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Introduction 

In the United States, approximately 13,000 women are di-
agnosed with cervical cancer yearly, over 30% of whom will 
perish from their disease [1]. For those diagnosed with lo-
coregionally advanced carcinoma, cisplatin-based chemoradi-
ation therapy is considered the standard of care [2]. Though 
effective, chemoradiation is frequently complicated by hema-
tologic toxicities that increase the risk of adverse events and 
limit a patient’s ability to complete her treatment regimen [3]. 
Lymphocytes are particularly susceptible to chemoradiation, 
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with decreased cell counts seen following radiation treat-
ment with and without chemotherapy [4]. An adverse impact 
of chemoradiation therapy on erythrocyte production is also 
well-documented and often results in transfusion-dependent 
anemia and worsened quality of life [5,6].

As interest grows regarding the body’s physiological re-
sponse to cancer, these non-cancerous cells of the tumor 
microenvironment have been implicated in the pathogenesis 
of tumor progression and treatment resistance. Of immune 
cells involved in the body’s antitumor response, CD8+ T-
lymphocytes are known to play a critical role in tumor de-
struction via enzymatic cell lysis and cytostatic lymphokine 
production [7]. In melanoma, colorectal, breast and ovarian 
cancers, the presence of tumor-infiltrating lymphocytes in tu-
mor stroma has been linked to slower rates of tumor growth 
and improved outcomes [8,9]. Both pre- and post-treatment 
lymphopenia have been found to correlate with poor survival 
outcomes in both gynecologic and non-gynecologic malig-
nancies [10-12]. A number of studies have also examined the 
detrimental effect of intra-treatment lymphopenia, reporting 
low absolute lymphocyte count (ALC) during chemoradia-
tion therapy to be predictive of progression-free survival and 
disease-specific survival in various cancers [13-17].

Anemia is common during chemoradiation treatment and 
may arise for numerous reasons: insufficient red blood cell 
production secondary to nutritional deficiencies, hemolysis, 
myelosuppression, etc. [18]. Similar to lymphopenia, the pres-
ence of anemia has been associated with poor outcomes in a 
variety of cancers [19]. In cervical cancer, studies have found 
low hemoglobin [Hg] level before and during radiotherapy to 
be strongly prognostic for local control and survival [20,21]. 
Though the relationship between anemia and poor prognosis 
is unclear, one explanation is that anemic hypoxia impairs the 
production of cytotoxic free radicals, limiting the extent that 
radiation therapy can reduce tumor size [22]. More recently, 
however, a number of reports have questioned the potential 
causality of this relationship [23,24]. 

Chemoradiation-induced hematologic toxicity may contrib-
ute to worsened locoregional disease control and poor treat-
ment outcomes for women diagnosed with cervical cancer. 
Though prior studies have examined the individual impact 
of lymphopenia and anemia on cervical cancer outcomes, 
there is limited data regarding the prognostic significance 
of concomitant hematologic toxicities during chemoradia-
tion therapy. Here, we sought to identify risk factors for the 

development of hematologic toxicities during cervical cancer 
treatment and examine the prognostic predictive value of 
these toxicities alone and in combination on overall survival 
(OS), progression-free survival (PFS), and local control (LC).

Materials and methods

After institutional review board approval, demographic data 
was abstracted from all patients treated at an urban safety-
net hospital for invasive cervical carcinoma between January 
1, 2012 and December 31, 2015. Patients were considered 
to be eligible if they had biopsy-proven cervical cancer that 
was treated with definitive chemoradiation or surgery fol-
lowed by definitive chemoradiation. Definitive chemoradia-
tion was defined as receiving definitive intent radiation to 
at least 45 Gy with concurrent cisplatin. All patients were 
scheduled for brachytherapy, though not all patients com-
pleted their treatment course.

Data regarding hematologic variables, disease characteris-
tics, and treatment course were retrospectively abstracted. 
Patients were staged per International Federation of Gyne-
cology and Obstetrics (FIGO) 2009 guidelines. Any women 
diagnosed with stage IV disease were excluded from further 
analysis, as they are generally treated with neoadjuvant 
chemotherapy prior to radiation at our institution. Clinical 
baseline was defined as the 4-week window prior to the 
administration of the first dose of chemo- or pelvic radio-
therapy. Hematologic variables (Hg, white blood cell count, 
platelet count, ALC, and absolute neutrophil count) were 
collected at clinical baseline, during weeks 1-6 of concurrent 
chemoradiation, and at first follow-up appointment after 
completion of all radiation and chemotherapy. The nadir for 
each hematologic variable during weeks 1-6 of concurrent 
chemoradiation therapy was used to define the grade of 
toxicity experienced for each cell line. Toxicities were defined 
as per the National Cancer Institute’s Common Terminology 
Criteria for Adverse Events (CTCAE) version 4.03. Follow-
up was conducted every 3 months with physical and vaginal 
speculum exam, imaging, and biopsy if clinically indicated.

