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Background: Radiation-induced lymphopenia (RIL) is closely related to the
prognosis of cervical cancer patients and may affect the efficacy of immune
checkpoint inhibitors (ICls). However, the factors influencing RIL are not very
clear. In addition to bone marrow (BM) dose-volume, animal studies indicate
radiation-induced bowel injury may be a more crucial factor. Further clarification
of the correlation between RIL and bowel dose-volume is important for cervical
cancer treatment.

Methods: Cervical cancer patients treated with postoperative radiotherapy or
radical radiotherapy were eligible for this retrospective study. Clinical
characteristics, dose parameters of bowel and BM, planning target volume
(PTV) size, overall survival (OS) and progression-free survival (PFS) were
recorded. The absolute lymphocyte count<0.5x10°/L at radiotherapy end was
defined as severe RIL (sRIL). Hazard ratio (HR) and 95% confidence interval (Cl)
were estimated using Cox regression models. Survival curve was plotted using
the Kaplan-Meier method. On this basis, the receiver operating characteristics
(ROC) curve was used to calculate the area under the curve (AUC) for radiation
parameters with sRIL as the state variable.

Result: A total of 118 cervical cancer patients were included in this study, with a
median follow-up time of 57.6 months. In multivariable Cox regression analysis,
international Federation of Gynecology and obstetrics (FIGO) stage (HR, 11.806;
95% Cl, 3.256-42.809; p<0.001), concurrent chemotherapy (HR, 0.200; 95% ClI,
0.054-0.748; p=0.017), sRIL after radiotherapy (HR, 6.009; 95% Cl, 1.361-26.539;
p=0.018), and pathological type (HR, 2.261; 95% ClI, 1.043-4.901; p=0.039) were
significantly correlated with OS. Patients with sRIL had significantly decreased OS
(79.1% vs 94.1%; HR, 3.81; 95%Cl, 1.46-9.92; p=0.023). In binary logistic
regression analysis, sRIL was significantly correlated with bowel V45 (Odds
radio (OR), 1.025; 95%Cl, 1.007-1.044; p=0.007), BM V10 (OR, 0.987; 95%ClI,
0.978-0.997; p=0.011), BM V20 (OR, 1.017; 95%Cl, 1.002-1.031, p=0.027), and
PTV size (OR, 0.998; 95%Cl, 0.996-1.000; p=0.026). The ROC curve showed,
bowel V45 (AUC=0.787, p<0.001) was the best indicator for predicting sRIL.
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Conclusion: SRIL after radiotherapy could significantly predict decreased OS. In
addition, sRIL is associated with higher bowel, BM dose-volume, PTV size,
indicating that the bowel may be an important organ leading to an increased

risk of sRIL.

cervical cancer, radiation-induced lymphopenia, bowel, dose-volume, prognosis

1 Introduction

Lymphocyte-led immunity plays a pivotal role in the occurrence
and progression of tumors. To date, radiation-induced
lymphopenia (RIL) is identified in numerous solid tumors, and
has been confirmed to correlate with poor prognoses of esophageal
cancer, lung cancer, colorectal cancer, and so on (1-4). In addition,
RIL may negatively impact the effectiveness of immunotherapy (2,
5). A study has found that the number of CD4+ and PD-1+T cells in
peripheral blood decreased and inhibitory regulatory T cells
increased after concurrent chemoradiotherapy (CCRT) in cervical
cancer (CC), indicating that CCRT may have a negative impact on
peripheral blood T cell immunity (6). The precise mechanisms
driving RIL remain elusive, though it is postulated that irradiation
of circulating blood and bone marrow (BM) may contribute to its
development (2).

Immunotherapy has become an important treatment strategy in
locally advanced, recurrent and metastatic cervical cancer (7). The
KEYNOTE-A18 showed that compared to the control group,
pembrolizumab combined with CCRT significantly improved
progression-free survival (PFS) in locally advanced CC patients
(8). Notably, 89% of CC patients experienced absolute lymphocyte
count (ALC) < 500 cells/mm? during CCRT, a rate significantly
higher than that observed in other solid tumors (9). Consequently,
comprehensive research into the correlation between RIL,
prognosis, and associated factors may offer valuable insights for
optimizing CC treatment strategies.

In recent years, there have been many studies on the factors that
affect sRIL in CC radiotherapy, including BM dose-volume

Abbreviations: RIL, Radiation-induced lymphopenia; ICIs, Immune checkpoint
inhibitors; BM, Bone marrow; PTV, Planning target volume; OS, Overall survival;
PES, Progression-free survival; HR, Hazard ratio; CI, Confidence interval; ROC,
Receiver operating characteristics; AUC, Area under the curve; FIGO,
International Federation of Gynecology and obstetrics; OR, Odds radio; CCRT,
Concurrent chemoradiotherapy; CC, Cervical cancer; ALC, Absolute lymphocyte
count; BMS, Bone marrow sparing; OAR, Organs at risk; EBRT, External beam
radiation therapy; VMAT, Volumetric modulated arc therapy; IMRT, Intensity
modulated radiation therapy; CTV, Clinical target volume; GTV, Gross tumor

