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a b s t r a c t 

Cachexia is a significant contributor to cancer mortality as it is responsible for up to 30% of 

cancer deaths. Magnetic resonance imaging offers a noninvasive approach to detect features 

of cachexia. T1-weighted images of cachectic patients have a “pseudo fat-saturated” appear- 

ance secondary to disappearance of subcutaneous and fascial fat throughout the body, as 

well as fat in the bone marrow. Orbital fat remains preserved until late disease. We present 2 

cases with these classic imaging findings of cancer cachexia in the subcutaneous tissues of 

the head, neck, and spine. This imaging phenomenon is often misinterpreted by radiologists 

and may lead to delayed diagnosis or unnecessary repeat imaging. 

© 2020 Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Cachexia is a wasting syndrome that is characterized by
anorexia and marked progressive loss of adipose tissue and
muscle mass. It has been estimated that at the time of death,
over 50% of cancer patients are cachectic [1] . Notably, cachexia
is responsible for up to 30% of cancer deaths [2] . It has a com-
plex underlying pathophysiology driven by tumor-induced
metabolic and hormonal dysregulation, leading to imbalanced
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energy use [3] . Cachexia is shown to be associated with dimin-
ished tolerance to and effect of cancer treatment, as well as re-
duced quality and quantity of life [4] . As such it is an important
aspect to identify in cancer patients. Non-invasive imaging
provides a safe method to detect certain features of cachexia.
For instance, magnetic resonance imaging (MRI) studies of
cachectic patients have a unique “pseudo fat-saturated” ap-
pearance. Although characteristic, this finding can frequently
be misinterpreted. We present 2 cases with this classic, but
often misdiagnosed, imaging finding of cancer cachexia. 
of their case was obtained from the patients. 
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Fig. 1 – Case 1: Three weeks after presentation during the same admission, sagittal (A) and coronal (B) nonfat saturated 

T1-weighted MRI images through the head demonstrate diffuse hypointensity of the scalp, neck soft tissue, and calvarial 
marrow ( ∗). Bilateral orbital fat remained hyperintense (B). A large nasopharyngeal tumor infiltrating the skull base (arrows) 
is seen in (A). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Case report 

Case 1 

A 74-year-old male with no previous history of malignancy,
presented to the emergency department with multiple falls
and 30-pound weight loss over 6 months. At the time of pre-
sentation he appeared cachectic and had a body mass index
of 14.2 kg/m 

2 . MRI head during admission revealed a large na-
sopharyngeal mass with extensive skull base invasion ( Fig. 1 ).
The T1-weighted images demonstrated diffusely hypointense
signal within the scalp, neck tissue, and bone marrow, resem-
bling a fat-saturated sequence ( Fig. 1 ). However, the bilateral
orbital fat remained hyperintense. The scan parameters were
reviewed to ensure the correct TR and TE times (492 ms/11
ms) and to confirm that a fat suppression technique was not
used. The infratemporal fat appeared preserved on computed
tomography (CT) ( Fig. 2 ) but demonstrated T1 hypointensity
and T2 hyperintensity. There was also avid post-gadolinium
enhancement in this region, which likely reflects a state of ac-
tive lipolysis with edema/inflammation. 

Correlation with CT head and body scans from the same
admission confirmed findings of extreme cachexia, with near-
complete absence of subcutaneous fat in the scalp and body
wall ( Fig. 3 ). Residual subcutaneous and visceral fat were
found in classic locations of brown adipose tissue (axilla,
supra- and infraclavicular fossa, around solid organs) and
demonstrated increased density, which is thought to reflect
smaller fat cell size with inflammatory/edematous change
during lipolysis [5] . This patient declined treatment and died
2 months later with palliative measures. 
Case 2 

A 66-year-old male with a known history of metastatic blad-
der cancer experienced progressive weight loss of 10 pounds
over a span of 6 months. Body mass index at first diagnosis
was 19.9 kg/m 

2 , down to 18.5 kg/m 

2 6 months later. Initial
MRI images of the head showed a relatively normal amount
of scalp and neck subcutaneous fat ( Fig. 4 ). However, follow-
up images of the head 6 months later acquired using con-
ventional non-fat-saturated T1-weighted technique (TR 448
ms/TE 8.4 ms) showed total disappearance of subcutaneous
fat and diffuse T1-hypointensity of bone marrow, simulating
fat-saturated images ( Fig. 5 ). Similar to the first case there is
preservation of orbital fat. This patient ultimately underwent
chemotherapy. 

Discussion 

Our cases illustrate the characteristic imaging features of
long-term cachexia. In both cases, T1-weighted images
demonstrated the absence of the usual high signal of the sub-
cutaneous fat in the scalp, fat in the fascial planes of the face
and neck, and fat in the bone marrow, yielding an appear-
ance typically seen on fat-saturated images. This pseudo fat-
saturated appearance is secondary to near complete disap-
pearance of adipose tissue and is characteristic of MRI images
of cachectic patients. 

