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Abstract
Background The postoperative biological behavior of non-
functioning pituitary adenomas (NFPAs) is variable. Some
residual NFPAs are stable long-term, others grow, and some
recur despite complete removal. The usual histological
markers of tumor aggressiveness are often similar between
recurring, regrowing, and stable tumors, and therefore are not
reliable as prognostic parameters. In this study, the clinical
utility of proliferation indices (labeling index, Li) based on
immunohistochemistry targeted at antigens Ki-67 and High-
mobility group A1 (HMGA-1) for prediction of NFPA prog-
nosis was investigated.
Methods Fifty patients with NFPAs were investigated. In each
patient, Ki-67 and HMGA-1 Li were evaluated. Based on
postoperative magnetic resonance images, patients were clas-
sified as tumor-free (18 patients), or harboring a residual
tumor (32 patients). The latter group was further subdivided

into groups with stable tumor remnants (11 patients) or pro-
gressive tumor remnants (21 patients).
Results The median follow-up period was 8 years. No signif-
icant relationship between HMGA-1 Li and residual tumor
growth was found. Growing residual tumors showed a trend
towards higher Ki-67 Li compared with stable ones (p=
0.104). All tumor remnants with Ki-67 Li above 2.2 % were
growing. The relationship between residual tumor growth and
Ki-67 Li exceeding the cutoff value of 2.2 % was significant
(p=0.01 in univariate, p=0.044 in multivariate analysis).
Conclusions The prognostic significance of the HMGA-1
antigen was not confirmed. In contrast, the Ki-67 Li provides
useful and valuable information for the postoperative man-
agement of NFPAs. In residual adenomas with a Ki-67 Li
above 2.2 %, regrowth should be expected, and these tumors
may require shorter intervals of follow-up magnetic resonance
imaging (MRI) and/or early adjuvant therapy. Future larger
studies are needed to confirm the results of this study.

Keywords Pituitary adenoma . HMGA-1 . Ki-67 . Residual
tumor . Recurrence . Regrowth

Introduction

The postoperative biological behavior of nonfunctioning pi-
tuitary adenomas (NFPAs) is variable. While complete tumor
removal (CTR) represents a cure in the majority of patients, in
some patients NFPAs recur despite CTR. Some residual
NFPAs are stable in the long term, while others grow [17].
Considering the variability of NFPAs prognosis, there is a
need for informative predictive factors to optimize postoper-
ative management. However, the usual morphologic markers
of tumor aggressiveness, including pleomorphism, nuclear
atypia, increased cellularity, and mitotic activity, correlate
poorly with the prognosis of pituitary adenomas [22]. Pituitary
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adenomas are not amenable to any form of histopathological
grading, such as that available for astrocytic tumors,
that could reliably distinguish aggressive variants from
indolent ones [22].

A wide spectrum of NFPA biomarkers have been studied
with regard to their predictive value for tumor recurrence/
regrowth [49, 50]. However, a fully reliable predictor of tumor
behavior has not been identified. Despite the fact that the
antigen Ki-67 is routinely immunohistochemically assessed
in pituitary adenomas, the prognostic significance of its ex-
pression is not generally accepted [5, 48]. The results of
studies exploring the possible use of Ki-67 as a predictor of
tumor recurrence/regrowth were inconsistent. High-mobility
group A1 (HMGA-1) proteins were shown to play a signifi-
cant role in the pathways that lead to pituitary tumor evolution
[9, 10]. They were considered promising novel molecular
markers of pituitary adenoma proliferation and invasiveness
[59]. However, the potential association between HMGA-1
expression and tumor recurrence/regrowth has not yet been
investigated. Thus, the aim of this study was to evaluate the
predictive value of the expression of proliferation-associated
antigens Ki-67 and HMGA-1 regarding postoperative re-
growth and recurrence of NFPAs.

Patients and methods

During the years 2000–2006, 127 patients with newly diag-
nosed NFPAswere operated on in our department. All patients
were followed up with magnetic resonance imaging (MRI) in
our hospital during the first 2 years after surgery. After this, the
follow-up of 62 patients residing in distant locations was
performed by a local neurologist or oncologist. The remaining
65 patients continued to be followed up in our department.

