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ARTICLE

Epidemiology

De novo colorectal cancer after kidney transplantation: a
systematic review and meta-analysis
Bima J. Hasjim1, Arsha Ostowari1, Monique Gandawidjaja1, Mohsen D. Mohammadi2, Linda Suk-Ling Murphy3, Matthew D. Whealon4,
Valery Vilchez4, Hirohito Ichii5, Robert R. Redfield III5 and Oliver S. Eng 6✉

© The Author(s), under exclusive licence to Springer Nature Limited 2025

BACKGROUND: Kidney transplant (KT) patients have higher risks of developing de novo colorectal cancer (CRC) compared to the
general population. However, there is still a knowledge gap in their clinical characteristics, as most single- or multi-center efforts are
underpowered and lack generalizability.
METHODS: PubMed, Web of Science, Cochrane CENTRAL, and Scopus databases were queried for studies published until July 22nd,
2024. Studies reporting the clinicopathologic characteristics and outcomes of de novo CRC among KT recipients were included.
RESULTS: There were 49 articles included involving 1855 KT patients who developed CRC. The mean time from transplantation to
CRC diagnosis was 8·7 years (95%CI 7·2, 10·3 years; I2= 98·3%). De novo CRC was most commonly located in the ascending colon
(43·6%; 95%CI 29·5%, 58·9%; I2= 55·3%), and 37·1% had advanced CRC at diagnosis (95%CI 22·3%, 54·8%; I2= 64·1%). Although
68·8% underwent curative intent treatment (95%CI 45·4%, 85·4%; I2= 65·4%), pooled 5-year survival rate was 31·8% (95%CI 10·5%,
65·1%; I2= 82·5%).
CONCLUSIONS: De novo CRC was diagnosed in under 10 years after KT, and nearly 40% of patients already have advanced stage
disease at diagnosis. The pooled rate of 5-year survival was 31.8%. However, there was wide heterogeneity between studies and
further research is required. PROSPERO Registration: CRD42023415767.

British Journal of Cancer; https://doi.org/10.1038/s41416-025-02994-7

BACKGROUND
Kidney transplantation (KT) is the only definitive treatment for chronic
kidney disease and is the most common type of solid organ transplant
globally [1]. Unfortunately, de novo colorectal cancer (CRC), or CRC that
develops after KT, is a concerning potential sequelae after solid organ
transplantation with incidences as high as 2–3 times those of the
general population [2]. Additionally, these tumors have been
postulated to be more aggressive as KT recipients have been found
to have a 5.4-fold increased risks of developing advanced stage CRC [3].
These complications are likely due to the combined effects of obligate
immunosuppression, chronic inflammation, and other factors related
to long-term renal disease [4].
Although there have been systematic reviews and meta-analyses

dedicated to describing the increased incidence of de novo CRC in
solid organ transplant patients, there is still a critical knowledge gap
regarding the characteristics and outcomes of these tumors,
particularly among KT patients [4–6]. Existing studies on the natural
history of this disease process are currently confined to relatively
small, underpowered, patient cohorts that restrict the general-
izability of their findings. Furthermore, there are no specialized CRC

screening or surveillance guidelines for KT patients despite their
higher prevalence and various risk factors for de novo CRC [7–9].
This clinical oversight and gap in the literature highlight the need
for larger-scale analyses to better understand the characteristics and
clinical trajectory of de novo CRC in KT recipients.
Thus, we conducted a systematic review and meta-analysis of

observational studies that synthesize the available literature on the
oncologic characteristics and outcomes of patients who developed
CRC after KT. We hypothesized that KT patients develop de novo
CRC in a short time interval, are diagnosed at more advanced
stages, and have poor survival [10]. By pooling data from multiple
studies, this analysis aims to overcome the limitations of individual
small-scale studies, offering a more robust estimation of the clinical
presentation of CRC and outcomes among KT patients.

