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INTRODUCTION
Genetic assessment of hereditary colorectal cancer (CRC) 

has evolved significantly since the molecular discovery of 
microsatellite instability (MSI), the first DNA marker associated 
with defective mismatch repair (dMMR) via germline mutations 

in MMR genes or epigenetic inactivation of MLH1 to leading 
a subset of ‘mutator’ phenotype tumors [1,2]. These different 
pathways reflect the existence of the hypermutable MSI 
phenotype in a broad spectrum of tumors, supporting the need 
for a tailored approach to differentiate patients with Lynch 
syndrome (LS) from those with related MSI-high (MSI-H)/dMMR 

Received March 16, 2021, Revised March 25, 2021, 
Accepted March 30, 2021

Corresponding Author: Duck-Woo Kim
Department of Surgery, Seoul National University Bundang Hospital, 82 
Gumi-ro 173beon-gil, Bundang-gu, Seongnam 13620, Korea
Tel: +82-31-787-7101, Fax: +82-31-787-4055
E-mail: kdw@snubh.org
ORCID: https://orcid.org/0000-0001-9218-4676

Copyright ⓒ 2021, the Korean Surgical Society

cc  Annals of Surgical Treatment and Research is an Open Access Journal. All 
articles are distributed under the terms of the Creative Commons Attribution Non-
Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which 
permits unrestricted non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

Purpose: Long-term oncologic differences in outcome between groups of patients with Lynch syndrome (LS) colorectal 
cancer (CRC) and sporadic CRC with microsatellite instability-high (MSI-H) are the focus of investigation in the current study.
Methods: Patients registered in the Korean Hereditary Tumor Registry and 2 tertiary referral hospitals treated for stage I–
III CRC between 2005 and 2015 were retrospectively analyzed. Detection for both groups was performed using pedigree, 
microsatellite instability, and mismatch repair (MMR) gene testing. Multivariate analyses for overall survival (OS) and 
disease-free survival (DFS) were conducted. 
Results: Cases of LS (n = 77) and sporadic CRC with MSI-H (n = 96) were identified. LS CRC patients were younger in age 
and displayed tumor sidedness, typically involving left-sided colon and rectum, compared to patients with sporadic CRC with 
MSI-H. OS and DFS were lower for LS CRC relative to CRC with MSI-H (OS, 72.7% vs. 93.8%, P = 0.001; DFS, 71.4% vs. 88.5%, 
P = 0.001). In multivariate analyses, tumor sidedness, stage, and chemotherapy were independent factors for OS and DFS. LS 
CRC was a prognostic factor for poorer OS (hazard ratio, 2.740; 95% confidence interval, 1.003–7.487; P = 0.049), but not DFS.
Conclusion: Our findings indicate that LS CRC is associated with poorer outcomes compared to sporadic CRC with MSI-H, 
presenting distinct clinical features. In view of the current lack of knowledge on genetic and molecular mechanisms, 
appropriate management taking into consideration the difficulty of identification of CRC with hypermutable tumors 
harboring heterogeneity is essential. 
[Ann Surg Treat Res 2021;101(1):13-19]
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tumors [3]. 
Hypermutable phenotype tumors comprise ~15% of all CRCs [1]. 

Several studies have reported clinical and oncogenic differences 
of these tumors, with LS-associated d/MMR CRC patients 
showing better prognosis relative to sporadic CRC patients [4,5]. 
Furthermore, chemotherapy with addition of oxaliplatin to 
fluoropyrimidine is reported to provide survival benefits for 
high-risk stage II or stage III CRC patients with dMMR compared 
to matched stage patients with non-hypermutable tumors [6]. 
However, oncologic differentiation of hereditary and sporadic 
CRC in the setting of dMMR tumors only is yet to be achieved, 
considering the outcomes of patients with metastatic CRC [7]. 
Furthermore, comparative data of both tumors have not yet been 
reported in Korea. With concern as to the difficulty of diagnostic 
approach based on genomic assessment [2], a comparative study 
between these tumor types may aid in differential diagnosis of 
LS-related and sporadic tumors in clinical practice [8]. 

The main objective of the current study was to compare the 
clinicopathologic features and long-term oncologic outcomes 
between groups of patients with LS CRC and sporadic CRC with 
MSI-H. 