The inclusion criteria were: 1) postoperative follow-up
with MRI performed in our center; 2) availability of NFPA
tissue specimens for new immunohistochemical analyses; 3)
no postoperative radiotherapy, radiosurgery, or any other form
of adjuvant treatment that could have changed the natural
behavior of the residual tumor. Fifty patients (31 males, 19
females) were included in the study according to these criteria.

Surgical reports were used for evaluation of tumor consis-
tency and bleeding tendency. The consistency was evaluated
as soft if tumor removal with suction was possible. If the
suction of the majority of tumor tissue was not possible, but
resection was achievable with a curette, then consistency was
evaluated as moderately firm. Consistency was considered
firm if tumor resection with a curette was hard or not safely
achievable. If bleeding from tumor tissue was unusually
heavy, the tumor was evaluated as having a bleeding tendency.
The bleeding tendency was not stated if the source of exces-
sive bleeding was a normal structure (mucosa or cavernous
sinus), and not the tumor tissue itself.

Adenomas were considered to be invasive if signs of dural,
bone, and/or cavernous sinus invasion were noted during
surgery. Only if the surgical report was inconclusive was
preoperative MRI investigation used for evaluation of inva-
siveness. In these cases, tumor invasiveness into cavernous
sinus was evaluated according the criteria defined by Knosp
et al. [25] and Cottier et al. [4]. Preoperative MRI scans were
also used for maximal tumor diameter measurement.

The extent of resection was evaluated according to the first
postoperative MRI investigation. CTR was defined as the
absence of the residual tumor. A tumor remnant was defined
as a tissue mass with the same MRI characteristics as the
tumor before the resection, localized exclusively in places
where the tumor was identified preoperatively, which could
not be explained as a normal structure or implanted material.
In patients with a residual tumor, maximal residual tumor
diameter was measured on the first postoperative MRI scans;
the presence or absence of residual tumor growth was evalu-
ated on the follow-up MRI scans. An unequivocal increase of
tumor size in any dimension was evaluated as residual tumor
growth. Recurrence was defined as tumor reappearance after
previous CTR, confirmed on postoperative follow-up MRI
scans.

Definition of patient subgroups

According to the postoperative MRI scans, patients were
divided in two main subgroups: Patients with tumor remnants
and tumor-free patients. The group of patients with a tumor
remnant was further divided into two subgroups: patients with
stable tumor remnants and patients with growing tumor rem-
nants. The group of tumor-free patients was further divided
into two subgroups: patients with recurrence and patients
without recurrence (Fig. 1).

In patients with a growing remnant or patients with tumor
recurrence, the follow-up period was defined as the time
between surgery and MRI, which served as an indication for
the second therapeutic intervention. In patients with stable
(non-growing) remnants and for patients after CTR without
recurrence, the follow-up period was defined as the time
between surgery and the last MRI scan.

To compare our results with previously published data,
patients were experimentally combined into a group including
patients with growing remnants and patients with recurrence;
and into another group including patients with stable remnants
and patients without recurrence after CTR.

Immunohistochemical studies

Tissue specimens of all patients were investigated. For ade-
noma tissue identification, standard hematoxylin and eosin-
stained sections were used. For assessment of hormone ex-
pression, sections of formalin-fixed and paraffin-embedded
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tumor specimens were incubated with antibodies against
pituitary hormones. Anti-adrenocorticotropin (MS-452-
R7, Lab Vision Corporation, Fremont, CA, USA), anti-
prolactin (MS-9083-R7, Lab Vision), and anti-human growth
hormone (MS-1328-R7, Lab Vision) antibodies were used.
Immunopositivity for cytoplasmic immunoreactivity was
evaluated by two pathologists (J.B. and B.R.).

The presence of Ki-67 and HMGA-1 antigens within ade-
noma cell nuclei was detected immunohistochemically using
the MIB-1 antibody (anti-Ki-67, RM9106-R7, Lab Vision)
and HMGA-1 antibody (anti-HMGA-1, LS-B2037, LifeSpan
Biosciences, Seattle, WA, USA). MIB-1 antibody and
HMGA-1 antibody binding was apparent as nuclear staining.
Tumor cell proliferation rate was assessed using the labeling
index (Li) of Ki-67 and HMGA-1 (Fig. 2). The Li of both
antigens was determined by counting the number of positive
cells in a total of 1,000 tumor cells observed in the maximally
stained region under high magnification (× 400). Photos of the

observed fields were taken and all counted cells were marked
manually (to count each positive or negative nucleus only
once).

