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Abstract

Introduction: External-beam radiation therapy boost is a treatment option in
cervical cancer when brachytherapy is not feasible. Though less effective than
brachytherapy, some encouraging results have been reported from some in-
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stitutions experiences. We conducted this study to assess outcomes of EBRT
boost for our patients at National Institute of Oncology in Rabat. Patients
and Methods: We collected data from patients treated for cervical cancer
between January 2012 and December 2015. Patients, tumor and treatment
characteristics were collected. Overall survival (OS), disease-free survival
(DEFS) and prognostic factors influencing DFS were assessed. Results: One
hundred and thirty-three patients were enrolled. Median age was 52 years.
Patient haemoglobin level ranged from 3.9 to 15.5 g/dl [mean: 11.2 g/dl].
Most tumors were classified stage III/IVA (63.2%) according to the FIGO
classification. Regional lymph node metastases (pelvic and or para-aortic)
were observed in 45.1%. Median total dose to tumor was 69.6 Gy (ranging
from 66 to 70 Gy). Overall treatment time was protracted, with a median of
60 days. Most of patients received concurrent chemotherapy (94.7%) and the
number of cycle ranged from 2 to 7 (median = 5). The follow-up median was
31.3 months, ranging from 6.2 to 96.8 months. At the first visit, most patients
achieved complete response (80.5%). Five years OS and DFS were 47% and
44% respectively. In univariate and multivariate analysis, regional lymph
nodes metastasis (presence or absence) and haemoglobin level (<11 g/dl
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and >11 g/dl) were the two significant and independent prognostic factors in-
fluencing DFS (HR: 1.86; p = 0.01 for the former) (HR: 0.59; p = 0.03 for the
latter). Conclusion: Our study showed that EBRT boost in conventional frac-
tionation was an acceptable treatment option for cervical cancer unamenable
to brachytherapy, especially in the two subgroups of patients that are those
without pelvic and/or para-aortic lymph node metastasis and those with
haemoglobin level above 11 g/dl.
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1. Introduction

Concurrent chemoradiotherapy followed by intracaviatry brachytherapy is the
mainstay of the treatment of locally advanced cancer of the cervix [1]. The
treatment, generally, follows two steps. Firstly, External-Beam Radiation Thera-
py (EBRT) is used to give a radiation dose (45 to 50 Gy) to a large volume that
includes whole the genital tract and regional lymph node areas. This, obviously,
will result in tumor shrinkage. Secondly, brachytherapy is used to deliver a high
dose in a reduced and limited tumor volume (boost dose) [1] [2]. The goal is to
attain a high total dose in the tumor (up to 85 or 90 Gy). However, in some situ-
ations, brachytherapy can be either not feasible or not available. Therefore, using
EBRT only for the whole treatment course constitutes an acceptable option. In
the last two decades, some institutions have published the results of their prac-
tices. Although it is known that the EBRT boost resulted in fewer outcomes than
brachytherapy, some encouraging results had been reported [3] [4] [5].
According to GLOBOCAN 2018 statistics, cervical cancer is the second most
common malignancy in women in Morocco. In 2018, 3388 new cases and 2465
death were registered in the country. It is the second cancer leading cause of
death in women [6]. The National Institute of Oncology is the referral hospital
of adult and solid malignancy in the Rabat district. Many cervical cancers, espe-
cially the locally advanced, are treated each year in the department of radiothe-
rapy of our institution. No study has previously addressed the concern of EBRT
boost in cervical cancer. Therefore, we conducted this study to assess outcomes
of our practice and determine prognostic factors associated with survival in cer-

vical cancer treated with EBRT boost.

2. Patients and Methods
2.1. Patients’ Selection

This study is a retrospective one. Data were collected from patients treated for

cervical cancer in the department of radiotherapy of NIO (National Institute
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Oncology) from January 2012 to December 2014. We included patients that had
the following criteria: newly diagnosed and histologically confirmed cervical
cancer, no distant metastasis apart from para-aortic lymph nodes, no history of
gynaecologic malignancy, and no history of pelvic radiation therapy. Patients
treated with surgery or brachytherapy were excluded from the study. Tumors
were staged according to the International Federation of Gynaecologists and
Oncologists (FIGO) staging system, after a workup that included gynaecologic
examination and thorax-abdomen-pelvic CT-scan or pelvic MRI plus tho-
rax-abdomen CT-scan. Complete blood cells count and kidney function assess-
ment (urea, creatinine, and clearance) were obtained for all patients. Patients
treated by EBRT boost were selected based on two manners:
e After the whole pelvic radiation therapy (WPRT) course, if brachytherapy or
surgery was not feasible, the treatment was completed by the EBRT boost.
e At the initial evaluation, some patients with very large and extensive tumors
were selected, at the physician discretion, to receive an EBRT boost imme-

diately after the whole pelvic radiation therapy (WPRT) course.

