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h i g h l i g h t s
� In Sweden, the estimated age-standardised 5-year relative survival rate was 71% for cervical cancer diagnosed 2011e2015.
� Adherence to evidence-based guidelines was, in general, good.
� Survival was excellent for early stages of cervical cancer treated with surgery.
� To avoid combining surgery and radiotherapy, we suggest definitive chemoradiotherapy as primary treatment for stage IIA1.
� In this real-world setting, survival rates for stages III-IVA was lower than expected.
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a b s t r a c t

Objective: Survival in cervical cancer has improved little over the last decades. We aimed to elucidate
primary treatment patterns and survival.

Methods: Population-based study of patients included in the Swedish Quality Registry for Gyneco-
logic Cancer diagnosed 2011e2015. Main outcome was 5-year relative survival (RS). Age-standardised RS
(AS-RS) was estimated for the total cohort and for the pooled study population of squamous, adenos-
quamous-, adenocarcinoma.

Results: Median follow-up time was 4.6 years. The study population consisted of 2141 patients; 97%
of the 2212 patients in the total cohort and the 5-year AS-RS was 71% and 70%, respectively. RS stage IB1:
surgery alone 95% vs. 72% for definitive chemoradiotherapy (CT-RT) (p < 0.001). In stage IIA1 74% had CT-
RT, and 47% of operated patients received adjuvant (CT)-RT. RS stage IB2: surgically treated 81% (69%
received adjuvant (CT)-RT) vs. 76% for (CT)-RT (p¼ 0.73). RS stage IIB: 77% for CT-RTþ brachytherapy
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Data availability:
The datasets supporting the results of this
study are not publicly available due to
confidentiality reasons. Further information
including the procedures to obtain and
access data is available from the
corresponding author.
(BT), 37% for RTþ BT (p¼ 0.045) and 27% for RT-BT (p< 0.001). Stages III-IVA; <40% received CT-RTþ BT,
RS 45% vs. 18% for RT-BT (RR 4.1, p < 0.001). RS stage IVB 7%.

Conclusion: Primary treatment of cervical cancer in Sweden adhered to evidence-based standard of
care. Areas of improvement include optimising treatment for stages III-IVA, and avoiding combining
surgery and radiotherapy.

© 2019 Elsevier Inc. All rights reserved.
1. Introduction

Cervical cancer remains amajor health problemworldwidewith
an estimated incidence of 530,000 new cases and 273,000 deaths
annually [1,2]. In high-income countries such as Sweden, the inci-
dence and mortality rates have substantially declined due to
organised screening programmes [2,3]. However, global survival
trends from population-based registry data for cervical cancer
reveal only a slight improvement during the last decades [2,4,5]. In
the 10 years between 1995 and 1999 and 2005e2009, the 5-year
age-standardised relative survival (AS-RS) only increased from
65% to 68% [5]. Treatment advances reported in controlled clinical
studies are only important if they can be translated into clinical
practice and proven efficient in a real-world setting. Evidence-
based guidelines for the management of cervical cancer are pub-
licly available but data on to what extent these guidelines are fol-
lowed as well as the survival outcome when generalising results
from clinical trials to the population, are scarce.

Standard treatment of patients with early stage cervical cancer
is radical hysterectomy and pelvic lymphadenectomy or definitive
chemoradiotherapy (external beam radiotherapy, EBRT, with
concomitant weekly cisplatin) including brachytherapy (BT) [6,7].
For microscopic disease without risk factors, conservative surgery
is enough [8e10]. Neoadjuvant chemotherapy (NACT) is not rec-
ommended, but the focus of ongoing trials aiming to preserve
fertility for stage IB tumours exceeding 2 cm [6,7,11]. The combi-
nation of surgery and radiotherapy should be limited, due to the
risk of significant morbidity [6,12e14]. Definitive chemoradiation
(CT-RT) is standard for patients with locally advanced cervical
cancer, LACC [6,7,15,16]. BT is essential to include when delivering
definitive CT-RT [17e20] but with improved techniques for delin-
eation of target volumes and for the delivery of EBRT, the role of BT
has been questioned [17,18,21].

