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Abstract: The incidence of breast and colorectal cancers is well established in studies, but the
synchronous occurrence of the two types of tumors is a rarity. In general, they are discovered
during screening investigations following the diagnosis of an initial tumor. Objective: Our aim is
to describe the main diagnostic and therapeutic challenges for synchronous breast and colorectal
tumors. Materials and methods: We performed a systematic review of the literature for cases
or case series, using established keywords (synchronous breast and colon tumor and synonyms)
for the period of 1970-2023. Five reviewers independently screened the literature, extracted data,
and assessed the quality of the included studies. The results were processed according to the
PRISMA 2020 guidelines. Results: A total of 15 cases were included in the study, including 2 males
(age 50 and 57) and 13 females (median age 60, with range from 40 to 79). In a vast majority of the
cases, the diagnosis of synchronous tumor was prompted by the first tumor’s workup. The first
diagnosed tumor was colorectal in nine cases and a breast tumor in six cases. The most common
histopathological type of breast tumor was invasive ductal carcinoma, and the colon tumors were
exclusively adenocarcinomas. All cases had a surgical indication for both breast and colorectal tumor,
except one case, in which the breast tumor had multiple metastasis. In four cases, the surgery was
performed concomitantly (colectomy and mastectomy). In three cases, surgery was initially carried
out for the breast tumor, followed by colon surgery. Oncological treatment was indicated depending
on the tumor stage. Conclusions: For the treatment of synchronous tumors, the Tumor Board (T.B)
decision is mandatory and must be personalized for each patient. Developing new methods of
treatment and investigation may play an important role in the future for understanding synchronous
tumor development, incidence, and outcome.

Keywords: synchronous; breast tumors; colorectal tumors

1. Introduction

Breast cancer is the most common malignancy in women worldwide and is responsible
for approximately 40,000 deaths/year in the USA. For the year 2024, the National Cancer
Institute estimates 15.5% new cases and a mortality of 6.9%, with a relative survival rate at
5 years of 91.2%. The median age at onset is 63 years [1-4].

Colon cancer is the third most common form of neoplasia worldwide and is the second
most common form of neoplasia in women. For the year 2024, the National Cancer Institute
estimates 7.6% new cases and a mortality of 8.7%, with a relative survival rate at 5 years of
65%. The median age of onset is 67 years [4-7].

Synchronous tumors are categorized as multiple primary malignant tumors (MPMTs)
and are defined as tumors (two or more) with different topographic locations and different
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histologic characteristics that are diagnosed at the same time or within 6 months of the
first tumor and are not metastatic from each other. Although they were initially considered
rare entities, more and more studies have recently shown that the incidence of MPMTs is
increasing [8-10].

The first descriptions of MPMTs date back to 1889, communicated by Billroth at al.,
and the current incidence is between 0.73 and 11.7%; synchronous tumors of the breast and
colon have an incidence of 3.85% [11-13].

A literature review (De Luca et al., 2019) found that the most common MPMT asso-
ciations of breast cancer were, in descending order of frequency, as follows: skin cancer
(especially melanoma); gastrointestinal cancer (especially colorectal cancer); and gyneco-
logical cancer (the most common association being with ovarian cancer). Less frequent
associations were found between breast cancer and sarcoma and between lung cancer and
urological tumors (especially bladder). The association with thyroid cancer is inverse in
that women who have developed thyroid cancer have a much higher risk of developing
breast cancer [9].

The mechanisms by which these associations occur are intensively discussed in the
literature and are still unclear. Past studies have indicated that the following factors
are involved: BRCA and Lynch syndrome gene mutation, lifestyle (tobacco and alcohol
abuse, lack of physical activity), age, decreased immunity, and, last but not least, onco-
logic treatment (radiation and chemotherapy). Patients with cancer had 1.29 times the
risk of developing a new malignancy compared with those that were never diagnosed
with cancer [9].

Up to 35% of patients with colorectal cancer have a family history of the disease,
suggesting a hereditary predisposition, while only 10% of breast cancer diagnoses are
familial in nature. It has been proven that there is correlation between family history and
synchronous tumors [14].

BRCA 1 and BRCA 2 (breast cancer antigenes) are inherited genes and produce
proteins that help repair damaged DNA. The risk of developing breast and ovarian cancer
is about four times higher in carriers of this mutation (45-72% versus 16% in the general
population) [15,16].

Lynch syndrome is an autosomal dominant inherited mutation of genes regulating
DNA mismatch repair (MLH1, MSH2, MSH6, and PMS2) [17].

There is also an increased risk for other types of cancers as a result of this mutation,
particularly for endometrial, gastric, ovarian, biliary, urinary tract, small bowel, brain,
and pancreatic cancers. In Lynch syndrome, mutations in mismatch repair allow for
the proliferation of aberrant microsatellites within tumor suppressor genes, resulting in
cancerous growth.

The lifetime risk for colorectal cancer is 80% and up to 60% for endometrial cancer [18].

However, many MPMTs still remain incidental findings, as they are sporadic cases
without a mechanism of occurrence [19,20].

This study aimed to describe the main diagnostic and therapeutic challenges for
patients diagnosed with synchronous breast and colorectal tumors.

2. Materials and Methods
2.1. Search Strategy

We searched databases (Pub Med, Pub Med Central, Google Scholar, Cochrane, and
Registries) on 25 October 2023, using the following terms: (Synchronous OR Concomitant)
AND (Cancer OR Carcinoma OR Neoplasia) AND (Colorectal OR Colon OR Rectal) AND
(Breast). PRISMA guidelines were followed during the data extraction, analysis, and
reporting [21]. Articles published in the English language between 1970 and 2023 were
selected.



Life 2024, 14, 1008

30f12

2.2. Study Selection, Data Extraction, and Quality Assessment

Eligibility criteria for the systematic review were as follows: case reports referring
to synchronous breast and colorectal tumors, available in English, for which the integral
text was found. We excluded articles referring to other types of synchronous tumors (or
with more than two synchronous tumors other than breast and colorectal); cases with prior
diagnosis or treatment for another neoplasm; cases for which the full text was not available;
and articles available in a language other than English.