Associations between hematologic variables and clinical 
outcomes were evaluated using Kaplan-Meier and Cox re-
gression analyses. Hematologic toxicities including anemia, 
leukopenia, thrombocytopenia, neutropenia, and lympho-
penia were analyzed. For initial univariate Kaplan-Meier and 
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Cox analyses, patients were partitioned based on highest 
toxicity grade at nadir during treatment, and groups were 
compared sequentially based on grade using a reverse parti-
tion analysis to find the most clinically relevant toxicities. OS, 
LC, and PFS were analyzed. Length of follow-up was defined 
from date of initial biopsy positive for cervical cancer to date 
of last known contact or date of death. Progression date was 
defined as date of positive biopsy, if available. If unavailable, 
then date of imaging showing progression was used. LC was 
defined as any recurrence in the pelvis, while PFS included lo-
cal or distant recurrence.

Univariate Cox regression analysis was used to evaluate 
other patient and disease characteristics that could be as-
sociated with outcomes, including chemotherapy dose (both 
in number of doses as well as overall dose received), length 
of radiation (in days), the use of extended fields, age, FIGO 
stage, histology, and presence of comorbidities. Multivari-
able Cox regression analysis was performed using all vari-
ables known to be prognostic factors in the literature, and 
for those in our dataset with P<0.25 in univariate analyses. 
All variables were included in the same multivariable model, 
including the hematologic variables found to be significantly 
associated with outcomes. Variables were excluded if the 
model did not converge with their inclusion.

Logistic regression was then performed to look at variables 
associated with the hematologic toxicities that had been 
found to be associated with survival and recurrence out-
comes. All analyses were done using Statistical Package for 
the Social Sciences (SPSS) version 24.0 (IBM Corp, Armonk, 
NY, USA). In accordance with the journal’s guidelines, we will 
provide our data for the reproducibility of this study in other 
centers if such is requested.

Results

After querying the institutional database for women diag-
nosed with cervical cancer treated between 2012 and 2015, 
and removing patients with stage IV disease, we identified 
a total of 121 subjects suitable for inclusion. Median follow-
up for these women was 34.0 months (95% confidence 
interval, 30.8-37.2). Median OS time was not reached, with 
17 patients passing away during follow-up. The majority of 
subjects were Hispanic (n=83, 68.6%). Median age at diag-
nosis was 45 years old (interquartile range, 40-52) (Table 1). 

Most were diagnosed with squamous cell carcinoma (n=101, 
83.5%), and clinical FIGO 2009 stage was well distributed 
across stage I (n=46, 38.0%), stage II (n=47, 38.8%), and 
stage III (n=28, 23.1%) disease. The majority of patients 
were treated with definitive chemoradiation, though 18 
(14.9%) were treated post-operatively. Seven patients (5.8%) 
had been previously diagnosed with human immunodefi-

Table 1. Patient demographics and disease characteristics

Value (n=121)

Age at diagnosis 45 (40-52)

Race/ethnicity 

Non-hispanic 38 (31.4)

Hispanic 83 (68.6)

BMI 29.59±6.85

Histology

SCC 101 (83.5)

Adenosquamous 5 (4.1)

Adenocarcinoma 14 (11.6)

Serous adenocarcinoma 1 (0.8)

Stage

IB 46 (38.0)

IIA 11 (9.1)

IIB 36 (29.8)

IIIA 2 (1.7)

IIIB 26 (21.5)

Diabetes 13 (10.7)

HIV 7 (5.8)

Post-operative 18 (14.9)

Length of XRT (days) 59.8±20.3; 57 (49-65)

Radiation >56 days 64 (52.90)

External beam dose (Gy) 5,588±1,236; 5,356 (4,700-6,175)

Brachytherapy dose (Gy) 3,232±1,430; 3,943 (2,040-4,190)

