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 Abstract 
  Background.  Cervical carcinoma is the only gynecological tumor still being staged mainly by clinical examination and only 
a limited use of diagnostic radiology. Cross sectional imaging is increasingly used as an aid in the staging procedure. We 
wanted to assess the impact of magnetic resonance imaging (MRI) in addition to the clinical staging of patients with car-
cinoma of the uterine cervix.  Material and methods.  A retrospective single-centre analysis of 183 women referred to a terti-
ary referral centre for gynecological tumors ( �  65 years old) with cervical cancer diagnosed between January 1, 2003 and 
December 31, 2006 who have undergone an MRI investigation before start of treatment. Patient records were retrospectively 
reviewed and any change of the planned treatment after the MRI examination was noted.  Results.  In patients with cervical 
carcinoma FIGO stage Ia2-IIa treated surgically, the treatment plan was altered due to MRI results in 10/125 patients. In 
the smaller group of patients with clinically more advanced disease receiving radio-chemotherapy, the treatment plan was 
altered in 12/58 patients. Reasons for changing the treatment plan after MRI were fi ndings indicating a higher (n  �  8) or 
lower (n  �  5) local tumor stage, fi ndings of para aortic nodal disease (n  �  4) or diffi culty to clinically examine the patient 
due to obesity (n  �  2). MRI was also an aid in deciding whether or not to offer fertility preserving treatment in three cases. 
 Conclusion.  The use of MRI affects treatment planning in patients with cancer of the uterine cervix. The impact is more 
obvious in more advanced stages of disease and in patients who are diffi cult to examine clinically due to, for example body 
constitution. The result of MRI is also an aid in deciding whether or not a fertility preserving operation is feasible.   
 Carcinoma of the uterine cervix is globally the 
second most common tumor in women. More than 
80% of cervical cancer cases occur in developing 
countries with 483 000 estimated new cases and 274 
000 deaths yearly [1]. The incidence in Sweden, as 
in many western countries, has decreased markedly 
after the introduction of cytological screening in 
the 1960s [2]. Approximately 450 new cases are 
diagnosed in Sweden each year [3]. 

 The treatment of cervical carcinoma is largely 
dependent on tumor stage. The predominant tool in 
the staging procedure is the FIGO staging system 
from 1958 (www.fi go.org), which is based upon 
clinical examination during anesthesia by an experi-
enced examiner. The clinical stage according to 
FIGO is not changed because of subsequent imaging 
fi ndings. When there is doubt as to which clinical 
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stage a particular cancer should be allocated, the 
earlier stage is mandatory. The following examina-
tions are permitted according to the FIGO rules: 
cystoscopy, proctoscopy, endocervical curettage, 
urography, barium enema and plain chest x-ray. The 
choice of treatment for each patient should tradition-
ally be based upon the result of a gynecological 
examination under anesthesia, a cystoscopy, an 
examination to exclude hydronephrosis and plain 
chest x-ray. It is not permitted for the clinician to 
change the FIGO stage after imaging fi ndings or sur-
gery. It is just a complement to the FIGO stage and 
a support for the doctor to choose the appropriate 
treatment [4]. 

 Other staging systems (TNM, AJCC) have not 
gained the same acceptance and are not used in 
cervical cancer staging [21]. 
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 Factors known to affect the prognosis include 
tumor size, lymphovascular space invasion, depth of 
stromal infi ltration and histopathological features 
[5]. The presence of lymph node metastases is not 
included in the FIGO-stage, although it affects 
the prognosis [6,7]. This leads to heterogeneity in 
survival within each FIGO-stage. 

 A large number of studies, both retrospective and 
prospective, have been made to assess whether the 
use of Computed Tomography (CT) and/or Mag-
netic Resonance Imaging (MRI) in addition to the 
FIGO classifi cation improves evaluation of the extent 
of disease and if they can identify morphological risk 
factors of poor survival. The results have shown over-
all staging accuracies ranging between 75% and 90% 
not taking the study setup and particular risk factors 
into account [8 – 10]. The staging accuracy of the 
FIGO system has been reported to be 50 – 80% with 
a tendency to be better in earlier stages than in more 
advanced stages [11 – 15]. 

