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ABSTRACT

Objectives: To determine rates of vascular toxicity, acute kidney injury (AKI), chronic kidney disease
(CKD) and survival in high-risk cervical cancer patients treated with platinum-based induction chemo-
therapy followed by thermoradiotherapy.

Methods: Between January 1999 and April 2017, patients with large primary tumors (>6cm) and/or
para-aortic lymph node (LN) metastases >1cm and/or para-iliac LN >2cm were included. Patient and
tumor characteristics, Common Toxicity Criteria v4.03 scores, laboratory tests and treatment data were
retrieved from patient records. CT scans were reviewed for the presence of thrombo-embolic events
(TEE). The study protocol was approved by the Medical Ethics Review Committee of Erasmus MC,
Rotterdam (MEC2017-133).

Results: The 105 included patients had a mean age of 47.9years (range 22-79) and a median follow-
up time of 43 months (IQR 14-72). Median tumor size was 6.0 cm (range 2.6-11.5), 30% had a clinical
FIGO stage >1lIB and 42% had enlarged para-aortic LN. Cisplatin-based therapy was started in 86
patients (82%), of whom 30 (35%) switched to carboplatin and 47% of patients completed six cycles
of platinum-based chemotherapy. All patients received external beam radiotherapy as planned, 98
patients (93%) underwent brachytherapy as planned or received an external boost, and 95 patients
(90%) completed all five planned hyperthermia treatments. During cisplatin chemotherapy, 34 patients
experienced AKI (39%). At last follow-up, 35% of patients had chronic renal toxicity (GFR 59 — 15/min/
1.73 m?). At presentation, a TEE was present in 10 (10%) and another 23 (22%) patients experienced a
TEE (18% venous, 4% arterial) during chemotherapy. Five-year overall survival was 58% (95% ClI
47.8-68.6 SE 0.053).

Conclusion: Achieving a five-year overall survival of 58%, platinum-based induction chemotherapy fol-
lowed by thermoradiotherapy is an effective treatment for advanced-stage high-risk cervical cancer.
However, treatment is accompanied by an unacceptably high prevalence of chemotherapy-associated
TEE and acute kidney injury, as well as chronic kidney disease. Future studies should investigate the
role of carboplatin in reducing toxicity and the effect of thromboprophylaxis in high-risk patients.
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1. Introduction underlined the need to improve treatments. Since 1996,

within the Erasmus MC Rotterdam patients with locally
advanced cervical cancer with either bulky tumors (i.e,

Globally, cervical cancer is the second most commonly diag-
nosed cancer and third leading cause of cancer death in

women [1]. The standard treatment for advanced cervical
cancer is external beam radiotherapy and image-guided
adaptive brachytherapy [2,3], either with concurrent plat-
inum-based chemotherapy [4,5] or thermoradiotherapy [6].
Historically, high local failure rates in patients with large pri-
mary tumors (> 6cm) and/or bulky lymph node metastases

> 6cm) or lymph node metastases to the common iliac
(> 2cm) or para-aortic lymph nodes (PAO) (> 1cm), have
been treated with weekly platinum-based chemotherapy fol-
lowed by external beam radiotherapy (EBRT) combined with
loco regional hyperthermia (thermoradiotherapy) and brachy-
therapy to maximize the chance of disease control and cure.
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Vascular toxicity and in particular venous events are fre-
quent complications in patients with cancer, and are associ-
ated with increased morbidity and mortality [7]. Risk of a
thrombo-embolic event in uterine cervical cancer is increased
as compared to the general population. The annual inci-
dence of thrombo-embolic events in the general population
is about 0.5% [8], compared to a reported incidence of 17%
in 48 cervical cancer patients undergoing cisplatin-chemo-
therapy [9]. In a previous paper, we reported a 40% inci-
dence (17 of 43 patients) of grade 3-4 vascular toxicity in
patients treated with platinum-based induction chemother-
apy followed by thermoradiotherapy, necessitating further
research regarding toxicity [10].

Besides vascular events, acute and chronic renal toxicity is
a well-known complication of cisplatin-based chemotherapy.
Cisplatin is a highly effective drug in cervical cancer and is
considered the standard of care. However, acute kidney
injury (AKI) remains the dose-limiting complication of cis-
platin, and can lead to a switch to carboplatin or even cessa-
tion of chemotherapy treatment. Studies have evaluated the
clinical benefits of carboplatin [11,12]. Additionally, in a large
retrospective study of 821 patients treated with cisplatin, up
to 35% had permanent chronic kidney disease (CKD) stage 2
(eGFR 59-30 ml/min/1.73 m?) [13].

