
Abstract. Background/Aim: The aim of this study was to
delineate clinical criteria to safely select elderly patients who
can benefit from adding oxaliplatin to 5-fluoruracil-based
neo-adjuvant chemoradiotherapy (CRT) in locally advanced
rectal cancer (LARC) management. Patients and Methods:
This is a single-institutional case-control study on LARC
patients who received intensified neo-adjuvant CRT, between
January 2007 and December 2014. Data concerning patient
characteristics, treatment details and adverse events were
reviewed and analyzed in two settings: young patients (<65
years) and elderly (≥65 years). A binary logistic model was
applied to analyze the potential interaction between clinical
variables and severe toxicity risk. Results: In total, 100
consecutive LARC patients were included. Mean age was
63.6 years and 55% (n=55) of the patients had adult
comorbidity evaluation-27 (ACE-27) score ≥1. Most cancers
(81%) were lymph node positive at diagnosis. Overall, ≥5
cycles of oxaliplatin were administered to 92 patients (92%).
Only 17 patients (17%) reported grade ≥3 toxicity. The
elderly group did not experience significantly higher severe
toxicity than the young group. ACE-27 score ≥1 was the only
variable independently associated with a higher severe
toxicity. The 5-year overal survival (OS) rates were 64.1%
and 89.2% in the elderly and young cohort, respectively.
Conclusion: Elderly LARC patients can be safely treated with
intensified neo-adjuvant CRT. 

With the increase in aging population, geriatric oncology has
gained increasing attention within research community. Over
the years, locally advanced rectal cancer (LARC) diagnosis
has gradually increased in elderly and its management still
remains crucial, especially due to potential age-related
vulnerability (1-2). At present, the trimodality approach,
including a combination of chemoradiotherapy (CRT), total
mesorectal excision (TME) surgery and chemotherapy
(CHT), is the recommended strategy to assure a curative
intent goal (3). Considering that systemic recurrences
represent the main treatment failure, several intensification
CRT regimens have been tested and the use of oxaliplatin as
radiation-sensitizing agent seems to be a plausible option (4).
Adding oxaliplatin to standard 5-fluoruracil-based CRT is
related to significant clinical benefit in term of distant failure
(4). However, whether the addition of oxaliplatin to neo-
adjuvant CRT is well-tolerated remains to be determined. In
this scenario, clinical criteria to adequately select elderly
patients who can profit from oxaliplatin in a safe manner are
needed. 

The purpose of this single-institution study was to assess
the tolerability of adding oxaliplatin to standard CRT, as well
as to identify possible predictors of developing oxaliplatin-
related toxicity in elderly LARC patients.

Patients and Methods 

Patient population. We retrospectively reviewed a prospectively
maintained database of patients with histological proven
adenocarcinoma of the rectum, staged tumor (T) 3-4 and/or with
nodes (N) involved at diagnosis, treated with an intensified
neoadjuvant treatment between January 2007 and December 2014.
This case-control study was approved by the institutional review
board (Prot. 464/16) and the scientific review committee. The
following clinical data were collected by chart review: patient
demographics (age, gender and race), patient characteristics
[performance status (PS), smoking history, hepatic and renal
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function, comorbidities], tumor stage at diagnosis, treatment
modality and compliance (dose reduction, treatment discontinuation,
number of CHT cycles administered), treatment-related toxicity and
follow-up. To classify patient comorbidities, the adult comorbidity
evaluation-27 (ACE-27) score was used (5). Whereas, toxicity was
scored according to the common terminology criteria for adverse
events, version 4.0 (6).

Neo-adjuvant treatment. All patients received a trimodality
approach with curative intent, including intensified neo-adjuvant
CRT, followed by surgery and adjuvant CHT. Details were
described in our previous series (7, 8). RT was delivered to a total
dose of 45 Gy in 25 fractions to the whole pelvis, plus 5.4 to 9 Gy
in 3 to 5 fractions to the tumor volume. Concomitant CHT consisted
of oxaliplatin 50 mg/m2 on the first day of each week of RT and 5-
fluoruracil 200 mg/m2/day of each week of RT. Surgery was
planned from 7 to 9 weeks after the end of CRT. Surgical approach
was left to surgeon’s discretion. Adjuvant chemotherapy regimen
was chosen by the oncologist.

