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Adult T-cell leukemia-lymphoma (ATLL) is caused by human T-cell lymphotrophic virus I (HTLV-I) infection.  
Among ATLL cases, 70% of patients present with leukemia and the remaining patients present with 
lymphoma.  Hand osteolysis in the patients with ATLL is considered as paraneoplastic syndrome and 
caused by parathyroid hormone-related peptide (PTHrP) released from tumor cells.  Radiographic features 
are similar to hyperparathyroidism, but the distribution of osteolysis in hands appears to be slightly different 
with the authors’ experiences.  The objective of this study was to identify radiographic characteristics of 
hand osteolysis associated with ATLL.  We included six ATLL patients (5 men and 1 woman; age range, 
45-71 years).  All the patients presented with acute leukemia, and three were associated with 
hypercalcemia and pain in various locations including hands.  Patterns of osteolysis on hand radiographs 
were evaluated and recorded independently by three musculoskeletal radiologists.  We analyzed the 
distribution of the bone resorption in the ray distribution of the hand, finger predilection, and the difference 
between the ulnar and radial sides.  The bone resorption was characterized by frequent involvement of the 
distal and proximal phalanges, predilection of ring fingers and prominent involvement on the ulnar side, 
compared with frequent involvement of proximal and middle phalanges, index and middle fingers, and on 
the radial side in the bone resorption of typical hyperparathyroidism.  Such distribution may be a 
characteristic feature of hand osteolysis in patients with ATLL.  The present findings are helpful for 
physicians to differentiate PTHrP-mediated osteolysis in ATLL from parathyroid hormone-mediated 
hyperparathyroidism.
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Introduction
Adult T-cell leukemia-lymphoma (ATLL) is caused by 

human T-cell lymphotrophic virus I (HTLV-I) infection.  
This human retrovirus is transmitted by sexual contact, 
breast-feeding, and contamination with infected blood.  A 
high prevalence of carriers is reported in Japan (particularly 
on its southeastern Pacific coast), sub-Saharan Africa, 
northeastern South Africa, and the Caribbean islands.  The 
annual incidence among carriers is known to be low, and it 
is 1.5/1,000 (men) and 0.5/1,000 (woman), and the cumula-
tive life-long risk of ATLL is 2.5% (Yamaguchi 1994; 

Yamaguchi and Watanabe 2002; Qayyum and Choi 2014).
 Among ATLL cases, 70% of patients present with leu-

kemia and about 20%-30% present with lymphoma.  There 
are 4 clinical types: smoldering, chronic, lymphomatous, 
and acute.  Clinical features include lymphadenopathy 
(60%), hepatomegaly (26%), splenomegaly (22%), skin 
lesions (39%), and hypercalcemia (32%).  Bone changes 
are seen in patients with acute type (Yamaguchi 1994; 
Yamaguchi and Watanabe 2002; Qayyum and Choi 2014).

 In acute ATLL, bone resorption is uncommon, but was 
reported in several case reports (Ohuchida et al. 1985; Aoki 
et al. 1987; Austin et al. 1987; Kessar et al. 1996).  Bone 
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changes consist of two types: tumor-cell infiltration into the 
bone marrow and paraneoplastic syndrome with no tumor 
infiltration.  In imaging studies, the latter phenomenon, typ-
ically seen in the hand, is characterized by a lack of bone 
marrow infiltration in the area of bone resorption (Fig. 1).  
Bone resorption and hypercalcemia are caused by the over-
expression of interleukin 1 (IL-1), transforming growth 
factor-β (TGF-β), and parathyroid hormone-related peptide 
(PTHrP) (Wano et al. 1987; Niitsu et al. 1988; Motokura et 
al. 1989).

PTHrP has been known as a main factor of bone 
resorption in various malignancies (Wysolmerski and 
Broadus 1994), ATLL is associated with osteolysis severe 
enough to assess on radiography.  ATLL cells produced 
PTHrP that could cause hypercalcemia in patients with 

ATLL (Motokura et al. 1989).  PTHrP mRNA was 
expressed in ATLL cells, and the parathyroid hormone 
(PTH)-like activity was detected in the pleural effusion and 
ascites of ATLL patients (Motokura et al. 1988).  PTHrP in 
combination with interleukin-1α enhanced the degree of 
hypercalcemia in certain circumstances (Motokura et al. 
1989).  PTHrP induced most osteolytic changes in ATLL 
patients, particularly those occurring in the peripheral skel-
eton, typically in hands and feet (Watanabe et al. 1990).  In 
the case of the PTHrP-induced osteolysis, activated osteo-
clasts were noted in the area of bone resorption, without 
tumor cell invasion (Fig. 1B), as reported previously 
(Ohuchida et al. 1985; Aoki et al. 1987).  This aberrant 
PTHrP secretion caused changes similar to those observed 
in hyperparathyroidism, including subperiosteal resorption 
and central punched-out lesions known as brown tumors.  
However, the imaging characteristics of PTHrP-mediated 
changes were not well described in the literature.