While the platinum-based induction chemotherapy fol-
lowed by thermoradiotherapy showed promising data for
overall survival (OS) in our specific high-risk group showing a
high local tumor load or affected para-aortic lymph nodes,
the data on acute and long-term toxicities of treatment are
unacceptable [10]. The primary objective of this analysis was
therefore to evaluate the incidence of acute renal and vascu-
lar toxicity, together with chronic kidney disease, in a larger
cohort of patients with advanced cervical cancer undergoing
platinum-based induction chemotherapy followed by
thermoradiotherapy.

2. Methods
2.1. Patient selection and study design

In this retrospective cohort study we included all women
treated between January 1999 and April 2017 with curative
intent for uterine cervical cancer with induction chemother-
apy followed by radiotherapy and hyperthermia. Patients
were selected from our hyperthermia database and the study
protocol was approved by Medical Ethics Review Committee
of Erasmus MC, Rotterdam (MEC2017-133). All patients
underwent external beam RT and hyperthermia at Erasmus
MC, however some patients have received the brachytherapy
in another center, but with similar protocols and
dose regimens.

Patients were eligible if they had a large primary cervical
tumor (>6cm) and/or para-aortic lymph node metastases
larger than 1cm and/or iliac lymph node metastases larger
than 2 cm. Also included were patients with recurrent disease
after primary surgery who fulfilled the same criteria. Women
with previous pelvic radiation were excluded. Staging was
defined according to the International Federation of
Gynecology and Obstetrics (FIGO) 2008 classification. Stage
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of disease is only given for women with primary tumors.
Scheduled treatment consisted of platinum-based chemo-
therapy, followed by radiotherapy and hyperthermia.
Treatment details can be found in a previous paper [10] and
in Supplemental Figure 1.

2.2. Chemotherapy

All patients were treated with platinum-based chemotherapy
in a weekly schedule paclitaxel 90 mg/m?/cisplatin 70 mg/m?
or paclitaxel 90 mg/m?/carboplatin AUC 4 according to local
hospital policy [10]. See Supplemental Figure 1 and Text.

2.3. Radiotherapy

Two to six weeks after the completion of chemotherapy,
patients started combined treatment consisting of external
beam radiotherapy (RT), hyperthermia and brachytherapy.
External beam RT was delivered by megavoltage 6-10 MV
photons to treat the primary tumor, (proximal) vaginal wall,
parametria, and draining pelvic lymph nodes. The same tech-
nique was applied when the para-aortic region was included
up to the level of L2-L3 in case of positive lymph nodes
along the common iliac artery. In case of the event of para-
aortic lymph node metastasis, two parallel opposed anteri-
or-posterior fields were used to include the draining lymph
nodes up to the level of Th10-Th11. A total dose of 46 Gy
was delivered in 2 Gy fractions to the pelvic field, when the
radiation field comprised the para-aortic region as well,
48.6 Gy was delivered in 1.8 Gy fractions. In case of residual
parametrial tumor at the time of first brachytherapy (BCT),
patients usually received an additional pelvic sidewall boost,
thus increasing the total dose delivered to the pelvic sidewall
to 60 Gy, taking into account the dose contributed by BCT.
External beam RT was delivered using a 3D conformal tech-
nique up to 2011, after which subsequently IMRT (intensity
modulated radiotherapy) technique was introduced with a
plan of the day protocol to decrease radiation exposure of
bladder and bowel. This was again replaced in 2014 for a
faster VMAT (volumetric arc therapy) technique [14,15]). BCT
was first delivered using 192 Ir (high-dose rate) to a total
dose of 17 Gy applied in two fractions, or 18-21Gy in three
fractions; using 137 Cs (medium-dose rate) in a single frac-
tion of 20-24 Gy over 20-24h or 30Gy over 60h (low-dose
rate). The BCT technique employed depended on availability
in the institute in which the RT was administered and may
have changed during the study period (i.e,, some institutes
switched from low-dose rate to pulse-dose rate and/or high-
dose rate). During the study period, most institutes made
the transition toward image-guided brachytherapy in
2011-2012 [16]. These technical advances in radiation dose
delivery techniques are expected to decrease radiation
exposure of bladder and bowel while maintaining or even
improving the dose delivered to the target area. Typically,
the maximum acceptable total dose in critical normal tissue
structures contemplated in treatment planning was 50 Gy for
the small bowel, 70 Gy for the rectum and 80 Gy for the blad-
der. During the radiotherapy treatment period, patients
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visited their radiation oncologist weekly for evaluation of
acute treatment-related toxicity.

