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Purpose

Determine predictive factors for long-term remission of acromegaly after transsphenoidal resection of growth hormone (GH)-secreting pituitary adenomas.



Methods

We identified 94 patients who had undergone transsphenoidal resection of GH-secreting pituitary adenomas for treatment of acromegaly at the USC Pituitary Center from 1999-2019 to determine the predictive value of postoperative endocrine lab values.



Results

Patients underwent direct endoscopic endonasal (60%), microscopic transsphenoidal (38%), and extended endoscopic approaches (2%). The cohort was 63% female and 37% male, with average age of 48.9 years. Patients presented with acral enlargement (72, 77%), macroglossia (40, 43%), excessive sweating (39, 42%), prognathism (38, 40%) and frontal bossing (35, 37%). Seventy-five (80%) were macroadenomas and 19 (20%) were microadenomas. Cavernous sinus invasion was present in 45%. Available immunohistochemical data demonstrated GH staining in 88 (94%) and prolactin in 44 (47%). Available postoperative MRI demonstrated gross total resection in 63% of patients and subtotal resection in 37%. Most patients (66%) exhibited hormonal remission at 12 weeks postoperatively. Receiver operating characteristic (ROC) curves demonstrated postoperative day 1 (POD1) GH levels ≥1.55ng/mL predicted failure to remit from surgical resection alone (59% specificity, 75% sensitivity). A second ROC curve showed decrease in corrected insulin-like growth factor-1 (IGF-1) levels of at least 37% prognosticated biochemical control (90% sensitivity, 80% specificity).



Conclusion

POD1 GH and short-term postoperative IGF-1 levels can be used to successfully predict immediate and long-term hormonal remission respectively. A POD1 GH cutoff can identify patients likely to require adjuvant therapy to emphasize clinical follow-up.
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Introduction

Acromegaly is a disease of excess growth hormone (GH) and insulin-like growth factor-1 (IGF-1) levels, with GH-secreting pituitary adenomas causing 98% of cases (1, 2). Patients with acromegaly experience skeletal and soft tissue overgrowth, particularly in the face and hands. Acromegaly is associated with metabolic, cardiac, and musculoskeletal comorbidities which contribute to higher rates of mortality (2–4). Disease remission is typically defined by postoperative normalization of age- and sex-adjusted IGF-1 levels, random GH levels less than 1 μg/liter, or a nadir of less than 0.4 μg/liter during oral glucose tolerance test (OGTT) (5). Treatment is essential as normalization of GH and IGF-1 levels reduces patient mortality and morbidity progression (4, 6, 7).

Surgical resection alone has shown to be effective in controlling disease in up to 80% of patients with microadenomas and 50% of patients with macroadenomas, with long-term disease control occurring in up to 65% of cases (1, 2). In cases of refractory or residual disease, surgery is typically combined with postoperative medical therapy including somatostatin receptor ligands (SRL), GH-receptor antagonists, dopamine agonists (DA), and radiotherapy (1, 2). Adjuvant therapy is initiated based on remission status as assessed at 3 month postoperative follow-up, and investigating remission predictors is imperative in facilitating decisions regarding postoperative management (3). Current literature suggests various predictors including patient sex, preoperative pituitary deficit, tumor size, invasion characteristics, as well as endocrine lab values (3, 6, 8–12). More specifically, some studies have suggested postoperative GH levels and decreases in IGF-1 from pre- to postoperative levels as predictors of long-term remission (11, 13–15). In a prior study, we identified preoperative IGF-1 and postoperative day 1 (POD1) GH levels as predictors of postoperative remission in a series restricted to endoscopic approaches; however our statistical power was limited by sample size (16). In this study we analyze a series of 94 patients with acromegaly who underwent surgical resection of pituitary adenomas between June 1999 and December 2019 in order to better understand the predictive value of POD1 GH and IGF-1 levels.