Abstracts and selected titles were initially screened for duplicates and for compliance
with the eligibility criteria by three people (C.R.I, C.I, T.C) who worked independently. In
case of doubt, another reviewer (V.S) would decide. After this first step, the remaining
articles were fully reviewed by two other people (I.B, A.G) who analyzed whether they
met the eligibility criteria and corresponded to the aim of the study. Manual searches were
carried out if the articles appeared to be relevant.

From the articles included in the study, the following data were extracted: the author’s
name and year of publication, demographic data (age, sex, risk factors, history), tumor
data (which tumor was diagnosed first, tumor stage, histopathology), treatment data
(therapeutic sequence (surgical/oncologic), treatment and subsequent surveillance, and
survival.

For the quality assessment, we used the following three items: (1) adequate description
of the patients” demographic data and history; (2) adequate description of the diagnoses
(clinical, imaging, histopathologic); and (3) description of the treatment (treatment sequence,
results, follow-up).

3. Results
3.1. Systematic Review of the Literature

We obtained a total of 2162 records, of which 184 were from PubMed, 1750 were from
Google Scholar, 197 were from PubMed central, 6 were from Cochrane, and 25 were from
the Registries database. We searched in articles, original articles, reviews, case reports,
letters to the editor, and clinical trials.

A total of 2162 records were identified in databases. Of these, 197 duplicates were
identified and excluded, and 1780 articles were rejected before screening due to their title.
The remaining 185 articles were screened, and 27 reports were assessed for eligibility. After
applying all exclusion criteria, 17 articles remained.

Of these, 2 were original articles and 15 were case reports. One article referred to a
case series and was a prognostic analysis, and one article was a mini review of four other
articles already included in the study. These two articles were also excluded. A flowchart
for the systematic literature review and the articles included in the analysis is shown
in Figure 1.
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Figure 1. PRISMA flow diagram.

3.2. Quality Assessment

Records removed before screening:

Duplicate records removed (n =
197)

Records marked as ineligible by au-
tomation tools (n = 0)

Records removed for other reasons
(n =1780)

Records excluded
(n =153)

Reports not retrieved
(n=5)

Reports excluded:

Mini-review of already known manu-

script (n = 1)

Manuscript not in English lan-

guage (n =9)

No case report in manuscript
(n=2)

The quality of all the included articles was assessed by two researchers (C.R.I, A.G.)
who worked independently. The Joanna Briggs Institute (JBI) critical appraisal checklist for
case reports was used to establish the risk of bias in the articles that were included. The JBI
appraisal checklist for case reports is based on eight questions, each of which uses a score of
1 or 0 (yes = 1, no = 0, and unclear or not applicable = 0). The overall score for each article
was presented as a percentage, and the article was characterized according to different
degrees of risk of bias (a high risk of bias was assessed if 20-50% of the items scored yes, a
moderate risk of bias was assessed if 50-80% of the items scored yes, and a low risk of bias

was assessed if 80-100% of the items scored yes, as per the JBI checklist) [22].

The results showed a low risk of bias in eight selected articles and a moderate risk in
seven articles (see the appropriate Table S1 in Supplementary Files).
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A majority of the articles included provided an appropriate description of the case
reports. Some cases did not use TNM staging for diagnosis; however, the data provided
in the article were analyzed by all authors to confirm the diagnosis and the stage of
neoplastic disease.

3.3. General Characteristics

The reviewed articles describe 15 clinical cases of patients diagnosed with synchronous
breast and colorectal tumors. We used descriptive statistics to analyze the clinical cases
in terms of age, gender, history, diagnosis of the primary tumor, diagnosis of the second
tumor, surgical treatment (in an operative or sequential time), adjuvant treatment, and
staging of each type of tumor [12,14,23-35].

For the 15 cases, the gender distribution was as follows: 13 females and 2 males. In
terms of age, the two males were 50 and 57 years old, respectively, and the females were
between 40 and 79 years old, with a median age of 60 years (Table 1).

Table 1. Authors and demographic parameters.

No Author/Year Sex/Age Primary Risk Factors Arl::e Tei:li:its
breast colon

1 Karayiannakis A./2011 M/50 + Obesity N/A

2 Anania G./2012 F/79 + N/A N/A
Smoker,

3 Higgins L./2013 F/67 + cardiovascular Negative
disease

4 Ari A./2016 M/57 +/obstruction N/A N/A

5 Yetkin G./2017 F/65 + Negative Negative

6 Nitipir C./2018 F/40 + N/A N/A

7 Abdulla H./2019 F/58 + Negative Negative

8 Abushwemeh M. /2021 F/46 + Negative Negative

Diabetes,

9 Asaad A./2021 F/68 + cardiovascular Negative
disease

10 Mevlut R.P./2021 F/67 + N/A N/A

1 Bin Saleem M.Y./2022 F/50 + Carcg;‘e’:zular Negative

12 Alsulaimani A.I./2022 F/46 +/obstruction Negative Positive/breast

13 Gadiyaram S./2022 E/57 + Negative Negative

14 Baiomy T./2023 F/63 + Negative Negative

15 I-Lin Su/2023 F/60 + Negative Positive/Breast

In nine cases, the first tumor diagnosed was a colorectal tumor (including two cases
with emergency symptoms, e.g., intestinal occlusion), and in six cases, the patients pre-
sented with symptoms initially suggestive of a breast tumor (the presence of a palpable
breast lump). It is worth mentioning that in a study by Nitipir et al., the presentation to
the hospital was also determined by occlusive symptoms, but the patient reported was a
pending biopsy for a breast tumor [28].

In about half of the cases, no risk factors were reported; however, the reports were
varied. In four cases, data were missing. Only two cases described risk factors possibly
associated with the risk of neoplasia (obesity, smoking). The situation is the same for family
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history; in two cases, results were positive for breast neoplasia; in the rest of the cases, the
results were either not reported (five cases) or negative (eight cases).

In the vast majority of cases, the diagnosis of a synchronous tumor was prompted
by the first tumor’s workup. In only one case—a patient hospitalized with an intestinal
obstruction but waiting for a biopsy of a breast tumor—the two tumors were diagnosed
separately (Nitipir et al.) [28]. Obviously, the diagnosis of neoplasia occurred following
the biopsies (these included a core biopsy for breast tumors and a biopsy, obtained during
colonoscopy, for colorectal tumors).

