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ABSTRACT

Introduction Cervical cancer is the fourth most frequent

cancer in women worldwide. Addition of the VEGF antibody

bevacizumab in combination with platinum-containing che-

motherapy achieved an improvement in overall survival in ad-

vanced cervical cancer. To date there are no data on neoadju-

vant use of bevacizumab. We therefore studied the benefit of

neoadjuvant combined therapy with bevacizumab in a group

of cervical cancer patients.

Patients and Methods This retrospective cohort study ana-

lysed 14 patients with cervical cancer FIGO stages 1b1 to IV

who received neoadjuvant platinum-containing chemother-

apy in combination with bevacizumab. The comparative co-

hort consisted of 16 patients who were treated with neoadju-

vant platinum-containing chemotherapy alone. The response

rates were determined by means of preoperative clinical ex-

amination, diagnostic imaging (RECIST), changes in tumour

markers (SCC) and by histopathology.

Results A clinical response was found in 93.8% (n = 15) of pa-

tients after bevacizumab-free therapy and in 100% (n = 14) of

the patients who were treated with bevacizumab in addition.

Combined therapy with bevacizumab led to a higher rate of

clinical complete remission (42.9 vs. 12.5%; p = 0.072) and

significantly improved the reduction in tumour size (Δ longest

diameter: 3.7 vs. 2.5 cm; p = 0.025). Downgrading was ob-

served in 100% of all patients treated with bevacizumab com-

pared with 75% in the control arm. The rate of pathological

complete remission (pCR) was not altered significantly

(28.6% [n = 4] vs. 37.5% [n = 6]; p = 0.460).

Discussion Overall, combined therapy with bevacizumab led

to a better clinical response. Operability was therefore im-

proved more often. Because of the small patient cohort, larg-

er prospective studies are necessary to validate the effect of

neoadjuvant combined therapy with bevacizumab.

ZUSAMMENFASSUNG

Einleitung Das Zervixkarzinom ist weltweit die vierthäufigste

Krebserkrankung der Frau. Die Hinzugabe des VEGF-Antikör-

pers Bevacizumab in Kombination mit einer platinhaltigen* contributed equally
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Chemotherapie konnte bei fortgeschrittenen Zervixkarzino-

men eine Verbesserung des Gesamtüberlebens erreichen.

Zum neoadjuvanten Einsatz von Bevacizumab existieren bis-

lang keine Daten. Daher haben wir an einem Kollektiv von Zer-

vixkarzinompatientinnen den Nutzen einer neoadjuvanten

Kombinationstherapie mit Bevacizumab untersucht.

Patienten und Methoden Für diese retrospektive Kohorten-

studie wurden 14 Patientinnen mit Zervixkarzinomen der FI-

GO-Stadien 1b1 bis IV ausgewertet, die eine neoadjuvante pla-

tinhaltige Chemotherapie in Kombination mit Bevacizumab

erhielten. Als Vergleichskohorte wurden 16 Patientinnen ein-

geschlossen, die mit einer alleinigen neoadjuvanten platinhal-

tigen Chemotherapie therapiert wurden. Die Ansprechraten

wurden mittels präoperativer klinischer Untersuchung, radio-

logischer Diagnostik (RECIST), dem Tumormarkerverlauf

(SCC), sowie durch pathologische Aufarbeitung ermittelt.

Ergebnisse Es zeigte sich ein klinisches Ansprechen bei

93,8% (n = 15) der Patientinnen nach Bevacizumab-freier The-

rapie und bei 100% (n = 14) der Patientinnen, die zusätzlich

mit Bevacizumab behandelt wurden. Die Kombinationsthera-

pie mit Bevacizumab führte zu einer höheren Rate von kli-

nischen Komplettremissionen (42,9 vs. 12,5%; p = 0,072)

und signifikant verbesserten Reduktion der Tumorgröße

(Δ längster Durchmesser: 3,7 vs. 2,5 cm; p = 0,025). Ein

Downgrading war in 100% aller mit Bevacizumab therapier-

ten Fälle im Vergleich zur 75% im Kontrollarm zu beobachten.

