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Simple Summary: The occurrence of hematologic toxicity is a crucial side effect during definitive
radiochemotherapy with cisplatin weekly for locally advanced cervical cancer and is even challenging
with the implementation of current studies with intensified systemic therapy regimens. We aimed
to assess the course of toxicity profiles of hematotoxicity. In a high-risk cohort of 147 women with
82.3% FIGO stage ≥ III, our results showed the occurrence of a hemoglobin nadir after the fourth
chemotherapy cycle, with a median of 36 days after RT initiation. A value below 9 g/dl was associated
with inferior local control, while the necessity of transfusion was significantly correlated to overall
survival and distant control. Our analysis suggests the need for special patient monitoring from the
fourth week onwards, about 30 days after the start of treatment, to guarantee the safe application
of radiochemotherapy.

Abstract: Background/Objectives: Definitive radiochemotherapy with concomitant cisplatin 40 mg/m2

weekly represents the standard of care for locally advanced cervical cancer. Current studies (KEYNOTE-
A18 and INTERLACE) are intensifying this regimen at the cost of increased hematologic toxicity.
We aimed to evaluate influencing factors on hematotoxicity to ensure the safe application of ra-
diochemotherapy. Methods: We retrospectively analyzed 147 patients, who received definitive
radiochemotherapy between 2000 and 2019 and evaluated laboratory parameters before, after, and at
each chemotherapy cycle to evaluate the occurrence, course, and profile of hematotoxicity. Further,
we assessed the impact of hemoglobin levels and transfusion on oncological outcomes. Results: In
a high-risk cervical cancer population with 82.3% of women with FIGO ≥ III stage, the 1-, 2-, and
5-year rates of overall survival (OS) were 89.1%, 74.7%, and 63.3%, and local control (LC) rates were
90.1%, 86.1%, and 75.0%, respectively. Grade 3 leukopenia was present in 2.1% and grade 3 anemia in
4.3%. No higher grade ≥ 4 hematotoxicity was observed. Absolute hemoglobin levels significantly
reduced after the fourth cycle, with a median time from the start of therapy to hemoglobin nadir of
36 days. A lower hemoglobin nadir (<9 g/dL) was significantly associated with inferior LC. Red blood
cell transfusion was applied in 44.9% of the women; the necessity of transfusion was significantly
correlated to inferior OS, LC, and distant control. Conclusions: Our results suggest the need for
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special consideration of increased hematotoxicity and consistent implementation of anemia therapy,
particularly from the fourth RT week onwards, to enable full-course definitive radiochemotherapy
for locally advanced cervical cancer patients.

Keywords: chemoradiation; anemia; hematotoxicity; cisplatin; lymph node dissection

1. Introduction

Cervical cancer is the fourth most common cancer worldwide, with about 600,000 new
cases in 2020 and even higher rates of 18.8 per 100,000 in transitioning countries [1].
Definitive radiochemotherapy (RCHT) with concomitant cisplatin 40 mg/m2 weekly and
magnetic resonance tomography-guided brachytherapy represents the standard of care for
locally advanced cervical cancer, achieving 5-year local control rates of 92% [2]. Current
studies are intensifying these radiochemotherapies with the addition of concomitant and
adjuvant courses of pembrolizumab in the KEYNOTE-A18 study [3] and significantly
improved 3-year overall survival (OS) with 82.6% (pembrolizumab) vs. 74.8% (placebo).
However, this gain in oncological benefit is accompanied by increased serious hematotoxic-
ity (3% vs. 1%) and treatment-related adverse events, leading to treatment discontinuation
due to anemia (2% vs. 1%), neutropenia (2% vs. 1%), neutrophil count decrease (2% vs.
1%), leukopenia (1% vs. 1%), and thrombocytopenia (1% vs. <1%). The INTERLACE
study [4] with an additional six cycles of short-course neoadjuvant weekly carboplatin and
paclitaxel resulted in improved 5-year OS of 80% (neoadjuvant+ RCHT) vs. 72% (RCHT
only) (hazard ratio 0.60). This treatment regimen also challenged the multimodal therapy
due to increased grade 3–4 hematological adverse events after neoadjuvant chemotherapy
(30%) compared to RCHT alone (13%). The main reason for not completing the planned
schedule of six neoadjuvant cycles was neutropenia, and for not reaching five cycles of
concomitant cisplatin were hematological reasons in 13.6% (neoadjuvant+RCHT) vs. 1.6%
(RCHT only).

As the intensification of therapy performed shortly before or concomitant to standard
RCHT goes along with increased side effects, the evaluation of influencing factors on
hematological toxicity is important to ensure that definitive radiochemotherapy can be
applied safely. However, data on hematotoxicity profiles remain sparse and controversial.
We aimed to evaluate the occurrence, course, and profile of hematotoxicity during standard
RCHT and the impact of hemoglobin level on oncological outcome. Further, we focused on
exploring additional influencing factors on the overall oncological prognosis of cervical
cancer patients.

2. Materials and Methods
2.1. Patient Population and RT Treatment

In this retrospective single-center study, we analyzed patients with locally advanced
cervical cancer who received definitive radiochemotherapy at our institution between
2000 and 2019. Data collection and analysis were approved by the local ethics committee
(S-453/2021).

Only patients treated with curative intent were included. Patients who were un-
suitable for chemotherapy and received RT only, and women with hysterectomy and
adjuvant radiochemotherapy or distant metastases (except paraaortic lymph node metas-
tases), were excluded. Further, patients with neoadjuvant chemotherapies and concomitant
immunotherapy were excluded. Patients were staged according to the corresponding Inter-
national Federation of Gynecology and Obstetrics (FIGO) classification 2018 [5] and the
eight TNM American Joint Committee on Cancer staging system at diagnosis. Treatment
management decisions were determined by a multidisciplinary tumor conference that
included gynecologists, radiologists, pathologists, and radiation oncologists.
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External photon beam RT (EBRT) was delivered as either intensity-modulated RT
(IMRT) or three-dimensional conformal RT (3D-RT) with a total dose of 45–50.4 Gy in 25 to
28 fractions. A simultaneously integrated boost (SIB) was delivered to pelvic or paraaortic
lymph node metastases with a dose of 54–58.8 Gy in 25–28 fractions. Clinical target volume
(CTV) contouring was performed on 3 mm slice thickness computed-tomography scans
with a full bladder, taking into account the tumor extension according to MR images and
different states of bladder filling, and including the gross tumor volume, whole cervix,
uterus, and pelvic iliac lymph nodes up to the bifurcation, as well as extended field
paraaortic lymph nodes in case of infiltration. For the planning target volume (PTV),
a margin of 0.5–2 cm was added to the CTV. EBRT was delivered in combination with
intracavitary and interstitial high-dose-rate brachytherapy with Iridium-192 with a total
dose of 28 Gy in 4 fractions.

