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CITYYAU U3 TIPAKTUKHN

SPLEEN VOLUME EVOLUTION IN COURSE OF ACTH-ECTOPIC SYNDROME DUE TO
PANCREATIC NEUROENDOCRINE TUMOR LIVER METASTASES. A CASE REPORT
AND LITERATURE REVIEW

Shorikov M.A., Sergeeva O.N., Virshke E.R., Panov V.O., Dolgushin B.I.

urpose. The paper is based on a seven-year surveillance of the patient showing ec-

topic adrenocorticotropic hormone (ACTH) syndrome.

Materials and methods. A female 49-year old patient underwent pancreaticoduo-
denectomy for pancreatic head neuroendocrine tumor (NET) with synchronous liver metas-
tases in 2009. Over time the metastatic lesions were gradually enlarging and conventional
transarterial chemoembolization (cTACE) was performed twice: on December 2012 and on
March 2014 in “on demand” regimen. Since 2013 the patient developed clinical signs suspi-
cious for hypercortisolism but the elevated serum cortisol and ACTH levels were registered
only on May 2015. ACTH production was proven to be ectopic by dexamethasone suppres-
sion test and it was a quite rare finding in a pancreatic NET. At the same time the spleen
volume on MRI was evaluated as 126 cm3 which was almost two times lower than in 2009
(231 cm3).

Results. With regard to occasional papers which mentioned cTACE as a method for
hypercortisolism abatement the third ¢cTACE was performed on June 2015. It resulted in
tumor destruction, normalization of cortisol and ACTH levels and restoration of the spleen
size, ongoing up to the date (12 months after the procedure). The retrospective MRI-based
spleen volumetry demonstrated reduction of the spleen volume overall, and its increase in a
period 1.5-12.0 months after each cTACE (r2=0.5, p<0.006). The spleen volume also corre-
lated with ACTH levels (p<0.0001). Thought a remarkable spleen weight decrease after pro-
longed dexamethasone treatment has been shown on rodent models, PubMed search re-
vealed no previous clinical reports focusing on splenic volume evolution depending on glu-
cocorticoid levels.

Conclusions. The presented case makes us hypothesize that the consistent pattern
similar to that in the animal studies is also present in humans and, thus, microsplenia in
cancer patients may serve as an indirect visualization sign of the ectopic ACTH production.
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AUWHAMUHECKOE USMEHEHUE OBBbEMA CEAE3EHKU MPU AKTT -
SKTONUPOBAHHOM CUHAPOME, ObYCAOBAEHHOM METACTA3AMU
HEWPOSHAOKPUHHOMU ONYXOAU TOAOBKU MNOAXEAYAOYHOWU XEAE3bI B
MEYEHU

LLlopwkos M.A., Cepreesa O.H., BupLuke 3.P., lNaHos B.O., AOAryLLWH b.A.

esrome. PaboTa ocHOBaHaA Ha JAHHBIX CEMHUAETHETO AUHAMHYECKOTO HAaOAIOIEHUI 3a

nanueHTKo#, crpanatomeit AKTT-3kTonupoBaHHBIM CHHIPOMOM.

MaTepunaabl H MmeToAbl. B 2009 rony GoabHasg B Bo3pacTe 49 AeT IepeHecAa IIaH-
KpeaTooyodeHaABHYIO PE3€KIIHIO II0 IIOBOAY HEeHPOIHDOKPHUHHOH omyxoaun (HOO) roaoBku
IIO?KEAYLOYHOM KeAe3bl C CHHXPOHHBIMH MeTacTa3aMHU B IledeHH. B maabHeiem oTMmedaa-
Cs POCT METaCTAaTUYECKUX O4YaroB, B CBA3U C 4eM B mekabpe 2012 roma u maprte 2014 roma
OBIAM IIPOBENEHBI OBa CeaHCa MAaCASHOHM TpaHcapTepHasbHOM xuMuosmboamsamum (TAXDI)
nedeHu B pexume “on demand”. C 2013 roma y 60AbHOM HAOAIOOAAUCEH OTAEABHBIE KAMHUYE-
CKHe IIPOSBA€HUS T'HII€PKOPTUIIN3MA, OJHAKO IIOBBIIIEHHE YPOoBHS KopTusosa u AKTT (agpe-
HOKOPTHUKOTPOITHOTO TOPMOHA) B CHIBOPOTKE KPOBU OBIAO YCTAHOBAEHO AAGOPATOPHO AWIIL B
mae 2015 roma. [IlekcaMmeTa30HOBbBIE IPOOBLI CBUAETEABCTBOBAAU B ITIOAB3Y HAAWYHS IKTOIIHYE-
ckoro ucrouyHuka cekpernu AKTT, uTo aBAseTCs JOBOABHO peakod Haxonkoi rmpu HOO moma-
JKEAYZIOYHOH 3Keae3bl. Ilpm mpoBenmeHHO# Torma ke MPT-BoaromomeTpun oO6beM CeAe3€HKH
coctaBHuA Bcero 126 cm3, T.e. ObIA ITOYTH B 2 pasa MEHbBIIIe, YeM IIPU UCXOAHOM HCCAEI0Ba-
"M oT 2009 roza (231 cm3).