Methods


Patient Cohort and Evaluation

We retrospectively reviewed our USC Pituitary Center RedCap database of operations performed by two neurosurgeons (GZ and MW) at Los Angeles County + University of Southern California (LAC + USC) Medical Center and Keck Hospital of USC between June 1999 and December 2019. We identified 101 patients with acromegaly who underwent either microscopic or endoscopic endonasal transsphenoidal resection of GH-secreting pituitary adenomas. Seven patients without follow-up IGF-1 levels were excluded, leaving 94 patients included for final analysis. For each surgery, the pathology, type of exposure, presence of intraoperative CSF leak and complications were recorded. Based on Schroeder et al.’s conclusion that a small percentage of tumors from clinically acromegalic patients do not stain positive for GH on immunohistochemistry (IHC), one patient without a pathologically confirmed GH-secreting tumor but with significantly elevated preoperative IGF-1 levels and acromegalic signs and symptoms was included (17). The institutional review board at Keck School of Medicine approved the study (HS-11-00702).



Neuro-Imaging Evaluation

All patients underwent preoperative MRI to assess tumor size, presence of cavernous sinus invasion, infrasellar invasion, suprasellar extension, sphenoid anatomy, carotid anatomy, anatomy of normal pituitary gland, and position of the optic chiasm and nerves. Patients underwent MRI at 3 months postoperatively to assess extent of resection (EOR), and then annually to monitor tumor progression or recurrence. EOR was defined as either gross total resection (GTR) if no tumor was visible on postoperative MRI or subtotal resection (STR) in cases of observed residual disease. Tumor size was defined by maximal diameter in either the anteroposterior, lateral, or craniocaudal dimension. Parasellar extension into the cavernous sinus(es) was assessed according to the Knosp classification, consisting of 4 grades based on proximity to the ICA (18). Knosp scores were additionally dichotomized into less than or equal to 2 and greater than 2 for statistical analysis.



Endocrinological Evaluation

Preoperative IGF-1 levels were obtained in all patients to confirm the diagnosis of acromegaly. GH levels were not routinely obtained preoperatively due to its low clinical utility because of its pulsatile secretion. Patients additionally underwent full preoperative endocrine panels to screen for other endocrinopathies. Cabergoline, bromocriptine, and SRL medications were discontinued when decision for surgery was made, on average 4-6 weeks preoperatively. Postoperative GH levels were obtained on POD1, and follow-up IGF-1 levels were obtained at 6 and 12 weeks postoperatively to assess for remission. Hormonal remission was defined as normalization of age- and sex-normalized IGF-1 levels at 12 weeks postoperatively, though IGF-1 levels obtained prior to this were used as indicators of future remission. OGTT and GH levels were used to assess for remission only in patients with postoperative IGF-1 reduction that did not continue to fall within normal limits or that subsequently rose in the setting of symptom resolution. OGTT was performed after 12 weeks postoperatively. For the purposes of between-subject comparison, when available, IGF-1 levels were corrected using the age- and sex-specific upper limit of normal (ULN) and expressed as a percentage of ULN (IGF-1 level/IGF-1 ULN*100). Biochemical control was defined as normalization of IGF-1 with the use of adjuvant therapy in the postoperative period. GH and IGF-1 assays were all sent to Quest Diagnostics laboratories, where assay techniques have changed during the study period according to Quest’s practices. GH assays were performed via the RIA technique. Postoperative assessment of pituitary function was performed to assess for hormone deficit recovery or new hypopituitarism.



Surgical Technique

Patients underwent either microscopic endonasal transsphenoidal, endoscopic endonasal (direct) transsphenoidal, or rarely endoscopic endonasal extended approaches for tumor resection.



Statistical Evaluation

Continuous variables were assessed for normality of distribution using the Kolmogorov-Smirnov test and are displayed as the means and standard deviation (SD), or medians with interquartile ranges (IQR). Categorical variables are displayed as frequencies. Pearson’s chi-squared analysis was used to compare categorical variables. Correlations were determined using Spearman’s rank-order correlation. Means were assessed using independent samples t-test or Mann-Whitney U test based on distribution. Medians were compared using nonparametric statistical analyses. Multivariate regression was performed to analyze the utility of POD1 GH and IGF-1 as independent predictors of remission to account for both preoperative maximal tumor diameter and postoperative extent of resection (EOR). Receiver operator curves (ROC) were generated to determine predictive cut-off points. Statistical analysis was performed using SPSS 25.0 statistical software (IBM Corp., Armonk, NY) and a 2-tailed p-value <0.05 was considered significant.




