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 Abstract 
  Background.  This study aims at comparing the morbidity and oncologic outcomes in normal weight, overweight, and obese 
women with locally advanced cervical cancers (LACC) submitted to radical surgery after chemoradiation.  Methods.  A review 
of LACC patients with body mass index (BMI)  �   18.5 kg/m 2  who underwent neoadjuvant chemoradiation followed by 
radical surgery between January 1996 and December 2010 was performed. BMI categories were created according to the 
World Health Organization (WHO) classifi cation.  Results.  Two hundred sixty-eight women met the inclusion criteria: 118 
(44.0%) were normal weight, 100 (37.3%) overweight and 50 (18.7%) obese. The median follow-up was 42 months. Higher 
BMI was associated with older age (p  �    0.0041), while there were no differences among the three groups in Charlson 
comorbidity score, tumor characteristics, radiotherapy dosing, type of surgery, and pathological response. There were 
no differences among the three groups in the intraoperative and postoperative complications as well as rate of patients 
requiring adjuvant treatments: 21 (7.8%) patients experienced grade 3 – 4 toxicity, including six normal weight, 12 over-
weight and three obese patients (p  �    0.14). Only the rate of grade 1 – 2 skin toxicity was higher in obese (14%) with respect 
to overweight (1%) and normal women (0%) (p  �    0.00001). There were no differences in the fi ve-year DFS (74%, 77%, 
and 84% for normal weight, overweight, and obese women, respectively, p  �  n.s.), and fi ve-year OS (76%, 78%, and 78% 
for normal weight, overweight, and obese women, respectively, p  �  n.s.).  Conclusions.  The role of obesity should not be 
overestimated when evaluating the chance of enrolment of LACC patients into preoperative chemoradiation protocols.   

 During the last decades a dramatic increase in obe-
sity rates has been observed in developed countries, 
where it has become a growing health and economic 
problem. Indeed, obesity is associated with different 
morbid conditions (i.e. cardiovascular diseases, dia-
betes, metabolic and hypoventilation syndromes) 
and it may even account for 20% of cancer deaths 
among women, representing the largest preventable 
cause of cancer among non-smokers [1,2]. Indeed, 
breast, colon, ovarian, endometrial and pancreatic 
cancers, which are the leading causes of cancer 
mortality among women, are associated with an 
increased incidence in the obese population, as a 
result of possible hormonal effects (e.g. increased 

levels of unopposed estrogens, insulin, insulin-like 
growth factor I), and/or delay in diagnosis (i.e. 
uncompliance to screening procedures) [1,2]. In 
addition, an elevated body mass index (BMI) is asso-
ciated with higher death rates due to cancers of the 
esophagus, colon and rectum, liver, gallbladder, pan-
creas, kidney, non-Hodgkin lymphoma, and multiple 
myeloma, which could refl ect an increased cancer 
incidence in obese women and/or a worse prognosis 
as a consequence of more advanced stages and inap-
propriate treatment [1]. Among gynecologic malig-
nancies, signifi cant trends for an increased risk of 
death among women with an elevated BMI have 
been reported for breast and endometrial cancer [1], 
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while data are less consistent for ovarian cancer [1,2]. 
Similarly, the prognostic role of obesity is still unde-
fi ned in cervical cancer: while population-based 
studies had suggested increased mortality with higher 
BMI [1,3], more recent studies, specifi cally focused 
on early stage and locally advanced cervical cancer 
(LACC) patients, reported that a high BMI does 
not adversely infl uence the prognosis in women 
submitted to radical surgery [4] and defi nitive 
chemoradiation, respectively [5]. 

 In order to maximize local control and eventu-
ally improve survival in the LACC subset of patients, 
the use of a three-modality treatment, including 
completion surgery after concurrent chemoradia-
tion, has gained attention during the last decade: 
this tri-modality approach resulted in disease-free 
and overall survival rates at least comparable to 
exclusive chemoradiation, with a different long-term 
toxicity profi le [6,7]. However, this approach might 
raise some concerns especially in  “ high-risk ”  
patients; in particular, up till now, the potential 
impact of obesity on the toxicity and effi cacy of this 
multimodal strategy has not been investigated in 
LACC. Besides concerns about the appropriate 
radiation dosimetry and chemotherapy dosing to 
control chemoradiation toxicity, obese women are 
often considered poor candidates for radical sur-
gery, not only for the perception of a more diffi cult 
operative technique: many gynecologic oncologists 
believe that a high BMI is associated with increased 
rate of intraoperative and postoperative complica-
tions, and most of them perceive obesity as a prog-
nostic negative factor which may compromise the 
 “ radicality ”  of surgical procedure, in terms of less 
extended colpectomy and parametrectomy, as well 
as the extent of lymphadenectomy, even though 
prior studies, focused on primary surgery, have not 
shown this to be true [4,8 – 11]. 

