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Introduction: This review aimed to present common points, intersections, and potential

interactions or mutual effects for hernia and cancer. Besides direct relationships, indirect

connections, and possible involvements were searched.

Materials and Methods: A literature search of PubMed database was performed in

July 2018 as well as a search of relevant journals and reference lists. The total number

of screened articles was 1,422. Some articles were found in multiple different searches.

A last PubMed search was performed during manuscript writing in December 2018 to

update the knowledge. Eventually 427 articles with full text were evaluated, and 264

included, in this review.

Results: There is no real evidence for a possible common etiology for abdominal

wall hernias and any cancer type. The two different diseases had been found to have

some common points in the studies on genes, integrins, and biomarkers, however, to

date no meaningful relationship has been identified between these points. There is also

some, albeit rather conflicting, evidence for inguinal hernia being a possible risk factor

for testicular cancer. Neoadjuvant or adjuvant therapeutic modalities like chemotherapy

and radiotherapy may cause postoperative herniation with their adverse effects on

tissue repair. Certain specific substances like bevacizumab may cause more serious

complications and interfere with hernia repair. There are only two articles in PubMed

directly related to the topic of “hernia and cancer.” In one of these the authors claimed

that there was no association between cancer development and hernia repair with mesh.

The other article reported two cases of squamous-cell carcinoma developed secondary

to longstanding mesh infections.

Conclusion: As expected, the relationship between abdominal wall hernias and cancer

is weak. Hernia repair with mesh does not cause cancer, there is only one case report

on cancer development following a longstanding prosthetic material infections. However,

there are some intersection points between these two disease groups which are worthy

of research in the future.
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INTRODUCTION

Cancer is one of the leading causes of major problems in human
health worldwide (1). The estimated global numbers of new
cancer cases and cancer deaths in 2018 are 17 million and
9.5 million, respectively (2). It is claimed “if a person lives
long enough, he or she will suffer cancer eventually” (3). The
debate continues about cancer development, whereby intrinsic
and extrinsic risk factors like genetic, lifestyle, and environmental
factors are implicated (4).

Abdominal wall hernias are very frequent surgical diseases.
Groin hernia repair constitutes the largest group, accounting
for ∼70% of all hernia repairs (5, 6). Globally, more than 20
million patients undergo groin hernia repair every year (7). By
a simple calculation, the estimated annual total number for all
types of hernia repairs worldwide may reach 30 million annually.
In terms of etiology, hernias are classified as either primary
or secondary hernias. Primary hernias may be congenital or
acquired (8–11). Unlike cancers, hernias are benign conditions
and cure without recurrence is possible in almost 95% of cases,
especially for groin hernias (12, 13), although the recurrence
rates are higher for ventral hernias (14–16). Morbidity is
also very low and the mortality rate is almost zero after
hernia repairs except for emergency repairs, especially in the
elderly (17–20).

Two different medical entities may be encountered with
regard to certain points. These potential intersection points
may share a common etiology, causing, initiating, promoting,
or aggravating each other as well as the responsiveness to the
same or similar treatment methods. Moreover, it should be
established whether a treatment method used for one of these
two conditions could have detrimental effects on the other one.
In this review we aimed to search common points, intersections
and potential interactions ormutual effects for hernia and cancer.
Besides direct relationships, indirect connections and possible
involvements were searched.

MATERIALS AND METHODS

A literature search of PubMed database was performed in July
2018 as well as a search of relevant journals and reference lists.
The following search terms were used to reach the potential
direct and indirect relationships between hernia and cancer:
“inguinal hernia and cancer,” “incisional hernia and cancer,”
“umbilical hernia and cancer,” “paraumbilical hernia and cancer,”
“femoral hernia and cancer,” “obturator hernia and cancer,”
“lumbar hernia and cancer,” “Spigelian hernia and cancer,”
“trocar site hernia and cancer,” “hernia mesh cancer,” “prosthetic
mesh cancer,” “chemotherapy and hernia,” “chemotherapy and
incisional hernia,” “radiotherapy and hernia,” “radiotherapy and
incisional hernia.” The total number of screened articles was
1,422. Some articles were found in multiple different searches. A
last PubMed search was performed during manuscript writing
in December 2018 to update the knowledge. Eventually 427
articles with full text were evaluated, and 264 included, in this
review (Figure 1).

RESULTS

In the literature there is no evidence for a possible common
etiology for abdominal wall hernias and any cancer type. The two
different diseases had been found to have some common points in
the studies on genes, integrins, and biomarkers, however, to date
no meaningful relationship has been identified between these
points. There is also some, albeit rather conflicting, evidence for
inguinal hernia being a possible risk factor for testicular cancer.

As a secondary type, incisional hernias were quite frequent
following abdominal surgery for cancer, not only after
laparotomy but also after a laparoscopic approach. Incisional
hernias after cancer surgery do not cause an increase in mortality,
but incarceration is associated with a worse outcome.

Neoadjuvant or adjuvant therapeutic modalities like
chemotherapy and radiotherapy may cause postoperative
herniation with their adverse effects on tissue repair. Certain
specific substances like bevacizumab may cause more serious
complications and interfere with hernia repair.

There are only two articles in PubMed directly related to the
topic of “hernia and cancer.” One of these is a retrospective
series of 1,894 patients undergoing hernia repair with mesh
(21). These patients were compared to a cohort control group
undergoing cholecystectomy. The authors claimed that there was
no association between cancer development and hernia repair
with mesh. The other article reported two cases of squamous-cell
carcinoma developed secondary to longstanding mesh infections
(22). Ten articles on the relationship between prostheticmaterials
and cancer development were also evaluated.

All the objective findings and the clues for potential
relationships were given in Table 1.

DISCUSSION

The findings obtained in the present search are now discussed
below together with some other relevant publications under
several separate subheadings.

Any Common Etiologic Factor?
To date, there are no data on a common etiology for abdominal
wall hernias and any types of cancer. Maybe we need to mention
obesity as a common risk factor for development of cancer and
hernias. Metabolic changes in obesity may contribute directly or
indirectly to cancer (23). There is evidence from epidemiologic
and preclinical studies for a relationship between obesity and
breast, prostate, esophageal, colorectal, pancreatic, liver, and
endometrial cancer as well as renal cell carcinoma (24, 25).
Some studies stressed the role of visceral obesity defined by waist
circumference instead of high body mass index (BMI) (26–30).

Obesity has also been implicated as a predisposing factor for
abdominal wall hernias. Although high BMI has been found to be
associated with a low incidence of inguinal hernias in both men
and women (31–33), obesity is thought to increase the incidence
of acquired ventral hernias (34). Obesity may also give rise to
trocar site hernia development (35). Moreover, higher recurrence
rates of different types of hernias after repair have been reported
in obese patients (36–38). It has also been reported that,
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FIGURE 1 | Flowchart of information through the different phases of analysis.

unlike elevated BMI (39), visceral obesity measured by visceral
fat volume, subcutaneous fat volume, total fat volume, and
waist circumference is strongly associated with incisional hernia
after colorectal surgery (40). Similarly, higher subcutaneous
fat deposition at the level of the umbilicus has been reported
as a risk factor for incisional hernia development following
surgery for colorectal cancer (41). Waist circumference is also
an independent risk factor for parastomal hernia development
(42). In addition, obesity has been implicated as a risk factor
for recurrence after incisional hernia repair (43) and umbilical
repair (37).

In the light of existing publications, although obesity does not
seem to be a common etiologic factor for cancer and hernias, it
constitutes an intersection point for the two diseases.

Smoking has been reported to be associated with not only
lung cancer but also with some other cancers (44–48). It has also
negative effects on survival, and smoking-cessation programs

could assure a longer life span (49–52). The effect of smoking
on hernia development is controversial. On the one hand, it has
been reported that smokers may develop more groin hernias
than non-smokers (53). Read showed that smokers have a higher
circulating serum elastolytic activity in comparison with non-
smokers (54). Serum elastolytic and protease substances were
higher in the blood of patients with inguinal hernia than in
controls (55). Jansen et al. identified smoking as a risk factor for
early onset of hernia disease (56). Nevertheless, a community-
based study from Sweden demonstrated that smokers had a 26%
lower risk of groin hernia (33). Another observational study
from Sweden again revealed that smoking was not a risk factor
for an increase in groin hernia repair (57). However, smoking
is a risk factor for incisional hernia, and it has been shown
that smokers have a 4-fold higher risk of incisional hernia
development (58). It has also been reported that smoking is
a risk factor for recurrence after groin hernia repairs, possibly
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TABLE 1 | Objective findings and the potential relationships for hernia and cancer.

Common etiologic factor No data on a common etiology for abdominal

wall hernias and any types of cancer.

Certain factors (e.g., obesity, smoking,

estrogens) may play role in both hernia and

cancer development in separate ways.

Role of genetics: genes,

biomarkers, etc.

Genetic factors may have a role in the etiology of

both cancer and abdominal wall hernias.

Positive family history may of importance in both.

Studies on some biomarkers may provide some

clues in the future.

Blockage of integrins Blockage with recombinant RGD disintegrin may

have protective effect on both tumor progression

and incisional hernia development.

Inguinal hernia as a possible

risk factor for testicular cancer

Data exist for a possible correlation between

childhood inguinal hernia and testicular cancer.

Do hernial diseases protect

against cancer

No objective findings.

Prognosis of patients with

incisional hernia

No effects unless incarceration develops,

however health-related quality of life is worse.

Adverse effects of

chemotherapy and/or

radiation therapy

They may cause postoperative herniation by

adverse effects on tissue repair. Certain specific

substances like bevacizumab may complicate

hernia repairs.

Can mesh cause cancer No direct causation relationship.

Case report for cancerogenesis on a

longstanding surgical site infection after mesh

repair.

Data exist for gynecologic sling procedures

possibly due to chronic irritation or infection.

due to abnormal connective tissue metabolism in smokers
(59). The mechanism for recurrence in smokers may be a
systemic protease/antiprotease imbalance thatmight cause fascial
degeneration, and adversely affect wound healing (60). On the
other hand, smoking has not been found to be a risk factor for
recurrence of umbilical (36) or inguinal hernias (56).

Like obesity, smoking does not seem to be a common etiologic
factor for cancer and hernias; moreover, the intersection points
are more obscure.