Radiation Modality

3D 56 (46.3)

IMRT 65 (53.7)

Use of extended fields 48 (39.7)

At least six cisplatin cycles 50 (41.3)

Total cisplatin dose (mg) 340 (78.4)

Values are presented as number (%), median (interquartile ranges), 
or mean±standard deviation.
BMI, body mass index; SCC, squamous cell carcinoma; XRT, ra-
diotherapy; IQR, interquartile range; 3D, three-dimensional; IMRT, 
intensity-modulated radiation therapy.
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ciency virus (HIV) infection at time of cancer diagnosis. There 
was an equal distribution of patients who received 3D-con-
formal radiation or intensity modulated radiation therapy to 
their primary disease site (n=56, 46.3% and n=65, 53.7%, 
respectively). There were 48 patients (39.75%) who had 
extended field radiation that included the para-aortic nodes. 
Only 41.3% (n=50) of patients received six or more cycles 
of cisplatin (nine patients received more than six cycles due 
to a protracted radiation treatment course), with mean cu-
mulative cisplatin dose given over the course of treatment of 
340.8±78.4 mg.

All patients experienced hematologic toxicities during 
chemoradiation (Fig. 1). Every patient had a minimum of 
grade 2 lymphopenia, with the majority experiencing grade 
3 (n=70, 58.7%) or grade 4 (n=44, 36.4%) lymphocyte 
toxicity. The rarest toxicity was neutropenia, which was ex-
perienced by only 24% of patients (n=29). Most subjects 
had some degree of anemia (n=111, 91.7%) and leukopenia 
(n=103, 85.1%), while thrombocytopenia occurred less fre-
quently (n=41, 33.9%). With recursive partition analysis, we 

found that grade 4 lymphopenia and grade 3-4 anemia were 
the hematologic toxicities most associated with outcomes 
(Fig. 2). On univariate cox regression, grade 4 lymphope-
nia was significantly associated with OS (hazard ratio [HR], 
4.455; P=0.005), PFS (HR, 3.422; P=0.001), and LC (HR, 
4.077; P=0.047) (Table 2). Grade 3, 4 anemia was associated 
with OS (HR,4.086; P=0.014), though not PFS (HR, 1.795; 
P=0.275). There were too few sentinel events to analyze the 
association between grade 3, 4 anemia and LC.

On univariate Cox regression, age was associated with 
OS, though not PFS or LC (HR, 2.065; P=0.008; HR,1.03; 
P=0.097; and HR=0.995; P=0.881, respectively). Prior di-
agnosis of HIV infection approached significance for LC 
(HR, 4.648; P=0.056). Stage III disease was associated with 
worse OS, PFS, and LC (HR, 10.323; P=0.003; HR, 7.029; 
P<0.001; and HR, 5.499; P=0.05, respectively). Patients re-
quiring extended field radiation had worse PFS (HR, 3.709; 
P<0.001), though neither OS nor LC reached statistical sig-
nificance (HR, 2.45; P=0.07; HR, 3.793; P=0.06, respectively). 
Increased duration of treatment (due to missed radiation 

Fig. 1. Hematologic toxicity at nadir during concurrent chemoradiation. WBC, white blood cell; Hg, hemoglobin; ANC, absolute neutrophil 
count; ALC, absolute lymphocyte count.
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doses) was associated with reduced OS and PFS, though not 
LC (HR, 1.018; P=0.003; HR, 1.019; P=0.011; and HR,1.007; 
P=0.753). Patients treated post-operatively did not have dif-
ferent outcomes than those treated definitively (all P>0.05). 
Increased Hg and ALC at baseline trended towards improved 
outcomes. Increased Hg was significantly associated with 
improved PFS and LC (HR, 0.718; P<0.001; HR, 0.700; 

P=0.036), and increased ALC was significantly associated 
with improved LC (HR, 0.271; P=0.044).