 The objective of the present study is to compare 
the morbidity and the oncologic outcomes in terms 
of pathological responses, disease-free survival (DFS) 
and overall survival (OS), in normal weight, over-
weight, and obese women with LACC submitted to 
radical surgery after chemoradiation.  

 Patients and methods 

 This study includes 292 consecutive LACC patients, 
accrued between January 1996 and December 2010 
at the Gynecologic Oncology Units of the Catholic 
University of Rome and Campobasso, who were tri-
aged to our preoperative chemoradiation protocol 
[7]. Inclusion criteria for our chemoradiation plus 
surgery protocol were the following: biopsy-proven 
carcinoma of the cervix Federation Internationale de 
Gynecologie et d ’ Obstetrique (FIGO) stage Ib2 – IVa, 

without evidence of disease outside the pelvis; age 
 �   80 years; Eastern Cooperative Oncology Group 
performance status �   2; adequate bone-marrow 
function (WBC �   3000, platelets �  120,000/mm 3 ); 
adequate renal function (blood urea nitrogen �  25 
mg/dl, creatinine �  1.5 mg/dl); normal liver function 
(bilirubin �  2 mg/dl) and no prior cancer other than 
basal cell carcinoma [7]. All patients signed a written 
informed consent agreeing to be submitted to all 
the procedures described and for their data to be 
collected. This study was approved by the Institu-
tional Ethical Committee of the Catholic University 
of Rome. Pretreatment work up included a medical 
history, clinical examination, chest radiography, 
abdominopelvic magnetic resonance imaging (MRI), 
complete blood count and measurement of liver 
and renal function; cystoscopy and proctoscopy were 
performed if there was a clinical suspicion of inva-
sion. We reviewed the records of all patients with 
BMI  �    18.5 kg/m 2  who underwent neoadjuvant 
chemoradiation followed by radical surgery for 
LACC. 

 The BMI for each patient was determined by 
dividing her weight in kilograms by the square of 
her height in meters. Weight and height were mea-
sured for each patient before the fi rst chemotherapy 
cycle. The World Health Organization defi nes a 
normal body weight as a BMI from 18.5 kg/m 2  to 
24.9 kg/m 2 , underweight as a BMI �  18.5 kg/m 2 , 
overweight as a BMI from 25.0 kg/m 2  to 29.9 kg/
m 2 , and obesity as a BMI  �    30 kg/m 2 . We divided 
our study population into three categories of nor-
mal weight, overweight and obese. Medical comor-
bidities were assigned a score in the manner 
described by Charlson et   al. [12]. 

 Neoadjuvant chemoradiotherapy with external 
radiotherapy plus concomitant cisplatin-5-fl uorou-
racil-based chemotherapy was administered accord-
ing as follows: most of the patients (n  �    118) were 
submitted to the whole pelvic irradiation in 22 frac-
tions (1.8 Gy/day, totaling 39.6 Gy) in combination 
with cisplatin (20 mg/m 2 , 2-h intravenous infusion) 
and 5-fl uorouracil (1000 mg/m 2 , 24-h continuous 
intravenous infusion) (both on days 1 – 4 and 27 – 30) 
as previously described. Slightly different schemes 
of pelvic radiation administration were employed in 
patients enrolled in satellite studies aimed at increas-
ing the total dose of irradiation: in particular, in 66 
patients, besides the above reported regimen, a dose 
escalation of external radiotherapy was delivered on 
the primary tumor through the concomitant boost 
technique (0.9 Gy per fraction), thus delivering 
three different dose levels with total doses ranging 
from 43.2 Gy through 46.8 Gy to 50.4 Gy. Twenty-
fi ve patients were submitted to the whole pelvic 
irradiation in 25 fractions (2.0 Gy/day, on weeks 
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1 – 2, 5 – 6, 9, totaling 50 Gy) [15]. Finally, 59 patients 
underwent pelvic irradiation in 20 fractions (total 
dose from 40/2 Gy to 50/2.5 Gy) during four 
weeks [16]. 