Die Rate an pathologischen Komplettremissionen (pCR) war

nicht signifikant verändert (28,6% [n = 4] vs. 37,5% [n = 6];

p = 0,460).

Diskussion Insgesamt führte die Kombinationstherapie mit

Bevacizumab zu einem besseren klinischen Ansprechen. Da-

durch konnte häufiger die Operabilität verbessert werden.

Aufgrund der kleinen Patientenkohorte sind größere prospek-

tive Studien notwendig, um den Effekt einer neoadjuvanten

Kombinationstherapie mit Bevacizumab zu validieren.
Introduction
Cervical cancer is the fourth most frequent cancer in women
worldwide and has high mortality [1]. In Germany, roughly 4500
women per year developed cervical cancer consistently in recent
years [2]. According to the German S3 guideline, surgery remains
the standard treatment of early cervical cancer, while primary sur-
gery is omitted when at least three defined risk factors are present
and the patient should then receive chemoradiotherapy. For lo-
cally advanced or metastatic cervical cancer, the option of primary
chemotherapy followed by surgery is usually an alternative to che-
moradiotherapy [3]. Neoadjuvant platinum-based chemotherapy
at shortened intervals is intended to shrink the tumour, thus im-
proving operability and reducing operative morbidity, and to pro-
long progression-free and overall survival [3,4]. Women especially
with primary cervical cancer and defined risks such as bulky dis-
ease or suspicious lymph node status may benefit from a neoadju-
vant concept, in which the drug chemotherapy reduces the prob-
able necessity for adjuvant chemoradiotherapy. This possible ben-
efit must be balanced against the risks and side effects of systemic
therapy [5].

In the last few years, good treatment results have been
achieved with the use of bevacizumab in various solid tumours
[6, 7]. The human papilloma viruses usually involved in their devel-
opment are an important factor in efficacy, especially in the treat-
ment of cervical cancer [3, 8]. Their high oncogenic potential is
based on stimulation of angiogenesis through different points of
attack [8]. Bevacizumab is a recombinant human monoclonal
VEGF antibody, which inhibits the formation of new vessels in the
tumour through competitive inhibition of VEGF receptors [9–11].
Initial experience with the use of bevacizumab in advanced cervi-
cal cancer by Monk et al. showed a significant improvement in
median overall survival and progression-free survival [12]. The ba-
sis for approval of bevacizumab in advanced cervical cancer was
the GOG-240 study by Tewari et al., in which 452 patients with re-
current or metastatic cervical cancer received either pure chemo-
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therapy (combination of paclitaxel and cisplatin or paclitaxel and
topotecan) or chemotherapy combined with bevacizumab [13,
14]. Significant improvements with regard to overall survival and
progression-free survival were achieved [13,14]. Good results
were also shown for the combination of bevacizumab with con-
ventional platinum-containing chemoradiotherapy [15]. To date,
there is no experience with the use of bevacizumab in the neoad-
juvant treatment of cervical cancer.

In this article, we would therefore like to report our initial clin-
ical experiences with platinum-containing chemotherapy in com-
bination with the angiogenesis inhibitor bevacizumab in the neo-
adjuvant treatment of cervical cancer. We also studied the effect
of the addition of bevacizumab on remission rates and operability,
comparing this with a bevacizumab-free group of patients.
Patients and Methods

Patients and therapy regimen

For this retrospective cohort study, 46 patients with histologically
confirmed cervical cancer who received systemic treatment in the
period from 2007 to 2016 in the oncology outpatient clinic of the
department of obstetrics and gynaecology of Cologne University
Hospital were screened. 30 patients who received neoadjuvant
platinum-containing chemotherapy were included in the study
(▶ Fig. 1).