 In 2003, MRI of the pelvis and abdomen was 
introduced at our unit as a routine part of the initial 
work-up for all patients with cervical carcinoma in 
addition to the standard FIGO examination in order 
to replace CT and urography. The reason was the 
need to improve pretreatment staging in accordance 
with published evidence in the literature supporting 
the use of MRI [16,17]. 

 In this study, our aim was to assess the impact 
of MRI in the pretreatment planning of patients 
with cancer of the uterine cervix by retrospectively 
studying how MRI resulted in changes or modifi ca-
tions of the clinical management when performed in 
addition to the clinical diagnostic staging.  

 Material and methods  

 Study population 

 Patients with biopsy verifi ed cervical carcinoma were 
referred from hospitals within the Stockholm region, 
with 1.8 million inhabitants, to the Department 
of Gynecological Oncology at Radiumhemmet, a 
345 patients

MRI 281
patients

Study group
183 patients

Excluded, age
>65 years, 98

patients

Palliative stage
31 patients

CT or
urography

instead
12 patients

Figure 1.     Patient with cervical carcinoma diagnosed as IIa according
shows a 3 cm tumour with (a,b) lobulated parametrial extensions (ar
tertiary regional referral centre. The study was 
accepted by the local ethics committee. 

 Of 345 patients diagnosed with cervical carci-
noma between January 1, 2003 and December 31, 
2006, 281 were examined with MRI. Sixty-seven 
patients did not undergo MRI due to reasons shown 
in Figure 1. 

 Since our aim was to study the infl uence of MRI 
on the choice of treatment, patients older than 
65 years were excluded from the study group because 
of limited likelihood of hysterectomy due to probable 
comorbidities. 

 Thus, the material was reduced to 183 patients 
(Figure 1).   

 Pretreatment examinations 

 MRI was performed using a 1, 5 T supercon ductive 
system (Philips Medical Systems, Best, The 
Netherlands). A phased array coil was used for 
signal reception. Sagittal and transverse T2-
weighted images with 5 mm slice thickness covering 
the lesser pelvis were performed. In addition, 
T2-weighted oblique images parallel and perpen-
dicular to the cervix were also obtained. A T1-
weighted three dimensional refocused gradient-echo 
sequence with 2 mm slice thickness covering the 
pelvis was then obtained. The upper abdomen was 
examined using a T2-weighted sequence with 8 mm 
slice thickness. A fat saturated T1-weighted sequence 
of the upper abdomen was performed before and 
after i.v. administration of a Gadolinium chelate con-
trast agent in standard dosage. Finally, the examina-
tion was fi nished by repeating the three dimensional 
T1-weighted sequence of the pelvis, but this time 
using fat saturation.   

 Surgery, radiotherapy and follow-up 

 During the study period, the stage of the cancer 
was assigned according to FIGO. The result of the 
MRI was used together with FIGO to obtain an 
No MRI 67
patients

Medical
reason

6 patients

Missing data
11 patients

Died
before MRI
2 patients

Diagnosis at
surgery 3
patients   

 to FIGO T2-weighted MR-images sagittal (a) and transaxial (b,c) 
rows ) as well as (c) pelvic nodal metastases (arrows)  .
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  Figure 2.     The studied patient group divided by treatment and 
outcome.  
MRI/FIGO stage which was used for treatment plan-
ning. Patients with MRI/FIGO stage Ia1 disease were 
treated with either hysterectomy or radical cone 
biopsy. In MRI/FIGO stage Ia2, Ib1, Ib2 radical 
hysterectomy ad modum Wertheim Meigs was 
performed. In selected Ia2 or Ib1 cases, vaginal 
trachelectomy and laparoscopic pelvic lymphadenec-
tomy was chosen as primary treatment. Patients 
with stage Ib1 tumors measuring more than 2 cm, 
stage Ib2 tumors or stage IIa tumors were treated 
with brachytherapy given with LDR/PDR (low-
dose-rate/pulsed-dose-rate) technique on two sepa-
rate occasions followed by surgery three weeks later. 
Patients found to have pelvic lymph node metastases 
at surgery and histopathological examination, were 
treated post operatively with radiochemotherapy. 
During the study period there was a shift in treatment 
of bulky stage Ib2 tumors from surgery to radiochemo-
therapy, given as a combination of external radiation 
and brachytherapy with weekly platinum-based, con-
current chemotherapy. The same regimen was used 
for the more advanced stages, i.e. stage IIb, III and 
IV. When para-aortic nodal disease was confi rmed, 
additional radiation was given to the para-aortic 
region. Patients were followed at our department of 
gynecological oncology two to three times yearly dur-
ing fi ve years, and then transferred to their nearest 
gynecological outpatient clinic for yearly checkups. 
In the radiochemotherapy group the treatment effect 
was evaluated three months after the treatment was 
fi nished with a second MRI. Median follow up-time 
was 38 months (range 5 – 64) for patients treated with 
surgery and 27.5 months (range 0 – 59) for patients 
treated with radiochemotherapy.   

