
Abstract. Background/Aim: Most known cancer syndromes
confer an increased risk of more than one tumour types, and
families with more than one colorectal cancer often segregate
other cancers as well. The aim of this study was to examine if
there is a general increased risk of other cancers in colorectal
cancer families, which are defined as having two or more
cases of colorectal cancer in close relatives. Materials and
Methods: The study used a detailed family history of cancer
diagnoses in a cohort of more than 3,000 consecutive
colorectal cancer cases. A comparison was made between
families with sporadic and those with familial colorectal
cancer cases. Detailed morphology data were used to find
further support for putative syndromes. Results: There were
significantly more non-colorectal cancers in the family history
of the familial CRC cases (p<0.001), with significantly more
gastric cancers (p<0.001), prostate cancers (p<0.001),
urinary bladder cancers (p<0.001) and melanomas (p=0.002),
leukaemia/lymphomas (p=0.004), gynaecological cancers
(p=0.007) and breast cancers (p=0.023). There was also some
support for different morphological profiles for four of the five
tested syndromes. Conclusion: This study found support for a
general increased risk of one or more different cancer
syndromes involving families with colorectal cancer and other
cancers. Further studies will define the different possible
syndromes and determine the genetic background.

Colorectal cancer (CRC) is the third most common form of
cancer in Sweden (1). It contributes to about 7% of all
cancer diagnoses and is the fourth leading cause of death in
cancer worldwide (1). CRC can be prevented by the
detection and removal of precursor lesions, e.g. adenomatous
polyps; therefore, population-based screening, most often
using fecal occult blood testing, is offered in many countries
to populations over a threshold age. This necessitates
defining the risk populations shown to benefit from
screening and offering them tailored surveillance programs.
A few high-risk syndromes are known to be associated with
an increased risk of CRC, familial adenomatous polyposis
(FAP) and Lynch syndrome (LS). The genes causing these
syndromes are known, and genetic counselling and pre-
symptomatic testing is offered in clinical settings and
surveillance programs have been established (2). However,
only a small fraction of families being counselled for an
increased risk of CRC segregate into these known
syndromes. More than 20% of all new CRC cases have a
family history of CRC in close relatives, and less than 5%
have FAP or LS (3). These families could be counselled and
risks could be estimated based on family history (4). Still, it
would be of value to define the remaining predisposing
genetic contributions in order to offer genetic testing in these
families, as well. Studies have aimed at defining additional
non-FAP, non-LS syndromes as familial colorectal cancer
type X (5), including the ones defining Amsterdam I families
without microsatellite instability (MSI). The hypothesis of
the existence of additional high-risk monogenic syndromes
has been supported by several studies (3, 5). Evidence for
rectal cancer as a separately inherited entity has been
published (6), as well as a syndrome of familial CRC
associated with serrated adenomas (7). A syndrome of mixed
polyps, have recently been defined as distinct entity with the
genetic background identified (8). Some familial CRCs and
sporadic CRCs could be explained by defining CRC as a
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complex disease, and several genome-wide association
studies (GWAS) have aimed to define this proportion (9).
Still, the low-risk alleles known today explain only a small
portion of all CRCs.

We had observed that non-FAP/LS families with CRC,
even more than in LS families, seem to segregate many other
kinds of cancers, which is why we set out to use the family
history of cancer to define new CRC syndromes. A cohort of
consecutive CRC cases from central Sweden was used, and
family history of sporadic cancer cases were compared with
those of familial cases. In addition, we used tumour
phenotypes to find support for suggested syndromes.

Materials and Methods
Patients. During the years 2004 through 2009, more than 3,300
patients in 14 hospitals in the area of Stockholm, underwent surgery
for CRC. All gave informed consent and blood for genetic studies and
were included in the Colorectal Cancer Low-risk study. The same
person interviewed all patients about their family history of cancer,
including colorectal cancer and other malignancies. Cancer
occurrences in first- and second-degree relatives and cousins were
recorded, and pedigrees for the families of the index-person (the
patient) were constructed. All diagnoses that could have been CRC
were verified using medical records or death certificates. Other
diagnoses were coded as stated by the index patient. Because of
difficulties defining the exact diagnosis, all haematological
malignancies were coded as one entity, as were all gynaecological
cancers. Cases with no relative diagnosed with CRC were considered
sporadic. Familial CRC cases were defined as having at least one
relative with CRC, as defined above. FAP was diagnosed by the
pathology report of the index patient. Four FAP cases were thus
identified and excluded from further studies. A combination of CRC
family history, early age onset and tumour testing was used to
diagnose Lynch syndrome (10). In total, 422 MSI-tests, 69 BRAF tests
and 158 immunohistochemistry tests were performed. Based on the
results, 94 patients were sequenced and 28 cases with Lynch syndrome
were found and excluded from further studies. Based on medical
records, the sex, age and tumour location of the index-patients were
recorded. Tumours were assigned locations in the caecum, ascending
colon, hepatic flexure, transverse colon, splenic flexure, descending
colon and the sigmoid or rectum. This study was approved by the local
Ethics Committee at Karolinska Institutet (no. KI Dnr 02-489).