METHODS
Search strategy
This systematic review and meta-analysis were designed and analyzed in
accordance to the Preferred Reporting Items for Systematic Reviews and
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Meta-analyses Protocols (PRISMA-P) [11] and Meta-analyses of Observa-
tional Studies in Epidemiology (MOOSE) [12] guidelines (Supplemental
Table S1, Table S2). This study was also registered in the PROSPERO
database of systematic review protocols (PROSPERO ID: CRD42023415767).
We conducted an electronic literature search using PubMed, Scopus, Web of

Science, and Cochrane Central Register of Controlled Trials (CENTRAL) databases
to identify relevant studies with the help of a biomedical information specialist
(LSM). Studies identified from database inception through, July 22nd, 2024 were
included. To develop a comprehensive search strategy adaptable to each
selected database, we identified relevant keywords, synonyms, and MeSH
(Medical Subject Headings) terms addressing incidence and risk factors of de
novo CRC in KT patients. An initial comprehensive search of the selected
databases was conducted on April 15th, 2023, with no language or publication
date restrictions. An updated search was conducted on July 22nd, 2024, to
capture any newly published relevant studies since the initial search. See
Supplementary Table S3 and S4 for the detailed search strategy of each database.

Study selection and eligibility criteria
All observational studies that describe the oncologic characteristics and
outcomes of KT patients with de novo CRC were included. Based on the
predefined eligibility and inclusion criteria, two independent reviewers
(BJH and AO) screened each study’s title/abstract and full text using
Covidence, a systematic review software tool (Veritas Health Innovation,
Melbourne, Australia). Discrepancies were discussed, resolved, and, if
necessary, reconciled through discussion with a third reviewer (MG). Three
investigators (BJH, AO, MG) independently extracted the data from each
included study. Studies involving cohorts with non-colorectal cancers,
patients with elevated risks of CRC (e.g., inflammatory bowel disease),

transplants that occurred to treat cancer, or multi-organ transplantation
were excluded. Case reports, animal studies, non-peer reviewed commu-
nications (e.g., editorials, letters), other systematic reviews or meta-
analyses, or conference abstracts were also excluded from our analysis.
Articles regarding patients with concomitant known cancer risks (e.g.,
inflammatory bowel disease), those where full texts were unavailable, or
any other cases where data could not be extracted were excluded. Figure 1
shows the PRISMA flow diagram detailing the study selection process.

Study population and outcomes of interest
A standardized data extraction form was used to collect the study details,
patient characteristics and outcomes. KT recipient characteristics of interest
included demographic, oncologic characteristics, treatment strategies, and
outcomes. Only cases of colorectal cancers (e.g., adenocarcinoma, sarcoma)
were included in the study. Although adenomas and their different types
(e.g., high-grade, advanced, Tubulovillous) were excluded from the analysis
because their management is different from confirmed cancers, their
outcomes are qualitatively described in Supplement Table S5. Curative intent
treatment strategies included surgical resection of the primary tumor with or
without neoadjuvant or adjuvant chemotherapy. Cancer-related death was
defined as death with a functioning graft. The main outcomes of interest
were time from transplant to CRC diagnosis and 5-year survival.

Quality assessment and risk of bias
The quality of evidence for each study and risk of bias were assessed using
the Newcastle-Ottawa Quality Assessment for Cohort Studies tool [13].
A score was given by three investigators (BJH, AO, MG) who independently
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Fig. 1 Search results and application of eligibility criteria. Flow chart of included articles.
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rated the quality of each study across three domains: 1) patient selection
and ascertainment of the exposure; 2) comparability of cohorts based on
the study design; 3) availability and assessment of outcomes. Based on the
scores obtained through the quality assessment, studies were rated as
“Good Quality”, “Fair Quality”, or “Poor Quality” (Supplemental Table S6).
Disagreements in scoring were discussed and resolved to reach a
consensus. A meta regression analysis was conducted to determine if
the true effect size of the main outcomes of interest was associated with its
risk of bias (Supplemental Fig. S1). Publication bias was assessed using
funnel plots and Egger’s test for asymmetry (Supplemental Fig. S2).

Statistical analysis
Pooled categorical and continuous variables were presented as percentages and
means (center value), respectively, with a corresponding 95% confidence interval
(95%CI). As previously published, sample sizes, medians, and interquartile ranges
were used to estimate means and standard deviations in situations where these
variables were missing [14, 15]. If statistical components for analyses were not
available, these studies were omitted from the final analysis but weremaintained
in the dataset and forest plots for completeness. A common effect (or fixed-effect
method) and random effect model were used for the analyses of statistically
homogenous (I2< 50%) and heterogenous data (I2>50%), respectively. Both
common effect and random effect models were conducted for each outcome as
sensitivity analyses to ensure there were no significant differences. The Mantel-
Haenszel and inverse variance approaches were used to analyze categorical and
continuous data, respectively. An alpha level (P-value) of <0.05 was considered to
be statistically significant. Data processing and analysis were performed using R
studio (version 4.3.1; Vienna, Austria).