 Histopathology 

 The surgical specimen was examined by a board 
certifi ed pathologist from paraffi n-embedded hema-
toxyline-eosine stained thin slices. Each lymph node 
was sliced at 3 mm-intervals perpendicular to the 
greatest dimension to maximize the likelihood of 
detecting microscopic metastases. The original 
pathology report was used for the study.   

 Retrospective analysis 

 The records and histopathologic reports of 183 
patients were retrospectively reviewed. Variables 
studied in the review were tumor stage according to 
FIGO, modes of treatment, tumor type according to 
the histopathological examination of the resected 
surgical specimen also including the number of 
removed lymph nodes, and lymph node metastases. 
Records were also analyzed for local and distant 
tumor recurrence, its time and means of diagnosis 
and also death and cause of death. If medical records 
revealed change or modifi cation of therapy due to 
MRI-fi ndings, this was noted.    

 Results 

 One-hundred and twenty-fi ve (68%) patients were 
treated with surgery and 58 (32%) patients received 
radiochemotherapy. The different groups are shown 
in Figure 2. Distribution of FIGO stages in the two 
treatment groups are shown in Table I and the his-
topathological subgroups are shown in Table II.  

 Surgery group 

 Of the 125 patients, 116 patients underwent radical 
hysterectomy, six patients were treated with vaginal 
trachelectomy and laparoscopic pelvic lymphadenec-
tomy, one patient with FIGO stage Ia1 was treated 
with ordinary hysterectomy, one patient underwent 
trachelectomy but refused the lymphadenectomy 
and one patient was treated in two separate sessions 
with fi rst laparoscopic lymphadenectomy and then 
hysterectomy after a planned pregnancy.   

 Pretreatment group 

 Sixty seven of 125 patients were primarily operated. 
Of the remaining 58 patients who had pretreatment, 
53 received brachytherapy, three patients had their 
brachytherapy interrupted because of complications 
(pulmonary embolus, uterine perforation and infec-
tion), one patient received cisplatinum and one 
patient received external radiotherapy as application 
of brachytherapy instruments was impossible due to 
large bulky tumors.   

 Pelvic nodal status 

 The number of dissected lymph nodes at surgery 
ranged between 5 and 59. For the Wertheim procedure, 
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  Table I.   Distribution of stage in each treatment group.

 FIGO stage   Surgery n   %   Radiochemo n %

Ia 9 7.2 0 0
Ib1 77 61.6 3 5.2
Ib2 23 18.4 3 5.2
Iia 13 10.4 2 3.4
Iib 2 1.6 31 53.4
IIIa 1 0.8 1 1.7
IIIb 0 0 17 29.4
IV 0 0 1 1.7
the mean number was 30 lymph nodes, for the laparo-
scopic operation the mean number of removed nodes 
was 12 (range 6 – 22). According to histopathology, 
31 patients had lymph node metastases, 93 had 
no metastases and in one case no lymph node dissec-
tion was performed (see above). Fifty-two patients had 
different postoperative treatment as described above. 
Seventy-three patients did not receive any postoperative 
treatment.   

 Follow-up 

 In the surgery group, 21 patients (17%) developed 
recurrent disease; fi ve had local recurrence, nine had 
distant metastases and seven had both. 

 Eighty-nine percent of the patients with recur-
rence were FIGO stage I and 52% had no pelvic 
lymph node metastases at the time of primary surgery. 
The number of removed lymph nodes in this group 
was ranging 15 – 46. Fifty-two percent were squamous 
cancers, 33% were adenocarcinomas and 14% were 
mucoepidermoid cancers. 

