632 (34) 33 (32)

75–84 (years) 10599 (27) 656 (35) 38 (36)

C 85 (years) 2632 (7) 147 (8) 7 (7)

Stage (index tumour in sCRC) \ 0.0001*

I 6659 (17) 263 (14) 18 (17)

II 12689 (33) 593 (32) 33 (32)

III 14629 (37) 752 (40) 37 (36)

IV 5114 (13) 257 (14) 16 (15)

Location of tumour (index tumour in sCRC) \ 0.0001*

Colon ascendens 10333 (26) 499 (27) 35 (33)

Colon transversum 4642 (12) 291 (15) 23 (22)

Colon descendens 11151 (29) 571 (31) 27 (28)

NOS/other 452 (1) 93 (5) 0 (0)

Rectum 12313 (32) 411 (22) 19 (17)

sCRC synchronous colorectal cancer

*p\ 0.05 between solitary and synchronous CRC
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Survival

Median follow-up time for patients included was

60 months. For solitary CRC patients the 5-year RS rate

was 77% (Supplementary Fig. 1a), whereas the proportion

of 5-year RS for synchronous CRC patients was 71%

(Supplementary Fig. 1b).

After case-mix adjustment, synchronous CRCs were

associated with an increased RER of death [adjusted RER

synchronous vs. solitary CRC 1.1 (1.01–1.23)]. In addition,

after stratification by tumour stage, the association between

increased risk of death and having more than one colorectal

tumour remained in patients with stage I–III synchronous

CRC [stage I RER 1.1 (95% confidence interval (CI)

1.01–1.58), stage II RER 1.2 (1.03–1.38), stage III RER 1.2

(1.03–1.20), and stage IV RER 1.1 (0.89–1.17)].

DISCUSSION

In this nationwide population-based study, synchronous

CRC was prevalent in 5% of patients with CRC. We

evaluated treatment patterns, short-term patient outcomes

and 5-year RS in synchronous and solitary CRC patients.

We found a decreased use of neoadjuvant and adjuvant

treatment in synchronous CRC patients. Furthermore,

synchronous CRCs were independently associated with a

decrease in survival.

Definitions of synchronous CRC tend to differ in the

literature. The prevalence of synchronous CRC ranged

from approximately 1–8%.2–7 Synchronous and meta-

chronous cancers often were mixed together in previous

studies.4,8,19–23 Synchronous CRC is generally defined as

two or more distinct colorectal tumours diagnosed within

6 months after initial diagnosis.2,5,6,8,22–25 In other studies,

CRCs diagnosed within a year of the initial diagnosis were

classified as synchronous, and in others, those diagnosed

simultaneously at time of surgery.4,7,26,27 We considered

patients with two or more invasive CRCs, diagnosed

simultaneously or within 6 months, as synchronous CRC.

In the present study, 61% of the synchronous CRC

patients were male compared with 54% of the solitary CRC

patients. Most other studies also reported that synchronous

CRC were more frequent in men than women.2,5–7 How-

ever, some studies showed no association between gender

and the presence of synchronous CRCs.23,26 It is unclear

whether the male predominance reflects an increased risk

factor to develop synchronous CRC or a greater exposure

of men to environmental risk factors associated with syn-

chronous CRC. Furthermore, we found that synchronous

CRC patients were older and diagnosed with more

advanced tumour stage compared with solitary CRC. These

findings are comparable to other studies.5–7,26

In 50% of the synchronous CRC patients, tumours were

located in similar segments of the large bowel. In line with

previous Dutch studies of Van Leersum et al. and Mulder

et al., we found that synchronous CRC patients were more

likely to undergo extended surgery.6,7 We found that

patients with synchronous tumours that were located in

different segments of the large bowel, mostly required

(sub)total (proto)colectomy or extended surgery. One could

expect that when tumours were located in the same or

adjacent segment, the choice for surgery will be simple,

either a hemicolectomy or an extended hemicolectomy

with the adjacent segment. However, if, for instance, one

tumour is located in the right colon while the other tumour

is simultaneously located in the rectum, either a (sub)total

(proto)colectomy can be performed, or two separate

resections with two anastomoses can be performed. The

latter can result in a higher risk of anastomotic leakage. We

TABLE 2 Stage (a) and anatomical (b) distribution of first and sec-

ond tumours in patients with two synchronous CRCs (n = 1865)