2.4. Deep locoregional hyperthermia

Patients were scheduled for five weekly hyperthermia ses-
sions during the period of external beam radiotherapy. The
BSD-2000 3D system (BSD Medical Systems, Salt Lake City,
UT, USA) was used for all treatments. For thermometry,
Bowman probes were placed intraluminally in the bladder,
vagina and rectum with closed-tip catheters. Thermal map-
ping along the catheters was performed every 5min with a
step size of 1cm and a maximum map length of 14cm.
Pulse rate and blood pressure were automatically measured
before and every 5min during treatment, and oral tempera-
ture was measured at 0, 15, 30, 60 and 90 min. Heating
started at a power output of 400 W at 77 MHz. Patients were
carefully instructed to report any discomfort due to too high
temperatures in normal tissue during treatment. If symptoms
developed, treatment settings for power, phase and fre-
quency were adjusted accordingly. If no symptoms devel-
oped, 100W was added to the power output every 5min.
The treatment objective was to achieve intraluminal temper-
atures of 40-43°C as homogeneously as possible. For all
patients, 90-min sessions were scheduled for each hyperther-
mia treatment; 30 min to reach the initial target and 60 min
of actual treatment time.

2.5. Toxicity

Serum creatinine was used to measure acute kidney toxicity
(AKI) and AKI was graded according to Common Toxicity
Criteria Adverse Events version 4.03 (CTCAE v4.03. 0: Cr
<1.5x baseline; 1: Cr: 1.5-2.0 x baseline; 2: Cr: 2.0-2.9x base-
line; Cr: >3.0x baseline.

Chronic Kidney Disease (CKD) was defined as eGFR below
60 ml/min/1.73 m? for more than 3 months. Grading of CKD
was defined as: 1: eGFR 89-60; 2: eGFR 59-30; 3: eGFR
29-15; 4. eGFR <15 (or dialysis or renal transplant
indicated)(CTCAE v4.03). In electronic patient records normal
laboratory values for eGFR are > 60 ml/min, so we therefore
classified > 60 as grade 0. CKD was evaluated at three time
points: before start of radiotherapy (equal to 10 weeks after
start of chemotherapy), at the end of radiotherapy and the
latest available value prior to any relapse.

Vascular toxicity was any thrombo-embolic event (TEE)
reported as adverse event and confirmed by scheduled or
unscheduled imaging, with CT scans reviewed independently.

2.6. Treatment evaluation

The electronic medical record for each patient was compre-
hensively reviewed, together with all records of treatment
data, including any adjustments in chemotherapy treatment.
In addition, dose delays and reductions related to renal
impairment and the switch from cisplatin to carboplatin
were both recorded. Laboratory values including complete

blood counts, creatinine and eGFR values were abstracted
for all patients.

Secondary endpoints were response rate (RR), progression
free survival (PFS) and five-year overall survival (OS). After
therapy completion and during follow-up, medical examina-
tions were performed in accordance with the guidelines of
the Dutch Association of Comprehensive Cancer Centers [11].
CT scans were made for cancer staging, before start of radio-
therapy and in case of suspicion of TEE or tumor
progression.

A CT-thorax-abdomen is conducted to detect the pres-
ence of lymphadenopathy and distant metastases, and a MRI
is used to measure tumor size and local tumor growth. In
the present study, all scans were reevaluated by an experi-
enced, independent radiologist (M.D.K.) for uniform reporting
and rigorous assessment. The CT scan is scored according to
RECIST-1.1 [17]. Responses noted in this study are the best
responses achieved at least 1 month during follow-up. All
data were anonymized and data collection as well as study
management were performed using OpenClinica open
source software version 3.12 (OpenClinica LLC and collabora-
tors, Waltham, MA, USA).