Results


Patient Demographics and Presentation

Of the 94 patients included in this study, 59 (63%) were female and 35 (37%) were male. Mean age at surgery was 48.9 years (SD 13.7). Seventeen patients (18%) underwent surgery at LAC + USC Medical Center and the other 77 (82%) were operated on at Keck Hospital. Thirty-eight patients (40%) presented with headache, 22 (23%) with fatigue, 15 (16%) with visual changes, 11 (12%) with decreased libido, 13 (14%) with amenorrhea/oligomenorrhea, and 5 (5%) with galactorrhea. Four patients (4%) had incidentally discovered pituitary adenomas with subsequent diagnosis of acromegaly. All patients except one presented with typical signs and symptoms of acromegaly including acral enlargement in 72 patients (77%) and facial changes in 60 patients (64%). The most common facial changes included macroglossia (40 patients, 43%), prognathism (38 patients, 40%), frontal bossing (35 patients, 37%), and teeth gaps (27 patients, 29%). Thirty-nine patients (42%) reported excessive sweating, 31 (33%) had skin tags, 24 (26%) reported snoring, 22 (23%) had oily/thickened skin, and 18 (19%) had arthralgias. The patient who did not present with typical signs or symptoms of acromegaly was 13 years old when the pituitary adenoma was discovered on CT scan as part of sinusitis workup, but he had always been above the 90th percentile for height.

On preoperative neurological exam, 5 patients (5%) had visual acuity loss, 5 (5%) had visual field cuts, and 1 (1%) had cranial nerve IV palsy. The majority (83 patients, 88%) had no focal neurological deficits. Twelve patients (13%) were treated with medications preoperatively for disease control, including bromocriptine in 2 (2%), cabergoline in 4 (4%), and somatostatin receptor ligands (SRL) in 7 (7%) (Table 1).


Table 1 | Presenting patient characteristics, prior treatment, and endocrine status and lab values.





Preoperative Endocrine Status

All patients met clinical criteria for acromegaly and presented with elevated IGF-1 levels. Other preoperative endocrinopathies are presented in Table 1. Hyperprolactinemia was suspected to be secondary to prolactin cosecretion in 3 of the 15 presenting with hyperprolactinemia (20%) and stalk effect in the other 12 (80%). Preoperative GH levels are not routinely obtained due to their pulsatile nature but were available for 51 patients (54%) with a median value of 13.4ng/mL (IQR 5.6-36).

Corrected preoperative IGF-1 levels were available for 63 of the 94 included patients (67%), with a median value of 238ng/mL (IQR 165-302). Elevated preoperative IGF-1 levels were available for 82 patients (87%) with a median value of 714ng/mL (IQR 510-877). The other 12 patients (13%) had reports of elevated preoperative IGF-1 levels that were unable to be accessed as they were performed at outside laboratories. For the 82 patients with preoperative IGF-1 levels available, there was a significant correlation between preoperative IGF-1 levels and tumor size (p=0.001) (Table 1).



Preoperative Neuro-Imaging Characteristics

Preoperative tumor size was available for 77 patients (82%) with a mean maximal diameter of 1.8 cm (SD 1). The majority were macroadenomas (75, 80%) and 19 (20%) were microadenomas. Five (5%) were giant pituitary adenomas (>4cm). Suprasellar invasion was observed in 27 patients (29%), cavernous sinus invasion in 42 patients (45%), and infrasellar extension in 28 patients (30%). Knosp scoring was available for 60 patients (64%) with a score of 0 in 21 (22%), a score of 1 in 21 (22%), a score of 2 in 9 (10%), a score of 3 in 6 (6%) and a score of 4 in 3 (3%). Purely intrasellar tumors were found in 24 patients (26%) (Table 2).


Table 2 | Preoperative neuroimaging, pathology, and immunohistochemical staining.





Surgery Details and Intraoperative CSF Leaks

The majority of patients (56, 60%) underwent EETS, 36 patients (38%) underwent microscopic transsphenoidal surgery, and 2 (2%) underwent an extended endoscopic approach. Intraoperative CSF leak occurred in 28 cases (30%) and were repaired with fat (25, 27%), fascia (21, 22%), dural substitute (3, 3%), dural sealant (2, 2%), pedicled naso-septal flap (2, 2%), and lumbar drain (1, 1%). No significant difference was found between POD1 GH levels (p = 0.137) or hormonal remission outcomes (p=0.257) and surgical technique.