volume; IQR, Inter-quartile range.
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constraints, chemotherapy, bowel factors, and more advanced
radiotherapy technique. The BM dose-volume constraints have
been widely recognized, but related studies still have contradictions.
While numerous studies have investigated the correlation between
hematologic toxicity and bone marrow sparing (BMS), only six
articles have specifically focused on lymphocytes (10-15). Although
some studies indicate that an increase in BM dose-volume is
significantly correlated with a decrease in lymphocytes (15, 16), this
correlation has been contradicted by two prospective controlled
studies (10, 14). Yang L et al. found that early onset of severe
lymphopenia during definitive RT was associated with mean body
dose and predicted poor survival in CC patients (17). Animal studies
have shown that radiation-induced bowel injury can cause significant
apoptosis of peripheral blood lymphocytes. Specifically, irradiating
the abdomen of mice with ultra-high dose rate or conventional dose
rate protons significantly decreased the total lymphocyte count in the
peripheral blood within 24 hours (18). Additionally, research has
demonstrated that if BMS is overly emphasized in CC radiotherapy, it
can significantly increase the dose to other organs at risk (OAR), such
as bowel (19, 20). Consequently, we propose that an increase in bowel
dose-volume during radiotherapy may reduce ALC, thereby affecting
the prognosis of CC patients. Therefore, this study aims to explore the
prognostic significance of sRIL and the potential impact of increased
bowel dose-volume. The research results may provide references for
clinicians in treatment decision-making.

2 Materials and methods
2.1 Patient selection

We conducted a retrospective cohort study of patients who 1)
received external beam radiation therapy (EBRT) from 2015 to 2020
at Affiliated Suzhou Hospital with Nanjing Medical University; 2)
had histologically confirmed cervical cancer; 3) received radical
radiotherapy or postoperative EBRT, combined with or without
platinum based concurrent chemotherapy; 4) had ALC before and
after RT within one week. We excluded patients with a second
primary tumor or incomplete follow-up information. This research
was approved by the Ethics Committee of the Affiliated Suzhou
Hospital with Nanjing Medical University.
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2.2 Data collection

The following clinical characteristics were obtained: age,
pathological type, FIGO stage, radiotherapy technique, concurrent
chemotherapy. ALC were recorded within one week before and
after radiotherapy. According to the dose volume histogram, we
calculated planning target volume (PTV) size, the relative volumes
of bowel receiving 5, 10, 15, 30, 35, 40 and 45 Gy (bowel V5, V10,
V15, V30, V35, V40, and V45) and collected BM V10, V20, V30,
V40 using the same method. According to the Common
Terminology Criteria for Adverse Events (version 5.0),
lymphocyte count after radiotherapy were classified, and grade 3
and 4 lymphocyte reduction were defined as ALC < 0.5-0.2x10°/L,
and < 0.2x10°/L, respectively. Those who experienced grade 3 and 4
lymphocyte reduction after radiotherapy were defined as sRIL. PFS
was calculated from the start date of radiotherapy to the first
occurrence of disease progression or death due to any reason.
Overall survival (OS) referred to the survival date from the start
of radiotherapy to death due to any cause or final follow-
up confirmation.

2.3 Treatment and follow-up

Radiotherapy was conducted using a Varian linear accelerator
(TrueBeamSN 1587, USA). All patients used two types of EBRT
techniques, volumetric modulated arc therapy (VMAT) or intensity
modulated radiation therapy (IMRT). Delineation of the target area
for postoperative radiotherapy of CC: clinical target volume (CTV):
pelvic lymph node drainage area (common iliac, external iliac,
internal iliac, presacral, obturator region) and parametrial/vaginal
tissue, partial vagina; PTV: CTV expanded 0.7 cm outward in all
directions. Radical radiotherapy: gross tumor volume (GTV)-T:
primary tumor; CTV included GTV-T, the cervix and uterine body,
and parametrial/vaginal tissue, parametrial fat, ovaries, and partial
vagina, and pelvic lymph node drainage area (common iliac,
external iliac, internal iliac, presacral, obturator region); PTV
were defined as CTV with 7mm margins; OAR mainly delineated
the bowel, bladder, femoral head, and rectum. The bowel target area
was defined as the line connecting the outermost edges of small
intestine and colon within PTV and 2 cm above PTV, including the
lumen, intestinal tissue, and most of mesentery (21). OAR limits
included bladder D50 < 50Gy, bowel D10 < 50Gy, femoral head
D5 < 50Gy, and rectum D50 < 50Gy. EBRT: 45-50Gy/25F, 5 times a
week. Positive lymph node received concurrent radiotherapy with
an additional dose of 10-15Gy. Brachytherapy was performed under
CT guidance and started 20F after EBRT, using high-dose iridium.
The treatment frequency was once a day, alternating with EBRT,
and 6-7 Gy each time for a total of 4-5 treatments.

Concurrent chemotherapy, based on platinum, was considered
by the attending physician according to the patients’ age and the
presence of high-risk factors. If the patient experienced serious
complications from radiotherapy or chemotherapy, the attending
physician decided to interrupt the chemotherapy once at their
discretion. After radiotherapy, patients were followed up every 3
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months for the first 2 years, every 6 months for 3 to 5 years, and
annually thereafter. Surveillance evaluations include tumor
markers, physical and imaging examinations, such as chest and
abdominal CT or PET-CT, pelvic MRI, and biopsy if necessary.

2.4 Statistical analysis

The median and inter-quartile range (IQR) were used to sum up
continuous variables. Categorical variables were descriptively
analyzed using proportion and frequency. Multivariable analysis
used the Cox regression models to determine the hazard ratio (HR)
and 95% confidence interval (Cl) in order to evaluate the relevance
between multiple potential factors and PFS, OS. We used binary
logistic regression to analyze the correlation between sRIL and
clinical features, dose-volume parameters, and to identify the risk
factors affecting sRIL. On this basis, the receiver operating
characteristics (ROC) curve was used to, with sRIL as the state
variable, determine the area under the curve (AUC) to evaluate
predictive effectiveness. SPSS 26.0 was used for data analysis. A p-
value less than 0.05 was considered statistically significant.

