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Abstract
Host immune responses influence follicular lymphoma (FL) outcomes. To test our hypothesis that
immune cells in blood reflect that response, we assessed by peripheral blood flow cytometry in 75
untreated FL patients the absolute counts of: lymphocytes (ALC), CD4+T (ACD4C), CD8+T
(ACD8C) and natural killer (ANKC) cells. Low ANKC was the only parameter associated with
inferior overall survival by univariate analysis (p= 0.02), and trended to significance in
multivariable analysis with ACD4C (p= 0.08). Five (24%) patients with low initial ANKC died,
while none with normal/high ANKC have died Conclusions: Evaluation of blood ANKC may be a
useful indicator of outcome in previously untreated FL patients.
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Introduction
The clinical course of follicular lymphoma (FL) is heterogeneous. The Follicular
Lymphoma International Prognostic Index (FLIPI) [1] and FLIPI2 [2] predict outcome using
clinical, not biologic, parameters. The interaction between microenvironment and FL has
been recognized from microarray [3] and immunohistochemical [4] studies. Immune system
constituents comprise much of the FL microenvironment and influence outcome, depending
on specific treatments [5]. Since most cases of FL are systemic, it is logical to also expect
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systemic immune alterations, and blood T cell populations are indeed altered in untreated FL
[6]. Some reports suggest that higher absolute lymphocyte count (ALC) predicts improved
overall survival (OS) [7], longer time to progression, improved response to rituximab [8],
and response to radioimmunotherapy in FL patients [9] although this remains controversial
[10]. There are as yet limited data regarding lymphocyte and natural killer (NK) cell subsets
in the blood of FL patients, and no data on their prognostic value.

Since 1996, when we reported circulating lymphoma cells demonstrable by peripheral blood
flow cytometry (PBFCM) in many lymphoma patients, we incorporated PBFCM into most
lymphoma protocols. We retrospectively examined our PBFCM data of previously
untreated, recently diagnosed FL patients, calculated T lymphocyte subsets and absolute
natural killer cell counts (ANKC) and related these to overall survival. We find that low
blood ANKC may be associated with inferior outcome in FL.

Materials and Methods
Of 276 consecutive patients with FL evaluated during an 11-year period at Fox Chase
Cancer Center (FCCC), 127 had PBFCM performed by multicolor flow cytometry in our
laboratory for T, B, NKT and NK cell markers. Of these, this report analyzes 75 who had no
prior therapy, most of whom were recently diagnosed. Fifty-two patients previously treated
or presenting with transformed disease were excluded from this analysis. All PBFCM
studies were performed in our laboratory by multicolor flow cytometry. Lysing and
incubation with antibodies were performed according to the manufacturer’s
recommendations [BD Biosciences, San Diego, CA]. The most pertinent antibody
combinations are (CD19, CD20, CD5, CD10), (CD19, CD20, kappa, lambda) and (CD3,
CD4, CD8, CD56 and/or CD16). Blood absolute lymphocyte counts were obtained from the
hematology laboratory and the counts of the subtypes were calculated from the percentages
obtained by flow cytometry. Absolute NK cells (ANKC) refers to CD3−CD56+ and/or
CD16+ per microliter of blood, absolute CD4 cells (ACD4C) to CD3+CD4+ and absolute
CD8 cells (ACD8C) to CD3+CD8+ lymphocytes per microliter. All patients’ slides were
reviewed by one of us (TAS). Clinical information was gathered from patient charts,
approved by the FCCC Institutional Review Board.

OS was calculated from the time of initial PBFCM. The predictors were modeled as both
continuous variables and dichotomized at our low normal absolute counts (ANKC: 150,
ACD4C: 500, ACD8C:300 and ALC:1500/μl), as well as ALC 1000/μl as suggested in
earlier reports. Univariate analysis of these subsets, along with age, stage, gender,
performance status, and FLIPI, which incorporates age, stage, LDH, hemoglobin and
number of nodal sites of disease, was by Kaplan-Meier estimates. Multivariable analysis
was by Cox proportional hazard model. Stepwise selection was used to find the most
parsimonious model. Analysis used SAS9-1 software (SAS Institute, Cary, NC).