 Four weeks after the end of concomitant chemo-
radiotherapy, patients were evaluated for objective 
response which was recorded according to the 
Response Evaluation Criteria in Solid Tumors 
(RECIST) [17]. With the exception of patients pro-
gressing during treatment, all cases were triaged to 
radical hysterectomy according to Piver et   al. [18] 
and pelvic  �  aortic lymphadenectomy, fi ve to six 
weeks after the end of chemoradiation. 

 The type of radical hysterectomy performed was 
at surgeon ’ s discretion, depending on the extension 
of disease at the time of surgery. Laparotomy with 
a vertical skin incision was used in the vast majority 
of the patients with the exception of eight patients, 
operated in the last year, in which a laparoscopic 
approach was used. Women with positive pelvic 
nodes at frozen section or suspicious nodes at 
imaging/palpation were submitted to aortic lymph-
adenectomy upper to the level of the inferior 
mesenteric artery. 

 Surgical morbidity was classifi ed according to 
Chassagne grading system [19]. Early postoperative 
and long-term complications were defi ned as any 
adverse event occurring within or after 30 days from 
surgery, respectively. After surgery, patients under-
went physical examination, complete blood count 
and blood chemistry every three months for the fi rst 
two years and every six months thereafter. Chest 
radiography and abdominopelvic MRI or computed 
tomography (CT)-scan were performed every six 
months for the fi rst three years and every 12 months 
thereafter. 

 Pathologic response was defi ned as previously 
reported [7]. In particular, complete response 
included cases with absence of any residual tumor 
after treatment at any site level, and microscopic par-
tial response included cases with persistence of only 
microscopic foci ( �   3 mm maximum dimension) at 
any site levels. 

 The  χ  2  and the Kruskall Wallis tests were used to 
analyze the possible correlation between different 
clinico-pathological variables and BMI groups. DFS 
was calculated from the date of surgery to the date 
of relapse or the date of the last follow-up, and over-
all survival OS was calculated from the date of diag-
nosis to the date of death or the date of the last 
follow-up. Medians and life tables were computed 
using the product limit estimate by Kaplan-Meier 
methods [20] and the log-rank test was used to assess 
the statistical signifi cance [21]. Statistical analysis 
was carried out by using SOLO (BMDP Statistical 
Software, Los Angeles, CA, USA).   

 Results 

 Within the study period 292 patients initially were 
identifi ed. Among these, 11 patients were excluded 
because a BMI �   18.5 kg/m 2 , while 13 patients were 
excluded because unable to undergo surgery for 
the following reasons: disease progression during 
radiochemotherapy (n  �    5, all normal weight), severe 
toxicity during radiochemotherapy (n  �    4, 1 normal, 
3 overweight) or surgery refusal (n  �    4, 3 normal, 1 
obese). In particular, when analyzed by weight group, 
7.6% of normal weight women (n  �    9), 3.0% of over-
weight women (n  �    3) and 2.0% of obese women 
(n  �    1) were not operated (p  �  n.s.). In the remaining 
268 patients, a median BMI of 25.7 kg/m 2  (range 
18.6 – 41.2 kg/m 2 ) was found. Of these 118 (44.0%) 
were normal weight (median BMI  �    22.1, range 
18.6 – 24.7 kg/m 2 ), 100 (37.3%) were overweight 
(median BMI  �    27.2, range 25.0 – 29.9 kg/m 2 ) and 
50 (18.7%) were obese (median BMI  �    32.6, range 
30.0 – 41.2 kg/m 2 ). 

