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ORIGINAL ARTICLE

Clinical relevance of hemoglobin level in cervical cancer patients
administered definitive radiotherapy

KRYSTYNA SERKIES!, ANDRZE] BADZIO' & JACEK JASSEM!

' Department of Oncology and Radiotherapy, Medical University of Gdansk, Poland.

Abstract

The prognostic impact of pretreatment hemoglobin (Hb) level and its changes during definitive radiotherapy was evaluated
by univariate and multivariate analysis in the group of 453 FIGO IB-IIIB cervical cancer patients. Pretreatment anemia
(Hb <12 g/dl) was present in 148 patients (33%), and anemia at the end of irradiation in 48%; in 64% Hb level declined
during therapy. Median overall survival in patients with initial Hb >12 g/dl was 66 months compared to 22 months in those
with lower baseline Hb levels (p =0.0001). This difference was mainly due to increased risk of distant spread in anemic
patients (40% compared to 25% in subjects with pretreatment Hb >12 g/dl; p =0.001). Baseline Hb >12 g/dl was also
associated with longer disease-free survival and improved local control. Declining Hb level during radiotherapy predicted for
impaired 5-year disease-free survival and local control probability. In multivariate analysis, low pretreatment Hb level
remained associated with worse overall and disease-free survival, whereas adverse impact of declining Hb level on outcome
was not observed. With regard to other clinical factors, stage and tumor extension (uni- or bilateral parametrium

involvement for Stage III) were the only independent determinants of prognosis.

Anemia is one of the most common systemic
symptoms accompanying cancer. Although the exact
pathophysiologic mechanisms of cancer-related ane-
mia are not fully understood, suggested reasons
include changes in iron metabolism, suppression of
erythroid progenitor cells by releasing tumor cyto-
kines, impaired erythropoietin response on erythroid
progenitor cells, and hemorrhage [1]. The clinical
impact of correcting Hb level during therapy by
transfusions or recombinant human erythropoietin
(rhEPO) administration remains to be determined
[2,3].

Adverse impact of low Hb levels in patients
undergoing radiotherapy (RT) was demonstrated in
various solid tumors including cervical cancer [4—
18]. It is still not determined whether the association
of low Hb levels with outcome should be regarded as
a real prognostic factor reflecting more aggressive
biological behaviour of the tumor or as the result of a
relative tumor radioresistance due to tumor hypoxia
resulted by decreased oxygen-carrying capacity of
the blood in case of anemia.

The association between low pretreatment Hb
levels and poorer outcome in cervical cancer patients

managed with RT has been demonstrated in a
number of studies, however, only in some this Hb
value was confirmed as an independent prognostic
factor (Table I). The impact of Hb changes during
RT on its outcome in cervical cancer remains
debatable [6,9,10,12,14,15]. Decreased prognosis
associated with declining Hb during RT was found
in other malignancies and this effect was even
stronger compared to pretreatment Hb values [19].

In this study we analyzed the prognostic impact of
baseline Hb levels and their changes during therapy
in cervical cancer patients managed with definitive
RT.

Materials and methods

The records of 453 consecutive patients with Inter-
national Federation of Gynecology and Obstetrics
(FIGO) stage IB—IIIB cervical cancer selected for
definitive radiotherapy at the Department of Oncol-
ogy and Radiotherapy, Medical University of
Gdansk, Poland, between 1989 and 1999, were
reviewed (Table II). Apart from full history and
gynecological examination, pretreatment evaluation
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Table I. Overview of selected studies investigating the prognostic significance of hemoglobin level in cervical cancer patients treated with

definitive radiotherapy (pHb—pretreatment hemoglobin level).