RESULTS
Overview of the study selection process
A total of 6196 articles were identified. After removing duplicates
(N= 1976 articles) and screening titles/abstracts (N= 4220

articles), 187 articles were included for full-text review. Of these,
138 did not meet the selection criteria, and 49 manuscripts
[2, 3, 16–62] were included in the final analysis (Fig. 1).
There were 32 (65.3%) single center studies, 3 (6.1%) multi-

center studies, and 14 (28.6%) nationwide database studies with
the majority being a retrospective study design (N= 44, 89.8%).
Studies from the following countries were represented in this
analysis: Korea (N= 12, 24.5%), Italy (N= 7, 14.3%), USA (N= 6,
12.2%), Portugal (N= 3, 6.1%), Australia/New Zealand (N= 3,
6.1%), Ireland (N= 2, 4.1%), Poland (N= 2, 4.1%), Taiwan (N= 2,
4.1%), United Kingdom (N= 2, 4.1%), Japan (N= 2, 4.1%), Belgium,
China, Finland, France, Hungary, Singapore, Spain, Thailand (all
N= 1, 2.0%). Supplemental Table S6 provides a summary of study
characteristics and findings of each study included in the analysis.

Characteristics of kidney transplant recipients with de
novo CRC
Across the 49 studies, there were 1855 KT recipients who
developed de novo CRC. The mean age at receipt of transplant
was 47.6 years (95%CI 45.9, 49.4 years; I2= 85.4%), while the mean
age at CRC diagnosis was 58.2 years (95%CI 56.4, 59.9 years;
I2= 90.1%). The mean time from transplant to CRC diagnosis was
8.7 years (95%CI 7.2, 10.3 years; I2= 98.3%) (Fig. 2). The majority of
KT patients with de novo CRC were male (55.4%; 95%CI 51.2%,
59.6%; I2= 1.1%), and 27.6% (95%CI 14.2%, 46.7%; I2= 40.2%) had
a history of smoking (Table 1).
De novo CRC was most commonly located in the ascending

colon (43.6%; 95%CI 29.5%, 58.9%; I2= 55.3%), followed by the
descending colon (28.6%; 95%CI 21.4%, 37.1%; I2= 0.0%), rectum
(25.4%; 95%CI 18.7%, 33.6%; I2= 0.0%), and transverse colon
(5.1%; 95%CI 2.0%, 12.7%; I2= 0.0%). Advanced stage (Stage III/IV)

Study
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Fig. 2 Forrest plot of mean time from KT to CRC diagnosis in years. The mean time from transplant to CRC diagnosis was 8.7 years (95%CI
7.2, 10.3 years; I2= 98.3%).
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CRC was found at diagnosis in 37.1% (95%CI 22.3%, 54.8%;
I2= 64.1%) of patients. Most of the tumors were moderately
differentiated (62.4%; 95%CI 46.7%, 75.9%; I2= 67.4%), and 21.9%
were mucinous or signet cell tumors (95%CI 4.2%, 60.8%;
I2= 71.5%) (Table 1).
Of all patients with de novo CRC, 68.8% underwent curative

intent treatment (95%CI 45.4%, 85.4%; I2= 65.4%). The pooled
rate of recurrence was 19.2% (95%CI 10.3%, 32.9%; I2= 0.0%).
There were 41.4% (95%CI 33.7%, 49.6%; I2= 32.9%) cancer-related
deaths or deaths that occurred with a functioning allograft
(Fig. 3a). The mean time to death after CRC diagnosis was 1.9 years
(95%CI 0.3, 3.5 years; I2= 78.7%), and the 5-year survival rate was
31.8% (95%CI 10.5%, 65.1%; I2= 82.5%) (Fig. 3b) (Table 1).