METHODS

Study population
Retrospective analysis was performed using clinical data 

from LS CRC patients registered at the Korean Hereditary 
Tumor Registry (KHTR) from 2005 to 2015 [9] and CRC 
patients presenting MSI-H with stage I–III who underwent 
curative resection at 2 tertiary referral hospitals. For surgical 
management of LS, prophylactic colectomy was recommended 
as a standard procedure using either open or minimally 
invasive techniques. The surgical, adjuvant/neoadjuvant therapy 
and postoperative surveillance procedures were determined 
by the attending physician based on pathologic stage and 
general condition of the patient in accordance with the 
National Comprehensive Cancer Network (NCCN) guidelines 
[10]. All cases were restaged retrospectively according to the 
7th edition of the American Joint Committee on Cancer (AJCC) 
TNM staging system [11]. Ethical approval was provided by the 
Institutional Review Board of Seoul National Bundang Hospital  
(No. B-1407-258-010). Written informed consent was waived due 
to its retrospective nature.

Diagnosis of Lynch syndrome colorectal cancer and 
sporadic colorectal cancer with microsatellite 
instability-high
The diagnostic approaches for identification of LS CRC and 

sporadic CRC patients with MSI-H included pedigree, MSI, and 
MMR gene analyses. The hypermutable phenotype of CRC 
was determined via immunohistochemistry of MMR proteins 

Table 1. Clinical and pathologic variable between LS and 
sporadic CRC with MSI-H

Characteristic LS CRC 
Sporadic 
CRC with 

MSI-H
P-value

No. of patients 77 96
Age at operation (yr) 0.001
   ≤60 57 (74.0) 44 (45.8)
   >60 20 (26.0) 52 (54.2)
Mean age at diagnosis (yr) 51.0 ± 13.18 60.0 ± 13.78 0.001
Sex 0.094
   Male 43 (55.8) 41 (42.7)
   Female 34 (44.2) 55 (57.3)
ASA PS classification 0.067
   I 45 (58.4) 46 (46.9)
   II 29 (37.7) 43 (43.9)
   III 3 (3.9) 8 (8.2)
   IV 0 (0) 1 (1.0)
Differentiation type 0.001
   Well 14 (18.2) 6 (6.3)
   Moderated  53 (68.8) 61 (63.5)
   Poorly   8 (10.4) 16 (16.7)
   Mucinous 2 (2.6) 13 (13.5)
Tumor sidedness 0.001
   Right-sided 30 (39.0) 68 (70.8)
   Left-sided 31 (40.3) 18 (18.8)
   Rectum 12 (15.6) 9 (9.4)
   Multiple 4 (5.2) 1 (1.0)
Tumor extension 0.399
   T0 1 (1.3) 2 (2.1)
   T1 9 (11.7) 9 (9.4)
   T2  10 (13.0) 7 (7.3)
   T3 53 (68.8) 70 (72.9)
   T4 4 (5.2) 8 (8.3)
Nodal stage 0.602
   N0 54 (70.1) 71 (74.0)
   N1 18 (23.4) 20 (20.8)
   N2 5 (6.5) 5 (5.2)
Harvested lymph node 43.0 ± 25.18 45.7 ± 22.33 0.454
Stagea) >0.999
   I 17 (22.1) 17 (17.7)
   II 37 (48.1) 54 (56.3)
   III 23 (29.9) 25 (26.0)
Venous invasionb) 0.001
   Negative 62 (81.6) 93 (97.9)
   Positive 14 (18.4) 2 (2.1)
Lymphatic invasionc) 0.739
   Negative 46 (64.8) 65 (68.4)
   Positive 25 (35.2) 30 (31.6)
Perineural invasiond) 0.822
   Negative 65 (85.5) 84 (88.4)
   Positive 11(14.5) 11 (11.6)
Chemotherapy 0.125
   No 41 (53.2) 39 (40.6)
   Yes 36 (46.8) 57 (59.4)
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or MSI testing [2]. Pedigree analysis used the Amsterdam II 
Criteria proposed by the International Collaborative Group 
on Hereditary nonpolyposis CRC and revised criteria of 
suspected hereditary nonpolyposis colorectal cancer [12]. The 

method for MSI testing was consistent at each institution and 
involved the use of 5 microsatellite markers (BAT-25, BAT-26, 
D2S123, D5S346, and D17S250) based on previous studies [13]. 
Polymerase chain reaction (PCR) analyses were performed 
using DNA extracted from paraffin-embedded tumor and 
surrounding normal tissues with comparison of shifted 
alleles of PCR products between tumor and normal colonic 
mucosa. Tumors with at least 2 of the 5 microsatellite markers 
displaying shifted alleles were classified as MSI-H. Diagnosis 
of LS CRC was confirmed in cases fulfilling Amsterdam 
criteria II or with germline mutations in MMR genes. In 
addition, we detected cases of LS among suspected patients 
who did not fulfill Amsterdam criteria II with MSI-H or loss of 
immunostaining, when confirmed a germline mutation in an 
MMR gene or displayed a loss of expression of MSH2 or MSH6 
(or both), or PMS2 alone. Cases that did not fulfill Amsterdam 
criteria II with positive MLH1 hypermethylation in MSI tests 
were classified as sporadic CRC with MSI-H.