Detection of immunostaining was performed using diami-
nobenzidine chromogen (TA-060-HDX, Lab Vision). The
pathologists evaluating the specimens were blinded to the
clinical characteristics of the patient and biological behavior
of the tumor.

Statistical analyses

Statistical analyses were conducted using IBM SPSS version
20.0 (IBM, Armonk, NY, USA). For the multivariate analysis
identifying the determinants of variability of the observed
parameters, the General Linear Model function was used.
Univariate analysis was conducted using the non-parametric
Mann–Whitney U-test and chi-square test. Probability-values
<0.05 were considered statistically significant.

Fig. 1 Follow-up MR scans a1
preoperative MR image revealing
a tumor in a 51-year-old man
from the tumor-free group. a2
First postoperative MR image
demonstrating complete tumor
removal. a3MRI scan obtained
10 years after surgery shows no
recurrence. b1 Preoperative MR
image revealing a tumor in a 46-
year-old woman from the tumor-
free group. b2 First postoperative
MR image demonstrating
complete tumor removal. b3MRI
scan obtained 10 years after
surgery shows a distinct tumor
recurrence in the left part of the
sella. c1 Preoperative MR image
revealing a tumor in a 64-year-old
man from the residual tumor
group. c2 First postoperative MR
image demonstrating a tumor
remnant in the right cavernous
sinus. c3MRI scan obtained 11
years after surgery shows no
regrowth of the residual tumor. d1
Preoperative MR image revealing
a tumor in a 39-year-old man
from the residual tumor group. d2
First postoperative MR image
demonstrating a tumor remnant at
the right cavernous sinus. d3MRI
scan obtained 8 years after
surgery shows distinct regrowth
of the residual tumor
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Results

The median follow-up period for the whole cohort was 8 years
(range 2–11). The median follow-up period for the group of
patients with a residual tumor and for the tumor-free group is
presented in Table 1.

Factors associated with tumor invasiveness

Twenty-seven NFPAs (54 %) in the cohort were inva-
sive. A significant relationship between invasiveness
and maximal tumor diameter was found in univariate
analysis (t=-3.136, p=0.003), and in multivariate anal-
ysis (Table 2). Invasiveness was not associated with
Ki-67 Li or HMGA-1 Li in univariate or multivariate
analyses.

Factors determining complete tumor removal and residual
tumor size

Postoperative MRI investigation revealed residual tumors in
32 patients (64 %), and CTR was achieved in 18 patients
(36 %). The clinicopathological features of these patients are
shown in Table 1. A significant positive association between
tumor invasiveness and incomplete resection was found in
univariate analysis (χ2=11.434; p=0.001), and in multivariate
analysis (Table 3).

Factors influencing residual tumor size were investigated
using multivariate analysis (Table 3). Maximal preoperative
tumor diameter was identified as a sole determinant of max-
imal residual tumor diameter (p<0.001).

Factors associated with residual tumor growth and tumor
recurrence

The clinicopathological features of patients with stable and
growing remnants are shown in Table 4. A significant negative

Fig. 2 Light microscopy
photographs of non-functioning
pituitary adenoma tissue sections
(original magnification×400). a1
Immunostaining for Ki-67 in a
tumor in a 56-year-old man from
the stable residual tumor group.
The Ki-67 Li was 1.2 %. a2
Immunostaining for Ki-67 in a
tumor in a 46-year-old woman
from the progressive residual
tumor group. The Ki-67 Li was
3.1 %. b1 Immunostaining for
HMGA-1 in a tumor in a 42-year-
old man from the progressive
residual tumor group. The
HMGA-1 Li was 3.2 %. b2
Immunostaining for HMGA-1 in
a tumor in a 50-year-old man
from the stable residual tumor
group. The HMGA-1 Li was
91.6 %

Table 1 Univariate analysis of factors determining complete tumor
removal

Residual
tumor group

Tumor-free
group

p
value

Number of patients 32 (64 %) 18 (36 %)

Median age 50.5 (20–76) 51.5 (17–67) 0.32

Median follow-up 7 (2–11) 10 (5–11) 0.008

Sex 0.55

Male 21 (65 %) 10 (56 %)

Female 11 (35 %) 8 (44 %)

Median tumor size 30 (20–46) 27 (11–55)

Approach 0.59

Transsphenoidal 26 (81 %) 15 (83 %)