Pituitary Adenoma Pathology and Immunostaining

Most patients were diagnosed with purely GH-secreting pituitary adenomas based on histopathology (83, 88%). Nine patients (10%) were diagnosed with mammosomatotroph adenomas, one of whom did not present with hyperprolactinemia, and 1 patient (1%) was diagnosed with a non-functional adenoma based on immunohistochemistry but was considered to have acromegaly based on preoperatively elevated IGF-1 that decreased postoperatively, combined with acromegalic features. In 1 patient (1%) pathology was not available, but elevated preoperative IGF-1 levels consistent with acromegaly decreased postoperatively to within normal limits. In patients with available immunohistochemical (IHC) staining, 88 (94%) stained positive for GH, 44 (47%) also stained positive for prolactin, 19 (20%) also stained positive for TSH, 6 (6%) also stained positive for LH, 6 (6%) also stained positive for FSH, 5 (5%) also stained positive for ACTH, and 1 (1%) also was the null-cell adenoma referred to above. CAM5.2 staining was performed in 25 tumors, with positive staining in 24 (96%).



Postoperative Complications, Readmissions, and Reoperations

The mean hospital stay was 2.6 days (SD 2). Within the 30-day postoperative period, 12 patients (13%) had hyponatremia, 6 (6%) had epistaxis, 5 (5%) experienced postoperative CSF leaks, 3 (3%) had transient diabetes insipidus (DI), 2 (2%) became septic, 1 (1%) had permanent DI, 1 (1%) experienced meningitis, and 1 (1%) experienced sinusitis. No patients included in this series died.

Early readmission within a 30-day postoperative period occurred in 7 patients (7%), all for hyponatremia. One patient (1%) underwent early reoperation for CSF leak repair. CSF leak self-resolved without intervention in the other 4 patients.



Surgical Outcomes

Postoperative MRI was available for 67 patients (71%) and demonstrated gross total resection (GTR) in 42 (63%) and subtotal resection (STR) in 25 (37%). Median imaging follow-up time was 16 months (IQR 4.8-38). Disease recurrence after GTR occurred in 3 patients (3%) with a mean time of 16 months (SD 14). Progression of residual disease occurred in 2 patients (2%) at a mean time of 20 months (SD 15). EOR was significantly correlated with POD1 GH levels, with lower levels being observed in patients who underwent GTR (U=223, p<0.001). Furthermore, patients who underwent GTR were significantly more likely to achieve postoperative remission (p=0.02).



Endocrinological Outcomes

The median POD1 GH level was 1.7ng/mL (IQR 0.9-3.3). All patients were followed in clinic postoperatively with a median clinical follow-up time of 17 months (IQR 4.6-41). The majority (62 patients, 66%) experienced hormonal remission at a median time of 3 months (IQR 1-5). Twenty-four patients (26%) received additional treatment, 15 of which (16%) ended up achieving biochemical control. Eight patients (9%) did not receive additional treatment and did not achieve hormonal remission before being lost to follow-up at a mean of 3 months (SD 2). Follow-up IGF-1 levels were available for all patients except 1 in which there was no follow-up IGF-1 but GH suppression was observed during OGTT. At most recent clinical follow-up, the median IGF-1 level was 190ng/mL (IQR 138.5-274) and apex level (as defined by highest recorded postoperative IGF-1) was 238ng/mL (IQR 175-370.5). Corrected IGF-1 scores were available for 71 patients (76%) with a median of 62.8 (IQR 45-80) for most recent levels and 80.4 (IQR 64-114) for apex levels.

POD1 GH levels were significantly associated with hormonal remission (U=105, p=0.011). Specifically, the mean POD1 GH level in patients who achieved hormonal remission was 1.60ng/mL versus 9.51ng/mL in patients who did not remit. A ROC curve predicted hormonal non-remission with a sensitivity of 75% and a specificity of 59% in patients whose POD1 GH levels were greater than 1.55ng/mL (AUC=0.78, 95%CI 0.63–0.93) (Figure 1). POD1 GH remained an independent predictor of remission on multivariate analysis including EOR and preoperative maximal tumor diameter (p=0.001).




Figure 1 | ROC curve demonstrating predictive ability of POD1 GH to predict non-remission.