Statistical methods
Continuous or categorical variables were analyzed with the chi-

square and Fisher exact tests. Null hypothesis of no difference 
was rejected in cases where P-values were less than 0.05. Overall 
survival (OS) and disease-free survival (DFS) were defined as 
described previously [14]. Oncologic outcomes, including OS 
and DFS, were compared with Kaplan-Meier analysis. The Cox 
proportional hazards model was applied to estimate the crude 
and adjusted hazard ratios (HR) with 95% confidence intervals 
(CI) of OS and DFS. In addition, subgroup analyses for patients 
diagnosed from 2010 to 2015 were conducted by matching the 
MSI test period for reducing bias due to different MSI testing 
time-frames. Oncologic evaluation of LS patients diagnosed 
during 1990–2004 and 2005–2014 was additionally included 
to investigate the oncologic effect of the KHTR [9]. Data were 
analyzed with IBM SPSS Statistics ver. 26.0 (IBM Corp., Seoul, 
Korea) and R statistical software version 3.6.1 (R Foundation for 
Statistical Computing, Vienna, Austria; www.r-project.org). 

RESULTS
In terms of baseline characteristics, age at operation was 

significantly lower in the LS CRC than sporadic CRC with the 
MSI-H group (mean age, 51.0 years vs. 60.0 years; P = 0.001) 
(Table 1). With regard to tumor sidedness, sporadic CRC with 
MSI-H was associated with right-sided colon cancer while LS 
CRC frequently occurred in the left-sided colon or rectum. 
Segmental colectomy was performed for more cases of sporadic 
CRC with MSI-H than LS CRC. During the median follow-up 
period of 60.0 months (range, 1–118 months), OS and DFS were 
lower in patients with LS CRC than sporadic CRC with MSI-H 
(OS: 72.7% vs. 93.8%, P = 0.001, Fig. 1A; DFS: 71.4% vs. 88.5%, P 

Table 1. Continued

Characteristic LS CRC 
Sporadic 
CRC with 

MSI-H
P-value

Surgery 0.001
   Segmental colectomy  46 (59.7) 96 (100)
   Extended colectomy  31 (40.3) 0 (0)

Values are presented as number only, mean ± standard deviation, 
and number (%). 
LS, Lynch syndrome; CRC, colorectal cancer; MSI-H, microsatellite 
instability-high; ASA, American Society of Anesthesiologists; PS, 
physical status.
a)The 7th edition of the American Joint Committee on Cancer 
TNM staging system; b)not available patients (n = 2); c)not 
available patients (n = 7); d)not available patients (n = 2).

Il Tae Son, et al: Hereditary colorectal cancer

Fig. 1. The long-term outcomes between Lynch syndrome 
(LS) and sporadic colorectal cancer (CRC) with microsatellite 
instability-high (MSI-H). The Kaplan-Meier curves for overall 
survival (A) and disease-free survival (B). 
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= 0.001, Fig. 1B). The oncologic outcomes with adjustment for 
the MSI testing time-frame showed comparable 5-year overall 
and DFS rates between 32 LS CRC and 84 sporadic CRC with 
MSI-H cases (Fig. 2A: 5-year OS, 87.5% vs. 95.4%, respectively, 
P = 0.313; Fig. 2B: 5-year DFS, 84.4% vs. 90.5%, respectively, 

P = 0.768). In multivariate analysis, tumor sidedness, stage, 
and chemotherapy were independent factors for OS and DFS, 
respectively. LS CRC was independently associated with poorer 
OS (HR, 2.740; 95% CI, 1.003–7.487; P = 0.049), but not DFS (HR, 
1.791; 95% CI, 0.099–0.531; P = 0.160) (Table 2, 3).

