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Abstract

Fifty-three patients with resected pancreatic adenocarcinoma were studied to determine if adjuvant
chemo-radiation causes severe lymphopenia and if this is associated with adverse outcomes. Total
lymphocyte counts (TLC) were normal in 91% before adjuvant chemo-radiation. Two months
later, TLC fell by 63% (p <.0001) with 45% of patients having TLC <500 cells/mm3. Median
survival in patients with low TLC was 14 versus 20 months (p = .048). Multivariate analysis
revealed a significant association between treatment related lymphopenia and survival (HR 2.2, p
=.014). Adjuvant chemo-radiation induced lymphopenia is frequent, severe, and an independent
predictor for survival in patients with resected pancreatic adenocarcinoma.

Keywords
Lymphopenia; Pancreatic cancer; Immunosuppression; Chemotherapy; Radiation

INTRODUCTION

Over a century ago, Paul Erlich noted the potential role of the immune system in cancer
suppression (1). Subsequent studies demonstrated that tumor-infiltrating lymphocytes found
within cancers is a positive prognostic sign and that immune surveillance can eliminate
preclinical cancers (2-4). These observations spawned extensive research to stimulate the
immune system in an effort to improve the outcome of patients with cancer. To date,
immunotherapy approaches have been associated with modest success and a full
understanding of the relationship between the immune system and regulation of
malignancies remains an area of active research (5).

Recent evidence has highlighted the association between treatment-related lymphopenia and
shortened survival in patients with newly diagnosed glioblastomas (6). Similar to patients
with high-grade gliomas, patients with resectable pancreatic adenocarcinoma usually receive
postoperative radiation and chemotherapy and have a poor prognosis (5, 7-9). Although
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prior reports suggest that lymphopenia and an elevated neutrophil to lymphocyte ratio at
diagnosis are predictive of survival, the development and consequences of lymphopenia that
occurs as a result of postoperative radiation and chemotherapy has not been studied (10, 11).
As a result, we performed this retrospective study in patients with newly diagnosed, resected
pancreatic adenocarcinoma who received postoperative radiation and chemotherapy. The
purpose of this study was to document the frequency of severe treatment-related
lymphopenia in this setting and to determine if this was associated with changes in overall
survival.

PATIENTS AND METHODS

Using the Pancreatic Tumor Registry database at Johns Hopkins Hospital, we
retrospectively identified all patients with newly diagnosed and resected pancreatic
adenocarcinoma who: (1) had their primary surgery at our institution between 1997 and
2008, (2) were =18 years of age, (3) had an Eastern Cooperative Oncology Group (ECOG)
performance status of 0-2, (4) received postoperative adjuvant radiation with concomitant
chemotherapy at our institution, and (5) had their baseline and follow-up laboratory values
done at John Hopkins so they were accessible in the Electronic Patient Record (EPR).
Patients were excluded if they had evidence of distant metastatic disease or had received any
prior therapy for their pancreatic adenocarcinoma. This study was reviewed and approved by
the Institutional Review Board of the Johns Hopkins University.

Information relating to known prognostic factors in pancreatic cancer was obtained from the
records of each patient (12, 13). Baseline values collected postoperatively but prior to
initiation of radiation and chemotherapy included: CA 19-9, BUN, albumin, AST, alkaline
phosphatase, complete blood count (CBC), and ECOG performance status (12, 13). Surgical
procedures were categorized as a pylorus preserving (classic) pancreaticoduodenectomy,
total pancreatectomy, or distal pancreatectomy. Information was recorded on tumor location,
size, grade, nodal status, and resection margins. Margins were considered positive if the
carcinoma was within 1 mm of the margin or present at the final pancreatic neck, uncinate
process, bile duct, or duodenal or retroperitoneal soft tissue. In addition, the dose of
radiation and whether the chemotherapy regimen was 5FU or gemcitabine based were
collected. CBCs’ were routinely performed monthly after radiation and chemotherapy were
initiated and these values were also recorded. Baseline total lymphocyte counts (TLC)
before beginning radiation and chemotherapy were classified as normal (1,000 cells/mm3)
or abnormal. Version 3.0 of the National Cancer Institute’s Common Terminology Criteria
for Adverse Events (CTCAE) was used to classify the severity of treatment-related
lymphopenia. The TLC 2 months after the initiation of radiation and chemotherapy were
dichotomized to grade O-Il versus grade I11-1V for the relevant analyses. For patients with
missing lymphocyte counts at 2 months, the TLC at 1 month was used. Overall survival was
measured from the date of initial surgery to the date of death due to any cause. Survival was
censored if the subject was alive at the time of last follow-up.