Transcranial 6 (19 %) 3 (17 %)

Invasiveness 23 (72 %) 4 (22 %) 0.001

Bleeding tendency 5 (16 %) 1 (6 %) 0.4

Consistency 0.75

Soft 3 (9 %) 3 (17 %)

Moderately firm 19 (59 %) 10 (56 %)

Firm 10 (31 %) 5 (28 %)

Adrenocorticotropin
immunopositivity

2 (6 %) 2 (11 %) 0.61

Growth
hormone

Immunopositivity 0 (0 %) 1 (6 %) 0.36

Prolactin Immunopositivity 1 (3 %) 4 (22 %) 0.05

Bold type indicates statistically significant results (p<0.05)
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association between age and residual tumor growthwas found in
univariate analysis (χ2=44.5; p=0.004). The relationship be-
tween HMGA-1 Li and residual tumor growth was not signifi-
cant. Quantitative analysis of the association between Ki-67 Li
and residual tumor growth showed a trend of growing remnants
towards higher Ki-67 (U=74; p=0.104). The maximal Ki-67 Li
of stable remnants was 2.2%; all nine residual tumors with a Ki-
67 Li above 2.2%were growing (Fig. 3).When residual tumors
were grouped into those with a Ki-67 Li ≤2.2 % and into those
that exceeded this value, i.e. when theKi-67 Li was used not as a
quantitative variable, but exceeding the Ki-67 Li cutoff value of
2.2 % was used instead, the association between residual tumor
growth and exceeding the cutoff value was significant in uni-
variate analysis (χ2=6.559; p=0.01). No cutoff value for the
HMGA-1 Li could be identified (Fig. 3).

Factors associated with residual tumor growth were inves-
tigated in twomultivariate analyses. In the first analysis, Ki-67
Li was used as a quantitative variable (Table 5). As in the
univariate analysis, the first multivariate analysis showed only
a trend of growing remnants towards higher Ki-67 Li (F=
3.451; p=0.07). In the secondmultivariate analysis, exceeding
the cutoff value of Ki-67 Li 2.2 % was used as a qualitative
variable (Table 6). The significant association between resid-
ual tumor growth and exceeding the cutoff value found in the
univariate analysis was confirmed (F=4.673; p=0.044). A

significant association between age of patient and residual
tumor growth was not confirmed by the multivariate analysis.
Similarly, no association was found between residual tumor
growth and gender, tumor size, hormonal immunophenotype,
or invasiveness.

In the group of 18 tumor-free patients, only three recur-
rences were diagnosed (16.7 %), and NFPAs in 15 patients
(83.3 %) did not recur during the follow-up period. Recur-
rences were diagnosed 7, 10, and 11 years after surgery. Two
recurrences were subsequently treated by stereotactic radio-
surgery, and one patient underwent re-operation. Owing to the
low incidence of recurrences, identification of factors associ-
ated with tumor recurrence was not possible. In the group of
15 recurrence-free patients, five NFPAs (33 %) had a Ki-67 Li
higher than 2.2 % (range 2.9–11.9 %).

When the cohort was experimentally divided into one
group consisting of patients with a growing tumor remnant
and patients with recurrence, and into another group
consisting of patients with a stable tumor remnant and patients
with no recurrence after CTR, no significant difference in

Table 2 Factors associated with tumor invasiveness

F p value

Age 0.368 0.548

Tumor size 5.510 0.024

Ki-67 LI 1.176 0.285

HMGA1 Li 0.318 0.576

Sex 2.221 0.144

Adrenocorticotropin immunopositivity 0.041 0.842

Growth hormone immunopositivity 0.001 0.970

Prolactin immunopositivity 0.218 0.643

Bold type indicates statistically significant results (p<0.05)

Table 3 Factors determining complete tumor removal and residual tu-
mor size

Complete tumor removal Residual tumor size

F p-value F p-value

Age 0.203 0.655 0.006 0.939

Tumor size 0.695 0.411 32.865 < 0.001

Sex 0.011 0.918 0.009 0.924

Invasiveness 13.847 0.001 0.012 0.912

Bleeding tendency 0.501 0.484 0.141 0.712

Consistency 0.935 0.403 1.519 0.247

Bold type indicates statistically significant results (p<0.05)

Table 4 Univariate analyses of factors determining residual tumor
growth

Growing
residual
tumor

Stable
residual
tumor

p
value

Number of patients 21 (66 %) 11 (34 %)

