
Abstract. Background/Aim: Currently, the impact of
diabetes mellitus (DM) on rectal cancer patients is complex
and just partly elucidated. The purpose of this study was to
investigate the impact of diabetes mellitus on rectal cancer
patients focusing on tumor differentiation grade, neoadjuvant
chemoradiotherapy (NACRT) response, disease-free (DFS)
and overall (OS) survival. Patients and Methods: Our study’s
population consisted of a group of 53 patients diagnosed
with locally advanced rectal cancer, who underwent NACRT,
followed by radical oncological surgery. This patient
population was further divided into two groups according to
diabetes presence. Results: Downstaging rates, local control,
DFS, and OS were lower in the DM subgroup compared to
the non-DM locally advanced rectal cancer patients.
Conclusion: The presence of DM at the time of diagnosis of

locally advanced rectal cancer patients may be a negative
predictive factor for response to neoadjuvant therapy, distant
metastases, and local recurrences rates.

Diabetes mellitus (DM) is one of the main chronic metabolic
diseases, which have been linked to kidney, heart, and nerve
damage. Currently, 422 million people worldwide have
diabetes, and, despite global preventive measures, incidence
and prevalence rates have been constantly increasing in the
last decades (1). One of the most investigated organ-related
consequences of DM is the one on kidney function (2-4), a
life-threatening association if we consider the role of DM in
end-stage renal disease (5).  

Previous retrospective studies have reported that, for other
pelvic tumors (e.g. cervix uteri, bladder), amongst other
irradiation response predictive factors, such as smoking
status, treatment duration, radiation total dose, target volume
proximity, and local anatomy, DM can also act as one of
these clinically meaningful factors for the increased
incidence of adverse events development (6-8). In the last
decade, after an increase in colorectal cancer incidence
worldwide, the connection between DM and this malignancy
has been thoroughly investigated (9). There are several
studies showing that patients with rectal cancer and DM have
a poorer prognosis than non-DM patients (10). Although
diabetic patients with rectal cancer have an inferior
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prognosis, few studies have examined the impact of diabetes
on the response to neoadjuvant chemoradiotherapy
(NACRT), a negative impact possibly being an explanation
for the poorer prognosis. Although no mechanism has been
described to explain this phenomenon, most literature data
suggest that NACRT is less effective in patients with
diabetes (11, 12). The vast majority of studies that have
investigated the impact of diabetes on the prognosis of
patients with colorectal tumors have either included patients
with colorectal neoplasms (13-15) or only those with colon
cancer (16, 17). The association of diabetes with rectal
cancer has rarely been found in patients with rectal
neoplasms apart from those with colon neoplasia (18).

The association between diabetes and the survival of
patients with colorectal cancer is still debatable; while some
international studies have demonstrated a significant impact
of diabetes on survival rates (13, 19), other studies considered
that other risk factors (e.g. smoking, behavioral) have the
greatest impact, and not DM (14, 16). This study aimed to
analyze patients with locally advanced rectal neoplasms, who
underwent NACRT, followed by radical surgery.

Patients and Methods

After obtaining Ethical Committee approval, we recruited 53
patients in this study, who were homogeneous in terms of
preoperative staging (stage II-III/Dukes B and C); all patients were
staged according to the institutional protocol with colonoscopy,
pelvic magnetic resonance imaging (MRI), and thorax-abdomen
computed tomography (CT) scanning. Patient population
characteristics are presented in Table I. Following complete clinical
staging, the therapeutic decisions were discussed in the institutional
multidisciplinary board and all patients were scheduled for NACRT
followed by radical surgery. NACRT consisted of long-course 3D
conformal external beam radiotherapy up to a total dose of 50 Gy
using a conventional fractionation schedule, and oral capecitabine
administered for radiosensitization at 1600 mg/m2/day, (Monday-
Friday) for 5 weeks. One month following radiotherapy, clinical
reevaluation was performed by colonoscopy, and MRI of the
abdomen and pelvis. Two months following the end of NACRT,
clear margin radical surgery was performed in all patients by the
same surgical team according to tumor location. For 23 patients,
considering the postoperative pathology examination results that
revealed the lack of tumor regression after NACRT (poor or no
response), adjuvant chemotherapy consisting of 6 cycles of
oxaliplatin 130 mg/m2 IV day 1 and capecitabine 1000 mg/m2
twice daily during the days 1-14, was added three-weekly (q3w).
After the treatment, patient follow-up was carried out during a
period of 5 years.