 The distribution of patient and clinical character-
istics across different BMI groups are shown in 
Table I. Because of missing data points, the totals for 
some categories of data presented are less than 268. 
Higher BMI was associated with older age with a 
median age of 49 in normal weight women, 53 in 
overweight women and 57 in obese women (p  �    
0.0041). There were no signifi cant differences among 
the three groups in Charlson score as well as with 
regard to tumor characteristics such as histotype, 
grade, FIGO stage, tumor size, or suspicious lymph 
node involvement at imaging. Similarly, there were no 
signifi cant differences among the three groups with 
regard to the dose of radiotherapy administered and 
the clinical response. Most of the patients underwent 
to type III – IV hysterectomy, which was performed in 
78%, 68%, and 72% of normal, overweight, and 
obese women, respectively (p  �    0.89). While all the 
patients underwent pelvic lymphadenectomy, aortic 
lymphadenectomy was performed in 35.6%, 40%, 
and 24% of normal, overweight, and obese women, 
respectively (p  �    0.16). As reported in Table II, on 
pathologic examination, no signifi cant differences 
were observed among the three groups in the median 
number of pelvic lymph node removed, whereas a 
slightly higher number of aortic lymph nodes were 
removed in the normal eight (median number  �    13.5) 
versus overweight (median number  �    9.0) and obese 
women (median number  �    9.5) (p  �    0.075). There 
were no differences among the three groups with 
regard to the pathological response to chemoradia-
tion and the pathological involvement of the lymph 
nodes. Intraoperatively, there were no signifi cant dif-
ferences among the three groups in the rate of overall 
complications (all managed during surgery with no 
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major intervention), estimated blood loss, blood 
transfusions, or operative time (Table II). Postopera-
tively, there were no signifi cant differences among the 
three groups with regard to the days of hospital stay, 
the febrile morbidity (�  38 ° C for 2 days), the rate of 
early and late complications and the rate of patients 

requiring adjuvant treatments (Table III). As shown 
in Table IV, no signifi cant differences were observed 
among the three group in the rate of urinary, gastro-
intestinal, vascular, genital, neurological, pelvic or 
other systemic (i.e. sepsis or cardiac failure) mor-
bidities; on the contrary, skin toxicity (i.e. wound 

  Table I. Preoperative characteristics of the whole study population (n  �    268).  

 Clinical characteristics 
 Normal weight 

   n  �    118 
 Overweight 

   n  �    100 
 Obese 
   n  �    50  p-value 

 Age (median, range) 49 (26 – 80) 53 (31 – 78) 57 (25 – 75)  0.0041 
 Charlson comorbidity score (n, %) 

   0 
     �    1 

   96 (88.9)
  12 (11.1)

  80 (87.9)
  11 (12.1)

  40 (83.3)
  8 (16.7)

  0.62
  

 FIGO Stage (n, %) 
  Ib2 – IIa
  IIb
  III – IVa

  11 (9.3)
  86 (72.9)
  21 (17.8)

  3 (3.0)
  80 (80.0)
  17 (17.0)

  4 (8.0)
  42 (84.0)
  4 (8.0)

  0.17
  

 Histotype (n, %) 
  Squamous
  Adenocarcinoma/adenosquamous

  103 (87.3)
  15 (12.7)

  92 (92.0)
  8 (8.0)

  44 (88.0)
  6 (12.0)

  0.51

  Tumor size (mm) (median, range) 50 (14 – 80) 46 (12 – 100) 44 (20 – 80) 0.15
 Lymph node status (MRI) (n, %) 

  Negative
  Positive

  64 (54.2)
  54 (45.8)

  57 (57.0)
  43 (43.0)

  28 (56.0)
  22 (44.0)

  0.92
  

 Grade (n, %) 
  G1 – 2
  G3

  37 (45.1)
  45 (54.9)

  29 (42.0)
  40 (58.0)

  12 (33.3)
  24 (66.7)

  0.49

 Dose of radiotherapy  (n, %) 
  �  40 Gy
   �    40 Gy

  45 (38.1)
  73 (61.9)

  52 (52.0)
  48 (48.0)

  21 (42.0)
  29 (58.0)

  0.11

 Clinical response (MRI) 
   Complete 
   Partial 
   No change/progression 

  40 (33.9)
  76 (64.4)
  2 (1.7)

  38 (38.0)
  58 (58.0)
  4 (4.0)

  23 (46.0)
  27 (54.0)

  0

  0.31

  Table II. Surgical and pathological details in the whole study population (n  �    268).  