Fourteen patients received neoadjuvant chemotherapy com-
bined with bevacizumab. Eight patients received combined ther-
apy consisting of paclitaxel (80mg/m2 q7), cisplatin (75mg/m2

q21) and bevacizumab (15mg/kg q21). We gave an average of
12 cycles of paclitaxel (80mg/m2), 4 cycles of cisplatin (75mg/
m2) and 4 cycles of bevacizumab (15mg/kg). Five patients were
given a combination of cisplatin (40mg/m2 q7), docetaxel
(35mg/m2 q7) and bevacizumab (5mg/kg q7). An average of
8 cycles of cisplatin (40mg/m2), 8 cycles of docetaxel (35mg/
m2) and 6 cycles of bevacizumab (5mg/kg) was given. One pa-
769



Patients with cervical cancer (FIGO I–IV)

Indication for systemic therapy

(n = 46)

Neoadjuvant therapy

(n = 30)

Conventional chemotherapy regimen

(n 16)=

Cisplatin 40 mg/m , taxotere 35 mg/m (n = 15)

Cisplatin 30 mg/m , topotecan 4 mg/m (n = 1)

2 2

2 2

No neoadjuvant therapy (palliation/adjuvant therapy)

Excluded from the study

(n 16)=

Chemotherapy in combination with bevacizumab

(n 14)=

Paclitaxel 80 mg/m , cisplatin 75 mg/m , bevacizumab 15 mg (n = 8)

Cisplatin 40 mg/m , taxotere 35 mg/m , bevacizumab 5 mg (n = 5)

Paclitaxel 80 mg/m , carboplatin 6 mg/AUC, bevacizumab 15 mg (n = 1)

2 2

2 2

2

▶ Fig. 1 Structure of the cohort study: the flow chart illustrates the number of cervical cancer patients screened for this study (n = 46) and included
and excluded patients (n = 30), and describes the treatment regimen used in the two cohorts (NACT ± bevacizumab).
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tient received a treatment combination started elsewhere consist-
ing of paclitaxel (80mg/m2 q7), carboplatin (6mg/AUC q21) and
bevacizumab (15mg/kg q21). The cost of treatment was reim-
bursed by the health insurance companies following individual ap-
plications.

For the comparative cohort, 16 patients with bevacizumab-
free therapy were analysed. Fifteen women received weekly ther-
apy with cisplatin (40mg/m2) and docetaxel (35mg/m2), and one
patient received cisplatin (30mg/m2 q7) and topotecan (4mg/m2

q7). The patients received an average of 8 cycles of cisplatin
40mg/m2 and 8 cycles of docetaxel 35mg/m2. In the cisplatin/
topotecan regimen, 8 cycles of cisplatin (30mg/m2 q7) and 8
cycles of topotecan (4mg/m2 q7) were given.

Study methods

Following the conclusion of the neoadjuvant chemotherapy, all
patients had re-evaluation of tumour status by clinical examina-
tion and imaging appropriate to the primary tumour stage. Above
FIGO stage IB2, extrapelvic spread was assessed by CT of the tho-
rax/abdomen and locoregional spread by MRI of the pelvis, in ac-
cordance with the S3 guideline [3]. The scans were assessed radio-
logically according to the Response Evaluation Criteria In Solid Tu-
mors (RECIST) [16]. A tumour that could no longer be detected
compared with the pre-treatment imaging was defined as clinical
complete remission (cCR). A tumour that regressed in size by
more than 30% compared with the previous imaging was defined
in accordance with RECIST criteria as partial remission (cPR). Le-
sions that regressed but could not be defined as partial remission
according to RECIST criteria were recorded as response [17]. If his-
topathologic examination did not detect any residual invasive tu-
mour, this was recorded as pathologic complete remission (pCR).
In patients with a carcinoma smaller than FIGO IB2, re-evaluation
after chemotherapy was not by radiologic imaging but by clinical
ultrasonography [3]. The longest diameter in cm (LD) was used to
measure tumour size. The change in tumour size was calculated as
770
the mean of the difference (ΔLD) before and after therapy. In 7 pa-
tients in the conventional therapy regimen and one patient in the
cohort treated with bevacizumab, the diameter could not be de-
termined from the available imaging. When there was a squa-
mous epithelial tumour component, the serological response
was reported as the mean change in the squamous cell carcinoma
antigen (SCC) in the serum (μg/l) before and after the last cycle of
neoadjuvant chemotherapy (ΔSCC). In 5 patients, there was no
further information about the SCC course.