The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review
Board of Prof. Dr. Alex. Trestioreanu Institute of Oncology
(1675l/28.11.2018). Informed consent was obtained from all
subjects involved in the study.

For statistical analysis we used Microsoft Excel (Microsoft
Office, Redmond, WA, USA), GraphPad 6 Prism (GraphPad
Software, San Diego, CA, USA) and MedCalc 14.1 (MedCalc

Software Ltd, Ostend, Belgium). We used t-test for independent
variables, Spearman’s rank correlation coefficient and Kaplan-Meier
curves for survival analysis.

Patients were divided according to the presence of DM in two
relatively balanced subgroups in terms of patient numbers, stage,
and treatment; one comprised 20 diabetic patients and the other 33
non-diabetic patients.

The two groups were similar regarding duration of tumor and
comorbidities. In the diabetic group we encountered two patients
with arterial hypertension, one patient with New York Heart
Association (NYHA) two with heart failure and one patient with a
laparoscopic cholecistectomy in surgical antecedents. The duration
of type 2 diabetes mellitus ranged between 3 and 10 years. Four
patients were treated with insulin, while the rest had oral
hypoglycemic medication, with relatively good glycaemic control.
In the non-diabetic group, we found two patients with NYHA
cardiac heart failure, one patient with arterial hypertension, and one
patient with ulcerohemoragic rectocolitis.  

We investigated the possible association between DM and tumor
differentiation grade, in order to objectify whether diabetic patients
are more prone to more aggressive forms of rectal neoplasm.
Comparing the two groups according to several parameters, the
extent to which the presence of diabetes influences the response to
neoadjuvant treatment and the long-term prognosis by the
occurrence of local recurrence or distant metastases, as well as its
effect on overall survival was shown.

Results
Regarding the distribution of patients according to age and
gender (Figure 1), the number of male patients with rectal
cancer was higher than that of female patients (40 vs. 13);
the average age at diagnosis among women was 58.15±2.69
vs. 64.00±1.47 among men (p=0.05).

Our primary study objective was to evaluate whether DM
correlates with tumor aggressiveness in rectal cancer
patients. Therefore, we analyzed the distribution of patients
according to tumor differentiation degree and no association
was found between DM and this tumor characteristic
(p=0.79) (Figure 2A). Additionally, we also classified
patients into well and moderate tumor differentiation groups
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Table I. Patient population characteristics.

                                                   DM group                   Non-DM group

No. pts.                                             20                                     33
Age                                                   61                                   63.1
Males/females                                 23/9                                 30/4
Comorbidities                                                                              
   Cardiovascular                               3                                       3
   Gastrointestinal                              1                                       1
TNM stage                                                                                  
   II                                                     11                                     18
   III                                                    9                                      15

DM: Diabetes mellitus; pts: patients; TNM: tumor-node-metastasis.



to examine if DM can interfere with tumor grading (Figure
2B). Although the frequency of distribution between groups
was not statistically significant, grouping the differentiation
degrees with a cut-off value of 2 allowed us to evaluate the
odds ratio (OR=1.38) and Relative Risk (RR=1.212). This
further allowed us to report DM as a risk factor for the
development of less differentiated tumors.

We also evaluated the impact of DM on the response to
NACRT, considering that a positive correlation might
suggest a poorer prognosis among patients with rectal cancer
and DM. The statistical analysis of our patient population
data revealed significantly higher rates of patients with
downstaging after NACRT in the non-DM subgroup (Figure
3), (relative risk=2.476 and p=0.0058) which allowed us to
conclude that the presence of diabetes at the time of
diagnosis may be a predictive factor for a poor response to
NACRT in rectal cancer patients.

