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  Introduction 

 Mycosis fungoides (MF) is the most common form of cutane-

ous T cell lymphoma (CTCL). It typically presents as one or 

more persistent patches or infi ltrated plaques on skin areas 

not habitually exposed to ultraviolet radiation (sunlight) [1]. 

Once the diagnosis of MF has been established, the risk of 

subsequent disease progression and disease-specifi c sur-

vival pattern depends on the magnitude of tumor infi ltrate 

in the skin and extracutaneous sites at diagnosis (estimated 

by clinical stage), the innate biologic aggressiveness of the 

neoplastic T cells, the eff ectiveness of the anti-tumor host 

response and response to treatment. For most patients with 

clinically early MF, the prognosis is favorable, with 10-year 

disease-specifi c survival rates of more than 95% for stage 

IA, 80 – 85% for stage IB and about 70% for stage IIA [2 – 4]. 

Nevertheless, a proportion of these patients develop pro-

gressive disease with poor outcomes. Accordingly, our aim 

is to identify risk factors for those patients at highest risk for 

progressive disease and poor outcome. 

 A number of clinical, pathologic and laboratory fi ndings 

in patients with MF have been reported to have adverse 

prognostic implications when examined independently 

in prognostic models (univariate analysis) such as the Cox 

proportional hazards regression model. In many instances, 

the prognostic variable strongly correlates with skin T rating 

or clinical stage, and consequently no longer retains sig-

nifi cance in models that include clinical stage as a covariate 

(multivariate analysis). 

 Pertinent to this study, examples of variables in patients 

with MF/CTCL previously reported to correlate with poor 

prognosis in models that include skin T rating or clinical stage 

include: advanced age [2,4 – 8], male gender [4], thickness 

of dermal infi ltrate [9], follicular mucinosis/folliculotropic 

MF variant [3,4], diminished numbers of dermal CD8 �  cells 

[10,11], increased numbers of dermal CD30 �  cells [12], low 

absolute CD8 �    counts in the blood [13], blood eosinophilia 

[14] and increased serum lactate dehydrogenase (LDH) 

levels [4,5]. Other stage-independent markers not addressed 

in this study are malaise [15], low numbers of epidermal 

Langerhans cells [16], increased erythrocyte sedimentation 

rate [17], low sensitization rate to dinitrochlorobenzene 

testing [18] and complete response to initial treatment [3]. 

 Recently the clinical staging system used for CTCL has 

been revised to incorporate blood fi ndings (B rating) [19], 

and its relationship to disease progression and survival 

patterns has been confi rmed by several groups [4,8,20]. To 

identify prognostic factors independent of clinical stage, we 

compared fi ndings obtained at initial evaluation in a cohort 

of patients with clinically early MF (stages I – IIA) who had 

  Abstract 
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subsequent progression of disease to a stage-matched 

MF control group without observed progression. Based 

on these results, we constructed prognostic categoriza-

tions based on widely available histo-immunopathologic 

fi ndings that, if validated in larger studies, should be appli-

cable to clinical practice.   

 Materials and methods  

 Case selection 
 To focus on the possible relationship of increased solu-

ble CD30 (sCD30) serum levels with prognosis [21], we 

identified 33 cases with patch or plaque MF (12 at stage 

IA, 15 at stage IB and six at stage IIA) that had available 

stored sera obtained at initial evaluation and subsequent 

evidence of disease progression (P-MF group). For com-

parison, 70 stage-matched cases without disease progres-

sion were selected as controls (NP-MF group). This study 

was approved by the Institutional Review Board at Johns 

Hopkins Medical Institute. 

 Demographic and clinical variables, which were available 

for all patients, included patients ’  age, gender, race, dura-

tion of disease manifestations (time of onset of symptoms 

to time of evaluation), history of atopy (atopic dermatitis, 

allergic rhinitis or asthma), patch or plaque lesions of MF, 

extent of skin surface involvement ( �    10%, 10 – 50%,  �    50%), 

and currently recommended revised T-rating (T1a, T1b, 

T2a, T2b) and clinical stage (IA, IB, IIA) [22]. Th e response 

to initial skin-directed treatment was also recorded, but 

was not used for predictive purposes as this information is 

not known a  priori . 

 For 100 of 103 cases, specimens of lesional skin were 

bisected, half processed for histopathology and half frozen 

in optimal cutting temperature (OCT) cryopreservative 

for immunohistochemistry (IHC). Specimens from two 

other patients were processed only for histopathology, 

and a biopsy was not performed in one patient. Specimens 

taken prior to referral or from other skin lesions were not 

reviewed. 

 Histopathologic variables included type of lesion biopsied 

(patch, thin plaque, thick plaque), Pautrier microabscesses 

(PMAs), defi ned as clusters of three or more atypical cells in 

the epidermis, pattern of dermal infi ltrate, degree of dermal 

lymphocyte atypia (nuclear pleomorphism), the number 

(absent, less than 5% or 5 – 10%) of atypical lymphocytes 

with hyperchromatic or vesicular (open-chromatin pattern) 

nuclei, presence or absence of mitotic fi gures, eosinophils, 

plasma cells and multinucleated infl ammatory giant cells in 

the dermal infi ltrate, and infi ltration of follicular epithelium 

with or without mucinosis. 

 By immunohistochemistry, the following T cell surface 

markers were routinely studied: CD2, CD3, CD4, CD5, 

CD7, CD8 and CD62L. CD30 and CD25 were studied in 

68 and 20 cases, respectively. The level of surface marker 

expression by atypical cells in the epidermis was classi-

fied as positive, negative or partially expressed. The pro-

portion of cells expressing T cell markers in the dermal 

infiltrate was visually estimated as a percentage relative to 

unlabeled cells. 