2.2. Chemotherapy and Hematotoxicity

Chemotherapy was applied concomitantly to EBRT. The preferred regimen was cis-
platin 40 mg/m2 weekly, with an intended number of five to six cycles. Carboplatin and
mitomycin/5-fluorouracil were given as alternatives if patients were intolerant to cisplatin,
e.g., due to renal dysfunction. Supportive antiemetic medication and hydration infusion
therapy were administered at the discretion of the treating physician. Laboratory values
were documented before and after each cycle. Hematotoxicity and peripheral blood cell
counts were assessed before and after each cycle and graded according to CTCAE ver-
sion 5: Anemia (hemoglobin, g/dL): Grade 0: ≥ 11.0, grade 1: 10.9–10.0, grade 2: 9.9–8.0,
grade 3: 7.9–6.5, grade 4: <6.5; leukocytopenia (leukocytes,/nL): Grade 0: ≥ 4.0, grade
1: 3.0–3.9, grade 2: 2.0–2.9, grade 3: 1.0–1.9, grade 4: <1.0; and Thrombocytopenia/nL):
Grade 0: ≥ 100, grade 1: 75.0–99.9, grade 2: 50.0–74.9, grade 3: 25.0–49.9, grade 4: <25.
Analysis of gastrointestinal and urogenital toxicity was not part of this study and will be
assessed separately.

2.3. Oncologic Outcomes

Clinical outcomes included the assessment of OS, local control (LC), and distant control
(DC). OS was defined as the period from the end of RT until the last contact or date of
death. LC was considered until any tumor progression at the original site or local pelvic
lymph nodes, while DC was defined as no metastatic lesions developing outside the pelvis.

2.4. Statistical Analysis

To assess categorical data, Pearson Chi-Square tests were used, while the Mann–
Whitney U test and t-tests or Wilcoxon signed-rank tests were applied to compare con-
tinuous variables. Linear regression was performed to analyze dosimetric factors in uni-
and multivariate analyses. A conservative threshold significance level for the p-value
of less than 0.05 was considered statistically significant for all tests to avoid disregard-
ing interesting correlations or effects that could be investigated in a larger prospective
study. ROC (receiver operating characteristic) curves were generated to calculate cut-
off values. For statistical calculations, statistical software IBM SPSS (Armonk, NY, USA,
version 27) was used.

3. Results
3.1. Study Population

Our cohort consisted of 147 women with a median age of 54 years (range: 31–81) with
cervical cancer who were treated with definitive radiochemotherapy at our institution be-
tween January 2000 and December 2019. Most cervical cancers were staged as FIGO stage
III (71.4%), and the most common histologies were squamous cell carcinoma (83.7%),
followed by adenocarcinoma (12.2%). Detailed patient and tumor characteristics are
listed in Table 1.
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Table 1. Patient and tumor characteristics.

Characteristics Value, Percentage, or Range

Median age; years 54 (31–81)
Median body-mass-index 26.5 (16.3–56.8)

Histology
squamous cell carcinoma 123 (83.7%)

adenocarcinoma 18 (12.2%)
neuroendocrine 2 (1.4%)

mixed 4 (2.7%)
FIGO stage

I 4 (2.7%)
II 22 (15.0%)
III 105 (71.4%)
IVa 16 (10.9%)

T-stage
1/2 103 (70.1%)
3/4 44 (29.9%)

Grading
G1 5 (3.4%)
G2 65 (44.2%)
G3 57 (38.8%)

unknown 20 (13.6%)
Parametrial infiltration

yes 106 (72.1%)
No 41 (27.9%)

Lymph node metastases
yes 105 (71.4%)
no 42 (28.6%)

Localization lymph node metastases
pelvic 65 (61.9%)

pelvic + paraaortic 40 (38.1%)
Size lymph node metastases

≤10 mm 21 (20.0%)
11–20 mm 59 (56.2%)
>20 mm 24 (22.9%)

unknown 1 (0.9%)
Lymph node dissection performed

yes 76 (51.7%)
No 71 (48.3%)

The median EBRT dose was 45.0 Gy (range: 34.2–54.0 Gy) in 25 fractions (range: 20–30).
A simultaneously integrated boost was delivered in 70 patients (47.6%) with a median dose
of 55 Gy (range: 54–58.8 Gy) to the macroscopic nodal disease. Two patients (1.4%) did not
complete RT as planned. Brachytherapy was delivered to 146 patients with a median of
four fractions (range: 1–6) and a single dose of 7 Gy (range: 5–7 Gy).

One hundred forty patients (95.2%) received cisplatin weekly only, three patients received
carboplatin, three patients received mitomycin C/5FU, and the remaining patients received a
combination of cis- and carboplatin. RT and chemotherapy characteristics are reported in Table 2.

Table 2. Radiotherapy and chemotherapy characteristics.

Characteristics Value, Percentage, or Range

Median total dose; Gy 45.0 (34.2–54.0)
Median SIB dose; Gy 55 (54–58.8)

Median treatment duration; days 53 (29–152)
Extended paraaortic RT field

yes 39 (26.5%)
no 108 (73.5%)

RT technique
IMRT 138 (93.9%)

3D 9 (6.1%)
Brachytherapy

yes 146 (99.3%)
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Table 2. Cont.