We performed this population-based study to elucidate primary
treatment patterns and survival outcome of patients diagnosed
with squamous cell, adenocarcinoma and adenosquamous cervical
cancer in Sweden 2011e2015. Personal identity numbers and offi-
cial population-based registries in Sweden, covering all Swedish
citizens, offer exceptionally good conditions for outcome studies.
2. Materials and methods

2.1. The Swedish Quality Registry for Gynecologic Cancer (SQRGC)

Reporting to the Swedish National Cancer Registry (NCR) is
mandatory and has over 95% coverage for all malignant tumours of
which 99% are histologically verified [22]. However, clinical data
regarding treatment and follow-up is lacking. Hence, the SQRGCwas
established, with the registration of cervical cancer starting in 2011.
The registration is web-based and includes information on patient
and tumour characteristics, treatment details, and follow-up.

Reporting to the SQRGC is performed prospectively by all hos-
pitals and clinics in the six Swedish Health Care regions. Quality
control is continuously performed by registrars at the Regional
Cancer Centres who monitor entered data. A manual with uniform
definitions and criteria for each variable is easily accessible.
Through the personal identification numbers allocated to all citi-
zens in Sweden, the SQRGC continuously receives date of death
from the Population Registry, the NCR, and the National Causes of
Death Registry, enabling coverage control and life-long follow-up of
patients. The validity of SQRGC data for ovarian and endometrial
cancer has been assessed with 70e100% agreement between
registered data and the original case files [23]. Patient consent is
obtained for registration.

2.2. Study population

We used the SQRGC to identify eligible patients. The SQRGC
captured between 97% and 100% of the cases in the NCR. Inclusion
criteria were: age at least 18 years and histologically verified pri-
mary cancer of the cervix uteri (ICD-10 code C53) diagnosed from 1
January 2011e31 December 2015. All cases from the Northern
Health Care region were excluded due to poor registration (33% of
the cases), leaving an overall national coverage of 91%. Staging was
performed according to the FIGO classification from 2009 [24].
Radiotherapy for cervical cancer in Sweden is centralised to seven
university hospitals. All irradiated patients received photon beam
EBRT and, in case of BT this was delivered with high-dose rate at all
centres except one where pulse-dose rate was used.

Patients were followed until 15 March 2019 or to emigration or
death, whichever came first. The ethical review board at Gothen-
burg University approved the study and ruled a separate study-
specific consent as not needed (Dnr 794/14).

2.3. Statistics

The main outcome was relative survival (RS) measured from
date of diagnosis to date of first event of death, emigration or end of
follow-up (15th March 2019). The Pohar Perme method [25] was
used to estimate the RS, which is a measure illustrating the excess
mortality in a study population due to the disease, compared to the
mortality in the general population. Age-standardised relative
survival (AS-RS) for the total cohort and for the study population
were estimated for international comparison but not for the
different analysed subgroups due to small numbers. International
Cancer Survival Standard 2 was used for weighting the age-specific
survival rates. Mortality rates by gender, one-year age group and
one-year calendar period for the general population in Sweden
were used to estimate expected survival rates for the study cohorts.
Relative risk of excess mortality (RR) between different groups was
analysed by Poisson regression [26]. Observed survival was calcu-
lated by means of the actuarial estimator. A p-value of <0.05 was
considered statistically significant. All statistical analyses were
carried out with Stata/IC 15.1 for Mac (StataCorp. 2017. Stata:
Release 15. Statistical Software. College Station, TX: StataCorp LLC).

3. Results

In total, 2212womenwere diagnosedwith cervical cancer of any
histological subtype 2011e2015 and registered in the SQRGC. Mean



Table 1
Characteristics of the study population consisting of only squamous cell carcinoma,
adenocarcinoma and adenosquamous cervical cancer.

Variable Study population,
n¼ 2141 (%)

Data on primary
treatment,
n¼ 2023 (%)

Age, years
18e29 188 (8.8) 179 (8.8)
30e39 533 (24.9) 506 (25.0)
40e49 507 (23.7) 481 (23.8)
50e59 268 (12.5) 260 (12.8)
60e69 256 (12.0) 237 (11.7)
70e79 214 (10.0) 200 (9.9)
80e89 147 (6.9) 138 (6.8)
90e99 28 (1.3) 22 (1.1)

Median age (range) 46.4 (19e98) 46.3 (19e98)
Mean age (SD) 50.8 (17.6) 50.6 (17.5)
FIGO stagea