3 Results
3.1 Patient characteristics

This study included 118 patients with CC. The clinical
characteristics and dose-volume parameters are detailed in
Table 1. The median follow-up time was 57.6 months, and
median age was 52 years. A total of 105 (89.0%) patients had
squamous cell carcinoma, and FIGO stage (2018) distribution of
locally advanced stage (IIB-IVA) was 38 (32.2%). The main
radiotherapy technique was IMRT, and 78 (66.1%) patients
received IMRT while 40 (33.9%) received VMAT. The median
values of ALC before and after radiotherapy were 1.4 x 10°/L and
0.4 x 10°/L, respectively. Among them, 100 (84.7%) patients
received CCRT and 67 (56.8%) patients experienced severe
lymphocyte reduction after radiotherapy.

3.2 sRIL and survival

Under univariable analysis, the following factors were
associated with OS: FIGO stage (HR, 12.339; 95%CI, 3.320-
45.859; p<0.001), concurrent chemotherapy (HR, 0.202; 95%CI,
0.046-0.886; p=0.034), sRIL (HR, 6.846; 95%CI, 1.427-
32.854; p=0.016).

Multivariable Cox regression analysis indicated that sRIL was
independently significant for decreased OS (HR,6.009; 95%ClI,
1.361-26.539; p=0.018). Other adjusting factors including
pathological type (HR, 2.261; 95% CI, 1.043-4.901; p=0.039),
concurrent chemotherapy (HR, 0.200; 95% CI, 0.054-0.748;
p=0.017), and FIGO stage (HR, 11.806; 95% CI, 3.256-42.809;
p<0.001) were also predictive of OS (Table 2).
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TABLE 1 Patient characteristics and clinical outcomes.

Characteristics N (%) or Median (IQR)

Age (years) 52 (44-60)
Pathology

Squamous cell carcinoma 105 (89.0%)

Adenocarcinoma 8 (6.8%)
other 5 (4.2%)
FIGO stage (2018)

I-IIA 80 (67.8%)
IIB-IVA 38 (32.2%)
EBRT technique

IMRT 78 (66.1%)
VMAT 40 (33.9%)

Chemoradiotherapy

Yes 100 (84.7%)

No 18 (15.3%)

Bowel V5 1104.6 (843.0-1305.3)
Bowel V10 1016.5 (807.3-1239.2)
Bowel V15 940.1 (720.7-1179.4)
Bowel V30 508.2 (326.2-666.6)
Bowel V35 337.0 (227.5-517.2)
Bowel V40 248.8 (150.3-385.6)
Bowel V45 153.0 (90.9-272.1)
BM V10 968.2 (884.1-1113.1)
BM V20 861.9 (770.2-964.3)
BM V30 570.8 (483.9-662.5)
BM V40 321.8 (256.1-393.7)
PTV size 1237.8 (955.5-1542.9)

Pre-RT ALC (cells x109/L) 1.40 (1.10-1.70)

Post-RT ALC (cells x109/L) 0.40 (0.30-0.50)

Grade of post-RT lymphopenia

0 4 (3.3%)
1 2 (1.7%)
2 45 (38.2%)
3 66 (56.0%)
4 1 (0.8%)

mPFS (months) 54.3 (46.6-79.3)

mOS (months) 57.6 (47.5-92.8)
Disease progression

Yes 22 (18.6%)

(Continued)
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TABLE 1 Continued

Characteristics N (%) or Median (IQR)

Disease progression

No 96 (81.4%)
Death

Yes 17 (14.4%)
No 101 (85.6%)

With a median follow-up of 57.6 (IQR 47.5-92.8) months, the
estimated 5-year OS and PFS for all patients were 87.2% and 82.2%,
respectively. Patients with sRIL had significantly decreased OS
(79.1% vs 94.1%; HR, 3.81; 95%CI,1.46-9.92; p=0.023, Figure 1)
and not statistically significant with PFS (76.1% vs 88.2%; HR, 2.21;
95%ClI, 0.95-5.11; p=0.089, Figure 2) than those without sRIL.

3.3 Potential facilitating factors of sRIL

Binary logistic regression analysis revealed that sRIL was
significantly correlated with bowel V45 (OR, 1.025; 95%CI, 1.007-
1.044; p=0.007), BM V10 (OR, 0.987; 95%CI, 0.978-0.997; p=0.011),
and BM V20 (OR, 1.017; 95%ClI, 1.002-1.031, p=0.027), and PTV
size (OR, 0.998; 95%ClI, 0.996-1.000; p=0.026), as shown in Figure 3.
It was found that bowel V45 (AUC=0.787, p<0.001), rather than
PTV size (AUC=0.609, p=0.043), BM V10 (AUC=0.535, p=0.509)
or BM V20 (AUC=0.540, p=0.458), was the best indicator for
predicting sRIL, as shown in Figure 4.