Multivariable cox regression analysis was done analyzing 
both grade 4 lymphopenia and grade 3, 4 anemia while con-
trolling for other confounders (Table 3). Stage, total cisplatin 
dose, age, the presence of HIV, the use of extended fields, in-
creased length of radiation treatment, and baseline ALC and 

Fig. 2. Kaplan-Meier curve showing OS, PFS, and LC for patients with grade 4 lympho-
penia compared to all other patients (A-C), and OS and PFS for patients with grades 3 
to 4 anemia compared to those with grades 0 to 2 anemia (D, E). OS, overall survival; 
PFS, progression-free survival; LC, local control.
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Table 2. Univariate cox regression analysis comparing OS, PFS, and LC for patients with hematologic toxicities

Overall survival Progression-free survival Local control

HR P-value HR P-value HR P-value

Age 1.065 0.008 1.03 0.097 0.995 0.881

Ethnicity

Non-hispanic 1 Ref 1 Ref 1 Ref

Hispanic 1.041 0.939 0.940 0.871 0.796 0.748

BMI 0.966 0.388 0.956 0.129 0.89 0.078

HIV 1.08 0.940 1.578 0.453 4.648 0.056

Stage

I 1 Ref 1 Ref 1 Ref

II 3.138 0.161 1.849 0.234 1.701 0.561

III 10.323 0.003 7.029 <0.001 5.499 0.05

Post-operative 0.038 0.260 0.038 0.116 0.038 0.404

At least six cycles of cisplatin 0.416 0.125 0.512 0.089 0.394 0.246

Cisplatin dose (mg) 0.994 0.039 0.995 0.011 0.995 0.188

Extended fields 2.45 0.07 3.709 <0.001 3.793 0.06

Increased length of XRT 1.018 0.003 1.019 0.001 1.007 0.753

Baseline ALC 0.688 0.321 0.637 0.104 0.271 0.044

Baseline Hg 0.808 0.092 0.718 <0.001 0.700 0.036

Grade 4 lymphopenia 4.455 0.005 3.422 0.001 4.007 0.047

Grade 3 to 4 anemia 4.086 0.014 1.795 0.275 - -

OS, overall survival; PFS, progression-free survival; LC, local control; HR, hazard ratio; Ref, reference; BMI, body mass index; HIV, human immu-
nodeficiency virus; XRT, radiotherapy; ALC, absolute lymphocyte count; Hg, hemoglobin.

Table 3. Multivariable cox regression analysis comparing OS, PFS, and ALC for patients with hematologic toxicities 

 
Overall survival Progression-free survival Local control

HR P-value HR P-value HR P-value

Age 1.052 0.081 1.041 0.050 0.986 0.717

HIV 0.957 0.969 1.684 0.416 4.945 0.086

Stage

I 1 Ref 1 Ref 1 Ref

II 1.598 0.591 1.630 0.366 2.098 0.476

III 1.495 0.659 2.326 0.144 3.194 0.268

Total cisplatin dose (mg) 0.990 0.006 0.995 0.020 0.998 0.596

Extended fields 0.750 0.797 1.817 0.173 2.817 0.204

Increased length of XRT 1.036 <0.001 1.021 <0.001 0.995 0.918

Baseline ALC 0.799 0.580 0.835 0.557 0.324 0.146

Baseline Hg 0.973 0.898 0.651 0.006 0.730 0.169

Grade 4 lymphopenia 9.850 0.007 2.082 0.105 2.862 0.210

Grade 3 to 4 anemia 11.495 0.023 0.471 0.309 - -

OS, overall survival; PFS, progression-free survival; ALC, absolute lymphocyte count; HR, hazard ratio; HIV, human immunodeficiency virus; Ref, 
reference; XRT, radiotherapy; ALC, absolute lymphocyte count; Hg, hemoglobin.
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Hg were included as co-variables. Post-operative versus de-
finitive treatment was originally included in the model, how-
ever, likely due to low n, did not converge for any outcome 
so was removed. In multivariable analysis, both lymphopenia 
and anemia during treatment remain independently associ-
ated with OS after adjusting for confounding variables and 
the presence of the other (HR, 9.850; P=0.007; HR, 11.495; 
P=0.023, respectively). Neither were associated with PFS or 
LC. Baseline ALC was not associated with any outcome on 

multivariable analysis, though baseline Hg remained signifi-
cantly associated with PFS (HR, 0.651; P=0.006). Clinical 
stage, patient age, and prior diagnosis with HIV infection 
were not significant for any outcome. Increased length of 
radiation was significantly associated with reduced OS and 
PFS (HR, 1.035; P<0.001; HR, 1.022; P<0.001, respectively), 
though not LC (HR, 2.991; P=0.166).