This is in accordance with other medical conditions that
are characterized by generalized abnormal fat distribution,
such as eating disorders. For example, Yamamoto et al showed
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Fig. 2 – Case 1: Three weeks after presentation during the same admission, infratemporal fat (x) produces low T1 signal in 

(A), but high T2 signal (C). It appears preserved on CT (D) and demonstrates avid gadolinium enhancement (B), which likely 

reflects a state of active lipolysis with edema/inflammation. 

 

 

 

 

 

 

 

 

 

diminished subcutaneous fat and diffuse T1 hypointense mar-
row signal in an individual with bulimia nervosa [5] . Kraeft
et al reported that individuals with severe anorexia nervosa
demonstrate loss of fat signal in both bone marrow and sub-
cutaneous tissues on MRI [6] . 
Interestingly both cases displayed maintenance of orbital
fat. Similarly, in a study of 11 patients with either anorexia or
cachexia, Okamoto et al found a loss of signal from subcuta-
neous tissue and bone marrow of the skull on T1-weighted
images, but high signal from the orbits in emaciated patients
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Fig. 3 – Case 1: Axial CT images of the head (A) and body 

(B,C) at presentation demonstrate near-complete absence of 
subcutaneous fat in the scalp and body wall, but with 

preserved orbital fat (arrows). Residual subcutaneous and 

visceral fat ( ∗) in the thorax and abdomen (B, C) were found 

in classic locations of brown adipose tissue (axilla, supra- 
and infraclavicular fossa, around solid organs) and 

demonstrated increased density. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[7] . However, they also demonstrated signal loss from the or-
bits in severely emaciated patients, suggesting that orbital fat
is usually one of the last to undergo lipolysis [7] . This find-
ing is potentially due to the fact that orbital adipose tissue
serves a mechanical purpose as opposed to being an energy
store [7] . 

The presented cases additionally demonstrate diffuse
T1 hypointense marrow signal. This is secondary to mar-
row fat lipolysis with replacement by extracellular mu-
copolysaccharide, a process called “gelatinous transforma-
tion” or “serous atrophy of bone marrow” (SABM) [8] . SABM
Fig. 4 – Case 2: Initial axial (A) and sagittal (B) T1-weighted non-f
normal amount of scalp and neck subcutaneous fat. 
can be seen in cachexia, anorexia nervosa and chronic in-
fections [8] . Furthermore, Boutin et al also showed T1 hy-
pointense signal in the surrounding subcutaneous tissues in
SABM [8] . 

A substantial amount of cancer patients begin to lose
weight before diagnosis [9] . As such, cachectic features, simi-
lar to the ones in the presented cases, should prompt a search
for a potentially unrecognized underlying disease and should
serve as clues to the patient’s medical history and lifestyle. It
is vital to detect cachexia early in the disease process to ex-
pedite diagnosis and optimize treatment strategies [10] . Dod-
son et al further explained that cachexia detection is crucial,
as it is associated with a multitude of downstream repercus-
sions including poorer response to treatments and quality of
life [11] . Unfortunately, only a few imaging studies have been
done on patients with cachexia [10] . However there are re-
ports of CT assisting in the measurement of body composition
in sarcopenic cancer patients and possibly predicting progno-
sis and chemotherapy toxicity [ 10 ,12 ,13 ]. Additionally, there is
growing evidence of the role that chemotherapeutic agents
play in the worsening of cachexia [14] . As such it is impor-
tant to keep this factor in mind when reporting the degree of
cachexia-related imaging findings. 

Radiologists should be aware of this phenomenon in order
to avoid attributing these findings to erroneous scan param-
eters or alternative diagnosis, leading to unnecessary repeat
imaging or delayed diagnosis. The isolated hyperintensity of
the orbits found in cachectic patients can lead to the misdiag-
nosis of orbital fat inflammation. The diffuse hypointense T1
signal of SABM may be entirely missed, or be misdiagnosed
as other marrow-infiltrative conditions such as myelofibro-
sis, hemochromatosis, hematologic malignancies, or diffuse
metastasis [15] . Boutin et al found SABM diagnosis was de-
layed in 23% of patients, often due to radiologist misinterpret-
ing initial imaging as having technical errors such as failed fat
suppression [8] . 
at saturated MRI head at the time of presentation show 
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Fig. 5 – Case 2: follow-up T1-weighted images of head (A) and spine (B), 6 months after presentation, demonstrate total 
disappearance of subcutaneous fat ( ∗) and diffuse T1-hypointensity of bone marrow (x). There is preservation of orbital fat 
(A). 
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Conclusion 

The presented cases both demonstrate the pseudo fat-
saturated appearance of cachexia on T1-weighted MRI stud-
ies. This finding can lead to misdiagnosis or image misinter-
pretation. It is important for radiologists to be aware of this
phenomenon in order to avoid such pitfalls. 
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