 Clinical characteristics 
 Normal weight 

   n  �    118 
 Overweight 

   n  �    100 
 Obese 
   n  �    50  p-value   

 Radical hysterectomy type (n, %) 
   II 
   III 
   IV 
   Pelvectomy 

  16 (13.6)
  92 (78.0)
  10 (8.5)

  0

  15 (15.0)
  68 (68.0)
  12 (12.0)
  5 (5.0)

  10 (20.0)
  36 (72.0)
  4 (8.0)
  0

  0.089

 Lymphadenectomy (n, %) 
   Only pelvic 
   Pelvic and aortic 

  76 (64.4)
  42 (35.6)

  60 (60.0)
  40 (40.0)

  38 (76.0)
  12 (24.0)

  0.16

 No. of pelvic lymph nodes     (median, range) 27 (7 – 88) 29 (4 – 73) 30 (6 – 69) 0.80  
 No. of aortic lymph nodes     (median, range) 13.5 (3 – 50) 9 (1 – 45) 9.5 (5 – 46) 0.075
 Pathologic lymph nodes status     (n, %) 

  Positive
  Negative

  102 (86.4)
  16 (13.6)

  85 (85.0)
  15 (15.0)

  45 (90.0)
  5 (10.0)

  0.70

 Pathological response (n, %) 
  Complete/Partial microscopic
  Partial/No change/progression

  81 (68.6)
  37 (31.4)

  68 (68.0)
  32 (32.0)

  38 (76.0)
  12 (24.0)

  0.57
  

 Intraoperative complications     (n, %) 
  No
  Yes

  112 (94.9)
  6 (5.1)

  96 (96.0)
  4 (4.0)

  47 (94.0)
  3 (6.0)

  0.85
  

 Estimated blood loss, ml     (median, range)   300 (50 – 1900)   300 (50 – 1300)   400 (100 – 1300)   0.28
 Blood units (median, range)   0 (0 – 4)   0 (0 – 8)   0 (0 – 3)   0.28
 Operative time, min     (median, range)   233 (120 – 400)   240 (140 – 400)   240 (135 – 390)   0.81
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dehiscence) was more frequent in obese (14%) with 
respect to overweight (1%) and normal weight women 
(0%) (p  �    0.00001). Overall, 21 (7.8%) patients 
experienced grade 3 – 4 toxicity, including six normal, 
12 overweight and three obese patients (5.1% vs. 
12% vs. 6%, respectively; p  �    0.14). Among these, 
fi ve (1.9%) treatment-related deaths were recorded: 
one overweight woman died of acute renal failure 
(after two weeks from surgery), one normal and one 
overweight women died of late bowel perforation 
(after three and 48 months from surgery, respec-
tively), one overweight woman died of late pulmonary 
embolism, and one obese woman with nephrostomy 
died of late urosepsis (after 10 years from surgery). 

 The median duration of follow-up in the study 
population was 42 months (range 4 – 181). Fifty-four 
(20.1%) recurrences, 52 (19.4%) deaths from any 
cause, and 44 (16.4%) deaths for disease were 
observed in the study population. The fi ve-year DFS, 
fi ve-year OS, and fi ve-year disease-specifi c survival 
for the whole population were 76.8%, 77.0% and 
79.2%. 

 There was no signifi cant difference among the 
three groups in recurrence rate: 21.2% for normal 
weight women, 22.0% for overweight women, and 
14.0% for obese women (p  �  n.s.). The fi ve-year 
DFS for normal, overweight, and obese women were 
74%, 77%, and 84%, respectively, while the median 
DFS in each group was not reached (Figure 1A). 

 Death from any cause was observed in 22 (18.6%) 
normal weight women, 21 (21.0%) overweight 
women, and 9 (18.0%) obese women (p  �  n.s.). The 
fi ve-year OS for normal, overweight, and obese 
women were also similar, being 76%, 78%, and 78%, 
respectively, while the median OS in each group was 
not reached (Figure 1B). Similarly there were no sig-
nifi cant differences in the rate of deaths for disease 
and in disease-specifi c survival between the three 
groups (data not shown). 

 Similar results about the distribution of clinical 
characteristics, treatments, pathological responses, 
toxicities and DFS and OS measures according to 
BMI groups were observed by considering the 14 
morbidly obese women (BMI  �    35kg/m 2 , 28% of our 
obese population), as a fourth BMI category (data 
not shown).   

 Discussion 

 This is the fi rst study aimed at evaluating the impact 
of obesity in a large series of LACC patients submit-
ted to completion surgery after chemoradiation and 
characterized by a long-term follow-up of oncologic 
outcome measures and treatment-related sequelae. 