Estrogen is a well-established risk factor for many types of
cancer, particularly breast and endometrial cancer (61). The
primary mediators of estrogen action are estrogen receptor ERα

and ERβ. The oncogenic effects of estrogen are mainly via
ERα-mediated transcriptional activation of genes that play key
roles in cell proliferation or reduce apoptosis (61, 62). Today,
the effect of estrogen on tendons and ligaments is not well-
understood (63). Estrogen may inhibit the local inflammatory
response and impair wound healing (64). In a clinical study on
fibroblasts retrieved from recurrent hernia patients, it has been
shown that estradiol has no influence on the impaired type I
to type III collagen ratio (65). As early as 1960, Hazary and
Gardner reported that male mice given estrogen for prolonged
periods developed inguino-scrotal hernias (66). A very recent
study by Zhao et al. has also revealed that the shift from
androgen to estrogen causes inguinal hernia in male mice, and
this effect could be entirely prevented by an aromatase inhibitor

(67). Tamoxifen is a commonly used selective estrogen receptor
modulator that has been used for hormonal treatment of breast
cancer for a long time now (68, 69). Its side effects and potential
risks have been well-studied in women (70). The potential side
effects in men are infertility and gynecomastia (71). Ma et al.
reported that tamoxifen might cause hernia development in mice
by activating matrix metalloproteinase expression (72). These
interesting findings create an intersection for hernia and cancer
and future studies could provide more surprising results on
this topic.

Regarding mutual causation, there is no evidence and even
no argument about cancer development secondary to any hernia.
However, as discussed below, a low-grade contention has been
upheld suggesting that the prosthetic material used for hernia
repair induced carcinogenesis. On the contrary, abdominal wall
hernias may develop not because of the cancer itself but due to its
consequences, for example increased intra-abdominal pressure
secondary to an obstructive colon cancer or a large pelvic
tumor may cause herniation. The necessity for colorectal cancer
screening in patients with inguinal hernia will be discussed in an
upcoming part of this review.

Role of Genetics… Genes, Biomarkers and
More
Genetic factors may have a role in the etiology of both cancer
and abdominal wall hernias. The first studies on a genetic factor
for hernias were published in the 1970s (73, 74). In 1994,
Gong et al. suggested that most affected autosomal dominant
inheritance with incomplete penetrance (75). They found that
persons with indirect inguinal hernias might have inherited a
gene, more frequently from their father. In the new millennium,
genetic studies on inguinal hernias have gone much further. A
Swedish study revealed that a positive family history of hernia
surgery was a risk factor for abdominal wall hernias (76). Genetic
studies from China revealed that DNA sequence variants (DSVs)
might contribute to inguinal hernia development by changing the
transcriptional activities of TBX1, TBX2, TBX3, Sirtuin 1, and
GATA transcription factor 6 (GATA6) gene promoters (77–81).
Some of these genetic alterations may also play a role as etiologic
or prognostic factors in human cancers (82).

Jorgenson et al.’s genome-wide association study is worth
mentioning here (83). They found four novel loci for the
etiology of hernia development. These loci for inguinal hernia
susceptibility are EFEMP1, WT1, EBF2, and ADAMTS6. Wang
et al. demonstrated that EFEMP1 (epidermal growth factor-
containing fibulin-like extracellular matrix protein 1) might
enhance the expression of matrix metalloproteinase-2 (MMP-
2) and promote the migration and invasion of osteosarcoma
(84). The same group also reported that EFEMP1 promotes
ovarian cancer cell growth and metastasis (85), and is a
potential diagnostic biomarker for prostate cancer (86). WT1
gene, although it is a suppressor gene in kidney tumors, acts
as an oncogene in leukemia, lung cancer, breast cancer, and
glioblastoma (87).

Although we can see some intersections for hernia and cancer
above, none of these findings means very much today. Therefore,
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it is not possible to make any statement about a possible etiologic
factor. However, new clues could arise from newer genetic studies
on abdominal wall hernias.

This has been an interesting field where researchers aimed to
identify a particular biomarker for the prediction of abdominal
wall hernia development. A recent Dutch study found that
advanced glycation end products (AGEs) might be used as a
biomarker for incisional hernia. Measurements based on the
use of a Skin Auto Fluorescence (SAF) reader revealed that
AGEs were significantly higher in patients with incisional hernia
than in the control group (88). AGEs are harmful compounds
generated by non-specific glycation of proteins and lipids
which are related to cardiovascular diseases, arteriosclerosis, and
neurodegeneration (89). Likewise, they may have a possible role
in cancer initiation and progression (90). They have been thought
to promote a breast cancer cell line by enhancing proliferation,
invasion, and migration (91). On the other hand, it has been
shown that AGE treatment of ER+ breast cancer cells altered ERα

phosphorylation and promoted resistance to tamoxifen therapy
(92). A recent experimental study with a mouse model revealed
that advanced glycation end product Nǫ-carboxymethyllysine
could promote progression of pancreatic cancer (93). Another
animal study demonstrated that there might be a link between
AGEs and lung cancer (89).

Decreased collagen I/III ratios are now a well-known state
in incisional hernia patients. Rosch et al. by confirming this,
demonstrated that c-myc levels were significantly elevated in
patients with incisional hernia (94). c-MYC is among the most
frequently affected genes in human cancers, and has a pivotal
function in growth control, differentiation and apoptosis and
its abnormal expression is associated with many tumors (95).
Wang et al. reported that positive expression of C-myc resulted
in shorter disease-free survival and increasing recurrence rates in
triple negative breast cancer (96).

Calaluce et al. using microarray analysis, identified a distinct
gene expression profile in patients with recurrent incisional
hernia (97). They revealed an association between GREM1, a
bone morphogenetic protein antagonist 1, and incisional hernia
formation. GREM1 was underexpressed in skin and fascia of
patients with recurrent hernia compared with control subjects.

Although GREM1 might promote carcinogenesis (98), its
expression has also been shown to be associated with a good
prognosis in gastric and colorectal cancers (99–101).

As presented above, while at least some direct and indirect
evidence has been obtained for certain biomarkers in hernia
formation and for the relationship between these markers and
cancer, it is not possible to demonstrate a link between hernia
formation and carcinogenesis. Further studies may or may not
change the picture in the future.

An international, multicenter study group named ColoCare
has been recruiting colorectal cancer patients to identify biologic
markers to predict clinical outcomes (102). In one of their
studies they researched predictive biomarkers for incisional
hernia development after cancer surgery (103). Some proteins
including RNA polymerase III transcription factor, calreticulin,
estrogen receptor 1, and Harvey rat sarcoma viral oncogene
homolog were found to be higher in cases of postsurgical

incisional hernia. Furthermore, in gene set analysis, melanoma,
bladder cancer, focal adhesion, pathways in cancer, etc. had
a p < 0.05. Although there is a certain relationship between
these proteins and cancerogenesis (104–106), this does not mean
shared or similar etiological mechanisms for hernia development
and cancer. In fact, many proteins and genes play complex roles
in cancer biology; the same substance may have both promoter
and inhibiter effects on different levels of cancerogenesis and
metastatic disease.

What About Blockage of Integrins?
Integrins are the main receptor proteins that cells use to bind
to the extracellular matrix (107, 108). They consist of an α

and αβ subunits. The α2β1 mediates keratinocyte adhesion to
collagen I for epidermal wound healing (109). The αvβ3 integrin
is overexpressed by platelets, endothelial cells, macrophages,
and fibroblasts during wound healing. Inhibition of αvβ3
with antibody results in a decrease in the migration of these
cells and angiogenesis (110, 111). Integrins are involved in
many pathological conditions such as inflammation and tumor
progression (112). Several studies revealed that the angiogenic
and tumorogenic effects of αvβ3 could be prevented by a
novel recombinant RGD disintegrin (DisBa-01) produced from
a Brazilian snake (113, 114). This also works against metastasis
(115, 116). Moreover, the blockade with DisBa-01 may be
preventive against incisional hernia development. A recent
animal study from Brazil demonstrated that DisBa-01 increased
the number of macrophages and fibroblasts and no subject
treated with this recombinant disintegrin developed incisional
hernia (117). The authors concluded that this might be a
promising therapeutic tool in wound healing and incisional
hernia prevention. In fact, these findings may not only present
a hope for lower incisional hernia rates in the future but may
also reflect a common etiological factor for cancer and a type of
abdominal hernias.

Inguinal Hernia as a Possible Risk Factor
for Testicular Cancer
Till today, no series has been published revealing a high incidence
of any cancer type in patients with abdominal wall hernias, or
vice versa. However, there are reports of a correlation between
inguinal hernia and testicular cancer. Earlier reports on this topic
were very close to implicating childhood inguinal hernia in the
development of testicular tumors. In 1976, Morrison reported
that the testicular cancer risk was almost three times higher in
men who had had an inguinal hernia than in those who had
not, with no association seen between the side of hernia and side
of tumor (118). Coldman et al. confirmed this relationship in a
series of 128 patients with testicular seminoma (119). They found
that the probability of testicular tumor was higher in patients with
inguinal hernia. That effect was even greater in the presence of
concomitant cryptorchidism. In fact, congenital inguinal hernia
is secondary to incomplete obliteration of the processus vaginalis,
whereas an undescended testis is another aspect of the same
process. This might indicate a common etiology. A UK study
also reported that inguinal hernia was a risk factor for testicular
cancer; hernia repair before the age of 15 years was a risk factor
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for seminoma (120). Likewise, a USA study reported that a hernia
operation after age 7 years presented a significantly elevated
risk of testicular cancer (121). In 1994, the United Kingdom
Testicular Cancer StudyGroup reconfirmed that testicular cancer
may be associated with inguinal hernia (122). This risk is higher
when the age of diagnosis is <15 years. One year later, Gallagher
et al. reported that inguinal hernia requiring surgery was a risk
factor for testicular cancer (123). Nevertheless, just after, two
case-control studies from Denmark stated that inguinal hernia
was not a risk factor for testicular cancer in the absence of
cryptorchidism or testicular atrophy (124).

When we evaluated more recent data, a study from the Slovak
Republic revealed that inguinal hernia was one of the most
prominent risk factors for testicular cancer (125). More than 11%
of the testicular cancer patients also had a history of inguinal
hernia in the report of the International Testicular Cancer
Linkage Consortium (126). A recent meta-analysis showed that
previous inguinal hernia is a consistent factor with an increased
risk of testicular cancer (1·63, 1·37–1·94) (127). The report of
the ESMO Consensus Conference on testicular germ cell cancer
stressed this relationship (128). As a bottom line, we can say
that the relationship between the testicular tumors and inguinal
hernia is definitely a point where the roads of cancer and
hernia intersect.