2.2. Treatment Description

The treatment plan used a 3-Dimensional Conformal Radiation Therapy (3DCRT)
technique for all cases. All patients had a 3D CT-scan (3Dimensional Computed
Tomography scan) simulation in supine position, arms above the chest, empty
rectum, and a full bladder. CT slices thickness was 5 mm. Intravenous contrast
enhancement was mandatory and realized for all patients who had no kidney
dysfunction.

Whole Pelvic Radiation Therapy (WPRT) field covered the gross primary tu-
mor, the total genital system (cervix, uterine corpus, vaginal portion, parametria,
and adnexa) and the regional pelvic node areas, including the common, internal
and external iliac, obturator and presacral lymph nodes. The field was extended
to cover para-aortic lymph nodes if patients had para-aortic lymph node metas-
tasis. EBRT boost volume included primary tumor, cervix, uterine corpus, bila-
teral parametria, and a portion of vagina. Patients were not re-simulated after
WPRT; the same treatment plan was used for both the WPRT and the boost. A 7
- 10 mm geographical margin was added to the volume described above to ob-
tain the planning target volume. Radiation therapy was delivered in convention-
al fractionation (1.8 or 2 Gy/fraction and 5 fractions per week) with a linear ac-
celerator (ELEKTA SYSTEMR®). Traditional four-field «in box» technique (with
anteroposterior/posteroanterior and two opposed laterals) was used for both
WPRT and boost.

Concurrent chemotherapy was administered during the whole treatment
course whenever it was possible. The regiment used was intravenous infusion of
cisplatin 40 mg/m’ (maximal dose = 70 mg) once a week during the total radio-
therapy course (WPRT course and Boost course). Before each cisplatin cycle,

general condition evaluated with the grading system of the WHO (World Health
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Organization) performance status, blood cells count and renal clearance were
evaluated or performed. The cycle was precluded if patients had PS grade 3 or 4,
haemoglobin level below 8 g/dl, granulocytes number less than 1500/mm?

platelet number < 100,000/mm? or creatinine clearance < 60 ml/minute.

2.3. Follow-Up

Patients were examined every 3 or 4 months during the first 2 years after com-
pleting treatment, thereafter every 6 months for the 3 subsequent years, then
annually. Treatment response, disease recurrence, and complications were rec-
orded. Tumor response was assessed using clinical examination. Imaging was
not performed systematically. An MRI or CT-scan was required for patients who
presented suspicious symptoms. All recurrences were histologically confirmed if

the site was accessible for biopsy.

2.4. Survival and Statistical Analysis

The endpoints of our study included disease-free survival (DFS) and overall sur-
vival (OS). DFS was calculated from the date of the start of treatment to the date
of any sign of tumor relapse may it be local, regional or remote. The OS was
calculated from the date of the beginning of treatment to the day of death (of
any cause); any patient loss of follow-up after failure or disease progression was
assumed dead from the disease.

Survivals were estimated by the Kaplan-Meier method. Predictor variables, in-
cluding age, general condition, tumor size (the greatest axis measurement), lymph
node metastasis, number of concurrent chemotherapy cycles, haemoglobin level
(measured at diagnosis, before any treatment or blood transfusion) and overall
treatment time (OTT), were analyzed to assess their impact on disease control.
The differences in DFS in univariate analysis were assessed with the log-rank test.
For multivariate analysis, a Cox proportional hazards model was developed using
forward stepwise regression for all variable showing a trend (p < 0.15) on univa-

riate analysis. Results were considered significant for p values less than 0.05.

3. Results

According to our eligibility criteria, 133 patients were enrolled in the study. Pa-
tients’ ages varied from 26 to 83 years and the median was 52 years. Tumors
were overwhelmingly squamous cell carcinomas (91.7%) followed by adenocar-
cinomas (6%). The others subtypes were adenosquamous carcinoma (2 patients)
and small cell carcinoma (1 patient). Tumors in our study are relatively large
with a median size of 6 cm. Tumors were staged according to the FIGO staging
system as stage I (1.5%), stage II (35.3%), stage III (55.6%) and stage IVA (7.6%).
Regional lymph node metastases (pelvic and or para-aortic) were observed in 60
patients (45.1%). In 46 patients (34.6%) they were pelvic only and in 14 patients
(10.5%) they were para-aortic +/— pelvic. Haemoglobin level had been reported
in 125 patients (94%), and values varied from 3.9 g/dl to 15.5 g/dl (median =
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shown in Table 1.