Characteristics Value, Percentage, or Range

no 1 (0.7%)
Chemotherapy

Cisplatin 140 (95.3%)
Carboplatin 3 (2%)

Cis- and Carboplatin 1 (0.7%)
Mitomycin C/5-FU 3 (2%)

Cisplatin cycles
≤4 38 (27.1%)
≥5 97 (69.3%)

unclear documentation 5 (3.6%)
Median hemoglobin nadir; g/dL 9.8 (7.5–13.5)

Red blood cell transfusion
median 1.5 (0–17)

0 81 (55.1%)
2–4 54 (36.7%)
≥5 12 (8.2%)

Median time from lymph node dissection to RT
start; days 40 (11–100)

Notably, 3D: three-dimensional conformal radiotherapy, IMRT: intensity-modulated radiotherapy,
5-FU: 5-fluoruracil, RT: radiotherapy, SIB: simultaneously integrated boost.

3.2. Oncologic Outcomes

With a median follow-up of 28.9 (range: 0–107) months, the 1-, 2-, and 5-year OS rates
were 89.1%, 74.7%, and 63.3%, respectively (Figure 1). Moreover, 21 women suffered from
local progression, and 49 patients developed distant metastases, resulting in 1-, 2-, and
5-year LC rates of 90.1%, 86.1%, and 75.0% (Figure 1), and DC rates of 77.4%, 63.3%, and
58.8%, respectively.
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Table 3 presents a detailed univariate analysis of potential prognostic factors influenc-
ing OS, LC, and DC. In univariate analyses, a higher FIGO and T-stage, a larger lymph
node size, the presence of paraaortic lymph node metastases, and the necessity of applying
an extended paraaortic RT field were associated with significantly inferior OS. Inferior local
control was associated with higher FIGO and T-stages, as well as extended paraaortic RT
field application; further, LC was worse in patients with a total treatment duration of more
than 8 weeks. Distant control was significantly inferior in patients with higher FIGO stages,
the presence of lymph node metastases and paraaortic metastases, larger lymph node sizes,
and extended RT fields.
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Table 3. Prognostic factors for oncologic outcome in univariate analysis.

Characteristics Overall Survival Local Control Distant Control

HR (95%CI) p HR (95%CI) p HR (95%CI) p

FIGO stage (1/2 vs. 3/4) 2.04 (1.29–3.25) 0.003 2.90 (1.31–6.40) 0.008 2.18 (1.33–3.56) 0.002
T stage (1/2 vs. 3/4) 1.45 (1.08–1.95) 0.013 1.87 (1.18–2.99) 0.008 1.25 (0.90–1.72) 0.179

Histology (squamous cell carcinoma vs.
other) 1.00 (0.71–1.41) 0.986 0.74 (0.31–1.75) 0.492 1.19 (0.89–1.59) 0.239

nodal status (N0 vs. N1) 1.43 (0.77–2.66) 0.246 1.36 (0.45–3.72) 0.549 2.16 (1.05–4.45) 0.037
lymph node size

(≤20 mm vs. >20 mm) 1.04 (1.01–1.07) 0.005 1.01 (0.92–1.05) 0.790 1.04 (1.02–1.07) 0.003

localization lymph node
(pelvic vs. paraaortic) 1.62 (1.11–2.35) 0.012 1.78 (0.95–3.34) 0.071 1.88 (1.27–2.79) 0.002

lymph node dissection
(yes vs. no) 0.98 (0.58–1.67) 0.942 1.11 (0.47–2.61) 0.819 1.40 (0.79–2.46) 0.247

Parametrial infiltration
(yes. vs. no) 1.21 (0.65–2.26) 0.543 3.61 (0.84–15.56) 0.085 0.97 (0.52–1.80) 0.922

RT technique (IMRT vs. 3D) 1.55 (0.62–3.88) 0.353 0.05 (0–529.4) 0.518 1.31 (0.32–5.40) 0.709
extended RT field (yes vs. no) 2.50 (1.45–4.33) 0.001 3.03 (1.24–7.43) 0.016 2.51 (1.41–4.55) 0.002

Treatment duration
(≤ 56 days vs. >56 days) 1.59 (0.90–2.82) 0.114 2.96 (1.21–7.26) 0.018 1.18 (0.60–2.31) 0.626

Hemoglobin nadir
(<9 vs. ≥9 g/dL) 0.56 (0.31–1.01) 0.055 0.356 (0.15–0.87) 0.023 0.64 (0.34–1.21) 0.167

red blood cell transfusion
(yes vs. no) 1.16 (1.04–1.29) 0.008 1.28 (1.10–1.50) 0.002 1.20 (1.08–1.33) 0.001

RT: radiotherapy, IMRT: intensity-modulated radiotherapy, 3D: three-dimensional conformal radiotherapy,
CI: confidence interval, HR: hazard ratio, p: p-value.

Histology, grading, parametrial infiltration, menopausal status, body mass index, and
the number of chemotherapy cycles were not associated with oncological outcomes.

Only a higher T stage (3/4) (p = 0.035) and a larger size of lymph node metastases
(p = 0.017) were confirmed as independent prognostic factors for inferior OS in multivariate
analysis. Further, a treatment duration of more than 56 days (p = 0.015) was independently
associated with worse local control, and a higher FIGO stage (FIGO 3/4) (p = 0.008) was
significantly correlated with inferior DC in multivariate analysis.

Besides the above-mentioned influence of the size and localization of the lymph node
metastases on oncologic outcome, the performance of a surgical lymph node dissection, the
time between dissection and start of RCHT, and the presence of extracapsular nodal spread
did not have a significant influence on OS, LC, or DC.

Five-year OS was 69.8% for patients with pelvic lymph node metastases, while patients
with paraaortic lymph node metastases had a significantly inferior (p = 0.012) 5-year OS of
39.9% (Table 3 and Figure 2).
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3.3. Hematotoxicity and Hemoglobin Levels

Analyses of hematotoxicity focused on 140 patients who received cisplatin weekly.
Figure 3 presents boxplots of peripheral blood counts with leukocyte, hemoglobin, and
platelet levels at the time point of each chemotherapy cycle.
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Figure 3. Boxplots with first and third quartiles, outliers, minimum, maximum, and median values of
peripheral blood cell counts at the time point of each chemotherapy cycle with leukocytes (per nL;
p < 0.001 each) and platelet levels (per nL; p < 0.001 each) each reducing from the first cycle on and
hemoglobin levels (g/dL) significantly reducing after the fourth cycle (p = 0.002).