PesyabpTaThl. C yieToOM eIHHUYHBIX YIIOMUHAHUH B AuTepatype o TAXD Kak o crioco-
0e yMeHBIIEeHUS ITPOSBACHHH T'HIIepKOpTHIN3Ma, B HioHe 2015 roma Obla IIpOBeIeH TPeTHH
ceaHc TAXO meuenu. B pesyabTaTe BMeEIIaTEABCTBA OIIyXOAEBBIE y3AbI IIOIBEPTAUCEH AECTPYK-
UM, OBIAO OTMEYEHO BOCCTAHOBAEHHE 00BeMa CEeAe3eHKH M HOPMAaAM3allus YPOBHEM KOPTH-
3oaa u AKTT, coxpaHaroniyecs Ha MOMEHT HaIlMCaHUd cTaTbu (12 MecdlieB I1ocAe MHTEPBEH-
IIMOHHOI'O BMeIIaTeAbCTBa). PerpocniekTuBHag MPT-BoatoMoMeTpHs BbISBHAA OOIIyIO TeH-
OEHIINI0O K YMEHBIIIEHHI0O 00BheMa CEeAe3eHKH C TedeHHeM BpPEMEHM IIPH €ro YBEAHYEeHHUH B
cpoku ot 1,5 mo 12,0 mecsaieB nocae Kaxkmoro ceanca TAXO meuenu (r2=0.5, p<0.006). O6B-
eM CeAe3eHKHU Takxke KoppeanpoBaa ¢ ypoBHeM AKTT (p<0.0001). Xota B 3KCnepuMeHTaxX Ha
KUBOTHBIX OBIAO IIOKA3aHO, YTO y MBIIIEH KM KpPBIC IIOCAE€ JAUTEABHOTO CHCTEMAaTHYECKOI'O
BO3IeHCTBHA [eKcaMeTa3oHa OTMEYaAOoCh 3HAUHTEABHOE YMEHBIIIEHHE MacChl CEAE3€HKH,
KAMHUYECKHX HCCAEIOBAaHHUM, HaIlpaBAEHHBIX Ha H3y4eHHE aHaAOTHYHOH B3aHMMOCBSA3H, B
MeqUIUMHCKOM 0a3ze PubMed Ham oOHapYKHUTH HE yOaAOCH.

BeiBoabI. [IpencraBA€HHBIN cAydail [I03BOASET IIPENAIIOAOKUTH, UTO 3aBHCHMOCTD,
CXOZIHas C OIIMCAHHOH B Aa0OpPaTOPHBIX HCCAEIOBAHUAX, CYIIIECTBYEeT U V AIOZEH, a, caeqoBa-
TEABHO, YMEHBIIIEHHE CEAC3€HKH IIPHU OILyXOAEBOM IIOPasKE€HUH MOIKET OBITh KOCBEHHBIM BH-
3yaAu3aIlMOHHBIM IIPU3HAKOM HaAWMYHS SKToNU4YecKoM npoaykiiu AKTT.

KaroueBble caoBa: ceae3eHKa, HEHPOSHIOKPHUHHBIE OIIyXOAH, XHMHO3MOOAM3AIIHS,
AKTT-skronupoBaHHbIY cuHapoM, MPT, BoaAtomoMeTpus.
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opome, 00YCN08NAEHHOM Memacma3amu Hellpo-9HOOKPUHHOU ONYXONU 207108KU NOOXKeNYOoU-
Holl okenessl 8 neueHu. REJR. 2016; 6 (3):108-116. DOI:10.21569/2222-7415-2016-6-3-108-
116.