4 Discussion

In this study, we found that FIGO stage, concurrent
chemotherapy, sRIL after radiotherapy, and pathological type
were significant factors affecting OS. Compared to those without
sRIL, patients with sRIL showed a significant decrease in OS. Several
studies have shown that CC patients with RIL were associated with
statistically decreased survival after radiotherapy (22-24). Similar
study has found that patients with grade 4 ALC nadir had short OS
and PFS (25). This study showed that sRIL did not affect PFS, which
could be statistically different if the sample size was enlarged and
analyzed again. In addition, immunotherapy, as an emerging
therapeutic approach, has the greatest advantage of a long trailing
effect after treatment, and therefore has a more significant impact
on OS. A study on non-small cell lung cancer showed that sRIL after
radiotherapy reduced the survival benefit of CCRT combined with
durvalumab (26). Although the precise mechanisms remain
unclear, decreased lymphocytes after radiotherapy may contribute
to the poor prognosis in CC patients by reducing anti-cancer
immunity and increasing the risk of infection (27, 28).
Furthermore, the complete adaptive immune system is pivotal for
benefiting from immunotherapies (29).
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TABLE 2 Univariable and multivariable Cox regression analysis for overall survival.

Variable Univariable analysis Multivariable analysis
HR (95%Cl) p value HR (95%Cl) p value

Age 0.996 (0.942,1.053) 0.885

Pathological type 2.460 (0.995,6.083) 0.051 2.261 (1.043,4.901) 0.039
FIGO stage (I-I/III-1V) 12.339 (3.320,45.859) <0.001 11.806 (3.256,42.809) <0.001
EBRT technique (IMRT/VMAT) 0.781 (0.236,2.583) 0.685

Chemoradiotherapy (Yes or not) 0.202 (0.046,0.886) 0.034 0.200 (0.054,0.748) 0.017
Post-RT sRIL 6.846 (1.427,32.854) 0.016 6.009 (1.361,26.539) 0.018
PTV size 1.000 (0.999,1.001) 0.483

Next, the influences of sRIL were analyzed in the study, and we
found that bowel V45, BM V10, BM V20 and PTV size were significant
factors. Compared to BM V10, BM V20, PTV size, it was found that
bowel V45 was the best indicator for predicting sRIL with ROC curve.
This may be the first study to find that bowel dose-volume is a key
influencing factor for sRIL. Several studies have found lymphoid organs
(nodes, spleen, BM, and thymus in children) may lead to short or
continuous lymphopenia (30). In the studies on gastric cancer (31) and
pancreatic cancer (32), it was found that the increased radiation dose of
the spleen was related to the reduction of lymphocytes after
radiotherapy. However, there have been no studies of the relationship
between bowel and lymphopenia. As an important lymphoid organ in
the body, the bowel plays an integral role in recognizing and responding
to foreign pathogens, maintaining mucosal immune homeostasis, and
interacting with the host through the microecological environment (33).
The gastrointestinal tract contains about 3% of the cells of the immune
system and around 5% of the lymphocytes (34). Human gut-associated
lymphoid tissues includes both multi-follicular lymphoid tissues, such as
Peyer’s patches of the small intestine, and the far more numerous
isolated lymphoid follicles (35). The intestinal immune system provides
active immunity against invading pathogens, indicating the significant
role of lymphocytes within this system (35). Animal studies have found
that after FLASH and conventional-dose-rate radiation on the bowel of
mice, a significant decrease in the total peripheral blood lymphocyte
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2 50+
= —— RIL
St
&

259  HR(95%CI)=3.81(1.46-9.92)
Log-rank test P=0.023
o b Il Il Il Il ]
0 20 40 60 80 100 120
Time(Months)
FIGURE 1

Kaplan-Meier curves of overall survival.
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count can be observed (18). Radiotherapy disrupts the function of the
intestinal mucosal immune barrier, which may be the potential
mechanism of radiation-induced bowel injury affecting sRIL. And
alterations in intestinal immune function are reflected in changes in
lymphocyte subtypes in the epithelium and lamina propria, and even
further affect peripheral lymphocyte changes (36). This is the first study
to demonstrate a correlation between bowel and lymphopenia in CC
patients following radiation therapy.

Although, several studies believe that the dose-volume parameters
of BM are significantly correlated with RIL (15, 16), there are still
conflicting studies on the importance (10, 14). The negative results of
the INTERTECC Phase II/III trial may indicate that further exploration
is needed regarding the factors that affect sRIL in CC radiotherapy (14).
Research has shown that if BMS is too dominant in cervical cancer
radiotherapy, BM preservation can cause a significant increase in dose to
other critical organs (19, 20). Consequently, the negative result of the
INTERTECC Phase II/III trial may be explained as excessive pelvic dose
limitation and increased bowel dose exacerbating the decrease in
peripheral blood ALC. Reducing BM V10 in CC radiotherapy may
help improve RIL, which is agreement with the results of this study (37).
During EBRT, both BM and circulating blood cells are exposed to
potentially toxic radiation doses, leading to an increased risk of
lymphopenia (38). However, there are slight differences in the
methods of BM target volume delineation. Most articles define the
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FIGURE 2

Kaplan-Meier curves of progression-free survival.
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Independent variables Univariate analysis p value
OR (95%CI)
Age (years) 0.952(0.894, 1.015) 0134 m
Pathological type
Squamous cell carcinoma 0.662 (0.206, 2.128) 0.489 vm—
Adenocarcinoma
others
FIGO stage
I1IA 4979 (1324, 18.721)  0.018 ——
IIB-IVA
EBRT technique
IMRT 0.363 (0.095, 1.390) 0.139 @&+
VMAT
Chemoradiotherapy
Yes 1.589 (0.340, 7.435) 0.556 +—1+l—
No
Pre-RT ALC 0.364 (0.130, 1.018) 0.054
Bowel V5 1.000 (0.989, 1.012) 0.971
Bowel V10 0.998 (0.975, 1.022) 0.858
Bowel V15 1.003 (0.987, 1.020) 0.700
Bowel V30 1.003 (0.992, 1.013) 0.638
Bowel V35 0.998 (0.978, 1.019) 0.864
Bowel V40 0.987 (0.964, 1.012) 0.310
Bowel V45 1.025 (1.007, 1.044) 0.007
BM V10 0.987 (0.978, 0.997) 0.011
BM V20 1.017 (1.002, 1.031) 0.027
BM V30 0.996 (0.979, 1.012) 0.613
BM V40 1.004 (0.988, 1.022) 0.606
PTV size 0.998 (0.996, 1.000) 0.026
01252
Odds radio
FIGURE 3