Study quality
There was high heterogeneity and variable quality among studies.
There were 32 (65.3%) studies that were graded as “Good Quality”,
13 (26.5%) studies as “Poor Quality”, and four (8.2%) studies as
“Fair Quality”. All studies did well in ascertaining the exposure and
allowed adequate amount of follow-up to observe outcomes.
There were a minority of studies (N= 19, 32.7%) that demon-
strated a process to ascertain that patients did not have a prior
history of CRC prior to KT (Table S5). In a meta regression analysis
of the study quality and its association with mean time to de novo
CRC diagnosis, 31.0% (R2= 31.0%) of the effect sizes may be
explained by the quality of data (Fig. S1). Though there is wide

variability in the reported results, the Egger’s test showed that
there was no evidence of publication bias (P= 0.29) (Fig. S2).

DISCUSSION
Despite the known risk of de novo CRC among KT recipients, there
is a dearth in the literature that describes the epidemiologic
characteristics and outcomes of these patients. Currently, the
empirical evidence on this topic is limited to small sample sizes
that lack generalizability. To our knowledge, this is the first
systematic review and meta-analysis that synthesizes the char-
acteristics and outcomes of this disease process. We found that de
novo CRC developed in just under 10 years after KT, with high
rates of advanced stage at diagnosis (37.1%), and low 5-year
survival (31.8%). As expected, there was heterogeneity among
studies with differing risks of bias. Though further rigorous
research is required in this population to definitively suggest
changes in practice, this meta-analysis may be an essential first
step to inform thoughtful screening guidelines and guide future
research in this high-risk population.
The molecular pathways of de novo CRC can yield important

insights towards immunosuppression management and mitigat-
ing its risk of oncogenesis, as each KT patient may also have their
own unique genetic predispositions. Four main pathways have
been implicated in the development of CRC: 1) chromosomal
instability (e.g., adenomatous polyposis coli [APC]), 2) mutations in

Table 1. Clinicodemographic characteristics of KT patients with de novo CRC.

Studies analyzed KT recipients analyzed

Characteristics (Total N= 49) (Total N= 1855) I2

Age (years), mean (95%CI)

At Transplantation 21 659 47.6 (45.9, 49.4) 85.4%

At CRC diagnosis 22 586 58.2 (56.4, 59.9) 90.1%

Time (years) from transplant to CRC diagnosis, mean (95%
CI)

28 589 8.7 (7.2, 10.3) 98.3%

Male, % (95%CI) 23 536 55.4% (51.2%, 59.6%) 1.1%

Smoking history, % (95%CI) 3 48 27.6% (14.2%, 46.7%) 40.2%

Location, % (95%CI)

Ascending 6 113 43.6% (29.5%, 58.9%) 55.3%

Transverse 3 79 5.1% (2.0%, 12.7%) 0.0%

Descending 8 126 28.6% (21.4%, 37.1%) 0.0%

Rectum 7 130 25.4% (18.7%, 33.6%) 0.0%

Stage at Diagnosis, % (95%CI)

Local 11 147 45.6% (37.7%, 53.7%) 26.0%

Advance 11 158 37.1% (22.3%, 54.8%) 64.1%

CEA at diagnosis, mean (95%CI) 2 29 4.99 (2.84, 7.14) 95.8%

Treatment, % (95%CI)

Curative 10 133 68.8% (45.4%, 85.4%) 65.4%

Palliative 6 80 26.3% (17.8%, 36.9%) 6.5%

Histology, % (95%CI)

Well Differentiated 3 79 16.5% (9.8%, 26.3%) 36.4%

Moderately Differentiated 4 112 62.4% (46.7%, 75.9%) 67.4%

Poorly Differentiated 5 113 11.5% (6.8%, 18.8%) 0.0%

Mucin or Signet 3 79 21.9% (8.9%, 44.8%) 71.5%

CRC Recurrence, % (95%CI) 3 47 19.2% (10.3%, 32.9%) 0.0%

Cancer-related Death, % (95%CI) 8 145 41.4% (33.7%, 49.6%) 32.9%

Time to death after CRC diagnosis (years), mean (95%CI) 5 58 1.9 (0.3, 3.5) 78.7%