The median baseline values were as follows: leukocytes 7.3/nL (range: 2.4–17.1/nL),
hemoglobin 12.2 g/dL (range: 7.7–15.0 g/dL), and platelets 296 (range: 146–848/nL).

Absolute leukocyte counts were significantly reduced after each cycle (p < 0.001),
and leukopenia significantly appeared more often at and after the fourth cycle (p < 0.001).
Leukopenia was present as grade 1 in 31.4%, grade 2 in 25.7%, and grade 3 in 2.1% of the
patients. The median time from RT start until leukocyte nadir was 30 days (range: 4–61).

Absolute hemoglobin levels did significantly reduce after the fourth cycle (p = 0.002);
anemia appeared significantly more often in the sixth cycle (p = 0.008) with grade 1 in 25.0%,
grade 2 in 60.7%, and grade 3 in 4.3% of the patients. Sixty-six patients (44.9%) received red
blood cell transfusions with a median of one-and-a-half (range: 0–17) transfusions (Table 2).

The median time from the start of RT until hemoglobin nadir was 36 days (range:
0–105); the median time from the start of chemotherapy to hemoglobin nadir was 32 days
(range: 0–105).

Platelet counts significantly decreased from the first cycle (p < 0.001), while thrombocytope-
nia was significantly more present in the sixth cycle (p = 0.016) with thrombocytopenia grade 1
in 4.3% and grade 2 in 1,4% of the patients. The median time from RT start until thrombocyte
nadir was 25 days (range: 1–61). Overall, no higher grade 4 hematotoxicity was documented.

Higher hemoglobin nadir levels (≥9 g/dL) showed a significantly superior outcome
for local control (p = 0.023) and a trend for superior OS (p = 0.055), the latter without
reaching statistical significance (Table 3 and Figure 4). The necessity of red blood cell
transfusion was associated with inferior OS, LC, and DC (Table 3).
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4. Discussion

The avoidance of hematotoxicity is a crucial factor in the definitive treatment of
cervical cancer patients. Full knowledge of the course of hematotoxicity in standard RCHT
treatment concepts with cisplatin 40 mg/m2 weekly is required to ensure safe application.

In our cohort, absolute hemoglobin levels significantly declined after the fourth cycle
of chemotherapy, with a median time from the start of therapy to hemoglobin nadir of
36 days. Clinically, this lower hemoglobin nadir (<9 g/dL) resulted in a significantly
inferior LC. The necessity of red blood cell transfusion was further significantly correlated
to inferior OS, LC, and DC. Grade 3 leukopenia was present in 2.1%, and grade 3 anemia in
4.3%; no higher grade ≥4 hematotoxicity was observed.

The prospective EMBRACE I study [2] reported 5-year OS and LC rates of 75% and 92%
in cervical cancer patients treated with definitive RCHT and MRI-guided brachytherapy,
while the application of definitive RCHT in our cohort resulted in 5-year OS and LC of
only 63.3% and 75%, respectively. However, our study population consisted of a mostly
high-risk cervical cancer population, with 82.3% of women staged ≥ FIGO III, while the
EMBRACE I study cohort consisted mainly of lower-stage patients, with stage FIGO ≥ III
in only 25% of the patients.

Macdonald et al. [6] reported a SEER analysis of 4559 patients with cervical cancer,
with 5-year OS rates of 39% for women with paraaortic compared to 67% in patients
with pelvic lymph node involvement, which were comparable to our cohort, with 5-year
OS rates of 39.9% and 69.8% for the presence of paraaortic and only pelvic lymph node
metastases, respectively. In this context, our results confirmed classic prognostic factors
and further suggested that the application of a simultaneously integrated boost in node-
positive patients apparently seems to make the oncologic outcome comparable to patients
without lymph node metastases, irrespective of the performance of a surgical lymph
node dissection.

Further, the premature discontinuation or delay of RT and chemotherapy can have a
significant impact on prognosis. While only two patients in our cohort did not complete
RT as planned due to side effects, an overall treatment duration of more than 56 days was
associated with worse local control. However, data on the impact of therapy prolongation
remain controversial. Song et al. [7] confirmed treatment time as an independent prognostic
factor for pelvic failure, while other studies [8] additionally found a strong correlation to
OS. Even if the number of applied chemotherapy cycles was not shown to be a prognostic
parameter in our analysis, the results of other studies confirm the impact on prognosis. A
cumulative cisplatin dose of more than 200 mg was shown to be associated with superior
OS, particularly in patients with lymph node metastases [9], and of more than 250 mg
to result in improved 10-year disease-free survival, regardless of weekly or triweekly
cisplatin regimens [10].

Considering these results, the application of a full course of chemotherapy to im-
prove outcomes is strongly recommended, but clinical feasibility can be a challenge as
the main reasons for not completing the planned schedule of doses are often caused by
hematotoxicity. The occurrence of grade 3 to 4 hematological adverse events due to stan-
dard radiochemotherapy has been reported in up to 1–26.8% of patients [3,4,11] with even
higher incidences in the case of neoadjuvant chemotherapy application [12]. The inten-
sification of therapy regimens with the addition of concomitant and adjuvant courses of
pembrolizumab in the KEYNOTE-A18 study [3] significantly improved 3-year OS with
82.6% (pembrolizumab) vs. 74.8% (placebo). However, this benefit is strongly associated
with increased serious hematotoxicity (3% vs. 1%) and treatment-related adverse events,
leading to treatment discontinuation due to anemia (2% vs. 1%), neutropenia (2% vs. 1%),
decreased neutrophil count (2% vs. 1%), leukopenia (1% vs. 1%), and thrombocytopenia
(1% vs. <1%). Moreover, short-course neoadjuvant six cycles of weekly carboplatin and
paclitaxel in the INTERLACE [4] study improved 5-year OS from 72% (RCHT only) to 80%
(neoadjuvant + RCHT), but at the burden of increased grade 3–4 hematological adverse
events after neoadjuvant chemotherapy (30%) compared to RCHT alone (13%), consisting
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mostly of neutropenia (19% vs. 5%). As a consequence, premature neutropenia-caused
discontinuation without reaching five cycles of concomitant cisplatin was reported in 13.6%
(neoadjuvant+RCHT) vs. 1.6% (RCHT only) of the patients.

