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Abstract

Elevated serum CD44, ICAM-1 and VCAM-1 have been linked to poor prognosis in aggressive

lymphomas but their utility in low grade lymphomas remains undefined. We evaluated serum

CD44, VCAM-1 and ICAM-1 levels in 100 patients with newly diagnosed indolent NHL. The

median pre-treatment values of the markers were as follows: CD44: 540 ng/ml (range 102 –

1222), ICAM-1: 311 ng/ml (range 248 – 4779) and VCAM-1: 1165 ng/ml (range 248 – 4779). On

univariate analysis, elevated sCD44, sICAM-1 and sVCAM-1 were significantly associated with

worse overall (OS) and progression-free survival (PFS). In a subset analysis of stage IV patients,

the effects of sCD44 and sICAM-1 on OS persisted (p<0.05), as did the effect of sCD44 on PFS

(p<0.01). In a multivariate analysis that included conventional prognostic factors and the FLIPI

model, sICAM-1 demonstrated prognostic value on OS and PFS. We conclude that serum CD44,

ICAM-1, and VCAM-1 can potentially be prognostic in patients with indolent NHL. Though the

FLIPI model remains the gold standard for prognosis, these quantitative serologic markers may be

useful as adjunct tools in assessing disease risk.
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INTRODUCTION

Indolent lymphomas make up 39% of all non-Hodgkin lymphomas (NHL) and include

follicular lymphoma, small lymphocytic lymphoma (SLL), marginal zone lymphoma and

mucosa-associated lymphoid tissue (MALT) lymphoma [1]. The clinical course of the

indolent lymphomas can be highly variable but prognostic models can help to separate

patients into high, intermediate and low risk groups. Useful models include the International

Prognostic Index (IPI), which was originally developed for patients with all lymphoma
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subtypes, but can also be useful for indolent lymphomas [2]. The Follicular Lymphoma

International Prognostic Index (FLIPI) was developed to predict outcomes for follicular

lymphoma, the most common of the indolent NHL’s [3]. The FLIPI-2 is also useful for

follicular lymphoma; notably the FLIPI-2 model incorporates a serologic marker, β2

microglobulin, that is reflective of the biological aggressiveness of certain follicular

lymphomas [4].

Recently there has been a surge in the knowledge about the cellular characteristics and

microenvironment of lymphomas [5,6]. This has produced a wealth of possibilities for

biomarkers that may be surrogates for disease status and risk. Specifically in lymphoma, cell

adhesion molecules have shown promise as predictors of clinical outcome. CD44,

intercellular adhesion molecule 1 (ICAM-1, also known as CD54) and vascular cell

adhesion molecule-1 (VCAM-1, also known as CD106) are present on cell surfaces and

regulate cell-matrix interaction as well as cell migration. They are constantly shed into the

circulation, and serum concentrations can be measured by commercially available enzyme-

linked immunosorbent assays (ELISA).

CD44 is a transmembrane glycoprotein which is involved in lymphocyte homing, activation,

adhesion and migration [7]. Alternative splicing of the gene, located on chromosome 11

(11p13) generates numerous isoforms [8]. These molecules interact with the hyaluronic acid

component of the extracellular matrix to mediate leukocyte rolling [9]. Additionally, CD44

promotes cell proliferation and invasion [10] and its expression has been implicated in the

metastatic potential of several malignancies [11,12].. Elevated serum CD44 (sCD44) levels

have been associated with worsened overall survival in childhood lymphomas [13] as well

as aggressive NHL in adults [14,15].

ICAM-1 is a cell adhesion molecule of the immunoglobulin superfamily. Though its role has

traditionally been thought to be primarily for adhesion, it is now known that ICAM-1 on B

lymphocytes interacts with leukocyte function-associated antigen 1 (LFA-1) on T

lymphocytes to increase B cell activation [16]. Furthermore, binding of ICAM-1 to its

various ligands may lead to intracellular signaling within the lymphocyte to enhance its

invasive properties [17]. Elevated serum ICAM-1 (sICAM-1) levels have been shown to

correlate with the degree of aggression in childhood lymphomas [18]. Increased sICAM-1,

in comparison with normal controls, has also been shown in patients with newly diagnosed

Hodgkin lymphoma; these levels subsequently decrease after chemotherapy, suggesting a

role for this biomarker in monitoring disease burden [19]. In diffuse large B cell lymphoma,

higher levels of sICAM-1 have been associated with shorter time to treatment failure and

decreased overall survival [20].