PI'BY «Poccuiickmi
OHKOAOTHYECKHI
Hay4HBIA LIEHTP
nmMmenu H.H. BaoxuHa»
Munsapasa Poccum.
Hayuno-
HccaemoBaTeabCKIiA
Hucrutyt KanHmmaeckoi
U OKCIIepUMEHTAABHOH
Pammonorum.

r. Mocksa, Poccust.

Crarpsa nmoayuena: 29.06.2016 Crarpa npunara: 13.07.2016

ntroduction. within the follicules and sinusoid thrombosis [1,

The elevated plasma glucocorticoid levels, as 2]. In humans, hypercortisolism is caused by a

it has been shown in animal studies, lead to large variety of reasons, e.g., glucocorticoid thera-
a statistically significant (two- to threefold) spleen Py, a hypophysis microadenoma, an adrenal cor-
volume reduction due to both apoptosis of cells tex hyperplasia, an ACTH-ectopic syndrome, etc.
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Fig. 1.

Fig. 1. Coeliacography (25.11.2009).

The black circle encompasses a pancreatic head
NET, arrows point to miliary liver metastases.

[3]. Though it is not an uncommon condition in
medical practice, we surprisingly found a lack of
clinical reports describing the splenic changes in
these diseases. Personally observing a rare case of
ACTH-secreting liver metastases of a pancreatic
head NET for 7 years we obtained 18 MRI-studies,
which provided a basis to explore the connection
between the tumor burden, hormone levels,
treatment results and the spleen volume.

A case report.

A female 49 year old patient underwent

pancreaticoduodenectomy for pancreatic head
NET with multiple miliary liver metastases in
2009 (fig. 1). The pathologist diagnosis was a low
grade NET (Grade 2, Mib-1 less than 7%).
During the period since 2010 till 2012 the patient
was treated with systemic chemotherapy including
capecitabine, oxaliplatin and gemcitabine-based
regimens. Follow-up abdominal MRI on
01.11.2012 demonstrated measurable metastases
varying from 1.0 to 1.6 cm in the greatest dimen-
sion within the parenchyma of the Ist and the IVth
liver segments along with the previously revealed
miliary lesion (fig. 2).

On 19.21.2012 the patient underwent
cTACE (lipiodol 7 ml + doxorubicin 70 mg). The
partial response was registered. On 04.03.2014 an
additional cTACE (lipiodol 8 ml + doxorubicin 80
mg) was performed in “on demand” regimen (i.e.,
when more than 25% tumor re-growth was identi-
fied).

Though the patient demonstrated excessive
pigmentation and stretchmarks highly suspicious
for hypercotisolism since 2013, a lab testing failed
to reveal elevated serum cortisol and ACTH levels.
The patient was diagnosed with ACTH overproduc-
tion only on May 2015 when she developed a full-
scale clinical picture of Cushing syndrome, con-
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sisting in a moon face, a “buffalo hump”, a diffuse
alopecia with a genian hypertrichosis, a lower
limb swelling, a muscle weakness and a refractory
arterial hypertension. Diagnostic work-up revealed
steroid diabetes, prominent hypokalemia, elevated
plasma ACTH 321.5 pg/ml (normal range 7.2 -
63.3 pg/ml) and cortisol — 53.5 pg/ml (normal
range 6.2 - 19.4 pg/ml); elevated free urine corti-
sol 4016 nmol per 24 hours (normal range 138.0 -
524.4 nmol per 24 hours). MRI of the pituitary
gland didn’t show any clear evidence of adenoma.
The dexamethasone suppression test confirmed
ectopic source of ACTH production.

The third cTACE (lipiodol 7 ml + oxaliplatin

70 mg) was performed a month later (fig. 3).
After the third cTACE, the patient developed a
rapidly progressive symptomatic response, includ-
ing resolution of lower limb swelling, transient
myalgia and diarrhea most likely due to plasma
potassium recovery on the 2nd-3rd post-
procedural days. One month later she showed the
normal arterial pressure, the disappearance of the
moon face and the “buffalo hump”, the adequate
muscle strength; and several months later less
pigmentation and no genian hypertrichosis were
evident. She is in a good condition a year later at
the moment of the publication.