We then examined the effect of ethnicity and found that 
the effect of grade 4 lymphopenia on survival outcomes 

Table 5. Risk factors associated with hematologic toxicities

  
 

Grade 4 ALC Grade 3 to 4 Hg 

OR P-value OR P-value

Age 1.018 0.318 1.019 0.533 

Ethnicity 

Non-hispanic 1 Ref - -

Hispanic 1.031 0.941 - -

BMI 0.928 0.025 0.922 0.168 

HIV diagnosis 2.3 0.291 1.65 0.658 

Diabetes diagnosis 0.49 0.3 0.49 0.999 

Histology

Other 1 Ref 1 Ref 

SCC 3.872 0.04 2.088 0.495 

Stage

I 1 Ref - -

II 2.04 0.128 - -

III 5.564 0.001 - -

Post-operative 0.855 0.772 - -

Length of XRT (days) 1.004 0.663 1.005 0.685 

Use of Extended fields 2.055 0.064 1.279 0.699 

Baseline ALC 0.338 0.001 - -

Baseline Hg - - 0.286 <0.001 

ALC, absolute lymphocyte count; Hg, hemoglobin; OR, overall risk; BMI, body mass index; HIV, human immunodeficiency virus; Ref, reference; 
XRT, radiotherapy.

Table 4. Effect modification of ethnicity on the effect of hematologic toxicities

Overall survival Progression-free survival Local control

HR P-value HR P-value HR P-value

Hispanic grade 4 lymphopenia 5.514 0.010 4.288 0.094 4.640 0.001

Non-hispanic grade 4 lymphopenia 2.701 0.277 1.765 0.369 3.479 0.309

Hispanic grade >3 anemia 7.999 0.001 3.351 0.031 0.046 0.718

Non-hispanic grade >3 anemia 0.041 0.614 0.040 0.461 0.039 0.652

HR, hazard ratio.
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was only seen with Hispanic patients. OS and LC were sig-
nificantly associated with grade 4 lymphopenia (HR, 5.514; 
P=0.010; HR, 4.640; P=0.001), while PFS approached sig-
nificance (HR, 4.288; P=0.094). Grade 3, 4 anemia was also 
associated with OS in Hispanic patients (HR, 7.999; P=0.001) 
and PFS (HR, 3.351; P=0.031). However, this was not true for 
non-Hispanic patients, for whom neither grade 4 lymphope-
nia nor grade 3, 4 anemia was associated with any outcome 
(all P>0.05) (Table 4). Patients of Hispanic ethnicity were not 
more likely to have grade 4 lymphopenia during treatment 
than non-Hispanic patients (36.1% vs. 36.8%, P>0.99), 
nor more likely to have grade 3, 4 anemia (9.6% vs. 7.9%, 
P>0.99) (data not shown). They were also not more likely to 
be diabetic (10.8% vs. 10.5%, P>0.99). However, they were 
less likely to have HIV than non-Hispanic patients (1.2% vs. 
15.8%, P=0.006).

The only variable that was significantly associated with the 
presence of grades 3, 4 anemia on logistic regression was 
baseline Hf (overall risk [OR], 0.286; P<0.001) (Table 5). The 
same relationship remained with lymphopenia, in that base-
line ALC was significantly associated with grade 4 lympho-
penia (OR, 0.338; P=0.001). In addition, patients with higher 
body mass index (BMI) were less likely to have grade 4 lym-
phopenia during treatment (OR, 0.928; P=0.025). Analysis 
also found that those with stage III disease were more likely 
to have grade 4 lymphopenia (OR, 5.564; P=0.001), and that 
those with squamous cell histology were more likely to see 
this toxicity (OR, 3.782; P=0.04). HIV was not associated with 
either grade 4 lymphopenia nor grade 3, 4 anemia (OR, 2.3; 
P=0.291; OR, 1.65; P=0.658, respectively).

Patients with grade 4 lymphopenia had a reduced cisplatin 
dose (mean dose, 320.2 mg; standard deviation [SD], 73.2) 
compared to those who did not experience grade 4 lym-
phopenia (mean dose, 351.4 mg; SD, 79.5; P=0.035). They 
were not more likely, however, to receive fewer total cisplatin 
cycles (P=0.10, data not shown). While total dose of cispla-
tin was associated with statistically decreased OS (HR, 0.99; 
P=0.006), and decreased PFS (HR, 0.995; P=0.020), clinically 
these differences are negligible.