Prognostic significance

No. of eligible Assessed Hb level Univariate Multivariate
Author (ref.) patients FIGO Stage (cut-off value) (g/dl) analysis analysis
Chatani [5] 270 1B, III -pHb (>12 vs. <12) LC, RFS LC, RFS
Dunst* [6] 87 IIB-IVA -pHb (<11 vs. 11-13 vs. >13) LC NS
-Hb after a dose of 19.8 Gy LC/3y, OS/3y LC, OS
Fyles [7] 965 I-IVA -pHb (<13.3 vs. >13.3) DFS,LC NS
Gasinska [8] 152 IB-IIIB -pHb (>11.6 vs. <11.6) oS OS a
Girinski [9] 386 1B, III -pHb (<10 vs. >10) LC, MFS NS
-Hb during RT: at least one value <10 LC, MFS LC, MFS
Grogan**[10] 605 IB-IVA -pHb (<12 vs. >12) LC, DFS, OS NS
-Hb during: mean weekly Hb value LC, DFS, OS LC, DFS, OS
(decline of this value)
Hsu [11] 244 IIB, IIIB -pHb (<12 vs. >12) LC, DFS, OS LC, DFS
Kapp [12] 204 IB-1V -pHb (<11 vs. >11) LC, DSS, MFS NS
-Hb during RT; the lowest value LC, DSS, MFS LC, DSS, MFS
(>11vs. <11)
Karolewski 413 IIB, IIIB -pHb (<12 vs. 12) LC, OS NS
[13]
Logston99 983 I1IB -pHb (<10 vs. >10 before or during RT);  DSS DSS Not performed
**[14] the lowest value (<10 vs. >10) Not performed
Pederson [15] 424 IIB-IVA -pHb LC, MFS, OS LC, MFS, OS
-Hb during RT LC, MFS, OS LC, MFS, OS
Werner-Wa- 125 L II -pHb (<12 vs. >12) NED Not performed
sik*** [16]
Vigario***[17] 700 LI -pHb (<10 vs. 11-13 vs. >13) oS oS
Yalman [18] 257 ITA-IVA -pHb (12.5 vs. <12.5) DFS, PFS b, OS PFS b, DFS
Present series 453 IB-IVA -pHb (<12 vs. >12) LC, DFS, OS DFS, OS
-Hb at the end of RT (decline in LC, DFS NS

relation to pHb)

* some patients received additional treatment with cis-retinoic acid and interferon-o-2a, **some patients received chemotherapy,

*** some

patients also operated on, a—only in case of cervical tumor other than squamous cell carcinoma, b—survival without local pelvic disease
progression, DFS—disease-free survival, DSS—disease-specific survival, LC-local control, MFS—metastases-free survival, NED—survival
with no evidence of disease, OS-overall survival, PFS—progression-free survival, RFS—relapse-free survival.

included a complete blood cell count and chest X-
ray. Most patients underwent abdominal and pelvic
ultrasound. Computed tomography of the pelvis and
abdomen or pelvic magnetic resonance imaging were
performed occasionally, and cystoscopy and recto-
scopy only if clinically indicated. After the comple-
tion of treatment, all patients were followed up by a
radiation oncologist.

Patient and treatment data were analyzed retro-
spectively. Data on disease status and treatment
complications were withdrawn from outpatient re-
cords. Full follow-up data were obtained for 419
patients (93%) and for the remaining 34 patients
only the date of death was available. If symptoms
caused by radiation could not be clearly sorted out
from those of pelvic tumor progression, the data
were recorded as missing. Recurrences, as estab-
lished at their first occurrence, were divided into two
categories: local (including vaginal relapse or relapse
within pelvic radiation fields) and distant.