Statistical analysis

A structured medical database was set up through different clini-
cal information systems (ORBIS® OpenMED, AGFA HealthCare NV,
Cato®) and analysed through Excel® 2010 (Microsoft Corporation,
Redmond, USA) and SPSS Statistics 22 (IBM Corporation, Armonk,
New York, USA). Statistical calculation of the p-values was per-
formed with Fisherʼs exact test and with Barnardʼs test [18].
Results
In the study period, 30 cervical cancer patients in total were treat-
ed with neoadjuvant chemotherapy containing platinum. Four-
teen of these patients received chemotherapy combined with
bevacizumab. This cohort was compared with 16 patients who
were treated without bevacizumab. The demographic character-
istics of the patient cohorts are listed in ▶ Table 1.

Combined therapy with bevacizumab increases
the clinical response rates

▶ Table 2 shows a comparison of the response rate after neoadju-
vant therapy with or without bevacizumab. Neoadjuvant therapy
with bevacizumab led to an improved clinical response (100%
[n = 14] vs. 93.8% [n = 15], p = 0.442). The rate of clinical com-
plete remission was higher in the patients treated with bevacizu-
mab. A statistical trend in favour of the combined therapy with
Junker P et al. Neoadjuvant Therapy of… Geburtsh Frauenheilk 2018; 78: 768–774



▶ Table 1 Clinical and histopathological tumour characteristics of the patients (n = 30): comparison of the bevacizumab-free treatment cohort
(NACT) with the combined bevacizumab therapy (NACT + bevacizumab).

Variable Total NACT

n (%)

NACT + bevacizumab

n (%)

p-value

Total 30 16 14 0.967

Age 45.2 44.4

Histologic type Adenocarcinoma 9 7 (43.8) 2 (14.3) 0.118

Squamous cell carcinoma 20 9 (56.2) 11 (78.6)

Clear cell carcinoma 1 0 (0) 1 (7.1)

Grading (G) G2 20 11 (68.9) 9 (64.3) 1

G3 10 5 (31.1) 5 (35.7)

Tumour stage (FIGO) cT1 8 5 (31.3) 3 (21.4) 0.649

cT2 15 9 (56.3) 6 (42.9)

cT3 2 0 (0) 2 (14.3)

cT4 5 2 (12.4) 3 (21.4)

Nodal status cN0 12 8 (50) 4 (28.6) 1

cN+ 18 8 (50) 10 (71.4)

Metastasis M0 27 14 (87.5) 13 (92.9)

M+ 3 2 (12.5) 1 (7.1)

▶ Table 2 Response rates and progress parameters depending on neoadjuvant therapy with or without bevacizumab (NACT ± bevacizumab).
The change in tumour size and SCC course were calculated as the means of the differences (ΔLD/ΔSCC) before and after therapy.

Variable NACT

n (%)

NACT + bevacizumab

n (%)

p-value

Total 30 16 14 0.917

Response no 1 (6.3) 0 (0) 1.000

yes 15 (93.7) 14 (100)

cPR no 4 (25) 6 (42.9) 0.442

yes 12 (75) 8 (57.1)

cCR no 14 (87.5) 8 (57.1) 0.072

yes 2 (12.5) 6 (42.9)

pCR no 10 (62.5) 10 (71.4) 0.460

yes 6 (37.5) 4 (28.6)

Downgrading no 4 (25) 0 (0) 0.103

yes 12 (75) 14 (100)

R0 resection no 2 (12.5) 0 (0) 1.000

yes 14 (87.5) 14 (100)

ΔLD (cm) 2.5 3.7 0.025

ΔSCC (μg/l) 8.3 7.4 0.978

cPR: clinical partial remission; cCR: clinical complete remission; pCR: pathologic complete remission; LD: longest diameter in cm; SCC: squamous cell
carcinoma antigen in the serum (μg/l)
bevacizumab could be identified (42.9% [n = 6/14] vs. 12.5%
n = 2/16]; p = 0.072). Clinical complete remission was achieved in
the bevacizumab-free cohort up to stage FIGO IIb, while clinical
complete remission was observed in higher stages also in the bev-
acizumab-treated cohort (▶ Fig. 3). Histopathological examina-
Junker P et al. Neoadjuvant Therapy of… Geburtsh Frauenheilk 2018; 78: 768–774
tion of the operation specimens showed downgrading in the
sense of a positive change in tumour stage in 100% (n = 14) of pa-
tients treated with bevacizumab. This proportion was 75%
(n = 12/16; p = 0.103) in the conventionally treated patients. The
rate of pathologic complete remission (pCR) was not altered sig-
771