Pathology. All tumours underwent evaluation by a local pathologist
directly after surgery. Within the morphology study, 1,612 samples
were available at the time and used for re-examination. The initial
18 cases (1.1%) were evaluated by two experienced gastrointestinal
pathologists (S.G. and N.P.) to discuss and establish consensus
criteria regarding the morphological parameters. The remaining
cases were evaluated by one pathologist (S.G.). In the study of
differences in morphology, cancer families were defined as families
with at least two CRCs and two or more other types of cancers in
first- or second-degree relatives or cousins. In the morphology
analysis, tumours were grouped into right-sided (caecum through
transverse colon) and left-sided (splenic flexure through rectum).
The tumours were staged according to both the American Joint
Committee on Cancer (AJCC) classification and the tumour, node,
and metastases (TNM) systems. Rectal tumours were classified in

accordance with the surgeon’s report (15 cm or less from the anal
verge). Nine patients were excluded from the location analyses
because they had cancers in more than one segment; however, some
patients with two or more tumours could be classified when the
tumours were located within the same segment.

A specific protocol was submitted for each tumour. The
following data were analyzed: degree of differentiation in the major
part of the tumour, mucin production, Crohn-like peritumoural
lymphocytic infiltration, tumour infiltrating lymphocytes (TILs),
desmoplastic reaction, necrosis, invasion of blood or lymph vessels,
perineural growth, medullary type, budding and tumour margin. The
exact definition of each morphological feature and how they were
assessed has been outlined in detail in a previous report (11). 

Statistical analysis. Analysis on population cohort. Statistical
analyses were performed using Statistica 7.0 (StatSoft., Inc, Tulsa,
OK, USA), and the methods used were the Mann-Whitney U-test,
Students T-test and Speaerman’s rank-order analysis. 

Analysis on morphology: Correlation between syndromes and
morphology was investigated using cross tabulation-analysis and the
Pearson χ2-test. A p-value of <0.05 was considered significant, but
non-significant p-values were also recorded.

Results
In total, 1,753 men and 1,461 women were included in the
study. There was no gender difference in age of onset, but
familial cases were slightly younger (p=0.004) (Table I).

The number of non-CRC cases was compared between the
families of the sporadic and familial CRC cases (Table II).
The comparison was applied for number of families with any
case of cancer other than CRC and for each of the 12 types
of cancers reported. There were significantly more other
cancers in the family history of the familial CRC cases
(p<0.001) with significantly more gastric cancers (p<0.001),
prostate cancers (p<0.001), urinary bladder cancers
(p<0.001) and melanomas (p=0.002), leukaemia/lymphoma
(p=0.004), gynaecological cancers (p=0.007) and breast
cancers (p=0.023). It is not possible to say whether the
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Table I. Descriptive data. 

Gender and age

                                  Total                Men              Women          p-Value

Number (%)              3,214         1,753 (55%)    1,461 (45%)            
Mean age (SD)     68.3 (10.9)      68.5 (10.6)      68.1 (11.2)     NS (0.29)

Prevalence family history and age

                                  Total            Sporadic          Familial         p-Value

Number (%)              3214          2509 (78%)      705 (22%)             
Mean age (SD)     68.3 (10.9)      68.6 (10.9)      67.3 (10.0)         0.004

NS, Not specified.



results represent one or many different syndromes and
combinations of tumours.

To find some support for possible morphological markers
to be associated with a putative syndrome, we studied CRC
morphology in the index patient in relation to five of the
different suggested syndromes: cancer families, CRC and
bladder cancer families, CRC and prostate cancer families,
CRC and melanoma families and CRC and gastric cancer
families (Table III). There was some support for different
morphological profiles for four of the five tested syndromes.
The colorectal tumours in the cancer families more often
showed vascular invasion (p=0.017) and poor differentiation

(p=0.044). The tumours in the CRC and prostate families
were associated with budding (p=0.009). Patients from
CRC-melanoma families showed a correlation to poor
differentiation (p=0.030), and patients from CRC and gastric
cancer families more often had tumours with Crohn-like
peritumoural lymphocytic reaction (p=0.012).