Statistical analysis. Standard descriptive statistics were used to
evaluate the distribution of each factor. Categorical variables were
compared using the chi-square or Fisher's exact test. Continuous
variables were dichotomized. Statistical tests were two-sided. A p-
value <0.05 was considered statistically significant in the tests. In
order to identify potential predictors of toxicity from oxaliplatin,
the following variables were investigated: advanced age (<65 years
versus ≥65 years), PS (0 versus ≥1), renal impairment – defined as
creatinine serum level >1.1 mg/dl – (no versus yes), ACE-27 score
(0 versus ≥1), polypharmacy – defined as the concomitant use of
≥2 drugs – (no versus yes), cycles of oxaliplatin (≤5 versus >5),
CRT interruption (no versus yes). Based on age category, two
groups were defined: young patients <65 years and elderly patients
with ≥65 years. Treatment-related toxicities were analyzed
according to this patient age cut-off value. A binary logistic model
was applied to determine the effect of independent variables on
severe toxicity risk. 

Overall survival (OS) and disease-free survival (DFS) rates were
estimated by the Kaplan–Meier method and curves were compared
by the log-rank test. Both OS and DFS were calculated in months
from the end of CRT to the first event, including date of the last
follow-up or death (OS) and/or relapse (DFS). Statistical analysis
was carried out using R-Studio 0.98.1091 software.

Results 

Patient characteristics. Overall, 100 patients were eligible
for this study. Patient and tumor baseline characteristics are
presented in Table I. Mean age was 63.6 years (range=38-76
years) and 51 patients aged ≥65 years (elderly group). The
most common clinical symptom at diagnosis was rectal
bleeding (n=61; 61%). The vast majority of patients (n=81,
81%) had regional lymph node involvement and stage
distribution at diagnosis was homogeneous among young
and old patients. Overall, 45 (45%) patients had no
comorbidity and did not assume any drug. Most patients
(n=55; 55%) had ACE-27 score ≥1. In the elderly group, a
higher frequency of ACE-27 score ≥2 was recorded

compared to the young cohort (10 versus 3, p=0.05).
Whereas, there was no statistically significant difference in
creatinine serum levels between elderly patients and young
groups (p=0.59). Hypertension was the most reported
comorbidity (n=41, 41%). 

Neo-adjuvant treatment-related toxicity. All patients
completed the programmed CRT. The majority of patients
(n=92, 92%) received intensified neoadjuvant CRT with
oxaliplatin and 5-fluoruracil for ≥5 cycles. Chemotherapy
was definitely suspended in 8 patients. These patients
received less than 5 cycles of oxaliplatin and all but one
were elderly (Table II). None patients in both groups
discontinued due to worsening of pre-existing comorbidities.
All patients had CRT-related toxicity. Details are shown in
Table III. No significant differences in the type and number
of both acute and late toxicities were recorded between age
groups. Overall, the most frequent acute adverse event was
proctitis (n=71, 71%). Interestingly, only 17 patients (17%)
reported grade 3 toxicity. Of these cases, 11 patients (64.7%)
were elderly. but incidence was not statistically different
compared to younger (p=0.24). Venous thromboembolic
event (VTE) occurred in 11 patients (11%). The overall VTE
incidence was slightly higher, but not statistically significant
(p=0.44) in elderly patients (n=7, 63.6%) compared to young
patients (n=4, 36.4%). A logistic regression was performed
based on these variables with a statistically significant
difference between elderly and young patients, to evaluate
their association to severe toxicity onset (Table IV). Only
ACE-27 score ≥1 was independently associated with a higher
risk of developing severe toxicity (OR=2.13, 95%CI=1.28-
8.32; p=0.05). Interestingly, being older than 65 years of age
was not related to a worst toxicity grade (OR=0.56,
95%CI=0.19-2.03; p=0.25).   

