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cases with familial cancer history, the awareness for EOCRC diagnosis should be

extended to IOCRC.

Introduction

Colorectal cancer (CRC) represents the third most common malignancy in developed coun-
tries [1,2]. Its pathogenesis is tightly related to the loss of genomic stability involving one of at
least three major molecular pathways: chromosomal instability (CIN), microsatellite instability
(MSI), and CpG island methylator phenotype (CIMP). The CIN pathway (also called the “sup-
pressor” pathway) accounts for the majority of spontaneous CRCs (85%) [3], and the MSI
pathway (also called the “mutator” pathway) accounts for about 15% of CRCs; these latter
cases are mainly related to Lynch syndrome (LS) and epigenetic silencing of the MLH1 gene
[4,5]. On the other hand, the CIMP pathway, by which methylation in the CpG islands causes
the silencing of genes, involved in almost 40% of CRCs [6,7].

Since the risk of developing CRC increases as individuals get older, early-onset CRC
(EOCRC) represents a rare entity commonly related to hereditary forms of the disease (2–8%
of all CRCs) [8]. It has been observed that MSI does not explain the majority of EOCRC cases,
and some authors have suggested that EOCRC should not be considered to be intimately asso-
ciated with hereditary forms of CRC [8–11]. From a clinical point of view, sporadic early-
onset tumors are more aggressive and confer poorer survival than the late-onset ones. They
are more frequently associated with invasive phenotypes, early metastasis, and familial cluster-
ing [8,9,12]. From a molecular point of view, EOCRCs show substantial dissimilarities regard-
ing the CIN pattern in comparison with LOCRC [13] and seem to be more frequently to
LINE-1 hypomethylation [14]. Consequently, it has been proposed that the molecular basis of
CRC might be different for different ages of onset [13].

Taking this as a starting point, the aim of the present study was to investigate whether inter-
mediate-onset CRC (IOCRC) (51–69 years old at the time of diagnosis) might also be consid-
ered as a different group within CRC according to the clinicopathological features of these
tumors or if, on the contrary, it should be interpreted as a transitional group between EOCRC
and LOCRC in which the clinicopathological features progressively vary from those typical in
EOCRC to those typical in LOCRC.

Materials and methods

Patients, samples and data collection

We compared three groups of patients diagnosed with CRC differing in the age at onset.
We collected 98 individuals diagnosed at an age of 50 years or younger (Early-onset CRC:
EOCRC), 83 individuals diagnosed at an age of 51–69 years (Intermediate-onset CRC:
IOCRC), and 91 individuals diagnosed at an age of 70 years or older (Late-onset CRC:
LOCRC). All patients were selected during the same period at the Hospital Universitario 12 de
Octubre in Madrid and provided written consent. In case of death of the index case, a first-
degree relative provided the consent. The study was approved by the Ethics Committee of the
“12 de Octubre” University Hospital (Madrid).

Family history of cancer (including at least three generations) and clinicopathological infor-
mation was obtained for each patient with a follow-up of at least 5 years from surgery. Personal
and clinicopathological information included age of onset, gender, location of the CRC, grade
of tumor differentiation, mucin production, the presence of “signet ring” cells, stage at
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p = 0.006, respectively) whereas incidental diagnosis was more common in early stages.
Accordingly, stage I of the disease showed the lowest duration of the clinical symptoms, and
the increase correlated with increasing locoregional stage (stages I-III). Duration for remote
Stage IV cases was slightly less than Stage II cases.

Comparative analysis of symptoms and duration depending on the age of onset. In our
series, the duration of the symptoms was significantly longer in EOCRC (p = 0.001; Table 2),
with intestinal bleeding being the most frequent symptom (44%; Table 2). Abdominal symp-
toms were common in both EOCRC and IOCRC (about 30% in both cases), but relatively
uncommon in LOCRC (10%; p = 0.005) (Table 2). The LOCRC group showed the shortest
average time of symptomatic disease. Incidental diagnosis was more frequent in this group,
mostly due to anemia in analytical findings (p = 0.017; Table 2).

We also investigated the relationship between stages at diagnosis and clinical symptoms
for each age group and observed that some features became different compared with those
observed in the overall analysis (Table 3; S2 Table).

Thus, abdominal symptoms were prevalent in stage IV when all patients were considered,
but not when each group was studied separately. The most differential group was IOCRC, with
changes in bowel habit and constitutional syndrome being relatively frequent in stages II and
IV, respectively (Table 3). Incidental diagnosis predominated in both EOCRC and IOCRC
mainly due to screening strategies for stage I of the disease. Lastly, the duration of symptoms
increased in EOCRC and IOCRC in parallel with the stage of the disease, except for stage IV
where duration decreased with respect to foregoing stages (Table 3).

Molecular analysis

In our series, a total of 27 tumors showed MSI (14 EOCRC cases, 4 IOCRC cases and 9 LOCRC
cases) (Table 4) with a complete correlation with the immunohistochemical results. There were
no differences between groups according to the MSI (14%, 6% and 10%, respectively).