 Concurrent laboratory studies included a total leukocyte 

(WBC) count with diff erential count, number of S é zary cells 

per 100 lymphocytes, biochemical profi le and serum immu-

noglobulin E (IgE) level (available in 96 cases). In addition, 

single parameter fl ow cytometry was utilized to measure 

percentage of lymphocytes expressing CD4, CD8, CD7 (101 

cases) and activation markers human leukocyte antigen 

(HLA)-DR and CD25 and the natural killer cell marker CD16 

(54 cases). Cytokine/cytokine receptor levels were measured 

at ARUP laboratories on stored frozen sera using multi-

analyte fl uorescent Luminex-based assays, as previously 

described [21,22].   

 Statistical analysis 
 Disease progression was defi ned as the development of 

cutaneous tumors or erythroderma (T3 or T4 skin rating) 

or pathologic evidence of extracutaneous involvement. For 

patients with P-MF, disease progression occurred within 

5 years for 24 (73%) patients (median, 39 months; range, 

3 – 123 months). 

 To ensure that the short follow-up of some patients with 

NP-MF did not aff ect the observed rates of disease progres-

sion associated for each variable, a separate analysis was 

performed using the 53 patients with NP-MF who were fol-

lowed for at least 5 years. 

 Fisher ’ s and Pearson ’ s  χ  2  exact tests were used to test 

for diff erences in categorized variables in 2    �    2 and r  �  c 

contingency tables, respectively. A Mann – Whitney rank-sum 

test was used to test for a diff erence in the median values 

between two groups. Spearman ’ s rank-order correlation 

coeffi  cient tested the strength of association between two vari-

ables. Overall survival and disease-specifi c survival were cal-

culated from the date of initial evaluation to the date of death 

as a result of any cause or death caused by MF (deaths from 

advanced disease, infection or treatment toxicity), respectively. 

Patients who were alive at last contact or lost to follow-up were 

censored at the date of the last contact. Th e Kaplan – Meier 

method and Cox proportional hazards regression model were 

used to test for variables with prognostic signifi cance. Th e 

log-rank test of Mantel and the multiple comparison proce-

dure of Holm – Sidak were used to detect survival diff erences 

among groups. All tests were two-sided with signifi cance level 

set at 0.05. SYSTAT 10, SigmaStat version 3 and SPSS 13.0 for 

Windows (SPSS Inc., Chicago, IL) and EGRET (Cytel Software 

Corporation, Cambridge, MA) were used for data analysis.    

 Results  

 Histopathologic observations 
 Epidermotropism by lymphocytes was observed in 99 (97%) 

specimens and varied from focal involvement, often with 

atypical cells aligning at the basal layer, to diff use pagetoid 

infi ltration of all layers of the epidermis. PMAs were present in 

55 (54%) specimens, and these were further classifi ed as small 

sized (3 – 10 atypical lymphocytes/cluster; 32 specimens) or 

large sized ( �    10 atypical lymphocytes/cluster; 23 specimens, 

Figure 1). Analysis of diff erent combinations of superfi cial 

and deep patterns of dermal infi ltration indicated that 

perivascular or interstitial involvement of the reticular dermis, 
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irrespective of pattern in the papillary dermis, was associated 

most strongly with P-MF, albeit marginally so ( p     �    0.055). 

 Th e degree of lymphocyte atypia in the dermal infi ltrate 

was categorized as minimal (43 specimens), moderate (54 

specimens) or marked (fi ve specimens). Because assessment 

of atypia is subjective, we also recorded the number of 

easily identifi able atypical cell forms in the infi ltrate. 

Atypical lymphocytes with hyperchromatic ( “ lumps of 

coal ” ) or vesicular nuclei ( “ lymphoblasts ” ) were identifi ed 

in 31 (30%) and 46 (45%) specimens, respectively (Figure 2). 

Mitotic fi gures, eosinophils, plasma cells and multinucleated 

giant cells were seen in 17, 35, 32 and 11 specimens, 

respectively. Finally, a hair follicle was observed in 41 

sections and lymphocytic infi ltration of the follicular 

epithelium was present in 27 (66%) specimens, of which 

seven displayed follicular mucinosis.   

 Variables that correlated with both disease progression 
and overall survival 
 Not surprisingly, the 33 patients with P-MF experienced a 

signifi cantly worse overall survival (death rate, 85%; median 

survival, 7.7 years) compared to the 70 controls with NP-MF 

(death rate, 37%; median survival, 13.6 years;  p     �    0.001; 

Supplementary Figure 1 to be found online at http://informa

healthcare.com/doi/abs/10.3109/10428194.2013.790541). 

Disease-specifi c survival was also diff erent ( p     �    0.001), but 

because details about the specifi c cause of death were not 

available for many deceased patients, we elected to use over-

all survival patterns for subsequent survival analysis. Also, 

overall survival patterns were compared in the Cox regression 

model with clinical stage entered as a covariate to adjust for the 

infl uence of stage. 

 Table I summarizes the variables that correlated with 

both disease progression and overall survival and therefore 

are considered to have high clinical relevance as poten-

tial prognostic indicators. Th e survival curves of variables 

used for multivariate analysis are shown in Supplementary 

Figures 2 – 6 to be found online at http://informahealthcare.

com/doi/abs/10.3109/10428194.2013.790541. Although the 

presence of PMAs  per se  did not correlate with either disease 

progression or overall survival, the presence of large PMAs 

( �    10 atypical lymphocytes/cluster) was signifi cantly asso-

ciated with both P-MF and poor survival (Supplementary 

Figures 2 to be found online at http://informahealthcare.

com/doi/abs/10.3109/10428194.2013.790541). Moderate 

(54 specimens) or marked (fi ve specimens) lymphocyte 

atypia was more frequent in P-MF than in NP-MF cases 

( p     �    0.008), and the survival patterns refl ected this trend 

(Supplementary Figures 3 to be found online at http://

informahealthcare.com/doi/abs/10.3109/10428194.2013.