RT consisted of whole pelvis external beam RT
(EBRT), 1.8-2.4 Gy per fraction, five days a week,
to the International Commission on Radiation
Units and Measurements (ICRU) reference dose
of 19.4-58.8 Gy (median, 21.8 Gy). Additionally,
4.0-38.0 Gy (median, 18 Gy) boost to the para-
metrium, with a 4-cm-wide central block shielding of
the brachytherapy (BRT) area was performed in 400
patients (88%). EBRT was accompanied by low-
dose/medium-dose-rate '*>’Cs intracavitary BRT
applications of 10—-20 Gy at point A each adminis-
tered with the use of standard Selectron (Nucletron,
The Netherlands) applicators (consecutive inser-
tions were performed at 10 days apart). Patients
with early stage disease were usually managed with
three BRT applications preceding EBRT, and those
with locally advanced disease were administered one
or two BRT applications during EBRT (the first
insertion was performed after a dose of 20-40 Gy
and the second — most frequently at the end of
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Table II. Patient characteristics (n =453).

Variable No. of patients (%)

Age (years)

Range 41-86

Mean 53
Pathology

Squamous cell carcinoma 450 (99)

Others 3 (0.7)
Differentiation grade (n =450)

Grade 1 48 (11)

Grade 2 305 (68)

Grade 3 63 (14)

Not stated 34 (8.6)
FIGO Stage

1B 25 (5.5)

IIA 12 (2.6)

IIB 172 (38)

IIT1A 2 (0.4)

II1B 242 (53)
Pelvic wall extension in Stage IIIB (n =242)

Unilateral 149 (62)

Bilateral 93 (38)
Hydronephosis (n =242)

Yes 27 (11)
Pretreatment Hb level (g/dl)

>12 305 (67)

<12 148 (33)
Hb level at the end of therapy (g/dl)

>12 281 (62)

<12 172 (38)

irradiation). The total ICRU reference dose defined
as the sum of the EBRT dose in the ICRU reference
point and BRT dose in the reference point (point A)
was of 58-97.6 Gy (median, 81.5 Gy). The median
overall treatment time was 58 days (range, 32—120
days). EBRT was applied with either two parallel
opposite pelvic AP-PA fields (395 patients, 87%),

four-field (box) technique (21 patients, 5%) or both
techniques in sequence (36 patients, 8%). Standard
pelvic fields, using 9 MeV linear accelerator or ®°Co
unit were used. Two small blocks shielding upper
corners of the anterior-posterior fields were used in
all patients. None of the patients included in this
analysis (except for three patients administered low
doses of nitrogen mustard) received primary or
concomitant chemotherapy. Blood transfusions
were given to 19 patients (4.2%). Recombinant
rhEPO was not used.

Patient data base was updated on December 31,
2003. The time to event was measured from the first
day of radiotherapy. Recurrences were diagnosed
according to their localization, using the most
appropriate methods. Vaginal and peripheral lymph
node involvement in virtually all instances was
confirmed histologically, as opposed to other relapse
sites which in some patients were diagnosed based
on imaging studies. For example, apparent radiolo-
gical lung lesions were not subjected to biopsy and
peri-aortic lymph nodes were considered involved if
at least 1 cm in the longest diameter lymph node
enlargement appeared on CT. Patients without
disease and lost to follow-up, or patients dying of
intercurrent disease were censored at the time of the
event. Statistical analysis of survival was performed
on three subsets: IB, IIA and IIB, and IIIA and IIIB.
Analyzed variables included age (=65 vs.
<65 years), FIGO stage, grade, parametrial involve-
ment (uni-, bilateral) in stage III, presence of
hydronephrosis, number of BRT applications and
overall treatment time. A threshold Hb level of 12 g/
dl for anemia was used. Scoring included pretreat-
ment Hb level and its relative changes (pretreatment
Hb vs Hb recorded during the last week of irradia-
tion. Categorical and continuous variables were used
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Figure 1. Overall survival by pretreatment Hb level (Kaplan-Meier method).
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Figure 2. Disease-free survival by pretreatment Hb level (Kaplan-Meier method).

wherever appropriate. Tumor size was recorded only
in selected patients; therefore this variable was not
included in the analysis. Survival curves were calcu-
lated according to the Kaplan-Meier method and
compared with log-rank test. For multivariate ana-
lysis, a Cox backward stepwise regression model was
used. P-value of <0.05 was considered statistically
significant.