Survival outcomes. In total, 20 patients died, of whom 15 in
the elderly group. Five-year OS and 5-year DFS rates for the
entire population were 76.4% (95%CI=0.642-0.848) and
74.5% (95%CI=0.616-0.836), respectively. According to age,
5-year OS was 64.1% (95%CI=0.45-0.78) for elderly patients
and 89.2% (95%CI=0.73-0.96) in the young group (p=0.04).
Whereas, the 5-year DFS was similar between the two groups
(52.6%, 95%CI=0.36-0.67 versus 57.7%, 95%CI=0.41-0.72;
p=0.81). Details are listed in Figures 1 and 2.

Discussion

This real-life study revealed that adding oxaliplatin to
standard 5-fluoruracil-based CRT was not associated with
an increase in severe toxicity risk in LARC elderly patients.
Severe toxicity was predominantly related to ACE-27 score
≥1, whereas age per se was not a predictive factor of
adverse events.
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These clinical results are consistent with the recently
published expert recommendations of the European Society
of Surgical Oncology, European Society of Coloproctology,
International Society of Geriatric Oncology, and American
College of Surgeons Commission on Cancer regarding the
modern management of rectal cancer in elderly patients (9).
A personalized treatment, based on patient frailty rather than
his/her chronological age, has been highlighted in order to
guarantee the best possible multimodal approach and,
therefore, the greatest outcomes (9). At present, an adequate
co-morbidity evaluation should be integrated in routine
clinical practice to identify those patients who need further
health status assessment. Actually, different chart-based co-
morbidity instruments are available in the literature, but there
is no consensus on the optimal one (10-12). We selected the
ACE-27 tool because it evaluates at the same time several
important comorbid conditions, such as dementia, diabetes
mellitus and body weight that are not all together considered
in the others (5). 

Also, the ACE-27 tool permits to classify the cogent
comorbid ailment on a range of important options and grade
severity in order to identify a score with overall discriminative
performance. We considered this characteristic as a relevant
point for us to support our choice of an intensified multimodal
approach. According to the current trend (13), the results of
this study provide evidence to define therapy on biological
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Table I. Patient and tumor baseline characteristics.

Characteristic                                                                 Total (%)                                Young (%)                              Elderly (%)                        p-Value

Age (years)                                                                                                                                                                                                                      
Mean (range)                                                               63.6 (38-76)                            56.6 (38-64)                             70.2 (65-76)                             
Gender                                                                                                                                                                                                                          0.25
   Male                                                                              67 (67)                                     30 (61)                                     37 (72)                                  
   Female                                                                          33 (33)                                     19 (39)                                     14 (28)                                  
Performance status                                                                                                                                                                                                      0.37
   0                                                                                    98 (98)                                    49 (100)                                    49 (96)                                  
   ≥1                                                                                    2 (2)                                         0 (0)                                         2 (4)                                    
ACE-27 score                                                                                                                                                                                                              0.05
   0                                                                                    45 (45)                                     22 (45)                                     23 (45)                                  
   1                                                                                    42 (42)                                     24 (49)                                     18 (35)                                  
   ≥2                                                                                  13 (13)                                       3 (6)                                       10 (20)                                  
Comorbidities                                                                                                                                                                                                              0.62
   Hypertension                                                                    41                                         16 (33)                                     25 (49)                                  
   Diabetes mellitus                                                             11                                          5 (10)                                       6 (12)                                   
   Gastro-intestinal disease                                                   8                                           7 (14)                                        1 (2)                                    
Creatinine serum level                                                                                                                                                                                                0.59 
   Mean (sd)                                                               0.76 (+/– 0.15)                        0.74 (+/– 0.14)                        0.79 (+/– 0.21)                           
Polypharmacy                                                                                                                                                                                                              0.05
   No                                                                                     87                                         46 (94)                                     41 (80)                                  
   Yes                                                                                    13                                           3 (6)                                       10 (20)                                  
Symptom at diagnosis                                                                                                                                                                                                 0.26
   Rectal bleeding                                                           61 (61)                                     27 (55)                                     34 (67)                                  
   Constipation/diarrhea                                                   22 (22)                                     13 (27)                                      9 (18)                                   
   Asthenia                                                                       17 (17)                                      9 (18)                                       8 (15)                                   
Clinical tumor stage (T)                                                                                                                                                                                              0.91
   ≤T3                                                                               77 (77)                                     38 (78)                                     39 (76)                                  
   T4                                                                                 23 (23)                                     11 (22)                                     12 (24)                                  
Clinical nodal stage (N)                                                                                                                                                                                              0.17
   Negative                                                                       19 (19)                                     12 (24)                                      7 (14)                                   
   Positive                                                                         81 (81)                                     37 (76)                                     44 (86)                                  