However, current studies often only report absolute numbers on the occurrence and
grade of hematological adverse events, while the comprehensive toxicity profiles remain
unclear. In our cohort, leukocytes, hemoglobin, and thrombocytes reduced significantly
after the first, fourth, and first cycles of chemotherapy, respectively, while the median time
from RT initiation to leukocyte, hemoglobin, and thrombocyte nadir counts was 30 days,
36 days, and 25 days.

Only a very limited number of studies have previously reported data on the course of
blood cell counts. Marinescu et al. [13] retrospectively assessed 69 patients treated with
neoadjuvant or concurrent RCHT for cervical cancer and found a slightly later onset of the
maximum drop in leukocytes, which was observed before day 35 from the RT initiation.
Further, an earlier presentation of the maximum hemoglobin nadir was reported after
day 29. Grade ≥ 2 leukopenia, anemia, and thrombocytopenia were further reported to
occur after a median time of 29, 31, and 35 days in a cohort of 97 patients with cervical
and endometrial cancer by Chen et al. [11]. Overall, these findings, including our results,
suggest increased hematotoxicity from the fourth RT week onwards.

In our analysis, women with a hemoglobin nadir level of at least 9 g/dL had signifi-
cantly superior local control. Baseline values did not seem to have a prognostic impact in
our cohort, which is similar to a study by Winter et al. [14], who retrospectively reviewed
494 cervical cancer patients from two prospective Gynecologic Oncology Group (GOG)
trials, treated with radiotherapy and cisplatin. Only hemoglobin levels during RCHT
predicted treatment outcomes, while pretreatment levels showed no association. However,
other studies found a significant difference for progression-free survival (PFS) [15] or even
overall survival (OS) [16] with 3-year PFS rates of 73% vs. 71% and 62% depending on
pretreatment hemoglobin levels of ≥ 12.0 g/dL, 11.9–10.0 g/dL, or < 10.0 g/dL, respec-
tively [17]. The normalization of pretreatment anemia to normal on-treatment hemoglobin
levels was even associated with improved PFS and OS in a study by Koulis et al. [16] with
257 cervical cancer patients treated with chemoradiotherapy.

In our cohort, red blood cell transfusion was applied in almost 45% of the patients,
with the necessity of transfusion being significantly correlated to inferior OS, LC, and
distant control. But thresholds for triggering transfusion and data regarding the oncologic
benefit are contradictory, with some studies favoring different threshold levels of more
than 10 g/dL for improved PFS and OS [9] and other studies finding no association be-
tween hemoglobin levels or transfusion and outcome at all [18]. Chemotherapy-induced
cytopenias can be profound and long-lasting, while there is considerable heterogeneity
in the management of hematological toxicity, and current practice patterns, with the opti-
mal timing of erythrocyte transfusion and Granulocyte-colony-stimulating factor (G-CSF)
application, remain unclear. While national guidelines favor blood cell transfusion at a
level of <10 g/dL [19], some international guidelines only report vague recommendations
for monitoring and consensus on correction in case of clinical necessity [20] without a
clear threshold. Overall, international expert consensus agreement for transfusion mostly
implies a minimum hemoglobin level of at least 9 g/dL [21]. The addition of erythropoietin
for the regulation of red blood cell production failed to demonstrate a clinically significant
benefit on clinical outcomes in cervical cancer patients [22,23]. The actual implementation
in studies is still very heterogeneous and subject to institutional differences. In the INTER-
LACE trial [4], red blood cell transfusion was permitted and recommended to maintain a
hemoglobin level of at least 11 g/dL, while G-CSF was permitted as per standard clinical
practice without reporting the frequency of use.

In our cohort, platelet and leukocyte levels decreased from the first cycle on, while
hemoglobin levels showed significant reductions at a later stage. This might most likely
be explained by the longer life cycle of human red blood cells, which is approximately
120 days [24]. Besides the systemic detrimental effect of chemotherapeutic agents, the



Cancers 2024, 16, 3986 10 of 12

release of blood cells from the bone marrow into the blood, and thus the compensation
and occurrence of hematotoxicity, might be caused by a variety of other causes, including
patient-related factors such as increased body mass index or older age, as well as cytological
and immunological factors [13,24]. While overall reduced numbers of blood cells are a
common side effect of chemotherapy, particularly with increasing time of exposure, the
underlying mechanism of how chemotherapies interfere with healthy hematopoiesis and
the influencing factors for persistent or delayed incomplete recovery of the blood cell count
are not yet fully understood.

Moreover, treatment-related factors such as the applied RT technique and doses
to subvolumes of pelvic bone marrow compartments contributed significantly to the
occurrence of hematotoxicity [25,26]. In the RTOG0418 trial [27], improved sparing of bone
marrow with IMRT instead of conventional four-field treatments was shown to significantly
lower the rates of hematologic toxicity in 43 patients with endometrial and 40 patients
with cervical cancer. Chen et al. [11] recommended limiting the dose to functional bone
marrow identified by a PET scan, as this had been shown to be significantly associated
with the overall occurrence of grade ≥2 hematotoxicity. Machine learning models for
grade 4 lymphopenia prediction in cervical cancer patients tried to consider a large number
of influencing factors, including patient performance scores, baseline blood counts, the
application of concurrent chemotherapy, gross nodal tumor volumes, body volume, and
maximum RT doses [28], which resulted in high prediction accuracy. Additionally, analyses
on the correlation of hematological biomarkers for outcome prediction have reported
platelet-to-lymphocyte ratios [29] and neutrophil-to-lymphocyte [30] ratios to be correlated
with oncologic outcome, but data remain inconsistent.

