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Abstract

Purpose—Radiation-induced lymphopenia (RIL) is associated with inferior survival in patients
with glioblastoma, lung cancer, and pancreatic cancer. We asked whether stereotactic body
radiation therapy (SBRT) decreases severity of RIL compared to conventional chemoradiation
therapy (CRT) in locally advanced pancreatic cancer (LAPC).

Methods and Materials—Serial total lymphocyte counts (TLCs) from patients enrolled in a
prospective trial of SBRT for LAPC were compared to TLCs from an existing database of LAPC
patients undergoing definitive CRT. SBRT patients received 33 Gy (6.6 x Gy 5 fractions). CRT
patients received a median dose of 50.4 Gy (1.8 Gy x 28 fractions) with concurrent 5-fluorouracil
(77%) or gemcitabine (23%) therapy. Univariate and multivariate analyses (MVVA) were used to
identify associations between clinical factors and post-treatment TLC and between TLC and
survival.

Results—Thirty-two patients received SBRT and 101 received CRT. Median planning target
volume (PTV) was smaller in SBRT (88.7 cm?3) than in CRT (344.6 cm3; £<.001); median tumor
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diameter was larger for SBRT (4.6 cm) than for CRT (3.6 cm; 2=.01). SBRT and CRT groups had
similar median baseline TLCs. One month after starting radiation, 71.7% of CRT patients had
severe lymphopenia (ie, TLC <500 cells/mm?3 vs 13.8% of SBRT patients; £<.001). At 2 months,
46.0% of CRT patients remained severely lymphopenic compared with 13.6% of SBRT patients
(P=.007). MVA demonstrated that treatment technique and baseline TLCs were significantly
associated with post-treatment TLC at 1 but not 2 months after treatment. Higher post-treatment
TLC was associated with improved survival regardless of treatment technique (hazard ratio [HR]
for death: 2.059; 95% confidence interval: 1.310-3.237; P=.002).

Conclusions—SBRT is associated with significantly less severe RIL than CRT at 1 month in
LAPC, suggesting that radiation technique affects RIL and supporting previous modeling studies.
Given the association of severe RIL with survival in LAPC, further study of the effect of radiation
technique on immune status is warranted.

Introduction

Recent studies have demonstrated a link between treatment-induced lymphopenia and
inferior survival in glioblastoma, non-small cell lung cancer (NSCLC), and both resected
and unresectable pancreatic cancer (1-4). Radiation therapy (RT) probably contributes
directly to treatment-induced lymphopenia in cancer patients, as lymphopenia occurs after
RT regardless of whether other lymphotoxic agents, such as corticosteroids or certain
chemotherapeutics (eg, temozolomide) are given (5-7). A proposed mechanism for
radiation-induced lymphopenia (RIL) is irradiation of circulating blood, because
lymphopenia occurs even after irradiation of tissues such as the breast and the brain, which
contain little bone marrow or lymphatic tissue, respectively (6, 8). Furthermore, irradiation
of circulating blood alone via a radioactive source embedded within a shielded dialysis unit
can also cause prolonged, severe lymphopenia (9).

Our group previously published a model that calculates radiation dose received by
circulating blood during external beam RT (10), which suggested that circulating
lymphocytes receive potentially lymphotoxic doses of radiation during a typical RT course.
For example, during a 30-fraction treatment (2 Gy/fraction) to an 8-cm—diameter planning
target volume (PTV), 95% of circulating blood receives >0.5 Gy, with mean dose to
circulating blood of >2 Gy. In vitro data show that 2 Gy kills approximately 60% of
lymphocytes (11). The model also suggested that decreasing target volume and fraction
number would significantly reduce circulating blood dose (Fig. 1). We, therefore, sought
clinical data to support the model’s predictions.