Table 1. Patients and tumor characteristics.

11.2 g/dl). Of them, forty-six (36.8%) had levels below or equal to 11 g/dl and
seventy-nine (63.2%) had levels above 11 g/dl. In eight patients (6%), haemoglo-

bin values were not available. Patients, tumors and treatment characteristics are

Parameters Values
Age
Median (range) 52 [26 - 83]
WHO PS§*
0 47 (35.4%)
1 78 (58.6%)
2 8 (6%)
Histological subtype
scch 122 (91.7%)
Adenocarcinoma 8 (6%)
Others 3(2.3%)
Tumor size
Median (range) 6[3-13]
RLN°® metastasis
Absence 73 (54.9%)

Pelvic only
Lombo-aortic +/— Pelvic
FIGO stage
I-1I

III-IVA

46 (34.6%)

14 (10.5%)

49 (36.8%)

84 (63.2%)

Hb? level
Median (range)
Total dose to the tumor

Mean (range)

11.2 [3.9 - 15.5]

69.6 [66-70]

Use of concurrent chemotherapy

126 (94.7%)

Yes
No 7 (5.3%)
Overall treatment time (in days)
60 [49 - 109]

Median

Response to treatment (at the first follow-up visit)

Complete
Partial

Progression

107 (80.5%)
18 (13.5%)

8 (6%)

“Performance Status; "Squamous cell Carcinoma; “Regional lymph node; ‘Haemoglobin.
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Reasons for being unable to perform brachytherapy were determined in 113
patients (Table 2). In most cases (71 cases), these were tumor-related reasons: 26
patients had locally extensive disease involving neighbouring structures; and 45
patients had a large residual disease or vagina wall involvement after WPRT.
Five patients were unfit for anaesthesia. In the other 20 patients, brachytherapy
was not available. In 20 patients, reasons could not be determined.

All patients were treated with conventional fractionation. The total doses were
70 Gy in 116 patients (87.2%), 68 Gy in 7 patients (5.3%), and 66 Gy in 10 pa-
tients (7.5%). Most of patients received concurrent chemotherapy (94.7%). The
number of chemotherapy cycle was not reported in 11 patients. In 115 patients,
the number of cycle was available and ranged from 2 to 7 with a median of 5 (69
patients received 5 cycles or less and 46 patients received more than 5 cycles).
The follow-up median was 31.32 months, ranging from 6.2 to 96.8 months. At
the first visit, most patients (107) had complete responses whereas 18 and 8 pa-
tients had residual and progressive disease respectively.

During follow-up, 60 patients (54.11%) experienced disease recurrences. Pat-
terns of recurrences are listed in Table 3.

The 5-years’ overall survival (OS) and disease-free survival (DES) were 47%
(median = 49.15 months) and 44% (median = 28.49 months) respectively (Figure

1 and Figure 2). The prognostic effects of variables on DFS were presented

Table 2. Reasons for not underwent brachytherapy.

Reasons (n = 133) Values

Anatomic reasons (narrow or conical vagina and

15 (11.3%
cervix ostium not visualized) ( )

Patients unfit for anaesthesia 5(3.8%)
Large residual disease or vagina wall involvement 45 (33.8%)
Locally extensive disease 26 (19.6%)
Brachytherapy not available 22 (16.5%)
Unknown 20 (15%)

Table 3. Patterns of tumor recurrence.

Patterns of recurrence (n = 60) Values
Local 28 (46.5%)
Locoregional (local + pelvic LN) 6 (10%)
PALN® +/- locoregional 9 (15%)
Metastatic only 8 (13.3%)
Metastatic +/— locoregional 9 (15%)
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Figure 1. Five-years overall survival curve.
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Figure 2. Disease-free survival curve.