Stage first and second tumour n (%)

(a)

III–III 451 (24)

II–II 360 (19)

I–I 253 (14)

IV–IV 241 (13)

I–II 223 (12)

I–III 172 (9)

II–III 110 (6)

Other* 55 (3)

Tumour location first and second tumour n (%)

(b)

Colon descendens–colon descendens 353 (19)

Colon ascendens–colon ascendens 253 (13)

Rectum–colon descendens 236 (13)

Rectum–rectum 193 (10)

Colon descendens–colon ascendens 171 (9)

Colon transversum–colon ascendens 136 (7)

Colon descendens–colon transversum 129 (7)

Colon transversum–colon transversum 123 (7)

Rectum–colon ascendens 108 (6)

Rectum–colon transversum 57 (3)

Other** 106 (6)

*Stage I/II/III/IV tumour in combination with an unknown tumour

stage

**Unknown or overlapping subsites of the colon (C18.8–18.9) in

combination with other segments of the colon or rectum
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found no associations between synchronous CRC and the

presence of anastomotic leakage.

Remarkably, in this study, synchronous CRC patients

with at least one stage II–III rectal tumour less often

received neoadjuvant (chemo)radiation compared with

those with solitary rectal tumours. At the same time,

patients with a stage III rectal tumour as index tumour, who

were eligible for neoadjuvant chemoradiation, and a

tumour situated in a colon segment, more often received

neoadjuvant radiotherapy compared to synchronous CRC

patients in which both tumours were located in the rectum

(61 vs. 52%). It is possible that patients with a stage III

rectal tumour as index tumour and a tumour located in the

colon were less often treated with neoadjuvant chemora-

diation to avoid the postponement of surgery and treatment

of the colon tumour.

Synchronous CRC patients with at least one stage III

colon tumour were associated with a lower probability of

receiving adjuvant chemotherapy compared with solitary

colon tumours. We do not have an obvious explanation for

this finding, and no data are available from previous

studies. One might expect that synchronous CRC patients

may be highly susceptible to adjuvant therapy. The pro-

portion of solitary CRC patients who were treated with

adjuvant chemotherapy was 63% compared with 49% in

synchronous CRC patients. The relatively low utilization of

adjuvant chemotherapy overall in the Netherlands could be

carried over and be amplified in patients with synchronous

CRC. Explanations could be that synchronous CRC

patients were in worse general health or had more surgical

complications of the extended surgery, although a pro-

longed hospital stay was not observed.

Five-year survival for synchronous CRC patients was

worse than for solitary CRC patients (76 vs. 69%). Con-

flicting results have been reported regarding long-term

prognosis of synchronous CRC patients. The majority of

the studies showed no difference in survival rates between

synchronous and solitary CRC.2,6,12,13,28,29 Some studies

reported worse survival for synchronous CRC.26,30,31 A

previous Dutch study by Liu et al. showed that overall

survival of patients with one colon cancer was significantly

better than those with two, irrespective of lag-time between

the two colon cancers.32 Poor prognosis of synchronous

CRC is thought to be caused by the relatively frequent
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distant metastasis that occur in synchronous CRC

patients.26

The main strength of this study is the use of a large

dataset, including approximately 2000 synchronous CRC

patients. We believe that this is the largest cohort published

on this subject. Moreover, the objectives of this study were

to investigate, in depth, the effects of synchronous CRC on

choice of treatment and short- and long-term patients’

outcomes. Clinical implications in terms of treatment and

prognosis of synchronous CRC patients were seldom ana-

lyzed in large cohorts.4,5,8,23,24

Some limitations of this study should be acknowledged.