5-year survival, % (95%CI) 7 158 31.8% (10.5%, 65.1%) 82.5%

KT kidney transplant, CRC colorectal cancer, CEA carcinoembryonic antigen.
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DNA mismatch repair (e.g., mutL homolog 1 [MLH1], MLH2), 3)
inappropriate activation of proto-oncogenes (e.g., Ras), and 4)
dysregulation of the phosphatidylinositol-3-kinase (PI3K) pathway
(Fig. 4) [4, 63, 64]. Of the four pathways, sporadic mutations
leading to chromosomal instability involving the APC gene are the
most prevalent and responsible for over 70% of all CRC [4, 65].
Higher CRC incidence has been associated with longer exposure
and higher doses of immunosuppression [66]. Solid organ
transplant recipients do not necessarily have different pathogenic
pathways towards CRC compared to the general population.
Rather, it is the immunosuppression that accelerates these
pathways and interferes with immune surveillance [41]. For
example, Christensen et al., found that patients with de novo
CRC had higher rates of mismatch repair and tumor mutation
burden [41]. Additionally, KT recipients who were treated with
calcineurin inhibitors were associated with higher rates of KRAS
mutations [2]. Conversely, mTOR inhibitors may have anti-
oncogenic properties as they were associated with decreased
rates of cancer development compared to other immunosuppres-
sion regimens [67]. These findings highlight the differential effects
of immunosuppression strategies on colorectal oncogenesis as
they often overlap in their mechanisms of action [68–70].
Despite the higher prevalence of CRC [2], KT recipients do not

receive specialized screening or surveillance schedules. Currently,
these patients are still considered as “average risk” and follow
screening intervals every 10 years just as the general population.
In a meta-analysis by Acuna et al., the European Best Practice
Guideline was the only guideline of 10 others that recommended
enhanced screening recommendations for solid organ transplant
recipients through fecal occult blood tests – though they did not
mention a specific screening frequency [8]. Among the liver
transplant community, the American Association for the Study of
Liver Disease (AASLD) recommends colonoscopies annually, but
only for liver transplant patients with another established risk

factor for CRC such as primary sclerosing cholangitis and
inflammatory bowel disease [8]. Through our meta-analysis, we
found that KT recipients develop de novo CRC in about 8 years,
providing evidence that suggests a specific, more frequent,
screening and surveillance strategy may be beneficial. Single-
center efforts, such as those from Kato et al., have found clinical
benefits after implementing an annual screening protocol to
screen for post-KT malignancy [40, 56, 71]. In this study, patients
who did not participate in the specialized screening protocol had
more than a 2.5-fold increased risk of malignancy [56]. Screening
guidelines for KT recipients should reflect the increased risk for
CRC incidence and aggressive tumor behavior. Further research
regarding the implementation of such guidelines and their
survival benefits is warranted.
Along with the timing of CRC screening and surveillance, the

modality used should also be considered. Although current
guidelines allow for the use of sigmoidoscopy for screening, this
may lead to higher false negative results, as our meta-analysis
showed that de novo CRC was most frequently found in the
ascending colon (43.6%). These findings underscore the impor-
tance of visualizing the entire colon through a full colonoscopy, as
a sigmoidoscopy will be inadequate to detect these tumors. In a
cross-sectional study of 229 KT recipients, one case of advanced
neoplasia was identified for every eight colonoscopies [40].
However, it is important to note that colonoscopies are more
invasive in nature and require more care coordination with each
patient’s social support system compared to other screening
modalities that can be performed without anesthesia, in the clinic
(e.g., sigmoidoscopy, fecal occult bleed tests [FOBT]), or collected
at home (e.g., Fecal immunochemical tests [FIT]). Care providers
should have an individualized discussion regarding the most
appropriate method for screening and surveillance. Annual FOBT
could be a non-invasive alternative to colonoscopies, and there is
evidence to show that its positive predictive value may increase as
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the severity of chronic kidney disease worsens due to the
immunosuppressive effects of uremia and tendency for occult
bleeding [72, 73]. FOBT efficacy among a cohort of KT patients still
requires further investigation, but there are reasons to conjecture
that it would perform more poorly, as KT recipients are
predisposed to gastrointestinal bleeding due to infectious
complications, angiodysplasia, drug toxicity, and mucosal inflam-
mation [72]. FIT has poor sensitivity (31.0%) but can be used to
supplement interval colonoscopies, as it has been shown to have
similar accuracy at detecting neoplasia with reasonable specificity
(90.5%) [40]. Annual FIT, followed by colonoscopy, has been
reported to have an incremental cost effective ratio of $22,309 per
life years saved with a 45% relative risk reduction in CRC-specific
mortality [74]. The larger KT community may benefit from
guideline recommendations similar to those receiving lung
transplantation for cystic fibrosis. In these cases, CRC surveillance
has been recommended to be performed within two years after
lung transplantation and every three years after [75]. At the bare
minimum, our findings suggest that KT recipients should be
recognized as a “high risk” subpopulation for developing CRC –
though not as high as known CRC syndromes such as
inflammatory bowel disease. Given that our meta-analysis showed
that CRC diagnosis occurs an average of 8.7 years after KT, the
potential survival benefits of more frequent screening, while also
considering its direct costs, a reasonable approach to screening
may involve interval colonoscopy every five years with or without
supplementation of annual screening through non-invasive
methods (e.g., FOBT, FIT). This screening interval, positioned
between those for the general population and high risk CRC
syndromes, may offer a balanced, cost-effective, and practical
strategy with survival benefits.