Discussion

Known cancer syndromes often involve an increased risk for
a whole spectrum of tumours, such as CRC, endometrial,
gastric, renal pelvis and other tumours in LS and breast
cancer, leukemia, sarcoma, as well as brain tumours in Li-
Fraumeni syndrome (12, 13). Also, for the BRCA1, BRCA2
and APC genes and, in fact, almost all known cancer genes,
a typical spectrum of different cancers is associated with
each gene involved in the syndrome (14-16).

When CRCs cluster in families where none of the known
syndromes are prevalent, other tumours are also frequently
seen. To find out if this was significant, we used a cohort of
consecutive CRC cases and their family history of cancer
among close relatives for the study. After comparing the
family history it was clear that several tumours were more
prevalent in the families with more than one CRC case. It is
difficult to determine whether there was only one cancer
family syndrome with a differently increased risk for many
cancers, or several different syndromes – including several
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Table III. CRC morphology in the index case in relation to the different
suggested syndromes. CRC morphology in the index case in relation to
the different suggested syndroms (N=1612).

                                     Cancer     CRC+     CRC+        CRC+      CRC+
                                     family*     bladder   prostate   melanoma   gastric

Differentiation†           0.044**      0.472       0.625         0.030        0.877
Mucin production          0.138        0.904       0.125         0.355        0.139
Peritumoural††               0.680        0.429       0.435         0.615        0.012
TILs†††                          0.410        0.474       0.871         0.883        0.802
Desmoplasia                  0.785        0.789       0.519         0.379        0.702
Necrosis                         0.833        0.297       0.369         0.333        0.818
Vascular invasion‡        0.017        0.482       0.873         0.665        0.750
Perineural growth          0.842        1.000       0.231         0.269        0.324
Medullary type              1.000        0.507       0.423         0.106        1.000
Budding‡‡                      0.639        1.000       0.009         0.914        0.446
Invasive margin             0.346        0.316       0.190         0.547        0.127

*Families with at least two CRCs and two or more other types of
cancer, in first or second-degree relatives or cousins. **p-values for
correlation between CRC syndrome and morphological features. †Poor
differentiation in the major part of the tumour. ††Peritumoural Crohn-
like lymphocytic reaction. †††More than 30 tumour infiltrating
lymphocytes per 10 high-power fields. ‡Unequivocal tumour aggregates
in preformed spaces lined by endothelium. ‡‡Detachment of single
isolated cancer cells or a cluster of up to four cells.

Table II. Comparison of prevalence of other cancer than colorectal
within families with sporadic and with familial colorectal cancer. 

Type of cancer   Sporadic N=2509   Familial N=705  Z-value   p-Value
                            N families with    N families with     corr
                                cancer (%)            cancer (%) 
                                    Mean                    Mean                
                              N individuals       N individuals
                                   (range)                   (range)

Breast                        543 (22)                182 (26)           –2.28        0.023 
                                 0.29 (0-6)              0.40 (0-4)
Pancreas                     132 (5)                   37 (5)               0.02        0.99
                                 0.06 (0-4)              0.06 (0-2)
Stomach                     439 (19)                163 (23)           –3.45     <0.001
                                 0.21 (0-5)              0.29 (0-5)
Prostate                      383 (15)                151 (21)           –3.97     <0.001
                                 0.19 (0-5)              0.28 (0-5)
Gynecological           319 (13)                117 (17)           –2.67        0.007 
                                 0.15 (0-3)              0.20 (0-4)
Biliary tract                 38 (2)                    14 (2)             –0.88        0.38
                                 0.01 (0-2)              0.02 (0-2)
Pulmonary                 333 (13)                 90 (13)              0.40        0.69
                                 0.16 (0-5)              0.15 (0-5)
Urinary bladder           60 (2)                    40 (6)             –4.43     <0.001 
                                 0.03 (0-2)              0.06 (0-2)
Leukemia/                 253 (10)                 98 (14)            –2.91        0.004 
lymphoma                0.11 (0-5)              0.17 (0-5)
Melanoma                  103 (4)                   49 (7)             –3.14        0.002
                                 0.05 (0-4)              0.08 (0-2) 
Brain                           158 (6)                   54 (8)             –1.30        0.19
                                 0.07 (0-2)              0.09 (0-3)
Kidney                         90 (4)                    28 (4)             –0.48        0.63
                                 0.04 (0-3)              0.04 (0-2)
Other cancer              865 (34)                295 (42)           –3.60        0.003
                                 0.48 (0-5)              0.61 (0-7) 
Any cancer              1894 (75)               581 (82)           –6.56     <0.001
                                1.84 (0-14)            2.28 (0-12) 