IA1 438 (20.5) 417 (20.6)
IA2b 105 (4.9) 99 (4.9)
IB1c 680 (31.8) 658 (32.5)
IB2 113 (5.3) 109 (5.4)
IIA1 72 (3.4) 68 (3.4)
IIA2d 44 (2.1) 41 (2.0)
IIBe 306 (14.3) 281 (13.9)
IIIA 30 (1.4) 24 (1.2)
IIIB 172 (8.0) 163 (8.1)
IVA 69 (3.2) 62 (3.1)
IVB 64 (3.0) 63 (3.1)
X 48 (2.2) 38 (1.9)

Histology
Squamous cell carcinoma 1561 (72.9) 1477 (73.0)
Adenocarcinoma 498 (23.3) 475 (23.5)
Adenosquamous carcinoma 82 (3.8) 71 (3.5)

Treatment intent
Curative 1840 (85.9) 1840 (90.9)
Palliative 149 (7.0) 149 (7.4)
Undetermined 34 (1.6) 34 (1.7)
Missing 118 (5.5) 0

Follow-up, median (IQR), years 4.6 (0e8.2) 4.7 (0e8.2)

Abbreviations: FIGO, Federation International de Gyn�ecologie et d'Obst�etrique; SD,
standard deviation; IQR, interquartile range.

a FIGO 2009.
b Including 1 case of stage IAX.
c Including 2 cases of stage IX.
d Including 1 case of stage IIAX.
e Including 2 cases of stage IIX.
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age at diagnosis was 51 years. The histological subtypes were
squamous cell carcinoma (71%), adenocarcinoma (23%), adenos-
quamous carcinoma (4%), neuroendocrine carcinoma (1%) and
miscellaneous e.g. sarcoma, melanoma, lymphoma (2%).

In the study population of squamous cell, adenocarcinoma and
adenosquamous cervical carcinoma (n¼ 2141), the median agewas
46 years (range 19e98), see Table 1. At diagnosis, 34% were younger
than 40 years. Median follow-up time was 4.6 years. Four patients
emigrated and were lost to follow-up.
3.1. Treatment patterns

Data on primary treatment were registered for 2023 patients
(96%), cf. Table 1. No primary treatment was given to 6% of the study
population. Median age in this group was 81 years (range
24e97 years) and 63% had at least stage IIB. In 15% a FIGO stage
could not be allocated.
3.1.1. Early stages of disease
Treatment patterns for early stages of cervical cancer are shown

in Table 2. Primary surgery was performed in 98e100% of patients
with stages IA1-IA2. In stage IB1, 588 (89%) patients were operated,
26% of them received postoperative adjuvant radiotherapy (ART).
Surgery was performed in 22% of patients in stage IIA1, 47%
received ART.

The most common indication for ART in stage IB1 and stage IIA1
was lymph node metastases (68% and 57%, respectively). Other
indications were positive or close surgical margins, lymph vascular
space invasion, pathological FIGO stage, depth of stromal invasion
and tumour size. ART consisted predominantly of CT-RT. BT was
included in 60e67% of stages IA1-IA2 and to a lesser extent in
stages IB1 (47%) and IIA1 (33%). The median adjuvant EBRT dose
was 46.8 Gy (range 21.0e62.4 Gy). For patients receiving adjuvant
BT the median dose to the vaginal wall was 12.0 Gy (range
4.0e26.0 Gy) at 5mm depth. For patients treated with definitive
radiotherapy, CT-RT including BT was predominantly delivered
(67% in stage IB1, 76% in stage IIA1).

3.1.2. Locally advanced cervical cancer (LACC)
Treatment patterns for LACC are shown in Table 3. In stage IB2,

surgery was performed in 27% of the patients, of which 69%
received ART. For irradiated patients, definitive CT-RT including BT
was predominantly delivered in stages IB2-IIB but more seldom in
stages IIIA-IVA.

The median EBRT dose was 47.0 Gy (range 27.0e66.0 Gy) and
46 Gy (range 7.2e80.1 Gy) for those who received (CT)-RT with or
without BT, respectively. The median total BT dose was 24.0 Gy
(range 4.0e64.0 Gy). The median total treatment time for patients
receiving definitive radiotherapy with or without BT was 42 and
43 days respectively; 90% of patients finished RT within 53 and
55 days, respectively.

3.1.3. Metastatic disease
Treatment modalities for the 63 patients with stage IVB varied.

(CT)-RT± BT was delivered to 29%, chemotherapy alone to 24%, 13%
underwent surgery with or without ART, and 10% received neo-
adjuvant CT-RT, whereas 25% did not receive any anti-tumour
treatment.

