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Abstract
Purpose The lack of prognostic data impedes implementation of optimal therapy for cervical cancer. For instance, recom-
mended therapy for FIGO IIB cervical cancer is radical hysterectomy or radiochemotherapy. To enlighten different therapeutic 
approaches, we investigated the benefit of individual therapies or combination thereof in patients with or without infested 
lymph nodes.
Methods The German Tumor Centre Regensburg registered 389 patients with FIGO IIB, IIIA, IIIB, and IVA cervical cancer 
between 2002 and 2015. We estimated hazard ratios (HR) for overall survival against different therapies using univariable 
and multivariable cox regression. After risk adjustment with respect to clinicopathological parameters, we performed model 
selection using conditional stepwise reverse selection.
Results We demonstrated the need for thorough assessment of the nodal status to obtain reliable data for treatment strategy. 
Our analysis showed significant differences for overall survival in FIGO IIB depending on therapy and nodal status. Outcome 
was inferior with radiochemotherapy without surgery for patients with N0 compared to surgery and radiochemotherapy 
combined (HR 3.012; 95% CI 1.075–8.441; p = 0.036); however, for N1, radiochemotherapy without surgery resulted in 
comparable outcome (HR 0.808; 95% CI 0.189–3.403; p = 0.765), whereas surgery alone yielded in poor outcome (HR 
2.889; 95% CI 1.356–6.156; p = 0.006). Regardless of the nodal status, chemotherapy was superior in advanced stage cervi-
cal cancer FIGO III to IVA.
Conclusions Our study suggests that in terms of oncological outcome FIGO IIB cervical cancer patients benefit from a 
combination of surgery and radiochemotherapy. However, in the presence of lymph node infestation, surgery does not add 
substantial benefit to the patient.

Keywords Cervical cancer · Nodal status · Lymphadenectomy · Outcome · Overall survival · Therapy

Introduction

Globally, cervical cancer is the fourth-most common 
cause of cancer-related death in women (Vu et al. 2018). 
In the Western world, organized vaccination and screening 
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programs decreased the cervical cancer incidence (Mendes 
et al. 2018); however, it remains a significant concern for 
public health and, hence, improvements in diagnostic and 
therapy are required (Marshall et al. 2018; Ogilvie et al. 
2017; Parkhurst and Vulimiri 2013).

The decreasing incidence rate of cervical cancer in the 
Western world limits availability of data that provides 
insight into the success of different disease management 
strategies. In particular, there is a lack of prognostic data 
regarding optimal therapy. In Germany, current recommen-
dation for patients with advanced cervical cancer indicates 
no preference for either surgery or radiochemical interven-
tion (Leitlinienprogramm Onkologie 2014). Furthermore, 
there are no reliable data for the effectiveness of combina-
tion therapy. Nevertheless, there is sufficient data suggesting 
that the combination of radical hysterectomy and radiother-
apy is associated with higher morbidity compared to solely 
surgical intervention (Leitlinienprogramm Onkologie 2014).

Currently, only one single study compares different treat-
ment modalities in cervical cancer in a prospective rand-
omized setting (Landoni et al. 1997); however, high numbers 
of R1 and R2 resections in the patient cohort that received 
surgery limits the significance of this study.

Another important prognostic parameter is lymph node 
involvement in cervical cancer. Pelvic lymphadenectomy is 
a standard procedure as part of radical hysterectomy and cor-
relates with improved survival in early stage cervical cancer; 
however, the FIGO guideline for clinical staging currently 
does not consider the nodal status (Cheng-Yen et al. 2018a, b).

To address this lack of clinically relevant information 
concerning optimal therapy, we conducted a retrospective 
study on female patients diagnosed with advanced stage cer-
vical cancer, and focused on the nodal status as a prognostic 
factor for therapy and outcome.

Patients and methods

Study design and data source

We accessed the patient database of the clinical cancer registry 
from Tumor Centre Regensburg (Bavaria, Germany), which 
has been described elsewhere (Papathemelis et al. 2017, 2018). 
Our data source contained 1613 cases of female patients from 
Upper Palatinate or Lower Bavaria who were diagnosed with 
cervical carcinoma (ICD-10 C53), and registered to the data-
base between January 2002 and December 2015.

Patient inclusion and exclusion criteria

The database of the cancer registry contained 1613 female 
patients who were diagnosed with cervical cancer. For this 
study, we included only cases of advanced stage cancer, 

defined by the FIGO stage and, hence, selected 446 patients 
with the stages FIGO IIB to FIGO IVA. We selected the type 
of cancer as an additional inclusion requirement and limited 
our study cohort to squamous cell carcinomas, adenocarci-
noma, and adenosquamous carcinoma. Therefore, we excluded 
18 cases of neuroendocrine carcinomas and Mixed Müllerian 
tumors. Further, we only considered cases of primary tumors, 
reducing the cohort size to 411 patients. We also excluded 
cases with previous, simultaneous and synchronous secondary 
malignant neoplasms. Finally, we only included patients with 
sufficient follow-up data, yielding in a patient cohort of 389 
females (Fig. 1).