3.4. Breast Tumor Characteristics

Breast tumors had the following three anatomopathological forms: invasive ductal
carcinoma (IDC) in 14 cases and invasive lobular carcinoma (ILC) and Paget’s disease in
1 case each. Only one tumor was reported as NST, and this was from an older paper. Due
to this paper’s description of the subsequent histological and immunohistochemical results,
we classified it as IDC. One case noted the presence of bilateral breast tumors, while eight
cases noted left breast tumors, and five cases reported right breast tumors (Table 2).

Table 2. Breast tumor characteristics.

Localization Histological Type TNM Receptor
Right 5 IDC 14 I 5 Estrogen+ 14
Left 8 ILC 1 I 5 Estrogen— 1
Bilateral 1 PAGET 1 I 2 Progesterone+ 14
Missing 1 v 1 Progesterone— 1
Missing 3 Her+ 4
Her— 8
BRCA+ 0
BRCA— 1
Missing 1

Regarding staging, there were an equal number of patients in stage I as there were in
stage II (five each), and there were three cases with missing information, one case in stage
IV, and two cases in stage IIL.

Concerning immunohistochemical tests, the reports were detailed in cases where
hormone receptors were reported (estrogen and progesterone), and the details about the
Her status appeared in 12 cases (4 positive and 8 negative). The mention of BRCA testing
appeared in only two cases.

3.5. Colorectal Tumor Characteristics

Colorectal tumors are exclusively adenocarcinomas.

Localization on the left colon is predominant (eight cases), followed by localization on
the right colon (five cases), the rectum (one case), and reports with missing information (one
case). In one case, there were two synchronous colorectal tumors (caecum and sigmoid)
(Table 3).
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Table 3. Colorectal tumor characteristics.

Localization Histological Type TNM
Right 5 ADK 16 TIS 1
Left 8 I 5
Rectum 1 II 3
S ;
v 1
Missing 1

Tumor stages were relatively evenly distributed, with five cases each for stage I and
III, three cases of stage II, one case of stage IV, and one case with missing information.

3.6. Treatment

After performing the investigations and obtaining the biopsy results, a therapeutic
decision was reached. All cases had surgical indication (both for breast and colorectal
tumor) except one case (I Lin Su et al., 35), in which the breast tumor had metastases at
diagnosis (lung and bone tumors) and received adjuvant chemotherapy. In four cases,
surgery was performed concomitantly (colectomy and mastectomy) [23,24,30,34]. In three
cases, surgery was initially performed for the breast tumor [27,29,31] and was followed by
colon surgery at 6-, 14-, and 30-day intervals, respectively (Table 4).

Table 4. Treatment.

No TNM CRC BTIZI:;[t SErI;eCry Slflrl'eglslfy Oncologic First Oncologic Adjuvant
CRC Breast CRC Breast
1 I II Same time = Same time - - - +ChT/ET
2 11/1 Missing Same time  Same time Missing Missing Missing Missing
3 I I 1st 2nd - +ET + +ChT/ET
4 Missing Missing 1st/emergency  2nd - - Missing Missing
5 I I 2nd 1st - - Missing Missing
6 II1 I 1st/emergency 2nd - - +Cht/RT +ET
7 I I 2nd 1st - - - +ChT/ET
8 I I Same time  Same time - - + +
9 I I 1st 2nd - - - +ET/RT
10 III II 2nd 1st Missing Missing Missing Missing
11 III I 1st 2nd - - + +/antiHer
12 I I/missing Ist 2nd - - + +ChT/RT/ET
13 v I 1st 2nd - - + +ET
14 III I Same time  Same time - - Missing Missing
15 TIS v 1st No surgery - - - +

Legend: CRC = colorectal, ET = endocrine therapy, ChT = chemotherapy, RT = radiotherapy.

Obviously, in the cases of surgical emergencies (patients presented with bowel ob-
struction, two cases), surgery was absolutely vital. In another six cases, colonic surgery
was indicated first, especially for patients who had undergone chemo-homonotherapy for
preoperative breast cancer.
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The data in the articles are inconsistent in terms of the exact tumor stage for all tumors
diagnosed and in terms of the adjuvant treatment performed (referral to the oncologist).
No estimation can be made about survival because of missing data from the articles.

4. Discussion

Although the treatment of respective breast and colorectal cancers is quite standard-
ized, synchronous MPMTs are not included in any oncologic treatment guidelines, and the
prognosis is dictated by the most advanced stage of either of the two tumors [32,33].

Firstly, we attempted to analyze the demographic profile of patients with both CRC
and breast cancer. The median age in the study was 60. The media reported median age in
the literature was 63 for breast cancer and 67 for CRC [1-7].

We also attempted to analyze risk factors (obesity, alcohol consumption) and family
history in the study cases. Unfortunately, there were mentions about risk factors in only
two cases, and family history was positive for breast cancer in two cases. For the rest, there
were negative records or missing data.

Studies demonstrate that alcohol consumption and obesity increase the risk for both
colorectal and breast cancer [36-39]. Obesity increases the risk of both CRC and breast
cancer (in postmenopausal women) but is a protective factor for breast cancer in pre-
menopausal women [40-42].

A major challenge is the diagnosis of synchronous MPMTs and how the diagnosis
is performed. Most commonly, these cases are diagnosed during the staging of the first
tumor diagnosed. Most publications indicate synchronous tumor discovery during breast
tumor staging because breast cancer has early signs and symptoms, and the clinical exam-
ination is easy to perform (including self-examination) [13]. Testing for a colorectal syn-
chronous tumor (which is most often asymptomatic) is performed with CT, MRI, and PET
CT [7-10,35].  Obviously, a subsequent colonoscopy and biopsy establishes the
definite diagnosis.

There are a few cited cases in which breast tumor diagnosis was performed during
colorectal tumor staging by the same imaging investigation methods [23]. This was also the
situation in our review, where colorectal cancer was the first to be diagnosed in the majority
of cases, and breast cancer was the second to be diagnosed. This is partially explained by
the fact that colorectal cancer can present complications (such as obstruction); in such cases,
the patient requires emergency examination/surgery.