3.2. Survival outcomes

The 5-year OS, RS, and AS-RS rates for all cervical cancer patients
(n¼ 2212) were 73% (95% CI 71%e75%), 75% (95% CI 73%e77%), and
70% (95% CI 67%e72%), respectively. The RS including all stages
varied with histology as demonstrated in Fig. 1A. The 5-year RS for
adenocarcinomas (80%, p¼ 0.15) or adenosquamous carcinomas
(72%, p¼ 0.36) did not significantly differ compared to for squa-
mous cell carcinoma (76%), neither in the entire cohort nor in the
cohort of stage IIB inwhich all had received definitive radiation. The
5-year OS, RS, AS-RS and RR in relation to histology are shown in
Supplementary Table 1A.

3.2.1. Survival outcome in the study population
The 5-year OS, RS, and AS-RS rates for the study populationwere

74% (95% CI 72%e76%), 76% (95% CI 75%e79%), and 71% (95% CI
68%e73%), respectively. The RS by FIGO stage is shown in Fig. 1B.
The 5-year RS per stage was for: IA1 98%, IA2 98%, IB1 92%, IB2 75%,
IIA172%, IIA2 73%, IIB 66%, IIIA 24%, IIIB 32%, IVA 24%, and for stage
IVB 7%. The 5-year stage-specific OS, RS, AS-RS and RR are shown in
Supplementary Table 1B.

3.2.2. FIGO stages IA1-IB1 in relation to treatment
Fig. 2 illustrates the RS for patients with early stages of cervical

cancer in relation to treatment. In patients with stages IA1-IB1
treatedwith surgery alone (n¼ 934) the 5-year RS for stage IA1was
significantly higher (99%, 95% CI 96%e100%) compared to that of
stage IB1 (95%, 95% CI 92%e97%, RR 5.5, p¼ 0.03), see Fig. 2A, and
Supplementary Table 2A.



Table 2
Treatment patterns for early stages of squamous cell, adenocarcinoma, and adenosquamous cervical cancer.

Treatment IA1
n¼ 417

IA2a

n¼ 99
IB1b

n¼ 658
IIA1
n¼ 68

Primary surgery, n (%) 410 (98.3) 99 (100.0) 588 (89.4) 15 (22.0)
Type of surgical procedure, n (%) 269 (65.6) 78 (78.8) 467 (79.4) 14 (93.3)
Conisation 97 (36.1) 3 (3.8) 4 (0.9) 0
Simple hysterectomy 150 (55.8) 17 (21.8) 29 (6.2) 3 (21.4)
Trachelectomy þ lymphadenectomy 1 (0.4) 12 (15.4) 32 (6.9) 0
Radical hysterectomy þ lymphadenectomy 21 (7.8) 46 (59.0) 402 (86.1) 11 (78.6)
Missing information 141 (34.4) 21 (21.2) 121 (20.6) 1 (6.7)

Primary surgery only 405 (98.8) 95 (96.0) 434 (73.8) 8 (53.3)
Postoperative adjuvant radiotherapy, n (%) 5 (1.2) 4 (4.0) 154 (26.2) 7 (46.7)
Chemoradiotherapy 5 (100.0) 3 (75.0) 134 (87.0) 6 (85.7)
With brachytherapy 3 2 63 2
Without brachytherapy 2 1 71 4

External beam radiotherapy 0 1 (25.0) 20 ((13.0) 1 (14.3)
With brachytherapy 0 1 10 1
Without brachytherapy 0 0 10 0

Neoadjuvant therapy before surgery, n (%) 0 0 0 1 (1.5)
Chemoradiotherapy followed by surgery 0 0 0 1 (100.0)

Definitive radiotherapy, n (%) 2 (0.5) 0 63 (9.6) 50 (73.5)
Chemoradiotherapy, n (%) 2 (100.0) 0 45 (71.4) 41 (82.0)
With brachytherapy 2 0 42 38
Without brachytherapy 0 0 3 3

External beam radiotherapy, n (%) 0 0 18 (28.6) 9 (18.0)
With brachytherapy 0 0 13 5
Without brachytherapy 0 0 5 4