sd: Standard deviation.

Table II. Treatment compliance.

Variable                         Total (%)    Young (%)    Elderly (%)     p-Value

Cycles of oxaliplatin                                                                        0.04
  <5                                       8                  1                     7                   
  ≥5                                     92                48                   44                   
CRT interruption                                                                              0.35
  No                                    84                43                   41                   
  Yes                                    16                  6                   10                   



aging. Despite the addition of oxaliplatin, in our study, severe
toxicity rate was relative low (17%) and in any case equal to
or better than previously published studies; both randomized
studies, that tested oxaliplatin in the neoadjuvant setting (from
23% up to 40%) (14-17), and in a retrospective elderly series
(from 12% up to 35%) (18-20). Even if oxaliplatin is probably
responsible for improving toxicity incidence, it is well-known
that oxaliplatin mainly causes neurotoxic adverse events due
to cell death in neural ganglia of the dorsal spinal nerve root

(21). We recorded 21 patients (21%) with peripheral
neuropathy and 71% of these patients (n=15) showed
complete recovery several months after oxaliplatin infusion.
Interestingly, there was only one patient (1%) with acute
severe neurological toxicity, whereas none experienced grade
3 sensory neuropathy in the long term. These rates are
somewhat lower than those reported in the ACCORD 12/0405
- PRODIGE 02 trial, in which late peripheral neuropathy was
described in 22 patients (3.8%), including 14 cases of grade
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Table III. Acute and late toxicity.

                                                                                         Total                                          Young                                         Elderly

Toxicity                                                            G1-2 (%)          G ≥3 (%)           G1-2 (%)          G ≥3 (%)           G1-2 (%)         G ≥3 (%)        p-Value*

Acute                                                                                                                                                                                                                              
Allergy immunology                                                                                                                                                                                                       
  Allergic reaction hypersensitivity                   6 (6)                     -                     5 (10)                    -                      1 (2)                    -                       
Constitutional symptoms                                                                                                                                                                                                
  Fatigue                                                            18 (18)                   -                     5 (10)                    -                    13 (25)                  -                       
  Fever                                                               10 (10)                   -                     6 (12)                    -                      4 (8)                    -                       
  Palpitation                                                        1 (1)                     -                      1 (2)                     -                          -                       -                       
Dermatology skin                                                                                                                                                                                                            
  Rash desquamation                                        10 (10)                   -                      4 (8)                     -                     6 (12)                   -                       
  Radiation dermatitis                                       31 (31)                3 (3)                 17 (35)                   -                    14 (27)              3 (6)                0.18
Gastrointestinal                                                                                                                                                                                                               
  Constipation/diarrhoea                                   49 (49)                4 (4)                 20 (41)                2 (4)                 29 (57)              2 (4)                   
  Nausea/vomiting                                            24 (24)                   -                    18 (37)                   -                     6 (12)                   -                       
  Proctitis                                                          68 (68)                6 (6)                 35 (71)                1 (2)                 33 (65)             5 (10)               0.16
Neurology                                                                                                                                                                                                                        
  Neuropathy: sensory                                      20 (20)                1 (1)                  7 (14)                 1 (2)                 13 (25)                  -                   0.25
Pain                                                                                                                                                                                                                                  
  Abdominal pain or cramping                        13 (13)                2 (2)                  7 (14)                 1 (2)                  6 (12)               1 (2)                0.75
Renal genitourinary                                                                                                                                                                                                        
  Dysuria                                                           26 (26)                   -                    11 (22)                   -                    15 (29)                  -                       
  Urinary frequency                                            4 (4)                     -                      1 (2)                     -                      3 (6)                    -                       
Blood count                                                                                                                                                                                                                     
  Haemoglobin                                                    1 (1)                  1 (1)                   1 (2)                     -                          -                    1 (2)                0.75