Discussion

Our study examined various hematologic toxicities during 
chemoradiation therapy for cervical cancer by quantifying 

cell count nadir throughout treatment. Hematologic toxici-
ties varied in distribution of prevalence and severity. Of the 
toxicities, lymphopenia and anemia were both common 
and significantly associated with worse outcomes, whereas 
neutropenia and thrombocytopenia were neither common 
nor prognostic. Altogether, these results highlight the impor-
tance of lymphocyte and erythrocyte function in mounting 
response to antitumor therapy and deemphasize the signifi-
cance of other concomitant toxicities.

Low lymphocyte count during treatment has been pre-
viously established as a poor prognostic factor in several 
cancers, including cervical cancer [10,25,26]. Bogani et al. 
[26] found that grade 2+ leukopenia during chemoradiation 
for cervical cancer was associated with reduced OS, while 
a study by Wu et al. [10] found that both pre- and post-
treatment leukopenia was associated with decreased survival, 
though statistical significance was not reached. Kitayama 
et al. [13] found that circulating lymphocyte number during 
chemoradiation therapy was positively associated with tumor 
response in rectal cancer. Treatment-related lymphopenia has 
been shown to be predictive for survival outcomes in head 
and neck, pancreatic and lung cancers [14,16,17]. Davuluri 
et al. [15] further studied this phenomenon in esophageal, 
finding grade 4 lymphopenia during chemoradiation therapy 
to be particularly associated with poor outcomes. Taking a 
similar standardized approach, we found grade 4 lymphope-
nia to be strongly associated with survival in cervical cancer, 
even after controlling for patient characteristics, treatment 
factors, including total cisplatin dose, and baseline ALC. With 
growing evidence for the link between severe treatment-
related lymphopenia and poor prognosis, our results support 
the idea that optimal treatment outcomes in cervical cancer 
are at least partially dependent on adequate host immune 
response involving lymphocytes.

The exact mechanisms by which lymphopenia contributes 
to worsened cancer survival outcomes remains unclear. It 
may be that individuals with poor overall health status are 
more prone to developing lymphopenia, though several stud-
ies have shown that lymphopenia independently predicts for 
decreased cancer survival even after considering functional 
status or infection-related mortality [27]. Since the presence 
of tumor-infiltrating lymphocytes has been linked to cancer 
survival [8,9], it is possible that such lymphocytes mediate 
initial recognition of tumor-associated antigens, inhibition 
of tumor migration, and promotion of antitumor apoptosis 
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and cytotoxicity, all vital to the body’s intrinsic anticancer 
response. Based on our study of lymphopenia and cervical 
cancer outcomes, we hypothesize that women who better 
retain lymphocyte numbers throughout treatment are able to 
mount a more robust immune response against carcinogen-
esis, thereby prolonging survival.

Interestingly, the odds of developing grade 4 lymphocyte 
toxicity were correlated with patient and disease charac-
teristics, namely baseline ALC, BMI, stage III disease, and 
squamous cell histology, though not treatment variables 
such as length of radiation or use of extended fields. How-
ever, length of radiation and use of extended fields were 
each independently associated with worse survival outcomes 
on univariate analysis, indicating of course that treatment-
associated morbidity and mortality cannot be fully explained 
by lymphocyte loss during chemoradiation therapy. Para-
aortic lymph node involvement requiring the use of extended 
field radiation, as well as increase in treatment duration, are 
known to be associated with poor outcomes [28-30]. Fur-
thermore, these results suggest that multiple factors outside 
of the standard chemoradiation protocols for cervical cancer 
predispose patients to severe lymphopenia in the first place, 
including but not limited to baseline ALC.

Overall cisplatin dose was lower in those with grade 4 lym-
phopenia, indicating dose reductions; however, they were 
not more likely to miss chemotherapy cycles than those with-
out grade 4 lymphopenia. This is multifactorial and can be 
due to the presence of other hematologic toxicities requiring 
a chemotherapy pause, such as neutropenia, or other tox-
icities in general, including ototoxicity. While total cisplatin 
dose was statistically associated with survival (HR, 0.990; 
P=0.006), this number is not clinically significant. This lends 
to the conclusion that lymphopenia itself contributes to sur-
vival independent of chemotherapy, which correlates with 
findings from other institutions [25,31,32].