Results
The majority of this cohort consisted of recently diagnosed patients. Median time from
initial diagnosis to PBFCM was 1.1 months (range 0–81). Median follow-up from PBFCM
was 26 months (range 1–138). Median age was 58 years (range 31–88), and male/female
ratio 37/38.

Seventy-four patients had grade 1/2 FL (1 with grade 3A). Thirty-three had stage I/II
disease, and 42 stage III/IV. The relatively high frequency of early stage patients likely
reflects a bias to analyze PBFCM in this population where it might influence treatment
decisions. FLIPI was low in 42 patients, intermediate or high in 31 and unknown in 2.
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Asymptomatic patients were observed. Those symptomatic at presentation or becoming
symptomatic during follow-up were treated. Mean time from PBFCM to treatment for the 40
(53%) patients who were treated was 7 months, with a median time to treatment of 1 month
(range 0–120). Early stage patients were treated initially by radiation alone if localized (11
patients), or with rituximab (N=1). More advanced disease was treated initially by single-
agent rituximab (N=15), or with non-anthracycline based chemotherapy plus rituximab
(N=5) or without (N=4). Only 4 patients subsequently received anthracycline-containing
regimens plus rituximab, either for transformation or patient/oncologist preference. Two
patients lost to follow-up had survival identified through the tumor registry, but their
management was unknown.

At the time of last available follow-up, 69 patients were alive and 6 had died. By univariate
analysis, the only factors associated with inferior OS were low ANKC (<150/μl), p=0.02,
with a trend toward significance for low ACD4C (<500/μL), p=0.06 (Figure 1). The FLIPI
and ACD8C had no effect on survival. Low ALC, whether defined as <1500/μl, or <1000/μl
reportedly associated with inferior survival by others [7], did not have prognostic
significance for OS in our series. By multivariable analysis, only low ANKC trended
towards an association with inferior OS, independent of ACD4C; hazard ratio was 6.73
(95% Cl: 0.76–59) with p = 0.08. This did not reach statistical significance, probably due to
small sample size and/or relatively short follow-up. In the same analysis, ACD4C (<500)
showed no significant effects in this cohort (p = 0.19).

We analyzed therapy and outcome for this cohort of 75 patients. Forty have required
therapy, 21 of 33 (64%) with low baseline NK count and 19 of 42 (45%) with normal/high
ANKC (p=0.11). Treatment regimens were similar in both cohorts, however, 5 (24%) of
those with low initial ANKC died, while none with normal/high ANKC have died (p=0.02
for survival). Survival curves (Figure 1) illustrate the significant effect of ANKC on OS.
Clinical characteristics of patients with low vs. normal/high ANKC are similar (Table 1).

Discussion
The indolent natural history of FL and documented spontaneous remissions suggest an
interaction with host immunity [11]. In fact, gene expression signatures of non-neoplastic
immune cells predict FL survival [3]. There is bi-directional cross-talk between FL cells and
the immune system [12]. Immunohistochemical and flow cytometric studies of intra-tumoral
immune cells revealed contradictory results in terms of FL behavior, perhaps depending on
specific treatments [5]. More recently, attention is being directed to systemic immune
mechanisms. Bone marrow immune cells are altered when lymphoma is present [13], and
FL cells alter the microenvironment, for example converting CD4 helper cells into
regulatory T cells [14]. Our data suggest that cellular immune constituents assayed in blood
may predict OS in FL. Prior studies correlating blood immune cells with outcome in
lymphoid malignancies have reported that blood NK cell count is associated with clinical
outcome in patients with high-risk diffuse large B-cell lymphoma [15], low
lymphocyte:monocyte ratio is predictive in diffuse large B-cell lymphoma [16],
immunosuppressive monocytes correlate with lymphoma outcome [12] and both NK and T
cell ratio to tumor cells are independent predictors of time to treatment in chronic
lymphocytic leukemia [17]. Within the FL microenvironment, CD56+ NK cells are scarce;
however, any correlation of NK cells in FL microenvironment with clinical outcome is as
yet undefined. FL cells express high levels of HLA class I [18], so may not be recognized by
NK cells as missing self-targets. Nonetheless, expression of NKG2D ligands on HLA-class I
positive cells restores NK cell-mediated cytotoxicity despite HLA matching. Thus, the
potential role of NK cells in controlling HLA-class I positive malignancies, including FL,
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requires reevaluation, particularly since low NK levels are associated with inferior outcome
in our cohort.