Forest plot of binary logistic regression model for sRIL.
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Receiver operating characteristic curve analysis of bowel V45, PTV
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BM as the entire sacrum, bilateral ilium, ischium, acetabulum, femoral
heads up to the ischial tuberosity and vertebral body, and delineate them
to ensure reproducibility of clinical procedures (39). Some studies
outline the external contours of all bones within PTV, while others
use low-density BM gaps or actual proliferating active BM as standards
(40). Besides, increased PTV size was correlated with more severe
lymphopenia, but was not statistically associated with poor prognosis.
Larger PTV increased the radiation dose to the intestine to some extent,
further validating our findings.

Radiotherapy technique is crucial for minimizing bowel impact
during pelvic radiotherapy. Compared to 3D conventional radiotherapy,
IMRT and VMAT can significantly reduce the dose of BM without
increasing the dose to bladder, rectum and intestines (41). Although
some studies have found that VMAT has advantages in reducing
radiotherapy side effects and dose-volume constraints for OAR, more
clinical trials are needed to confirm that VMAT is benefit for reducing
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hematologic toxicity in CC patients (39). Compared to VMAT, proton
therapy requires fewer beams to achieve satisfactory dose distribution,
high target coverage and sufficient dose-volume constraints for OARs
(42). Ongoing advancements in radiotherapy technology and planning
may improve patient survival and prognosis. In brief, further clinical
trials are essential to understand the mechanism of decreased peripheral
blood count and its effect on prognosis.

Due to the varied screening methods of concurrent chemotherapy,
there is still considerable controversy over the impact of chemotherapy
on RIL. Some studies found that chemotherapy can increase BM
toxicity, leading to RIL in CC patients (43). Concurrent chemotherapy
and baseline ALC are important clinical factors promoting the lowest
point of ALC during radiotherapy (17). On the other hand, the study
by Shiraishi Y et al. showed that the more significant decrease of
peripheral blood lymphocytes after CCRT rather than during
induction chemotherapy (44). Our findings suggest that concurrent
chemotherapy is not related to the occurrence of sRIL in CC patients.
The lymphopenia after treatment may primarily be caused by ionizing
radiation damage to the bowel and BM. In addition, symptomatic
supportive treatment during radiotherapy mitigating the effect of
chemotherapy and baseline ALC on sRIL. Because the ALCs were
collected within one week after radiotherapy rather than at its nadir.

This study has some limitations. First, the retrospective study
resulted in inconsistencies blood testing times, complicating the
interpretation of the results. Second, the small sample studies may
affect the accuracy of predictions. However, we have demonstrated
some significant findings, and this study is the first to identify bowel
dose-volume as a key influencing factor for sRIL. In clinical practice,
implementing stricter constraints to bowel dose-volume during
radiotherapy for CC may reduce the incidence of sRIL and further
clinical research may be needed to explore the mechanisms involved.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Affiliated
Suzhou Hospital of Nanjing Medical University. The studies were
conducted in accordance with the local legislation and institutional

References

1. Tseng I, Ai D, Chen Y, Zhu H, Li F, Xu Y, et al. Lymphocyte recovery from
radiation-induced lymphopenia in locally advanced esophageal squamous cell
carcinoma: correlations with prognosis and lymphocyte-related organs. Radiat
Oncol. (2023) 18:172. doi: 10.1186/s13014-023-02354-w

2. Kubes J, Dédeckova K, Abass FAS, Vondracek V. Radiation induced lymphopenia
- a possible critical factor in current oncological treatment. Klin Onkol. (2023) 36:6-11.
doi: 10.48095/ccko20236

3. Chen Q, Wu H, Guo X, Gu K, Wang W, Chen X, et al. The change of systemic
immune-inflammation index independently predicts survival of colorectal cancer

Frontiers in Immunology

10.3389/fimmu.2024.1459206

requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

JL: Writing - original draft, Data curation, Formal analysis. QC:
Data curation, Writing - original draft, Conceptualization.
ZL: Resources, Writing — original draft, Conceptualization. YX:
Writing - review & editing, Data curation, Funding acquisition. SJ:
Funding acquisition, Methodology, Resources, Writing - review
& editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. The work was
funded by the Grant (2020117) from the Gusu Health Talent Program.

Acknowledgments

We thank all subjects who participated in this study and all
colleagues (The affiliated Suzhou Hospital of Nanjing Medical
University) who provided technical support.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The reviewer LZ declared a shared affiliation with the author YX
to the handling editor at time of review.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

patients after curative resection. Mediators Inflammation. (2020) 2020:4105809.
doi: 10.1155/2020/4105809

4. Guo XW, Liu YC, Gao F, Ji SJ, Zhou JY, Ji L, et al. Pretreatment NRS-2002 scores
combined with hematologic inflammation markers are independent prognostic factors
in patients with resectable thoracic esophageal squamous cell carcinoma. Cancer
Manag Res. (2018) 10:2409-18. doi: 10.2147/cmar.S167179

5. Rodrigues M, Vanoni G, Loap P, Dubot C, Timperi E, Minsat M, et al. Nivolumab
plus chemoradiotherapy in locally-advanced cervical cancer: the NICOL phase 1 trial.
Nat Commun. (2023) 14:3698. doi: 10.1038/s41467-023-39383-8

frontiersin.org


https://doi.org/10.1186/s13014-023-02354-w
https://doi.org/10.48095/ccko20236
https://doi.org/10.1155/2020/4105809
https://doi.org/10.2147/cmar.S167179
https://doi.org/10.1038/s41467-023-39383-8
https://doi.org/10.3389/fimmu.2024.1459206
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Li et al.