VCAM-1 is a cell adhesion molecule that mediates lymphocyte binding to endothelium.

Interaction between VCAM-1 on the endothelial cell and very late antigen-4 (VLA-4) on

lymphocytes is essential for the latter’s migration through the vascular wall and into tissue

[21]. Elevated levels of serum VCAM-1 (sVCAM-1) have been demonstrated in Hodgkin

lymphoma, advanced NHL and pediatric acute lymphoblastic leukemia [19,22,23]. In

addition, sVCAM-1 has demonstrated independent prognostic value in Hodgkin lymphoma

[24].
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Thus, each these 3 cell surface proteins appear to play a role in the disease course in various

lymphomas. But while these molecules have been studied in Hodgkin lymphoma and

aggressive NHL, their prognostic value in indolent NHL’s is not known. Here we present a

study of serum CD44, ICAM-1 and VCAM-1 levels in 93 patients with indolent lymphoma.

We show that elevated levels of these markers are associated with a poorer overall survival

(OS) and progression-free survival (PFS).

PATIENTS and METHODS

Patients

One hundred patients with a new diagnosis of indolent lymphoma at MD Anderson Cancer

Center (MDACC) were treated between 1990 and 1992. There were 78 patients with grade

1–2 follicular lymphoma, 13 with small lymphocytic lymphoma, and 9 patients had other

histologies, including marginal zone lymphoma, MALT lymphoma and mantle cell

lymphoma. Because the initial biopsies had been collected over 15 years ago, we were

unable to re-review the pathology to re-confirm the lymphoma subtype for this analysis.

Eighteen patients were Ann Arbor stage I disease at presentation, 13 patients were stage II, 1

patient was stage III, and 68 patients were stage IV. Additional baseline information, such as

lactic dehydrogenase values, β2 microglobulin (β2M) levels, bone marrow infiltration, and

size of lymphadenopathy were available and analyzed. Pre-treatment serum was collected at

the time of diagnosis.

Treatment and Follow-Up

Patients were treated according to their stage, either on clinical protocols, or otherwise per

the standard of care. Thirty-one patients with stage I–III were treated with

cyclophosphamide, vincristine, prednisone (COP) and radiation therapy (XRT). One patient

received prednisone, doxorubicin, cyclophosphamide, etoposide, cytarabine, bleomycin,

vincristine, methotrexate, leucovorin (ProMACE-CytaBOM). Most patients with stage IV

(n= 68) were treated on a protocol (MDACC 88-050) consisting of alternating triple

chemotherapy: cyclophosphamide, doxorubicin, vincristine, prednisone- bleomycin (CHOP-

Bleomycin), etoposide, methylprednisolone, cytarabine, cisplatin (ESHAP) and

mitoxantrone, vincristine, procarbazine, prednisone (NOPP), every 3–4 weeks in alternating

basis, for a total of 4 cycles for each combination (12 cycles total). The patients were

followed every 3–4 months for the first 2–3 years, then every 4–6 months until year 5, and

thereafter at the discretion of the provider, unless earlier evaluation was necessary. The

follow-up evaluations included a, complete physical examination, chest-X-ray,

computerized tomography of the abdomen and pelvis, and bone marrow aspiration and

biopsy in patients with previous bone marrow disease.

Enzyme-Linked Immunosorbent Assay (ELISA) for sCD44, sICAM-1 and sVCAM-1

All serum was collected at initial presentation, before treatment. Samples were stored in the

MDACC tissue bank and analyzed all at once, in triplicate, in 1995 with new ELISA kits.

All of these ELISA kits are still available commercially and manufacturers’ instructions

were followed. Serum CD44 levels were determined by an ELISA kit from Bender

MedSystems, (Vienna, Austria, sensitivity = 0.016 ng/ml) [25]. Serum ICAM-1 levels were
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quantified by an ELISA kit from R&D Systems (Minneapolis, MN, sensitivity = 0.35 ng/

ml). Serum VCAM-1 levels were determined using an ELISA kit from British Bio-

technology Products Ltd (Abingdon U.K., sensitivity = 2 µg/L) [26].