Stereotactic body radiation therapy (SBRT) for pancreatic cancer provided an ideal setting in
which to test our hypothesis that smaller target volumes and hypofractionation would lower
dose to circulating blood and spare circulating lymphocytes. SBRT is a novel technique that
uses respiratory motion correction and daily image guidance to enable delivery of large
radiation doses to highly focused extracranial targets (12). Herein, we report the comparison
of post-treatment total lymphocyte counts (TLCs) among patients with locally advanced
pancreatic cancer (LAPC) who were treated either with induction chemotherapy and SBRT
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on a prospective clinical trial or with conventional external beam RT and concurrent
chemotherapy.

Methods and Materials

Patient selection

Therapeutic

The SBRT group included 32 patients treated in a multi-institutional prospective phase 2
trial (13). All patients provided informed consent, and the protocol was approved by each
institutional review board (IRB). Although 49 patients were treated in the protocol, only the
32 who were treated at our institution with TLCs available for review were included in the
present study. The second group was derived from a previously established retrospective
database of 101 patients consecutively treated with definitive conventional chemoradiation
therapy (CRT). In that group, all patients had provided informed consent for treatment, and
our IRB approved the review of medical records. In both groups, unresectable disease was
defined as (Z) superior mesenteric artery and/or celiac axis tumor encasement; or (2)
superior mesenteric-portal vein confluence occlusion.

SBRT patients were required to be >18 years of age with Eastern Cooperative Oncology
Group (ECOG) performance status <1, nonmetastatic, biopsy-confirmed locally advanced
pancreatic cancer (LAPC), and no previous abdominal irradiation. Tumors had to be <7.5
cm in greatest axial dimension. CRT patients had to fulfill the same criteria, except for
tumor size restrictions, as this was a specific eligibility criterion for the phase 2 SBRT
clinical trial, and had to have received definitive, conventionally fractionated CRT (fraction
size <3 Gy/day) to =30 Gy.

interventions

Figure E1 (available online at www.redjournal.org) summarizes therapies administered to
both cohorts. SBRT patients received 6.6 Gy x 5 fractions [total 33 Gy; early (a/ =10) and
late (a/p =3) biological effective doses (BED) of 54.8 and 105.6 Gy, respectively] over 1 to 2
weeks. Patients could receive <3 weekly doses of gemcitabine (1000 mg/m?) before SBRT
and maintenance weekly gemcitabine beginning =1 week after SBRT. In both groups,
patients could receive second-line chemotherapy for recurrent disease at the discretion of the
treating medical oncologist.

All SBRT patients underwent endoscopic ultrasonography-guided implantation of up to 5
gold fiducials within the pancreatic tumor. Patients underwent computed tomography (CT)
simulation in supine position in custom-fitted immobilization devices with oral or
intravenous contrast agent and 4-dimensional (4D) assessment of tumor motion. If =5 mm of
tumor motion was present, measures to correct for respiratory motion were used, usually
active breathing control (ABC). Patients with respiratory tumor motion of <5 mm were
treated using free breathing with an internal target volume defined based on respiratory
motion. Final PTV included a 2- to 3-mm margin on gross tumor volume for ABC cases or a
2- to 3-mm margin on the internal target volume for free-breathing cases.

CRT patients received a median 1.8 Gy x 28 fractions (total 50.4 Gy; early or late BED of
59.5 or 80.6 Gy) with concurrent 5-fluorouracil (5-FU) or gemcitabine. Concurrent 5-FU
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was administered by continuous infusion (200-250 mg/m?2/day) or as capecitabine (800
1000 mg/m? twice daily) Monday through Friday. Concurrent gemcitabine was administered
weekly at 300 to 600 mg/m?.

CRT patients underwent CT simulation in the supine position in custom-fitted
immobilization devices with oral or IV contrast; 4D simulations and ABC were not used for
CRT planning. The clinical target volume included the gross tumor volume plus regional
lymph nodes and was expanded from 1.5 to 2.5 cm to generate the PTV. Radiation was
delivered using either 3D conformal or intensity modulated RT.

Data collection

TLCs were collected from complete blood counts at baseline (before starting RT) and
monthly intervals after starting RT and are reported for all patients with available data at
each time point. Patients were classified as having severe (grade 3-4) lymphopenia (<500
cells/mm3) or milder (grade 0—2) lymphopenia (=500 cells/mm3) based on National Cancer
Institute’s Common Terminology Criteria for Adverse Events, version 4.0.