The disease course was followed by 18 ab-

dominal MRI since 2009 till 2016. ACTH and cor-
tisol levels were regularly measured only from May
2015 after the diagnosis of ACTH-ectopic syn-
drome had been established to the date.
The tumor burden was evaluated by the quantity
and the linear sizes of metastatic lesions on T2-
weighted axial images (1.5 T, TR varied 3600-
7000, TE varied 82-107, slice thickness varied 6-7
mm, periodically rotated overlapping parallel lines
with enhanced reconstruction (PROPELLER) tech-
nique was used).

Due to a slow pattern of the metastatic
growth we compared MRI studies performed at
wide time intervals for better lesion size estima-
tion. Surprisingly we caught sight of prominent
splenic volume changes over time. We quantified
our observation with the retrospective spleen vo-
lumetry using the same type of images by measur-
ing surface of the spleen on each slice, adding
them together and multiplying by slice thickness.
It was an intriguing fact that the spleen volume
changed almost twofold (1.83 times) in the course
of the disease from 231 cm3 in 2009 to 126 cm3
in 2015 (fig. 4). That made us guess what the rea-
son behind it is. In published papers [4-13] we
found possible causes of the spleen volume reduc-
tion, they mostly include conditions with hypo-
splenism such as autoimmune diseases, immuno-
suppression (including immunosuppression after
transplantation), hematologic diseases, splenic
circulation disorders, celiac disease. All the condi-
tions except the two latter were ruled out by an
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Fig. 2,a. Fig. 2,b. Fig. 2,c.

Fig. 2. MRI, fat saturated, T2-WI, periodically rotated overlapping parallel lines with enhanced reconstruction
(01.11.2012).
Demonstrated metastases varying from 1.0 to 1.6 cm in the greatest dimension within the parenchyma of the Ist

(a) and the IVth (b, c¢) liver segments (arrows).

A

Fig. 3,a. Fig. 3.c.

Fig. 3. cTACE (02.06.2015).
a — Hepaticoarteriography demonstrating the largest hypervascular lesion in the IVthliver segment (arrow);

b — Inraarterial injection of lipiodol with oxaliplatin (iodized oil drops are pointed by arrow heads) predominantly

accumulated by metastatic lesion (arrow);
¢ — Post-procedural upper abdominal survey radiography showing tumoral accumulation of the iodized oil (ar-

row).

Fig. 4,a. Fig. 4,b.

Fig. 4. MRI, fat saturated, T2-WI, periodically rotated overlapping parallel lines with enhanced reconstruction.

a - Comparison of the spleen size at the level of the hilus in 2009, adding them together and multiplying by slice

thickness were 231 cm3;
b - On the corresponding splenic volumes evaluated by measuring surface of spleen on each slice in 2015, add-

ing them together and multiplying by slice thickness were 126 cm3.
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amnestic data. The angiographic images per-
formed on June 2015 revealed no evidence of the
splenic circulation disorders (fig. 5).

The celiac disease was a likely diagnosis
due to the presence of several symptoms: diar-
rhea, steatosis, dermatitis herpetiformis, diffuse
alopecia, swelling of the lower extremities, osteo-
porosis, muscle weakness, weight loss, and ane-
mia (all of these can also occur in Cushing syn-
drome patients). Nevertheless, either serological
(IgA — 1.07 g/1 (normal range 0.4-3.5, antibodies
to tissue transglutaminase: IgG - O relative
units/ml (normal value <2.0), IgA — 1.93 relative
units/l (normal value <20), antibodies to endo-
mysium (IgA) - <1:5 (normal value <1:5) or
pathologist finding (histologic changes consistent
with erosive enteritis, no evidence of celiac dis-
ease) exclude the celiac disease.

After the exclusion of the most probable
non-neoplastic spleen reduction reasons we tried
to find out if there’s any connection between the
tumor burden, hormone levels and the spleen
size. The tumor response in consequence of the
third cTACE is presented on the MRI performed
before and after the procedure (fig. 6): the biggest
metastasis within the IVth liver segment became
hardly visible in December on T2WI. It was evi-
dent that the spleen size increased at the same
time.