A ROC curve demonstrated that a 37% or greater decrease in IGF-1 from preoperative levels as measured at 6-12 weeks postoperatively prognosticated hormonal remission with a sensitivity of 90% and specificity of 80% (AUC=0.82, 95%CI 0.55–1.0) (Figure 2). In some patients (n=49), the exact week at which postoperative IGF-1 levels were measured was unavailable. These patients were excluded from this predictive analysis, which included the other 45 patients with corrected IGF-1 levels measured between 6 and 12 weeks postoperatively. On multivariate analysis, IGF-1 levels were not a significant predictor of remission when EOR was taken into account, though preoperative tumor size did not have a significant impact (p=0.575). All patients on preoperative SRL medications were excluded from POD1 GH analyses due to their potential influence on GH levels. Pre-treatment IGF-1 levels were used for analysis of delta IGF-1 levels.




Figure 2 | ROC curve demonstrating change in IGF-1 from preoperative to 6-12 week postoperative levels as a predictor of postoperative hormonal remission.





Additional Treatment

Of the 24 patients who underwent additional treatment, 8 (9%) underwent adjuvant stereotactic radiosurgery, 2 (2%) received external radiation therapy, and 1 (1%) underwent additional surgical resection. Twenty-one patients (22%) received adjuvant medical therapy with bromocriptine (1, 1%), cabergoline (9, 10%), SRL (15, 16%), and pegvisomant (1, 1%). Of patients who received additional treatment, 15 (16%) exhibited biochemical control after treatment and 9 (10%) had refractory disease. Seven of those who did not achieve biochemical control (7%) were lost to follow-up. The other 2 (2%) have known residual disease that has been deemed unresectable and continue to be in non-remission despite treatment with SRL in both and adjuvant radiotherapy in one.

In order to predict the need for additional treatment in this patient population, an additional analysis was performed after eliminating the 9 previously mentioned patients who did not undergo hormonal remission but were lost to follow-up without initiation of adjuvant therapy. Mean POD1 GH levels were 5.9ng/mL (SD 8) in patients who received additional treatment, compared to 1.5ng/mL in patients who did not (U=257, p<0.001).



Comparison of Pre- and Postoperative Characteristics Based on Suggested POD1 GH Cutoff

In order to better understand the value of the proposed POD1 GH cutoff of 1.55ng/mL and its relationship with pre- and postoperative characteristics, patients were divided into two groups according to POD1 GH level (Tables 3 and 4). Patients with POD1 GH less than 1.55ng/mL were more likely to have lower median preoperative GH levels (6.8ng/mL vs. 17.2ng/mL, p=0.025), and smaller mean maximal tumor diameter (1.5cm vs. 2.1cm, p=0.012). However, no significant differences were noted in patient demographics, prior treatment, preoperative IGF-1 levels, or tumor invasion characteristics. Patients who underwent GTR were more likely to have POD1 GH levels less than 1.55ng/mL (54.5% vs. 36%, p=0.003). Patients with POD1 GH levels less than 1.55ng/mL were additionally more likely to undergo hormonal remission (91% vs. 72%, p=0.02), and less likely to receive additional treatment, specifically adjuvant medical therapy (4.5% vs. 38%, p<0.001).


Table 3 | Comparison of presenting patient characteristics, prior treatment, endocrine lab values, and preoperative neuroimaging based on POD1 GH cutoff of 1.55ng/mL.




Table 4 | Overall surgical and clinical outcomes and comparisons based on POD1 GH cutoff of 1.55ng/mL.






Discussion

In this study, we analyzed patient data from 94 surgical cases with long term follow-up treated at a tertiary pituitary center in order to investigate the utility of endocrine lab values in predicting postoperative hormonal remission in acromegaly. All patients underwent pituitary adenoma resection, either by microscopic, endoscopic, or extended endoscopic transsphenoidal surgery. The two main predictors assessed in this study were POD1 GH levels and degree of change in IGF-1 levels. GH half-life of 20-30 minutes suggests that GH levels within 24 hours postoperatively may reliably predict the success of surgical resection (13). Indeed, a growing body of evidence accurately demonstrating a correlation between postoperative GH levels and remission is emerging (13–17, 19). Previous studies analyzing POD1 GH levels to predict remission proposed optimal thresholds ranging from less than 1.03 to as high as 3.66ng/mL (notwithstanding the fact that assays have changed over time) (11, 13–15). Our findings were concordant with the literature and showed lower POD1 GH levels in patients who achieved postoperative hormonal remission than those who did not remit. We were unable to identify a POD1 GH cutoff that would predict hormonal remission in our patient population with adequate sensitivity and specificity to be used alone. However, we did find that a POD1 GH greater than or equal to 1.55ng/ml predicted hormonal non-remission with a sensitivity of 75% and a specificity of 59%.