It is worth noting that none of the patients in the study mentioned did not benefit
from invasive screening (although more than 75% of them were over 50 years of age, the
age at which screening for both breast and colon cancer is mandatory). In the case of
men, they did not meet the screening criteria for breast cancer (there is no such thing for
men) but could have met the screening criteria for colon cancer (colonoscopy, given their
age) [43,44]. There are studies indicating colorectal screening for patients diagnosed with
breast cancer [45].

Breast cancer in men is a very rare finding and is not included in any protocol for
diagnosis or treatment. The incidence of breast cancer in men is 1 in 100,000, mostly
presenting as ER- and PR-positive invasive ductal carcinomas, as in our study. Data
regarding coexisting breast and colon cancer in men are scarce [26,46].

Due to the nature of the study (analysis of several articles, without having a unitary
reporting profile), there are almost no mentions about genetic testing. In the literature,
the presence of BRCA 1 and BRCA 2 mutations is characterized by an increased risk for
male and female breast cancer [47]. Hereditary colon cancer is mostly associated with
Lynch syndrome [48].

Germline mutation of CHEK2 has been associated with both breast cancer and
CRC [49]. In clinical practice, genetic testing should be performed in cases where on-
set of either disease occurs at a young age.

The hormonal profile of breast tumors was specified in all cases, and the results
obtained are similar to those in the literature, in which the incidence of triple-negative breast
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tumors is low (10-15% of breast cancers) and is possibly related to inherited mutations. It is
correlated with a bad prognosis. There was also one case of a BRCA-positive patient with a
family history of breast cancer [50].

In the absence of treatment guidelines, the therapeutic approach is varied. The treat-
ment strategy is individualized for each patient (and TB has a key role) and depends on
factors such as the stage of each cancer and overall prognosis.

According to some authors, surgical treatment consists, firstly, in the treatment of
the tumor with the most advanced TNM stage (and with the worst prognosis), followed
by oncological treatment, and then, after some time, treatment for the second tumor is
addressed (with or without oncologic therapy, depending on the final staging) [14,23,25,28].

The present study reported more cases of early-stage breast cancer and later stage
CRC; therefore, colon cancer was the first to be operated on. We noted three situations
when surgery was performed at the same operative time.

An increasing number of authors consider that if a patient has a radical surgical indica-
tion for both tumors, then the therapeutic strategy should utilize the following chronology:
primary radical surgical approach of both tumors followed by oncological treatment for
the tumor in the most advanced stage depending on the final anatomopathology result.
Surgery can be performed concomitantly or during the same hospitalization (at an interval
of days or weeks) [23,24,30,34,46,48].

Another important dilemma concerns the chemotherapy regimen for these patients,
especially when both CRC and breast cancer require one. Finding a blended chemother-
apy that addresses both tumors but does not increase toxicity can be challenging [33]. In
the clinical cases analyzed, there was missing information in five cases (it is mentioned
that the patients were referred to an oncologist). All breast tumors were treated with
endocrine therapy (tamoxifen or anastrazole, depending on the patient’s menstrual status)
and chemotherapy, depending on the tumor stage. For CRC, in advanced stages, patients
received chemotherapy (XELOX, FOLFOX, or FOLFIRI); in two cases, this treatment over-
lapped with hormonal breast treatment. There is a discussion in the literature regarding
whether to discontinue hormonal therapy during chemotherapy for CRC. There are the
following two issues here: 5-FU and capecitabine may also act on breast tumors, and
tamoxifen in association with chemotherapy for CRC may increase the risk of thrombo-
sis [51,52]. In our cases, there was no mention of stopping hormone therapy. Once again,
we emphasize the importance of a multidisciplinary team in the individualized treatment
of each case.

Another discussion regarding these patients is about determining the Her status for
both breast and stage IV CRC. There are a small number of studies showing the benefit of
anti-Her treatment in metastatic CRC. However, if the breast tumor is Her-positive, the
treatment administered might also be active for the colon tumor, but there are no guidelines
for the treatment of these synchronous tumors [53].

No assessment of survival can be made in the review due to the lack of standardized
follow-up data. The only conclusion is that patients had a good immediate outcome. In
one case, the patient survived 7 years without signs of neoplastic disease [31]. In four cases,
there are mentions of follow-up at 6, 9, 16, and 24 months, respectively [23,25,28,29]. In one
case, the patient died at 18 months due to metastatic breast cancer [35].

In terms of CRC, the number of new cases and mortality are generally trending
downward, whereas for breast cancer, the number of new cases is increasing and mortality
is decreasing [1-7]. For metastatic breast and colon cancer, the 5-year survival rate is
approximately equal at around 30% [54-56].

This study has limitations that must be acknowledged. The medical records had a
high degree of missing data, particularly for immunochemistry in colorectal cancer and
regarding the exact tumor stage and oncologic treatment for both breast cancer and CRC.
We also lacked detailed information about personal comorbidities, risk factors, and family
history, and we lacked follow-up data. Additionally, there have been significant changes
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to the standard of care over the years regarding the treatment and investigations of each
cancer, which could change management decisions concerning these patients in the future.

5. Conclusions

The incidence of MPMT is increasing and, in this sense, more attention should be paid
during staging investigations in order to detect, in a timely manner, the presence of another
tumor with different localization.

Developing new methods of treatment and investigation may play an important role
in the future.

Once again, we emphasize the importance of screening methods, especially since we
are discussing diseases with a standardized protocol.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/1ife14081008 /s1, Table S1: Risk of bias according to JBI checklist.

Author Contributions: Conceptualization, C.I. and C.R.I.; methodology, I.B.; software, I.B.; validation,
C.I, A.G. and VS, formal analysis, 1.B.; investigation, T.C.; resources, C.R.I. and C.I; data curation,
V.S.; writing—original draft preparation, C.R.I.; writing—review and editing, C.L; visualization, C.I;
supervision, V.S.; project administration, C.I. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was performed in accordance with the Declaration
of Helsinki.

Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: Publication of this paper was supported by the University of Medicine and
Pharmacy Carol Davila through the institutional program Publish not Perish.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

DeSantis, C.E.; Fedewa, S.A.; Goding Sauer, A.; Kramer, J.L.; Smith, R.A.; Jemal, A. Breast cancer statistics, 2015: Convergence of
incidence rates between black and white women. CA Cancer . Clin. 2016, 66, 31-42. [CrossRef] [PubMed]

Fitzmaurice, C.; Allen, C.; Barber, R.M.; Barregard, L.; Bhutta, Z.A.; Brenner, H.; Dicker, D.J.; Chimed-Orchir, O.; Dandona, R,;
Dandona, L.; et al. Global, regional, and national cancer incidence, mortality, years of life lost, years lived with disability, and
disability-adjusted life-years for 32 cancer groups, 1990 to 2015: A systematic analysis for the global burden of disease study.
JAMA Oncol. 2017, 3, 524-548. [CrossRef] [PubMed]

NIH. Cancer Stat Facts: Female Breast Cancer. Available online: https://seer.cancer.gov/statfacts/html/breast.html (accessed on
2 June 2024).

Silverstein, J.; Wright, F,; Stanfield, D.; Chien, A.J.; Wong, ].M.; Park, ].W.; Blanco, A.; Van Loon, K.; Atreya, C.E. Synchronous
or metachronous breast and colorectal cancers in younger-than-average-age patients: A case series. Oncologist 2024, oyael14.
[CrossRef] [PubMed]

Wong, M.C.S.; Huang, J.; Lok, V.; Wang, |.; Fung, F; Ding, H.; Zheng, Z.]. Differences in Incidence and Mortality Trends of
Colorectal Cancer Worldwide Based on Sex, Age, and Anatomic Location. Clin. Gastroenterol. Hepatol. 2021, 19, 955-966.e61.
[CrossRef] [PubMed]

NIH. Cancer Stat Facts: Colorectal Cancer. Available online: https:/ /seer.cancer.gov/statfacts /html/colorect.html (accessed on 3
June 2024).

Weissman, S.; Sebrow, J.; Gonzalez, H.H.; Weingarten, M.].; Rosenblatt, S.; Mehta, T.I.; Thaker, R.; Krzyzak, M.; Saleem, S.
Diagnosis of Primary Colorectal Carcinoma with Primary Breast Cancer: Associations or Connections? Cureus 2019, 11, e4287.
[CrossRef] [PubMed]

Warren, S. Multiple malignant tumors. A survey of the literature and statistical study. Am. J. Cancer 1932, 16, 1358-1414.

De Luca, A.; Frusone, F; Vergine, M.; Cocchiara, R.; La Torre, G.; Ballesio, L.; Monti, M.; Amabile, M.I. Breast Cancer and
Multiple Primary Malignant Tumors: Case Report and Review of the Literature. In Vivo 2019, 33, 1313-1324. [CrossRef] [PubMed]
[PubMed Central]

Zhai, C.; Cai, Y.; Lou, F; Liu, Z; Xie, J.; Zhou, X.; Wang, Z.; Fang, Y.; Pan, H.; Han, W. Multiple Primary Malignant Tumors—A
Clinical Analysis of 15,321 Patients with Malignancies at a Single Center in China. J. Cancer 2018, 9, 2795-2801. [CrossRef]


https://www.mdpi.com/article/10.3390/life14081008/s1
https://www.mdpi.com/article/10.3390/life14081008/s1
https://doi.org/10.3322/caac.21320
https://www.ncbi.nlm.nih.gov/pubmed/26513636
https://doi.org/10.1001/jamaoncol.2016.5688
https://www.ncbi.nlm.nih.gov/pubmed/27918777
https://seer.cancer.gov/statfacts/html/breast.html
https://doi.org/10.1093/oncolo/oyae114
https://www.ncbi.nlm.nih.gov/pubmed/38856325
https://doi.org/10.1016/j.cgh.2020.02.026
https://www.ncbi.nlm.nih.gov/pubmed/32088300
https://seer.cancer.gov/statfacts/html/colorect.html
https://doi.org/10.7759/cureus.4287
https://www.ncbi.nlm.nih.gov/pubmed/31183268
https://doi.org/10.21873/invivo.11605
https://www.ncbi.nlm.nih.gov/pubmed/31280224
https://www.ncbi.nlm.nih.gov/pmc/PMC6689364
https://doi.org/10.7150/jca.25482

Life 2024, 14, 1008 11 of 12

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Reimer, G.; Billroth, T. Die Allgemeine chirurgische pathologie un therapie. In 51 Vorlesungen-Ein Handbuch fur Studierende und
Artze, 14th ed.; Reimer, G., Ed.; Georg Reimer: Berlin, Germany, 1889; p. 908.

Bin Saleem, M.Y.; Albandar, M.H.; Alfaifi, ].A. Synchronous Colon and Breast Cancers: A Case Report of Multiple Primary
Tumors. Cureus 2022, 14, €24798. [CrossRef]

Fisher, C.S.; Wachtel, M.S.; Margenthaler, ].A. Outcomes for patients who develop both breast and colorectal cancer. Ann. Surg.
Oncol. 2012, 19, 242-248. [CrossRef]

Asaad, A.; Barron, M.; Rasheed, N.; Idaewor, P.; Saad Abdalla Al-Zawi, A. The Rare Diagnosis of Synchronous Breast and Colonic
Cancers: A Case Report and Review of Literature. Cureus 2021, 13, e13314. [CrossRef] [PubMed] [PubMed Central]

Antoniou, A.; Pharoah, P.D.P; Narod, S.; Risch, H.A.; Eyfjord, ].E.; Hopper, ].L.; Loman, N.; Olsson, H.; Johannsson, O.; Borg, A.;
et al. Average risks of breast and ovarian cancer associated with BRCA1 or BRCA2 mutations detected in case series unselected
for family history: A combined analysis of 22 studies. Am. J. Hum. Genet. 2003, 72, 1117-1130. [CrossRef] [PubMed]