At the very least, our data suggest the importance of adherence
to CRC screening guidelines prior to transplantation given the
current recommended age for CRC surveillance in the general
population is now 45 years old [76]. The prevalence of advanced
neoplasia among solid organ recipients are also elevated at 9.2%,
which is over 2-fold of the general population [77]. It will be
important to screen for pre-malignant polyps in the pre-transplant
setting—polyps that could potentially advance to malignancy
once the post-transplant immunosuppression regimen begins.
Kwon et al. found that KT recipients were associated with 2.3 times
higher odds of developing advanced colonic neoplasms com-
pared to matched controls [3]. Among these patients, elderly age
and advanced neoplasms were independent risk factors of
developing advanced neoplasms [3]. Given the various modalities
of CRC screening, a personalized approach to screening can be
used in addition to sweeping guideline recommendations. Length
of exposure and intensity of maintenance immunosuppression
medications may interact with individual genetic predispositions
and family history of CRC that should be considered when
counseling screening intervals and immunosuppression strategies
[78]. Traditional, individual risk factors of CRC, such as smoking,
comorbidities, and viral-related cancers, are also at play. Previously
discussed standards for surveillance intervals may be shortened to
be more frequent considering the interactions of immunosup-
pression, family and individual history though future prospective
work is necessary.
There were several limitations to our systematic review and

meta-analysis. First, the level of heterogeneity among studies that
were included was fair and these findings should be interpreted
cautiously. Future research should emphasize comparisons with
the general population, and match for potential confounders (e.g.,
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sex, age), in order to better inform screening and surveillance
strategies. Prospective, multicenter collaboratives or construction
of dedicated registries for patients with de novo CRC with
systematic data collection may help moderate the heterogeneity
and biases we encountered. Second, the studies included in our
review did not have the granularity to account for differences in
immunosuppression regimen, country-specific epidemiology, and
screening practices for CRC. The studies that were included in our
meta-analysis spanned an international cohort encompassing
many countries, and it should be worth noting that the prevalence
of CRC differs from country to country depending on the unique
epidemiology of international cohorts. However, because de novo
CRC is such a rare occurrence, our meta analysis’s ability to pool
samples from different, international studies has wide general-
izability compared to smaller studies. Third, though we excluded
studies that included patient factors with known risks of de novo
CRC (e.g., inflammatory bowel disease, cystic fibrosis), these
patients may be inherently included in national kidney transplant
registries where these data were not specifically collected. Fourth,
our analyses were restricted by lack of data from each study
regarding their data missingness, time of follow-up, and cohort
censoring. Lastly, our review may be susceptible to publication
bias since only published, peer-reviewed articles were included.
Although our Egger’s test showed that the risk of publication bias
was low, there was high variability in the funnel plot analysis. Yet,
this ensures that the quality of studies is as high as possible.
Nevertheless, our systematic review and meta-analysis describing
the characteristics of de novo CRC in KT patients worldwide
highlights the need for more vigilant screening in a high-risk
population.

CONCLUSION
In summary, our systematic review and meta-analysis found that
de novo CRC may arise in under 10 years after KT. KT patients with
de novo CRC were associated with advanced stage disease at
diagnosis and poor 5-year survival. However, future prospective
research are warranted to more accurately inform screening or
surveillance guidelines as currently available studies in the
literature have wide heterogeneity and vary in quality.
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