2.7. Statistical considerations

Baseline characteristics of study patients were summarized in
terms of frequencies and percentages for categorical varia-
bles, with means and standard deviation (SD), or median and
interquartile range (IQR) for continuous variables.

Laboratory values for toxicity analyses were categorized in
toxicity grades. Logistic regression modeling techniques were
used to examine individual and multiple relations between
patient, tumor and treatment predictor variables, and as well
as the binary outcome of the occurrence or nonoccurrence
of a TEE.

Overall survival (OS) and progression free survival (PFS)
for primary tumors were depicted using Kaplan-Meier ana-
lysis, censoring for date of last contact for PFS analysis. OS
was defined as the interval between the date on which treat-
ment ended and the date of death or last visit/date last
known to be alive. PFS was defined as the interval between
the date on which treatment ended and the date of docu-
mented disease progression or of last follow-up.

A Cox regression model was used to evaluate the associ-
ation between clinical variables, OS and local control.
Regarding local control, an event was defined as either a par-
tial response, stable disease or as disease progression during
follow-up. Survival curves and Cox regression analyses were
only conducted for patients with a primary tumor. p Values of
less than .05 were considered significant. Data analysis was
carried out in SPSS version 26.0 (IBM, Chicago, IL).

Concerning the prediction models for TEE or AKI during
chemotherapy, variables associated with an increased risk of
TEE (p <.20) in univariate analysis were included in a multi-
variate logistic regression model for the stepwise selection
process [18,19]. In the multivariate logistic and Cox regres-
sion analyses, we only accepted 10 events per variable to



avoid overfitting [20]. The reported p values are not adjusted
for multiple testing.

3. Results
3.1. Patient and tumor characteristics

Over the study period, 105 patients met the inclusion criteria
(see Supplemental Figure 2). Mean age was 47.9 years (range
22-79), median tumor size was 6.0cm (range 2.6-11.5) and a
clinical FIGO stage > llIB (including hydronephrosis) was diag-
nosed in 33%. Seven patients (6.7%) received platinum-based
induction chemotherapy followed by thermoradiotherapy for
their first recurrence after surgery, at a median six months
(range: 1-179 months). In the total group, 42% of patients
(44/105) had radiologically enlarged para-aortic lymph nodes
and the most common histology was squamous cell

Table 1. Patient and tumor characteristics of the locally advanced cervical cancer group (N =105)
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carcinoma (86%). The median follow-up period was
43 months (IQR 14-72). Patient and tumor characteristics are
summarized in Table 1.

3.2. Chemotherapy

Of the 105 patients, 47% of patients completed the six cycles
of platinum-based chemotherapy. Eighty-six patients (82%)
started treatment with cisplatin and 19 (18%) with carbopla-
tin (Figure 1). Chemotherapy was discontinued in 23 patients
(27%) receiving cisplatin and in 3 patients (16%) receiving
carboplatin. Thirty patients (35%) switched from cisplatin to
carboplatin, mainly due to renal toxicity (80%). Other
reported toxicities were nausea grade 3 (n=1), grade 3
hyponatremia (n=3), grade 2 ototoxicity (n=1) and coron-
ary spasm (n=1). Treatment planning and reasons for
amendments are visualized in Figure 1.

*

N (%)

Age, years

Median (range) 45 (22-79)
BMI

Mean (+ SD) 26.0 (5.9)
Clinical performance status (WHO)

0-1 89 (87.3)

2 5 (4.9)

Unknown 11 (10.4)
Histological type

Squamous cell carcinoma 90 (86)

Adenocarcinoma 7 (6.7)

Adenosquamous carcinoma 2 (1.9

Other® 4 (3.9)

Unknown 2 (1.9)
Comorbidities

Diabetes mellitus 7 (6.8)

Hypertension > 145/90 mm/Hg (with use of medication) 14 (13.4)

Peripheral arterial disease 3(2.9)
Smoking

Current smoker 44 (41.9)

Past smoker 8 (7.6)

Never smoker 31 (29.5)

Unknown 22 (21.0)
Use of anticoagulants

Yes 6 (5.7)

No 99 (94.3)
Thrombosis in history

No 96 (91.4)

Venous thrombo-embolic (PE, DVT) 4 (3.8

Arterial embolic (CVA/TIA, peripheral arterial insufficiency, Myocardial infarction) 5 (4.8)
Tumor size (cm)

Median 6.0 (2.6-11.5)

<6 44 (42)

6-7 35 (33)

>7 20 (19)

Unknown 6 (6)
Hydronephrosis at presentation

Yes 29 (28)

No 76 (72)
Lymph nodes (at highest level)

No suspicious nodes 15 (13.3)

Internal/external iliacal artery 31 (29.5)

Common iliacal artery 15 (14.3)

Para-aortic 33 (31.4)

Renal artery 8 (7.6)

Supraclavicular 3(2.9)

Notes: PE: pulmonary embolism; DVT: deep venous thrombosis; CVA: cerebrovascular accident; TIA: transient ischemic attack.