Chen, S.; Parmigiani, G. Meta-analysis of BRCA1 and BRCA2 penetrance. J. Clin. Oncol. 2007, 25, 1329-1333. [CrossRef] [PubMed]
Xavier, A.; Olsen, M.E; Lavik, L.A.; Johansen, J.; Singh, A K,; Sjursen, W.; Scott, R.J.; Talseth-Palmer, B.A. Comprehensive
mismatch repair gene panel identifies variants in patients with Lynch-like syndrome. Mol. Genet. Genom. Med. 2019, 7, 850.
[CrossRef] [PubMed]

Dominguez-Valentin, M.; Sampson, J.R.; Seppidld, T.T.; ten Broeke, S.W.; Plazzer, ].-P.; Nakken, S.; Engel, C.; Aretz, S.; Jenkins,
M.A.; Sunde, L; et al. Cancer risks by gene, age, and gender in 6350 carriers of pathogenic mismatch repair variants: Findings
from the Prospective Lynch Syndrome Database. Genet. Med. 2020, 22, 15-25. [CrossRef] [PubMed]

Yamamoto, S.; Yoshimura, K; Ri, S; Fujita, S.; Akasu, T.; Moriya, Y. The risk of multiple primary malignancies with colorectal
carcinoma. Dis. Colon Rectum 2006, 49, S30-S36. [CrossRef] [PubMed]

Travis, L.B.; Hill, D.A.; Dores, G.M.; Gospodarowicz, M.; Van Leeuwen, EE.; Holowaty, E.; Glimelius, B.; Andersson, M.; Wiklund,
T.; Lynch, C.F,; et al. Breast cancer following radiotherapy and chemotherapy among young women with Hodgkin disease. JAMA
2003, 290, 465-475. [CrossRef] [PubMed]

Liberati, A.; Altman, D.G.; Tetzlaff, ].; Mulrow, C.; Getzsche, P.C.; Ioannidis, ].P.A.; Clarke, M.; Devereaux, PJ.; Kleijnen, J.; Moher,
D. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions:
Explanation and elaboration. PLoS Med. 2009, 6, e1000100. [CrossRef] [PubMed]

Moola, S.; Munn, Z.; Tufanaru, C.; Aromataris, E.; Sears, K.; Sfetcu, R.; Currie, M.; Qureshi, R.; Mattis, P; Lisy, K.; et al. Chapter 7:
Systematic reviews of etiology and risk. In Joanna Briggs Institute Reviewer’s Manual; Aromataris, E., Munn, Z., Eds.; The Joanna
Briggs Institute: Adelaide, Australia, 2017.

Karayiannakis, A.J.; Kakolyris, S.; Kouklakis, G.; Chelis, L.; Bolanaki, H.; Tsalikidis, C.; Simopoulos, C. Synchronous breast and
rectal cancers in a man. Case Rep. Oncol. 2011, 4, 281-286. [CrossRef] [PubMed]

Anania, G.; Santini, M.; Marzetti, A.; Scagliarini, L.; Vedana, L.; Resta, G.; Cavallesco, G. Synchronous primary malignant tumors
of the breast, caecum and sigma. Case Rep. G Chir. 2012, 33, 409-410. [PubMed]

Higgins, L.; Robertson, I.; Khan, W.; Barry, K. Synchronous breast and colon cancer: Factors determining treatment strategy. BM]J
Case Rep. 2013, 2013, bcr2013009450. [CrossRef] [PubMed] [PubMed Central]

Ari, A,; Tatar, C.; Buyukasik, K.; Segmen, O.; Cakir, C.; Arikan, S. Synchronous male breast and colon cancer presenting with
ileus: A case report. Int. J. Surg. Case Rep. 2016, 28, 31-33. [CrossRef] [PubMed]

Yetkin, G.; Celayir, F.; Akgun, LE.; Ucak, R. Synchronous Occurrence of Primary Breast Carcinoma and Primary Colon Adenocar-
cinoma. Case Rep. Surg. 2017, 2017, 7048149. [CrossRef] [PubMed]

Nitipir, C.; Slavu, L; Orlov, C.; Alecu, L.; Jecan, R.; Tomescu, L.; Tulin, R.; Braga, V.; Musat, M.L.; Tulin, A. Synchronous rectal and
breast cancer in a 40-year-old woman. J. Clin. Investig. Surg. 2018, 3, 95-99. [CrossRef]

Abdulla, H.A.; Almarzooq, R.; Alrayes, A. Synchronous breast and colon cancer: The importance of multidisciplinary team
cancer meetings. BM]J Case Rep. 2019, 12, €232680. [CrossRef] [PubMed] [PubMed Central]

Abushwemeh, M.A.; Jabeen, N.; Al Qaseer, A.; Isa, M.; Al Rayes, A.; Al Marzooq, R. Synchronous breast and colon cancer in a
young female: A single stage surgery. Int. Surg. J. 2021, 8, 1309-1311. [CrossRef]

Pekgici, M.R.; Senlikci, A.; Stileyman, M.; Kosmaz, K.; Durhan, A. Synchronous Colon and Breast Cancer: A Case Report. Genel
Cerrahi CausaPedia 2021, 10, 66—68.

Alsulaimani, A.L; Alkhaldi, L.M.; AlTawairqi, S.A.; Khurshid, A.; Abdulaziz, H.A.; Alotaibi, A.G.; Alotaibi, H.O. A Single-Center
Study of Patients with Synchronous Primary Malignancy: A Case Series. Cureus 2022, 14, €32839. [CrossRef] [PubMed] [PubMed
Central]

Gadiyaram, S.; Nachiappan, M.; Thota, R. Metastatic Sigmoid Colon Malignancy with a Synchronous Carcinoma Breast: Is Cure
Possible? Cureus 2022, 14, €21660. [CrossRef] [PubMed] [PubMed Central]

Baiomy, T.A.; Sherbiny, M.; Sharaf, A.L.; Harb, O.A.; AbuTaleb, F. Synchronous occurrence of primary mucinous carcinoma of
recto-sigmoid colon and primary breast Carcinoma: A case report and review of literature. Hum. Pathol. Rep. 2023, 32, 300702.
[CrossRef]

Su, LL.; Chen, Y.K. Utility of FDG PET/CT in Patient with Synchronous Breast and Colon Cancer. Diagnostics 2023, 13, 2293.
[CrossRef] [PubMed] [PubMed Central]