in Table 4. On univariate analysis, haemoglobin level and regional lymph nodes

(RLN) metastasis influenced significantly the 5-years DFS (Figure 3 and Figure

4). Patients who had haemoglobin levels above 11 g/dl had significant higher
5-years survival (DFS) than those with haemoglobin less than 11 g/dl (49.7% vs
29.0%; p = 0.017) and patients who had no RLN metastasis showed significant

higher 5-years survival than those with RLN metastasis (53.8% vs 32.1%; p =
0.007). On multivariate analysis, both absence of RLN metastasis (p = 0.03; HR =
0.59; CI: [0.37 - 0.96] and haemoglobin level above 11 g/dl (p = 0.01; HR = 1.86;
CL: [1.15 - 2.99] were independent prognostic factors associated with better DFS.
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In most cases, treatment was well tolerated (88%). Sixteen patients (12%) ex-

perienced late treatment toxicities described as rectal bleeding (5 patients), hae-

maturia and/or dysuria (8 patients), and combination of rectal bleeding and

haematuria and dysuria (2 patients). These late toxicities were grade 1 in 6 cases,

grade 2 in 8 cases, and grade 3 in 2 cases. There was no grade 4 toxicity.

Table 4. Univariate and multivariate analysis of prognosis variables for DFS.

p-value
Variables 5-years o o HR® 95% CIb
(number of case) DFS (%) Univariate =~ Multivariate
analysis analysis

Age 0.92 _
<52 (70) 44.5 _ _
>52 (63) 437 _ _
WHO PS 0.48 _

0(47) 48.6 _ —
1-2(86) 41.4 _ —
Hb level 0.017 0.03
<11 (46) 29.0 1 _
>11 (79) 49.7 0.59 [0.37 - 0.96]

Unknown (8) _ _ _
Tumor size 0.19 _
<6 (88) 477 _ _
>6 (45) 36.5 _ —
FIGO stage 0.19 _
/11 (49) 49.7 _ —
III/IVA (84) 39.9 _ _
RLN°® metastasis 0.007 0.01
No (73) 53.8 1 _
Yes (60) 32.1 1.86 [1.15 - 2.99]
CCT cycles 0.86 _
<5 (69) 49.0 _ _
>5 (46) 47.0 _ _
Unknown (11) _ _ _
OTT 0.37 _
<60 38.4 _ _
>60 48.4

*Hazard ratio; "Confidence interval; ‘Regional lymph nodes.
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Figure 4. DFS curves according to haemoglobin level.

4. Discussion

Our study was a retrospective one that aimed overall survival, disease-free sur-

vival, and predictive factors associated with survival in patients with cervical

cancer treated with EBRT boost. All patients in this study were treated with

3DCRT in conventional fractionation. Although most of our patients expe-

rienced disease recurrence within 5 years following treatment, data from our

study demonstrated that the EBRT boost in conventional fractionation was a

reasonable treatment approach when brachytherapy is precluded. About eighty
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percent of our patients achieved local control three months after the end of the
treatment, 5 years’ overall survival and disease-free survival were 47% and 44%
respectively.

During the past two decades, many authors have documented results of the
use of EBRT alone in patients in those brachytherapy was not possible [3] [4] [5]
[7] [8] [9] [10]. Although it is known that the absence of brachytherapy leads to
less favourable outcomes, some authors found that the EBRT boost could lead to
encouraging results in certain subgroups of patients [3] [4] [5]. Barraclough et
al. reported 49.3% for the 5 years’ overall survival [3]. In Haeyong et al study the
DES and OS were 54.7% and 75% respectively [5]. Mastsuura et al reported that
3 years’ local control and overall survival were 75% and 43.8% respectively [4].
Apart from the absence of brachytherapy, others tumor characteristics can in-
fluence treatment results. These characteristics include patient age and general
condition (WHO performance status), tumor size and stage, haemoglobin level,
regional lymph nodes status, and overall treatment time OTT. Saibishkumar et
al. found that the response to EBRT was the significant factor associated with
better DFS and OS [7]. According to Haeyoung et al, achieving complete treat-
ment response at a first follow-up visit and shorter OTT were both significantly
associated with favourable local failure-free survival [5]. In Kei et al study, FIGO
stage and tumor size were the significant factors associated with survival [8]. In
our study, patients having tumor size equal or less than 6 cm, FIGO stage 1/1I
and overall treatment time more than 60 days, had better DFS than their coun-
terparts (size > 6 cm, FIGO stage III/IV and OTT < 60 days) but the differences
were not significant.