Read’s Theory: Do Hernial Diseases
Protect Against Cancer?
Raymond C. Read, the father of the term “herniologist,”
hypothesized that the circumstances that cause abdominal wall
hernias could have a protective effect against cancer development
(129). Starting from the changes in collagen metabolism in
patients with hernias, he stressed the biochemical evidence
available for the extracellular matrix (ECM) in patients with
colonic diverticulosis. Both hernia patients and diverticulosis
patients have a lower collagen type I/type III ratio. He cited
Schumpelick et al. studies that revealed a significantly reduced
incidence of diverticula in patients with colon cancer (130–
132). Indeed, an Aachen group scrutinized this subject and
published several related papers, however, they never mentioned
any pathways involving hernia disease. Later, Filik and Biyikoglu
wrote a letter to Read’s editor and agreed with him on a possible
preventive effect of diverticulosis against colonic cancer (133).
Read, in his response to this letter, stressed the importance of the
ECM again by citing the work of Ghajar and Bissell’s study on
mammary gland tumorigenesis in which the authors described
the ECM as “more than just a scaffold.” This study from the
Life Sciences Division of Lawrence Berkeley National Laboratory
Interaction stated that the changes in ECM composition and
structure disrupt tissue organization, and interaction with the
ECM influences malignant progression (134). Nevertheless,
no objective findings have been presented to date about the
protective effects of hernia disease against cancer.

Another topic related to the above one is the difference in
incisional hernia rates after surgery for diverticulitis and cancer.
Pogacnik et al. reported that the incidence of incisional hernia
following sigmoidectomy for diverticulitis was significantly

higher in comparison with cancer surgery (135). The authors
speculated that several factors including collagen tissue disorder
might play a role for this finding. Prasad et al. criticized this paper
in a letter by pointing to the fact that diverticulosis is already
present in almost half of patients with colon cancer and this
may create a bias when interpreting the result of the study by
Prasad et al. (136). Very recently, Tang et al. reported that the
incisional hernia rate was higher in patients undergoing surgery
for diverticular disease than in patients with colorectal cancer
(137). They did not give any reason for this difference. This topic
seems to need more work to permit a solid conclusion.

Abdominal Surgery for Cancer as an
Etiologic Factor for Hernia Development
A certain number of laparotomies results in incisional hernias.
Therefore, abdominal surgery for cancer is the main cause of
herniation through laparotomy incision. Herniation can be seen
at the port sites used for laparoscopic surgery for cancers (138).
For example, 5–50% of the patients who undergo open surgery
for colorectal cancer develop an incisional hernia (139, 140).
Stoma creation is an important part of colorectal cancer surgery.
Herniation through the stoma site, the entity named parastomal
hernia, is not rare (141, 142). Its treatment is also challenging
(143). These issues will be addressed as specific topics in separate
parts of this review. Surgical treatment of prostate cancer may
not only result in incisional hernia but also in inguinal hernia
(144, 145). This will also be discussed as a separate topic later on.

Does Incisional Hernia Development Affect
Cancer Prognosis?
This is an interesting question. There is only one study that
evaluated this subject. Jensen et al. studied the impact of
incisional hernia on mortality in patients who had undergone
colorectal cancer surgery (146). Seven per cent of 9,214 patients
were diagnosed with a herniation after a median 6.4 years
of follow-up. This diagnosis was not linked to an increase
in mortality but incarceration was associated with a worse
outcome. The authors reported a 7.7% 30-day mortality rate
after incarcerated incisional hernia in comparison with 0.85 for
uncomplicated ones.

A very recent national prospective cohort study from
Denmark focused on the impact of incisional hernia on
health-related quality of life after cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy (147). CRS +

HIPEC do not increase the risk of incisional hernia as measured
within 12 months postoperatively, but when developed,
incisional hernia adversely affected health-related quality of
life. Patients with incisional hernia suffered a reduction in work
and daily activities because of the effects on their physical and
psychological health. This study did not provide any information
on differences in prognosis or mortality rates.

Adverse Effects of Treatment Methods
When it comes to treatment there are no therapeutic methods to
which both hernia and cancer respond well. Surgical intervention
is the treatment of choice for both entities but there is no other
common point. However, there are always possibilities that the
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treatment method used for one disease could have adverse effects
on the other.

Tamoxifen is a tool for hormonal therapy for breast cancer.
Hernia development due to tamoxifen use in mice, by activating
matrix metalloproteinase expression, is discussed above.

Chemotherapy and radiotherapy for cancers have well-known
adverse effects on wound healing (148). However, these effects
have been mostly evaluated in animal studies (149–152). Human
and animal studies revealing conflicting results were obtained
regarding the collagen content of the irradiated tissues and the
ratios for different collagen types (153–161). It has also been
demonstrated that radiation might cause terminal differentiation
of human fibroblasts (162). Interestingly, any given specific
chemotherapeutic agent may impair wound healing, but a
combination of some others can reverse this effect (152).

The evidence available for human beings is rather sparse.
The studies are retrospective because of the nature of the
subject. There is a paucity of data, especially about the
effects of radiotherapy on abdominal wall hernia surgery.
A relatively large study from MD Anderson Cancer Center
revealed that previous radiotherapy did not affect the outcomes
after midline abdominal wall reconstruction with preperitoneal,
intraperitoneal, or retromuscular mesh placement (163). Hernia
recurrence rates and time to recurrence were similar for patients
who received or did not receive radiotherapy. Likewise, mesh
infection, mesh removal, and reoperation rates did not differ.

Neoadjuvant chemotherapy has been shown to be
related to delayed healing and wound complications after
abdominoperineal resection (164). Early postoperative
intraperitoneal chemotherapy reduces collagen accumulation
in human subjects (165). Adjuvant chemotherapy is also
thought to impair postoperative wound healing, hence its
administration is generally delayed until complete recovery
from surgery. However, there is some conflicting evidence that
chemotherapeutic agents might not adversely affect wound
healing in the early period (166).

The effects of chemotherapy and/or radiotherapy on
incisional hernia development have not been studied widely
or specifically. Rettenmaier et al. found that radiotherapy
and treatment with bevacimuzab and liposomal doxorubicin
were significant factors for accelerated incisional hernia
development in gynecologic cancer patients (167). Recently,
Itatsu et al. reported that preoperative chemotherapy
was one of the independent factors for incisional hernia
development (168). Conversely, Fazekas et al. stated that
neither preoperative/adjuvant chemotherapy nor preoperative
radiotherapy was a risk factor for incisional hernia following
ileostomy reversal in colorectal cancer patients (169). Similarly,
Oliphant et al. found that adjuvant chemotherapy might
cause more stoma complications after surgery for colorectal
cancer, but there was no rise in the frequency of paratomal
hernia (170). Likewise, Struller et al. claimed that hyperthermic
intraperitoneal chemotherapy along with cytoreductive surgery
was not associated with an increased risk of incisional hernia
development (171).

Bevacizumab is an antiangiogenic agent and is used in
combined chemotherapy as a monoclonal antibody. It provides

promising results even in resistant malignancies and metastatic
diseases (172, 173). Its efficacy generally comes with good
safety (174) but it may increase the incidence of wound-
healing complications (175), and even serious intra-abdominal
complications like intestinal fistula have also been reported (176–
178). Eriksen and Bulut reported a case of enterocutaneous
fistula after perineal hernia repair with biological mesh (177).
The patients had undergone abdominoperineal resection and
been put on a chemotherapy protocol including bevacizumab
6 weeks earlier. It was reported that pelvic floor reconstruction
with biological mesh was superior to synthetic mesh use
regarding the complications like erosion and infection (0 vs.
4%, and 0 vs. 13%) (179). Therefore, Eriksen and Bulut
claimed that enterocutaneous fistula was an adverse effect
of bevacizumab (177). Initial Safety Report of NSABP C-08
study revealed that wound complications including symptomatic
incisional hernia were more common after 1 year in the
patients given bevacizumab (180). Another safety study among
patients receiving neoadjuvant chemotherapy for advanced stage
peritoneal and ovarian cancer found that one out of 11 patients
who received a protocol including bevacizumab developed
incisional hernia following interval debulking surgery, whereas
no herniation was recorded in 13 patients who did not receive
this agent (181). Although the incisional hernia rates were 9 vs.
0%, the groups were very small and it is not possible to report a
significant difference.

One interesting case related to bevacizumab use was reported
from Greece (182). A patient receiving chemotherapy plus
bevacizumab for colorectal liver metastasis had developed an
incarcerated recurrent incisional hernia 2 weeks after the last
administration of the protocol. Despite the risk of impaired
wound healing and infection, an emergency hernia repair had
been decided. The surgical team had used a biological mesh
for repair. The patient did not develop recurrence after 1
year postoperatively.

Corticosteroids are known to have detrimental effects on
wound healing and collagen metabolism (183–185). In a review
article, Gopal and Warrier reported that long-term steroid
therapy may be involved in recurrence after groin hernia
repair (60).

They are sometimes involved in chemotherapy protocols for
cancer patients. Therefore, combination chemotherapy protocols
including corticosteroids may have some effects on incisional
hernia development after abdominal cancer surgery or outcomes
of mesh-based repair in cancer patients. However, to date
there are no precise data in the literature on this particular
subject. Recently, a prospective randomized study was registered
to research the effects of preoperative administration of high-
dose glucocorticoid to improve recovery and decrease the
length of hospital stay in patients undergoing abdominal wall
reconstruction. This interesting study is expected to document
the impact of glucocorticoids on wound healing in hernia
patients, as a secondary outcome measure (186).

In fact, the use of mesh for hernia repair in patients
receiving chemotherapy is an important issue. However, to date
the surgical site infection rates and recurrence risk have not
been studied well. Immunosuppression due to chemotherapeutic
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agents or malignancy itself can not only increase the infection
risk but may also result in higher recurrence rates because
of impaired inflammatory response to tissue integration and
scar formation. A retrospective series revealed that surgical site
occurrence rates after incisional hernia repair with biological
mesh did not differ between the groups receiving or not receiving
chemotherapy (187). However, some problems might arise
when synthetic meshes are used instead of expensive biological
meshes. A recent controlled clinical study among patients
undergoing chemotherapy for colon or ovarian cancer found that
significantly more complications were associated with synthetic
mesh use in comparison with biological meshes (188). A case
of synergistic gangrene after incisional hernia repair with large
porous polypropylene mesh in inlay position was also presented
(189). The patient’s body mass index was 50 and his primary
disease was chronic lymphoblastic leukemia. Surprisingly, mesh
salvage was achieved after observing healthy granulation tissue
over the mesh following extensive surgical debridement.

Some groups have used biological meshes for abdominal
wall closure after cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy. They reported that this technique
might prevent subsequent incisional development, but at a
cost of high infection rates and even enterocutaneous fistula
formation (190, 191).

Another pharmacologic agent that deserves to be mentioned
in this review is rapamycin. It has both immunosuppressant
and anti-tumor properties (192). An experimental study from
Germany revealed that rapamycin inhibits vascularization
around synthetic mesh (193). This effect was found to be
dose dependent. Animals receiving rapamycin showed markedly
reduced amount of collagen fibers in the granulation tissue. The
authors recommended against the use of rapamycin in patients
undergoing incisional hernia repair.