Since the majority of our patients who eventually needed treatment received rituximab or
rituximab-containing regimens, an association between ANKC and rituximab efficacy is
possible. The relative importance of various mechanisms of rituximab action is still not fully
elucidated. Low NK cell number and/or altered phenotype may decrease rituximab mediated
antibody dependent cellular cytotoxicity (ADCC) [8]. NK cells are heterogeneous, for
example CD56bright and CD56dim differ functionally [19]. Quantitation of those subtypes as
well as their activation markers in FL may contribute to understanding NK-lymphoma
interaction in the presence or absence of rituximab. Alternative treatment strategies for FL
patients with low ANKC may be appropriate. For example, as lenalidomide enhances NK-
mediated ADCC in rituximab-treated CD20+ lymphoma [20] and overcomes FL inhibition
of the immune synapse [21], this would be a rational combination to explore.

Conclusion
In our retrospective analysis, baseline blood ANKC < 150/μl and, to a lesser extent CD4
cells < 500/μl, are associated with inferior OS in patients newly diagnosed with FL. T and
NK cell numbers and function in blood may be a systemic reflection of FL
microenvironment and/or be an independent measure of systemic host immune response.
Regardless, detailed prospective evaluations of immune cell subsets and function in blood,
as well as within the tumor microenvironment, with specific attention to effects of
therapeutic regimens are warranted.
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Figure 1.
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Overall survival (OS in years) from the time of blood flow cytometry (PBFCM), in patients
with recently diagnosed FL, related to absolute natural killer cell (ANKC) (A) and absolute
CD4 cell (ACD4C) counts (B).
N: Number of patients
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Table 1

Newly diagnosed FL patients with known absolute natural killer cell count (ANKC) by ANKC <150/μl vs
≥150/μl. Clinical parameters are similar in both cohorts; p value > 0.05 for all variables.

VARIABLE ANKC < 150/μl (n=33) ANKC ≥ 150/μl (n=42)

Median Age (range) years 57 (35–79) 58 (31–88)

Stage

 I 8 (24%) 12(29%)

 II 6 (18%) 7 (17%)

 III 8 (24%) 11 (26%)

 IV 11(33%) 12(29%)

Gender

 M 15 (45%) 23 (55%)

 F 18 (55%) 19 (45%)

FLIPI*

 1 17 (51%) 25 (60%)

 2 12 (36%) 12 (29%)

 3 3 (9%) 4 (10%)

Number of Extranodal Sites*

 0 19 (58%) 27 (66%)

 1 11 (33%) 12 (29%)

 2 2 (6%) 2 (5%)

Number of Nodal Sites

 Median (range) 2 (0–6) 2 (0–6)

Performance Status

 0 22 (67%) 24 (57%)

 1 11 (33%) 17 (40%)

 2 1 (3%) 1 (2%)

LDH

 Increased 3 (9%) 3 (7%)

 Normal 29 (88%) 38 (90%)

 Unknown 1 (3%) 1 (2%)

Hemoglobin

 Decreased 2 (6%) 3 (7%)

 Normal 30 (91%) 37 (88%)

 Unknown 1 (3%) 2 (5%)

*
Two patients did not have complete data.
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