Statistical analysis

Categorical data were expressed as frequency counts and per-
centages, whereas continuous data were expressed as means, 
range and standard deviation.

Chi-square test was used for comparisons between indi-
vidual categorical variables. Overall survival was calculated 
from the date of cancer diagnosis to the date of death from 
any cause. Recurrence free survival includes local relapse, as 
well as subsequent regional and distant metastases. Vital sta-
tus of all patients was validated using death certificates and 
information from registration offices. All patient data were 
maintained according to national and European legislation, 
and was anonymised for the purpose of this study.

To estimate hazard ratios (HR) for overall and recurrence 
free survival, univariable and multivariable Cox regression 
analyses were applied to compare patients according to selected 
features. Risk-adjustment was performed in multivariable 
analyses to adjust for confounding factors: age at diagnosis, 
comorbidity, known cancer in family, histology, grading, FIGO 
state, and nodal status. Comorbidity was adjusted via Charlson-
Comorbidity-Index, categorized in a group with at least one 
disease and a group without any disease listed in the CCI list 
(Charlson et al. 1987). Model selection in multivariable Cox 
regression was performed using conditional stepwise reverse 
selection. Hazard ratios were considered significant if the cor-
responding confidence interval (CI) excluded 1, and the p value 
of the log-rank test was < 0.05. All analyses were performed 
using IBM SPSS Statistics Version 25.0 (Chicago, EUA).

Results

Characterization of patient cohort

We selected 389 patients from 1613 patients with cervi-
cal cancer registered in the database of the Tumor Center 
Regensburg in Germany (Fig.  1). The majority of the 
selected patients with FIGO stage IIB–IVA were between 
40 and 80 years old (Table 1), with mean age at diagnosis 
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of 57.2 years (median 55.2). The majority did not exceed 
a score of 2 on the Charlson-Comorbidity-Index (83.3%), 
meaning they suffered from no other illness than cervix can-
cer, and did not experience cancer in their family history 
(88.9%). Most of the patients were diagnosed with squa-
mous cell carcinomas (82.3%) but our cohort also included 
some cases of adenocarcinoma (14.7%), and a few cases of 
adenosquamous carcinoma (3.1%). Cancer grading indicated 
that almost all patients had either G2 (42. 7%) or G3 (54.5%) 
cancer, whereas less than 3% of the cases were graded either 
lower or higher or not at all. The nodal status was assessed 
as N0 in 38.3% and as N1 in 42.7% of all the cases. In 
the majority of the cases positive lymph node status was 
assessed by surgical means. For the remaining 19.0%, no 
data could be retrieved. About half of all cases were classi-
fied as FIGO IIB (53.2%), whereas the other half was almost 
equally distributed among FIGO IIIA, IIIB and IVA.

We focused on patients with advanced cervical can-
cer classified as FIGO IIB. The majority of all patients in 
this stage underwent radical hysterectomy and systematic 

lymphadenectomy followed by additional treatments 
(Table 2). Among the patients classified with FIGO IIB, 
48.7% received both radiotherapy and chemotherapy, 
14.2% received only radiotherapy and 19.3% received no 
further treatment. The remaining patients (17. 8%) did 
not undergo surgery but received either both radio- and 
chemotherapy (12.7%) or radiotherapy only (5.1%).

Accuracy of nodal status evaluation increases 
with number of dissected lymph nodes

A large body of research indicated that the infestation of 
lymph nodes could provide valuable diagnostic and pro-
spective insights into diseases progression and outcome 
for cervical cancer (Du et al. 2018). To assess the rel-
evance of the nodal status for patients with FIGO IIB cer-
vical cancer, we first aimed to address the accuracy of 
determining lymph node infestation.

We evaluated the number of analyzed lymph nodes per 
patient for each of the category of nodal status, i.e. no 

Fig. 1  Flow-chart depicting 
exclusion and inclusion criteria 
of study group



1372 Journal of Cancer Research and Clinical Oncology (2019) 145:1369–1376

1 3

infestation (N0), infestation (N1) or unknown status (NX) 
(Table 3). We found that the fraction of patients with a 
lymph node infestation increases when more lymph nodes 
were dissected and analyzed.