Hernia Meshes: Can They Cause Cancer?
Cancer is a group of diseases characterized by uncontrolled
growth and spread of abnormal cells. It develops over time with
many molecular changes that eventually produce malignancy
(194). Both intrinsic and extrinsic factors may play a role (195–
197). Certain chemicals have been implicated as carcinogens.
Chemical carcinogens may cause DNA damage and contribute
to cancer development (198, 199). It was also shown that solid
objects/materials may initiate malignancies at the site of use
under certain circumstances. The development of these tumors
is thought to be dependent on the physical nature rather
than the chemical nature of the material used. This was first
reported by Turner in 1941 (200). Sarcoma developed around
a plastic disk used as a subcutaneous implant in an animal
study. In another experimental animal study, Zollinger reported
that tumor induction could be produced by foreign bodies
without the involvement of chemical carcinogens (201). He
showed that tumors might arise as a result of the proliferative
irritant effect of the plastic capsule on renal tissue. Nevertheless,
when plastic fragments were implanted subcutaneously no
tumor development was observed. This type of localized
tumorigenic effect has become known as solid-state or foreign-
body carcinogenesis. Many other materials like Dacron, nylon,

polyethylene, polyvinyl chloride, silk, silastic, Teflon have been
demonstrated to induce foreign-body carcinogenesis (202).
There might be a latent period before the appearance of the
tumors which could be correlated with the length of time
necessary for polymer breakdown and the slow rate of release
of the breakdown products, since carcinogenic activity would
then be a cumulative function of this degradation (202). The
development of implantation site tumors has also been correlated
with the size of the implant: the greater the surface area of the
implant, the higher the tumor incidence (203).

Patients for whom mesh repair of abdominal wall hernias is
indicated sometimes ask the surgeons whether hernia meshes
can cause cancer (204). The ideal mesh was described as being
chemically inert and devoid of a carcinogenic effect (205). To
date, there is no strong evidence about the role of prosthetic
materials in cancer development as an extrinsic factor. In 2002,
after reviewing the studies on the analyses of molecular markers
of proliferation and the modulation of heat shock proteins,
Ghadimi et al. stated that there was no evidence suggesting that
human beings develop malignant tumors due to mesh (206).
In 2014, Moalli et al. concluded that the potential carcinogenic
risk presented by polypropylene meshes was extremely low
(207). The only evidence of a relationship between cancer and
polypropylene meshes has been obtained from animal studies
and the risk of carcinogenesis in humans has not been confirmed.

Very recently, Chughtai et al. revealed that mesh-based hernia
repair was not associated with an increased risk of subsequent
development of cancer in men (21). They compared patients
who underwent hernia repair with a group of control patients
who underwent cholecystectomy or total knee replacement.
Cancer development rates did not differ between the patient
groups. To date, no study has addressed the same subject in
the women, but polypropylene meshes used for gynecologic
procedures have been implicated as a potential risk factor for
cancer development in women. The suggested mechanism is
based on an inflammatory reaction to the meshes and the
subsequent oxidative process and free radical release, such as
hydrogen peroxide (208, 209). Furthermore, some potentially
toxic substances released from the degradedmesh can causemore
complex inflammatory reactions and cascades (208). Bacterial
contamination and proliferation may also contribute to further
tissue reactions.

Birolini et al. reported that it was not the mesh itself but
the mesh-related chronic infection and inflammation that can
cause cancer (22). They recorded two cases of squamous-
cell carcinoma in the abdominal wall secondary to long-term
mesh infection. The mechanism is probably similar to the
Marjolin’s ulcers of burns. The authors resected the tumor
and the affected bowel and, interestingly, reconstructed the
abdominal wall using polypropylene mesh again. The prognosis
was very poor. The authors concluded that infected meshes
must be excised completely without delay. Apart from these two
cases reported by Birolini et al. there is no single one case of
malignancy related to mesh repairs for abdominal wall hernias
in the literature.

Surgery involving the use of prosthetic mesh is not limited to
the treatment of abdominal wall hernias. Similar materials are
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also used in urogenital surgical procedures, especially in sling
techniques for stress urinary incontinence (210). Recently a case
of clear cell carcinoma associated with delayed extrusion of mid-
urethral polypropylene tape was reported 10 years after insertion
(211). The authors’ explanation for malignant degeneration
was a possible mutation due to longstanding chronic tissue
inflammation caused by mesh as a foreign body. Two interesting
cases were reported by Ahuja et al. (212) of female patients
who had undergone urogenital sling procedure with mersilene
and polypropylene meshes. Cancer was diagnosed by endoscopic
biopsy, and the patients underwent radical cancer surgery along
with complete mesh excision over the sacrum. Both tumors
were attached to the meshes, therefore the authors thought that
chronic irritation due to mesh could be a contributory factor
for cancerogenesis. King et al. studied this subject in a group
of 2,361 patients who underwent polypropylene mid-urethral
sling placement (213). They detected just one case of bladder
cancer and one case of vaginal cancer, and no sarcomas after the
sling procedure. The rate was practically zero per cent. A recent
editorial by Goldman and Dwyer stated that surgeons should

continue to reassure their patients of the low risk of cancer after
the use of polypropylene grafts (214).

What Is Later On
This review has been planned to comprise several parts. The
present one is an overview of general issues about hernia
and cancer. The forthcoming parts will be on specific types of
cancers like urogenital cancers (oriented on prostate cancer),
cancers of gastrointestinal tract (oriented on colorectal cancer)
and oncologic surgery that compromise the integrity of the
abdominal wall by direct or indirect ways (primary abdominal
wall tumors and reconstructive surgery for breast cancer
patients), primary or metastatic cancers that mimic hernias, and
miscellaneous subjects about hernia and cancer intersections.

AUTHOR CONTRIBUTIONS

HK: study design, literature search, concept of manuscript,
manuscript writing, critical overview. FK: concept of manuscript,
critical overview, final submission.

REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin.

(2018) 68:7–30. doi: 10.3322/caac.21442
2. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer

statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin. (2018) 68:394–424.
doi: 10.3322/caac.21492

3. Trendowski M. The rhetoric of cancer. Cancer Causes Control. (2014)
25:1243–6. doi: 10.1007/s10552-014-0428-9

4. Thomas F, Roche B, Ujvari B. Intrinsic versus extrinsic cancer
risks: the debate continues. Trends Cancer. (2016) 2:68–9.
doi: 10.1016/j.trecan.2016.01.004

5. Seker G, Kulacoglu H, Öztuna D, Topgül K, Akyol C, Çakmak A, et al.
Changes in the frequencies of abdominal wall hernias and the preferences
for their repair: a multicenter national study from Turkey. Int Surg. (2014)
99:534–42. doi: 10.9738/INTSURG-D-14-00063.1

6. Dabbas N, Adams K, Pearson K, Royle G. Frequency of abdominal wall
hernias: is classical teaching out of date? JRSM Short Rep. (2011) 2:5.
doi: 10.1258/shorts.2010.010071

7. HerniaSurge Group. International guidelines for groin hernia management.
Hernia. (2018) 22:1–165. doi: 10.1007/s10029-017-1668-x

8. van Wessem KJ, Simons MP, Plaisier PW, Lange JF. The etiology of
indirect inguinal hernias: congenital and/or acquired?Hernia. (2003) 7:76–9.
doi: 10.1007/s10029-002-0108-7

9. Jiang ZP, Yang B, Wen LQ, Zhang YC, Lai DM, Li YR, et al. The etiology
of indirect inguinal hernia in adults: congenital or acquired? Hernia. (2015)
19:697–701. doi: 10.1007/s10029-014-1326-5

10. Öberg S, Andresen K Rosenberg J. Etiology of inguinal
hernias: a comprehensive review. Front Surg. (2017) 4:52.
doi: 10.3389/fsurg.2017.00052

11. Earle DB, McLellan JA. Repair of umbilical and epigastric hernias. Surg Clin
North Am. (2013) 93:1057–89. doi: 10.1016/j.suc.2013.06.017

12. Schmidt L, Öberg S, Andresen K, Rosenberg J. Recurrence rates after repair
of inguinal hernia in women: a systematic review. JAMA Surg. (2018)
153:1135–42. doi: 10.1001/jamasurg.2018.3102

13. Ramjist JK, Dossa F, Stukel TA, Urbach DR, Fu L, Baxter NN. Reoperation
for inguinal hernia recurrence in Ontario: a population-based study.Hernia.
(2018). doi: 10.1007/s10029-018-1822-0. [Epub ahead of print].

14. Venclauskas L, Jokubauskas M, Zilinskas J, Zviniene K, Kiudelis M.
Long-term follow-up results of umbilical hernia repair. Wideochir

Inne Tech Maloinwazyjne. (2017) 12:350–6. doi: 10.5114/wiitm.
2017.70327

15. Hajibandeh S, Hajibandeh S, Sreh A, Khan A, Subar D, Jones L. Laparoscopic
versus open umbilical or paraumbilical hernia repair: a systematic review and
meta-analysis. Hernia. (2017) 21:905–16. doi: 10.1007/s10029-017-1683-y

16. Köckerling F. Onlay technique in incisional hernia repair-a systematic
review. Front Surg. (2018) 5:71. doi: 10.3389/fsurg.2018.00071

17. Kao AM, Huntington CR, Otero J, Prasad T, Augenstein VA, Lincourt
AE, et al. Emergent laparoscopic ventral hernia repairs. J Surg Res. (2018)
232:497–502. doi: 10.1016/j.jss.2018.07.034

18. Khorgami Z, Hui BY, Mushtaq N, Chow GS, Sclabas GM. Predictors of
mortality after elective ventral hernia repair: an analysis of national inpatient
sample. Hernia. (2018). doi: 10.1007/s10029-018-1841-x. [Epub ahead of
print].

19. Kulah B, Kulacoglu IH, Oruc MT, Duzgun AP, Moran M, Ozmen MM, et al.
Presentation and outcome of incarcerated external hernias in adults. Am J

Surg. (2001) 181:101–4. doi: 10.1016/S0002-9610(00)00563-8
20. Kulah B, Duzgun AP, Moran M, Kulacoglu IH, Ozmen MM, Coskun F.

Emergency hernia repairs in elderly patients. Am J Surg. (2001) 182:455–9.
doi: 10.1016/S0002-9610(01)00765-6

21. Chughtai B, Sedrakyan A, Thomas D, Mao J, Eilber KS, Clemens JQ, et al. No
increased risk of carcinogenesis with mesh-based hernia repairs. Am J Surg.