Table 2. Univariate and multivariate analyses for overall survival

Variable
Univariate Multivariate

HR (95% CI) P-value HR (95% CI) P-value

Age at operation (yr) 0.706
   ≤60 Reference
   >60 1.160 (0.537–2.509)
Sex 0.429
   Male Reference
   Female 0.732 (0.339–1.585)
Differentiation type 0.439
   Well Reference
   Moderated  0.504 (0.184–1.379)
   Poorly   0.569 (0.152–2.125)
   Mucinous 0.222 (0.026–1.900)
Tumor sidedness 0.010 0.068
   Right-sided Reference Reference
   Left-sided 4.147 (1.631–10.547) 3.695 (1.348–10.131)
   Rectum 5.090 (1.702–15.219) 3.242 (1.012–10.385)
   Multiple 3.669 (0.449–29.940) 1.496 (0.171–13.109)
Stage 0.068 0.003
   I Reference Reference
   II 0.810 (0.254–2.584) 2.280 (0.692–7.508)
   III 2.123 (0.684–6.585) 6.938 (2.027–23.746)
Chemotherapy 0.001 0.001
   No Reference Reference
   Yes 0.158 (0.059–0.422) 0.122 (0.043–0.349)
CRC pathway 0.001 0.049
   MSI-H Reference Reference
   LS 5.390 (2.155–13.484) 2.740 (1.003–7.487)

HR, hazard ratio; CI, confidence interval; CRC, colorectal cancer; MSI-H, microsatellite instability-high; LS, Lynch syndrome. 
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Fig. 2. Five-year survival outcomes with adjustment for the microsatellite instability (MSI) testing time-frame. The Kaplan-Meier 
curve 5-year overall survival (A) and 5-year disease-free survival (B) between Lynch syndrome (LS) colorectal cancer (CRC) 
patients (n = 32) and sporadic CRC patients with MSI-high (MSI-H, n = 84) performed the MSI testing from 2010 to 2015.
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Using data from LS CRC patients only diagnosed from 1990 
to 2014, OS and DFS were lower in the earlier (1990–2004) 
than later (2005–2014) diagnosis period (OS; 65.5% vs. 75.3%, 
P < 0.001; DFS: 62.1% vs. 74.0%, P < 0.001). Furthermore, OS 
and DFS between segmental and extended colectomy groups 
were comparable (OS, 74.2% vs. 68.5%, P = 0.338; DFS, 72.6% vs. 
65.8%, P = 0.396). Consistently, segmental resection was not 
an independent factor for OS and DFS in multivariate analysis. 
However, diagnosis period (2005–2014) was an independent 
factor for OS and DFS in multivariate analysis (OS: HR, 0.089; 
95% CI, 0.02–0.38; P = 0.001; DFS: HR, 0.155; 95% CI, 0.47–0.51; 
P = 0.002).

DISCUSSION
Here, we attempted to distinguish LS CRC from sporadic CRC 

patient groups with tumors harboring dMMR. Although the 
clinical outcomes of our study are concordant with previous 
findings [15,16], survival patterns of the 2 groups are a matter 
of debate, considering our results are converse to the widely 
accepted opinion that survival of LS patients is better than 
that of patients with sporadic CRC [4,5,7]. The morphological 

distinctions, of which poorly and mucinous differentiated 
types were observed infrequently in both groups, may also 
contribute to different prognosis compared to previous studies 
[17,18]. Here, we propose that our outcomes analysis using 
dMMR tumors only, except stage IV, have potential utility in 
the management of patients with hypermutable tumors. 

In this study, oncologic evaluation may have been 
influenced by switching to regimens with fluoropyrimidine 
plus oxaliplatin in the early 2000s [19] and the registry for LS 
patients during long-term follow-up. Given that LS CRC has been 
diagnosed since 1989 while MSI testing has been conducted 
since 2003, the impact of the registry may be inferred from the 
oncologic outcome by adjusting the MSI testing time-frame, 
which is related to reduction of LS CRC mortality as a result of 
establishing the hereditary registration and surveillance system 
[20]. Consistently, survival improvement since 2005 in subgroup 
analyses of LS patients only has been reported. In terms of 
tumor sidedness, masked high prevalence and limited response 
to fluoropyrimidine-based therapy of LS-related dMMR/MSI left-
sided colon or rectal cancer [21,22] were the outcomes observed 
by our group compared to previous studies [4,5,7]. Additionally, 
half of the LS CRC patients subjected to segmental colectomy 