In addition to POD1 GH levels, we found a significant correlation between achieving biochemical control and percent decrease in corrected IGF-1 from preoperative to apex postoperative levels. Specifically, a 37% reduction in corrected IGF-1 levels following transsphenoidal resection at 6-12 weeks postoperatively was predictive of immediate hormonal remission or long-term biochemical control with the use of adjuvant therapy with a sensitivity of 90% and a specificity of 80%. Hazer et al. found an uncorrected IGF-1 reduction value of 51.1% at 1 month following transsphenoidal resection predicted remission with a sensitivity of 74.4% and a specificity of 73.7%. Besides the updated use of corrected IGF-1 levels, an important distinction between our findings and Hazer et al.’s is the timing of the measurement of postoperative IGF-1 levels (1 month vs. between 6-12 weeks). While IGF-1 levels have been found to fluctuate up to 3 months following resection (20, 21), further studies are merited to explore the optimal window for using IGF-1 reduction as a predictor of surgical outcome. Additionally, the use of corrected IGF-1 values using the upper limit of normal enhances our ability to compare values between individuals and across age-related changes in the normal range (22). Z-scores, which serve a similar purpose to IGF-I correction, were not widely available during the early years of this study and were not able to be analyzed. One limitation, in addition to the retrospective nature of this study, is that scheduling regular postoperative clinical follow-up is particularly difficult at our institution due to our significant percentage of patients in a county healthcare system, and a wide geographical area for tertiary referrals at the Keck Medical Center. Importantly, postoperative IGF-1 level at 6-12 weeks was not a significant independent predictor of remission when EOR was considered on multivariate regression. However, EOR in our study was measured as either STR or GTR and it is unsurprising that GTR is highly influential on postoperative remission. In cases of STR, a postoperative decrease in IGF-1 remains useful in predicting remission.

In the current series, 18% of patients were from the county healthcare system and the other 82% were operated on at our private institution. The patient population were slightly older compared to other acromegaly studies with a mean age of 48.9 ± 13.7 years, and included more females than other studies, with a male/female ratio of 1:1.69. We had a comparable number of patients to other large acromegaly studies, with a similar mean tumor size and distribution of micro- and macroadenomas (3, 10). Mean clinical follow-up time was 30 months and our remission rate was comparable to that found in current acromegaly literature, with 65% remitting postoperatively (3, 6, 8, 9, 11, 16).

Currently it is standard practice to delay initiation of adjuvant therapy for 3-months in order to accurately assess long-term remission status following resection (3). While adjuvant therapies such as radiotherapy requires postoperative MRI to exclude residual tumor shrinkage (13), postoperative biochemical markers may offer guidelines regarding postoperative monitoring and pharmacological treatment. In this study we found POD1 GH levels were lower in patients who achieved disease control with surgery alone than in patients who received adjuvant therapy. Comparable to our POD1 GH cutoff of ≥1.55ng/mL, Cunha et al. found a postoperative random GH level of ≥1.7 ng/ml as a reliable indicator of surgical failure in their patients, though the timeline of GH sampling was unclear (20). Other studies have suggested POD1 GH cutoffs of 2.5ng/mL (23) and 2.33ng/mL (14) to predict postoperative remission, though these higher values reduced the sensitivity while raising the specificity of the cutoff. At our institution, we find increased utility in a cutoff with higher sensitivity to identify patients who may be more likely to require additional treatment.

Early identification of patients requiring adjuvant therapy to achieve biochemical control may help in the planning and execution of postoperative evaluation and medical care. To reduce the number of patients lost to follow up, early identification of patients requiring additional care would also serve to educate patients and the care team, emphasizing the need for further evaluation and treatment in a timely manner. For instance, in our study we found ¾ of patients who were lost to follow-up while not in remission and were candidates for adjuvant therapy had POD1 GH levels >1.55ng/mL. Postoperative clinical follow-up requires coordination between the neuroendocrinologist and neurosurgeon offices as well as laboratory testing and imaging scheduling. Identifying patients while they are still in the hospital who are more likely to require postoperative follow-up would assist with postoperative patient expectation management and allow for emphasis on scheduling clinical follow-up. At follow-up office visits, a POD1 GH cutoff should be used in conjunction with 3-month follow-up MRI and IGF-1 levels to determine remission chances and initiation of adjuvant therapy.