 In contrast to the PTHrP-induced osteolysis, the pat-
tern of bone resorption in hyperparathyroidism was well 
described.  Meema and colleagues (1978) reported higher 
involvement at the radial surface than the ulnar surface of 
the phalanges in patients with chronic renal failure and sec-
ondary hyperparathyroidism.  Sundaram et al. (1979) also 
reported that the earliest osteodystrophic changes in patients 
with chronic hemodialysis occurred in the phalangeal tuft.  
Resnick et al. (1981) reported frequent involvement of 
radial aspect of index and middle fingers and phalangeal 
tuft in patients with secondary hyperparathyroidism.

Our experience indicated that the pattern of bone 
resorption in ATLL may differ from that of hyperparathy-
roidism, with more prominence distally and ulnarly.  The 
objective of this study was to elucidate the radiographic 
patterns of bone resorption in the hands of patients with 
ATLL and to compare them with the reported radiographic 
findings of hyperparathyroidism.

Materials and Methods
Patients

Included in this study were six ATLL patients seen in four hos-
pitals during a 10-year period.  There were five men and one woman, 
ranging in age from 45-71 years (median, 58 years) (Table 1).  All the 
patients presented with acute leukemia with characteristic hematolog-
ical features and positive HTLV-I antibody.  Hypercalcemia was doc-
umented in three patents (one not present, and two unknown).  Pain 
was documented in the various locations.  The diagnosis was based 
on peripheral blood and bone marrow findings.  Radiography in all 
cases was obtained because of pain and skin rashes.  Radiographs 
included 12 hands from the 6 patients, with both posterior-anterior 
view and oblique view in 2 patients and only the posterior-anterior 
view in 4 patients.  The diagnosis of paraneoplastic bone resorption, 
not tumor invasion, was confirmed in one case by biopsy (Fig. 1), and 
the diagnosis of the other five cases was confirmed by clinical course 
(Fig. 2).  This study is compliant with the legislation of personal 
information protection, and the approval of the institutional review 
board was obtained from Iwate Medical University where the analysis 
was performed.

A

B

Fig. 1.  Phalangeal bone resorption in ATLL.
 A. Posterior-anterior radiography of the hand shows  

severe punched-out bone resorption (eccentric and cen-
tral resorption) in the phalanges (59-year-old man).  Bone 
density of the phalanges is relatively maintained.  These 
findings may be confused with tumor infiltration.  B. His-
tology of the osteolytic lesion (Hematoxylin-Eosin stain-
ing, case of Fig. 1A).  Active bone resorption by osteo-
clast is noted (arrow).  No tumor infiltration is seen.  This 
finding is consistent with paraneoplastic bone resorption.
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Methods
The hand radiographs were evaluated and recorded indepen-

dently by three musculoskeletal radiologists, each having more than 
10 years of experience.  The observers knew the diagnosis, but did 
not know the other observers’ evaluations.  Patterns of bone resorp-
tion in the proximal and middle phalanges of the metacarpals included 
subperiosteal resorption (resorption of the cortical surface), eccentric 
bone resorption (resorption of more than one cortical thickness) and 
central bone resorption (epicenter of resorption in the bone marrow, 

brown tumor).  The radial and ulnar sides were graded separately.

Inter-observer agreement: The index of agreement among the 
three raters was assessed using the Fleiss’ kappa test at 5 levels (distal 
radius, distal ulna, metacarpal, proximal phalanx and middle phalanx) 
in each of the 5 digits.  The statistical significance of observed agree-
ments was determined.

Ray distribution: Ray (longitudinal) distribution was evaluated 

Table 1.  Summary of patients with acute type of ATLL.