 Eight patients were lost at follow-up. 
 Two patients were diagnosed with a second 

cancer (breast and appendix, respectively) during 
follow-up. 

 Thirteen patients have died, all of them from 
recurrent cervical cancer.   

 How MRI results affected the treatment in the 
surgery group 

 In 10/125 cases, the medical records indicated that 
the result of the MRI investigation affected the plan-
  Table II.   Distribution of histopathological types in each treatment 
group.

 Histopathology  Surgery n %  Radiochemo n   % 

Squamous 78 62.4 36 62.1
Adenocarcinoma 29 23.2 11 19
Adenosquamous 11 8.8 1 1.7
Clear cell 1 0.8 1 1.7
Glassy cell 5 4 8 13.8
Other 1 0.8 1 1.7
ning of treatment. In 115 cases the impact of the 
results of the MRI on the decision making could not 
be established from the medical records. The tumor 
stage that the fi nal treatment was based on was higher 
after MRI in fi ve cases and lower in two cases. In 
three cases the clinical fi ndings were initially equivo-
cal and the patients did not receive their FIGO stage 
until after the MRI. 

 In three patients, the result of the MRI was impor-
tant for the decision whether to do a radical hysterec-
tomy or a vaginal trachelectomy. Two of these were 
attributed a lower tumor stage after MRI which con-
tributed to make trachelectomy possible. One of these 
cases was in accordance with histopathology. In the 
other case, histopathology revealed a larger tumor than 
was suspected on the MRI. She is still in remission. 
The case that was treated for a higher tumor stage after 
MRI was in accordance with histopathology. 

 In summary, the change of tumor stage due to 
MRI when compared to histopathology correlated 
in six of seven cases. The one not correlating with 
histopathology was a tumor that was barely visible on 
MRI but examined by histopathology it was quite 
wide but thin and confi ned to the cervix. Two of the 
patients with the lower stage by MRI than FIGO 
(from IIb to Ib) died shortly after surgery from recur-
rent disease although histopathology indicated that 
the MRI stage was correct.   

 Radiochemotherapy group (RT) 

 Fifty-eight patients were treated with primary 
radiochemotherapy. 

 All 58 patients were treated with a combination of 
external radiation, brachytherapy and cisplatinum, 
except one who died before start of treatment. The MRI 
examination before treatment showed suspect parame-
trial involvement in 49 patients, suspect pelvic lymph 
node metastasis in 41 patients, para-aortic nodes in six 
patients and other nodal engagement (inguinal, mesorec-
tal and in the liver hilum) in four patients.   

 How MRI results affected the treatment (RT) 

 In 12/58 patients, the medical records indicated 
that the result of the MRI affected treatment plan-
ning. Of these twelve, there were four cases where 
MRI showed enlarged para-aortic lymph nodes 
indicative of metastases. These received additional 
radiation to the para-aortic area. Two patients 
were obese which made clinical investigation very 
difficult. The results of the MRI played an impor-
tant role in the treatment planning in these two 
patients. Six patients were treated according to a 
higher tumor stage after the MRI investigation. 
Two patients with FIGO stage Ib1, one with stage 
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Picture 1.
Ib2 and one with stage IIa (Picture 1) were found 
to have more advanced disease with parametrial 
involvement by MRI. In all those cases the previ-
ously decided plan for surgery was changed to 
radiochemotherapy. In two cases, the routine investi-
gation under anesthesia was not performed because 
the tumor did not appear to be advanced at the 
ordinary gynecological examination. MRI, though, 
showed parametrial involvement in these two 
cases. In both cases a proper examination under 
anesthesia then was performed and, with that in 
mind, the patients were up-staged to IIb. The 
treatment plan was changed to radiochemother-
apy. Since these patients were not treated surgi-
cally, we could not use histopathology as reference 
standard.   
 Follow-up 

 In the RT group, 23/58 patients have had recurrent 
disease, four patients still had viable tumor left after 
fi nished treatment and one patient had progressive dis-
ease during treatment. Thirty patients are in complete 
remission. Three patients have been diagnosed with a 
second cancer (one breast-, one head-neck-, one lung 
cancer) during follow-up. Twenty-fi ve patients have 
died, 24 from cancer of the uterine cervix and one from 
head-neck cancer.    