Previous studies have shown associations between race 
and hematologic toxicities during treatment, which have 
affected survival outcomes [33]. On our analysis, we found 
similar results in that grade 4 lymphopenia was associated 
with poor outcomes in Hispanic patients but this effect was 
not seen in non-Hispanic patients. The only differing patient 
characteristic we found was that Hispanic patients were less 
likely to be HIV positive than non-Hispanic patients in our 
cohort. While HIV positivity itself was not associated with 
grade 4 lymphopenia nor OS, there is perhaps an interaction 

between the presence of HIV and the effect of grade 4 lym-
phopenia in outcomes. Alternatively, the definitions for he-
matologic toxicities may need to be adjusted depending on 
ethnicity. In a study done by Azab et al. [33], they found that 
Hispanic and non-Hispanic black patients had lower neutro-
phil to lymphocyte ratios at baseline than non-Hispanic white 
patients, indicating that perhaps different cut-off points are 
needed when examining the effect of hematologic variables 
on various disease outcomes.

High BMI was associated was decreased likelihood of se-
vere lymphopenia. This association has been reported in the 
use of systemic treatment for multiple sclerosis [34], though 
to our knowledge has not yet been reported in patients un-
dergoing radiation treatment. The reason for this association 
is unclear. It may be due to baseline characteristics, and that 
patients with higher BMI are less likely to become sarcopenic, 
which has been shown to be associated with high neutrophil 
to lymphocyte ratio [35]. Another possible explanation is that 
higher BMI indicates larger bone marrow volume, which has 
been shown to be protective against hematologic toxicities 
during pelvic radiation [36].

In cervical cancer patients, the strong correlation between 
anemia and tumor recurrence has been well-documented, 
hypoxia-induced radiation resistance being the most com-
monly cited mechanism [24]. A number of studies have sug-
gested that the presence of anemia before and/or during 
treatment portends poor prognosis. Though previous reports 
also measured Hg nadir during treatment, few studies have 
defined a standardized Hg level that was prognostic for poor 
outcomes. Using CTCAE criteria, we found grade 3, 4 ane-
mia during chemoradiation therapy to be significantly associ-
ated with OS. None of the prognostic or treatment factors 
we analyzed were found to be associated with the presence 
of grade 3, 4 anemia on logistic regression other than base-
line Hg.

Our study was not without limitations. As our study design 
was retrospective, we were unable to account for all factors 
that could influence cell count during treatment. While some 
reports have found bone marrow dose to correlate with in-
cidence and severity of hematologic toxicities [15,37,38], we 
did not include bone marrow data as a treatment variable in 
our analysis. Not much variability is seen in our bone marrow 
dose between patients, as the institutional practice is to limit 
mean bone marrow dose to 35 Gy, and the dose rarely ap-
proaches this value. Bone marrow dose was not available for 
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all patients, though was included as a test variable for the 
patients in which it was available, and it was not associated 
with clinical outcomes or hematologic toxicities. We also in-
cluded both patients who were treated with post-operative 
as well as definitive chemoradiation for their cervical cancer. 
While these populations can vary in their baseline risk for 
local recurrence and OS, we did not find a significant differ-
ence between the two in this cohort, likely due to the small 
number of patients in the post-operative group. In addition, 
this variable was not associated with either grade 4 lympho-
penia or grade 3, 4 anemia. As such, we elected to include 
both in this analysis.

Despite these limitations, our findings on the prognos-
tic importance of severe lymphopenia and anemia during 
chemoradiation therapy may help to guide clinical thought 
processes and investigation regarding treatment optimization 
in cervical cancer. Recently, immuno-oncology has emerged 
as a potential novel approach for women with node-positive 
locally advanced and metastatic cervical cancer disease who 
respond poorly to chemoradiation therapy [39]. Given that 
most cervical cancers are caused by high-risk human papil-
lomavirus strains [40] encoding tumor-specific antigens, 
targeted immunotherapy may be able to alter the immune 
microenvironment and bolster host antitumor mechanisms.

In this cohort of women with cervical cancer, the develop-
ment of grade 4 lymphopenia and grade 3, 4 anemia during 
chemoradiation therapy was significantly prognostic for poor 
survival and disease outcomes. As exciting developments 
such as immune checkpoint inhibition and novel T-cell ther-
apy arise [39], further information about hematologic toxici-
ties in chemoradiation therapy will help to identify patients 
at risk for standard treatment failure who may be candidates 
for alternative treatment escalation, including immunothera-
peutic options.
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