(2018) 216:481–6. doi: 10.1016/j.amjsurg.2017.11.037
22. Birolini C, Minossi JG, Lima CF, Utiyama EM, Rasslan S. Mesh cancer: long-

term mesh infection leading to squamous-cell carcinoma of the abdominal
wall. Hernia. (2014) 18:897–901. doi: 10.1007/s10029-013-1083-x

23. Gallagher EJ, LeRoith D. Obesity and diabetes: the increased risk
of cancer and cancer-related mortality. Physiol Rev. (2015) 95:727–48.
doi: 10.1152/physrev.00030.2014

24. Allott EH, Hursting SD. Obesity and cancer: mechanistic insights
from transdisciplinary studies. Endocr Relat Cancer. (2015) 22:R365–86.
doi: 10.1530/ERC-15-0400

25. Pischon T, Nimptsch K. Obesity and Risk of Cancer: An
Introductory Overview. Recent Results Cancer Res. (2016) 208:1–15.
doi: 10.1007/978-3-319-42542-9_1

26. Dong Y, Zhou J, Zhu Y, Luo L, He T, Hu H, et al. Abdominal obesity and
colorectal cancer risk: systematic review and meta-analysis of prospective
studies. Biosci Rep. (2017) 37:BSR20170945. doi: 10.1042/BSR20170945

27. Du X, Hidayat K, Shi BM. Abdominal obesity and gastroesophageal cancer
risk: systematic review and meta-analysis of prospective studies. Biosci Rep.
(2017) 37:BSR20160474. doi: 10.1042/BSR20160474

Frontiers in Surgery | www.frontiersin.org 9 April 2019 | Volume 6 | Article 19

https://doi.org/10.3322/caac.21442
https://doi.org/10.3322/caac.21492
https://doi.org/10.1007/s10552-014-0428-9
https://doi.org/10.1016/j.trecan.2016.01.004
https://doi.org/10.9738/INTSURG-D-14-00063.1
https://doi.org/10.1258/shorts.2010.010071
https://doi.org/10.1007/s10029-017-1668-x
https://doi.org/10.1007/s10029-002-0108-7
https://doi.org/10.1007/s10029-014-1326-5
https://doi.org/10.3389/fsurg.2017.00052
https://doi.org/10.1016/j.suc.2013.06.017
https://doi.org/10.1001/jamasurg.2018.3102
https://doi.org/10.1007/s10029-018-1822-0
https://doi.org/10.5114/wiitm.2017.70327
https://doi.org/10.1007/s10029-017-1683-y
https://doi.org/10.3389/fsurg.2018.00071
https://doi.org/10.1016/j.jss.2018.07.034
https://doi.org/10.1007/s10029-018-1841-x
https://doi.org/10.1016/S0002-9610(00)00563-8
https://doi.org/10.1016/S0002-9610(01)00765-6
https://doi.org/10.1016/j.amjsurg.2017.11.037
https://doi.org/10.1007/s10029-013-1083-x
https://doi.org/10.1152/physrev.00030.2014
https://doi.org/10.1530/ERC-15-0400
https://doi.org/10.1007/978-3-319-42542-9_1
https://doi.org/10.1042/BSR20170945
https://doi.org/10.1042/BSR20160474
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Kulacoglu and Köckerling Hernia and Cancer

28. Hidayat K, Du X, Chen G, Shi M, Shi B. Abdominal obesity and lung cancer
risk: systematic review and meta-analysis of prospective studies. Nutrients.
(2016) 8:E810. doi: 10.3390/nu8120810

29. Genkinger JM, Kitahara CM, Bernstein L, Berrington de Gonzalez A,
Brotzman M, Elena JW, et al. Central adiposity, obesity during early
adulthood, and pancreatic cancer mortality in a pooled analysis of cohort
studies. Ann Oncol. (2015) 26:2257–66. doi: 10.1093/annonc/mdv355

30. Boehm K, Sun M, Larcher A, Blanc-Lapierre A, Schiffmann J, Graefen
M, et al. Waist circumference, waist-hip ratio, body mass index, and
prostate cancer risk: results from the North-American case-control study
Prostate Cancer & Environment Study. Urol Oncol. (2015) 33:494.e1–7.
doi: 10.1016/j.urolonc.2015.07.006

31. Liem MS, van der Graaf Y, Zwart RC, Geurts I, van Vroonhoven
TJ. Risk factors for inguinal hernia in women: a case-control
study. The Coala Trial Group. Am J Epidemiol. (1997) 146:721–6.
doi: 10.1093/oxfordjournals.aje.a009347

32. Ruhl CE, Everhart JE. Risk factors for inguinal hernia among adults in the US
population. Am J Epidemiol. (2007) 165:1154–61. doi: 10.1093/aje/kwm011

33. Rosemar A, Angerås U, Rosengren A. Body mass index and groin hernia:
a 34-year follow-up study in Swedish men. Ann Surg. (2008) 247:1064–8.
doi: 10.1097/SLA.0b013e31816b4399

34. Lau B, Kim H, Haigh PI, Tejirian T. Obesity increases the odds of
acquiring and incarcerating noninguinal abdominal wall hernias. Am Surg.

(2012) 78:1118–21.
35. Erdas E, Dazzi C, Secchi F, Aresu S, Pitzalis A, Barbarossa M, et al.

Incidence and risk factors for trocar site hernia following laparoscopic
cholecystectomy: a long-term follow-up study. Hernia. (2012) 16:431–7.
doi: 10.1007/s10029-012-0929-y

36. Asolati M, Huerta S, Sarosi G, Harmon R, Bell C, Anthony
T. Predictors of recurrence in veteran patients with umbilical
hernia: single center experience. Am J Surg. (2006) 192:627–30.
doi: 10.1016/j.amjsurg.2006.08.022

37. Shankar DA, Itani KMF, O’Brien WJ, Sanchez VM. Factors associated with
long-term outcomes of umbilical hernia repair. JAMA Surg. (2017) 152:461–
6. doi: 10.1001/jamasurg.2016.5052

38. Rosemar A, Angerås U, Rosengren A, Nordin P. Effect of body
mass index on groin hernia surgery. Ann Surg. (2010) 252:397–401.
doi: 10.1097/SLA.0b013e3181e985a1

39. Aquina CT, Rickles AS, Probst CP, Kelly KN, Deeb AP, Monson JR,
et al. Muscle and adiposity research consortium (MARC). Visceral
obesity, not elevated BMI, is strongly associated with incisional
hernia after colorectal surgery. Dis Colon Rectum. (2015) 58:220–7.
doi: 10.1097/DCR.0000000000000261

40. Yamamoto M, Takakura Y, Ikeda S, Itamoto T, Urushihara T, Egi H. Visceral
obesity is a significant risk factor for incisional hernia after laparoscopic
colorectal surgery: a single-center review. Asian J Endosc Surg. (2018)
11:373–7. doi: 10.1111/ases.12466

41. Yamada T, Okabayashi K, Hasegawa H, Tsuruta M, Abe Y, Ishida T, et al. Age,
Preoperative subcutaneous fat area, and open laparotomy are risk factors for
incisional hernia following colorectal cancer surgery.Ann Surg Oncol. (2016)
23 (Suppl. 2):S236–41. doi: 10.1245/s10434-015-4462-y

42. De Raet J, Delvaux G, Haentjens P, VanNieuwenhove Y.Waist circumference
is an independent risk factor for the development of parastomal
hernia after permanent colostomy. Dis Colon Rectum. (2008) 51:1806–9.
doi: 10.1007/s10350-008-9366-5

43. Sauerland S, Korenkov M, Kleinen T, Arndt M, Paul A. Obesity is a risk
factor for recurrence after incisional hernia repair. Hernia. (2004) 8:42–46.
doi: 10.1007/s10029-003-0161-x

44. Ordóñez-Mena JM, Schöttker B, Mons U, Jenab M, Freisling H, Bueno-de-
Mesquita B, et al. Consortium on health and ageing: network of cohorts in
Europe and the United States (CHANCES). Quantification of the smoking-
associated cancer risk with rate advancement periods: meta-analysis of
individual participant data from cohorts of the CHANCES consortium. BMC

Med. (2016) 14:62. doi: 10.1186/s12916-016-0607-5
45. Sasco AJ, Secretan MB, Straif K. Tobacco smoking and cancer: a brief review

of recent epidemiological evidence. Lung Cancer. (2004) 45 (Suppl. 2):S3–9.
doi: 10.1016/j.lungcan.2004.07.998

46. Masaoka H, Matsuo K, Ito H, Wakai K, Nagata C, Nakayama T, et al.
Cigarette smoking and bladder cancer risk: an evaluation based on a
systematic review of epidemiologic evidence in the Japanese population. Jpn
J Clin Oncol. (2016) 46:273–83. doi: 10.1093/jjco/hyv188

47. Dong J, Thrift AP. Alcohol, smoking and risk of oesophago-
gastric cancer. Best Pract Res Clin Gastroenterol. (2017) 31:509–17.
doi: 10.1016/j.bpg.2017.09.002

48. Massarrat S, StolteM. Development of gastric cancer and its prevention.Arch
Iran Med. (2014) 17:514–20. doi: 10.0141707/AIM.0013

49. Avci N, Hayar M, Altmisdortoglu O, Tanriverdi O, Deligonul A, Ordu C,
et al. Smoking habits are an independent prognostic factor in patients with
lung cancer. Clin Respir J. (2017) 11:579–84. doi: 10.1111/crj.12386

50. Walter V, Jansen L, Hoffmeister M, Brenner H. Smoking and survival of
colorectal cancer patients: systematic review and meta-analysis. Ann Oncol.

(2014) 25:1517–25. doi: 10.1093/annonc/mdu040
51. Murta-Nascimento C, Romero AI, Sala M, Lorente JA, Bellmunt J,

Rodero NJ, et al. The effect of smoking on prostate cancer survival:
a cohort analysis in Barcelona. Eur J Cancer Prev. (2015) 24:335–9.
doi: 10.1097/CEJ.0000000000000075

52. Yuan C, Morales-Oyarvide V, Babic A, Clish CB, Kraft P, Bao Y, et al.
Cigarette Smoking and Pancreatic Cancer Survival. J Clin Oncol. (2017)
35:1822–28. doi: 10.1200/JCO.2016.71.2026

53. Abrahamson J. Etiology and pathophysiology of primary and recurrent
groin hernia formation. Surg Clin North Am. (1998) 78:953–72.
doi: 10.1016/S0039-6109(05)70364-9

54. Read CR. Blood protease/antiprotease imbalance in patients with acquired
herniation. Problems Gen Surg. (1995) 12:41–6.