NACT (n = 12) NACT + bevacizumab (n = 13)

p = 0.025
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▶ Fig. 2 Boxplot diagram shows better tumour reduction by addi-
tion of bevacizumab (ΔLD in cm = 2.5 ± 1.6 vs. 3.7 ± 1.2; p = 0.025).
Fisherʼs exact test with a significance level of α = 0.05.
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nificantly (28.6% [n = 4] vs. 37.5% [n = 6]; p = 0.460) (▶ Table 2).
However, pCR was achieved even in FIGO stage IV in one case by
the addition of bevacizumab. In this case there was a primary
squamous cell carcinoma of the cervix with hepatic and lymphog-
enous metastases. By contrast, pCR after conventional therapy
was observed only up to FIGO stage IIb. R0 resection was achieved
in all patients treated with bevacizumab (100% [n = 14/14] vs.
87.5% [n = 14/16]; p = 1.0).

Addition of bevacizumab significantly improves
tumour reduction

In the majority of patients (22/30), the pre- and post-treatment
tumour size could be assessed objectively by imaging (MRI, CT)
according to RECIST criteria (longest diameter – LD). Significantly
better tumour reduction was achieved by combined bevacizumab
therapy (p = 0.025, ▶ Figs. 2 and 3).

A markedly elevated SCC level in the serum was apparent be-
fore the start of therapy, especially with large cancers. Although
the marked fall in the elevated SCC serum level with large cervical
cancers was not statistically significant in our study (ΔSCC: 7.4 vs.
8.3 μg/l; p = 0.978), we recorded remissions that were also con-
firmed serologically. As an example, one patient in stage III b (pa-
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▶ Fig. 3 The waterfall plot shows the change in tumour size (LD) in percent before and after treatment with/without bevacizumab. The table shows
the corresponding response rates and tumour stages. In 7/16 patients in the conventional group and 1/14 patients in the bevacizumab group in-
formation about the post-therapy tumour size was lacking and was excluded accordingly (abbreviations: cPR: clinical partial remission; cCR: clinical
complete remission; pCR: pathological complete remission).
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▶ Table 3 List of registered side effects after bevacizumab combination therapy. They were classified according to CTCAE (Common Terminology
Criteria for Adverse Events).

Patients (n = 14)

None

n (%)

Grade I

n (%)

Grade II

n (%)

Grade III

n (%)

Anaemia 2 (14) 9 (64) 3 (21) 0 (0)

Neutropenia 3 (21) 4 (29) 7 (50) 0 (0)

Thrombocytopenia 7 (50) 5 (36) 2 (14) 0 (0)

Diarrhoea 9 (64) 5 (36) 0 (0) 0 (0)

Mucositis 3 (21) 9 (64) 2 (14) 0 (0)

Fistula/perforation 0 (0) 0 (0) 0 (0) 0 (0)

Hypertension 3 (21) 5 (36) 5 (36) 1 (7)

Proteinuria 6 (43) 3 (21) 5 (36) 0 (0)

Thromboembolic events 0 (0) 0 (0) 0 (0) 0 (0)

Fatigue 0 (0) 7 (50) 6 (43) 1 (7)
tient 22, ▶ Table 3) who received combined bevacizumab therapy
had a fall in SCC from 21.4 μg/l initially to 1.5 μg/l and a reduction
in tumour size (LD) from 5.6 initially to 0 cm, in the sense of a clin-
ical complete remission.