Combination of surgery and radiochemotherapy 
is superior in FIGO IIB cervical cancer without lymph 
node infestation

Next, we sought out to interrogate the contribution of the 
lymph node status to overall survival for patients diagnosed 
with FIGO IIB cervical cancer. In our cohort, we identi-
fied 93 females (47.2%) without infested lymph nodes (i.e. 
N0) (Fig. 2). We performed univariable and multivariable 

analysis to evaluate the effect of the applied clinical inter-
vention on the overall survival for this subgroup (Table S1). 
Interestingly, we found statistically significant differences 
among the chosen treatment modalities. Our data show that 
a combination of surgery, radio- and chemotherapy, used as 
reference in multivariable Cox-regression analysis results 
in the highest overall survival, whereas the combination of 
radio- and chemotherapy without surgery, yielded in the 
lowest survival (HR 3.012; 95% CI 1.075–8.441; p = 0.036). 
Furthermore, we also confirmed this result for recurrence 
free survival (Table S2; Fig. 2).

Surgery is not beneficial in FIGO IIB cervical cancer 
with lymph node infestation

We continued and expanded our analysis to the 91 patients 
(46.2%) in our FIGO IIB cohort with lymph node infestation 
(i.e. N1). As before, we performed univariable and multivar-
iable regression analysis evaluating the impact of therapy on 
overall survival (Table 1). Again, we found in this subgroup 
that a combination of surgery, radio- and chemotherapy 
yielded the superior overall survival. Remarkably, radio- and 
chemotherapy without surgery was as effective (HR 0.808; 
95% CI 0.189–3.403; p = 0.765). In contrast, radical surgery 
alone significantly decreased the overall survival (HR 2.889; 
95% CI 1.356–6.156; p = 0.006). Again, these results were 
confirmed when recurrence free survival was analyzed as 
outcome variable (Table S2).

Chemotherapy is associated with superior overall 
survival in late stage cervical cancer

In addition to patients with FIGO IIB cervical cancer, we 
also investigated the correlation of overall survival and 
lymph node status in patients who were diagnosed with 
FIGO IIIA, FIGO IIIB, and FIGO IVA cervical cancer 
(Table S3). Our data shows that the selected treatment 
was associated with different overall survival outcomes of 
the patient depending on the nodal status (N0, N1 or NX) 
(Table S4). Additional analysis revealed that for late stage 
cervical cancer, chemotherapy provides the best perspectives 
for survival (Fig. S1). Significant benefit for overall sur-
vival was achieved in nodal positive patients with HR 0.319 
(95% CI 0.149–0.683; p = 0.003), the effect for N0 patients 
was smaller and non-significant with HR 0.560 (95% CI 
0.274–1.146; p = 0.113).

Discussion

Despite the high prevalence of cervical cancer, prognos-
tic data are very limited and, hence, treatment recommen-
dations are based often on consensus and not evidence 

Fig. 2  Kaplan–Meier plot for overall survival of patients with FIGO 
IIB cervical cancer depending on clinical intervention in patients 
without infested Iymphnodes N0 (a) and with infested lymphnodes 
N1 (b)
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(Leitlinienprogramm Onkologie 2014). In this study, we 
provide important evidence concerning the choice of therapy 
on advanced and late stage cancer depending on the nodal 
status of the patient.

The patients in our study underwent partial or system-
atic pelvic lymph node dissection permitting assessment of 
the nodal status. We could demonstrate that larger numbers 
of dissected lymph nodes increase the likelihood to iden-
tify lymph node infestation. We also show that nodal sta-
tus has implications for therapy and outcome in cervical 
cancer. Consequently, we argue that accurate assessment 
of the nodal status is important and should be considered 
for staging of cervical cancer. Nevertheless, it is unclear 

whether there is minimal amount of dissected lymph nodes 
to assess correctly the nodal status of the patient. This is 
also relevant in light towards the current shift in clinical 
practice to replace systematic pelvic lymph node dissection 
with sentinel lymph nodes biopsy (Cibula and McCluggage 
2018; Cibula et al. 2012).

The lymph node status in our cohort study was mainly 
assessed via surgery. When no surgical intervention took 
place at all, the lymph node status was assessed non inva-
sively by CT and/or MRI scans. It is true that this might 
be the second best procedure behind histopathological 
evaluation of lymph nodes, nevertheless the sensitivity of 
CT and MRI as a diagnostic modality for detecting nodal 

Table 1  Demographic 
and clinic-pathological 
characteristics of patient cohort

GX unknown cancer grading, NX unknown nodal status

Variable Category N %

Age at diagnosis (years) Mean (standard deviation) 57.2 (15.1)
Median (range) 55.2 (22.8–93.8)
20–29 14 3.6
30–39 33 8.5
40–49 97 24.9
50–59 81 20.8
60–69 68 17.5
70–79 67 17.2
80–89 27 6.9
90 + 2 0.5

Charlson-Comorbidity-Index 2 324 83.3
> 2 65 16.7
3 30 7.7
4 20 5.1
5 8 2.1
6 5 1.3
7 2 0.5