Statistical Analysis

The serum marker values in continuous scores were first fit into Cox proportional hazards

models (all p-values <=0.001). There were no obvious cutoff points identified by the

Martingale residual plots, so median points were used to dichotomize the markers into high

and low groups. For time-to-event analysis for overall survival (OS) and progression free

survival (PFS) Kaplan-Meier curves were generated. Progression was defined as any new,

biopsy-proven site of disease after prior response to therapy. The log-rank test was used to

compare the difference in time-to-event outcomes between the prognostic factor subsets

(such as stage IV, FLIPI ≥3 etc), and the serum marker high and low groups. Cox

proportional hazards models were utilized for multivariate analysis; a stepwise selection

method was used to select the final set of covariates. When possible, variables were

analyzed as continuous (sCD44, SsICAM-1, sVCAM-1, β2M, LDH, per cent bone marrow

involvement). The p values and hazard ratios with 95% confidence intervals are reported.

All analyses were performed using SAS (Cary, NC) and Splus (TIBCO, Sommerville, MA)

software. All tests were two-sided, and p-values less than 0.05 were considered statistically

significant.

RESULTS

Patients

Of the 100 patients studied, 93 were considered evaluable. Excluded were 5 patients with

mantle cell lymphoma, which is now recognized as an aggressive rather than indolent

lymphoma. In addition, 2 patients died soon after initial diagnosis so that neither response

nor progression could be analyzed. The median age at diagnosis was 54 years (range: 29–

74). Patient characteristics are detailed in Table I. With a median follow-up time of 17.7

years (1.44 – 19.87) for the censored observations, 63% progressed and 57% died.

Serum Marker Values and Associations With Established Prognostic Markers

The median values for the serum markers were 540 ng/ml (range: 156 – 1201) for sCD44,

311 ng/ml (range: 102 – 1222) for sICAM-1 and 1165 ng/ml (range: 248 – 4779) for

sVCAM-1. Evaluated by chi-square or Fisher’s exact test, those patients with serum marker

levels above the median, for each of the 3 markers were significantly more likely to have

stage IV disease (Table II). In addition, patients with high serum levels of any of the

adhesion molecules were more likely to be high-intermediate or high risk by IPI score and to

have a FLIPI score of 3 or 4 (Table II). Serum marker levels were not significantly

associated with histological subtype or age >60. Females tended to have lower sCD44 levels

than males (p=0.0239) but this was not true for the other markers (data not shown). Finally,

29% of patients had all 3 markers in the “low” category while 34% had all 3 markers in the

“high” category. When analyzed as continuous variables, there were significant correlations

among the serum markers themselves (p < 0.0001) and also with β2M (p < 0.0001), as seen

in Table III.
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Patients With Higher Serum Marker Values Have Worse Overall Survival and Worse
Progression-Free Survival

For each marker, a higher value correlated with a significantly worse overall survival

(Figure 1). The median overall survival time for high sCD44 was 11.5 years, for high

sICAM-1, 12.3 years and for high sVCAM-1, 12.0 years. Median overall survival times for

those patients in the low serum marker groups were not reached for any of the three markers.

P-values from the log-rank test were <0.002 for each marker. In a subset analysis of the

follicular lymphoma patients alone, the differences in OS between the high and low serum

marker groups were maintained for sCD44 and sICAM-1 (p <0.05 for each marker, data not

shown). In another subset analysis done for the 63 pts (68%) with stage IV disease, elevated

levels of sCD44 and sICAM-1 were associated with significantly decreased OS (p < 0.05 for

each marker, data not shown). There was a trend towards worsened OS for elevated

sVCAM-1 in stage IV patients, but this did not reach statistical significance (p=0.0563).

Not surprisingly, several standard prognostic factors were also predictive of survival.

Patients with stage IV disease had significantly worse median survival than those patients

with stage I-III disease (12.3 vs. 18.7 years, p=0.0047). Patients with high β2M had a shorter

median survival thank those with normal β2M (9.0 vs. 17.2 years, p=0.0154). Patients with a

FLIPI score ≥2 also had a shorter median OS versus those with FLIPI < 2 (10.5 vs 17.8

years, p< 0.0001). In addition, age >60, presence of B symptoms and high-intermediate or

high IPI were each associated with poorer OS in a univariate analysis. There were no

significant differences in median survival times among the histological subtypes of indolent

lymphoma (p=.4801).