We also plotted changes of the spleen vol-
ume against relative (normalized to a mean of a
normal range in each particular study) ACTH and
cortisol levels (fig. 7): return of the hormone val-
ues into the normal range was accompanied by
the spleen volume restoration from 126 cm3 to
192 cm3 (6 months period). Then after 9 months
the volume was estimated as 178 cm3, after 12
months as 180 cm3.

Log-linear regression analysis showed that
during the period since the last cTACE till June
2016 relative ACTH level was connected to the

spleen volume as:

Relative ACTH = exp
0.03380*Spleen volume, cm3), p<0.0001;

No connection to cortisol levels was found
for the spleen volume (p>0.05), levels of cortisol
and ACTH were connected to each other as ex-
pected (p<0.0001).

Despite the fact that the study was limited
by an unavailability of regular hormone meas-
urements throughout the whole period of the sur-
veillance the results of the volumetry might sug-
gest the connection between cTACE response
hormone levels and the spleen size. The retrospec-
tive spleen volumetry showed the spleen enlarge-
ment after each cTACE. It was confirmed by sta-
tistical analysis: the volume was significantly
higher in a period 1.5-12.0 months after each
cTACE with an overall volume reduction tendency
(fig. 8 (a, b), regression analysis: 1r2=0.504,
p<0.006). The similar effect was observed after
chemotherapy but due to only single measure-
ment wasn’t statistically analyzed and confirmed
for this type of treatment (fig. 8 a).

Discussion and literature review.

The normal size of the spleen is 198 + 88
cm3 (20-90 years old volunteers) and it has a
peak value at the age of 50-60 and is evaluated in
the same work as 221 + 95 cm3 [14]. Henderson
J.M., et al. reported the size of the spleen in
healthy volunteers group was 219 * 76 cm3 and
varied 6-10% on different studies of the same per-
son [15]. The measurements in these works were
performed on CT-images and used the same
method of the volume evaluation as we did. So,
our patient’s spleen volume decreased way below
the mean of norm and at the very least to the min-
imum border of it. It changed by 83% during
2009-2015 period, which considerably excessed
normal physiological fluctuation.

The published papers on the topic of the
spleen size mostly discuss splenomegaly (spleen

(6.22841-

Fig. 5.a.

Fig. 5. a- Coeliacography. b - Arterial splenoportography.

Demonstrating unremarkable splenic artery and vein (arrows).
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Fig. 6, a4

Fig. 6,b4

tion.

cTACE.

Fig. 6. MRI, fat saturated, T2-WI, periodically rotated overlapping parallel lines with enhanced reconsiruc-

Reduction of tumor burden after c TACE accompanied by restoration of the spleen volume.
a - The largest metastasis within the IVth liver segment before cTACE (1 - May); post-TACE inflammatory

changes 1 month later (2 — July); metastasis size reduction 6 (3— October) and 9 months (4— December) after

b - Spleen at the level of the hilus before cTACE (1 — May, 126 cm3); 1 (2 — July, 128 cm3), 6 (3— October, 186
cm3) and 9 months (4- December, 192 cm3) after cTACE.

volume increase) with or without concomitant hy-
persplenism (overfunctioning), splenic hypotrophy
is mentioned way less. Similar to splenomegaly
and hypersplenism, microsplenia (spleen size re-
duction) and hyposplenism (diminished activity)
are to be distinguished. This case study was lim-
ited by the incapability of the retrospective spleen
function estimation, so we had to settle for spleen
volumetry.

| wwwe.rejr.ru | REJR. 2016; 6 (3):108-116
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As it was quoted above the possible causes
of the spleen volume reduction are autoimmune
diseases, immunosuppression (including immu-
nosuppression after transplantation), hematologic
diseases, splenic circulation disorders, and celiac
disease [4-13]. Some of them may first lead to
splenomegaly followed by microsplenia and hypo-
splenism then. All of these conditions were ruled
out in our case.
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Fig. 7. ACTH (blue) and cortisol (red) relative levels

| plotted against the spleen volume (green), cTACE is

marked by an arrow. Hormone levels decreased and
the spleen volume restored after cTACE. Y left - rela-

tive hormone levels (1 is a norm), Y right — the spleen
volume, X - date.