 To date more than 20 studies have investigated 
preoperative chemoradiation in more than one thou-
sand patients: all authors have administered radiation 
at a cumulative dose of 40 – 80 Gy, with cisplatin-
based concomitant chemotherapy, reporting out-
come measures at least comparable to the effi cacy 
results of exclusive chemoradiation (57 – 85% for 
median DFS and 64 – 90% for median OS) [7]. The 
clinical benefi t of completion surgery, however, has 
been debated together with the potential risk of more 
frequent and/or severe toxicity, which is considered 
an intrinsic feature of every multimodal approach 
[22]. In particular, it is undeniable that this approach 
might raise some concerns especially in obese women, 
and consequently lead to patient exclusion and 
undertreatment, as well as to limitation of generaliz-
ability of this strategy to all patients. Our study, 
which reports data relative to the largest single-insti-
tutional series of LACC patients treated with this 
three-modality approach, suggests that obesity should 
not be considered an absolute contraindication to 
this strategy. 

 Indeed, the toxicity rates and the severity of com-
plications were similar among obese, overweight and 

  Table III. Postoperative characteristics of the whole study population (n  �    268).  

 Clinical characteristics 
 Normal weight 

   n  �    118 
 Overweight 

   n �   100 
 Obese 
   N�     50  p-value 

 Hospital stay, days     (median, range)   8.5 (4 – 31)   9 (5 – 18)   8 (4 – 18)   0.96
 Fever 

   No 
   Yes 

  102 (88.7)
  13 (11.3)

  84 (88.4)
  11 (11.6)

  44 (91.7)
  4 (8.3)

  0.82

 Adjuvant therapy 
   No 
   Yes 

  103 (88.8)
  13 (11.2)

  85 (85.0)
  15 (15.0)

  42 (85.7)
  7 (14.3)

  0.69

 Early complications 
   No 
   Yes 

  94 (79.7)
  24 (20.3)

  72 (72.0)
  28 (28.0)

  34 (68.0)
  16 (32.0)

  0.21

 Late complications 
   No 
   Yes 

  108 (91.5)
  10 (8.5)

  89 (89.0)
  11 (11.0)

  44 (88.0)
  6 (12.0)

  0.73
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techniques, such as conventional or robot-assisted 
laparoscopy, in the surgical management of cervical 
cancer is expected to drastically reduce this adverse 
event also in patients administered chemoradiation 
[25]. 

 The absence of a detrimental effect of obesity is 
particularly important, considering the more 
advanced age of obese women with respect to the 
overweight and normal weight ones, a fi nding which 
has been already reported in cervical cancer [26]. 

 More important, obesity did not show any adverse 
prognostic infl uence in this specifi c population. 
Indeed, no differences were found among the three 
BMI groups in adverse tumor characteristics, such 
as the incidence of the adenocarcinoma histotype or 
the distribution of more advanced FIGO stage, 

normal weight patients, thus confi rming in this 
selected patient population, prior literature data 
reported for primary radical surgery [4,8 – 11]. 
Undoubtedly, the technical and cultural advance-
ments obtained in the last decades in surgery as well 
as in chemoradiation administration, together with 
the ameliorated prevention and management of com-
plications might have contributed to the excellent 
results obtained in the obese population. In particu-
lar, only 6% of obese women experienced grade 3 – 4 
treatment-related sequelae in our LACC series: the 
only one complication associated with obesity was 
cutaneous toxicity, which has been already related to 
high BMI [23,24], with grade 1 – 2 laparotomic suture 
dehiscence retrieved in 14% of obese women. In the 
last years, the introduction of minimally invasive 

  Table IV. Complications detailed according to Chassagne classifi cation in the whole 
population      (n  �    268).    

 Clinical characteristics 
 Normal weight  

   n  �    118 
 Overweight  

   n  �    100 
 Obese  
   N  �    50 

 p-value  
   G0 vs. any   

 Urinary (n, %) 
   G0 
   G1 
   G2 
   G3 
   G4 

  100 (84.7)
  6 (5.1)
  8 (6.8)
  4 (3.4)
  0

  79 (79.0)
  3 (3.0)

  12 (12.0)
  5 (5.0)
  1 (1.0)

  40 (80.0)
  4 (8.0)
  4 (8.0)
  2 (4.0)
  0

  

  0.68

 Gastrointestinal (n, %) 
   G0 
   G1 
   G2 
   G3 
   G4 

   112 (94.9)
  1 (0.8)
  4 (3.5)
  0
  1 (0.8)