Higher serum values of each of the serum markers were also associated with significantly

worse PFS (Figure 2). The median PFS for high sCD44 was 3.7 years, for high sICAM-1,

4.0 years, and for high sVCAM-1, 4.0 years, compared with median PFS of 12.3, 12.2 and

11.5 years, respectively, for those patients with low serum marker levels (p <0.001 for each

comparison). When the analysis was restricted to the follicular lymphoma subset, the

differences in PFS between the high and low serum marker groups were maintained for

sCD44 and sICAM-1 (p <0.05 for each marker, data not shown).

Conventional prognostic factors were also predictive of PFS. Patients with stage IV disease

had significantly worse median PFS than those with stage I-III disease (4.1 vs. 16.4 years,

p<0.0001). Patients with high β2M had a shorter median PFS than those with normal β2M

(3.6 vs. 7.0 years, p=0.0324). There were no significant differences in median PFS times

among the histological subtypes of indolent lymphoma (p=.3091). Regarding PFS in stage

IV patients, only higher sCD44 levels were associated with a significantly worse outcome (p

< 0.01, data not shown).

Multivariate Analysis of Overall Survival and Progression-Free Survival

The final set of covariates in the analysis model for OS included FLIPI (0–1 vs. 2–4),

presence of B symptoms (yes vs. no) and sICAM-1 (as a continuous variable). As shown in

Table IV, with the adjustment of the variables FLIPI and B symptoms, the hazard of death

was 14% higher in average with every 100 units of increase in sICAM-1(p=0.0217; hazard

Shah et al. Page 5

Leuk Lymphoma. Author manuscript; available in PMC 2014 July 20.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



ratio (HR)=1.14, 95% confidence interval (CI): 1.02, 1.28). As expected, the FLIPI

remained as a strong independent prognostic factor in this multivariate analysis (p= 0.0051).

For PFS, the final set of covariates in the analysis included FLIPI (0–1 vs. 2–4), and

sICAM-1. With the adjustment of FLIPI in the model, the hazard of an event was 19%

higher on average with every 100 units of increase in sICAM-1 (p = 0.0016, Table V;

HR=1.19, 95%CI: 1.07, 1.33). The effect of the FLIPI score on PFS was not significant at

the 0.05 significance level (p=0.0540).

DISCUSSION

Cell adhesion molecules are essential for cellular activation and communication with the

microenvironment. Specifically, CD44, ICAM-1 and VCAM-1 have been shown to play

important roles in lymphocyte proliferation, migration, and survival. Therefore, these 3

molecules might potentially be surrogates for malignant lymphocyte activity. Numerous

reports have shown of these markers’ value in predicting disease outcome in aggressive

lymphomas. In this study we sought to elucidate the prognostic value of serum CD44,

ICAM-1 and VCAM-1 levels in patients with indolent lymphoma.

Our results suggest that elevated levels of sCD44, sICAM-1 and sVCAM-1 are associated

with adverse outcome. All 3 were associated with other poor prognostic factors, and

elevation in each markers was significantly associated with a worse OS and a worse PFS. In

addition, higher levels of sCD44 and sICAM-1 continued to confer a poorer prognosis with

regards to OS in stage IV patients.

The reasoning behind the prognostic significance of these biomarkers is, at first glance

simple: adhesion molecules facilitate cell migration, among other functions. However, there

are emerging theories about each molecule which suggest a more complex mechanism. In

the case of CD44, for example, data suggests that the presence of CD44 augments the DNA

repair mechanism of lymphocytes, thereby rendering them more resistant to chemotherapy

[27]. Even more interesting is that CD44 can have either pro-oncotic or tumor suppressive

activity, depending on cell density [10]. Similarly, the rise in serum ICAM-1 was originally

thought to be due to proteolytic release of the molecule from the malignant cell surface.