Patient baseline characteristics were summarized using descriptive statistics. Chi-square test
statistics were used for proportional comparison. Student’s #test and paired £test were used
for continuous data between and within group comparison, respectively. Survival probability
was estimated using the Kaplan—Meier method (14). The confidence interval of median time
survival was constructed by the method of Brookmeyer—Crowley (15). Univariate analysis
was used to assess an association between the known prognostic factors of patients at
baseline and overall survival. Important patient characteristics associated with survival were
identified in the univariate analysis using a value of pvalue <.3. These characteristics and
baseline lymphocyte counts were selected as covariates to construct the multivariate
proportional hazards regression model. The proportional hazards regression model was used
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to estimate the hazard ratio (HR) for death attributable to prognostic factors. All pvalues are
reported as two-sided and all analyses were conducted using the SAS software (version 9.1,
SAS Institute).

A total of 77 patients met the inclusion criteria outlined above. However, 24 of these
patients received chemotherapy before radiation was initiated. These patients were excluded
from the analysis. As a result, this report focuses on 53 patients who received concurrent
radiation and chemotherapy as their initial nonsurgical therapy for resected pancreatic
cancer. Baseline information on these patients is outlined in Table 1. The median age of the
patients was 64 years and 43% of the patients were over the age of 65. Fifty-five percent
were male, 85% were Caucasian, and 62% had an ECOG performance status of zero. The
tumor was located in the pancreatic head in 81% of patients, the median size of the tumors
was 3.0 cm, and 83% of the patients underwent a pancreaticoduodenectomy. Poorly
differentiated adenocarcinoma was noted in 43% of the patients, the surgical margins were
positive in 47%, and 92% had positive lymph nodes. The baseline laboratory data revealed
that 91% of patients had a normal lymphocyte count. The median postoperative CA19-9 was
41. The mean administered dose of radiation was 50.4 Gy in 1.8 Gy fractions. The initial 45
Gy of radiation encompassed the tumor bed, regional lymph nodes, and anastomoses and
was followed by a 5.4 Gy boost to the tumor bed plus a 1.5-2 cm margin. Concomitant with
this radiation, 59% of patients were treated with a 5SFU based chemotherapy regimen while
the remaining 41% received a gemcitabine-based regimen.

Three patients had missing lymphocyte counts at 2 months and in these patients the TLC at
1 month were used. Two months after initiating radiation and chemotherapy 24 patients
(45%) had a TLC below 500 cells/mms3 while 29 (55%) had had counts above 500 cells/
mm?3. The median reduction in TLC in all patients was 63% (o <.0001). As shown in Figure
1, TLC remained low for many months thereafter. As noted in Table 1, there was no
significant difference in the baseline demographic, surgical, pathology, laboratory, or
adjuvant treatment data in patients whose TLC remained above 500 cells/mms3 or fell
significantly.

The overall median survival time for the 53 patients was 17.7 months (95%Cl = 12.6-19.7).
The median survival for patients whose lymphocyte count was <500 cells/mm?3 at 2 months
was 14 months (95%CI = 11.3-17.8) compared to 20 months (95%CIl= 16.8-28.9) for
patients who had higher lymphocyte counts (p = .0485, log-rank test). Kaplan—Meier
survival curves for these two populations are presented in Figure 2. The cause of death in
this patient population was uniformly due to progressive cancer. No major opportunistic
infections were noted.