Age, 
gender

Clinical 
type Hypercalcemia Location of osteolytic lesions

(digits*, bones**, side***)
Type of hand bone

 resorption****
Bones involved 

except hands*****

45 M acute + Right: all; P, D (Mt, M); R = U periosteal skull, lumbar spine, pelvis, feet
Left: all; P, D (Mt, M); R < U periosteal

49 M acute ? Right: all; P, D (Mt); R > U periosteal (eccentric, central) feet
Left: all; P, D (Mt); R > U periosteal (eccentric, central)

57 F acute ? Right: four; P (M); R = U eccentric (central), Fig. 2C skull, lumbar spine, pelvis, feet
Left: all; P, D (Mt, M); R = U eccentric (central)

59 M acute - Right: all; P, D (Mt, M); R < U eccentric (central) lumbar spine, pelvis, femora
Left: all; P, D (Mt, M); R = U eccentric (central), Fig. 1A

62 M acute + Right: two; P; R = U eccentric (periosteal, central), Fig. 2B none
Left: four; Mt; R < U eccentric (periosteal, central)

71 M acute + Right: all; P, D; R = U periosteal generalized osteoporosis
Left: four; P, D (M); R > U periosteal, Fig. 2A

*involved digits based on the majority of three observers, five: all five digits, four: all digits except thumb, two: middle and ring 
fingers

**dominant lesion (less common lesion) based on the majority of three observers.  Mt, metacarpal; P, proximal phalanx; M, middle 
phalanx; D, distal phalanx.

***dominant side based on the majority of three observers, R > U: more lesions on the radial side, R < U: more lesions on the ulnar 
side, R = U: no significant differences.

****dominant pattern of bone resorption (less common pattern), resorption of phalangeal tuft is present in all the cases.
*****direct tumor invasion could not be excluded in bones other than hands and feet.

A B C

Fig. 2.  Patterns in the bone resorption.
 A. Posterior-anterior radiography of mild subperiosteal bone resorption (arrows).  This finding is similar to hyperpara-

thyroidism (71-year-old man).  B. Localized eccentric bone resorption (arrows) (62-year-old man).  This finding is not 
typical for hyperparathyroidism.  C. Severe eccentric bone resorption, prominent in the ring and little fingers (57-year-
old woman).  Resorption of the phalangeal tuft is also severe (arrows), atypical for hyperparathyroidism.
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at the wrist (distal radius and ulna), carpus, metacarpals, and phalan-
ges (proximal, middle, and distal phalanges).  For each of the three 
observers, differences in the rate of positive findings between these 
locations were assessed using Friedman’s test, with a statistical sig-
nificance of p < 0.05.  The significance of individual differences was 
then evaluated by using Bonferroni’s multiple comparisons test.

Finger predilection: Finger predilection (thumb, index, middle, 
ring, and little finger) was assessed using Friedman’s non-parametric 
test.  The statistical significance of differences between the observers 
was also evaluated.  The average rate was assessed using Friedman’s 
test, and the differences in the rates among the 5 digits were consid-
ered statistically significant for p < 0.05.  The significance of differ-
ences was evaluated using Bonferroni’s multiple comparisons test.

Side differences: ulnar vs. radial sides: We compared the bone 
resorption on the ulnar or the radial side at 3 levels (metacarpals, 
proximal phalanx, and middle phalanx) and the difference between 
the ulnar and the radial side of the each digit.  Differences among the 
3 observers were evaluated and the significance was determined using 
the Chi-square test (p < 0.05).

Results
Clinical data

Bone lesions of the patients were summarized in Table 
1.  Predominant patterns were periosteal resorption in three 
cases (Fig. 2A), and eccentric bone resorption in three cases 
(Fig. 2B and C).  Resorption of the phalangeal tuft existed 
in all the cases.

Inter-observer agreement
At the metacarpal, the agreement between observers 

for the ulnar and middle sides was not statistically signifi-
cant, with p < 0.05 in the thumb.  The agreement for the 
radial side in the little finger was also not significant (p < 
0.05).  At other locations, the levels of agreement were bet-
ter than moderate, κ > 0.4.

Ray distribution
Differences in the rate of positive findings among the 

7 locations were statistically significant for all 3 observers.  
The positive rate at the distal phalanx was significantly 
higher than that of all other locations (Fig. 3).  Except for 
the distal phalanx, the observed positive rate at the proxi-
mal phalanx was the highest among the metacarpal bone, 
proximal phalanx, and middle phalanx for all 3 observers, 
although the differences were not statistically significant 
between 2 of these 3 levels.

Finger predilection
The positive rate of the ring finger was higher than that 

of the other fingers, although not all the rate differences 
were statistically significant (Fig. 4).  As assessed using 
Friedman’s non-parametric test, the differences in the posi-
tive rates among the 5 fingers were statistically significant 
for observers 1 and 3 but not significant for observer 2 (p < 
0.05).  The positive rate in the thumb was significantly less 
than the rates of the middle and ring fingers (p < 0.05), but 
this difference may be related to the small sample size.