Blood samples were taken from the MSI index cases to assess germline mutations in MLH1,
MSH2, MSH6 and PMS2. MSI tumors were also analyzed for the BRAF V600E mutation and
MLH1 promoter hypermethylation, in order to identify sporadic cases.

Of the 14 MSI-EOCRC cases, 10 showed a pathogenic germline mutation in the MMR
genes (4 in MLH1, 4 in MSH2 and 2 in MSH6). Of the remaining four cases, two showed
hypermethylation of the MLH1 gene promoter and two, V600E BRAF mutation. The other
two patients showed lack of expression of MMR proteins but none of the above molecular
alterations was detected; therefore, these cases could be defined as Lynch-like syndrome cases
(Table 4). Regarding IOCRC, MSI was present in 4 of the 67 tumors that could be analyzed.
Of these 4 tumors, MSI was due to MMR germline mutations in 3 cases (2 had a mutation in
MSH2, and 1 in MSH6). The other one was a sporadic tumor with hypermethylation of the
MLH1 gene promoter. Finally, 9 tumors from LOCRC showed MSI. In this group, MSI was
mostly due to BRAF mutations and/or hypermethylation of the MLH1 gene promoter (eight
cases). The other case carried a mutation in the MSH2 gene.

According to KRAS mutations, there were no significant differences between groups,
although there was some gradual increase (39%, 48% and 56%, regarding EOCRC, IOCRC
and LOCRC subsets, respectively).

Discussion

In the last decades, CRC has become a major concern worldwide given its high prevalence
[1,2]. Although the incidence of this malignancy increases with age, a disturbing trend is being
observed in the last years in which the prevalence of sporadic cases in young adults seems to be
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increasing [13]. As a consequence, several studies focused on improving the characterization
of this disease according to the age of onset [13,17]. At present, the clinical manifestations of
sporadic EOCRC are known to differ from those observed in LOCRC. Furthermore, molecular
differences are also present, and some alterations occurring with different frequencies in both
age groups have been reported [13,17]. However, some publications analyzing differences
between early and late-onset CRC defined a specific cut-off age (usually 50 y/o), to divide them
into both categories [18], while others compared both without taking into account intermedi-
ate ages in order to reach more accuracy in the comparisons [9,11]. In the present study, we
aimed to determine what happens with patients with an intermediate age-of-onset of the dis-
ease, who do not belong to either EOCRC or LOCRC, and whether they could be considered a
boundary group or a different group by itself, within CRC.

Firstly, we compared clinicopathological and familial features of a cohort of 272 patients
differing in the age of onset (98 EOCRC, 83 IOCRC and 91 LOCRC). In our series, IOCRC
bore more resemblance to EOCRC in terms of sex ratio, stage and survival, whereas it bore
more resemblance to LOCRC in terms of colon location, development of polyps during fol-
low-up, and a trend to developing S- and MCRC. Interestingly, IOCRC behaved as a different
entity in histological terms, with mucin and signet ring cells being rare in this group (Table 1).
Although some authors have related mucin production with a poor prognosis [19–21], in our
series the mucinous component did not seem to be related to the prognosis of the disease; fea-
tures such as overall survival and disease-free survival were very similar to those observed in
EOCRC. The average number of polyps during follow-up was significantly higher in IOCRC
in comparison with EOCRC and LOCRC. Finally, regarding family history of cancer, cases
fulfilling the Amsterdam II criteria as well as families with aggregation for Lynch-related neo-
plasms were more common in EOCRC; the familial component decreased, and therefore the
number of sporadic cases increased, in a progressive manner to IOCRC and hence to LOCRC
(Table 1).

Regarding the type and duration of symptoms until diagnosis, LOCRC was the group
with the lowest number of symptoms at the time of diagnosis (p = 0.018). In our series,
IOCRC behaved as a transitional group between EOCRC and LOCRC. Accordingly, the
symptoms and their duration in patients diagnosed at intermediate ages were not specific,
but a gradation was observed from those most frequent in EOCRC to those most frequent
in LOCRC (Table 2). Thus, abdominal symptoms and changes in bowel habit became less

Table 4. Comparison and description of the molecular features according to the age of onset.

Total EOCRC IOCRC LOCRC

No. of patients 272 98 83 91

MSIa(%) 27/256 (11) 14/98 (14) 4/67 (6) 9/91 (10)

MMR genes affected:
MLH1
MSH2
MSH6

14
9

11

4
4
2

0
2
1

0
1
0

BRAF V600E mutation and/or MLH1 promoter
hypermethylation

11 2 1 8

KRAS mutationsa 116/256
(45)

38/98 (39) 32/67 (48) 51/91
(56)

a Percentages shown are based on varying total numbers as some cases were excluded because it was not possible to

study all characteristics of all patients. EOCRC: Early-onset colorectal cancer. IOCRC: Intermediate-onset colorectal

cancer. LOCRC: Late-onset colorectal cancer. MMR: Mismatch repair. MSI: Microsatellite instability. No.: Number.

https://doi.org/10.1371/journal.pone.0216472.t004
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frequent as the age at diagnosis increased, although statistical significance was only reached
in the first case (p = 0.005, Table 2). Incidental diagnosis was more frequent in LOCRC,
although the causes responsible for these findings were different in each age group. While
anemia was the main cause in elderly patients (possibly indicating a special awareness of
looking for CRC underlying this situation), in the younger groups the screening programs
became more important, especially in IOCRC. This fact was not surprising, considering that
the recommendations for CRC screening in our environment include periodic examinations
for all individuals without risk factors after the fifth decade of life, or at lower ages for indi-
viduals with a family history or other predisposing factors [22].