Cancer in family Yes 43 11.1
No 346 88.9

Histology Squamous cell carcinoma 320 82.3
Adenocarcinoma 57 14.7
Adenosquamous carcinoma 12 3.1

Grading G1 4 1.0
G2 166 42.7
G3 212 54.5
G4 1 0.3
GX 6 1.5

FIGO IIB 207 53.2
IIIA 55 14.1
IIIB 61 15.7
IVA 66 17.0

Nodal status N0 149 38.3
N1 166 42.7
NX 74 19.0

Total 389 100.0
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metastasis varies from 60 to 88% with specificity as high as 
97% (Selman et al. 2008; Choi et al. 2010; Balleyguier et al. 
2011). In line with the value of these diagnostic modalities 
and according to the latest FIGO Committee report, imaging 
or pathological findings may be used to assess retroperito-
neal lymph nodes (Bhatla et al. 2019).

Our retrospective analysis showed that certain therapy 
choices are more beneficial for overall survival than oth-
ers. In the presence of lymph node infestation, surgery does 
not provide substantial benefit to the patient anymore, and 
radiochemotherapy is as good as a combination of all three 
therapies. This could have implications in future treatment 
strategies concerning cervical cancer. Taking in considera-
tion the relative high morbidity associated with surgery, the 
lack of benefit suggests that therapy should exclude surgery 
for this patient subgroup and only apply radiochemotherapy. 
We are aware that this conclusion is premature, and we argue 
that additional studies and analysis are required to validate 
and substantiate our observation.

In addition, our study implies that chemotherapy is asso-
ciated with superior outcome for patients with late stage 
cervical cancer. A limitation is the relative low number of 
patients with FIGO IIIA, FIGO IIIB and FIGO IVA in our 
cohort. Consequently, we combined all these subgroups 
during statistical analysis and, hence, cannot exclude that 
different chemotherapy might benefit one subgroup but not 
another.

Taken together, we provide evidence for the benefit of 
radiochemotherapy and surgery for FIGO IIB cervical can-
cer patients depending on their nodal status. Further, we pro-
vide indication for the benefit of chemotherapy in late stage 
cervical cancer. Our study can only be one of the first steps 
towards better patient care. More clinical data is needed to 
identify the best possible treatment strategy for cervical can-
cer patients.

Table 2  Demographic and clinic-pathological characteristics of patients diagnosed with FIGO IIB cervical cancer according to primary therapy

OP surgery, Rad radiotherapy, Chemo chemotherapy, NX unknown nodal status
a Excluded 10 cases of OP + Chemo, Chemo and others

Therapy

OP + Rad + Chemo OP + Rad OP Rad + Chemo Rad Totala

N % N % N % N % N % N %

Age at diagnosis (years)
 < 40 19 19.8 2 7.1 3 7.9 1 4.0 0 0.0 25 12.7
 40–49 34 35.4 5 17.9 13 34.2 10 40.0 0 0.0 62 31.5
 50–59 26 27.1 6 21.4 5 13.2 7 28.0 0 0.0 44 22.3
 60–69 13 13.5 7 25.0 6 15.8 4 16.0 0 0.0 30 15.2
 70 + 4 4.2 8 28.6 11 28.9 3 12.0 10 100.0 36 18.3

Charlson-Comorbidity-Index
 2 89 92.7 23 82.1 34 89.5 17 68.0 7 70.0 170 86.3
 > 2 7 7.3 5 17.9 4 10.5 8 32.0 3 30.0 27 13.7

Cancer in family
 Yes 16 16.7 6 21.4 6 15.8 2 8.0 1 10.0 31 15.7
 No 80 83.3 22 78.6 32 84.2 23 92.0 9 90.0 166 84.3

Histology
 Squamous cell carcinoma 78 81.3 20 71.4 31 81.6 17 68.0 8 80.0 154 78.2
 Adenocarcinoma 12 12.5 7 25.0 7 18.4 8 32.0 2 20.0 36 18.3
 Adenosquamous carcinoma 6 6.3 1 3.6 0 0.0 0 0.0 0 0.0 7 3.6

Grading
 G1/2 41 42.7 13 46.4 14 36.8 12 48.0 6 60.0 86 43.7
 G3/4 55 57.3 15 53.6 24 63.2 13 52.0 4 40.0 111 56.3

Nodal status
 N0 38 39.6 18 64.3 20 52.6 14 56.0 3 30.0 93 47.2
 N1 56 58.3 8 28.6 15 39.5 8 32.0 4 40.0 91 46.2
 NX 2 2.1 2 7.1 3 7.9 3 12.0 3 30.0 13 6.6

Total 96 100.0 28 100.0 38 100.0 25 100.0 10 100.0 197 100.0
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