The patients included in the study were monitored for a
period of 5 years, assessing the correlation between the presence
of DM and the occurrence of local or distant recurrences. From
the results gathered (RR=2.3, OR=3.7) and presented in Figure
4A we can conclude that DM is a major risk factor for the
development of local recurrences in patients with rectal cancer
following NACRT (p=0.03). Also, our results (RR=2.12 and
OR=3.03), presented in Figure 4B, support the theory that
diabetes is a risk factor for the development of metastasis in
patients with rectal cancer, although a statistically significant
distribution was not achieved (p=0.12).

The average survival in the DM rectal cancer patient
group was 17.5 months vs. 59 months for the non-DM
subgroup. The impact of DM was best evidenced (p=0.018)
at 1-year follow-up, when only 60% of patients in the DM
patient subgroup survived, compared to 84.8% in the non-
DM patient subgroup (Figure 5). 
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Figure 1. Patient distribution according to: (A) Age; (B) Gender, (unpaired t-test, p=0.05).

Figure 2. Relationship of diabetes mellitus with rectal cancer differentiation grade. (A) Individual differentiation grades; (B) Cumulated moderate
and high differentiation grades (chi-square for trend).



Discussion

Historically, colon and rectal cancers have been analyzed
together, although a number of parameters may differ between
the proximal and distal locations in the colon and especially
between the colonic and rectal locations. Standard treatment for
rectal adenocarcinoma involves NACRT to shrink the tumor
prior to surgical resection, whereas for colonic adenocarcinoma
the standard treatment involves surgical resection followed by
adjuvant targeted therapies. Most studies that have investigated
the association between diabetes and survival have either
included patients with colorectal neoplasms (12-14) or only
those with colon cancer (16, 17), and the reports of the
association between diabetes and mortality in patients with
rectal cancer analyzed separately from those with colonic
neoplasms have been the exception (18).

Compared to the age at diagnosis, contrary to the results
of our study, some studies have shown that women are
usually about a decade older than men when they develop
this disease (20), with males having a lower participation in
screening programs (21, 22).

The association between DM and colorectal cancer
appears to be complex and just partly elucidated. There are
several potential mechanisms described, by which diabetes
may interfere with the process of carcinogenesis. Most tumor
cells express receptors for insulin and insulin-like growth
factors (IGF-1), which may be stimulated in the presence of

diabetes, due to hyperinsulinemia secondary to endogenous
production or exogenous insulin administration (23-26).
Activation of these receptors may be stimulated by different
signaling pathways in response to cancer proliferation and
progression (27). Another incriminated mechanism for
carcinogenesis in diabetics is hyperglycemia because tumor
cells require high levels of glucose in order to generate the
necessary ATP for cell division (26, 28). Malignant
progression in diabetics may also benefit from the associated
chronic inflammatory process, especially in obese patients,
through the released cytokines (29).

A review of 534 patients with colorectal cancer found
worse histopathological features in patients with diabetes than
in non-diabetics (30). These histopathological characteristics
are associated with a worse prognosis for colorectal cancers.
Patients with poorly differentiated and undifferentiated
tumors have lower survival rates than those with well-
differentiated tumors. No differences have been reported in
the literature between the tumor grading of diabetic patients
compared to non-diabetics, but most studies were on colon or
colorectal cancer and not specifically on rectal cancer (30,
31). In our study, patients with DM and rectal cancer were
more prone to less differentiated cancer cell subtypes than
their non-DM counterparts. Hyperinsulinemia, activation of
IGF-1 receptors, and hyperglycemia present in diabetic
patients may stimulate proliferation, angiogenesis, local
invasion, and distant dissemination (30). One of the
drawbacks of our study was the lack of more precise
pathological data, like molecular biology tests and
immunohistochemistry, since there are studies (32) reporting
the impact of different tumor biomarkers on the treatment
response of rectal cancer. 