Median age 45 (20–75) 63 (50–76) 0.004

Median follow-up (range) 6 (2–11) 7 (5–11) 0.3

Sex 0.7

Male 13 (62 %) 8 (73 %)

Female 8 (38 %) 3 (27 %)

Median tumor size 32 (23–46) 30 (20–42) 0.1

Approach 0.07

Transsphenoidal 15 (71 %) 11 (100 %)

Transcranial 6 (29 %) 0 (0 %)

Invasiveness 16 (76 %) 7 (64 %) 0.68

Bleeding tendency 3 (14 %) 2 (18 %) 1

Consistency 0.34

Soft 3 (14 %) 0 (0 %)

Moderately firm 11 (53 %) 8 (73 %)

Firm 7 (33 %) 3 (27 %)

Adrenocorticotropin
immunopositivity

2 (9.5 %) 0 (0 %) 0.53

Growth
hormone

Immunopositivity 0 (0 %) 0 (0 %) 1

Prolactin Immunopositivity 1 (5 %) 0 (0 %) 1

Ki-67 Li>2.2 9 (43 %) 0 (0 %) 0.01

Median residual tumor size 14 (5–28) 8 (6–16) 0.31

Median Ki-67 Li 2.83 (0–8.2) 1.59 (0–2.2) 0.104

Median HMGA-1 Li 29.10 (0–94) 22.28 (0–91.6) 0.667

Bold type indicates statistically significant results (p<0.05)
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HMGA-1 Li or Ki-67 Li was found between the two groups
(in univariate and multivariate analysis). Similarly, no signif-
icant difference (in univariate and in multivariate analysis)
was found when exceeding the cutoff value of Ki-67 Li
2.2 % was compared between the two groups.

Relationship between Ki-67 Li and HMGA-1 Li

In univariate analysis, a trend towards a significant association
between Ki-67 Li and HMGA-1 Li was found (r=0.244; p=
0.088). After adjustment for age and sex, a significant rela-
tionship between Ki-67 Li and HMGA-1 Li (F=5.404; p=
0.029) was confirmed in multivariate analysis involving tu-
mor size, invasiveness, consistency, bleeding tendency, and
hormonal immunophenotype.

Discussion

Complete NFPA resection should be attempted in all caseswhen
safely achievable as it has a clear impact on prognosis. While
recurrence rates of NFPAs after CTRwithout adjuvant treatment
were reported between 0 and 29%, regrowth of residual NFPAs
ismuchmore common. Prior studies show regrowth rates in 38–
95 % of cases without adjuvant treatment [6, 11, 17, 28, 31, 41,
53, 54, 56, 58, 60, 63]. Although these results were reported
after various follow-up periods, it is clear that (despite occasion-
al recurrences) CTR represents a cure in a substantial number of
patients. Nevertheless, some residual NFPAs can be stable in the
long term, and therefore, prophylactic postoperative radiothera-
py is not justified in all cases of residual NFPAs [6, 22].

In addition to the variability of the biological behavior of
NFPAs, the postoperative management of these tumors is
complicated by the absence of a reliable prognostic parameter.
Thus, continuous follow-up with MRI is necessary in all
patients after NFPA resection, to detect tumor recurrence/
regrowth before clinical signs of mass effect appear. However,
because of the uncertain prognosis, determination of the opti-
mal frequency of postoperative MRI controls is challenging.

The 2004 edition of the World Health Organization classi-
fication of pituitary adenomas included a new adenoma entity
that should have borderline or uncertain behavior: an “atypi-
cal” adenoma [29]. This atypical variant is defined by invasive

Fig. 3 Upper diagram Scatter dot plot comparing Ki-67 Li values
between growing tumor remnants and stable tumor remnants. All residual
tumors with a Ki-67 Li > 2.2 % were growing. All stable residual tumors
had a Ki-67 Li ≤ 2.2 %. Lower diagram Scatter dot plot comparing
HMGA-1 Li values between growing tumor remnants and stable tumor
remnants; no cutoff value could be identified

Table 5 Multivariate analysis of factors determining residual tumor
growth (involving the Ki-67 Li)