*7 recurrent tumors, treated with surgery only for the primary disease.

?Other histology types: small cell neuroendocrine, clear cell, endometrioid and gastric type mucinous adenocarcinoma.
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Scheduled with
cisplatin n=86

6 cycles cisplatin n=
33 (38%)

<6 cycles cisplatin n=
23 (27%)

Switch to carboplatin
n=30 (35%)

Scheduled with
carboplatin n=19

<6 cycles carboplatin
n=3 (16%)

6 cycles carboplatin
n= 16 (84%)

Reasons for switch to carboplatin

- TEE: n=4 (17%)

- hypoMg + hypoCa: n=3 (13%)

- hematological: n=2 (9%)

- mucositis/ neutropenic enterocolitis/
mycoardial infarct and neuropathy: each
n=1; total n=4 (17%)

- AKI: n= 24 (80%)

- ototoxicity: n=1 (3%)
- nausea: n=1 (3%)

- hyponatremia: n=3 (10%)

- coronary spasm: n=1 (3%)

Reasons for discontinuation
- TEE (thrombosis in aorta) n=1 (33%)
- Neutropenia grade 3 n=1
- Other n=1

Figure 1. Reasons for modification of chemotherapy. AKI: acute kidney injury; TEE: thrombo-embolic event; hypoMg: hypomagnesemia; hypoCa: hypocalcemia.

3.3. Radiotherapy and hyperthermia

All patients received external beam radiotherapy as planned.
Fifty-seven (54%) patients received an External Beam
Radiation Therapy (EBRT) schedule of 27 x 1.8Gy and 46
patients (44%) received the 23 x2.0Gy. When the EBRT
schedule is applied, it has mainly to do with the extension of
the radiation fields. If no lymph node or only the lower iliac
lymph node metastasis were present, the para-aortic lymph
node chain could be excluded from the radiation field and a
dose of 23 x 2Gy was delivered. If lymph node metastases
were present in the higher echelons, the para-aortic lymph
node chain had to be included in the radiation field expo-
nentially increasing the dose to vulnerable small bowel struc-
tures. In that case, a lower dose per fraction was chosen to
decrease bowel toxicity. The time interval between chemo-
therapy and thermoradiotherapy is approximately mean
4.1 weeks (range: 1-8weeks). Using Fisher's Exact test: there
were no differences observed in toxicity (p=.56) and
response (p=.65) between the two radiation schedules. In
the case of 27 patients treated since 2009, the current treat-
ment planning system allowed us to reliably estimate kidney
dose, which did not exceed above the set threshold. The
mean renal dose for both kidneys was 11.8Gy (range
0.85-17) and the mean dose in 1/3 of both kidneys (D33)
was 10.05 Gy (range 0.1-16.9).

Of the 105 patients, 90 (86%) underwent brachytherapy
as planned. Eight patients did not receive brachytherapy due
to insufficient tumor regression or anatomical changes. An
external boost was given in these cases. Brachytherapy was
not feasible in seven cases since these patients previously
had a primary surgery. Ninety-five patients (90%) completed
all five planned hyperthermia treatments. Among the 10
patients who stopped hyperthermia due to severe discomfort
or intolerance, 4 patients received three sessions or less and
6 patients received four sessions.

Table 2. Radiological response after three or six cycles of neo-adjuvant
chemotherapy (NAC) and at the end of treatment, using RECIST criteria.

Response After NAC N(%) After ending treatment N (%)
Complete (CR) 2 (1.9) 86 (81.9)

Partial (PR) 91 (86.7) 11 (10.5)
Progression (PD) 0 6 (5.7)

Stable (SD) 10 (9.5) 2(1.9)

Missing 2 (1.9) 0

Notes: NAC: neo-adjuvant chemotherapy; CR: complete response; PR: partial
response; PD: progressive disease; SD: stable disease.