Results
Hb level

The mean pretreatment and final Hb levels were
12.3 g/dl+1.6 and 11.9 g/dl+1.3, respectively.
Three hundred and five patients (67%) presented
with a normal baseline Hb (>12 g/dl), 59 (13%)
had mild anemia (Hb 11-11.9 g/dl), and the
remaining 89 patients (20%) had moderate to severe
anemia (Hb <11g/dl). The corresponding numbers
of patients with respective final Hb levels were 184
(52%), 92 (26%) and 80 (22%). Hb value at the end
of therapy was available for 356 patients (79%), of
whom in 172 (48%) Hb was <12 g/dl. Overall, in
227 patients (64%) Hb value declined at the end of
therapy, of whom in 63 (28%) less than 5%, in 57%
in a range of 5-15% and in 34 (15%) more than
15%. In 117 of patients (34%) Hb increased during
therapy, of whom in 69 (59%) by <10% of the initial
value, in 33 (28%) by 10—-30%, and in the remaining
15 (13%) by >30%.

Impact of Hb level on treatment outcome

The 5-year overall survival (OS) was 44%; 71% for
Stage IB, 60% for Stage II, and 28% for Stage III.
The respective 5-year disease-free survival (DFS)
probabilities were 70%, 59%, and 26%. At a median

follow-up of 4.4 years (range, 4—10 years) 88 of
419 assessable patients (21%) relapsed within
the pelvis, and 124 (30%) developed distant metas-
tases of whom 97 (78%) — without local recur-
rence. On univariate analysis patients with baseline
Hb >12 g/dl had significantly better OS than those
with baseline Hb of <12 g/dl (median survival of
66.2 vs 22.2 months, respectively, p =0.0001) (Fig-
ure 1). Furthermore, initial Hb level of >12 g/dl was
also predictive for longer DFS and improved local
control (LC) (p=0.001 (Figure 2) and 0.0043,
respectively). Distant metastases occurred in 25%
and 40% of patients with baseline Hb >12 g/dl
and <12 g/dl, respectively (p =0.001). A relative
decline of Hb level was predictive for DFS (p =
0.0132) and for LC (p =0.0222), but not for OS
(p =0.262). In multivariate Cox analysis, pretreat-
ment Hb level was the second (after stage of disease
and parametrial tumor extension in Stage III),
predictive factor for OS and the first for DFS (Table
III), whereas its effect on LC was at the borderline
level (p =0.057). Relative changes of Hb values
during RT did not significantly affect survival and
LC.

Discussion

In this series 33% of patients presented with anemia
(<12 g/dl), and in 66% Hb level declined during
RT. Overall, anemia persisted throughout therapy in
48% of cases. Disease-related anemia is a common
hematological abnormality accompanying cervical
carcinoma [1,3,10]. Decreased Hb level both prior
to and during treatment was reported to be asso-
ciated with other tumor-related poor prognostic
factors, such as advancing tumor stage and “bulky”
disease [3,10].
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Table III. The impact of particular factors on overall survival (OS), disease-free survival (DFS), local control (LC) and distant control

(DC): multivariate analysis.

Variable (0N DFS LC DC
Age (=65 vs <65 yr) NS NS 0.05 0.005
Tumor stage <0.001 <0.018 <0.001 <0.001
Tumor grade NS NS NS NS
Uni- vs. bilateral parametrium extension in Stage III B 0.014 0.011 NS NS
Hydronephrosis NS NS NS NS
Pretreatment Hb level (pHDb) 0.02 0.008 0.011 NS

Hb at the end of RT (decline in relation to pHb) NS NS NS NS
Total ICRU reference dose NS NS NS NS
No. of BRT applications NS NS NS NS
Overall treatment time NS NS NS NS

In this study of cervical cancer patients applied
definitive RT pretreatment Hb level below 12 g/dl
was associated with remarkably shorter OS com-
pared with non-anemic patients. In the multivariate
analysis initial Hb remained an independent prog-
nostic factor for both OS and DFS. An independent
impact of baseline Hb level on both survival and L.C
in cervical cancer was demonstrated in a series of
studies [6,9,10,12,15], in which definitions of ane-
mia varied from below 10 g/dl to below 12.5 g/dl.
However, in some studies, prognostic value of Hb
level was not confirmed in multivariate analysis
[6,9,10,12].