F p

Age 1.816 0.192

Tumor size 1.812 0.193

Ki-67 Li 3.451 0.077

HMGA1 Li 0.570 0.459

Sex 1.443 0.243

Invasiveness 0.078 0.783

Adrenocorticotropin immunopositivity 1.554 0.226

Growth hormone immunopositivity - -

Prolactin immunopositivity 0.034 0.856

Table 6 Multivariate analysis of factors determining residual tumor
growth (involving the Ki-67 Li cutoff)

F p

Age 0.534 0.474

Tumor size 1.592 0.222

HMGA1 Li 0.535 0.474

Sex 1.003 0.329

Invasiveness 0.143 0.710

Ki-67 Li cutoff 4.673 0.044

Adrenocorticotropin immunopositivity 1.531 0.231

Growth hormone immunopositivity – –

Prolactin immunopositivity 0.159 0.695

Bold type indicates statistically significant results (p<0.05)
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growth, Ki-67 Li greater than 3 %, excessive p53 immunore-
activity, and increased mitotic activity [29]. However, atypical
adenomas meeting these criteria represent only a small pro-
portion of all pituitary adenomas. In prior studies, their occur-
rence has been reported to be between 2.7 and 15 % [46, 51,
65, 67], which is far less than reported pituitary adenoma
recurrence/regrowth rates. Thus, more sensitive prognostic
parameters indicating probability of tumor recurrence/
regrowth are needed. Such a factor would be helpful in opti-
mizing the frequency of postoperative radiographic follow-up
intervals, and could also provide crucial information for the
timing of radiosurgery, radiotherapy, or re-operation [60]. In
the present study, we analyzed the prognostic potential of the
proliferation-associated antigens Ki-67 and HMGA-1.

Prognostic significance of the Ki-67 antigen

The expression of the nuclear protein Ki-67 is limited to the
mitotic phase of the cell cycle [15]. The Li of Ki-67 (i.e. % of
Ki-67 positive nuclei) correlates with growth potential in a
variety of human tumor types and often provides valuable
prognostic information [2]. Development of the monoclonal
antibodyMIB-1, which enables detection of the Ki-67 antigen
in paraffin embedded tissue, contributed to the routine immu-
nohistochemical assessment of Ki-67 Li in pituitary adeno-
mas. However, the prognostic significance of the Ki-67 anti-
gen in pituitary adenomas remains unclear [5, 48]

The relationship between pituitary adenoma Ki-67 Li and
tumor invasiveness has been explored in multiple studies.
However, the results are not consistent; while the majority of
studies confirmed a significant association [24–26, 32–34, 40,
42, 52, 55, 61, 62, 68], others studies did not [1, 16, 19, 23, 27,
30, 39, 44, 51, 64]. The divergent results of previously pub-
lished studies can be partially explained by the methodology
of Ki-67 Li assessment [48, 61] (digital image analysis or
manual cell counting, and different methods of tissue process-
ing), but also by the methods of assessment of tumor inva-
siveness [48]. No significant association between pituitary
adenoma Ki-67 Li and tumor invasiveness was found in our
study. Invasiveness was evaluated on the basis of the relation-
ships of the tumor to bony structures, dura, and the cavernous
sinus, as seen through the operative microscope. The vast
majority of patients were operated on using a microsurgical
transsphenoidal approach, which often does not allow for
inspection of the whole medial cavernous sinus wall. For these
cases, we used MRI criteria of cavernous sinus invasion
defined by Knosp et al. [25], and Cottier et al. [4]. Similar
criteria for adenoma invasiveness evaluation have been used
in previously published studies, where invasiveness was eval-
uated according to intraoperative findings and preoperative
MRI [17, 19, 23, 31, 43, 51, 52, 60, 62], or according to
preoperative MRI only [1, 14, 16, 30, 35, 39, 42, 68]. Our
results can therefore be compared with data from relevant

literature. However, using endoscopy for direct medial cav-
ernous sinus wall visualization seems to be a more reliable
method of evaluation of cavernous sinus invasion compared
with indirect MRI criteria [36]. Indeed, correlation of MRI
criteria [25] with the perioperative aspect of the medial wall of
the cavernous sinus is currently being examined in an ongoing
prospective study [36]. Another important fact regarding ad-
enoma invasiveness evaluation is the existing evidence that
the medial wall of the cavernous sinus is weaker compared
with its superior and lateral walls, and that in some humans the
medial cavernous sinus wall has small histological defects
[66]. Therefore, the growth of the adenoma into the cavernous
sinus does not necessarily mean that the tumor is actually
invasive [66].