Table 2 presents univariate and multivariate associations between patient characteristics and
survival in these 53 patients. No significant univariate associations with survival were seen
within patient demographics. The only laboratory category associated with inferior survival
was a lower lymphocyte count at 2 months (HR 1.82). Treatment with different
chemotherapy regimens was also not significantly associated with different lymphocyte
counts or survival outcomes. The multivariate analysis demonstrated significant associations
between survival and the TLC at 2 months (HR 2.2; 95%CI = 1.17-4.12, p=.014) after
taking into account baseline nodal status (HR = 3.79; 95%CI = 0.86-16.67, p=.08) and
baseline lymph count normality (HR = 3.06; 95%CI = 1-9.41, p=.05).
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DISCUSSION

This retrospective analysis demonstrates that TLC were remarkably normal in patients with
resected pancreatic adenocarcinoma prior to the initiation of postoperative radiation and
chemotherapy. However, two months later their median lymphocyte counts were reduced by
63% and 45% of patients had developed TLC of less than 500 cells/mm3. Furthermore,
those patients who developed grade 111-1V lymphopenia (<500 cells/mm?3) 2 months after
starting postoperative combined radiation and chemotherapy had shorter survival times than
those with higher TLC (14 vs. 20 months, p =.0485).

Several studies had previously shown that preoperative lymphocyte counts are associated
with poorer prognosis in patients with pancreatic adenocarcinoma (10, 16). The median
survival time for patients with lymphocyte counts above 1500 cells/mm?3 was 14.3 months as
compared to 8.8 months for those with lower lymphocyte counts. However, these studies do
not address the survival impact of lymphopenia that occurs as a consequence of
postoperative chemotherapy and radiation. In the study reported in this manuscript, the
preoperative lymphocyte count was not of prognostic value as virtually all patients had
normal baseline lymphocyte counts. The greatest degree of lymphopenia was observed two
months after beginning chemotherapy and radiation therapy and was clearly related to the
administration of these antineoplastic therapies.

The design of the study reported in this manuscript was based on recent findings in patients
with newly diagnosed high-grade gliomas who received standard radiation and
chemotherapy (6). Forty percent of these patients developed severe reductions in total
lymphocyte and CD4 counts 2 months following initiation of therapy. Multivariate analysis
demonstrated that this lymphopenia was independently associated with a significantly
shorter overall survival (median 13.1 vs. 19.7 months, p=.002). Only 2% of deaths were
related to infection while the remainders were secondary to tumor progression. This
observation might be expected in patients with brain tumors who receive high doses of
glucocorticoids, radiation, and temozolomide as each of these treatment modalities are
known to be toxic to lymphocytes (17, 18). The current study was conducted to determine if
similar treatment-related lymphopenia occurs in other solid tumors and if there is a
relationship between posttreatment lymphocyte counts and survival.

We chose to study this in patients with resected pancreatic cancer as a result of similarities
to the brain tumor population. In both settings, surgery infrequently results in cure and
postoperative concurrent radiation and chemotherapy are commonly administered (19-23).
Our results demonstrate that the frequency and severity of treatment-related lymphopenia in
patients with pancreatic cancer and newly diagnosed high-grade gliomas are comparable.
Forty-five percent of patients with resected pancreatic cancer who recovered sufficiently to
receive aggressive adjuvant postoperative therapy develop grade I11-1V lymphopenia 2
months after initiating radiation and chemotherapy. Furthermore, as in the high-grade
glioma study, multivariate analysis reveals that this severe lymphopenia is independently
associated with early death from progressive cancer.

These findings suggest that treatment-induced lymphopenia in patients with brain tumors
was not specifically related to glucocorticoids or temozolomide as these were not used in the
pancreatic cancer population. Radiation without chemotherapy has been reported to cause
substantial and long-lasting lymphopenia in patients with malignancies or accidental
exposures (24-33). This suggests that radiation may play a significant role in the
development of treatment-related lymphopenia in patients with high-grade gliomas and
pancreatic cancer. This is plausible given the extreme sensitivity of lymphoctyes to radiation
and the lymphopenia that has been well documented following radiation administered to the
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brain or other tissues devoid of lymphoid and marrow, or even when radiation is directed at
blood circulating through a renal dialysis machine (23, 31, 33).