3.4. Response evaluation and survival

Salvage surgery was performed in nine patients (8.6%).
Eighty-six patients (82%) had a complete response after com-
pleting therapy (Table 2). Five-year OS was 58% (95% ClI
47.8-68.6, SE 0.053) (Supplemental Figure 3a & Table 3b) and
five-year PFS was 61% (95%Cl 50.1-71.5, SE 0.055)
(Supplemental Figure 4a & Table 4b). Thirty-three patients
recurred, of whom 25 within 1year after therapy. The mean
time to recurrence was 10 months (range 1 to 72 months).

3.5. Toxicity analyses

Complete chemotherapy toxicity data were available for 104
patients (99%). AKI was reported in 46 patients (44%); 28
events (27%) were grade 1, 9 were grade 2 (8.6%) and 9
grade 3 (8.6%) (Table 3). Other grade 3-4 toxicities included
myocardial infarction (n=1), cerebrovascular event (n=1),
thrombotic stenosis of the aorta (n=2), thrombosis of the
arm (n=1), symptomatic cerebral venous sinus thrombosis
(n=1), hematological toxicity (n=38), hypomagnesaemia
(n=3), hypocalcemia (n=2), pneumonia (n=1), mucositis
(h=1), nausea/vomiting (n=1), neutropenic enterocolitis
(n=1) and neuropathy (n=1). Seven patients experienced
more than one grade 3-4 adverse events (see Figure 1).
After treatment 38 patients had grade 2 CKD. Twenty-nine
patients (28%) had hydronephrosis before start of treatment
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Table 3. Acute and chronic toxicity scored with CTCAE.?
Grade 1 Grade 2 Grade 3 Grade 4

Acute toxicity

Hematological

Leukocytopenia 6 38 23 4

Neutropenia 0 19 29 27

Thrombocytopenia 44 10 13 7

Anaemia 1 64 23 0
Renal toxicity

Creatinine 28 9 9 0
Vascular toxicity 1 3 14 3

Chronic toxicity
Renal toxicity

Before start of RT® - 36 1 0
End of RT® 38 0 0
Last available (1 month-16 years) 35 19 19

Note: Grade 5 toxicity (death) did not occur.

?Period: acute toxicity from start of chemotherapy till before start of radiother-
apy. The toxicity grades were defined based on the peak value during chemo-
therapy. RT = Radiotherapy

P+10 weeks after chemotherapy.

°5-6 weeks after start of radiotherapy.

94CTCAE, grade 1 is defined as eGFR between 90 and 60, but normal creatinine
laboratory values are displayed as > 60 ml/min.

and 13 of these had an indication for percutaneous nephros-
tomy. Thirty-seven (35%) patients had grade 2 CKD one
month after treatment (see Table 3). At last follow-up, two
patients had developed end-stage renal failure. Patients
treated with carboplatin plus paclitaxel-based chemotherapy
as NAC experienced temporary haematologic toxicity; how-
ever, acute nephrotoxicity was not observed in these patients.

3.6. Vascular toxicity

At presentation and before start of chemotherapy 10
patients had a TEE, including pulmonary embolisms (n=2),
deep venous thromboses (n=7) and a thrombus of the renal
vein (n=1). During chemotherapy, 19/105 patients (18%)
experienced a TEE (20 events in total, as one patient suffered
two events). The most frequent TEE was pulmonary embol-
ism (n=9), of which four were incidental findings on a rou-
tine CT scan. In addition, two other events were discovered
incidentally (@ thrombosis of the renal vein and a deep ven-
ous thrombosis, Supplemental Table 5). Four patients devel-
oped an arterial TEE during chemotherapy (3.8%), consisting
of one myocardial infarction, one cerebrovascular accident
and an aortic thrombosis in two patients. After completing
platinum-based induction chemotherapy followed by ther-
moradiotherapy, one patient experienced thrombosis of the
inferior vena cava.

All patients with a venous TEE were treated with low-
molecular-weight heparin. The patients with arterial TEE
were treated with platelet aggregation inhibitors. None of
the patients had a recurrent thrombotic event during
follow-up.