Statistical analysis

Results

Patients

Demographic, baseline, and treatment characteristics were summarized using descriptive
statistics. Means were compared parametrically, including the Student ¢test for intergroup
comparisons and paired £test for intragroup comparisons. Proportions and medians were
compared between groups using Fisher exact and Mann-Whitney U tests, respectively.
Survival was calculated from histopathologic diagnosis until death; patients lost to follow-up
were censored at the last follow-up. Survival probability was estimated using Kaplan-Meier
statistics. Univariate Cox regression analysis was used to test for associations between
potential prognostic factors and survival. Factors that were significantly associated with or
exhibited a trend toward significant association (~<.15) with survival on univariate analysis
and factors of accepted clinical importance (specified in the results section) were entered as
covariates in a multivariate proportional hazards regression model for survival. Using this
model, the hazard ratio (HR) for death ascribable to each covariate was estimated with
backward elimination. A logistic regression model was also used to analyze factors
potentially associated with severe posttreatment lymphopenia at the first and second months
after therapy. The a priori level of statistical significance was a P level of <.05, with all P
values 2 sided. SPSS version 20.0 software (IBM Corp, Armonk, NY) was used for
statistical analyses.

Table 1 compares demographics, baseline disease, and treatment characteristics between the
SBRT and CRT groups. Groups were similar in median age, sex, race, performance status,
tumor location, histologic grade, and median baseline carbohydrate antigen 19-9 (CA19-9)
concentration. More SBRT than CRT patients received induction gemcitabine (84% vs 15%,
respectively; A<.001), yet median baseline TLC was not significantly different (1320 vs
1455 cells/mm3, respectively, P=.29). PTV (volume of tissue receiving =95% of prescribed
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radiation dose), was markedly smaller in the SBRT group than in the CRT group (88.7 vs
344.6 cm3, respectively, £<.001). Although the median PTV was nearly 4 times smaller in
the SBRT group, SBRT patients had a larger median tumor diameter than CRT patients (4.6
vs 3.6 cm, respectively, P=.01). More SBRT patients received maintenance gemcitabine (97
vs 52%, respectively, A<.001).

Radiation-induced lymphopenia

Table 2 and Figure 2 summarize changes in TLC following RT. Median baseline TLC for
SBRT patients was 1320 (interquartile range [IQR]: 920-1710) versus 1455 cells/mm?3
(IQR: 1115-1712) for CRT patients (P=.29) (Fig. 2A). In the SBRT group, 19 or 27 patients
(70%) had normal baseline TLCs (21000 cells/mm3) versus 86 or 100 CRT patients (86%)
(P=.08). None of the SBRT patients (0%) and 1 CRT patient (1%) were severely
lymphopenic (TLC<500 cells/mm3) at baseline (P=1.0). No significant differences in
median baseline TLCs existed between patients who did or did not receive induction
chemotherapy (1340 vs 1455 cells/mm3, respectively; P=.11).

One month after patients began RT, median TLC was 690 cells/mm3 (IQR: 625-940) and
358 cells/mm?3 (IQR: 250-525) for SBRT and CRT patients, respectively (A<.001) (Fig. 2A).
Median decrease in TLC from baseline per patient at 1 month was 35.0% (IQR: 10.9-51.6)
among SBRT patients versus 74.0% (IQR: 62.5-84.3) among CRT patients (£<.001) (Fig.
2B). In the SBRT group, 4 of 29 patients (13.8%) experienced severe lymphopenia at 1
month; however, 71 of 99 patients (71.7%) in the CRT group were severely lymphopenic at
1 month (A<.001) (Fig. 2C).