We continue to observe a strong association between POD1 GH levels and EOR, with lower POD1 GH levels being found in patients who underwent GTR of their tumor. As we found here and in current literature, acromegaly remission rates are highly dependent on EOR (24). Therefore, we suggest POD1 GH levels used in combination with the EOR may improve postoperative predictions of patient outcomes and can be used to plan a postoperative treatment approach. Determining EOR is limited, however, by availability of postoperative MRI which can be difficult to coordinate, especially in a county patient population. At our institution, the neurosurgeon and endocrinologist work together using a combination of intraoperative assessment of EOR and POD1 GH levels to determine the postoperative treatment plan. Although intraoperative assessment of GTR has been shown to overlook residual tumor in 15% of cases (25), it has nonetheless been identified as a reliable short-term predictive marker of postoperative cure (1).

This study included patients who underwent both microscopic and endoscopic resection and found similar remission rates between the two surgical techniques, which is consistent with current literature (10). We additionally found that POD1 GH levels did not differ based on surgical technique. This supports the utility of POD1 GH levels in predicting remission in patients undergoing surgical resection of their GH-secreting pituitary adenoma regardless of technique.

Recent studies have identified similar characteristics as predictors of hormonal remission in patients with acromegaly. Predictive models took into account patient age (26), cavernous sinus invasion (26–29), preoperative GH levels (26, 29), EOR (28), and POD1 GH (28) in various combinations to anticipate postoperative remission. Our conclusions are primarily in line with the findings from these studies. A recent structured review of the literature identified cavernous sinus invasion and higher preoperative GH levels as most predictive of failure to achieve postoperative remission, with low postoperative GH predictive of long-term remission (30). In our series, patients with lower POD1 GH level were more likely to have lower median preoperative GH, however this is limited by availability of preoperative GH. This merits future investigation, and though preoperative GH is not utilized for diagnosis, it may be useful as a predictive tool.



Limitations

This study was primarily limited by its retrospective design. This is primarily reflected in availability of endocrine laboratory values, preoperative imaging, and pathology data, particularly in patients whose data is not available in the electronic health record. Additionally, our mean clinical and imaging follow-up times were complicated by multiple factors, including a transition to electronic medical record system with loss of original records. The loss of original paper charts additionally prevented inclusion of preoperative and corrected IGF-1 levels and availability of pre- and postoperative MRI in some patients (22). Z-scores, which serve a similar purpose to IGF-I correction, were not widely available during the early years of this study and were therefore not able to be analyzed. Another limitation is that scheduling postoperative clinical follow-up is particularly difficult at our institution due to our significant percentage of patients in a county healthcare system, which is unfortunately common in a county system, as well as the wide geographical area for tertiary referrals at the Keck Medical Center. Postoperative IGF-1 levels were measured at some point between 6 and 12 weeks postoperatively based on patient availability, which ideally would have occurred at the same postoperative point across all patients. Additional confirmation of remission with OGTT was not available for most patients as it is only used in equivocal cases, though may be a useful predictor of remission. Analysis of indicators for adjuvant therapy and hormonal remission outcomes was somewhat limited by the 9 patients who were lost to follow-up before adjuvant therapy could be initiated. Due to cost and assay availability, immunostaining at LAC + USC Medical Center is only limited to hormones(s) suspected of being secreted.



Conclusion

This study supports the utility of POD1 GH as well as the percent decrease in IGF-1 levels as reliable predictors of postoperative hormonal remission in acromegaly patients undergoing transsphenoidal resection. Specifically, we suggest that a POD1 GH level greater than 1.55 ng/mL is predictive of surgical failure and a postoperative IGF-1 level reduction of at least 37% at 6 to 12 weeks is promising for long-term biochemical control. We suggest using a POD1 GH cutoff to identify patients who are less likely to undergo surgical remission and to whom the importance of postoperative clinical follow-up should be emphasized. We recommend that a combination of POD1 GH level, EOR as determined by 3-month postoperative MRI, and the postoperative reduction in IGF-1 level be used conjunctively to predict the need for adjuvant therapy and long-term surgical success. Further research is indicated to explore the ideal period at which postoperative IGF-1 should be measured to best predict remission using the percent reduction from preoperative levels.
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