6. LiR, LiuY, Yin R, Yin L, Li K, Sun C, et al. The dynamic alternation of local and
systemic tumor immune microenvironment during concurrent chemoradiotherapy of
cervical cancer: A prospective clinical trial. Int ] Radiat Oncol Biol Phys. (2021)
110:1432-41. doi: 10.1016/j.ijrobp.2021.03.003

7. Gennigens C, Jerusalem G, Lapaille L, De Cuypere M, Streel S, Kridelka F, et al.
Recurrent or primary metastatic cervical cancer: current and future treatments. ESMO
Open. (2022) 7:100579. doi: 10.1016/j.esmoop.2022.100579

8. Lorusso D, Xiang Y, Hasegawa K, Scambia G, Leiva M, Ramos-Elias P, 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): a randomized, double-blind, phase 3 clinical trial.
Lancet. (2024) 403:1341-50. doi: 10.1016/s0140-6736(24)00317-9

9. Cho O, Chun M, Chang SJ, Oh YT, Noh OK. Prognostic value of severe
lymphopenia during pelvic concurrent chemoradiotherapy in cervical cancer.
Anticancer Res. (2016) 36:3541-7.

10. Li W, Ma L, Li F, Li K, Zhang Y, Ren H, et al. Effects of bone marrow sparing
radiotherapy on acute hematologic toxicity for patients with locoregionally advanced
cervical cancer: a prospective phase II randomized controlled study. Radiat Oncol.
(2024) 19:46. doi: 10.1186/s13014-024-02432-7

11. Zhang BZ, Li Y, Xu LM, Chai YL, Qu C, Cao Y]J, et al. The relationship between
the radiation dose of pelvic-bone marrow and lymphocytic toxicity in concurrent
chemoradiotherapy for cervical cancer. Radiat Oncol. (2023) 18:12. doi: 10.1186/
513014-023-02205-8

12. Chen M, Wang D, Bao Z, Yi Z, Mei Z, Sun §, et al. The impact of bone marrow
irradiation dose on acute hematologic toxicity in cervical cancer patients treated with
concurrent chemoradiotherapy. Radiat Oncol. (2023) 18:66. doi: 10.1186/s13014-023-
02248-x

13. Kumar T, Schernberg A, Busato F, Laurans M, Fumagalli I, Dumas I, et al.
Correlation between pelvic bone marrow radiation dose and acute hematological
toxicity in cervical cancer patients treated with concurrent chemoradiation. Cancer
Manag Res. (2019) 11:6285-97. doi: 10.2147/cmar.S195989

14. Williamson CW, Sirak I, Xu R, Portelance L, Wei L, Tarnawski R, et al. Positron
emission tomography-guided bone marrow-sparing radiation therapy for
locoregionally advanced cervix cancer: final results from the INTERTECC phase II/
IIT trial. Int J Radiat Oncol Biol Phys. (2022) 112:169-78. doi: 10.1016/
jijrobp.2021.08.019

15. Wang S, Liu J, Lei K, Jia Y, Wang C, Zhang X, et al. Single-photon emission
computed tomography-defined active bone marrow-sparing volumetric-modulated arc
therapy reduces the incidence of acute hematologic toxicity in locally advanced cervical
cancer patients who receive chemoradiotherapy: A single-center prospective
randomized controlled trial. Cancer. (2023) 129:1995-2003. doi: 10.1002/cncr.34771

16. Konnerth D, Gaasch A, Zinn A, Rogowski P, Rottler M, Walter F, et al.
Hematologic toxicity and bone marrow-sparing strategies in chemoradiation for
locally advanced cervical cancer: A systematic review. Cancers (Basel). (2024) 16.
doi: 10.3390/cancers16101842

17. Yang L, Xu Z, Ma L, Liu Q, Chang ATY, Wang Q, et al. Early onset of severe
lymphopenia during definitive radiotherapy correlates with mean body dose and
predicts poor survival in cervical cancer. Cancer biomark. (2022) 34:149-59.
doi: 10.3233/CBM-210292

18. Zhang Q, Gerweck LE, Cascio E, Gu L, Yang Q, Dong X, et al. Absence of tissue-
sparing effects in partial proton FLASH irradiation in murine intestine. Cancers (Basel).
(2023) 15. doi: 10.3390/cancers15082269

19. Kuipers SC, Godart J, Corbeau A, Breedveld S, Mens JWM, de Boer SM, et al.
Dosimetric impact of bone marrow sparing for robustly optimized IMPT for locally
advanced cervical cancer. Radiother Oncol. (2024) 195:110222. doi: 10.1016/
jradonc.2024.110222

20. Kuipers S, Godart J, Corbeau A, Sharfo AW, Breedveld S, Mens JW, et al. The
impact of bone marrow sparing on organs at risk dose for cervical cancer: a Pareto front
analysis. Front Oncol. (2023) 13:1138433. doi: 10.3389/fonc.2023.1138433