Log-linear regression analysis showed that during the peri-
od since the last cTACE till June 2016 relative ACTH level
was connected to the spleen volume as:

Relative ACTH = exp (6.22841-0.03380*Spleen volume,
cm3), p<0.0001;

No connection to cortisol levels was found for the spleen
volume (p>0.05), levels of cortisol and ACTH were connect-
ed to each other as expected (p<0.0001).
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Fig. 8.

The spleen volume: a — Y — the spleen volume, cm3, X — date, arrows mark different types of treatment; b - Y - the
spleen volume, cm3, X — date, 1 — the spleen volume during the period 1.5-12.0 months after cTACE, O — the spleen
volume outside that period, the overall tendency of the volume reduction and its increase after cTACE are statisti-

cally significant (r2=0.504, p<0.006).

Previous publications didn’t account hu-
man spleen volume reduction in relation to the
elevated glucocorticoid levels with two exceptions:
a case of glucocorticoid treated thrombocytopenic
purpura [16] in which the strong connection is
questionable and in a case of transplantation
(mostly renal) but even here the spleen volume
decrease is probably caused by mTOR inhibition
effects [5].

In animals it was shown that glucocorti-
coid levels do reduce the spleen size. In rat exper-
iments [1] the spleen weight decreased after dex
amethasone treatment threefold in young animals
and twofold in aged animals. Only in aged animal
group the spleen fully restored after rehabilitation

| wwwe.rejr.ru | REJR. 2016; 6 (3):108-116
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period. All the differences were statistically signifi-
cant (p<0.05). In another study performed on mice
the similar results occurred: the spleen decreased
after glucocorticoid treatment [2]. The histological
findings demonstrated that the spleen size reduc
tion was a result of both apoptosis of cells within
the follicles and sinusoid thrombosis.

In humans the chronic cortisol overpro-
duction causes Cushing’s syndrome. It is a rela-
tively rare (2-3/1000000/year) disorder character-
ized by a number of typical clinical signs such as
rapid weight gain, central obesity, “buffalo hump”,
“moon face”, excess sweating, dilation of capillar-
ies, thinning of the skin and mucous membranes,
purple or red striae on the trunk, buttocks, arms,
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legs, or breasts, proximal muscle weakness, hir-
sutism, baldness or brittle hair, hypocalcemia [3,
17]. It may lead to systemic complications result-
ed in a significant morbidity, an impaired life
quality, and an increased mortality when cortisol
levels are not controlled [18]. In most cases (80%)
Cushing’s syndrome is ACTH-dependent [17, 19].
ACTH is produced by either a pituitary gland ade-
noma or a variety of malignancies, predominantly
of neuroendocrine origin (bronchial, thymic, or
pancreatic NETs), and also small cell lung carci-
noma, phaeochromocytoma, medullary carcinoma
of the thyroid and prostate carcinoma. Hypercorti-
solism due to tumor ACTH secretion is distin-
guished as ACTH-ectopic syndrome as it was in
the presented case of the patient with pancreatic
NET liver metastases.

ACTH-ectopic syndrome is an infrequent
condition in NET patients. The analysis of a 20-
year large tertiary-care center experience revealed
only 29 ACTH-secreting tumors, including 9 pan-
creatic only, among 918 NETs [18]. The overall
pancreatic NETs frequency is estimated as 1-
2/100000 cases. Hence pancreatic ACTH-
secreting NETs are especially rare. There are only
135 cases to this day published in English since
1946 [20]. It is also hard to say at what stage of
the disease and why exactly the syndrome occurs:
in most cases it is easily diagnosed at the same
time as the tumor, but there’re cases when clini-
cal picture and increased hormone levels are ob-
served only 9-54 months after [18]. Liver metasta-
ses are seen in 75% of cases.

The 5-year survival rate of ACTH-secreting
NETs of different organs and organ systems was
statistically significantly lower (p<0.013) than oth-
er types of NETs [18].

A 5-year survival rate is only 35% in pa-
tients with ACTH-secreting pancreatic NETs com-
pared to 97% of patients with insulinomas, 72%
with gastrinomas, 75.2% with somatostatinomas,
and 80% with nonfunctioning PanNETs. A 10 year
survival rates are 16% for ACTH-secreting pancre-
atic NETS and 86% of patients for insulinomas,
59% for gastrinomas, and 67% for nonfunctioning
PanNETs [20].

Taking all of the above into account we can
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