Primary limitations of our study include its retrospective character, which may impact
the findings, and the long time interval from 2000 to 2019, with different treatment tech-
niques and possibly different analysis methods of the laboratory parameters. Consequently,
our results have to be interpreted cautiously due to potential methodological issues or
confounding factors. Further, the applied statistical tests and multiple tests without the
application of correction methods may lead to over- or misinterpretation of the results.

However, our cohort consisted of a large, homogenous group of high-risk cervical
cancer patients treated with standard radiochemotherapy with cisplatin weekly and pro-
vided new data on hematological toxicity profiles and the course of blood counts during
treatment. With the increasing intensification of systemic therapies for cervical cancer,
knowledge of these processes and hematological courses is an essential requirement for
ensuring the safe application of the therapy, particularly recommending close monitoring
in the fourth week of treatment and 30 days after RT initiation.

While our study provides a better understanding of the toxicity profiles of acute hemato-
toxicity during definitive RCHT with cisplatin, the pathophysiology of late or prolonged side
effects still remains poorly understood, and randomized trials are needed to assess the optimal
management of treating myelosuppression and consecutive transfusion recommendations.

5. Conclusions

Hematological toxicity profiles during the course of radiotherapy and concomitant
chemotherapy revealed hemoglobin nadir levels and the necessity of transfusion to be
significantly correlated with oncologic outcomes. Our results suggest the need for spe-
cial consideration of increased hematotoxicity and consistent implementation of anemia
therapy, particularly from the fourth RT week onwards, to enable full-course definitive
radiochemotherapy for locally advanced cervical cancer patients.

Author Contributions: E.M.: data curation, statistical analysis, investigation, validation, method-
ology, visualization, writing—original draft, project administration, editing; L.W.: data curation,
statistical analysis, writing; L.H., L.A.v.D., E.S., S.H., K.S., P.H.-S., M.V., L.K., N.A., J.D.: investigation,
writing, editing; J.H.-R.: investigation, methodology, and project administration. All authors have
read and agreed to the published version of the manuscript.



Cancers 2024, 16, 3986 11 of 12

Funding: The authors declare no specific grant for this research from any funding agency in the
public, commercial, or not-for-profit sectors. For the publication fee, we acknowledge financial
support from Heidelberg University.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Local Ethics Committee of the University Hospital
Heidelberg (S-453/2021) prior to data collection and analysis.

Informed Consent Statement: Individual informed consent from all subjects involved in the study
was not necessary due to the Local Ethics Committee Approval.

Data Availability Statement: The data presented in this study was obtained from local databases of
our institution and the Cancer Registry of the National Center for Tumor Diseases (NCT). The data
are not publicly available due to Local Ethics Committee rules.

Conflicts of Interest: The authors declare no conflicts of interest for this work. Outside the submitted
work, E.M. received speaker fees from Elekta. Outside the submitted work, P.H.-S. received support
from the Physician Scientist Program of the Medical Faculty (University of Heidelberg), grants from
Dietmar-Hopp-Foundation, and fees from NovoCure GmbH outside the submitted work. Outside
the submitted work, L.K. reports, personal fees from Accuray Inc., and Novocure GmbH. Outside the
submitted work, J.D. reports grants or contracts from RaySearch Laboratories AB, Vision RT Limited,
Merck Serono GmbH, Siemens Healthcare GmbH, PTW-Freiburg Dr. Pychlau GmbH, and Accuray
Incorporated. J.D. has a leadership or fiduciary role in Heidelberger Ionenstrahl Therapiezentrum
(HIT) (CEO) and University Hospital Heidelberg (Board of Directors). Outside the submitted work,
J.H.-R. reports honoraria and travel reimbursement by Viewray Inc., Pfizer Inc and IntraOP Medical
as well as grants from IntraOP Medical and Varian Medical Systems.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
[PubMed]

2. Pötter, R.; Tanderup, K.; Schmid, M.P.; Jürgenliemk-Schulz, I.; Haie-Meder, C.; Fokdal, L.U.; Sturdza, A.E.; Hoskin, P.; Ma-
hantshetty, U.; Segedin, B.; et al. MRI-guided adaptive brachytherapy in locally advanced cervical cancer (EMBRACE-I): A
multicentre prospective cohort study. Lancet Oncol. 2021, 22, 538–547. [CrossRef] [PubMed]

3. Lorusso, D.; Xiang, Y.; Hasegawa, K.; Scambia, G.; Leiva, M.; Ramos-Elias, P.; Acevedo, A.; Cvek, J.; Randall, L.; Pereira de
Santana Gomes, A.J.; et al. Pembrolizumab or placebo with chemoradiotherapy followed by pembrolizumab or placebo for newly
diagnosed, high-risk, locally advanced cervical cancer (ENGOT-cx11/GOG-3047/KEYNOTE-A18): Overall survival results from
a randomised, double-blind, placebo-controlled, phase 3 trial. Lancet 2024, 404, 1321–1332. [PubMed]

4. McCormack, M.; Eminowicz, G.; Gallardo, D.; Diez, P.; Farrelly, L.; Kent, C.; Hudson, E.; Panades, M.; Mathew, T.; Anand, A.;
et al. Induction chemotherapy followed by standard chemoradiotherapy versus standard chemoradiotherapy alone in patients
with locally advanced cervical cancer (GCIG INTERLACE): An international, multicentre, randomised phase 3 trial. Lancet. 2024,
404, 1525–1535. [CrossRef] [PubMed]

5. Bhatla, N.; Aoki, D.; Sharma, D.N.; Sankaranarayanan, R. Cancer of the cervix uteri: 2021 update. Int. J. Gynaecol. Obstet. 2021,
155, 28–44. [CrossRef]

6. Macdonald, O.K.; Chen, J.; Dodson, M.; Lee, C.M.; Gaffney, D.K. Prognostic significance of histology and positive lymph node
involvement following radical hysterectomy in carcinoma of the cervix. Am. J. Clin. Oncol. 2009, 32, 411–416. [CrossRef]