21. Gay HA, Barthold HJ, O’Meara E, Bosch WR, El Naqa I, Al-Lozi R, et al. Pelvic
normal tissue contouring guidelines for radiation therapy: a Radiation Therapy
Oncology Group consensus panel atlas. Int ] Radiat Oncol Biol Phys. (2012) 83:
€353-362. doi: 10.1016/j.ijrobp.2012.01.023

22. Cao H, Yan H, Bai S, Gu B. Radiation-induced lymphopenia and the survival of
women with cervical cancer: a meta-analysis. ] Obstet Gynecol. (2023) 43:2194991.
doi: 10.1080/01443615.2023.2194991

23. Damen PJJ, Kroese TE, van Hillegersberg R, Schuit E, Peters M, Verhoeft JJC,
et al. The influence of severe radiation-induced lymphopenia on overall survival in solid
tumors: A systematic review and meta-analysis. Int ] Radiat Oncol Biol Phys. (2021)
111:936-48. doi: 10.1016/j.ijrobp.2021.07.1695

24. de Kermenguy F, Meziani L, Mondini M, Clémenson C, Morel D, Deutsch E,
et al. Radio-induced lymphopenia in the era of anti-cancer immunotherapy. Int Rev
Cell Mol Biol. (2023) 378:1-30. doi: 10.1016/bs.ircmb.2023.03.002

Frontiers in Immunology

08

10.3389/fimmu.2024.1459206

25. XuZ, 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. doi: 10.3389/fonc.2022.905222

26. Jing W, Xu T, Wu L, Lopez PB, Grassberger C, Ellsworth SG, et al. Severe
radiation-induced lymphopenia attenuates the benefit of durvalumab after concurrent
chemoradiotherapy for NSCLC. JTO Clin Res Rep. (2022) 3:100391. doi: 10.1016/
j.jtocrr.2022.100391

27. Terrones-Campos C, Ledergerber B, Vogelius IR, Specht L, Helleberg M,
Lundgren J. Lymphocyte count kinetics, factors associated with the end-of-radiation-
therapy lymphocyte count, and risk of infection in patients with solid Malignant
tumors treated with curative-intent radiation therapy. Int J Radiat Oncol Biol Phys.
(2019) 105:812-23. doi: 10.1016/j.ijrobp.2019.07.013

28. Onal C, Yildirim BA, Guler OC, Mertsoylu H. The utility of pretreatment and
posttreatment lymphopenia in cervical squamous cell carcinoma patients treated with
definitive chemoradiotherapy. Int J Gynecol Cancer. (2018) 28:1553-9. doi: 10.1097/
igc.0000000000001345

29. Pike LRG, Bang A, Mahal BA, Taylor A, Krishnan M, Spektor A, et al. The
impact of radiation therapy on lymphocyte count and survival in metastatic cancer
patients receiving PD-1 immune checkpoint inhibitors. Int | Radiat Oncol Biol Phys.
(2019) 103:142-51. doi: 10.1016/j.ijrobp.2018.09.010

30. Lambin P, Lieverse RIY, Eckert F, Marcus D, Oberije C, van der Wiel AMA, et al.
Lymphocyte-sparing radiotherapy: the rationale for protecting lymphocyte-rich organs
when combining radiotherapy with immunotherapy. Semin Radiat Oncol. (2020)
30:187-93. doi: 10.1016/j.semradonc.2019.12.003

31. Lee SF, Yip PL, Wong A, Ng F, Koh V, Wong LC, et al. Splenic irradiation
contributes to grade > 3 lymphopenia after adjuvant chemoradiation for stomach
cancer. Clin Transl Radiat Oncol. (2022) 36:83-90. doi: 10.1016/j.ctro.2022.07.007

32. Reddy AV, Deek MP, Jackson JF, Hill CS, Sehgal S, He J, et al. Vertebral body
and splenic irradiation are associated with lymphopenia in localized pancreatic cancer
treated with stereotactic body radiation therapy. Radiat Oncol. (2021) 16:242.
doi: 10.1186/s13014-021-01969-1

33. Qiu P, Ishimoto T, Fu L, Zhang J, Zhang Z, Liu Y. The gut microbiota in
inflammatory bowel disease. Front Cell Infect Microbiol. (2022) 12:733992.
doi: 10.3389/fcimb.2022.733992

34. Sender R, Weiss Y, Navon Y, Milo I, Azulay N, Keren L, et al. The total mass,
number, and distribution of immune cells in the human body. Proc Natl Acad Sci U.S.A.
(2023) 120:€2308511120. doi: 10.1073/pnas.2308511120

35. Moérbe UM, Jorgensen PB, Fenton TM, von Burg N, Riis LB, Spencer J, et al.
Human gut-associated lymphoid tissues (GALT); diversity, structure, and function.
Mucosal Immunol. (2021) 14:793-802. doi: 10.1038/s41385-021-00389-4

36. Wang K, Zhang J, Zhang Y, Xue J, Wang H, Tan X, et al. The recovery of
intestinal barrier function and changes in oral microbiota after radiation therapy injury.
Front Cell Infect Microbiol. (2023) 13:1288666. doi: 10.3389/fcimb.2023.1288666

37. Venkatesulu B, Giridhar P, Pujari L, Chou B, Lee JH, Block AM, et al.
Lymphocyte sparing normal tissue effects in the clinic (LymphoTEC): A systematic
review of dose constraint considerations to mitigate radiation-related lymphopenia in
the era of immunotherapy. Radiother Oncol. (2022) 177:81-94. doi: 10.1016/
j.radonc.2022.10.019