Neoadjuvant chemotherapy before radiotherapyc, n (%) 0 0 0 1 (1.5)
No treatment, n (%) 5 (1.2) 0 7 (1.1) 1 (1.5)

a Including 1 case of stage IAX.
b Including 2 cases of stage IX.
c With or without brachyterapy, and/or concurrent chemotherapy.
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The 5-year RS for patients with stage 1B1 treated with only
surgery was significantly higher than for those treated with com-
bined surgery and ART (95%, 95% CI 92%e97% vs 87%, 95% CI 79%e
93%, RR 2.3, p¼ 0.03) and for patients receiving definitive (CT)-
RT± BT (72%, 95% CI 54%e84%, RR 5.8, p< 0.001), Fig. 2B. The 5-year
OS and RS rates for early stage disease with 95% CI and RR are
shown in Supplementary Tables 2A-2B.
Table 3
Treatment patterns for locally advanced stages of squamous cell, adenocarcinoma and a

Treatment IB2
n¼ 109

Primary surgery, n (%) 29 (26.6)
Type of surgical procedure, n (%) 17 (58.6)
Simple hysterectomy þ lymphadenectomy 7 (41.2)
Trachelectomy þ lymphadenectomy 0
Radical hysterectomy þ lymphadenectomy 10 (58.8)
Missing information 12 (41.4)

Primary surgery only, n (%) 9 (31.0)
Postoperative adjuvant radiotherapy, n (%) 20 (69.0)
Chemoradiotherapy 15 (75.0)
With brachytherapy 5
Without brachytherapy 10

External beam radiotherapy 5 (25.0)
With brachytherapy 1
Without brachytherapy 4

Neoadjuvant therapy followed by surgery, n (%) 1 (0.9)
Chemotherapy followed by surgery 1 (100.0)

Definitive radiotherapy, n (%) 73 (67.0)
Chemoradiotherapy, no. (%) 69 (94.5)
With brachytherapy 66
Without brachytherapy 3

External beam radiotherapy, no. (%) 4 (5.5)
With brachytherapy 1
Without brachytherapy 3

Neoadjuvant chemotherapy followed by radiotherapyc, n (%) 3 (2.8)
Primary chemotherapy alone, n (%) 0
No treatment, n (%) 3 (2.8)

a Including 1 case of stage IIAX.
b Including 2 cases of stage IIX.
c With or without brachyterapy, and/or concurrent chemotherapy.
3.2.3. FIGO stages IB2-IVA in relation to treatment
In stage IB2, there was no significant difference in 5-year RS

between patients treated with surgery± ART (81%, 95% CI 60%e
90%) and patients treated with definitive (CT)-RT± BT (76%, 95% CI
63%e85%), Fig. 3A and Supplementary Table 3A. The 5-year RS for
stages IIB-IVA treated with definitive (CT)-RT± BT is demonstrated
in Fig. 3B and C. Patients in stage IIB treated with definitive CT-RT
denosquamous cervical cancer.

IIA2a

n¼ 41
IIBb

n¼ 281
IIIA
n¼ 24

IIIB
n¼ 163

IVA
n¼ 62

2 (4.9) 12 (4.3) 0 4 (2.5) 4 (6.5)
2 (100.0) 6 (50.0) 0 2 (50.0) 3 (75.0)
2 (100.0) 4 (66.7) 0 1 (50.0) 3 (100.0)
0 0 0 0 0
0 2 (33.3) 0 1 (50.0) 0
0 6 (50.0) 0 2 (50.0) 0
1 (50.0) 3 (25.0) 0 0 1 (25.0)
1 (50.0) 9 (75.0) 0 4 (100.0) 3 (75.0)
1 (100.0) 7 (77.8) 0 2 (50.0) 1 (33.3)
1 2 0 0 1
0 5 0 2 0
0 2 (22.2) 0 2 (50.0) 2 (66.7)
0 2 0 0 0
0 0 0 2 2
2 (4.9) 1 (0.4) 0 0 0
2 (100.0) 1 (100.0) 0 0 0
34 (82.9) 252 (89.7) 22 (91.7) 134 (82.2) 43 (69.4)
31 (91.2) 200 (79.4) 11 (50.0) 80 (59.7) 21 (48.8)
30 180 8 52 14
1 20 3 28 7
3 (8.8) 52 (20.6) 11 (50.0) 54 (40.3) 22 (51.2)
1 26 3 15 1
2 26 8 39 21
0 6 (2.1) 0 7 (4.3) 4 (6.5)
2 (4.9) 2 (0.7) 0 2 (1.2) 3 (4.8)
1 (2.4) 8 (2.8) 2 (8.3) 16 (9.8) 8 (12.9)
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Fig. 1. Relative survival (RS) for women diagnosed with cervical cancer 2011e2015 in five out of six health care regions in Sweden A) by histology (n¼ 2212), and B) by stage (stage
X not included) for the study population of women with squamous cell, adenocarcinoma, and adenosquamous cell carcinoma.
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and BT had a 5-year RS of 77% (95% CI 70%e83%) which was
significantly higher than for patients treated with EBRT with BT
(37%, 95% CI 14%-60%; RR 2.3, p¼ 0.05) or with EBRTalone (27% 95%
CI 6%e55%, RR 5.2, p< 0.001). No significant difference was found
when comparing CT-RT with or without brachytherapy in stage IIB
(73%, 95% CI 46%e88%, RR 1.4, p¼ 0.53), Supplementary Table 3B.