As expected, we found a strong association between inva-
siveness and incomplete tumor resection. However, tumor
invasiveness was not associated with residual adenoma
growth. Although a positive association between tumor inva-
siveness and potential to regrow or recur has been repeatedly
reported [3, 17, 30, 43, 51, 60], several other reports did not
find a significant association [7, 14, 31, 35, 45]. Considering
the fact that invasive macroadenomas may remain indolent, it
is questionable whether tumor invasiveness can be used as a
reliable postoperative prognostic marker [48]. Thus, to predict
postoperative tumor behavior, it may be that the relationship
between Ki-67 Li and recurrence/regrowth is more important
than the relationship between Ki-67 Li and invasiveness.

Several authors have studied the possible use of the Ki-67
Li as a predictor of tumor recurrence/regrowth, but the results
were inconsistent.While some authors reported the prognostic
significance of Ki-67 [1, 12, 14, 35, 38, 39, 43, 60], others
found no significant association between Ki-67 Li and post-
operative tumor behavior [7, 18, 21, 30, 57]. However, in
several reports, the potential of Ki-67 to predict postoperative
tumor behavior (i.e. potential to recur or regrow) was evalu-
ated in patients after complete and incomplete resection to-
gether [7, 12, 14, 18, 21, 39, 57]. Considering the fact that true
recurrence is relatively rare in patients after CTR and that
regrowth of residual NFPAs is much more common [60], it
is possible that some results were influenced by Ki-67 evalu-
ation in patients with persistent disease (i.e. visible residual
tumors) together with patients after CTR, most of whom were
potentially “cured”. Authors who evaluated the prognostic
significance of Ki-67 Li in patients after incomplete resection
only (or separately from patients after CTR) found either a
positive association between residual tumor growth and Ki-67
Li [1, 35, 60], or at least a trend towards the association in
univariate analyses [30]. Righi et al. [43], who evaluated the
prognostic value of Ki-67 Li >3 % in patients after complete
and incomplete resection, but used incomplete resection as a
variable in multivariate Cox regression analysis, found that
Ki-67 Li >3 % was a strong predictor of pituitary adenoma
recurrence/progression. Similarly, Nakabayashi et al. [38]
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evaluated the prognostic value of Ki-67 Li in patients after
complete and incomplete resection, but used incomplete re-
section as a variable in multivariate regression analysis. They
found Ki-67 Li to be a significant predictor of pituitary ade-
noma recurrence/progression. Interestingly, among authors
who evaluated the relationship between pituitary adenoma
growth velocity (or tumor volume doubling time) and Ki-67
Li, all [3, 8, 19, 20, 23, 37] but one [47] group found a positive
correlation.

Despite the fact that we found only a trend of growing
tumor remnants towards higher Ki-67 Li, we were able to
identify a Ki-67 Li cutoff value of 2.2 %. The relationship
between residual tumor growth and exceeding the cutoff value
was significant both in univariate and multivariate analyses.
More importantly, the cutoff value of 2.2 % found in
our cohort is very close to the cutoff value of 2 %
found by Widhalm et al. [60]. Thus, despite the fact
that the Ki-67 Li cannot reliably predict prognosis in all
patients, exceeding the cutoff value allows us to identify
a subset of patients in whom further growth should be
expected. In our cohort, this subgroup formed 43 % of
all growing remnants.

In patients harboring residual NFPAs with a Ki-67 Li over
2.2 %, more frequent MRI controls should be considered
during the postoperative period, because the probability that
the residual tumor will grow is very high. If such a remnant is
resectable, we found that re-operation and resection of the
residual tumor is justified, as the subsequent growth of the
tumor remnant can potentially make delayed surgery more
complicated. In unresectable residual tumors with a Ki-
67 Li over 2.2 % localized close to the optic apparatus,
an early postoperative stereotactic radiosurgery should be
considered. Expected regrowth of such tumor remnants
could potentially complicate stereotactic radiosurgery, by
growing too close to visual structures. However, we must
emphasize that residual NFPAs with a Ki-67 Li below
2.2 % can also grow, and regular follow-up MRI scans
are, so far, irreplaceable.