Two months after patients began RT, median TLC was 780 cells/mm? (IQR: 653-898) for
SBRT patients versus 560 cells/mm?3 (IQR 360-920) for CRT patients (P=.11) (Fig. 2A).
Median decrease in TLC from baseline per patient at 2 months was 32.1% (IQR: 13.1-52.4)
among SBRT patients versus 60.7% (IQR: 38.8-75.2) among CRT patients (P=.02) (Fig.
2B). In the SBRT group, 3 of 22 patients (13.6%) with 2-month TLC data available were
severely lymphopenic at 2 months versus 46 of 101 CRT patients (45.5%; £=.007) (Fig. 2C).
Multivariate analysis showed that treatment group, lack of induction chemotherapy, and
baseline TLC were significantly associated with the risk of severe lymphopenia at 1 month
(P=.002 and P=.01, respectively); at 2 months, however, none of the analyzed clinical factors
were significantly associated with severe post-treatment lymphopenia. Table 3 presents the
results of the logistic regression analysis of factors associated with lymphocyte counts at 1
and 2 months after treatment.

To account for differing RT course lengths for the 2 groups, resulting in different time
intervals between end of RT and 1- to 2-month TLCs, long-term TLC data were examined
for the CRT group (Fig. E2; available online at www.redjournal.org). Unfortunately, long-
term laboratory data were unavailable at our institution for SBRT patients, as most patients
pursued further therapy locally. Over 12 months of follow-up, median TLCs for CRT
patients remained low and failed to recover to a normal range (>1000 cells/mm3).
Furthermore, when the distribution of TLCs at each of months 3 to 12 was compared to
month 2 by Mann-Whitney U test, no significant differences were found (all #>.05) (Fig.
E2; available online at www.redjournal.org), suggesting that time interval after RT likely
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does not account for the differences in TLC observed between CRT and SBRT groups at 1
and 2 months.

Median follow-up was 13.9 months (range: 3.9-45.2) for SBRT patients and 12.4 months
(range, 2.5-38.7) for CRT patients (~=.09), with a median follow-up for all patients of 12.7
months. Median survival from diagnosis for all patients was 13.9 months (95% confidence
interval [CI]: 12.0-17.1). There was a trend toward longer median survival for SBRT
patients (18.8 months [95% CI: 13.6-23.8] vs 13.6 months for CRT [95% CI: 10.8-15.8];
P=.09); 1-year survival was higher for SBRT patients (72.1 vs 56.7%), as was 2-year
survival (18.1 vs 13.0%). At the time of analysis, 104 of 133 patients (70.7%) had died. Four
of the 104 deaths (3.8%) were due to infection (2 SBRT patients [6.3%] and 2 CRT patients
[2.0%]; P=.24). The remaining deaths resulted from disease progression.

Univariate Cox regression analyses were used to assess associations between potential
prognostic factors and survival (Table 4), which showed that 6 factors had a significant
association or trend toward significant association (A<.15) with survival: (Z) baseline
CA19-9; (2 severe lymphopenia; (3) induction chemotherapy; (4) treatment group (SBRT
vs CRT); (5) PTV; and (6) maintenance chemotherapy. Table 4 shows HRs, 95% confidence
limits, and P values associated with each factor. Median survival for patients with severe
lymphopenia at 2 months after starting RT was 12.4 months (95% CI: 8.7-16.1) versus 15.2
months (95% CI: 12.7-17.9) for patients with TLC >500 cells/mm3 (P=.055) (Fig. 3).
Overall survival was lower in the severely lymphopenic group at both 1 (51.4% vs 63.9%,
respectively) and 2 years (8.4% vs 17.3%, respectively).

These 6 factors, along with factors of established clinical importance (age, ECOG
performance status, histologic grade, tumor diameter, baseline TLC), were used to construct
a multivariate proportional hazards model for survival. Backward elimination identified 4
factors as significantly predictive of inferior survival, listed on HR magnitude: lack of
maintenance chemotherapy, baseline CA19-9 >90 U/mL, severe lymphopenia at 2 months,
and older age (Table 4).