3.7. Regression analyses

The multivariate logistic regression analyses did not show
significance in kidney injury or in the prediction of TEE dur-
ing chemotherapy (data not shown). In addition, none of the
variables had an influence on OS and PFS in the Cox regres-
sion analyses.
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4, Discussion

In this retrospective study, we investigated vascular toxicity,
acute kidney injury and chronic kidney disease in high-risk
patients with locally advanced cervical cancer who received
platinum-based induction chemotherapy followed by ther-
moradiotherapy. The chemotherapy regimen is based on pre-
vious phase I/l data in patients with ovarian cancer who
received neo-adjuvant therapy [21]. With a five-year overall
survival (OS) rate of 58%, this therapy seems to be relatively
effective. However, this was achieved at the cost of chemo-
therapy-associated vascular toxicity in 22%, acute kidney
injury (AKI) in 70% and chronic kidney disease (CKD) in 35%
of the patients. These results were in contrast to previous
phase I/Il studies with weekly paclitaxel and cisplatin or car-
boplatin [21,22], and were neither reported in the phase lll
studies with neo-adjuvant chemotherapy for locally advanced
cervical cancer [23,24].

Cisplatin-induced acute kidney injury (AKI) remains a clin-
ical problem for patients with advanced cervical cancer. In
the present study, approximately 40% of the patients who
received cisplatin experienced an AKI event during chemo-
therapy, resulting in an adjustment of schedule or type of
chemotherapy (switch to carboplatin) or even cessation of
chemotherapy. As a result, only 38% of the patients com-
pleted the scheduled cisplatin therapy. Several risk factors
for cisplatin-induced AKI in diverse cancer types have been
reported in the literature, including older age, female gender,
a history of smoking [25], hypertension, diabetes [26] and
cumulative doses of cisplatin [27]. In our study, multivariate
logistic regression analyses did not reveal risk factors (data
not shown). This may be due to the relatively small number
of patients included, and some data on smoking, hyperten-
sion and diabetes was missing.

Chronic kidney disease (CKD) was prevalent in survivors
subsequent to platinum-based induction chemotherapy fol-
lowed by thermoradiotherapy. After a median follow-up time
of 43 months, 33% of the survivors had permanent chronic
kidney disease of whom one underwent a kidney transplant.
This confirms data reported in a large retrospective study in
which up to 32% had a permanent chronic kidney disease of
grade 2 or more (eGFR 59-30 ml/min/1.73 m?) [13]. Less
severe renal toxicity is also unfavorable since a decreased
GFR is associated with increased risks of cardiovascular dis-
ease and all-cause mortality [28]. Current protocols do not
offer guidance on long-term health issues in these survivors,
but improved treatment will result in a larger group of
patients that require monitoring of renal function and educa-
tion concerning the risk and prevention of late treat-
ment effects.

Vascular toxicity was also prevalent among the patients in
this study, and 10% were diagnosed with a venous thrombo-
embolic event (TEE) at presentation. This number is higher
than expected and might be related to specific characteris-
tics of the cancer [29]. Subsequently, a very high incidence
of vascular toxicity (18% venous, 4% arterial TEE) was
observed during chemotherapy, although this was in line
with levels of vascular toxicity in cisplatin treated patients in
earlier studies [30,31]. Several explanations can be offered for
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the high frequency of thrombo-embolic events (TEEs) during
chemotherapy. Firstly, patients with a malignancy are hyper-
coagulable and are therefore at increased risk for developing
thromboses [32]. Hypercoagylation may be the result of
alterations or injury to coagulation factors, anticoagulant pro-
teins or endothelial cells [9]. In addition, chemotherapy can
act as an extra trigger, contributing to an increased inci-
dence of thrombotic events by causing vascular endothelial
injury or by producing changes in the clotting cascade [33].
Cisplatin-induced renal toxicity might also play a contribu-
ting role, as decreased renal function increases TEE risk [34].
TEE is a serious condition in the oncology setting, as it repre-
sents the leading cause of death in ambulatory patients
undergoing chemotherapy [35]. Large randomized studies of
the use of low-molecular-weight heparin (LMWH) in a hetero-
geneous cancer population receiving chemotherapy showed
a significant reduction in TEE. This was without impact on
OS and with a favorable toxicity profile [36,37]. A recent
meta-analysis of almost 12,000 cancer patients, undergoing
either surgery or chemotherapy, found that prophylactic
LMWH resulted in a significant decrease in TEEs, and pooled
analyses did not show an increase in major bleeding events
[38]. It is important to realize that the present study popula-
tion included patients with large, locally advanced cervical
cancers of whom 42% had pathological para-aortic (PAO)
lymph nodes at presentation, making this a very unfavorable
risk group for recurrence-free survival. Historical five-year OS
rates in literature are low for patients with locally advanced
cervical cancer with or without positive PAO lymph nodes. In
the EMBRACE-I multicenter prospective cohort study, 98
patients with pathological PAO lymph nodes had a five-year
OS of 61% with standard chemoradiation and brachytherapy,
while 190 patients with a FIGO IlIB status had an OS of 59%
[39]. Furthermore, 28% of patients in our study had hydro-
nephrosis at presentation, which is also an indication of
advanced-stage disease in cervical cancer patients. In litera-
ture, the presence of PAO lymph nodes and hydronephrosis
reportedly have a negative effect on the survival of patients
with locally advanced cervical cancer [40].