7. Song, S.; Rudra, S.; Hasselle, M.D.; Dorn, P.L.; Mell, L.K.; Mundt, A.J.; Yamada, S.D.; Lee, N.K.; Hasan, Y. The effect of treatment
time in locally advanced cervical cancer in the era of concurrent chemoradiotherapy. Cancer. 2013, 119, 325–331. [CrossRef]

8. Perez, C.A.; Grigsby, P.W.; Castro-Vita, H.; Lockett, M.A. Carcinoma of the uterine cervix. I. Impact of prolongation of overall
treatment time and timing of brachytherapy on outcome of radiation therapy. Int. J. Radiat. Oncol. Biol. Phys. 1995, 32, 1275–1288.
[CrossRef]

9. Akyildiz, A.; Gultekin, M.; Yigit, E.; Demir, E.; Ismayilov, R.; Ahmed, M.; Buyukkor, M.; Yildirim, H.C.; Yildirim, N.; Ucar, G.;
et al. Efficacy of cumulative cisplatin dose on survival in patients with locally advanced cervical cancer treated with definitive
chemoradiotherapy: Multicenter study by Turkish Oncology Group. Int. J. Gynecol. Cancer 2024, 34, 1359–1365. [CrossRef]

10. Nanda, R.; Katke, A.; Thejaswini, B.; Giri, G.V.; Pawar, Y.; Manjula, M.V.; Babu, G. Ten years survival results of randomized study
comparing weekly vs. triweekly cisplatin with concurrent radiation in locally advanced carcinoma cervix. Rep. Pract. Oncol.
Radiother. 2023, 28, 322–331. [CrossRef]

11. Chen, H.; Zhong, Q.; Liu, Y.; Li, J.; Deng, W.; Wang, J.; Zhou, S.; Yu, Z.; Huang, X.; Huang, Y.; et al. A prospective single-arm
study on the relationship between dose-volume parameters of pelvic functional bone marrow and acute hematological toxicities
during intensity-modulated radiotherapy with or without concurrent chemotherapy for uterine cervical/endometrial cancer.
Radiat. Oncol. 2023, 18, 193. [PubMed]

https://doi.org/10.3322/caac.21660
https://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.1016/S1470-2045(20)30753-1
https://www.ncbi.nlm.nih.gov/pubmed/33794207
https://www.ncbi.nlm.nih.gov/pubmed/39288779
https://doi.org/10.1016/S0140-6736(24)01438-7
https://www.ncbi.nlm.nih.gov/pubmed/39419054
https://doi.org/10.1002/ijgo.13865
https://doi.org/10.1097/COC.0b013e31819142dc
https://doi.org/10.1002/cncr.27652
https://doi.org/10.1016/0360-3016(95)00220-S
https://doi.org/10.1136/ijgc-2024-005419
https://doi.org/10.5603/RPOR.a2023.0031
https://www.ncbi.nlm.nih.gov/pubmed/38012675


Cancers 2024, 16, 3986 12 of 12

12. Gao, H.; Wu, H.; Zhang, Y.; Li, X.; Qi, Z.; Wang, M.; Wang, S. Long-term survival in patients with para-aortic metastatic cervical
cancer receiving simultaneous integrated boost chemoradiation to positive lymph nodes: A single-center experience. Int. J.
Gynecol. Cancer 2024, 34, 1536–1546. [CrossRef] [PubMed]

13. Marinescu, S, .A.; Toma, R.V.; Trifănescu, O.G.; Gales, , L.N.; Folea, A.R.; Sima, A.; Bîlteanu, L.; Anghel, R. Predictors of Clinical
Hematological Toxicities under Radiotherapy in Patients with Cervical Cancer-A Risk Analysis. Cancers 2024, 16, 3032. [CrossRef]
[PubMed]

14. Winter, W.E., 3rd; Maxwell, G.L.; Tian, C.; Sobel, E.; Rose, G.S.; Thomas, G.; Carlson, J.W. Association of hemoglobin level with
survival in cervical carcinoma patients treated with concurrent cisplatin and radiotherapy: A Gynecologic Oncology Group Study.
Gynecol. Oncol. 2004, 94, 495–501. [CrossRef] [PubMed]

15. Liu, J.; Tang, G.; Zhou, Q.; Kuang, W. Outcomes and prognostic factors in patients with locally advanced cervical cancer treated
with concurrent chemoradiotherapy. Radiat. Oncol. 2022, 17, 142. [CrossRef]

16. Koulis, T.A.; Kornaga, E.N.; Banerjee, R.; Phan, T.; Ghatage, P.; Magliocco, A.M.; Lees-Miller, S.P.; Doll, C.M. Anemia, leukocytosis
and thrombocytosis as prognostic factors in patients with cervical cancer treated with radical chemoradiotherapy: A retrospective
cohort study. Clin. Transl. Radiat. Oncol. 2017, 12, 51–56. [CrossRef]

17. Kunos, C.A.; Fabian, D.; Fredericks, T.; Baldwin, L.; Dietrich, C.; Miller, R.W.; Ueland, F.R. Hemoglobin level associates with
survival in women from Appalachian Kentucky with uterine cervix cancer. Front. Oncol. 2023, 13, 1132135. [CrossRef]

18. Gennigens, C.; De Cuypere, M.; Seidel, L.; Hermesse, J.; Barbeaux, A.; Forget, F.; Albert, A.; Jerusalem, G.; Kridelka, F. Correlation
between hematological parameters and outcome in patients with locally advanced cervical cancer treated by concomitant
chemoradiotherapy. Cancer Med. 2020, 9, 8432–8443. [CrossRef]

19. AWMF S3-Guideline Diagnostic, Therapy and Follow Up for Women with Cervical Cancer—Version 2.2. Available on-
line: https://www.leitlinienprogramm-onkologie.de/fileadmin/user_upload/Downloads/Leitlinien/Zervixkarzinom/Version_
2/LL_Zervixkarzinom_Langversion_2.2.pdf (accessed on 25 November 2024).