Discussion

Results of this study suggest that smaller target volumes and hypofractionated regimens may
be associated with higher post-treatment lymphocyte counts in patients undergoing RT for
LAPC. Additionally, RIL is associated with inferior survival in these patients regardless of
treatment technique (3, 4). Although baseline lymphopenia is a poor prognostic factor in
several solid tumors, the association between treatment-induced lymphopenia and inferior
cancer survival has only recently been described (1-3). Of particular interest is a recently
published analysis that identified RIL as a prognostic factor for survival in LAPC (4). That
study demonstrated a significantly increased risk of death (HR =2.87, £=.002) in patients
with TLC <500 cells/mm3 at 2 months after RT began.

The immune system is known to play an important role in cancer control; this task requires
functional lymphocytes, which are capable of identifying and destroying cancerous cells (14,
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15). The amount of tumor-infiltrating lymphocytes correlates with prognosis for various
cancers, including pancreatic cancer (16-19). Given that standard chemoradiation treatment
regimens for LAPC induce some degree of lymphopenia in nearly all patients, with almost
half of patients experiencing severe lymphopenia, it is important to investigate strategies that
aid in sparing these important effector cells (4). As demonstrated in this study, SBRT both
improves local tumor control and may spare circulating lymphocyte populations. We
hypothesize that the increased number of circulating lymphocytes may aid in tumor control
at the primary site and possibly at distant metastatic lesions.

RIL was first described in 1916 and can occur after irradiation of any anatomic site (6-8, 20,
21). It is thought to be due to irradiation of lymphocytes circulating through the target field
during treatment; irradiation of circulating blood alone via a cesium source mounted inside a
shielded dialysis unit causes a 60% to 80% drop in circulating lymphocytes that lasts for
years following RT exposure (9). Changes in RT technique may reduce exposure of
circulating blood, and previous studies have suggested that reducing fraction number and/or
shrinking fields may preserve circulating lymphocytes. MacLennan and Kay (8) performed a
prospective study in children with acute lymphocytic leukemia undergoing prophylactic
cranial irradiation. Total RT dose was held constant at 24 Gy, but fraction number was left to
investigator discretion, ranging from 5 to 15 fractions (8). Posttreatment TLCs were
inversely proportional to fraction number, with each additional fraction causing a further 7%
to 8% drop in post-radiation TLC. In breast cancer, treating only the breast resulted in higher
post-treatment TLCs than treating a larger volume including comprehensive nodal fields
(22). Larger field sizes also increased chromosomal aberrations in circulating lymphocytes
in a prospective series of lung cancer patients treated with carbon-ion RT and were
associated with lower post-treatment TLC in another recent NSCLC study (23, 24).

In addition to direct toxicity to circulating lymphocytes, RT may affect lymphocyte
homeostasis via cytokines. Increased circulating levels of interleukin-7 (IL-7) stimulate
lymphocyte proliferation in patients with lymphopenia due to human immunodeficiency
virus infection or chemotherapy (25). However, glioma patients treated with RT and
temozolomide were unable to mount the expected increase in IL-7, despite severe
lymphopenia (26). Irradiation also increases galectin-1 (Gal-1) secretion, leading to
decreased TLCs, suppression of the antitumor response, and promotion of aggressive tumor
growth in NSCLC and head and neck cancers (27).

Our group modeled RT dose received by circulating blood (10) in order to calculate changes
in blood dose when treatment-related parameters (target size, dose rate, total RT dose, and
number of fractions) are altered. Circulating blood dose appears to depend upon target
volume and fraction number (Fig. 1) early in treatment; as treatment progresses, the
circulating blood dose increases exponentially, approaching 100% of circulating blood by
approximately the fifth week of RT. SBRT decreases both target volume and fraction number
and, as such, was predicted to spare circulating lymphocytes. Our clinical observations
provide preliminary corroboration of the model, although further investigations in larger
prospective cohorts are necessary to validate these findings.
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Despite major alterations in target volumes and fractionation scheme, SBRT does not appear
to compromise disease control in LAPC. Historic standard targets for pancreatic tumors
included both the primary tumor and the regional lymph node fields (28), but previous
experiences with SBRT for LAPC and results of our phase 2 protocol showed that target
volume can be decreased without increasing locoregional failure (13, 29). As shown in
previous trials, the present series demonstrated that SBRT was not associated with inferior
local control or survival compared to conventional CRT (13, 30, 31).