More recently, however, regulatory T cells as well as natural killer and endothelial cells

have been suggested as sources for the serum ICAM-1 elevation [28]. Thus serum ICAM-1

levels could reflect more the overall systemic drive towards higher risk disease versus

merely the character of the malignant cell itself. Finally, in addition to promoting

transendothelial migration of lymphocytes, VCAM-1 may also mediate resistance to

chemotherapy in by the interaction between LFA-1 on lymphocytes and VCAM-1 on

stromal tissue [29]. The stage IV subgroup analysis suggests that the elevated levels of

theses markers may not simply be due to increased tumor mass but rather may reflect a

qualitative difference between low and high risk disease.

Our multivariate analysis raises several issues. This is not the first study to report the

independent prognostic value of ICAM-1in lymphoma [30,31], but this finding has not been

reliably reproducible [32]. That said, one could hypothesize that this marker may hold the
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most prognostic value of the 3 serum markers studied. This would be interesting, given that,

as mentioned above, ICAM-1 likely plays a role in both tumor behavior and host immune

response. One could hypothesize that sICAM-1 levels reflect the deleterious contribution of

both factors. This finding with sICAM-1 should be prospectively validated in a larger cohort

before for any further conclusions can be made.

Otherwise, our finding that the other 2 markers are not predictive independent of the FLIPI

and none are predictive independent of the IPI has several implications. Obviously these 2

indices are valuable and should continue to be used at diagnosis. However, this study is

hypothesis generating. It may suggest that cellular adhesion molecules can be used in

conjunction with the existing prognostic markers early on to help estimate risk. In addition,

the establishment of these markers as a valid tool in initial prognosis could lay the

groundwork for their development into dynamic biomarkers which may eventually be

followed throughout the patient’s course, even after remission. In support of this is a study

by Fukuda in which serum CD44 levels decreased significantly after therapy for NHL [33]

and a study by Syrgrios et al in which serum ICAM-1 levels decreased after therapy for

Hodgkin’s lymphoma [19]. Finally, Maenpaa et al have shown that elevated serum CD44

levels could be detected between 0.9 to 7.2 years before initial (de novo) diagnosis of NHL

[34].

Though the measurement of serum markers is more laborious than calculating the IPI or the

FLIPI, it is easier than gene expression profiling or direct tissue study by

immunohistochemistry. In addition, it may be less time consuming for the patient than

complete radiologic staging. However, as mentioned, our findings only begin to support the

use of these biomarkers in initial prognosis; whether their course will parallel the patients’

clinical course remains to be studied.

The proposition of sCD44, ICAM-1 and VCAM-1 as prognostic factors naturally raises the

question of their role in designing therapy. Interestingly, the idea of targeting these markers

is not a new one and several pre-clinical and early phase clinical trials have examined this.

This endeavor is most mature in the case of CD44, specifically for solid tumors, where it has

been implicated in metastasis and angiogenesis [35,36] but efficacy has been limited. The

potential for intervention with ICAM-1 is less clear, as it is obviously involved with tumor

cell adhesion [37] but, when expressed on target tumor cells, may also promote effector NK

or T cell cytotoxicity [38–40]. Finally, VCAM-1 may best be utilized not as a tumor target

but a drug delivery target, as it is particularly present on tumor vasculature [41].

There are several limitations to this study. First, this is a retrospective study with a relatively

small number of patients. With a larger cohort, the data may be different for different

subtypes of indolent lymphoma, particularly since the subject population was comprised

mainly of patients with follicular lymphoma. A larger number of patients might also help to

clarify any true differences of biomarkers between genders to explain our results with

sCD44. Second, the serum marker analysis was done on frozen samples which had various

storage durations. Analysis of fresh samples would be necessary in future validation studies.

In addition, we would need to run these samples against normal controls to better understand

the distribution of each population and establish the validity of using median values to
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divide the group of patients. Finally, these patients were treated in the pre-rituximab era; the

prognostic value of each of these markers would ideally need to be validated in the current

era of targeted therapy.

We have focused on only 3 biomarkers, outside of the context of newer markers being

studied in lymphoma. The literature on biomarkers in lymphoma is evolving quickly. Serum

markers such as cytokines [42], free light chains [43] and other cell surface molecules hold

promise as additional cogs in the prognostic machinery to optimize our evaluation of

patients with lymphoma. In addition, data from gene expression profiling [44],

immunhistochemistry [45] and proteomics [46] hold promise in building on the valuable

platform of the IPI and FLIPI in order to better estimate prognosis and, eventually, apply

more personalized therapies. Though this study offers only a few pieces in the prognostic

puzzle, the proposed biomarkers are easily measureable, by relatively simple and commonly

available assays that could be applied on a larger scale.