38. Ellsworth SG. Field size effects on the risk and severity of treatment-induced
lymphopenia in patients undergoing radiation therapy for solid tumors. Adv Radiat
Oncol. (2018) 3:512-9. doi: 10.1016/j.adro.2018.08.014

39. Thakur N, Kaur H, Kaur S, Lehal P, Sudan M, Jain N, et al. Comparative analysis
of VMAT and IMRT techniques: evaluation of dose constraints and bone marrow
sparing in cervical cancer patients undergoing chemoradiotherapy. Asian Pac ] Cancer
Prev. (2024) 25:139-44. doi: 10.31557/apjcp.2024.25.1.139

40. Corbeau A, Kuipers SC, de Boer SM, Horeweg N, Hoogeman MS, Godart J, et al.
Correlations between bone marrow radiation dose and hematologic toxicity in locally
advanced cervical cancer patients receiving chemoradiation with cisplatin: a systematic
review. Radiother Oncol. (2021) 164:128-37. doi: 10.1016/j.radonc.2021.09.009

41. Jodda A, Urbanski B, Piotrowski T, Malicki J. Relations between doses cumulated in
bone marrow and dose delivery techniques during radiation therapy of cervical and
endometrial cancer. Phys Med. (2017) 36:54-9. doi: 10.1016/j.ejmp.2017.03.006

42. Gort EM, Beukema JC, Matysiak W, Sijtsema NM, Aluwini S, Langendijk JA,
et al. Inter-fraction motion robustness and organ sparing potential of proton therapy
for cervical cancer. Radiother Oncol. (2021) 154:194-200. doi: 10.1016/
j.radonc.2020.09.022

43. Holub K, Vargas A, Biete A. Radiation-induced lymphopenia: the main aspects
to consider in immunotherapy trials for endometrial and cervical cancer patients. Clin
Transl Oncol. (2020) 22:2040-8. doi: 10.1007/512094-020-02345-3

44. Shiraishi Y, Fang P, Xu C, Song J, Krishnan S, Koay EJ, et al. Severe lymphopenia
during neoadjuvant chemoradiation for esophageal cancer: A propensity matched

analysis of the relative risk of proton versus photon-based radiation therapy. Radiother
Oncol. (2018) 128:154-60. doi: 10.1016/j.radonc.2017.11.028

frontiersin.org


https://doi.org/10.1016/j.ijrobp.2021.03.003
https://doi.org/10.1016/j.esmoop.2022.100579
https://doi.org/10.1016/s0140-6736(24)00317-9
https://doi.org/10.1186/s13014-024-02432-7
https://doi.org/10.1186/s13014-023-02205-8
https://doi.org/10.1186/s13014-023-02205-8
https://doi.org/10.1186/s13014-023-02248-x
https://doi.org/10.1186/s13014-023-02248-x
https://doi.org/10.2147/cmar.S195989
https://doi.org/10.1016/j.ijrobp.2021.08.019
https://doi.org/10.1016/j.ijrobp.2021.08.019
https://doi.org/10.1002/cncr.34771
https://doi.org/10.3390/cancers16101842
https://doi.org/10.3233/CBM-210292
https://doi.org/10.3390/cancers15082269
https://doi.org/10.1016/j.radonc.2024.110222
https://doi.org/10.1016/j.radonc.2024.110222
https://doi.org/10.3389/fonc.2023.1138433
https://doi.org/10.1016/j.ijrobp.2012.01.023
https://doi.org/10.1080/01443615.2023.2194991
https://doi.org/10.1016/j.ijrobp.2021.07.1695
https://doi.org/10.1016/bs.ircmb.2023.03.002
https://doi.org/10.3389/fonc.2022.905222
https://doi.org/10.1016/j.jtocrr.2022.100391
https://doi.org/10.1016/j.jtocrr.2022.100391
https://doi.org/10.1016/j.ijrobp.2019.07.013
https://doi.org/10.1097/igc.0000000000001345
https://doi.org/10.1097/igc.0000000000001345
https://doi.org/10.1016/j.ijrobp.2018.09.010
https://doi.org/10.1016/j.semradonc.2019.12.003
https://doi.org/10.1016/j.ctro.2022.07.007
https://doi.org/10.1186/s13014-021-01969-1
https://doi.org/10.3389/fcimb.2022.733992
https://doi.org/10.1073/pnas.2308511120
https://doi.org/10.1038/s41385-021-00389-4
https://doi.org/10.3389/fcimb.2023.1288666
https://doi.org/10.1016/j.radonc.2022.10.019
https://doi.org/10.1016/j.radonc.2022.10.019
https://doi.org/10.1016/j.adro.2018.08.014
https://doi.org/10.31557/apjcp.2024.25.1.139
https://doi.org/10.1016/j.radonc.2021.09.009
https://doi.org/10.1016/j.ejmp.2017.03.006
https://doi.org/10.1016/j.radonc.2020.09.022
https://doi.org/10.1016/j.radonc.2020.09.022
https://doi.org/10.1007/s12094-020-02345-3
https://doi.org/10.1016/j.radonc.2017.11.028
https://doi.org/10.3389/fimmu.2024.1459206
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Predictive value of bowel dose-volume for severe radiation-induced lymphopenia and survival in cervical cancer
	1 Introduction
	2 Materials and methods
	2.1 Patient selection
	2.2 Data collection
	2.3 Treatment and follow-up
	2.4 Statistical analysis

	3 Results
	3.1 Patient characteristics
	3.2 sRIL and survival
	3.3 Potential facilitating factors of sRIL

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