One limitation of this retrospective study is the lack of data for lymphocyte subpopulations;
however, we plan prospective research to address this gap in our knowledge. The study was
also limited by relatively small numbers of patients in the SBRT group; although absolute
differences in the median TLC and risk of severe lymphopenia persisted at 1 and 2 months
after treatment, these differences were only statistically significant at 1 month after
treatment. This finding may be due at least in part to the relatively small number of data
points available in the SBRT cohort 2 months after therapy. Additionally, although baseline
clinical characteristics were similar, most SBRT patients received gemcitabine-based
induction chemotherapy and were more likely to receive maintenance chemotherapy.
Lymphopenia is a known toxicity of gemcitabine, particularly in combination with other
agents, and the possibility of synergistic lymphotoxicity when gemcitabine is added to RT
cannot be ruled out (32, 33). Nevertheless, we believe that these variations are unlikely to be
responsible for the observed differences in circulating lymphocyte counts between the 2
groups, particularly since the risk of lymphopenia was lower in the SBRT patients, despite
treatment with induction/maintenance gemcitabine at higher rates than the CRT patients. Of
the CRT patients who received induction chemotherapy, no changes in TLC were observed
until RT began. Similar findings have been observed in patients with NSCLC receiving
chemotherapy followed by chemoradiation (2). Furthermore, in our study, RIL remained a
significant adverse prognostic factor in a multivariate analysis that adjusted for various
chemotherapy regimens.

Conclusions

In conclusion, our comparison of patients treated on a phase 2 trial of SBRT for LAPC with
a large retrospective cohort treated with conventional CRT suggests that decreasing fraction
number and shrinking target volumes may spare circulating lymphocytes in patients at high
risk of treatment-induced lymphopenia following conventional CRT. Additionally, patients
with higher post-treatment TLCs had longer survival. Further research is needed to better
understand the relationship between TLCs and clinical outcomes in LAPC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Summary

This study compared post-treatment total lymphocyte counts (TLC) in patients treated
with stereotactic body radiation therapy to TLC with conventional chemoradiation;
multivariate analysis demonstrated that treatment technique and baseline TLC were
significantly associated with post-treatment TLC at 1 but not 2 months post treatment,
providing preliminary support for a model predicting that fraction number and field size
are associated with post-treatment TLC. Additionally, severe radiation-induced
lymphopenia was associated with inferior survival regardless of treatment technique.
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Blood Pool with Dose > 0.5 Gy
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Fig. 1.

Pegrcentage of blood exposed to >0.5 Gy as a function of fraction number and planning target
volume (PTV). Dose to circulating blood increases with fraction number and PTV diameter.
Abbreviations: diam = diameter; IMRT = intensity modulated radiation therapy; SBRT =
stereotactic body radiation therapy.
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Fig. 2.
Graphic summary of the development of lymphopenia in the SBRT and CRT cohorts. All

box-and-whisker plots show median (middle horizontal line), 75th percentile (top horizontal
line), 25th percentile (bottom horizontal line), 91st percentile (top whisker), and 9th
percentile (bottom whisker) for TLC obtained at baseline and at 1 and 2 months after
starting radiation therapy. (A) TLC; (B) percentage of change in TLC per patient; (C)
percentage of patients with severe lymphopenia. Abbreviations: CRT = chemoradiation
therapy; SBRT = stereotactic body radiation therapy; TLC = total lymphocyte count.
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Fig. 3.