  92 (92.0)
  1 (1.0)
  5 (5.0)
  1 (1.0)
  1 (1.0)

  49 (98.0)
  1 (2.0)
  0
  0
  0

  0.74  

 Vascular (n, %) 
   G0 
   G1 
   G2 
   G3 

  102 (86.4)
  13 (11.0)
  3 (2.5)
  0

  82 (82.0)
  15 (15.0)
  3 (2.0)
  1 (1.0)

  44 (88.0)
  5 (10.0)
  1 (2.0)
  0

  
  0.84

 Genital (n, %) 
   G0 
   G1 
   G2 
   G3 

  115 (97.5)
  3 (2.5)
  0
  0

  98 (98.0)
  1 (1.0)
  0
  1 (1.0)

  50 (100.0)
  0
  0
  0

  0.48
  

 Neurological (n, %) 
   G0 
   G1 

  116 (98.3)
  2 (1.7)

  100 (100.0)
  0

  49 (98.0)
  1 (2.0)   0.40

 Cutaneous (n, %) 
   G0 
   G1 
   G2 

  118 (100.0)
  0
  0

  99 (99.0)
  1 (1.0)
  0

  43 (86.0)
  3 (6.0)
  4 (8.0)

   0.00001 

 Pelvic (n, %) 
   G0 
   G1 
   G2 
   G3 

  116 (98.4)
  0
  1 (0.8)
  1 (0.8)

  98 (98.0)
  0
  1 (1.0)
  1 (1.0)

  50 (100.0)
  0
  0
  0

  0.91
  

 Other 
   G0 
   G1 
   G2 
   G3 
   G4 

  117 (99.2)
  1 (0.8)
  0
  0
  0

  97 (97.0)
  2 (2.0)
  0
  0
  1 (1.0)

  49 (98.0)
  0
  0
  0
  1 (2.0)

  0.50
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although both features appear to be associated with 
obesity, because of hormonal effects and non-com-
pliance with screening pap tests [2]. Similarly, we did 
not fi nd any differences among the three BMI groups 
in the radicality of surgery (i.e. type of hysterectomy, 
level of lymphadenectomy, number of lymph nodes 
resected), as well as radiotherapy dosing, pathologi-
cal response to chemoradiation or use of adjuvant 
therapies. As a consequence, our patients received a 
relatively homogeneous approach, thus minimizing 
the potential prognostic bias related to the exclusion 
of obese women from adequate treatment because of 
poor access to health care or fear of complications, 
as reported in other studies [1,4,8]. 

 Taking into account these considerations, the 
presence of obesity appears not to infl uence clinical 
outcome in terms of DFS and OS. Previous literature 
relative to cervical cancer outcome and BMI is het-
erogeneous: two large population-based studies 
reported an increased mortality with body weight 
increases [1,3], possibly as a consequence of obese 
patients ’  low socioeconomic status and poor access 

to screening and treatments [27], while a large ret-
rospective study showed that a higher BMI was asso-
ciated with a more favorable prognosis [26]. Such 
controversial results might be due to a selection bias 
as well as lack of information relative to factors that 
deeply infl uence clinical outcome, such as stage dis-
tribution and type of treatment. On the other hand, 
in the homogeneous subset of early cervical cancer 
patients submitted to radical hysterectomy, obesity 
was shown not to have any detrimental effect on sur-
vival in fi ve retrospective studies [4,8 – 11]. Similar 
results were reported by Kizer et   al. in the setting of 
LACC patients administered exclusive chemoradia-
tion [5]. 

 Our results are unlikely to be conditioned by the 
preselection bias of  “ healthier ”  patients, since BMI 
was not among the eligibility criteria for our chemo-
radiation protocols, and only one out of 13 patients 
unable to undergo surgery was obese. Moreover, 
although the limitations of the small sample series 
and the Mediterranean nature of our population 
could limit the generalizability of conclusions, the 
lack of detrimental effects of BMI on toxicity and 
outcome measures was also demonstrated in mor-
bidly obese women. 

 In conclusion, considering the good oncologic 
outcome measures and the low complication rate, 
the role of obesity should not be overestimated in the 
treatment decision-making when evaluating the 
chance of enrolment of LACC patients into this 
trimodal therapeutic strategy.              

  Declaration of interest:  The authors report no 
confl icts of interest. The authors alone are respon-
sible for the content and writing of the paper.   
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