Given that treatment-related lymphopenia is common in patients with newly diagnosed
pancreatic cancer and high-grade gliomas and is associated with poor survival outcome,
additional studies are needed to further define the mechanisms and implications of these
findings. These studies should be designed to determine whether treatment-related
lymphopenia is causal or if it is merely a prognostic variable. The results could steer future
treatment approaches toward reducing the toxicities of therapy to lymphocytes and defining
the proper timing and use of immunologic interventions such as vaccines or other immune
response modifiers.
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Figure 1.
Total lymphocyte counts (TLC) over time.
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Table 1

Baseline Characteristics of Patients with Lymphocyte Counts Above and Below 500 at 2 Months

Patientswith Lymphocyte  Patientswith L ymphocyte
Counts500 at 2Months(N  Counts< 500 at 2 Months

1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

All Patients (N =53) =29) (N=24) p value*
Demographics
Age: median (range) 64 (47-84) 63 (47-81) 62 (47-84) .86
Age 65 years: # (%) 23 (43) 13 (45) 10 (42) .82
Male: # (%) 29 (55) 19 (66) 10 (42) .08
Caucasian: # (%) 45 (85) 26 (90) 19 (79) .29
ECOG performance score = 0: # (%) 33 (62) 19 (66) 14 (58) .59
Baseline laboratory data
Total lymphocyte count: median (range) 1945 (580-4200) 2030 (580-3280) 1599 (870-4200) 57
Lymphocyte = 1,000: # (%) 48 (91) 26 (90) 22 (92) 80
AST: median (range) 28 (12-70) 28 (12-53) 28 (12-70) 42
BUN: median (range) 12 (5-34) 14 (5-34) 12 (5-27) 31
CA19-9: median (range) 41 (0.1-400) 29 (0.1-440) 60 (4.9-203) 39
Albumin: median (range) 4(2.8-5.1) 4.1(2.8-4.7) 3.9(3-5.1) .56
Alk phos: median (range) 113 (54-493) 103 (54-493) 129 (59-492) .18
Tumor staging data
Tumor location: No. head (%) 43 (81) 22 (76) 21(88) .54
Tumor size: median centimeters (range) 3 (1.4-9.5) 3.5(1.4-9.5) 3 (1.5-6) .69
Poorly differentiated pathology: #(%) 23 (43) 11 (40) 12 (50) .38
Positive margins: # (%) 25 (47) 13 (45) 12 (50) 71
Positive nodes: # (%) 48 (92) 27 (93) 21 (91) .81
Whipple procedure: # (%) 44 (83) 23 (79) 21 (88) 0.43
Postoperative treatment data
Radiation dose: median cGy (range) 5040 (2700-5760) 5040 (2750-5580) 5000 (2700-5760) .25
5-fU based chemotherapy: # % 31 (59) 16 (55) 15 (63) .59
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Table 2

Associations Between Patient Characteristics and Survival

Characteristic Hazard Ratio (95% Cl) pvalue

1duasnue Joyiny vd-HIN
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Univariable association

Age: <65 vs. >65 1.18 (0.65-2.18) 58
ECOG: 1vs.0 1.67 (0.91-3.07) 1

Tumor location: head vs. other 1.4 (0.65-3.04) .39
Tumor resection: whipple vs. distal and total 1.24 (0.52-2.93) .63
Gender: female vs. male 1.58 (0.87-2.9) 14
Pathology: poorly differentiated vs. other 1.62 (0.88-2.93) 13
Margin: negative vs. positive 1.12 (0.62-2.05) 7

Staging: node positive vs. negative 2.28 (0.55-9.45) .26
Tumor size/per cm increase 1.2 (0.99-1.45) .06
Lymph count at 2 months: <500 vs. 500 > 1.82(0.995-3.3) 05
Baseline lymphocyte count *<1,000vs. 21,000 1.58 (0.56-4.41) 39
Baseline AST 1.002 (0.99-1.03) .86
Baseline BUN 1.007 (0.95-1.07) .84
Baseline CA19-9 1.002 (0.999-1.01) 17
Baseline albumin 0.86 (0.44-1.68) .67
Baseline alkaline phosphatase 1.001 (0.999-1.0) .35
Chemotherapy: 5-fU vs. gemcitabine based 0.84 (0.46-1.55) .58

Multivariable association

Lymph count at 2 months: <500 vs. = 500 2.20 (1.17-4.12) .01
Baseline lymph count: <1,000 vs. = 1,000 3.06 (1-9.14) .05
Staging: node positive vs. negative 3.79 (0.86-16.67) .08

*
Pretreatment lymphocyte count is dichotomized at 1,000 (abnormal vs. normal).
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*:

Lymphocyte count at 2 months is dichotomized at 500 (per the CTC NIH grade 3—4 treatment induced lymphopenia).
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