55. Read RC. Metabolic factors contributing to herniation: a review. Hernia.
(1998) 2:51–5. doi: 10.1007/BF01207484

56. Jansen PL, Klinge U, Jansen M, Junge K. Risk factors for early recurrence
after inguinal hernia repair. BMC Surg. (2009) 9:18. doi: 10.1186/1471-
2482-9-18

57. Hemberg A, Holmberg H, Norberg M, Nordin P. Tobacco use is not
associated with groin hernia repair, a population-based study.Hernia. (2017)
21:517–23. doi: 10.1007/s10029-017-1617-8

58. Sørensen LT, Hemmingsen UB, Kirkeby LT, Kallehave F, Jørgensen LN.
Smoking is a risk factor for incisional hernia. Arch Surg. (2005) 140:119–23.
doi: 10.1001/archsurg.140.2.119

59. Sorensen LT, Friis E, Jorgensen T, Vennits B, Andersen BR, Rasmussen GI,
et al. Smoking is a risk factor for recurrence of groin hernia. World J Surg.

(2002) 26:397–400. doi: 10.1007/s00268-001-0238-6
60. Gopal SV, Warrier A. Recurrence after groin hernia repair-revisited. Int J

Surg. (2013) 11:374–7. doi: 10.1016/j.ijsu.2013.03.012
61. Liang J, Shang Y. Estrogen and cancer. Annu Rev Physiol. (2013) 75:225–40.

doi: 10.1146/annurev-physiol-030212-183708
62. Samavat H, Kurzer MS. Estrogen metabolism and breast cancer. Cancer Lett.

(2015) 356 (2 Pt A):231–43. doi: 10.1016/j.canlet.2014.04.018
63. Leblanc DR, Schneider M, Angele P, Vollmer G, Docheva D. The effect of

estrogen on tendon and ligamentmetabolism and function. J Steroid Biochem
Mol Biol. (2017) 172:106–16. doi: 10.1016/j.jsbmb.2017.06.008

64. Ashcroft GS, Mills SJ, Lei K, Gibbons L, Jeong MJ, Taniguchi M.
Estrogen modulates cutaneous wound healing by downregulating
macrophage migration inhibitory factor. J Clin Invest. (2003) 11:1309–18.
doi: 10.1172/JCI16288

65. Lynen Jansen P, Rosch R, Rezvani M, Mertens PR, Junge K, Jansen M, et al.
Hernia fibroblasts lack beta-estradiol-induced alterations of collagen gene
expression. BMC Cell Biol. (2006) 7:36. doi: 10.1186/1471-2121-7-36

66. Hazary S, Gardner WU. Influence of sex hormones on abdominal
musculature and the formation of inguinal and scrotal hernias in mice. Anat
Rec. (1960) 136:437–43. doi: 10.1002/ar.1091360402

67. Zhao H, Zhou L, Li L, Coon V J, Chatterton RT, Brooks DC, et al. Shift from
androgen to estrogen action causes abdominal muscle fibrosis, atrophy, and
inguinal hernia in a transgenic male mouse model. Proc Natl Acad Sci USA.

(2018) 115:E10427–36. doi: 10.1073/pnas.1807765115
68. Buzdar AU, Hortobagyi GN. Tamoxifen and toremifene in breast cancer:

comparison of safety and efficacy. J Clin Oncol. (1998) 16:348–53.
doi: 10.1200/JCO.1998.16.1.348

Frontiers in Surgery | www.frontiersin.org 10 April 2019 | Volume 6 | Article 19

https://doi.org/10.3390/nu8120810
https://doi.org/10.1093/annonc/mdv355
https://doi.org/10.1016/j.urolonc.2015.07.006
https://doi.org/10.1093/oxfordjournals.aje.a009347
https://doi.org/10.1093/aje/kwm011
https://doi.org/10.1097/SLA.0b013e31816b4399
https://doi.org/10.1007/s10029-012-0929-y
https://doi.org/10.1016/j.amjsurg.2006.08.022
https://doi.org/10.1001/jamasurg.2016.5052
https://doi.org/10.1097/SLA.0b013e3181e985a1
https://doi.org/10.1097/DCR.0000000000000261
https://doi.org/10.1111/ases.12466
https://doi.org/10.1245/s10434-015-4462-y
https://doi.org/10.1007/s10350-008-9366-5
https://doi.org/10.1007/s10029-003-0161-x
https://doi.org/10.1186/s12916-016-0607-5
https://doi.org/10.1016/j.lungcan.2004.07.998
https://doi.org/10.1093/jjco/hyv188
https://doi.org/10.1016/j.bpg.2017.09.002
https://doi.org/10.0141707/AIM.0013
https://doi.org/10.1111/crj.12386
https://doi.org/10.1093/annonc/mdu040
https://doi.org/10.1097/CEJ.0000000000000075
https://doi.org/10.1200/JCO.2016.71.2026
https://doi.org/10.1016/S0039-6109(05)70364-9
https://doi.org/10.1007/BF01207484
https://doi.org/10.1186/1471-2482-9-18
https://doi.org/10.1007/s10029-017-1617-8
https://doi.org/10.1001/archsurg.140.2.119
https://doi.org/10.1007/s00268-001-0238-6
https://doi.org/10.1016/j.ijsu.2013.03.012
https://doi.org/10.1146/annurev-physiol-030212-183708
https://doi.org/10.1016/j.canlet.2014.04.018
https://doi.org/10.1016/j.jsbmb.2017.06.008
https://doi.org/10.1172/JCI16288
https://doi.org/10.1186/1471-2121-7-36
https://doi.org/10.1002/ar.1091360402
https://doi.org/10.1073/pnas.1807765115
https://doi.org/10.1200/JCO.1998.16.1.348
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Kulacoglu and Köckerling Hernia and Cancer

69. Shagufta, Ahmad I. Tamoxifen a pioneering drug: An update on the
therapeutic potential of tamoxifen derivatives. Eur J Med Chem. (2018)
143:515–31. doi: 10.1016/j.ejmech.2017.11.056

70. Nichols HB, DeRoo LA, Scharf DR, Sandler DP. Risk-benefit profiles of
women using tamoxifen for chemoprevention. J Natl Cancer Inst. (2014)
107:354. doi: 10.1093/jnci/dju354

71. Wibowo E, Pollock PA, Hollis N, Wassersug RJ. Tamoxifen in men: a review
of adverse events. Andrology. (2016) 4:776–88. doi: 10.1111/andr.12197

72. Ma X, Liu Y, Wang Q, Chen Y, Liu M, Li X, et al. Tamoxifen
induces the development of hernia in mice by activating MMP-2
and MMP-13 expression. Biochim Biophys Acta. (2015) 1852:1038–48.
doi: 10.1016/j.bbadis.2015.02.006

73. Sawaguchi S, Matsunaga E, Honna T. A genetic study on indirect inguinal
hernia. Jinrui Idengaku Zasshi. (1975) 20:187–95.

74. Czeizel A, Gárdonyi J. A family study of congenital inguinal hernia. Am J

Med Genet. (1979) 4:247–54. doi: 10.1002/ajmg.1320040307
75. Gong Y, Shao C, Sun Q, Chen B, Jiang Y, Guo C, et al. Genetic

study of indirect inguinal hernia. J Med Genet. (1994) 31:187–92.
doi: 10.1136/jmg.31.3.187

76. Zöller B, Ji J, Sundquist J, Sundquist K. Shared and nonshared familial
susceptibility to surgically treated inguinal hernia, femoral hernia, incisional
hernia, epigastric hernia, and umbilical hernia. J Am Coll Surg. (2013)
217:289–99.e1. doi: 10.1016/j.jamcollsurg.2013.04.020

77. Zhang Y, Han Q, Li C, Li W, Fan H, Xing Q, Yan B. Genetic analysis of the
TBX1 gene promoter in indirect inguinal hernia. Gene. (2014) 535:290–3.
doi: 10.1016/j.gene.2013.11.012

78. Zhang Y, Han Q, Fan H, Li W, Xing Q, Yan B. Genetic analysis of the
TBX2 gene promoter in indirect inguinal hernia. Hernia. (2014) 18:513–7.
doi: 10.1007/s10029-013-1199-z

79. Han Q, Zhang Y, Li W, Fan H, Xing Q, Pang S, et al. Functional sequence
variants within the SIRT1 gene promoter in indirect inguinal hernia. Gene.
(2014) 546:1–5. doi: 10.1016/j.gene.2014.05.058

80. Qiao Y, Zhang Z, HuangW, Pang S, Xing Q, Yan B. Two functional sequence
variants of the GATA6 gene promoter in patients with indirect inguinal
hernia. Gene. (2014) 547:86–90. doi: 10.1016/j.gene.2014.06.030

81. Zhao Z, Tian W, Wang L, Wang H, Qin X, Xing Q, et al. Genetic and
functional analysis of the TBX3 gene promoter in indirect inguinal hernia.
Gene. (2015) 554:101–4. doi: 10.1016/j.gene.2014.10.031

82. Shen F, Li J, Cai W, Zhu G, Gu W, Jia L, et al. GATA6 predicts prognosis
and hepatic metastasis of colorectal cancer. Oncol Rep. (2013) 30:1355–61.
doi: 10.3892/or.2013.2544

83. Jorgenson E, Makki N, Shen L, Chen DC, Tian C, Eckalbar WL, et al.
A genome-wide association study identifies four novel susceptibility
loci underlying inguinal hernia. Nat Commun. (2015) 6:10130.
doi: 10.1038/ncomms10130

84. Wang Z, Cao CJ, Huang LL, Ke ZF, Luo CJ, Lin ZW, et al. EFEMP1 promotes
the migration and invasion of osteosarcoma via MMP-2 with induction
by AEG-1 via NF-κB signaling pathway. Oncotarget. (2015) 6:14191–208.
doi: 10.18632/oncotarget.3691

85. Yin X, Fang S,WangM,WangQ, Fang R, Chen J. EFEMP1 promotes ovarian
cancer cell growth, invasion and metastasis via activated the AKT pathway.
Oncotarget. (2016) 7:47938–53. doi: 10.18632/oncotarget.10296

86. Shen H, Zhang L, Zhou J, Chen Z, Yang G, Liao Y, et al. Epidermal growth
factor-containing fibulin-like extracellular matrix protein 1 (EFEMP1) acts
as a potential diagnostic biomarker for prostate cancer. Med Sci Monit.