790541) Although lymphocytes with cerebriform nuclei 

(so-called MF cells) could be identifi ed in the dermal 

infi ltrate of almost all specimens, their numbers could not 

be readily quantifi ed. Conversely, lymphoid cells with 

hyperchromatic or vesicular nuclei (LALs) could be quanti-

fi ed as absent, less than 5% or 5 – 10% of cells in the infi ltrate. 

When analyzed separately, neither LAL type correlated 

signifi cantly with P-MF, although the presence of lym-

phocytes with vesicular nuclei was suggestive ( p     �    0.092). 

However, when both atypical cell types were combined, a 

signifi cant association with P-MF and poor overall prog-

nosis became evident, and this provided a more objective 

assessment of atypia (Table I, Supplementary Figures 4 to 

be found online at http://informahealthcare.com/doi/a

bs/10.3109/10428194.2013.790541). Of note, increasing 

numbers of atypical cells with vesicular nuclei, but not cells 

with hyperchromatic nuclei, correlated with a worse prog-

nosis, suggesting that these cells represent proliferating or 

transformed neoplastic cells (Supplementary Figures 7 to 

be found online at http://informahealthcare.com/doi/abs/

10.3109/10428194.2013.790541). 

  Figure 2.     Photomicrograph of skin specimen obtained from a patient 
with progressive MF that shows severe lymphocyte atypia (nuclear 
pleomorphism) in the dermal infi ltrate. Th e infi ltrate contains both 
atypical cells with hyperchromatic nuclei (arrows 1 and 2) and vesicular 
nuclei (arrows 3 and 4) (original magnifi cation    �    400).  

  Figure 1.     Photomicrograph of skin specimen obtained from a patient 
with progressive MF that shows large Pautrier microabscesses 
(clusters of more than 10 atypical cells within the epidermis), atypical 
lymphocytes aligning the basal layer and moderate lymphocyte atypia 
in the dermis (original magnifi cation    �    400).  
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 Other prognostic variables 
 Variables that correlated with disease progression or overall 

survival but not both are listed in Supplementary Table I to be 

found online at http://informahealthcare.com/doi/abs/10.

3109/10428194.2013.790541. Other variables of interest are 

listed in Supplementary Table II to be found online at http://

informahealthcare.com/doi/abs/10.3109/10428194.2013.79

0541. Excluding the CD8-expressing MF cases, the percent-

age and absolute number of blood CD8 �  cells correlated 

with prognosis. Th e percentage of blood CD8    �    cells was then 

dichotomized into relatively low ( �    20%) and high ( �    20%) 

groups, and a lower CD8 �  cell percentage was signifi cantly 

associated with a poor overall prognosis (Supplementary 

Figures 8 to be found online at http://informahealthcare.

com/doi/abs/10.3109/10428194.2013.790541). Likewise, abso-

lute CD8 counts were categorized into three groups according 

to Abeni  et   al . [13]. A relatively poor survival for our patients 

was associated with absolute CD8   �  counts  �    250 cells/mm 3  

(Supplementary Figures 9 to be found online at http://informa

healthcare.com/doi/abs/10.3109/10428194.2013.790541).   

 Multivariate analysis 
 Categorized variables associated with progression and 

poor overall survival (Table I) were investigated in the Cox 

proportional hazards model with age ( �    60,  �    60 years) 

entered as a strata variable and any cause of death as the 

event. To mitigate the effect of CD8 �  neoplastic T cells on 

CD8 �  cell numbers in skin lesions, analysis was restricted 

to 78 cases of CD4 �  MF for which results on all variables 

were available. The strongest correlation with overall sur-

vival (lowest  �    2 log likelihood score) was a model that 

included clinical stage, large PMAs, degree of atypia and 

 �    20% CD8   �  in the dermal infiltrate ( �    2 log likelihood 

score: 216.22). Dichotomized IgE levels ( 	    122,  �    122 U/

mL) were not significant. If LALs in the dermal infiltrate 

were substituted for degree of atypia in the model, the 

correlation with survival was weaker but only slightly 

so ( �    2 log likelihood score: 217.53), and all variables 

other than IgE remained significant. Skin T rating could 

be substituted for clinical stage with similar results, but 

the strength of correlation with overall survival was less 

 Th e immunophenotype of neoplastic T cells was 

CD4    �    CD8 �  for 92 cases (CD4 partially expressed in two 

cases), CD8 �    CD4 �  for four cases, CD4 �    CD8 �  for three 

cases (confi rmatory dual marker staining not performed), and 

one case that lacked expression of both CD4 and CD8 (staining 

for T cell receptor [TCR]- γ  δ  subset not performed). Of interest, 

the seven CD8-expressing cases of MF had a higher percent-

age of CD8 �    cells in the dermal infi ltrate (median, 50%, range, 

8 – 75%) compared to 88 CD8-negative cases (median, 20%, 

range 0.1 – 55%;  p     �    0.002). No diff erences were seen for CD2, 

CD3, CD5, CD7 and CD62L. Th is observation suggests that the 

dermal infi ltrate of some CD8 �  MF cases comprises a pro-

portion of CD8 �    neoplastic T cells that express other pan-T 

markers. For this reason, subsequent analysis was performed 

on the 93 CD8-negative cases of MF. 