Future investigation should focus on prospectively validating the prognostic significance of

these markers in a larger cohort of patients. In addition, serum CD44, ICAM-1 and

VCAM-1 levels should be prospectively followed through the full course of indolent

lymphomas. Each of the ELISAs mentioned in this paper are still available commercially. If

measurement techniques can be standardized between institutions, a larger scale study

would be possible. This would provide increased power to study the statistical interactions

between these 3 markers in an effort to provide a more robust tool of increased prognostic

value.
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Figure 1. Kaplan-Meier analysis shows a significant difference in overall survival between
patients with low versus high levels of serum markers (p < 0.01 for each marker)
A. sCD44: Median OS of 11.5 years (8.1, 16.1) in “sCD44 high” group versus not reached

in “sCD44 low” group (p=0.0007). B. sICAM-1: Median OS of 12.3 years (9.1, 15.7) in

“sICAM-1 high” group versus not reached in “sICAM-1 low” group (p<0.0001). C.

sVCAM-1: Median OS of 12.0 years (8.1, 17.0) in “sVCAM-1 high” group versus not

reached in “sVCAM-1 low” group (p<0.0001). (E/N = Events per number of patients in a

particular group.)
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Figure 2. Kaplan-Meier analysis shows a significant difference in progression-free survival
between patients with low versus high levels of serum markers (p < 0.01 for each marker)
A. sCD44: Median PFS of 3.7 years (2.7, 4.9) in “sCD44 high” group versus not reached in

“sCD44 low” group (p<0.0001). B. sICAM-1: Median PFS of 4.0 years (3.3, 5.4) in

“sICAM-1 high” group versus not reached in “sICAM-1 low” group (p=0.0002). C.

sVCAM-1: Median PFS of 4.0 years (3.0, 6.3) in “sVCAM-1 high” group versus not

reached in “sVCAM-1 low” group (p=0.0009).
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Table I

Patient Characteristics, N=93

Characteristic Value

Male 52 (56%)

Female 41 (44%)

Median Age (Years) 54 (29–74)

Cell Type

  Follicular, grade 1–2 74 (80%)

  Small Lymphocytic Lymphoma 13 (14%)

  Other indolent lymphomas 6 (6%)

Ann Arbor Stage

  I 16 (17%)

  II 13 (14%)

  III 1(1%)

  IV 63 (68%)

FLIPI

  0 18 (19.35%)

  1 35 (37.63%)

  2 30 (32.26%)

  3 9 (9.68%)

  4 1 (1.08%)

Median sCD44 540 ng/ml (156 – 1201)

Median sICAM-1 311 ng/ml (102 – 1222)

Median sVCAM-1 1165 ng/ml (248 – 4779)

Progressed 59 (63%)

Deaths 53 (57%)

Median Progression-Free Survival (years, 95% CI) 6.8 (4.7,8.8)

Median Overall Survival 15.6 (12.4, NA)
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Table III

Serum markers analyzed as continuous variables are significantly correlated with each other.

Marker 1 Marker 2 Spearman
Correlation
Coefficient

P value

sCD44 sICAM-1 0.669 <0.0001

sCD44 sVCAM-1 0.706 <0.0001

sICAM-1 sVCAM-1 0.518 <0.0001

sCD44 β2M 0.602 <0.0001

sICAM-1 β2M 0.494 <0.0001

sVCAM-1 β2M 0.765 <0.0001
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Table IV

Multivariate analysis of prognostic factors for overall survival

Variable p-value Hazard
Ratio

95% Hazard Ratio Confidence
Limits

FLIPI: 0–1 vs. 2–4 0.0051 0.408 0.218 0.764

B Symptoms: N vs. Y 0.0524 0.420 0.174 1.009

sICAM-1 0.0217 1.144 1.020 1.283
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Table V

Multivariate analysis of prognostic factors for progression-free survival

Variable Pr > ChiSq Hazard
Ratio

95% Hazard Ratio Confidence
Limits

FLIPI: 0–1 vs. 2–4 0.0540 0.576 0.329 1.009

sICAM-1 0.0016 1.191 1.068 1.328
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