Although NACRT has been adopted as a therapeutic
standard for locally advanced rectal cancer for a long time,
so far, no molecular biomarker, studied as a potential
predictive factor for tumor resistance to radiochemotherapy,
has been implemented in current clinical practice (20).

Rectal cancer response to NACRT has been unanimously
considered an important prognostic factor for this disease,
that is why current research (32, 33) is focusing on predicting
patients that would have an increased benefit from this
therapeutic approach. Rectal cancer tissue is highly
inflammatory, and the levels of inflammatory markers may
correlate with obesity status (34). Although our study reported
higher relapse rates for DM rectal cancer patients, we should
also consider that DM oncological patients suffering that
undergo surgery following NACRT usually have higher rates
of surgical complications, especially wound infection, and
need more treatment recovery time (35). Blood vessel
damage is responsible for these surgical complications, and
radiotherapy and DM have synergistic effects. That is why,
for selected patients, especially for biopsy-proven pathologic
complete responders following NACRT, a non-surgical
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Figure 3. Downstaging rates following neoadjuvant chemoradiotherapy.
There were higher rates of patients with downstaging after neoadjuvant
chemoradiotherapy in the non-diabetes mellitus (DM) subgroup (33)
than in the DM subgroup (20), (chi-square, p=0.0058).



watch-and-wait approach would be more suitable. Some
studies (36, 37) suggest that even for the watch-and-wait
patients, even after local relapse, surgery could still be
delayed, and replaced with chemotherapy and reirradiation.
Especially for some DM patients, special postoperative
measures were taken for healing acceleration (38, 39). 

A study conducted by Van de Poll-Franse et al. (40) found
a statistically significant association between pre-existing
diabetes and the risk of mortality in both colon and rectal
cancer patients, which were independently analyzed. Another
study that was carried out in Korea (18) describes patients
with colorectal cancer and DM as having lower DFS rates
than their non-DM counterparts. However, in this study DM
had a negative impact on OS rates in patients with colon
cancer, but not in those with rectal neoplasm. 

Considering colon and rectal cancer independently,
diabetes was associated with worse overall and disease-free
survival, statistically significant in colonic pathology but not
in the case of patients with rectal neoplasm. A possible
explanation for the discrepancy regarding the Van de Poll-
Franse et al. study (40) may be the racial difference of the
patients investigated in the two studies.

One of the main limitations of our research is that it is a
small-scale study, which might suggest that the findings
cannot be generalized to the whole population. However, it
is widely accepted that statistically significant findings in
small sample studies should be managed as evidence for
further exploration. Therefore, controlled validation studies
across multiple sites to confirm reproducibility and reliability
of these results are needed.

Conclusion

The aim of this study was to investigate the influence of DM
on the early results after NACRT and the long-term

oncosurgical outcomes after surgery for rectal cancer using
data prospectively obtained in a representative number of
patients. Following our data analysis, we concluded that
regarding tumor differentiation, DM was a risk factor for the
development of low differentiated tumors. Also, regarding
the response to NACRT, the presence of diabetes at the time
of diagnosis may be a predictive factor for a poor response
to NACRT in rectal cancer patients. Our study confirmed the
negative impact of DM on survival rates in rectal cancer
patients, with an almost 70% shortening of the average OS,
compared to non-DM rectal cancer patients. Therefore, for
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Figure 4. Diabetes mellitus impact on rectal cancer relapse. A) DM is a major risk factor for the development of local recurrences in patients with
rectal cancer following NACRT (p=0.03). B) Diabetes is a risk factor for the development of metastasis in patients with rectal cancer.

Figure 5. One-year overall survival rates in diabetes mellitus (DM)
(12/20) vs. non-DM (28/33) rectal cancer patients, (log-rank/mantel-
cox test, p=0.018).



DM rectal cancer patients, the therapeutic approach and also
the follow-up should be tailored for both diseases. Therefore,
future studies on the association between rectal cancer and
DM should focus more on the DM-related factors, such as
anti-diabetic medication and glycemic control, and the DM-
related comorbidities and their impact on rectal cancer
characteristics such as aggressiveness and survival. 
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