 Comparison of T-cell marker expression in the dermal 

infi ltrate of P-MF and NP-MF cases revealed no signifi cant 

diff erences in median percentages except for CD8 and CD7, 

which were signifi cantly lower in the P-MF group than in 

the NP-MF group (Table I). Th e percentages were then 

dichotomized into two groups, specifi cally, CD8  �    20% and 

CD8  �    20% according to Hoppe  et   al . [10] and CD7  	    33% and 

CD7  �    33% according to Wood  et   al . [23]. For both variables, 

the lower percentage was associated signifi cantly with P-MF. 

However, only a low percentage of dermal CD8 �  cells signifi -

cantly correlated with a worse prognosis (Supplementary Fig-

ures 5 to be found online at http://informahealthcare.com/

doi/abs/10.3109/10428194.2013.790541). Because low CD8 

percentage was associated with both disease progression 

and worse overall prognosis, it was chosen for multivariate 

analysis. 

 Finally, a signifi cantly higher serum IgE level was found 

for MF cases that progressed (median, 146 U/mL) compared 

to cases that did not (median, 48 U/mL;  p     �    0.016). More-

over, when dichotomized into above normal (IgE     �    122 U/

mL) versus normal (IgE   	    122 U/mL), an abnormal IgE level 

occurred more than twice as often in the P-MF group than in 

the non-progressive group (Table I). In addition, an elevated 

IgE level was associated with a worse prognosis in the Cox 

model with clinical stage, and was therefore chosen for 

multivariate analysis.   

  Table I. Variables that signifi cantly correlate with both progressive mycosis fungoides and poor overall 
survival.  

P-MF NP-MF
Progression

  p -value  †  
Progression 

 p -value  ‡  
Survival 
 p -value  §  

Survival 
 p -value  ¶  

Large PMAs (absent/present) * 17/14 59/9 0.002 0.001 0.012 0.044

Atypia (mild/moderate/marked) 8/21/4 35/33/1 0.008 0.002 0.002 0.005
LALs (absent/present) 7/26 32/37 0.017 0.007 0.001 0.001

Median % dermal CD8 �    cells (range) *  * 10 (0 – 50) 20 (3 – 55) 0.003 0.021  – 0.035

Dermal CD8   �    cells ( �    20/ �    20%) *  * 17/11 21/39 0.037 0.049 0.026 0.045

Median % dermal CD7    �    cells (range) 18 (2 – 60) 25 (0 – 90) 0.008 0.010 –  0.030

IgE ( 	    122/ �    122 U/mL) 15/18 48/15 0.003 0.001 0.046 0.034
Treatment response (CR/other)  †  †  10/21 46/20 0.001 0.001 0.021 0.089

    P-MF, progressive mycosis fungoides; NP-MF, non-progressive mycosis fungoides; PMA, Pautrier microabscess; LAL, atypical 
lymphocyte with hyperchromatic or vesicular nucleus; IgE, immunoglobulin E; CR, complete response.  
   * Th ree cases excluded because size of PMAs not determined.   
   †  Comparison of P-MF and NP-MF cohorts by Mann – Whitney test (median values) or Fisher ’ s or Pearson ’ s  χ  2  exact test 
(contingency tables).   
   ‡  Correlation with progression rates in Cox proportional hazards model with clinical stage as strata variable.   
   §  Comparison of survival curves by log-rank method of Mantel.   
   ¶  Correlation with overall survival in Cox proportional hazards model with clinical stage as strata variable.   
  *  * CD8-expressing cases of MF excluded.   
   †  †  Response to initial skin-directed treatment.   
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than for clinical stage ( �    2 log likelihood score: 221.07), 

presumably due to the effect of stage IIA on survival. 

 A similar analysis in the Cox model using disease-specifi c 

death as the event confi rmed the prognostic importance of 

large PMAs, lymphocyte atypia and    �    20% dermal CD8 �   

 cells in the dermal infi ltrate, although substituting LALs for 

atypia weakened the model.   

 Prognostic groupings 
 Two three-tiered prognostic groupings were developed 

based on combinations of large PMAs and LALs with hyper-

chromatic or vesicular nuclei and CD8   �  cells in the dermal 

infi ltrate. Because we are uncertain about the frequency 

of large PMAs if multiple specimens or sections could be 

examined, the fi rst model was constructed based on LALs 

and proportion of CD8   �    cells: (1) absence of LALs in der-

mis and CD8 �    cells  �    20% ( n     �    22), (2) either LALs present 

or CD8 �  cells    �    20% ( n     �    42) and (3) LALs in dermis pres-

ent and CD8 �    cells  �    20% ( n     �    23). Although the diff erence 

in overall survival between prognostic groups 2 and 3 was 

not signifi cant (Figure 3), the diff erence in disease-specifi c 

survival curves was statistically signifi cant among the three 

groups (data not shown). A summary of the prognostic 

implications is provided in Table II. 

 Th e proposed model predicts that prognostic categoriza-

tion will identify patients with CD4 �  MF who are at risk of 

progression and subsequent poor prognosis at clinical stages 

IA, IB or IIA. Indeed, survival curves for subsets of our cases 

at each stage showed the expected trends. Because only 14 

of our patients were at clinical stage IIA and 12 of these cases 

had T2 skin rating, we show the survival curves for T1 and 

T2 disease in Supplementary Figures 10 and 11 to be found 

online at http://informahealthcare.com/doi/abs/10.3109/

10428194.2013.790541. 