 Discussion 

 This study shows that introducing MRI in pretreat-
ment staging of CC affects both FIGO staging and 
treatment planning. 



  Imaging and cancer of the uterine cervix   425
 In our material, the impact of MRI seems to be 
greater in higher tumor stages, which is in accor-
dance with previous studies indicating that FIGO 
alone as pretreatment staging works better in less 
advanced than in more advanced stages [11 – 13]. 

 It is hard to analyze the effect of MRI on treat-
ment planning in a retrospective study when you 
have to rely on remarks in the patient ’ s records. We 
only have proof when the doctor has made a clear 
note in the records. The extent of subconscious effect 
the MRI results may have had on the choice of treat-
ment for a specifi c patient cannot be estimated. 
H ö ckel describes always having high resolution MRI 
series demonstrated when performing the FIGO 
investigation under anesthesia. It is described as an 
aid in deciding whether or not a tumor is resectable, 
especially when suspecting an advanced tumor [18]. 
The North American multicenter study ACRIN 
6651/GOG183 aiming to compare CT and MRI 
with FIGO examination and histopathology had to 
close prematurely before reaching the estimated 
number of cases. Instead of 440, only 208 patients 
could be included in the trial. The authors believe 
that increasing reliance on CT and MRI as part of 
the diagnostic work-up for cervical cancer staging 
was thought to be the main reason [19]. 

 In our study, there were three patients where the 
clinicians have actively chosen to wait until after MRI 
to allocate the patient to a FIGO stage. This is in 
confl ict with the FIGO recommendations but in 
accordance with other observations. In the ACRIN 
6651/GOG 183 study, an analysis showed that 
FIGO-prescribed diagnostic procedures were per-
formed only in a minority of cases [20]. Further-
more, in that study, MRI staging showed lower 
accuracy rates than in previous single centre studies 
while FIGO staging accuracies were surprisingly 
high compared to histopathology. The authors believe 
that this may be caused by the fact that 85% of 
the patients had undergone MRI and CT before the 
clinical examination and that the clinician then 
were infl uenced by the results of imaging. 

 One of the major diffi culties in clinical staging is 
correct estimation of tumor size, especially when the 
growth is largely endocervical, another is assessment 
of parametrial or pelvic side wall involvement. 

 In our study, it was the tumor surgeons who took 
the initiative to change the treatment plan in agree-
ment with the gynecological oncologist after MRI 
upstaging for the six patients originally planned for 
curative surgery. This may refl ect the need for the 
surgeon to have access to a proper imaging before 
surgery and the fear of doing an unnecessary opera-
tion due to unresectable locally advanced disease 
[21]. We do not know, though, if that was a good 
choice in these six cases since we don ’ t have any 
histopathological results to compare with. The risk, 
however, to underestimate an advanced and non-
resectable tumor is greater using only FIGO staging 
than with MRI assisted FIGO staging [11 – 14,21]. 
Our results are in accordance with those fi ndings. 

 As age for the fi rst pregnancy increases in the 
developed countries, the need for fertility preserving 
treatment methods for cervical carcinoma also 
increases. In 3/7 cases undergoing fertility preserving 
surgery, MRI was used to help the surgeon in this 
decision. In two of these three cases, the results of 
MRI and the decision of the preserving surgery was 
in accordance with histopathological verifi cation. 

 For obese patients, an increasing problem in 
western healthcare, imaging plays a particularly 
important role since these patients are generally 
more diffi cult to examine clinically. 

 Para-aortic nodal involvement can be detected 
either by CT or MRI. In this study, six patients 
were treated with an additional radiation fi eld over 
the aorta when MRI indicated para-aortic nodal 
involvement [22].   

 Conclusion 

 Introduction of MRI in addition to the clinical stag-
ing of cancer of the uterine cervix affects both the 
clinical staging according to FIGO and the treatment 
planning. This is more obvious in more advanced 
stages. Our results also indicate that MRI plays an 
important role as a complement to clinical staging of 
cervical carcinoma in obese patients and in deciding 
fertility-preserving surgery in young patients.        
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