Kgplan-Meier curve showing survival for all patients (n=133), stratified by severe
lymphopenia (TLC: <500 cells/mm3) 2 months after starting radiation therapy. HR and 2
values are derived from univariate Cox regression analysis. Censored patients are
represented by +. Abbreviations.: Cl = confidence interval; HR = hazard ratio; TLC = total
lymphocyte count.
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Table 1
Demographic, disease, and treatment characteristics for the SBRT (n=32) and CRT groups (n=101)

Characteristic SBRT group (n=32) CRT group (n=101) P value

1duosnuey Joyiny
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Demographic

1duosnuey Joyiny

1duosnuep Joyiny

Median age (IQR) (y) 67 (59-74) 63 (55-69) .06
Females (%) 13 (41) 44 (44) 84
No. with ECOG PS 0 (%) 15(47) 43 (43)" 69
No. with ECOG PS 1 (%) 16 (50) 4343)* 54
No. with ECOG PS 2 (%) 1(3) a@” 1

No. of whites (%) 28 (88) 76 (75) .22

Baseline disease
No. of tumors at pancreatic head (%) 27 (84) 76 (75) 49
Median tumor diameter (IQR) (cm) 4.6 (3.8-5.7) 3.6 (2.9-4.7) .01
Histologic grade: no. of adenocarcinoma NOS (%) 18 (56) 68 (67) .29
Median baseline serum CA19-9 (IQR) (U/mL) 215 (63-670) 184 (46-716) .96
Median baseline TLC (IQR) (cells/mmq) 1320 (920-1710) 1455 (1115-1712) .29
Therapy

Median radiation dose (IQR) (Gy) 33.0(33.0-33.0) 50.4 (50.0-50.4) <.001
Median daily radiation fraction size (IQR) (Gy) 6.6 (6.6-6.6) 1.8 (1.8-2.0) <.001
Median PTV (IQR) (cm?3) 88.7 (62-119) 344.6 (295-541) <.001
No. of patients who received induction chemotherapy (%) 27 (84) 15 (15) <.001
No. of patients who received concurrent chemotherapy (%) 0 (0) 101 (100) <.001
No. of patients who received maintenance chemotherapy (%) 31(97) 53 (52) <.001
No. of patients who required unplanned treatment breaks (%) 1(3) 9(9) 45

Abbreviations: CA19-9 = carbohydrate antigen 19-9; CRT = chemoradiation therapy; ECOG PS = Eastern Cooperative Oncology Group
performance status; IQR = interquartile range; NOS = not otherwise specified; PTV = planning target volume; SBRT = stereotactic body radiation
therapy; TLC = total lymphocyte count.

*
Data for ECOG PS was missing in 7 patients in the CRT group.
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Lymphocyte count SBRT group (n=32)"  CRT group (n=101)" P value
Baseline n=27% n=100"
Median TLC (IQR) (cells/mm3) 1320 (920-1710) 1455 (1115-1712) .29
No. of patients with severe lymphopenia (TLC: <500/mm3) (%) 0(0) 1(1) 1.00
One month after starting radiation therapy n=29* n=99*
Median TLC (IQR) ((cells/mm3) 690 (625-940) 358 (250-525) <.001
No. of patients with severe lymphopenia (%) 4(13.8) 71(71.7) <.001
Reduction in median TLC % per patient (IQR) 35.0 (10.9-51.6) 74.0 (62.5-84.3) <.001
Two months after starting radiation therapy n=22% n=101
Median TLC (IQR) (cells/mm3) 780 (653-898) 560 (360-920) 11
No. of patients with severe lymphopenia (%) 3(13.6) 46 (46.0) .007
Reduction in median TLC % per patient (IQR) 32.1(13.1-52.4) 60.7 (38.8-75.2) .02

Abbreviations: CRT = chemoradiation therapy; IQR = interquartile range; SBRT = stereotactic body radiation therapy; TLC = total lymphocyte

count.