Side differences: ulnar vs. radial sides
Difference in level: More positive findings were 

observed 1) on the ulnar side than the radial side of the 
metacarpal and 2) on the radial side than the ulnar side of 
the proximal and middle phalanges (Fig. 5A).  However, 
the differences in the positive rate between the 2 sides were 
not statistically significant for any of the 3 levels ( p < 0.05).

Difference in finger: The observed rates at the ulnar 
side involvement were slightly less than those at radial side 
of the index and little fingers (Fig. 5B).  For the ring finger, 
the observed rate of the ulnar side involvement was clearly 
higher than the radial side.  However, the difference in the 
positive rate between the ulnar and radial sides was not sta-
tistically significant for any of the fingers.

Fig. 3.  Ray distribution.
 Average of the 3 observers.  Involvement of distal and proximal phalanges is common.
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Fig. 4.  Finger predilection.
 Average of the 3 Observers (*significantly different rate, p < 0.05).  Involvement of ring finger is the most common,  

although not significant when compared with the adjacent fingers.

A

B

Fig. 5.  Side differences: ulnar vs.  radial sides.
 A. Difference in the 3 tubular bones.  Average of the 3 observers.  There is no side difference at metacarpals or phalan-

ges.  B. Differences between radial vs. ulnar sides of the finger.  Average of the 3 observers.  Ulnar side involvement is 
evidently more common in the ring finger, although statistically not significant.
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Discussion
ATLL is a concern of public health in the endemic 

region, and prompt and appropriate diagnosis is important.  
Although overall imaging findings in ATLL are non-spe-
cific, osteolysis as a paraneoplastic syndrome is a relatively 
characteristic feature.  Paraneoplastic osteolysis due to 
PTHrP produced by ATLL cells was described in 1980s 
(Ohuchida et al. 1985; Aoki et al. 1987; Austin et al. 1987; 
Kessar et al. 1996), but most such reports were only in case 
reports, and the patterns of osteolysis have not been well 
characterized.  PTHrP-induced osteolysis seems to be a rel-
atively common phenomenon in overall malignancies, but 
cases with severe osteolysis suitable for imaging analysis 
are rare and mainly seen in ATLL.  Correlation with the 
clinical findings and hormonal activity may be a subject of 
investigation in the future.

 In our study, the dominant radiographic pattern of 
hand osteolysis was either periosteal or eccentric, and 
eccentric osteolytic changes on radiography in ATLL 
patients were slightly different from the well-described 
hyperparathyroidism (Fig. 2).  Such well-defined osteolytic 
changes could be easily confused with direct tumor infiltra-
tion.  In addition, periosteal bone resorption may be similar 
to that of hyperparathyroidism, but the distribution may be 
somewhat different.  Based on this study, the characteristics 
of PTHrP-related hand osteolysis are summarized as fol-
lows:

1.  Distal phalangeal involvement was occasionally 
prominent, presenting as acro-osteolysis.

2.  Although such bone changes may be similar to 
hyperparathyroidism, frequent changes on the ulnar aspect, 
particularly in the ring finger, may be characteristic of 
ATLL, and they differ from those associated with hyper-
parathyroidism.

The mechanism of such differences in imaging presen-
tation is not certain.  Minor differences between PTH and 
PTHrP may possibly affect the local differences in bone 
metabolism.  In general, clinical presentations of paraneo-
plastic syndromes are often atypical, and are somewhat dif-
ferent from more “physiologic” hyperparathyroidism.  
Clinical significance in imaging findings exists in early rec-
ognition of paraneoplastic syndrome, not direct tumor inva-
sion, and it contributes to precise tumor staging.

There are several limitations in this study.  First, the 
small number of patients included in our cohort results in 
inadequate power for analysis.  The scarcity of patients with 
this condition makes it difficult to accumulate an adequate 
number of cases for statistical analysis.  Second, histologi-
cal confirmation excluding direct tumor infiltration was not 
obtained, but the clinical course and imaging features are 
those of paraneoplastic syndrome.  Third, no direct correla-
tion between PTHrP value and osteolysis was assessed 
because of the retrospective nature of the study.  Fourth, 
analysis of the carpus and distal phalanges are somewhat 
different from tubular bones including metacarpals and 

other phalanges.  In addition, analysis of the thumb may be 
somewhat difficult with regular posteroanterior and oblique 
radiographs.

In conclusion, the frequent involvement of the ring fin-
ger possibly on the ulnar side is a feature of PTHrP-related 
paraneoplastic osteolysis in ATLL patients, which may dif-
fer from the typical pattern of hyperparathyroidism.  
Prominent distal phalangeal involvement representing acro-
osteolysis is also a prominent feature.
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