Haemoglobin level and regional lymph node metastasis have emerged as the
two significant and independent prognostic factors. Haemoglobin level and tu-
mor size are two characteristics reflecting tumor oxygenation that is a main ra-
diobiology parameter influencing tumor sensitivity to radiation. Anaemia results
in less oxygenation of the tumor, and the bulky tumor is characterized by in-
creased ischemic and necrotic areas. Small tumors are the most oxygenated and
are more sensitive to radiation. Conversely, large tumors, in which many
ischemic and necrosis areas occur, are less sensitive. Consequently, these large
tumors benefit from fractionation, as progressive tumor-shrinking results in
progressive re-oxygenation of ischemic areas. Therefore, fractionation can over-
come the tumor size effect. Anaemia, conversely, have a permanent effect. Blood
and oxygen supplies are permanently reduced, creating a “chronic hypoxia” state
that cannot be overcome by fractionation. Low haemoglobin level is also wor-
sened, in the time, with chemotherapy due to hematologic toxicity. Many au-
thors had previously demonstrated that a low haemoglobin level was associated
with bad outcomes [11] [12] [13]. Theoretically, blood transfusion can restore
blood and oxygen supplies, but studies that focused on the effect of transfusion
are conflicting [14] [15] [16].

The second predictive factor is lymph node metastasis. The presence of pelvic
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and/or PALN metastasis was associated with worse DFS, in our study. The signi-
ficance of lymph node metastasis in prognosis is a well-established parameter in
TNM staging system. Some studies have demonstrated the prognostic value of
pelvic or and para-aortic lymph nodes involvement in cervical cancer, so that the
last FIGO system classification (2018) created the IIIC group that corresponds to
the involvement of pelvic or PALN [17] [18] [19].

Ultimately, we can conclude that prognosis in locally advanced cervical cancer
unamenable to undergo brachytherapy is related to tumor extent (reflected by
the local extent and regional lymph node involvement) and tumor oxygenation
(reflected by haemoglobin level and tumor size).

In the new radiotherapy era, some studies addressed the role of high confor-
mal radiotherapy technics such as intensity-modulated radiation therapy
(IMRT) and stereotaxic body radiation therapy (SBRT) in management of cervix
cancer [1] [20] [21] [22]. SBRT, especially, delivers a very high dose in a small
volume within a short time period. This is an interesting option as it mimics
HDR (high dose rate) brachytherapy. When considering the high o/p ratio
(about 10) of cervical cancer, one can predict that a large fraction size could not
be advantageous radiobiologically. Nevertheless, the physiopathology of high
dose per fraction shows some advantages: hypoxic cell resistance is overcome as
cell death is predominantly due to tumor microvasculature damage. Endothelial
cells death under the effect of a high dose is not related to DNA damage but to
the initiation of apoptosis via the ceramides pathway after cell membrane dam-
age. Besides, tumor recurrence is slower through the disturbance of revasculari-
zation mechanisms [23]. Studies showed promising results with these techniques
[1] [21] [22]. Therefore, they should be considered for boost dose delivering in
patients with cervical cancer unamenable for brachytherapy.

The use of pelvic field irradiation in all the patients except those with overt
para-aortic lymph nodes metastases might be regarded as a limitation of this
study. This attitude, certainly, has led to undertreat some high-risk patients
harbouring occult metastases in para-aortic lymph nodes. In our institution, the
practice is founded on the results of the RTOG 90-01 trial. This trial indicated
that concurrent chemotherapy with pelvic RT led to significant OS and DFS im-
provements over extended-field EBRT in patients with FIGO stages IIB to IVA
disease (plus stages IB to IIA tumors 5 cm or larger or biopsy-proven pelvic
nodal metastases) [24] [25]. However, extended-field RT was used without con-
current chemotherapy in this trial. The question of whether prophylactic ex-
tended-field RT (PEFRT) in addition to systemic chemotherapy would provide
additional therapeutic gain is not overtly answered until now. Nevertheless,
some recent studies demonstrated the benefit of PEFRT in the high-risk patients
[26] [27]. In our study, 46 patients (34.6%) had positive pelvic lymph node dis-
ease. They did not receive PEFRT. This would have led to increase the pa-
ra-aortic and distant recurrence rate. However, most of the recurrences were de-

picted in the treatment field (local and/or pelvic LN recurrence). Other remark-
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able fact is that the sites of the pelvic lymph node, the number and the size of
these pelvic lymph nodes were not precisely described. Therefore, it was im-
possible to identify patients at high risk that would have relapse in absence of
para-aortic prophylactic irradiation. Further studies should evaluate the role of

prophylactic para-aortic irradiation in high-risk patients.

5. Conclusion

Although most patients in our study experienced recurrence within 5 years fol-
lowing treatment, our result showed that the EBRT boost in conventional frac-
tionation is valuable in two subgroups of patients including those without re-

gional lymph node metastasis and those with haemoglobin levels above 11 g/dl.
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