In this series baseline Hb <12 g/dl was associated
with increased risk of local relapse at the borderline
level of significance. Several reasons might have
attenuated the association between pretreatment
anemia and the risk of pelvic failure in our material:
these include potential underreporting of some
recurrences (data were collected retrospectively)
and other methodological issues. Prognostic impact
of pretreatment anemia might have also been mod-
ified by therapy (vaginal bleeding discontinuation),
and in some patients-by correcting anemia with
transfusions. In patients with “bulky” tumor the
effect of initial anemia might have been diminished
due to strong impact of tumor size on the efficacy of
RT. Some authors [3] reported that anemia does not
exert an independent prognostic impact but repre-
sents only an epiphenomenon linked to known
adverse prognostic factors such as tumor advance-
ment. Finally, our findings may represent a no linear
relationship between Hb levels, radiation response,
and other tumor-related prognostic factors contri-
buting to LC and survival [6]. Interestingly, in the
Canadian survey significant reduction in the distant
failure risk, independent of a reduction in the pelvic
failure was demonstrated in cervical cancer patients
with initial normal or increasing Hb level [10]. More
frequent distant failure in patients with initial Hb <

12 g/dl compared to non-anemic patients (25% and
40%, respectively) was also shown in our series.

Tumor hypoxia is considered a possible and
attractive radiobiological explanation for increased
failure rates in anemic patients, including those with
cervical cancer. Hypoxia is known to mediate
molecular changes related to cellular processes
which may result in increased spontaneous aggres-
siveness through clonal selection and genomic
changes, increased tumor angiogenesis, and relative
tumor resistance to therapy. According to some
authors hypoxia-induced treatment failure in ad-
vanced squamous cell carcinoma of the cervix is
primarily caused by hypoxia-induced radiation re-
sistance rather than hypoxia-induced metastases
[20]. However, recent data indicate that the relation-
ships between anemia and tumor hypoxia (as well as
the effect of transfusion) in patients with cancer are
much more complex than considered initially [3,21].
Of note, some authors reported that decreased
progression-free survival in hypoxic cervical cancers
was related to an increased risk of distant metastases
rather than to an effect on pelvic control [22].

With regard to other clinical factors in this series,
stage and tumor extension (uni- or bilateral para-
metrium involvement for Stage III) were the only
independent determinants of prognosis in a multi-
variate analysis. Moreover, the age >65 years was
associated with lower risk of local and distant
relapse.