For patients in stage III treated with CT-RT and BT the 5-year OS
and RS rates were 45% (95% CI 31%e58%) and 47% (95% CI 32%e
60%), respectively. In stages IIIA-IVA, the 5-year RS was 45% (95% CI
30%e60%) for patients treated with CT-RT and BT which was
significantly higher than that of patients treated with EBRT alone
(18%, 95% CI 8%e30%, RR 4.1, p< 0.001). Those treated with EBRT
and BT had a 5-year RS of 42% (95% CI 10%e73%), and patients
treated with CT-RT without BT had a 5-year RS rate of 41% (95% CI
23%e58%). The 5-year OS and RS rates for LACC with 95% CI and RR
are shown in Supplementary Table 3A-3C.

4. Discussion

In this population-based study, covering >90% of the Swedish
female population, we report details on primary treatment patterns
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Fig. 2. Relative survival (RS) for the study population of squamous cell, adenocarcinoma and
surgery as only treatment modality. B) RS stage IB1 by treatment modality.
and survival rates for patients diagnosed 2011e2015 with cervical
cancer. The estimated age-standardised 5-year relative survival rate
was only 71% despite the exclusion of the more aggressive and
uncommon tumour types and thatmost patients were diagnosed in
stages IA1-IB1. Surgically treated patients with early stage cervical
cancer had excellent survival rates. For the 10% of stage IB1 patients
treated with definitive (chemo)radiotherapy, the 5-year survival
rates were significantly poorer than for the group treated with
surgery alone, with a difference of 22% in RS. For locally advanced
cervical cancer, standard treatment with chemoradiation including
brachytherapy was delivered to over 70% in stages IB2-IIB but to
<40% of patients in stages IIIA-IVA. The 5-year relative survival rate
of 47% for patients in stage III treated with chemoradiotherapy and
brachytherapy was lower than reported from clinical trials [27,28].
We also observed a frequent use of adjuvant (chemo)radiotherapy
for surgically treated patients in stages IIA1 and IB2.

The patients in our study were diagnosed at a younger age and in
an earlier stage of disease than similar cohorts previously reported
[29,30]. These differences are most likely attributable to the effec-
tiveness of the organised screening programme in Sweden. The
observed differences also underscores the importance of age-
standardisationwhen comparing survival rates between countries [5].
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Fig. 3. Relative survival (RS) for the study population of squamous cell, adenocarcinoma
and adenosquamous cervical cancer with locally advanced disease. A) RS stage IB2 by
treatment modality. B) RS stage IIB treated with definitive (chemo)radiotherapy±brachy-
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Our excellent treatment results for surgically treated patients
with stages IA1-IB1 are in line with those reported by others [2,29].
The objective in early stage of cervical cancer is therefore to reduce
the risk for treatment-related morbidity e.g. offering fertility-
sparing treatment. Hence, conisation is standard of care in stage
IA1 [8e10], but in our study only one third of patients were treated
accordingly. Instead simple hysterectomy was frequently per-
formed. Although there is no evidence for improved survival after
hysterectomy compared to after conisation, follow-up schemes
differ, which may have favoured hysterectomy, especially among
postmenopausal women. In the on-going randomised SHAPE trial
(NCT01658930) radical hysterectomy is compared to simple hys-
terectomy with pelvic node dissection, including patients with
stages IA2-IB1 with <50% stromal invasion. In our study approxi-
mately one fifth of the patients in stage IA2 had simple hysterec-
tomy, which contrasted with current guidelines. The CONTESSA/
NEOCON-F trials explore NACT and conservative surgery in order
to preserve fertility for patients in stage IB1 with tumours 2e4 cm
[11]. In our population-based study, only one patient received NACT
followed by surgery.