Shield, K.D.; Soerjomataram, I.; Rehm, J. Alcohol use and breast cancer: A critical review. Alcohol. Clin. Exp. Res.
2016, 40, 1166-1181. [CrossRef] [PubMed]


https://doi.org/10.7759/cureus.24798
https://doi.org/10.1245/s10434-011-1843-8
https://doi.org/10.7759/cureus.13314
https://www.ncbi.nlm.nih.gov/pubmed/33738159
https://www.ncbi.nlm.nih.gov/pmc/PMC7958932
https://doi.org/10.1086/375033
https://www.ncbi.nlm.nih.gov/pubmed/12677558
https://doi.org/10.1200/JCO.2006.09.1066
https://www.ncbi.nlm.nih.gov/pubmed/17416853
https://doi.org/10.1002/mgg3.850
https://www.ncbi.nlm.nih.gov/pubmed/31297992
https://doi.org/10.1038/s41436-019-0596-9
https://www.ncbi.nlm.nih.gov/pubmed/31337882
https://doi.org/10.1007/s10350-006-0600-8
https://www.ncbi.nlm.nih.gov/pubmed/17106813
https://doi.org/10.1001/jama.290.4.465
https://www.ncbi.nlm.nih.gov/pubmed/12876089
https://doi.org/10.1371/journal.pmed.1000100
https://www.ncbi.nlm.nih.gov/pubmed/19621070
https://doi.org/10.1159/000328995
https://www.ncbi.nlm.nih.gov/pubmed/21734883
https://www.ncbi.nlm.nih.gov/pubmed/23140927
https://doi.org/10.1136/bcr-2013-009450
https://www.ncbi.nlm.nih.gov/pubmed/23845673
https://www.ncbi.nlm.nih.gov/pmc/PMC3736107
https://doi.org/10.1016/j.ijscr.2016.09.023
https://www.ncbi.nlm.nih.gov/pubmed/27677113
https://doi.org/10.1155/2017/7048149
https://www.ncbi.nlm.nih.gov/pubmed/29209551
https://doi.org/10.25083/2559.5555/3.2/95.99
https://doi.org/10.1136/bcr-2019-232680
https://www.ncbi.nlm.nih.gov/pubmed/31806636
https://www.ncbi.nlm.nih.gov/pmc/PMC6904146
https://doi.org/10.18203/2349-2902.isj20211317
https://doi.org/10.7759/cureus.32839
https://www.ncbi.nlm.nih.gov/pubmed/36694511
https://www.ncbi.nlm.nih.gov/pmc/PMC9867554
https://www.ncbi.nlm.nih.gov/pmc/PMC9867554
https://doi.org/10.7759/cureus.21660
https://www.ncbi.nlm.nih.gov/pubmed/35242460
https://www.ncbi.nlm.nih.gov/pmc/PMC8884458
https://doi.org/10.1016/j.hpr.2023.300702
https://doi.org/10.3390/diagnostics13132293
https://www.ncbi.nlm.nih.gov/pubmed/37443686
https://www.ncbi.nlm.nih.gov/pmc/PMC10341201
https://doi.org/10.1111/acer.13071
https://www.ncbi.nlm.nih.gov/pubmed/27130687

Life 2024, 14, 1008 12 of 12

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

50.

51.

52.

53.

54.

55.

56.

Fedirko, V.; Tramacere, I.; Bagnardi, V.; Rota, M.; Scotti, L.; Islami, F.; Negri, E.; Straif, K.; Romieu, I.; La Vecchia, C.; et al.
Alcohol drinking and colorectal cancer risk: An overall and dose-response meta-analysis of published studies. Ann. Oncol.
2011, 22, 1958-1972. [CrossRef] [PubMed]

Chen, W.Y,; Rosner, B.; Hankinson, S.E.; Colditz, G.A.; Willett, W.C. Moderate alcohol consumption during adult life, drinking
patterns, and breast cancer risk. JAMA 2011, 306, 1884-1890. [CrossRef] [PubMed]

Breau, G.; Ellis, U. Risk factors associated with young-onset colorectal adenomas and cancer: A systematic review and meta-
analysis of observational research. Cancer Control 2020, 27, 1073274820976670. [CrossRef]

Hopper, ].L.; Dite, G.S.; Maclnnis, R.J.; Liao, Y.; Zeinomar, N.; Knight, J.A.; Southey, M.C.; Milne, R.L.; Chung, WK_; Giles, G.G;
et al. Age-specifc breast cancer risk by body mass index and familial risk: Prospective family study cohort (ProF-SC). Breast
Cancer Res. 2018, 20, 132. [CrossRef] [PubMed]

Continuous Update Project Report Summary. Diet, Nutrition, Physical Activity, and Breast Cancer; Published Online; World Cancer
Research Fund International: London, UK; American Institute for Cancer Research: Washington, DC, USA, 2017; Available online:
https:/ /jamanetwork-com.ucsf.idm.oclc.org/journals /jamaoncology / fullarticle /2677294 (accessed on 3 June 2024).

Bandera, E.V,; John, E.M. Obesity, Body composition, and breast cancer: An evolving science. JAMA Oncol. 2018, 4, 804-805.
[CrossRef]

Champion, V.L.; Christy, S.M.; Rakowski, W.; Lairson, D.R.; Monahan, P.O.; Gathirua-Mwangi, W.G.; Stump, T.E.; Biederman,
E.B.; Kettler, C.D.; Rawl, S.M. An RCT to Increase Breast and Colorectal Cancer Screening. Am. . Prev. Med. 2020, 59, e69—-e78.
[CrossRef] [PubMed] [PubMed Central]

Shete, S.; Deng, Y.; Shannon, J.; Faseru, B.; Middleton, D.; Iachan, R.; Bernardo, B.; Balkrishnan, R.; Kim, S.J.; Huang, B.; et al.
Differences in Breast and Colorectal Cancer Screening Adherence Among Women Residing in Urban and Rural Communities in
the United States. JAMA Netw. Open 2021, 4, €2128000. [CrossRef]