 Th e second model was based on the frequency of abnor-

mal fi ndings: (1) no fi nding present ( n     �    19); (2) one fi nding 

present ( n     �    26); two fi ndings present ( n     �    28); and (3) all 

three fi ndings present ( n     �    5). Because the survival curves for 

patients with one and two fi ndings were nearly identical, these 

were combined ( n     �    54). Th e overall and disease-specifi c 

survival curves diff ered signifi cantly among the three groups 

(Supplementary Figures 12 to be found online at http://

informahealthcare.com/doi/abs/10.3109/10428194.2013.

790541). A summary of the prognostic implications is 

provided in Supplementary Table III to be found online at 

http://informahealthcare.com/doi/abs/10.3109/10428194.

2013.790541.    

 Discussion 

 Th e factors that correlated most strongly with progression 

(0.001    �     p     �    0.01) and poor overall survival are the presence of 

large-sized PMAs, moderate to marked lymphocyte atypia in 

the dermal infi ltrate which could be more objectively defi ned 

using the presence of LALs, diminished proportion of CD7 � 

   and CD8   �  cells in the dermal infi ltrate and increased serum 

IgE (Table I). Multivariate analysis confi rmed that these his-

tologic and immunopathologic variables, but not IgE, were 

independently signifi cant in a Cox model that included clini-

cal stage as a covariate, and this enabled construction of strati-

fi ed groups that, if confi rmed with a larger patient population, 

might be used to predict prognosis for patients with clinically 

early MF. Th ese factors are discussed in more detail below. 

A complete response to initial skin-directed treatment also 

seems to be important both in inhibiting disease progression 

and in improving survival as previously reported [3,24]. 

  Figure 3.     Overall survival patterns based on presence or absence of 
atypical lymphocytes with hyperchromatic or vesicular nuclei and 
percentage of CD8 �  cells in the dermal infi ltrate of CD4   �    mycosis 
fungoides (stages IA – IIA). Prognostic group 1: atypical lymphocytes 
absent and dermal CD8 �  cells  �    20%; group 2: either large atypical 
cells present or dermal CD8 �  cells  �    20%; group 3: large atypical cells 
present and dermal CD8 �  cells  �    20%.  

  Table II. Prognostic implications based on atypical lymphocytes with hyperchromatic or vesicular nuclei and 
proportion of CD8    �    cells in the dermal infi ltrate of early CD4 �  mycosis fungoides (stages I – IIA).  

Prognostic 
group * No.

No. P-MF 
(%)

Death rate Survival [CI]

Any cause 
(%)

MF-related 
(%)  †  

Median 
(years)

5-year 
(%)  ‡  HR  §  

1 22 1 (5) 3 (14) 0 (0)  – 95.0 [69.5, 99.3] 1.00
2 42 15 (36) 27 (64) 7 (17) 11.4 [6.8, 15.9] 92.3 [78.0, 97.5] 4.27 [1.28, 14.17]
3 23 11 (48) 15 (65) 8 (35) 5.9 [4.4, 7.3] 64.1 [40.6, 80.2] 8.10 [2.30, 28.50]
All 87 27 (31) 45 (52) 15 (17) 11.7 [8.6, 14.8] 85.3 [75.6, 91.4]

    MF, mycosis fungoides; P-MF, progressive MF; CI, 95% confi dence interval; HR, hazard ratio.  
   * Group 1: atypical lymphocytes absent and CD8 �  cells    �    20% in dermal infi ltrate; group 2: either atypical lymphocytes pres-
ent or CD8 �  cells  �    20% in dermal infi ltrate; group 3: both atypical lymphocytes present and CD8 �  cells  �    20% in dermal 
infi ltrate.   
   †  May be underestimated because details about cause of death lacking in some patients.   
   ‡  10-year survival rates [CI], group 1: 81.9% [53.1, 93.9]; group 2: 53.0% [35.6, 67.7]; group 3: 31.3% [12.5, 52.3]; all patients: 54.0% 
[41.8, 64.8].   
   §  HR relative to group 1 in Cox model with categorized age ( �    60,  �    60 years) entered as a strata variable and clinical stage as 
a covariate.   

L
eu

k 
L

ym
ph

om
a 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

 o
n 

11
/1

2/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



  Prognosis and mycosis fungoides  49

We also observed the presence of PMAs of any size not to be 

signifi cantly diff erent. Considering that PMAs are clusters 

of neoplastic T cells surrounding epidermal Langerhans 

cells and that Langerhans cells provide stimulatory signals 

to neoplastic T cells [31,32], we postulate that large-sized 

PMAs develop as a result of enhanced growth of neoplastic 

cells within the epidermal microenvironment and thereby 

unfavorable prognosis. 

 Th e degree of lymphocyte atypia as a prognostic marker 

also was not addressed in Smoller ’ s article, although the 

number of cells with hyperconvoluted nuclei was slightly 

higher in P-MF cases than in NP-MF cases ( p     �    0.1). H ö dl 

classifi ed patients with CTCL (47 with MF, 13 with S é zary 

syndrome) according to cytomorphologic features in the 

dermal infi ltrate, and observed a 10-year survival rate of 68% 

for the small lymphoid cell type and 30% for the mixed poly-

morphic cell type [33]. Brooks  et   al . observed that MF cases 

with larger nuclear volumes were associated with a worse 

prognosis [34]. Because the assessment of lymphocyte atypia 

is subjective, we categorized our cases based on the pres-

ence or absence of LALs, defi ned as atypical lymphocytes 

with hyperchromatic ( “ lumps of coal ” ) or vesicular nuclei 

( “ lymphoblasts ” ). Th e former cells presumably represent 

cells with hyperdiploid DNA content, whereas the latter cells 

are activated or transformed cells [35]. 