Dual-modality treatment with surgery followed by ART in early
stage cervical cancer causes more side effects than either modality
on its own [6,13,31]. A challenge in the management of stage IB1 is
to avoid this added toxicity by using a meticulous staging proced-
ure in order to allocate patients to the optimal treatment strategy.
In the literature the reported rates of ARTafter radical hysterectomy
and pelvic lymphadenectomy for early stages vary between 10 and
64% [12,14,29,32]. In our study, 26% of operated stage IB1 patients
received ART. The benefit of ART for node-negative patients with
“intermediate” risk factors as shown in GOG 92 [33], has been
challenged by a retrospective cohort study showing that excellent
oncological outcome can be achieved with surgery alone [34]. If
improved surgical techniques, together with more accurate pre-
operative and pathological staging, can lead to non-inferior re-
sults compared to what is seen for dual-modality treatment in
patients with node-negative stage IB tumours with intermediate
risk factors, needs to be evaluated in a randomised trial before
changing practice.

The more frequent use of including BT in ART for stages IA1-IA2
(60e67%) compared to for stage IB1 (47%) is probably due to that a
vaginal cuff is not routinely removed in the lower stages and thus a
positive or close surgical margin would be more common in the
earlier stages.

The 5-year RS for stage IB1 patients treated with definitive (CT)-
RT was significantly lower (72%) compared to that of patients
treated with surgery alone (95%). This small group of patients
(n¼ 63) includes women unfit for surgery and those with pelvic
lymph node metastases where surgery was aborted. Interpretation
should therefore be cautious.

Stage IIA1 accounts for a small percentage of early stage cervical
cancer and thus published reports on survival rates are limited.
Many international guidelines [6,7,35] recommend surgical treat-
ment although definitive (CT)-RTmay be an option. In line with our
results, a retrospective cohort study from Israel reported a high rate
of ART for surgically treated patients [36]. We therefore propose
that CT-RT with BT should be the preferred treatment for stage IIA1.

We did not find a significant difference in RS for patients with
stage IB2 in relation to treatment modality (surgery 81% vs. (CT)-RT
76%, p¼ 0.73). NACT followed by surgery has been compared to
definitive chemoradiation in two randomised phase III trials
[37,38]. The study by Gupta et al. included 635 patients with
squamous cervical cancer in stages IB2, IIA and IIB. The 5-year
disease-free survival was significantly superior for cisplatin-based
CT-RT compared to NACT followed by surgery, but no difference
was found in OS. The reported OS of 75% for CT-RT was in accor-
dance with our findings of 75% in stages IB2 and IIB treated with
definitive CT-RT. In the second randomised trial, EORTC 55954,
including 626 patients IB2, IIA and IIB also other histological types
were eligible i.e. adenosquamous or adenocarcinoma. In their
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intention-to-treat analysis, progression-free survival was signifi-
cantly longer for definitive CT-RT compared to NACT followed by
surgery, while no difference in OS was reported [38]. In our study,
more than one fourth of patients with stage IB2 were operated, 69%
of them also received ART. Only one patient received NACT. To avoid
dual-modality treatment, definitive chemoradiation should be
advocated for stage IB2.

In definitive radiotherapy, the importance of adding BT has been
questioned since the introduction of more precise methods of EBRT
delivery [17,18,21]. However, image-guided adaptive BT has shown
to be important in improving the survival and local control rates of
cervical cancer as well as in lowering the incidence of side effects
[19,39e41]. We observed a higher RS rate for patients with stages
IIB-IVA who were given BT as part of definitive CT-RT compared to
for those who did not receive BT. These findings are in concurrence
with the results presented by Han et al. [17]. In their report of 7359
women treated with definitive EBRT for cervical cancer 1988e2009
in the US identified in the SEER database the authors found that BT
was independently associated with improved survival and reported
OS to drop from 58.2% to 46.2% (p< 0.001) when BT was not
delivered. More recent data from a study presented by Gill et al.
confirmed the observed declination in the use of BT in the US and
the following poorer survival rates [42]. Using the National Cancer
Database the authors identified 7654 women with cervical cancer
FIGO stage IIB-IVA treated with definitive radiation 2004e2011.
Patient who did not receive BT had a significantly poorer outcome
even if an EBRT boost was given [42]. Our data supports to the use
of BT as a critical treatment modality in the curation of LACC.