(2017) 23:216–22. doi: 10.12659/MSM.898809
87. Xie F, Hosany S, Zhong S, Jiang Y, Zhang F, Lin L, et al. MicroRNA-193a

inhibits breast cancer proliferation and metastasis by downregulating WT1.
PLoS ONE. (2017) 12:e0185565. doi: 10.1371/journal.pone.0185565

88. Harlaar JJ, Eker HH, Vakalopoulos KA, Cabezas MC, van der Ham AC,
Vrijland WW, et al. Advanced glycation end products as a biomarker for
incisional hernia.Hernia. (2017) 21:537–41. doi: 10.1007/s10029-017-1610-2

89. Khan H, Khan MS, Ahmad S. The in vivo and in vitro approaches for
establishing a link between advanced glycation end products and lung cancer.
J Cell Biochem. (2018) 119:9099–109. doi: 10.1002/jcb.27170

90. Ahmad S, Khan H, Siddiqui Z, Khan MY, Rehman S, Shahab U, et al. AGEs,
RAGEs and s-RAGE; friend or foe for cancer. Semin Cancer Biol. (2018)
49:44–55. doi: 10.1016/j.semcancer.2017.07.001

91. Lee KJ, Yoo JW, Kim YK, Choi JH, Ha TY, Gil M. Advanced glycation
end products promote triple negative breast cancer cells via ERK and
NF-κB pathway. Biochem Biophys Res Commun. (2018) 495:2195–201.
doi: 10.1016/j.bbrc.2017.11.182

92. Walter KR, Ford ME, Gregoski MJ, Kramer RM, Knight KD, Spruill L,
et al. Advanced glycation end products are elevated in estrogen receptor-
positive breast cancer patients, alter response to therapy, and can be
targeted by lifestyle intervention. Breast Cancer Res Treat. (2018) 173:559–71.
doi: 10.1007/s10549-018-4992-7

93. Menini S, Iacobini C, de Latouliere L, Manni I, Ionta V, Blasetti Fantauzzi
C, et al. The advanced glycation end-product N(ǫ) -carboxymethyllysine
promotes progression of pancreatic cancer: implications for diabetes-
associated risk and its prevention. J Pathol. (2018) 245:197–208.
doi: 10.1002/path.5072

94. Rosch R, Binnebösel M, Junge K, Lynen-Jansen P, Mertens PR, Klinge U,
et al. Analysis of c-myc, PAI-1 and uPAR in patients with incisional hernias.
Hernia. (2008) 12:285–8. doi: 10.1007/s10029-007-0311-7

95. Hoffman B, Liebermann DA. Apoptotic signaling by c-MYC. Oncogene.
(2008) 27:6462–72. doi: 10.1038/onc.2008.312

96. Wang J, Li M, Chen D, Nie J, Xi Y, Yang X, et al. Expression of C-myc and β-
catenin and their correlation in triple negative breast cancer. Minerva Med.

(2017) 108:513–7. doi: 10.23736/S0026-4806.17.05213-2
97. Calaluce R, Davis JW, Bachman SL, Gubin MM, Brown JA, Magee JD,

et al. Incisional hernia recurrence through genomic profiling: a pilot study.
Hernia. (2013) 17:193–202. doi: 10.1007/s10029-012-0923-4

98. Guan Y, Cheng W, Zou C, Wang T, Cao Z. Gremlin1 promotes
carcinogenesis of glioma in vitro. Clin Exp Pharmacol Physiol. (2017) 44:244–
56. doi: 10.1111/1440-1681.12697

99. Pelli A, Väyrynen JP, Klintrup K, Mäkelä J, Mäkinen MJ, Tuomisto
A, et al. Gremlin1 expression associates with serrated pathway and
favourable prognosis in colorectal cancer. Histopathology. (2016) 69:831–8.
doi: 10.1111/his.13006

100. Yamasaki Y, Ishigami S, Arigami T, Kita Y, Uchikado Y, Kurahara H, et al.
Expression of gremlin1 in gastric cancer and its clinical significance. Med

Oncol. (2018) 35:30. doi: 10.1007/s12032-017-1073-4
101. Honma R, Sakamoto N, Ishikawa A, Taniyama D, Fukada K, Hattori

T, et al. Clinicopathological and prognostic significance of epithelial
gremlin1 expression in gastric cancer. Anticancer Res. (2018) 38:1419–25.
doi: 10.21873/anticanres.12366

102. Ulrich CM, Gigic B, Böhm J, Ose J, Viskochil R, Schneider M, et al. The
ColoCare Study - A paradigm of transdisciplinary science in colorectal
cancer outcomes. Cancer Epidemiol Biomarkers Prev. (2018) 28:591–601.
doi: 10.1158/1055-9965.EPI-18-0773

103. Böhm J, Pianka F, Stüttgen N, Rho J, Gigic B, Zhang Y, et al. Discovery
of novel plasma proteins as biomarkers for the development of incisional
hernias after midline incision in patients with colorectal cancer: the
ColoCare study. Surgery. (2017) 161:808–17. doi: 10.1016/j.surg.2016.08.025

104. Park JL, Lee YS, Song MJ, Hong SH, Ahn JH, Seo EH, et al. Epigenetic
regulation of RNA polymerase III transcription in early breast tumorigenesis.
Oncogene. (2017) 36:6793–804. doi: 10.1038/onc.2017.285

105. Lu YC, Weng WC, Lee H. Functional roles of calreticulin in cancer biology.
Biomed Res Int. (2015) 2015:526524. doi: 10.1155/2015/526524

106. Matsukuma S, Yoshimura K, Ueno T, Oga A, Inoue M, Watanabe Y, et al.
Calreticulin is highly expressed in pancreatic cancer stem-like cells. Cancer
Sci. (2016) 107:1599–609. doi: 10.1111/cas.13061

107. Alberts B, Johnson A, Lewis J, Raff M, Roberts K, Walter P. Chapter 19:
integrins. Molecular Biology of the Cell. 4th edn. New York, NY: Garland
Science (2002).

108. Humphries MJ, Travis MA, Clark K, Mould AP. Mechanisms of integration
of cells and extracellular matrices by integrins. Biochem Soc Trans. (2004)
32:822–5. doi: 10.1042/BST0320822

109. Parks WC. What is the α2β1 integrin
110. Stefansson S, Lawrence DA. The serpin PAI-1 inhibits cell migration by

blocking integrin αvβ3 binding to vitronectin. Nature. (1996) 383:441–3.
doi: 10.1038/383441a0

111. Clark RA, Tonnesen MG, Gailit J, Cheresh DA. Transient functional
expression of αvβ3 on vascular cells during wound repair. Am J Pathol.

(1996) 148:1407–21.

Frontiers in Surgery | www.frontiersin.org 11 April 2019 | Volume 6 | Article 19

https://doi.org/10.1016/j.ejmech.2017.11.056
https://doi.org/10.1093/jnci/dju354
https://doi.org/10.1111/andr.12197
https://doi.org/10.1016/j.bbadis.2015.02.006
https://doi.org/10.1002/ajmg.1320040307
https://doi.org/10.1136/jmg.31.3.187
https://doi.org/10.1016/j.jamcollsurg.2013.04.020
https://doi.org/10.1016/j.gene.2013.11.012
https://doi.org/10.1007/s10029-013-1199-z
https://doi.org/10.1016/j.gene.2014.05.058
https://doi.org/10.1016/j.gene.2014.06.030
https://doi.org/10.1016/j.gene.2014.10.031
https://doi.org/10.3892/or.2013.2544
https://doi.org/10.1038/ncomms10130
https://doi.org/10.18632/oncotarget.3691
https://doi.org/10.18632/oncotarget.10296
https://doi.org/10.12659/MSM.898809
https://doi.org/10.1371/journal.pone.0185565
https://doi.org/10.1007/s10029-017-1610-2
https://doi.org/10.1002/jcb.27170
https://doi.org/10.1016/j.semcancer.2017.07.001
https://doi.org/10.1016/j.bbrc.2017.11.182
https://doi.org/10.1007/s10549-018-4992-7
https://doi.org/10.1002/path.5072
https://doi.org/10.1007/s10029-007-0311-7
https://doi.org/10.1038/onc.2008.312
https://doi.org/10.23736/S0026-4806.17.05213-2
https://doi.org/10.1007/s10029-012-0923-4
https://doi.org/10.1111/1440-1681.12697
https://doi.org/10.1111/his.13006
https://doi.org/10.1007/s12032-017-1073-4
https://doi.org/10.21873/anticanres.12366
https://doi.org/10.1158/1055-9965.EPI-18-0773
https://doi.org/10.1016/j.surg.2016.08.025
https://doi.org/10.1038/onc.2017.285
https://doi.org/10.1155/2015/526524
https://doi.org/10.1111/cas.13061
https://doi.org/10.1042/BST0320822
https://doi.org/10.1038/383441a0
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Kulacoglu and Köckerling Hernia and Cancer

112. Koistinen P, Heino J. Integrins in cancer cell invasion. In: Madame Curie

Bioscience Database. Austin, TX: Landes Bioscience (2000–2013).
113. Montenegro CF, Salla-Pontes CL, Ribeiro JU, Machado AZ, Ramos RF,

Figueiredo CC, et al. Blocking αvβ3 integrin by a recombinant RGD
disintegrin impairs VEGF signaling in endothelial cells. Biochimie. (2012)
94:1812–20. doi: 10.1016/j.biochi.2012.04.020

114. Cassini-Vieira P, Deconte SR, Tomiosso TC, Campos PP, Montenegro Cde F,
Selistre-de-Araújo HS, et al. DisBa-01 inhibits angiogenesis, inflammation
and fibrogenesis of sponge-induced-fibrovascular tissue in mice. Toxicon.
(2014) 92:81–9. doi: 10.1016/j.toxicon.2014.10.007

115. Ramos OH, Kauskot A, Cominetti MR, Bechyne I, Salla Pontes CL,
Chareyre F, et al. A novel alpha(v)beta (3)-blocking disintegrin containing
the RGD motive, DisBa-01, inhibits bFGF-induced angiogenesis
and melanoma metastasis. Clin Exp Metastasis. (2008) 25:53–64.
doi: 10.1007/s10585-007-9101-y

116. Montenegro CF, Casali BC, Lino RLB, Pachane BC, Santos PK, Horwitz
AR, et al. Inhibition of αvβ3 integrin induces loss of cell directionality of
oral squamous carcinoma cells (OSCC). PLoS ONE. (2017) 12:e0176226.
doi: 10.1371/journal.pone.0176226

117. Oliveira CR, Marqueti Rde C, Cominetti MR, Douat ES, Ribeiro JU, Pontes
CL, et al. Effects of blocking αvβ3 integrin by a recombinant RGD disintegrin
on remodeling of wound healing after induction of incisional hernia in rats.
Acta Cir Bras. (2015) 30:134–42. doi: 10.1590/S0102-86502015002000008

118. Morrison AS. Cryptorchidism, hernia, and cancer of the testis. J Natl Cancer
Inst. (1976) 56:731–3. doi: 10.1093/jnci/56.4.731

119. Coldman AJ, Elwood JM, Gallagher RP. Sports activities and risk of testicular
cancer. Br J Cancer. (1982) 46:749–56. doi: 10.1038/bjc.1982.267

120. Swerdlow AJ, Huttly SR, Smith PG. Testicular cancer and antecedent
diseases. Br J Cancer. (1987) 55:97–103. doi: 10.1038/bjc.1987.20

121. Pottern LM, Brown LM, Hoover RN, Javadpour N, O’Connell KJ, Stutzman
RE, et al. Testicular cancer risk among young men: role of cryptorchidism
and inguinal hernia. J Natl Cancer Inst. (1985) 74:377–81.