 Th e association of increased total serum IgE levels with 

disease progression and poor survival is of interest. However, 

this prognostic variable did not retain signifi cance when 

subjected to multivariate analysis in a model that included 

large PMAs, and the presence of LALs and a low proportion 

of CD8   �  cells in the dermal infi ltrate. Th e reason appears 

to be a signifi cant correlation between the presence of LALs 

and increased IgE levels. Specifi cally, 23/53 (43%) cases with 

LALs had increased IgE levels compared to 6/32 (19%) with-

out LALs ( p     �    0.033). Th is observation suggests that neoplas-

tic T cells might be mediating IgE secretion. 

 IgE production by B cells requires two signals provided by 

the interaction of T cells via CD40L/CD40 (fi rst signal) and 

cytokines IL-4 and IL-13 secreted by activated T cells (second 

signal) [36]. Although CD40L and IL-13 were detected in the 

sera of 65% and 46%, respectively, of patients with clinically 

early MF, their levels were, if anything, lower in P-MF cases 

than in NP-MF cases, whereas the converse might be expected 

if an increased number of activated CD40L-expressing neo-

plastic T cells secreting IL-13 were present in the skin lesions 

of cases prone to progression. Furthermore, no correlation 

was found between levels of these cytokines and IgE. In this 

study, a history of atopy or any of its components (atopic 

dermatitis, allergic rhinitis, asthma) was not associated with 

either disease progression or adverse prognosis. Finally, IgE 

levels were not found to have prognostic importance in an 

earlier study by the Mycosis Fungoides Cooperative Group 

(MFCG) [15]. Additional studies are needed to clarify the 

relationship between IgE levels and prognosis. 

 Th e present study confi rmed our prior observation that 

above normal sCD25 and sCD30 levels connote a poor 

overall survival in clinically early MF when considered as 

univariates, but not in Cox models that include clinical 

stage. Contrary to the study of Edinger  et   al . [12], we and 

 Other factors that correlated signifi cantly (0.01    �     p     �    0.05) 

with progression but not overall survival may be a func-

tion of skin tumor burden and not the growth properties of 

neoplastic T cells  per se  (Supplementary Table I to be found 

online at http://informahealthcare.com/doi/abs/10.3109/

10428194.2013.790541). It is possible that the slight increase 

in the median percentage of CD4   �  cells and decrease in the 

median percentage of HLA-DR �  cells in the blood are the 

result of low levels of circulating CD4 �    HLA-DR �  neoplas-

tic cells that are more apt to occur in P-MF cases. However, 

S é zary cell counts did not support this interpretation. 

Furthermore, because neoplastic T cells can secrete interleu-

kin 6 (IL-6) and IL-10 [25,26], this could explain the increased 

median IL-6 and above normal IL-10 serum levels associated 

with P-MF. 

 Th e patients in our P-MF cohort had more aggressive 

disease compared to patients with MF at comparable stages 

in the general MF population. For example, 73% of patients 

with P-MF had progression to stage IIB or higher within the 

fi rst 5 years of follow-up. By contrast, using the annual inci-

dence data of progression to stage IIB or higher (our criterion 

of progression) that are provided in Table III in the article by 

Quaglino  et   al . [20], we calculate that a maximum of 24% 

of Italian patients at comparable clinical stages might have 

experienced progression to advanced disease by 5 years. Th is 

three-fold diff erence between actual and calculated progres-

sion rates was highly signifi cant ( p     �    0.001). Th is conclusion 

was supported by other studies in which progression to a 

higher stage (a diff erent criterion of progression from the one 

we utilized) after 5 years has been reported to be less than 

10% for stage IA and about 20% for stage IB [3,4]. Th erefore, 

factors identifi ed in this study to be associated with both 

disease progression and poor overall survival should be con-

sidered to be markers of relatively aggressive MF. 

 We hypothesize that these prognostic variables refl ect a 

diminished host response mediated by CD8   �  cells coupled 

with an increased number of activated or transformed neo-

plastic T helper type 2 (T H 2) cells in skin lesions of P-MF 

compared to NP-MF. CD8 �  cells in skin lesions of MF are 

activated (HLA-DR � ) and express cytotoxic proteins and 

Fas ligand [11,27]. Low percentages of CD8 �  cells in the 

dermal infi ltrate are more apt to occur in MF tumors than 

in plaques, and as observed in this study, this fi nding sig-

nifi es an adverse prognosis that is independent of clinical 

stage [10,11]. Th e poor prognosis associated with low abso-

lute blood CD8 �  lymphocyte count is also consistent with 

a diminished CD8 �  host response [13,28]. It has been pro-

posed that CD8 �  cells in skin lesions are eliminated by Fas 

ligand expressed by neoplastic T lymphocytes [29]. Whether 

this mechanism contributes to diminished circulating CD8   � 

 numbers or whether the low CD8   �  levels in skin and blood 

refl ect a relatively ineff ective systemic host immune response 

is unknown. 

 Th e strong association of large-sized PMAs with disease 

progression and prognosis has not been reported before 

to our knowledge. Smoller  et   al . compared histopathologic 

fi ndings, including number of PMAs observed per high 

magnifi cation fi eld, in 26 cases of P-MF vis- à -vis 21 cases of 

NP-MF and found no diff erence between the groups [30]. 
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others [8] found no association between a higher propor-

tion of CD30   �  cells in the dermal infi ltrate and either 

disease progression or overall prognosis. 

 In summary, we identifi ed practical biomarkers for 

prognostication of patients with early MF which should be 

confi rmed in a larger retrospective or prospective study of 

patients from the general MF population. 