20. James, R.M.; Cruickshank, M.E.; Siddiqui, N.; Guideline Development Group. Management of cervical cancer: Summary of SIGN
guidelines. BMJ 2008, 336, 41–43. [CrossRef]

21. Zayed, S.; Nguyen, T.K.; Lin, C.; Boldt, G.; Beriwal, S.; Creutzberg, C.L.; Kamrava, M.; Mendez, L.C.; Velker, V.; Doll, C.; et al. Red
Blood Cell Transfusion Practices for Patients With Cervical Cancer Undergoing Radiotherapy. JAMA Netw. Open 2021, 4, e213531.
[CrossRef]

22. Blohmer, J.U.; Paepke, S.; Sehouli, J.; Boehmer, D.; Kolben, M.; Würschmidt, F.; Petry, K.U.; Kimmig, R.; Elling, D.; Thomssen, C.;
et al. Randomized phase III trial of sequential adjuvant chemoradiotherapy with or without erythropoietin Alfa in patients with
high-risk cervical cancer: Results of the NOGGO-AGO intergroup study. J. Clin. Oncol. 2011, 29, 3791–3797. [CrossRef] [PubMed]

23. Strauss, H.G.; Haensgen, G.; Dunst, J.; Hayward, C.R.; Burger, H.U.; Scherhag, A.; Koelbl, H. Effects of anemia correction with
epoetin beta in patients receiving radiochemotherapy for advanced cervical cancer. Int. J. Gynecol. Cancer 2008, 18, 515–524.
[CrossRef] [PubMed]

24. Corrons, J.L.V.; Casafont, L.B.; Frasnedo, E.F. Concise review: How do red blood cells born, live, and die? Ann. Hematol. 2021, 100,
2425–2433. [CrossRef] [PubMed]

25. Chen, M.; Wang, D.; Bao, Z.; Yi, Z.; Mei, Z.; Sun, S.; Xiang, Q.; Yang, C.; Yang, H.; Qiu, H.; et al. The impact of bone marrow
irradiation dose on acute haematologic toxicity in cervical cancer patients treated with concurrent chemoradiotherapy. Radiat.
Oncol. 2023, 18, 66. [CrossRef] [PubMed]

26. Hallqvist, D.; Kormann, C.; Pigorsch, S.; Kiechle, M.; Combs, S.E.; Habermehl, D. Bone marrow toxicity in patients with locally
advanced cervical cancer undergoing multimodal treatment with VMAT/IMRT: Are there dosimetric predictors for toxicity? Eur.
J. Med. Res. 2024, 29, 445. [CrossRef]

27. Klopp, A.H.; Moughan, J.; Portelance, L.; Miller, B.E.; Salehpour, M.R.; Hildebrandt, E.; Nuanjing, J.; D’Souza, D.; Souhami, L.;
Small, W.; et al. Hematologic toxicity in RTOG 0418: A phase 2 study of postoperative IMRT for gynecologic cancer. Int. J. Radiat.
Oncol. Biol. Phys. 2013, 86, 83–90. [CrossRef]

28. Xu, Z.; Yang, L.; Yu, H.; Guo, L. A machine learning model for grade 4 lymphopenia prediction during pelvic radiotherapy in
patients with cervical cancer. Front. Oncol. 2022, 12, 905222. [CrossRef]

29. Kumar, A.; Gurram, L.; Naga Ch, P.; Nayak, P.; Mulye, G.; Chopra, S.; Engineer, R.; Shrivastava, S.K.; Gupta, S.; Ghosh,
J.; et al. Correlation of Hematological Parameters With Clinical Outcomes in Cervical Cancer Patients Treated With Radical
Radio(chemo)therapy: A Retrospective Study. Int. J. Radiat. Oncol. Biol. Phys. 2024, 118, 182–191. [CrossRef]

30. Elmali, A.; Guler, O.C.; Demirhan, B.; Yavuz, M.; Onal, C. Long-term analysis of hematological parameters as predictors of
recurrence patterns and treatment outcomes in cervical cancer patients undergoing definitive chemoradiotherapy. Strahlenther.
Onkol. 2024, 11, 949–957. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1136/ijgc-2024-005664
https://www.ncbi.nlm.nih.gov/pubmed/39209431
https://doi.org/10.3390/cancers16173032
https://www.ncbi.nlm.nih.gov/pubmed/39272891
https://doi.org/10.1016/j.ygyno.2004.04.008
https://www.ncbi.nlm.nih.gov/pubmed/15297194
https://doi.org/10.1186/s13014-022-02115-1
https://doi.org/10.1016/j.ctro.2017.05.001
https://doi.org/10.3389/fonc.2023.1132135
https://doi.org/10.1002/cam4.3465
https://www.leitlinienprogramm-onkologie.de/fileadmin/user_upload/Downloads/Leitlinien/Zervixkarzinom/Version_2/LL_Zervixkarzinom_Langversion_2.2.pdf
https://www.leitlinienprogramm-onkologie.de/fileadmin/user_upload/Downloads/Leitlinien/Zervixkarzinom/Version_2/LL_Zervixkarzinom_Langversion_2.2.pdf
https://doi.org/10.1136/bmj.39399.642894.AD
https://doi.org/10.1001/jamanetworkopen.2021.3531
https://doi.org/10.1200/JCO.2010.30.4899
https://www.ncbi.nlm.nih.gov/pubmed/21860000
https://doi.org/10.1111/j.1525-1438.2007.01032.x
https://www.ncbi.nlm.nih.gov/pubmed/17645506
https://doi.org/10.1007/s00277-021-04575-z
https://www.ncbi.nlm.nih.gov/pubmed/34342697
https://doi.org/10.1186/s13014-023-02248-x
https://www.ncbi.nlm.nih.gov/pubmed/37031167
https://doi.org/10.1186/s40001-024-02041-w
https://doi.org/10.1016/j.ijrobp.2013.01.017
https://doi.org/10.3389/fonc.2022.905222
https://doi.org/10.1016/j.ijrobp.2023.07.022
https://doi.org/10.1007/s00066-024-02278-8

	Introduction 
	Materials and Methods 
	Patient Population and RT Treatment 
	Chemotherapy and Hematotoxicity 
	Oncologic Outcomes 
	Statistical Analysis 

	Results 
	Study Population 
	Oncologic Outcomes 
	Hematotoxicity and Hemoglobin Levels 

	Discussion 
	Conclusions 
	References