122. United Kingdom Testicular Cancer Study Group. Aetiology of testicular
cancer: association with congenital abnormalities, age at puberty, infertility,
and exercise. BMJ. (1994) 308:1393–9. doi: 10.1136/bmj.308.6941.1393

123. Gallagher RP, Huchcroft S, Phillips N, Hill GB, Coldman AJ, Coppin C,
et al. Physical activity, medical history, and risk of testicular cancer (Alberta
and British Columbia, Canada). Cancer Causes Control. (1995) 6:398–406.
doi: 10.1007/BF00052179

124. Møller H, Prener A, Skakkebxk NE. Testicular cancer, cryptorchidism,
inguinal hernia, testicular atrophy, and genital malformations: case-
control studies in Denmark. Cancer Causes Control. (1996) 7:264–74.
doi: 10.1007/BF00051302

125. Ondrusova M, Ondrud D. Epidemiological features of testicular cancer in
the Slovak Republic–retrospective study. Klin Onkol. (2009) 22:52–7.

126. Mai PL, Friedlander M, Tucker K, Phillips KA, Hogg D, Jewett MA, et al.
The international testicular cancer linkage consortium: a clinicopathologic
descriptive analysis of 461 familial malignant testicular germ cell
tumor kindred. Urol Oncol. (2010) 28:492–9. doi: 10.1016/j.urolonc.
2008.10.004

127. Cook MB, Akre O, Forman D, Madigan MP, Richiardi L, McGlynn KA.
A systematic review and meta-analysis of perinatal variables in relation to
the risk of testicular cancer–experiences of the son. Int J Epidemiol. (2010)
39:1605–18. doi: 10.1093/ije/dyq120

128. Honecker F, Aparicio J, Berney D, Beyer J, Bokemeyer C, Cathomas
R, et al. ESMO consensus conference on testicular germ cell cancer:
diagnosis, treatment and follow-up. Ann Oncol. (2018) 29:1658–86.
doi: 10.1093/annonc/mdy217

129. Read RC. Systemic hernial disease protects against cancer: a hypothesis.
Hernia. (2010) 14:119–21. doi: 10.1007/s10029-009-0583-1

130. Krones CJ, Klinge U, Butz N, Junge K, Stumpf M, Rosch R, et al.
The rare epidemiologic coincidence of diverticular disease and
advanced colonic neoplasia. Int J Colorectal Dis. (2006) 21:18–24.
doi: 10.1007/s00384-005-0742-5

131. Klinge U, Rosch R, Junge K, Krones CJ, Stumpf M, Lynen-Jansen
P, et al. Different matrix micro-environments in colon cancer
and diverticular disease. Int J Colorectal Dis. (2007) 22:515–20.
doi: 10.1007/s00384-006-0199-1

132. Stumpf M, Krones CJ, Klinge U, Rosch R, Junge K, Schumpelick V. Collagen
in colon disease.Hernia. (2006) 10:498–501. doi: 10.1007/s10029-006-0149-4

133. Filik L, Biyikoglu I. Colon cancer and diverticula: a single-institution
experience. Hernia. (2010) 14:453. doi: 10.1007/s10029-010-0693-9

134. Ghajar CM, Bissell MJ. Extracellular matrix control of mammary gland
morphogenesis and tumorigenesis: insights from imaging. Histochem Cell

Biol. (2008) 130:1105–18. doi: 10.1007/s00418-008-0537-1
135. Pogacnik JS, Messaris E, Deiling SM, Connelly TM, Berg AS, Stewart

DB, et al. Increased risk of incisional hernia after sigmoid colectomy for
diverticulitis compared with colon cancer. J Am Coll Surg. (2014) 218:920–8.
doi: 10.1016/j.jamcollsurg.2014.01.050

136. Prasad J, VarmaN, Baskara A. Omitted variable bias and the risk of incisional
hernia after partial colectomy for diverticular disease. J Am Coll Surg. (2015)
220:117. doi: 10.1016/j.jamcollsurg.2014.10.005

137. Tang ES, Robertson DI, Whitehead M, Xu J, Hall SF. Surgery for diverticular
disease results in a higher hernia rate compared to colorectal cancer: a
population-based study from Ontario, Canada. Hernia. (2018) 22:603–9.
doi: 10.1007/s10029-017-1704-x

138. Jensen KK, Krarup PM, Scheike T, Jorgensen LN, Mynster T.
Incisional hernias after open versus laparoscopic surgery for colonic
cancer: a nationwide cohort study. Surg Endosc. (2016) 30:4469–79.
doi: 10.1007/s00464-016-4779-z

139. Söderbäck H, Gunnarsson U, Hellman P, Sandblom G. Incisional
hernia after surgery for colorectal cancer: a population-based register
study. Int J Colorectal Dis. (2018) 33:1411–7. doi: 10.1007/s00384-018-
3124-5

140. Baucom RB, Ousley J, Beveridge GB, Phillips SE, Pierce RA, Holzman MD,
et al. Cancer survivorship: defining the incidence of incisional hernia after
resection for intra-abdominal malignancy.Ann Surg Oncol. (2016) 23 (Suppl.
5):764–71. doi: 10.1245/s10434-016-5546-z

141. Marinez AC, González E, Holm K, Bock D, Prytz M, Haglind E,
et al. Stoma-related symptoms in patients operated for rectal cancer
with abdominoperineal excision. Int J Colorectal Dis. (2016) 31:635–41.
doi: 10.1007/s00384-015-2491-4

142. Hotouras A, Murphy J, Power N, Williams NS, Chan CL. Radiological
incidence of parastomal herniation in cancer patients with permanent
colostomy: what is the ideal size of the surgical aperture? Int J Surg. (2013)
11:425–7. doi: 10.1016/j.ijsu.2013.03.010

143. Odensten C, Strigård K, Dahlberg M, Gunnarsson U, Näsvall
P. Parastomal hernia repair; seldom performed and seldom
reported: results from a nationwide survey. Scand J Surg. (2018).
doi: 10.1177/1457496918818984. [Epub ahead of print].

144. Lin BM, Hyndman ME, Steele KE, Feng Z, Trock BJ, Schweitzer MA,
et al. Incidence and risk factors for inguinal and incisional hernia
after laparoscopic radical prostatectomy. Urology. (2011) 77:957–62.
doi: 10.1016/j.urology.2010.12.011

145. Chung CS, Jeong GY, Kim SH, Lee DK. Inguinal hernia developed after
radical retropubic surgery for prostate cancer. J Korean Surg Soc. (2013)
85:175–9. doi: 10.4174/jkss.2013.85.4.175

146. Jensen KK, Erichsen R, Krarup PM. The impact of incisional hernia on
mortality after colonic cancer resection. Surg Endosc. (2017) 31:2149–54.
doi: 10.1007/s00464-016-5212-3

147. Ravn S, Thaysen HV, Harsløf S, Sørensen MM, Iversen LH. Incisional hernia
and its impact on health-related quality of life after cytoreductive surgery
and hyperthermic intraperitoneal chemotherapy: a national prospective
cohort study. World J Surg Oncol. (2018) 16:85. doi: 10.1186/s12957-01
8-1382-x

148. Phillips TL, Fu KK. Acute and late effects of multimodal therapy on normal
tissues. Cancer. (1977) 40 (1 Suppl):489–94.

149. Shamberger RC, Devereux DF, Brennan MF. The effect of chemotherapeutic
agents on wound healing. Int Adv Surg Oncol. (1981) 4:15–58.

150. Shamberger R. Effect of chemotherapy and radiotherapy on wound
healing: experimental studies. Recent Results Cancer Res. (1985) 98:17–34.
doi: 10.1007/978-3-642-82432-6_3

151. Falcone RE, Nappi JF. Chemotherapy and wound healing. Surg Clin North

Am. (1984) 64:779–94. doi: 10.1016/S0039-6109(16)43394-3
152. Raptis D, Pramateftakis MG, Kanellos I. Our 20-year experience with

experimental colonic anastomotic healing. J Med Life. (2018) 11:5–14.

Frontiers in Surgery | www.frontiersin.org 12 April 2019 | Volume 6 | Article 19

https://doi.org/10.1016/j.biochi.2012.04.020
https://doi.org/10.1016/j.toxicon.2014.10.007
https://doi.org/10.1007/s10585-007-9101-y
https://doi.org/10.1371/journal.pone.0176226
https://doi.org/10.1590/S0102-86502015002000008
https://doi.org/10.1093/jnci/56.4.731
https://doi.org/10.1038/bjc.1982.267
https://doi.org/10.1038/bjc.1987.20
https://doi.org/10.1136/bmj.308.6941.1393
https://doi.org/10.1007/BF00052179
https://doi.org/10.1007/BF00051302
https://doi.org/10.1016/j.urolonc.2008.10.004
https://doi.org/10.1093/ije/dyq120
https://doi.org/10.1093/annonc/mdy217
https://doi.org/10.1007/s10029-009-0583-1
https://doi.org/10.1007/s00384-005-0742-5
https://doi.org/10.1007/s00384-006-0199-1
https://doi.org/10.1007/s10029-006-0149-4
https://doi.org/10.1007/s10029-010-0693-9
https://doi.org/10.1007/s00418-008-0537-1
https://doi.org/10.1016/j.jamcollsurg.2014.01.050
https://doi.org/10.1016/j.jamcollsurg.2014.10.005
https://doi.org/10.1007/s10029-017-1704-x
https://doi.org/10.1007/s00464-016-4779-z
https://doi.org/10.1007/s00384-018-3124-5
https://doi.org/10.1245/s10434-016-5546-z
https://doi.org/10.1007/s00384-015-2491-4
https://doi.org/10.1016/j.ijsu.2013.03.010
https://doi.org/10.1177/1457496918818984
https://doi.org/10.1016/j.urology.2010.12.011
https://doi.org/10.4174/jkss.2013.85.4.175
https://doi.org/10.1007/s00464-016-5212-3
https://doi.org/10.1186/s12957-018-1382-x
https://doi.org/10.1007/978-3-642-82432-6_3
https://doi.org/10.1016/S0039-6109(16)43394-3
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Kulacoglu and Köckerling Hernia and Cancer

153. Stajic J, Jovanovic M. Radiation and wound healing. A study of the gain of
collagen content in the damaged skin of irradiated rats. Strahlentherapie.
(1969) 138:361–4.
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