*
Not all patients in the SBRT and CRT groups had TLC data available at each time point; therefore, the number of patients from each group

contributing to the tabulated data is listed for each time point.
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Multivariate analysis (logistic regression approach) of predictors of severe lymphopenia (TLC < 500 cells/mL)

at 1 month after radiation

Characteristic

Hazard ratio (95% CI)

P value

Multivariate associations 1 month after RT

CRT vs SBRT
Baseline TLC

Females vs males

Race: white vs other

Tumor location (body/tail vs other)

Received induction chemotherapy (yes vs no)

Multivariate association 2 months after RT

CRT vs SBRT
Baseline TLC

Race: white vs other

ECOG performance status (1 or higher vs other)
Tumor location (body/tail vs other)

Maximum tumor diameter

Received induction chemotherapy (Yes vs no)

13.92 (21.5-90.22)

1.00 (1.00-1.00)
0.50 (0.16-1.54
2.48 (0.67-9.15)
1.61 (0.43-6.00)
0.30 (0.08-1.06)

4,00 (0.58-27.62)
1.00 (1.00-1.00)
0.62 (0.19-2.06)
1.93 (0.71-5.20)
1.67 (0.49-5.69)
1.14 (0.82-1.60)
0.32 (0.08-1.25)

.006
.03
.23
17
48
.06

16
23
44
20
42
43
10

Abbreviations: Cl = confidence interval; CRT = conventional chemoradiation therapy; ECOG = Eastern Cooperative Oncology Group; CA19-9 =
carbohydrate antigen 19-9; TLC = total lymphocyte count; SBRT = stereotactic body radiation therapy.

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2016 April 27.



1duosnuey Joyiny

1duosnuen Joyiny

Wild et al.

Table 4

Page 18

Univariate and multivariate associations between patient characteristics and survival

Characteristic Hazard ratio (95% Cl) P value

Univariate associations
Age 265 vs <65 1.083 (0.731-1.602) 69
Age: continuous 1.009 (0.992-1.026) .29
No. of males vs females 1.001 (0.677-1.481) .99
Race: other vs Caucasian 1.146 (0.720-1.823) .56
ECOG: 21vs0 1.328 (0.894-1.974) .16
Tumor location: body/tail vs head/uncinate 1.206 (0.758-1.918) 43
Histologic grade: poorly differentiated vs other 1.119 (0.673-1.862) .66
Tumor diameter: maximum (cm) 1.033 (0.907-1.175) .63
Baseline CA19-9 >90 U/mL vs <90 U/mL 1.939 (1.215-3.094) .005
Baseline lymphocyte count: continuous 1.000 (1.000-1.000) .98
Baseline lymphocyte count: = 1000 vs < 1000 * 1.136 (0.682-1.894) 62
Severe lymphopenia (TLC <500 cells/mm3) at 2 months 1 1.465 (0.991-2.166) 055
Induction chemotherapy received prior to radiation: no vs yes  1.432 (0.909-2.255) 12
Treatment group: CRT vs SBRT 1.578 (0.925-2.691) .09
PTV: continuous (cm?)¥ 1.002 (1.001-1.003) <.001
Radiation treatment break required: yes vs no 1.657 (0.825-3.331) .16
Maintenance chemotherapy after radiation: no vs yes 2.001 (1.352-2.963) <.001

Multivariate associations
Maintenance chemotherapy after radiation: no vs yes 3.171 (1.941-5.181) <.001
Baseline CA19-9 >90 U/mL 2.246 (1.387-3.637) .001
Severe lymphopenia (TLC <500 cellsf/mm?3) at 2 months 2.059 (1.310-3.237) .002
Age: continuous 1.029 (1.007-1.051) .009

1duosnuey Joyiny

1duosnuep Joyiny

Abbreviations: CA19-9 = carbohydrate antigen 19-9; CI = confidence interval; CRT = conventional chemoradiation therapy; ECOG = Eastern
Cooperative Oncology Group; PTV = planning target volume; SBRT = stereotactic body radiation therapy; TLC = total lymphocyte count.

*
Pretreatment lymphocyte count is dichotomized at 1000 cells/mm3 per NCI-CTC threshold for abnormal versus normal lymphocyte counts.

fLymphocyte count at 2 months was dichotomized at 500 cells/mm3 according to the NCI Common Terminology Criteria for Adverse Events
threshold for grades 3 to 4 lymphopenia.

fPIanning target volume is the total volume of tissue (cm3) receiving 295% of the prescribed radiation dose.
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