No treatment-limiting side effects due to
additional administration of bevacizumab

In our cohort, there were no treatment-limiting side effects over-
all on combined therapy with bevacizumab (▶ Table 3). The vast
majority of the patients had blood count changes during ongoing
combined therapy. Fatigue and exhaustion states occurred
equally often on the treatment. One patient had grade III fatigue
and had to be hospitalised for supportive treatment, but the next
cycle was delivered without a delay. No fistulas or thromboem-
bolic events were found in the entire cohort. 57% of all women
had grade I and II proteinuria during therapy. Hypertensive
changes occurred with similar frequency. One patient with pre-
existing hypertension had an exacerbation of blood pressure lev-
els to CTC grade III on bevacizumab. The chemotherapy with bev-
acizumab was continued with antihypertensive therapy.
Discussion
The aim of this retrospective analysis was to study the effect of
bevacizumab in combination with neoadjuvant chemotherapy in
cervical cancer. We observed that neoadjuvant chemotherapy
with bevacizumab can significantly improve tumour regression in
our patients, thereby possibly achieving increased response rates.

Even if no significant difference was found in overall response
(p = 1.000), we were able to show a trend in the rate of clinical
complete remission in favour of the bevacizumab cohort
(p = 0.072). A similar observation was made in the GOG-240
study, where higher response rates of 50% were obtained in the
cisplatin-paclitaxel-bevacizumab arm compared with 45% in the
cisplatin-paclitaxel arm, though the difference was not significant
(p = 0.51) [13]. Pathologic complete remission appears to have a
relevant influence on overall survival as well as on progression-
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free survival [19,20]. We therefore examined the rate of patho-
logic complete remission (pCR) also but did not achieve any signif-
icant improvement in the bevacizumab cohort. This non-signifi-
cant difference is possibly attributable to the small patient cohort.
In addition, it should be noted that the bevacizumab cohort con-
tained more patients with advanced disease (cT3/cT4 carcinoma;
n = 5), in whom pathologic complete remission is more difficult to
achieve.

All patients treated with bevacizumab had R0 surgery. More-
over, downgrading was found in all. Thus, the addition of bevaci-
zumab might possibly achieve better operability especially of
large and initially inoperable tumours. Further prospective studies
should examine the predictive value of tumour size in bevacizu-
mab treatment.

The significantly greater anti-tumour effect on tumour size
(p = 0.025) due to the addition of bevacizumab can be explained
by pathophysiological processes. It is well known that the prolifer-
ation of new blood vessels plays a crucial role in the growth of a
tumour [21]. VEGF expression and microvascular density are sur-
rogate markers of angiogenesis and microvascular density corre-
lates with the expression of VEGF [22]. High microvascular density
has already been identified as an unfavourable marker for disease
prognosis [23]. Saijo et al. showed in 2015 that high microvascu-
lar density was present in squamous cell cancers, especially at ad-
vanced stages, and in adenocarcinomas at any stage [24]. This in-
creased vascular density is believed to enable chemotherapy to be
more effective locally, with a better response to radiation due to
increased oxygenation [25]. This explains the rationale for neoad-
juvant therapy with bevacizumab. Lee et al. demonstrated a sig-
nificant correlation between the reduction in tumour size and
the fall in SCC after radiotherapy of cervical cancer [26]. We con-
firmed this observation to some extent in our bevacizumab-treat-
ed patients.

The small number of patients and non-homogeneous patient
characteristics were weak points in this study. All patients re-
ceived platinum-containing chemotherapy with or without beva-
cizumab but the dosage and therapy cycles were not uniform.
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Nevertheless, a significant effect on tumour size and a trend in
clinical response rates were observed due to the addition of beva-
cizumab, which indicates a corresponding treatment effect. As-
sessment of the resection status and of the clinical response rates
could have been influenced by the subjective assessment and in-
ter-observer variability. To reduce these confounding factors, the
change in tumour size and response rates in patients re-evaluated
radiologically were analysed according to RECIST criteria.

The side effect profile of bevacizumab includes hypertension
and proteinuria in particular [27]. Similarly to the experience of
the GOG-240 study, bevacizumab-associated side effects were
apparent in our patients, but these were readily treatable and did
not lead to discontinuation of the treatment [13].
Conclusion
Overall, combined therapy with bevacizumab led to a better clini-
cal response and improved operability. The results should be in-
terpreted cautiously because of the small case numbers but are
encouraging for further prospective studies to validate the suc-
cess of neoadjuvant combined bevacizumab therapy.
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