Table 3. Univariate and multivariate analyses for disease-free survival

Variable
Univariate Multivariate

HR (95% CI) P-value HR (95% CI) P-value

Age at operation (yr) 0.938
   ≤60 Reference
   >60 1.028 (0.511–2.068)
Sex 0.253
   Male Reference
   Female 0.665 (0.330–1.339)
Differentiation type 0.798
   Well Reference
   Moderated  0.604 (0.225–1.623)
   Poorly   0.638 (0.183–2.226)
   Mucinous 0.638 (0.152–2.678)
Tumor sidedness 0.008 0.024
   Right-sided Reference Reference
   Left-sided 3.771 (1.692–8.404) 3.460 (1.436–8.338)
   Rectum 3.650 (1.315–10.130) 3.002 (1.014–8.888)
   Multiple 3.765 (0.478–29.687) 8.951 (0.974–82.256)
Stage 0.065 0.004
   I Reference Reference
   II 0.674 (0.253–1.797) 1.491 (0.532–4.178)
   III 1.691 (0.648–4.408) 4.674 (1.629–13.407)
Chemotherapy 0.003 0.001
   No Reference Reference
   Yes 0.313 (0.147–0.665) 0.229 (0.099–0.531)
CRC pathway 0.002 0.160
   MSI-H Reference Reference
   LS 3.292 (1.577–6.870) 1.791 (0.794–4.041)

HR, hazard ratio; CI, confidence interval; LS, Lynch syndrome; CRC, colorectal cancer; MSI-H, microsatellite instability-high.
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were at risk of synchronous or metachronous malignancy 
[23], though segmental colectomy did not show a statistical 
significance in subgroup survival analyses. However, studies 
on the potential of intensive colonoscopic surveillance as an 
alternative to extended colectomy are lacking. These oncologic 
hazards warrant further investigation, with consideration of 
comparable local and distant recurrence pattern in sporadic 
CRC with MSI-H as in this study.

Clinical detection of actual LS from suspected cases can 
be very difficult due to Lynch-like syndrome representing a 
heterogeneous group between sporadic CRC with MSI-H and 
true LS patients. Lynch-like syndrome is defined as a two-
hit combination mutation coupled with loss of heterozygosity 
followed by 2 somatic mutations, which is nearly impossible to 
differentiate from actual LS, unlike sporadic CRC with MSI-H 
[23,24]. The only distinctive feature between Lynch-like and LS 
is the lower standardized incidence ratio of CRC in the former 
cancer type [8]. The traditional prediction models may not 
be ideal due to overlapping syndromes, atypical phenotypes 
associated with MSH6 and PMS2, and familial CRC type X 
[25,26], with initial recommendation for germline mutation 
testing regardless of tumor type and family history [3,27]. 
However, the NCCN guidelines have also suggested caution and 
uncertainty in implementing routine multi-gene panel testing 
with weak evidence [10]. The different ways in which ordering 
physicians and genetic counselors deal with examination of 
a single suspected gene or the entire genome in real clinical 
practice owing to the lack of a formal testing policy is currently 
a matter of concern [2]. For instance, a previous study using 
data from 22 Korean institutions reported delayed confirmation 
of LS after surgery [28]. These issues highlight the urgent need 
for a nationwide hereditary cancer registry [20]. 

This study has several limitations. The major drawback 
is its retrospective design and small sample size. There are 
some missing data for recurrence pattern of the LS group. Our 
study did not control bias of all parameters, including neo- or 
adjuvant treatment or chemotherapy regime shifts according to 
current guidelines, despite the significance of chemotherapy in 
statistical analysis. These problems should be investigated in 
future analyses with gene testing for BRAF, KRAS, and NRAS, 
and EPCAM mutations. Furthermore, MMR gene testing of all 
patients with suspected LS could not be performed, though it is 
already known for diagnostic algorithms of LS, which involve a 

complex multistep molecular testing process [28]. However, the 
MMR gene was confirmed in all LS CRC patients. We believe 
that separate identification of true LS from heterogeneous 
hypermutable tumors poses a significant burden for individual 
physicians without the aid of the hereditary cancer registry [29].

In conclusion, LS CRC and sporadic CRC patients with MSI-H 
with distinctive clinical features were successfully diagnosed. 
In our efforts to establish a hereditary registry, poor long-
term oncologic outcomes of LS CRC were observed compared 
to sporadic CRC patients with MSI-H, though genetic and 
molecular research to sufficiently support our conclusions is 
currently lacking. In practice, identification of LS CRC at a local 
registry or single institution in Korea remains difficult, often 
resulting in inappropriate diagnosis or management. Therefore, 
our findings warrant further investigation to facilitate 
appropriate management for CRC patients with hypermutable 
tumors harboring heterogeneity.
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