Our study confirms the advantage of CT-RT over RT alone in
LACC. The addition of concomitant chemotherapy has been shown
to improve survival rates in all stages of LACC compared to radio-
therapy alone [27,28]. In a population-based setting as in our study,
the absolute difference between CT-RT and RT alone is difficult to
estimate without adjusting for prognostic factors which was not
possible due to lack of data and small number of patients. Our re-
sults of CT-RT with BT for stage III patients showed an OS of 45%
which was inferior to the outcome reported in the phase III trial by
Shrivastava et al. In their study of 850 women with stage III squa-
mous cell carcinoma and median age 49 years, the 5-year OS for
patients treated with CT-RT was 54% [28]. When generalising re-
sults from randomised trials into the real world, survival rates may
differ due to e.g. older age and comorbidities. However, the poorer
results in our study need to be interpreted with caution due to
small number of patients as indicated by the wide 95% CI of 28%e
57%. It is less likely that we have delivered poor quality of CT-RT,
since the results in earlier stages are in line with those reported
by others, and the time limits for radiotherapy were well-kept.
Surprisingly, <40% of patients with stages III-IVA received CT-RT
with BT. Further in-depth studies are needed to explore the rea-
sons for not providing standard CT-RT to more patients. The fear of
developing treatment-related toxicities from CT-RT with curative
intent in elderly patients may have contributed [43].

For LACC treated with definitive radiotherapy, adenocarcinoma
and adenosquamous carcinoma has been reported to be indepen-
dent poor prognostic factors in a large cohort of 8751 patients from
the SEER database [44]. This could not be confirmed in our study.
However, the lack of difference could possibly be obscured by the
smaller size of our study population. The potential influence of
histological types needs to be validated in a prospective setting
with standardised radiotherapy.

The 5-year RS for metastatic disease, stage IVB, was only 7% in
our study, but is in accordance with the findings from a US study of
the SEER database comparing the RS of 5414 patients diagnosed
with stage IV disease between 1983 and 2009 [30]. One fourth of
the patients with metastatic disease in our study did not receive
any treatment.
New treatment strategies are urgently needed for advanced
cervical cancer. The addition of bevacizumab to chemotherapy has
been reported to improve survival compared to chemotherapy
alone and is now implemented in standard of care [45]. The addi-
tion of chemotherapy to CT-RT either before (INTERLACE trial,
NCT01566240) or after (OUTBACK trial, NCT01414608) is currently
being explored in phase III trials. New concepts with vaccines tar-
geting HPV-E7 (AIM2CERV trial, NCT02853604), other immuno-
therapies such as immune check-point inhibitors, and PARP-
inhibitors are evaluated in ongoing or planned clinical trials.
Although the results of these trials are eagerly awaited, from a
population-based point of view, preventive measures with HPV
vaccination and organised screening have the best ability to
decrease mortality and improve survival rates for cervical cancer.

The main strengths of our study are the unselected population-
based setting, covering over 90% of the Swedish population, and the
data quality and completeness. There were fewmissing data except
for type of surgical procedure in early stages. Another strength is
the SQRGC linkage to other official databases which ascertains the
vital status for registered patients. To enable international com-
parison, we estimated age-standardised relative survival when
applicable, but RS and OS were also estimated. Although reports
from larger population-based cohorts of cervical cancer patients
than ours exist, we are not aware of any other study providing as
much details on primary treatment.

In conclusion, our study illustrates the importance of
population-based outcome studies with high coverage. Compared
to the reported estimated RS for cervical cancer patients diagnosed
2005e2009 in Sweden [5], the survival rates 10 years later show no
improvement. New treatment strategies are highly needed to
improve survival but also to reduce overtreatment and long-term
toxicity. Considering our findings, we propose definitive CT-RT
with BT as primary choice of treatment for stage IIA1. In general,
primary treatment of cervical cancer patients in Sweden adhered to
evidence-based standard of care but areas of improvement were
identified and include optimising treatment for stages III-IVA.

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ygyno.2019.08.022.
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