Apart from the age at diagnosis, we also compared the clinical manifestations depending on
tumor location and stage of the disease (S1 and S2 Tables). Abdominal and unspecific symp-
toms and incidental diagnoses were more frequent in right-sided tumors. By contrast, intesti-
nal bleeding and changes in bowel habit were most frequently observed in rectal tumors,
whereas in left-sided tumors bowel obstruction was predominant. Regarding the correlation
with tumor stages, we observed that advanced neoplasms usually showed a higher number of
symptoms and a higher frequency of appearance of all symptoms studied, except for changes
in bowel habit (p = 0.008). As expected, incidental diagnoses were more frequent in early
stages as a result of the widespread implementation of population screening programs
(p<0.001). To further asses the relationship between symptoms and tumor stages, we included
the age at diagnosis as a variable in order to detect possible differences between the groups
(Table 3). The trend of the results was along the same line as the one obtained without making
a differentiation according to age. However, it is important to point out that IOCRC was the
group in which the clinical manifestations differed most depending on the stage of the disease
at the moment of diagnosis. Our results confirm one of the main findings of the study of Chen
et al. [18] on age-of-onset and symptoms and their duration to diagnosis, even though they
analyzed EOCRC, as we did, but compared it with the rest of the population (older than 50) as
a whole. EOCRC cases experienced significantly longer symptom duration, as we found, show-
ing in our case the same results for IOCRC cases. However, in contrast to their finding that
EOCRC cases with stage III or IV disease had shorter symptom and work-up periods than
those with stage I or II disease, we found a correlative progression between symptoms duration
and advancing locoregional stages (I to III), but, in agreement with Chen et al. [18], it was
shorter only in stage IV tumors. Whereas in our opinion our findings show a more likely influ-
ence of the delay of diagnosis within locoregional stages, and of biological tumor factors in
relation with IV-stages, our data do underscore the necessity of a greater awareness of not only
EOCRC, but also of IOCRC.

Lastly, we evaluated the tumors from a MSI point of view and observed that IOCRC showed
the lowest rate of MSI, mainly due to germline mutations in the MMR genes, as well as a low
rate of BRAF mutations (Table 4). These findings seem to confirm our premise that the
IOCRC group may be a transitional group between EOCRC and LOCRC, because although
there was a decrease in cases with a family history of CRC from EOCRC to the group with
more sporadic tumors (LOCRC), the rate of LS cases decreased at the same time, and the num-
ber of MSI cases within LOCRC is mainly due to sporadic cases. According to KRAS muta-
tions, there was some gradual increase (39%, 48% and 56%, regarding EOCRC, IOCRC and
LOCRC subsets, respectively), being slightly like other publications [23].

From a clinical point of view, IOCRC appears to behave as a transitional group between
EOCRC and LOCRC, with common features with both groups, but also with group-specific
features. The variation of the familial component throughout the three categories and its dif-
ferential MSI component (Lynch syndrome component and sporadic cases) is interesting. In
order to find possible differential molecular bases for CRC according to the age-of-onset,

Intermediate-onset colorectal cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0216472 May 16, 2019 9 / 12

https://doi.org/10.1371/journal.pone.0216472


future analyses should be carried out maintaining an upper limit of 50 y/o for EOCRC, and
comparing this group with both the IOCRC and LOCRC categories, or by using exclusively an
LOCRC group, but defined with a much higher age of onset than 50 y/o (e.g. 70 y/o), unless
large demographic studies could define a possible age-of-onset cut-off between only two main
different age-of-onset CRC populations. Finally, concerning symptoms and their duration
until diagnosis, and excluding cases with familial cancer history, the awareness for EOCRC
diagnosis should be extended to IOCRC.

Supporting information

S1 Table. Clinical manifestations according to tumor location.
(DOC)

S2 Table. Correlation between type/duration of the symptoms and tumor stage at the time
of diagnosis.
(DOCX)
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Perea.

Data curation: Carmen Sánchez, Alfredo Vivas, OA Nutu, Daniel Rueda, Sandra Tapial, Lor-
ena Brandáriz.
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colorectal cancer: clinicopathological, familial, molecular and immunohistochemical characteristics.
World J Gastroenterol. 2010; 16: 3697–3703. https://doi.org/10.3748/wjg.v16.i29.3697 PMID: 20677343
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