The particular patient group in our study is characterized
by more extensive locally advanced disease, therefor it was
also difficult to find comparable cohorts which could help to
reliably determine the efficacy of the platinum-based induc-
tion chemotherapy followed by thermoradiotherapy.
Currently, there is no national or international consensus on
the standard treatment approach. Historically patients were
treated locoregionally with EBRT alone with mediocre suc-
cess. Since 1999 chemoradiation including simultaneous
administration of platinum-based chemotherapy has been
widely adopted as standard of care [41]. Radiotherapy with
hyperthermia has been shown to be an equivalent locore-
gional treatment, especially for larger size tumors [6,42,43],
although less thoroughly investigated than the addition of
platinum-based chemotherapy. With the large-scale adoption
of combined simultaneous chemoradiation in 1999, there
were some concerns on the toxicity of extended field radio-
therapy (including the common iliac and/or para-aortic
lymph nodes) or bulky tumor load combined with platinum-

based chemotherapy). Till now, no prognostic advantage is
found for neo-adjuvant chemotherapy before chemoradioa-
tion or before surgery [23,24]. Additionally, adjuvant chemo-
therapy following chemoradiation also did not show
difference in overall survival or progression-free survival [44].
Therefore, we chose to aim for downstaging of the local
tumor and the elimination of possible micrometastatic dis-
ease by administering neo-adjuvant chemotherapy, sequen-
tially followed by extended field radiotherapy with
hyperthermia as a radiosensitizer. Hyperthermia is expected
to improve the clinical effectiveness of radiotherapy alone by
improving oxygenation, inhibiting DNA repair, stimulating
the immune response to tumor cells and even direct cell
death at temperatures > 42 °C [45].

4.1. Strengths and limitations

Important strengths of this study included the large number
of subjects treated with a well-described platinum-based
induction chemotherapy followed by thermoradiotherapy for
advanced cervical cancer, supported by a long follow-up
time and substantial toxicity data. To the best of our know-
ledge, long-term toxicity data concerning this therapy have
not been previously published. Preliminary findings on both
vascular and renal adverse events pushed us to consider
replacing cisplatin induction by carboplatin. However, given
the retrospective design, this study has several important
limitations. As the patient group is heterogeneous, including
patients with various highly unfavorable prognostic features,
it is difficult to compare our survival outcomes with previous
studies. Another limitation was that, in order to collect tox-
icity data, we could only select patients who received
chemotherapy and radiotherapy in our clinic. Finally, our
study was limited by selection bias: patients were selected
from the hyperthermia database. Patients who started but
did not respond to induction chemotherapy were therefore
not included in the study, even though they were treated
over the same time period and may have had similar tumor
characteristics.

Newer techniques, in particular image-guided brachyther-
apy, achieve better local control and may improve outcomes
in women with advanced cervical cancer [37]. Patients with
similar profiles to our study group are likely to benefit from
MRI-guided and interstitial brachytherapy, which was not
available during the entire study period.

5. Conclusion

With a five-year overall survival rate of 58%, platinum-based
induction chemotherapy followed by thermoradiotherapy
appears relatively effective in the treatment of advanced-
stage, high-risk cervical cancer. However, this is accompanied
by an unacceptably high prevalence of vascular toxicity,
acute kidney injury as well as chronic kidney disease. Future
studies should investigate the potential role of carboplatin
reducing toxicity and the benefits of thromboprophylaxis in
this high-risk patients groups.
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