  Potential confl ict of interest:  Disclosure forms provided 

by the authors are available with the full text of this article at 
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  Supplementary material for  Vonderheid E.C, et   al., Prognostic factors and risk stratifi cation early mycosis fungoides, 

 Leukemia  &  Lymphoma , 2014;55(1):44–50. 

Supplementary Tables I–III

  Supplementary Table I. Variables that signifi cantly correlate with either progressive mycosis fungoides or overall 
survival, but not both.  

P-MF NP-MF

Progression

  P-value † 

Progression

  P-value †  † 

Survival

  P-value ‡ 

Survival

  P-value § 

Age ( �    60/ �    60 yrs) 15/18 31/39 1.000 0.636  �    0.001  �    0.001
Male/Female 16/17 49/21 0.049 0.141 0.464 0.963
Duration symptoms
  ( �    60/ �    60 mos)

18/15 35/35 0.679 0.552 0.016 0.025

T-rating (1a/1b/2a/2b) 4/8/2/19 10/22/2/36 0.756 0.278 0.026  ¶  –
Stage (IA/IB/IIA) 12/15/6 30/32/8 0.650 – 0.012  ¶  –
Dermal CD7    �    cells
  ( 	    33/ �    33%)

26/3 42/24 0.010 0.018 0.272 0.129

Median % CD4    �    cells in blood 
(range)

48
  (23 – 68)

42
  (14 – 69)

0.013 0.023 – 0.932

Median % HLA-DR �  cells in 
blood (range)

17
  (8 – 26)

20
  (12 – 39)

0.017 0.044 – 0.473

% CD8    �    cells in blood
  ( �    20/ �    20%) # 

11/20 19/44 0.624 0.049 0.002 0.013

Absolute CD8    �    cells in blood
  ( �    250/ �    250 /mm3) # 

10/21 19/43 1.000 0.695 0.002 0.011

Median serum IL-6, pg/mL  *   
(range)

0.9
  (0 – 104)

0.4
  (0 – 9.6)

0.034 0.037 – 0.336

Serum IL-10  *   (normal/
increased)

22/11 62/8 0.013 0.013 0.301 0.126

Median serum albumin, gm/
dl (range)

4.6
  (3.6 – 5.6)

4.6
  (3.6 – 5.5)

0.530 0.260 – 0.001

Median A/G
  (range)

1.5
  (0.8 – 2.6)

1.5
  (0.9 – 2.4)

0.991 0.015 – 0.044

    Abbreviations: P-MF and NP-MF, progressive and non-progressive mycosis fungoides; A/G, albumin/globulin ratio.  
   * Normal ranges established at ARUP laboratories are as follows: IL-6 (0 – 5 pg/mL) and IL-10 (0 – 18 pg/mL).  
   †  Comparison of P-MF and NP-MF cohorts by Mann-Whitney test (median values) or Fisher ’ s or Pearson ’ s chi-squared exact test 
(contingency tables).   

  †  † Correlation with progression rates in Cox proportional hazards model with clinical stage as strata variable.   
  ‡ Comparison of survival curves by log-rank method of Mantel.   
  § Correlation with overall survival in Cox proportional hazards model with clinical stage as strata variable.   
 #CD8-expressing MF cases excluded.   
  ¶ No signifi cant diff erence among survival curves for T-ratings and between stage IB versus IIA.   

  Supplementary Table II. Selected laboratory studies of interest but without apparent prognostic importance for 
patients with progressive and non-progressive mycosis fungoides (stages I to IIA).  

P-MF NP-MF

Progression

  P-value † 

Progression

  P-value †  † 

Survival

  P-value ‡ 

Survival

  P-value § 

Median lymphocyte count/mm3 
(range)

1416
  (580 – 3168)

1633
  (496 – 3248)

0.170 0.120 – 0.092

Median eosinophil count/mm3 
(range)

152
  (0 – 2821)

120
  (0 – 1390)

0.171 0.238 – 0.425

S é zary cell count#
   ( �    5/ �    5%)

22/3 44/4 0.685 0.811 0.314 0.632

Percent CD30   �  cells
  In dermal infi ltrate

3
  (0 – 10)

3
  (0 – 25)

0.387 0.749 – 0.888

Serum sCD25  *   (normal/increased) 25/8 61/9 0.163 0.274 0.032 0.285

Serum sCD30  *   (normal/increased) 22/11 53/17 0.352 0.336 0.031 0.301

sCD25 or sCD30  *   (normal/increased) 20/13 49/21 0.375 0.379 0.007 0.122

Serum IL-17A  *   (normal/increased) 28/5 60/10 1.000 0.534 0.518 0.185

Serum CD40L  *   (normal/increased) 23/10 37/33 0.135 0.107 0.397 0.959

Serum IL-1 β   *   (normal/increased) 31/2 66/4 1.000 0.858 0.485 0.650

Alkaline Phosphatase (normal/
increased)

29/4 62/7 0.744 0.476 0.035 0.091

Uric acid, mg/dl
  (normal/increased)

31/1 62/5 0.661 0.352 0.012 0.058

LDH, U/L (normal/increased) 20/12 51/16 0.232 0.188 0.066 0.220

    Abbreviations: P-MF and NP-MF, progressive and non-progressive mycosis fungoides, LDH, lactate dehydrogenase.  
   * Normal ranges established at ARUP laboratories are as follows: sCD25/IL-2R (0 – 1033 pg/mL), sCD30 (1 – 29 ng/mL), sCD40L 
(0 – 244 pg/mL), IL-1 β  (0 – 36 pg/mL). IL-17A is normally undetectable.  
   † Comparison of P-MF and NP-MF cohorts by Mann-Whitney test (median values) or Fisher ’ s exact test (contingency tables).   
  †  † Correlation with progression rates in Cox proportional hazards model with clinical stage as strata variable.   
  ‡ Comparison of survival curves by log-rank method of Mantel.   
  § Correlation with overall survival in Cox proportional hazards model with clinical stage as strata variable.   
 #Sezary cells per 100 lymphocytes on blood smear.   
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  Supplementary Table III. Prognostic implications based on number of prognostic histo-immunopathologic 
fi ndings in early CD4    �    mycosis fungoides (stages I to IIA).  