In some studies the change of Hb level during
radiotherapy was the strongest prognostic factor for
LC and survival in cervical cancer [6,9,10,12]. In
this series relative changes of pretreatment Hb did
not significantly affect survival and LC. There is
evidence though that a simple comparison of initial
and final Hb levels (as we had sufficient data on Hb
levels during RT in only a number of patients) does
not reflect precisely Hb levels throughout treatment.
Furthermore, a decline from baseline normal Hb
may have a different prognostic impact compared to
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a decline from moderate or severe anemia. Grogan et
al. [10] in a study of 605 patients with stage IB-IVA
cervical cancer managed with definitive radiotherapy
(=35 Gy total dose, with or without concurrent
chemotherapy) demonstrated on univariate analysis
significantly better survival probabilities, DFS and
LC for patients with baseline Hb >12 g/dl com-
pared to those with lower Hb levels. On multivariate
analysis, baseline Hb was no longer significant, but
average weekly nadir Hb (AWNH) levels (calculated
by averaging the weekly nadir Hb) during RT was
shown to be the second (after tumor stage) most
important predictor of survival. In that study
favorable survival was attributed to AWNH level of
>12 g/dl, regardless of whether baseline Hb was
below or above this value (5-year survival probability
of 70% and 74%, respectively). Patients with higher
AWNH had also significantly lower risk of local and
distant relapse. The worst prognosis was seen in
patients with a high initial Hb level that fell off
during RT. Authors proposed that correction of
anemia (by transfusion, to Hb level of >12 g/dl
during RT) abrogated the adverse effect of preexist-
ing anemia. Similarly, in Girinski et al. [9] study
multivariate analysis revealed that Hb level was
prognostic only during treatment and not before.
Patients who had at least one Hb value <10 g/dl
during therapy had twice the risk of locoregional
failure compared with patients in whom all Hb
measurements were >10 g/dl. In another study
including cervical cancer patients poor OS and LC
was associated with the midtherapy (at 19.8 Gy) Hb
level of <11 g/dl, regardless of initial Hb values [6].

From a radiation oncologist’s point of view the
two key questions remain: could correction of
anemia during radiation (by blood transfusion or
erythropoietin administration) overcome the nega-
tive prognostic effect of low Hb level and what is the
optimal Hb value that should be maintained during
RT.

The results of the only randomized trial addres-
sing the benefit of blood supplementation in cervical
cancer patients seem to be inconclusive [3]. Recent
experimental data suggest that transfusion cannot
reduce the fraction of radiation-resistant hypoxic
tumor cells extensively; as only 50% of patients with
cervical cancer demonstrated an increase in tumor
oxygenation following transfusion [23]. Improved
pelvic control and a trend towards increased DFS
but no effect on metastases-free survival were
demonstrated in the study assessed the response to
routine blood transfusion (before or during RT; in
cases with Hb level <11 g/dl) [12]. Others reported
transfusion during treatment as an adverse prognos-
tic factor for survival and local control [7,9,24].
Santin et al. [24] suggested that routine blood

transfusion of anemic cervical cancer patients does
not improve an outcome and may represent an
independent variable predictive of diminished survi-
val after RT. In our series, following to the depart-
mental policy, only a few symptomatic patients with
severe anemia were transfused during therapy.

Introduction of rhEPO has provided an alternative
to blood transfusions in the management of anemic
cancer patients. This therapy may have a positive
effect on tumor response [25], however two rando-
mised studies demonstrated its deleterious effect on
survival [26,27]. These findings call for a cautious
use of thEPO, particularly in advanced disease.

It has been suggested that Hb levels of 12—-14 g/dl
are optimal for tumor oxygenation [21]. Never-
theless, in Grogan et al. [10] study Hb levels
>13 g/dl were not associated with additional gains
in survival. Importantly, in that study the survival
benefit associated with maintaining Hb level at
>12 g/dl was caused by both improved pelvic
control and a reduction in distant metastatic disease.

Recently, chemo-radiation (CRT) using cisplatin
has become the standard of care in locally advanced
cervical cancer. This management may further
worsen anemic status. Indeed, greater anemia in
the CRT group compared to RT alone (for acute
toxicity grade 3 and 4: OR 1.63, 95%, CI 1.09—
2.46) was demonstrated in a systematic review of
concomitant therapy for cervical cancer [28]. Ad-
ditionally, the effect of anemia on the pharmacoki-
netics of cytostatics is still a subject of investigation
[29]. According to Obermair et al. [30] in cervical
cancer patients applied CRT low nadir Hb (the
lowest Hb during CRT) was highly predictive for
shortened progression-free survival, whereas the Hb
before treatment was not prognostically significant.

In summary, in this series baseline Hb level is an
independent parameter of poor overall and disease-
free survival in cervical cancer patients applied
definitive irradiation. This effect is mainly due to
increased risk of distant metastases.
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