Late                                                                                                                                                                                                                                  
Gastrointestinal                                                                                                                                                                                                               
  Constipation/diarrhoea                                   11 (11)                   -                     5 (10)                    -                     6 (12)                   -                       
  Fecal incontinence                                         15 (15)                   -                     6 (12)                    -                     9 (18)                   -                       
  Proctitis                                                          14 (14)                   -                     9 (18)                    -                     5 (10)                   -                       
Pain                                                                                                                                                                                                                                  
  Abdominal pain or cramping                          2 (2)                     -                      2 (4)                     -                          -                       -                       
Dermatology skin                                                                                                                                                                                                            
  Radiation dermatitis                                         3 (3)                     -                      1 (2)                     -                      2 (4)                    -                       
Neurology                                                                                                                                                                                                                        
  Neuropathy: sensory                                        6 (6)                     -                     5 (10)                    -                      1 (2)                    -                       
Renal genitourinary                                                                                                                                                                                                        
  Dysuria                                                             1 (1)                     -                          -                         -                      1 (2)                    -                       
Reproductive system                                                                                                                                                                                                      
  Sexual dysfunction                                          7 (7)                     -                      4 (8)                     -                      3 (6)                    -                       
Vascular disorders                                                                                                                                                                                                           
  Venous thromboembolism                                  -                   11 (11)                    -                     4 (8)                      -                   7 (14)               0.44

*referred to severe toxicity.



1, 5 cases of grade 2 and 3 cases of grade 3 (22). To note, to
our knowledge, except for the ACCORD 12/0405 - PRODIGE
02 trial, data on late toxicity from phase III trials exploring
the efficacy of the addition of oxaliplatin to standard CRT are
still not available. In this context, our study suggests that
probably oxaliplatin regimen – 50 mg/m2 once a week – is a
safe dosage able to potentially maintain therapeutic
effectiveness without increasing severe acute and late toxicity,
even in elderly.

This study has several limitations, mainly due to its
retrospective observational nature. Firstly, it was not possible
to examine causal relationships between variables. Secondly,
considering that we were unable to control over factors that
might have influenced treatment decision-making, our data

could underestimate the relative risk of oxaliplatin use. This
study remains hypothesis-generating and therefore final
results should be confirmed in a prospective trial. Surely,
over the years, evaluation of health status is becoming more
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Figure 1. Overall survival according to age group.

Figure 2. Disease-free survival according to age group.

Table IV. Logistic regression of factors predictive of severe toxicity.

Prognostic factor                                   OR (95%CI)                  p-Value

Age ≥65                                              0.56 (0.19-2.03)                  0.25
ACE-27 score ≥1                                2.13 (1.28-8.32)                  0.05
Polypharmacy                                     1.61 (0.24-5.72)                  0.53
Cycles of oxaliplatin ≥5                     0.81 (0.27-8.25)                  0.31



popular in oncologic literature. This study provides evidence
in favour of specific tests to determine a personalized cancer
care in those LARC patients with severe co-morbidities.

Conclusion 

Our study suggested that adding oxaliplatin to neo-adjuvant
treatment should be considered safe and manageable, even
in the elderly population. ACE-27 score might be of help to
establish the risk of CRT-related toxicities. Further studies
on geriatric populations are expected to further personalize
LARC treatment in these patients. 
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