Death Rate Survival [CI]

Prognostic 
Group * No.

No. P-MF

  (%)

Any cause

  (%)
MF-specifi c 

(%) ‡ 
Median 

(yr)
5-year
 (%) § HR † 

1 18 0 (0) 2 (11) 0 (0) – 100 1.00
2 55 21 (38) 33 (60) 10 (18) 8.6

  [5.0, 12.2]
84.2

  [70.8, 91.8]
6.33

  [1.51, 26.54]
3 5 4 (80) 5 (100) 4 (80) 5.4

  [2.5, 8.2]
60.0

  [12.6, 88.2]
21.59

  [4.06, 114.891
All 78 25 (32) 40 (51) 14 (18) 11.4

  [7.8, 14.9]
86.3

  [75.9, 92.4]
–

    Abbreviations: MF, mycosis fungoides, P-MF, progressive MF, CI, 95% confi dence interval, HR, hazard ratio.   
  * Group 1: CD8 �    cells  �    20%, atypical lymphocytes with hyperchromatic or vesicular nuclei in dermal infi ltrate, large Pautrier 
microabscesses absent; Group 2: any two criteria present; Group 3: all three criteria present.   
  † HR relative to group 1 in Cox model with categorized age ( �    60,  �    60 years) entered as a strata variable and clinical stage as 
a covariate.   
  ‡ May be underestimated because details about cause of death lacking in some patients.   
  § 10-year survival rates [CI], group 1: 83.9 [49.4, 95.7]; group 2: 47.0 [31.7, 60.8]; group 3: 20.0 [0.8, 58.2]; all patients: 53.6 
[40.5, 65.0].   

Supplementary Figures 1–12

  
  Figure 1.     Supplementary Overall survival patterns for selected 
patients with progressive and non-progressive mycosis fungoides 
(stages IA to IIA).  

   
  Figure 2.     Supplementary Overall survival patterns according to 
presence or absence of Pautrier microabcesses in selected patients 
with mycosis fungoides (stages IA to IIA). Th e presence of large sized 
Pautrier microabscesses ( �    10 atypical cells/cluster) was associated 
with poor outcome.  

   
  Figure 3.     Supplementary Overall survival patterns according to degree 
of lymphocyte atypia (nuclear pleomorphism) in the dermal infi ltrate 
of selected patients with mycosis fungoides (stages IA to IIA).  

   
  Figure 4.     Supplementary Overall survival patterns according to 
presence or absence of atypical lymphocytes with hyperchromatic 
or vesicular nuclei in the dermal infi ltrate of selected patients with 
mycosis fungoides (stages IA to IIA).  
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  Figure 5.      Supplementary Overall survival patterns according to 
relatively low ( �    20%) versus high ( �    20%) proportion of CD8 � 
 lymphocytes in the dermal infi ltrate of selected patients with CD4   � 
 mycosis fungoides (stages IA to IIA).  

  
  Figure 6.     Supplementary Overall survival patterns according to normal 
or increased levels of total IgE in the blood of selected patients with 
mycosis fungoides (stages IA to IIA).  

  
  Figure 7.     Supplementary Overall survival patterns according to number 
of large atypical cells with vesicular nuclei in the dermal infi ltrate of 
selected patients with mycosis fungoides (stages IA to IIA).  

  
  Figure 8.     Supplementary Overall survival patterns according to 
relatively low ( �    20%) versus high ( �    20%) CD8 �  cells in the blood of 
of selected patients with CD4 �    mycosis fungoides (stages IA to IIA).  

  
  Figure 9.     Supplementary Overall survival patterns according to 
absolute number of CD8 �  cells in the blood of selected patients with 
CD4 �  mycosis fungoides (stages IA to IIA).  
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  Figure 11.     Supplementary Overall survival patterns based on presence or absence of large atypical lymphocytes and percentage of CD8   �  cells in 
the dermal infi ltrate of CD4 �    mycosis fungoides (skin rating T2). Prognostic Group 1: LALs absent and dermal CD8 �  cells  �    20%; Group 2: Either 
LALs present or dermal CD8 �  cells    �    20%; Group 3: LALs present and dermal CD8 �  cells  �    20%.  

  
  Figure 10.     Supplementary Overall survival patterns based on presence or absence of large atypical lymphocytes and percentage of CD8   �  cells in 
the dermal infi ltrate of CD4 �    mycosis fungoides (skin rating T1). Prognostic Group 1: LALs absent and dermal CD8   �  cells  �    20%; Group 2: Either 
LALs present or dermal CD8 �  cells  �    20%; Group 3: LALs present and dermal CD8 �  cells  �    20%.  
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  Figure 12.     Supplementary Overall survival patterns based on presence or absence of large Pautrier microabscesses (PMAs) in the epidermis, atypical 
lymphocytes with hyperchromatic or vesicular nuclei (LALs) and percentage of CD8   �  cells in the dermal infi ltrate of CD4 �  mycosis fungoides 
(stages IA to IIA). Prognostic Group 1: Large PMAs absent, LALs absent, CD8  �    20%; Group 2: One or two variables present; Group 3: All three 
variables present.  
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