Comparison between the families classified as “sporadic” and as
“familial” is performed by the Mann-Whitney-test. For each type of
cancer, the number of families with one or more affected individual is
noted. The mean number of affected individuals per family and the
range is also noted. A p-value <0.05 indicates that the cancer form is
clustered in families classified as familial colorectal cancer.



different tumour spectra. We tested tumour types separately
and found a positive statistically significant association for
urinary bladder, prostate and gastric cancer, melanoma,
leukemia/lymphoma groups and gynecological cancer.
Compared to the strong association with even rare tumours
such as urinary bladder and gastric cancer, the association
with breast cancer is weaker and more uncertain. It is at least
likely that specificity for one or several CRC syndromes
exists, but without knowledge of the underlying genetic
contribution, it is impossible to say what tumours are
associated with each syndrome.

One limitation of our study is that not all the diagnoses
among family members were verified through medical
records. However, all abdominal malignancies with an
unclear diagnosis were verified in order to confirm or exclude
CRC. Other diagnoses were coded as reported from the index
patient, if stated in detail and claiming good knowledge.
Weak remembrance or uncertainty resulted in our not coding
a cancer diagnosis. Some malignancies were considered more
uncertain than others. So, for example, gynecological
malignancies and hematological malignancies were often
stated as such and we rarely specified in detail why we chose
to use these terms for all cases reported, regardless of how
specifically the diagnoses were expressed. Another limitation
is that we did not adjust for differences in family size. It is
possible that some families reported more cancers because of
larger family size; thus, large families with at least two cases
of CRC should show more cancers. However, the prevalence
of two close relatives with CRC is associated with an
increased risk of CRC for other close relatives, but was not
known until now to be associated with other cancers (4). 

We used family history and tumour testing to select cases for
genetic testing and diagnosis of Lynch syndrome. Only about
1.2% of the patients in Sweden should have LS, judging from
a previous study (17). Using the strategy in the present study
excluded 1% of the cases with Lynch syndrome based on
molecular genetic testing for Lynch syndrome. Even if our
strategy might have missed a few cases, such a small proportion
is not likely to influence our results. Considering the results and
the suggested syndromic tumours, only gastric cancer is clearly
associated with LS (12); however, it is rarely seen in Swedish
families. Melanoma has not been reported to be overrepresented
in LS, and prostate cancer has been reported to be more
common in LS-gene carriers than among the general population
(18), although this might relate to the selection of families (19).
Gynecological cancer constitutes typical tumours of the LS, but
endometrial cancer was associated with CRC in both LS and
non-LS families who have undergone genetic testing at our
clinic at Karolinska Institute, Sweden.

An effort was made to find more evidence in support of
the suggested new syndrome(s). Predisposed CRC genes are
typically morphogens, thus CRC tumours will demonstrate
different morphology depending on the underlying genetic

contribution (20). Morphological data was available from
half of the patient material (11). Tumour morphology in the
index patients was used for testing the hypothesis that
tumours in five different syndromes might show different
and typical phenotypic characteristics to support different
underlying genetic etiology. Gynecological malignancies and
hematological malignancies were excluded in the subsequent
morphology study. Both groups included tumours not
specified in detail and were therefore possibly heterogenous
and more uncertain. Breast cancer was also excluded due to
its weak association to CRC (p=0.023), even though it is a
common cancer. We found statistically significant
associations for four of five hypothetical syndromes tested:
cancer families, CRC-prostate cancer families, CRC-
melanoma families and CRC-gastric cancer families. Since
this is the first study of a detailed morphology associated
with new CRC cancer syndromes, we thought it was relevant
to show all possible results and chose to not correct for
multiple testing; therefore, false positives cannot be ruled out
from some of our results. The findings included few of the
11 tested tumour characteristics, which does not provide
strong evidence for any specific syndrome. Nevertheless, the
results still support a different underlying genetic cause of
putative cancer syndromes.

Data form this study suggest that there are one or more
different colorectal cancer syndromes (Lynch syndrome
excluded) involving gastric cancer, prostate cancer, urinary
bladder cancer, melanomas, leukemia/lymphosas,
gynecolocical cancers and/or breast cancer.

Conclusion

In conclusion, we used the family history of cancer in
relatives of consecutive CRC patients to define new putative
CRC syndromes. Morphological analysis revealed some
support. The rationale for this report was to define new
syndromes that could be used for future studies of new
predisposing genes. Further studies aiming to find the
underlying genetic contribution must be undertaken to test
new hypothetical colorectal cancer syndromes.
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