To compare our results with data published by authors who
used the term “recurrence” both for the re-appearance of a
completely resected tumor as well as for the growth of a tumor
remnant, we experimentally subdivided our cohort into two
groups. One group included patients with recurrence and
patients with a growing remnant, and the other group included
patients with a stable remnant and patients with no recurrence
after CTR. No significant difference in the Ki-67 Li was found
between the two groups. This was also the case with exceed-
ing the cutoff Ki-67 Li value of 2.2 % between these two
groups. Accordingly, it can be hypothesized that one of the
reasons for the lack of a significant relationship between Ki-67
Li and “recurrence” in some previous studies could be the
absence of differentiation between tumors after CTR and
those after incomplete removal.

Prognostic significance of the HMGA-1 antigen

HMGA-1 proteins are non-histone chromosomal proteins that
alter chromatin structure, and thereby regulate the transcrip-
tion of several genes by either enhancing or suppressing the
action of transcription factors [13]. This protein family is
implicated, through different mechanisms, in both benign
and malignant tumors [13]. As cell cycle regulators, HMGA
proteins play significant roles in pathways that lead to pitui-
tary tumor evolution in humans and in experimental animal
models [9, 10]. Wang et al. [59] found HMGA-1 expression
was significantly higher in invasive adenomas or
macroadenomas compared with non-invasive adenomas or
microadenomas. Additionally, HMGA-1 showed the highest
expression in the most aggressive pituitary adenomas. A sig-
nificant correlation between HMGA-1 expression and the
MIB-1 Li was also found. The authors concluded that
HMGA-1 may be a novel molecular marker of tumor prolif-
eration and invasiveness. However, the potential association
between HMGA-1 Li and tumor recurrence/regrowth was not
investigated.

In agreement with Wang et al. [59], we found a significant
correlation between the HMGA-1 Li and Ki-67 Li in our
cohort. However, no significant association was found be-
tween the HMGA-1 Li and NFPA invasiveness. In addition,
no significant relationship between the HMGA-1 Li and tu-
mor regrowth was found. Thus, according to our findings,
HMGA-1 is not a reliable prognostic marker for NFPAs.

Association between age and residual tumor growth

A significant relationship between age of the patient and
residual adenoma growth velocity was found by Tanaka
et al. [54]. A significant association between age and residual
adenoma growth was found by Matsuyama, where patients in
the progression group were significantly younger [35]. In
contrast, no significant association was found by Soto-Ares
et al. [53] or Widhalm et al. [60]. In our cohort, younger
patients had a greater tendency for residual tumor growth.
However, a significant negative association between age and
residual tumor growth was found only in univariate analysis,
and not in multivariate analysis. Other factors related to age
may explain the indirect dependent association between age
and postoperative tumor growth.

Factors associated with tumor recurrence

In the group of 15 recurrence-free patients, five NFPAs (33%)
had a Ki-67 Li higher than 2.2 %. According to data published
by Widhalm et al. [60] and according to our own findings, if
CTR could not be achieved in these patients, then the residual
tumor would most likely grow and the chance of achieving a
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stable disease (without adjuvant treatment) would be very
small.

Despite the fact that, owing to the low incidence of recur-
rences, identification of determining factors was not possible,
the low recurrence rate itself is an important finding. This
result, as well as the absence of recurrences in a number of
NFPAs with Ki-67 Li over 2.2 %, emphasizes the importance
of CTR, which should always be attempted when safely
achievable.

Conclusions

The prognostic significance of the HMGA-1 antigen was not
confirmed in this study. In contrast, the Ki-67 Li provided
valuable prognostic information in a substantial proportion of
patients with residual NFPAs, and in residual tumors with a
Ki-67 Li above 2.2 % further regrowth should be expected.
These tumors may require shorter intervals of follow-up MRI
and/or early adjuvant therapy. Future larger studies are needed
to confirm these results. However, regular MRI controls are so
far irreplaceable, as residual NFPAs with a Ki-67 Li below
2.2 % can still grow. Investigation of the prognostic value of
other biomarkers is essential to identify a factor that can
predict recurrence/regrowth of NFPAs reliably in all patients.
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Comments

We all search for a histological marker to warn us of the faster growing
non-functioning pituitary adenomas after we have resected them. Sadly
HMGA1 is not it.

Despite its slight unpredictability, Ki67 Labelling Index remains the
best marker. When it is high, then close review of residuals or radiother-
apy are indicated. The study does show that complete resection is the best
way to protect our patients, and that residuals are likely to regrow, albeit
not always.
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