The main limitation is the lack of data on the presence of

inherited syndromes (Lynch, FAP, HNPCC). These inher-

ited syndromes are known to be predisposing conditions for

synchronous CRC.5 Although the NCR collects a huge

variety of potential case-mix factors, we cannot exclude

that other factors, such as functional status, patient pref-

erences, and specific postoperative complications other

than anastomotic leakage, may have influenced our results

as well.

Information on differences in patient and treatment

outcomes between solitary and synchronous CRC on a

national level is relevant, because a preoperative diagnosis

of synchronous CRCs may modify or extent the type of

surgical procedure and influence clinical decision making

TABLE 3 Crude percentages and adjusted odds ratiosh for treatment variables and short-term postoperative outcomes among patients with

solitary or synchronous CRC (n = 41,060)

Variable Total n Crude (%) p value Multivariable analysis

OR 95% CI

(a) Neoadjuvant (chemo) radiationa

Solitary CRC 9286 85.9 \ 0.0001* Reference

Synchronous CRC 327 78.0 0.6 0.48–0.84

(b) Surgical approach (laparoscopic vs. open resection)b

Solitary CRC 33678 45.4 \ 0.0001* Reference

Synchronous CRC 1644 34.9 0.9 0.83–1.06

(c) Surgical approach (laparoscopic converted to open resection vs. laparoscopic resection)c

Solitary CRC 15282 16.7 \ 0.0001* Reference

Synchronous CRC 574 22.7 1.0 0.81–1.31

(d) Prolonged postoperative hospital stay ([ 14 days)d

Solitary CRC 11858 16.7 \ 0.0001* Reference

Synchronous CRC 679 23.0 1.2 0.92–1.45

(e) Anastomotic leakagee

Solitary CRC 31001 4.9 0.48 Reference

Synchronous CRC 2397 5.3 0.9 0.74–1.13

(f) Postoperative mortalityf

Solitary CRC 34531 4.7 0.42 Reference

Synchronous CRC 1142 5.3 0.7 0.54–1.01

(g) Adjuvant chemotherapyg

Solitary CRC 8260 63.1 \ 0.0001* Reference

Synchronous CRC 564 48.6 0.7 0.54–0.87

OR odds ratio, CI confidence interval, sCRC synchronous CRC
aIncluded patients with stage II–III rectal cancer (n = 9613)
bIncluded patients with stage I–III CRC who underwent laparoscopic or open resection (n = 35,322)
cIncluded patients with stage I–III CRC who underwent laparoscopic resection or laparoscopic converted to open resection (n = 15,856)
dIncluded patients diagnosed in 2012–2013 (n = 12,537)
eIncluded patients who underwent surgical resection with primary anastomosis (n = 33,398)
fIncluded patients with stage I–III CRC who underwent surgical resection (n = 35,673)
gIncluded patients with stage III colon cancer (n = 8824)
hAdjusted for gender, age, stage (index tumour in sCRC), location of tumour (index tumour in sCRC) and type of surgical procedure

*p\ 0.05 between solitary and synchronous CRC
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of the use of additional treatments. It is important to

identify the presence of synchronous tumours, preferably

before surgery, to provide an optimal treatment. Preoper-

ative total colonoscopy should be performed, if possible, in

all patients with CRC to detect synchronous tumours.

Moreover, results of this study showed that synchronous

CRCs are an independent determinant of survival, indi-

cating the relevance of this variable in case-mix adjustment

models.

In conclusion, we showed that synchronous CRC

occurred in 5% of patients with CRC. Synchronous CRC

patients were associated with extended surgery, less

(neo)adjuvant treatment, and a decrease in survival com-

pared with solitary CRC.
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