Lee, H.; Lee, HW.,; Park, E.J.; Kang, ].; Baik, S.H. Clinicopathologic characteristics and survival of patients with double primary
malignancies: Breast and colorectal cancer. Ann. Coloproctol. 2022, 38, 197-206. [CrossRef] [PubMed]

Goss, PE.; Reid, C.; Pintilie, M. Male breast carcinoma: A review of 229 patients who presented to the Princess Margaret Hospital
during 40 years: 1995-1996. Cancer 1999, 85, 629-639. [CrossRef]

Petrucelli, N.; Daly, M.B.; Pal, T. BRCA1- and BRCA2-Associated Hereditary Breast and Ovarian Cancer. 1998 Sep 4 [updated
2023 Sep 21]. In GeneReviews® [Internet]; Adam, M.P,, Feldman, J., Mirzaa, G.M., Pagon, R.A., Wallace, S.E., Bean, L.J.H., Gripp,
K.W., Amemiya, A., Eds.; University of Washington: Seattle, WA, USA, 2024. Available online: https:/ /www.ncbi.nlm.nih.gov/
books/NBK1247/ (accessed on 21 January 2024). [PubMed]

Siegel, R.L.; Miller, K.D.; Fuchs, H.E.; Jemal, A. Cancer statistics, 2022. CA Cancer |. Clin. 2022, 72, 7-33. [CrossRef] [PubMed]
Meijers-Heijboer, H.; Wasielewski, M.; Wagner, A.; Hollestelle, A.; Elstrodt, F.; Bos, R.v.D.; de Snoo, A.; Fat, G.T.A.; Brekelmans, C.;
Jagmohan, S.; et al. The CHEK?2 1100delC mutation identifies families with a hereditary breast and colorectal cancer phenotype.
Am. ]J. Hum. Genet. 2003, 72, 1308-1314. [CrossRef]

Zagami, P.; Carey, L.A. Triple negative breast cancer: Pitfalls and progress. npj Breast Cancer 2022, 8, 95. [CrossRef] [PubMed]
Leonard, R.C.F. Oral fluoropyrimidines among the new drugs for patients with metastatic breast cancer. Br. ]. Cancer 2001, 84,
1437-1442. [CrossRef] [PubMed]

Pritchard, K.I. Combining endocrine agents with chemotherapy: Which patients and what sequence? Cancer 2008, 112, 718-722.
[CrossRef]

Strickler, J.H.; Yoshino, T.; Graham, R.P; Siena, S.; Bekaii-Saab, T. Diagnosis and treatment of ERBB2-positive metastatic colorectal
cancer: A review. JAMA Oncol. 2022, 8, 760-769. [CrossRef] [PubMed]

Zeineddine, FA.; Zeineddine, M.A.; Yousef, A.; Gu, Y.; Chowdhury, S.; Dasari, A.; Huey, RW.; Johnson, B.; Kee, B.; Lee, M.S ; et al.
Survival improvement for patients with metastatic colorectal cancer over twenty years. npj Precis. Oncol. 2023, 7, 16. [CrossRef]
Meegdes, M.; Geurts, SM.E.; Erdkamp, FL.G.; Dercksen, M.W.; Vriens, B.E.; Aaldering, K.N.; Pepels, M.].; van de Winkel, L.M.;
Peters, N.A; Tol, ].; et al. Real-world time trends in overall survival, treatments and patient characteristics in HR+/HER2—
metastatic breast cancer: An observational study of the SONABRE Registry. Lancet Reg. Health Eur. 2023, 26, 100573. [CrossRef]
Breast Cancer—Metastatic—Statistics. Cancer. Net. Published 19 May 2017. Available online: https://www.cancer.net/cancer-
types/breast-cancer /statistics (accessed on 26 April 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1093/annonc/mdq653
https://www.ncbi.nlm.nih.gov/pubmed/21307158
https://doi.org/10.1001/jama.2011.1590
https://www.ncbi.nlm.nih.gov/pubmed/22045766
https://doi.org/10.1177/1073274820976670
https://doi.org/10.1186/s13058-018-1056-1
https://www.ncbi.nlm.nih.gov/pubmed/30390716
https://jamanetwork-com.ucsf.idm.oclc.org/journals/jamaoncology/fullarticle/2677294
https://doi.org/10.1001/jamaoncol.2018.0125
https://doi.org/10.1016/j.amepre.2020.03.008
https://www.ncbi.nlm.nih.gov/pubmed/32690203
https://www.ncbi.nlm.nih.gov/pmc/PMC8867905
https://doi.org/10.1001/jamanetworkopen.2021.28000
https://doi.org/10.3393/ac.2021.00640.0091
https://www.ncbi.nlm.nih.gov/pubmed/34657410
https://doi.org/10.1002/(SICI)1097-0142(19990201)85:3%3C629::AID-CNCR13%3E3.0.CO;2-V
https://www.ncbi.nlm.nih.gov/books/NBK1247/
https://www.ncbi.nlm.nih.gov/books/NBK1247/
https://www.ncbi.nlm.nih.gov/pubmed/20301425
https://doi.org/10.3322/caac.21708
https://www.ncbi.nlm.nih.gov/pubmed/35020204
https://doi.org/10.1086/375121
https://doi.org/10.1038/s41523-022-00468-0
https://www.ncbi.nlm.nih.gov/pubmed/35987766
https://doi.org/10.1054/bjoc.2001.1819
https://www.ncbi.nlm.nih.gov/pubmed/11384089
https://doi.org/10.1002/cncr.23189
https://doi.org/10.1001/jamaoncol.2021.8196
https://www.ncbi.nlm.nih.gov/pubmed/35238866
https://doi.org/10.1038/s41698-023-00353-4
https://doi.org/10.1016/j.lanepe.2022.100573
https://www.cancer.net/cancer-types/breast-cancer/statistics
https://www.cancer.net/cancer-types/breast-cancer/statistics

	Introduction 
	Materials and Methods 
	Search Strategy 
	Study Selection, Data Extraction, and Quality Assessment 

	Results 
	Systematic Review of the Literature 
	Quality Assessment 
	General Characteristics 
	Breast Tumor Characteristics 
	Colorectal Tumor Characteristics 
	Treatment 

	Discussion 
	Conclusions 
	References

